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Abstract
Biliary cysts (BC) are rare dilatations of different parts 
of a biliary tract. They account for approximately 1% of 
all benign biliary diseases. BC occur the most frequently 
in Asian and female populations. They are an important 
problem for pediatricians, gastroenterologists, radiolo-
gists and surgeons. Clinical presentation and manage-
ment depend on the BC type. Cholangiocarcinoma is 
the most serious and dangerous BC complication. The 
other complications associated with BC involve choleli-
thiasis and hepatolithiasis, cholangitis, acute and chron-
ic pancreatitis, portal hypertension, liver fibrosis and 
secondary liver cirrhosis and spontaneous cyst perfora-
tion. Different BC classifications have been described in 
the literature. Todani classification dividing BC into five 
types is the most useful in clinical practice. The early 
diagnosis and proper treatment are very important, be-
cause BC are associated with a risk of carcinogenesis. 
A malignancy risk increases with the age. Radiological 
investigations (ultrasonography, computed tomography, 
endoscopic retrograde cholangiopancreatography and 
magnetic resonance cholangiopancreatography) play 
an important role in BC diagnostics. Currently, prenatal 
diagnosis using ultrasonography is possible. It allows 
to differentiate biliary disorders in fetals and to perform 
the early surgical treatment that improves results. In 
most patients, total cyst excision with Roux-Y hepatico-
jejunostomy is the treatment of choice. Surgical treat-

ment of BC is associated with high success rate and 
low morbidity and mortality. The early treatment is as-
sociated with a lower number of complications. Patients 
following BC surgery require permanent and careful 
postoperative observation using laboratory and imaging 
investigations because of possibility of biliary anasto-
mosis stricture and biliary cancer in tissue remnant. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Biliary cysts (BC) are rare dilatations of  different parts of  
a biliary tract. They account for approximately 1% of  all 
benign biliary diseases. BC occur the most commonly in 
Asian populations and in females (with a female:male ra-
tio of  3-4:1). Incidence of  this pathology in Asian popu-
lations is 1:1000 and it is lower in western countries (1:100 
000 to 1:150  000)[1-6]. They are usually a surgical problem 
of  infancy or childhood; however in approximately 20% 
of  cases they are recognized in adults[2]. The early diagno-
sis and proper treatment are very important, because BC 
are associated with a risk of  carcinogenesis. According to 
the literature, biliary tract malignancy occurs in 2.5%-28% 
of  patients with BC[3,4]. The risk of  biliary cancer in-
creases with the age. It is the lowest in the childhood in 
the first decade (< 1%)[6]. In the third decade the cancer 
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risk is > 10%[7,8]. According to the literature, cholangio-
carcinoma is reported the most frequently at the age of  
32 years in patients with BC (about 20 years earlier than 
in general population)[7]. There are reports of  cholangio-
carcinoma developing in adult many years after radical 
BC resection in infant[9]. Cholangiocarcinoma is the most 
serious and dangerous BC complication. The other com-
plications associated with BC involve cholelithiasis and 
hepatolithiasis, cholangitis, acute and chronic pancreatitis, 
portal hypertension, liver fibrosis and secondary liver cir-
rhosis and spontaneous cyst perforation[8-12]. Nicholl et al[9] 
noted a higher number of  complications in adults com-
pared to children. Therefore, BC constitute an important 
problem for pediatricians, gastroenterologists, radiologists 
and surgeons. The role of  pediatricians and gastroenter-
ologists is a proper early diagnosis. Radiological investiga-
tions play an important role in BC diagnostics. Currently, 
the prenatal BC diagnosis using ultrasonography (USG) 
is possible[6,13,14]. 

 Surgery is the treatment of  BC. The goal of  surgi-
cal treatment is to remove a cyst and to reconstruct 
the proper bile flow to the alimentary tract. In order to 
achieve this goal, different techniques are used. Roux-Y 
hepaticojejunostomy is the method of  choice in most pa-
tients with BC[5-22]. 

ETIOLOGY AND PATHOGENESIS OF BC
Many theories explain the etiology and pathogenesis of  
BC[2]. In 1936, Yotsuyanagi supposed that BC arouse 
from inequality in the cellular proliferation of  the biliary 
tract during the early fetal life[23]. Babbitts’s theory of  the 
“common channel” (1969) is the most widely accepted 
in the literature. According to this theory, the common 
cannel is formed by abnormal pancreaticobiliary junction 
(APBJ) of  the pancreatic and bile ducts outside the am-
pulla of  Vater. This condition leads to pancreaticobiliary 
reflux and mixing of  the pancreatic and biliary juices and 
activations of  pancreatic enzymes, because the maximal 
pressure within the pancreatic duct is two to three timed 
higher than within a biliary tract. Activated pancreatic 
enzymes cause inflammation and deterioration of  the 
bile duct wall that leads to biliary dilatation[24]. A num-
ber of  studies analyzed the levels of  amylase within the 
bile duct. The higher amylase concentrations have been 
observed in patients with BC compared to the control 
groups. Also, association between the amylase level, ear-
lier presentation and dysplasia grade in patients with BC 
has been reported in the literature[25,26]. Therefore, there 
is a theory, that the pancreaticobiliary reflux leads to in-
flammation and dysplasia in patients with BC[2,26-29]. APBJ 
occurs only in 50%-80% patients with BC. Another 
counterargument to this hypothesis is a fact, that imma-
ture neonatal acini do not produce sufficient pancreatic 
enzymes to explain antenatal BC[2,30,31]. The counterargu-
ment supporting Babbitt’s theory is arbitral definition 
of  the long common channel that depends on imaging 
modality and angles. Therefore, a defined length of  a 

long common channel has been described from 10 mm 
to 45 mm in the literature. Therefore, APBJ can occur 
in more patients than radiological investigations show[2]. 
According to Okada et al[32], long common channel as any 
pancreaticobiliary junction is defined, if  it lies outside of  
the duodenal wall and thus could result in pancreaticobili-
ary reflux and mixing. APBJ has been divided into three 
types by Komi et al[33]: (1) A right-angled union without 
an accessory pancreatic duct; (2) An acute-angled union 
without an accessory pancreatic duct; and (3) A right- or 
acute-angled union with an accessory pancreatic duct. 

These types are subdivided into subtypes according to 
the shape of  the common channel. The Komi’s classifica-
tion is presented in Table 1. The type of  BC and clinical 
presentation can depend on the type of  an angle of  the 
anomalous ductal junction. A right-angled union is asso-
ciated with cystic dilatation of  the common bile duct. In 
patients with this type of  union a palpable mass or jaun-
dice as the main sign of  disease are observed. An acute-
angled union is associated with fusiform dilatation of  the 
common bile duct. Patients with such dilatation usually 
complain on abdominal pain, and an erroneous diagnosis 
of  acute pancreatitis is occasionally made. Type ⅠB, Ⅱ
B, and Ⅲ junctions are associated with a dilated com-
mon channel and an accessory pancreatic duct. They are 
frequently complicated by relapsing pancreatitis leading 
to chronic pancreatitis[34]. Therefore, it’s important to 
describe the type of  APBJ. The type of  APBJ is based 
on a cholangiopancreatographical picture[33-35]. The other 
theories regarding BC pathogenesis are less popular. Ac-
cording to Singham et al[2], biliary dilation can be a result 
of  embryologic overproliferation of  epithelial cells within 
solid bile ducts during the fetal life. According to Dav-
enport and Basu, dilations are due to a lower number of  
neurons and ganglions in patients with BC that have been 
recognized pathologically. They suggested that round 
cysts were congenital with distal obstruction due to agan-
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Table 1  Types of an anomalous pancreaticobiliary junctions 
(Komi classification)

Type name Type description

Type Ⅰ A narrowed common bile duct joins the pancreatic duct at 
a right angle

   ⅠA A slender common channel
   ⅠB A short or long ectatic common channel
Type Ⅱ A pancreatic duct joins the common bile duct at an acute 

angle
   ⅡA A slender common channel 
   ⅡB A short or long ectatic common channel 
Type Ⅲ It is complicated by a patent accessory pancreatic
   ⅢA A classic pancreas divisum
   ⅢB A pancreas divisum without a pancreatic duct
   ⅢC A patent accessory pancreatic duct with an intricate 

network 
      ⅢC1 A tiny communicating duct between the main and 

accessory ducts
      ⅢC2 A communicating duct with the same caliber as the main 

and accessory ducts 
      ⅢC3 A total or partial dilatation of the ductal system



glionosis and proximal dilation similarly to Hirschprung’s 
disease. In this theory, chronic inflammation and clinical 
manifestation are caused by bile stasis within dilated bile 
ducts[2,31,36].

CLASSIFICATIONS OF BC
The first classification system for BC was proposed by 
Alonso-LEJ et al[37] in 1959. This classification involves 
three BC types: congenital cystic dilatation (the most 
common), congenital diverticulum of  the common bile 
duct, and congenital choledochocele[37]. In 1977, Todani 
et al[38,39]modified BC classifications distinguishing five 
types (Figure 1). The most frequent (more than 90%) is 
type Ⅰ cyst. The type ⅠA cyst involves dilatation of  the 
common bile duct, with marked dilatation of  part or all 
of  the extrahepatic bile ducts. The type ⅠB cyst involves 
segmental dilatation of  the common bile duct, usually of  
its most distal part. The type ⅠC cyst involves fusiform 
dilatation of  the common bile duct, along with diffuse, 
cylindric dilatation of  the common hepatic duct and 
common bile duct. In 2011, Michaelides et al[40] reported 
and proposed a new BC variant and called it the ⅠD 
type. In this new variant, apart from the dilatation of  the 
common hepatic and the common bile duct, dilatation 
of  the central portion of  the cystic duct was also ob-
served, giving a bicornal configuration to the cyst. The 
type Ⅱ cyst is a diverticulum of  the common bile duct 
usually arising laterally but may arise in the pancreatic 
portion. The type Ⅲ cyst (which is called a choledocho-
cele) is a cystic dilatation of  the intraduodenal portion 
of  the common bile duct. According to some authors, 
choledochocele is different from other types of  BC. In 
2010, Ziegler et al[41], compared choledochocele with 
other types of  BC (types Ⅰ, Ⅱ, Ⅳ and Ⅴ according 
to Todani classification). Based on study including 146 
patients with BC (46 patients with choledochoceles), 
they concluded that classifications of  choledochal cysts 

should not include choledochoceles. They reported that 
patients with choledochoceles differed from patients 
with other choledochal cysts with respect to age, gen-
der, presentation, pancreatic ductal anatomy, and their 
management. Patients with cholechoceles were the most 
frequently male, older, complained with acute pancreati-
tis rather than jaundice or cholangitis, and were managed 
with endoscopic therapy. A pancreas divisum and a low 
risk of  malignancy compared to other BC were observed 
with patients with choledochoceles. The type Ⅳ cyst in-
volves dilatation of  the intrahepatic and extrahepatic bile 
ducts. In the type ⅣA cyst, both the intrahepatic and 
extrahepatic bile ducts are dilated. The type ⅣB cyst in-
volves dilatation of  multiple segments of  the extrahepat-
ic bile ducts. The type Ⅴ cyst (Caroli’s disease) involves 
dilatation of  one or several segments of  the intrahepatic 
bile ducts. First, it was described by Todd in 1818, but 
precise definition of  this disorder was constructed by 
Jaques Caroli in 1958[41-45]. There are two descriptions 
(Caroli’s disease and Caroli’s syndrome) in the literature. 
Caroli’s syndrome is the more serious condition com-
pared to Caroli’s disease. In Caroli’s disease, cholangitis 
due to bile stasis within dilated intrahepatic bile ducts, 
is observed. In Caroli’s syndrome, recurrent bouts of  
cholangitis due to bile stasis, hepatolithiasis, gallbladder 
stones lead to liver fibrosis with portal hypertension and 
liver failure. Caroli’s syndrome can be associated with 
autosomal recessive polycystic kidney disease caused by 
a mutation of  the PKHD1 gene[46,47]. 

BC can be associated with the biliary atresia. Three 
biliary atresia (BA) types have been distinguished in the 
literature: 1 BA (atresia of  the common bile duct), 2 BA 
(atresia of  the common hepatic duct), and 3 BA (atresia 
of  the porta hepatis)[18]. Muise et al[18], concluded that BA 
associated with BC formed a distinct subtype of  BA, 
characterized by a preponderance of  type 1 BA, a rela-
tively good clinical outcome after surgery, and an absence 
of  associated congenital anomalies. In 2004, Visser et al[48] 
proposed modified classification of  BC and distinguished 
the following BC types: choledochal cyst, choledochal 
diverticulum, choledochocele, and Caroli’s disease. All BC 
classifications are presented in Table 2.

CLINICAL PRESENTATION OF BC
The classic triad of  clinical symptoms was described by 
Alonso-LEJ et al[37] and it involves right hypochondriac 
pain, palpable abdominal mass and jaundice. All clinical 
signs are observed only in 20%-30% patients[49]. Two of  
three clinical symptoms occur in 2/3 patients. The most 
frequently (in 80% of  patients) clinical presentation ap-
pears before the age of  10 years[44]. Clinical presentation 
is different and it depends on the patient’s age. According 
to the age, patients are divided into two groups: neo-
natal patients (under 12 mo) and adults (above 13 mo). 
Prenatally, BC are diagnosed incidentally during prenatal 
ultrasonography visualized as an intra-abdominal cystic 
mass[6,13,14]. In neonatal patients, obstructive jaundice 
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ⅠA                 ⅠB                     ⅠC

Ⅱ                           Ⅲ                           ⅣA                    ⅣB                Ⅴ

Figure 1  Types of biliary cysts according to Todani classification. Ⅰ: 
Solitary extrahepatic cyst (40%-85%): ⅠA: Common type; ⅠB: Segmental ex-
trahepatic duct dilatation; ⅠC: Diffuse extrahepatic dilatation; Ⅱ: Extrahepatic 
diverticulum (2%-3%); Ⅲ: Choledochocele (1.4%-5.6%); ⅣA: Multiple extra- 
and intrahepatic cysts; ⅣB: Multiple extrahepatic cysts (18%-20%); Ⅴ: Multiple 
intrahepatic cysts (Caroli’s disease) (rare). 
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pression of  COX-2 and bcl-2, and increased telomerase 
activity that occur early and involvement of  cyclin D1, 
beta-catenin, DPC-4/Smad4 and p53 that occur later[7].

DIAGNOSTICS OF BC
Laboratory investigations
Laboratory investigations may demonstrate mildly abnor-
mal liver function and cholestasis tests (serum bilirubin, 
alkaline phosphatase, γ-glutamyltranspeptidase, alanine 
and aspartate aminotransferases) or amylase values, but 
these findings are not specific[34,49-56]. 

Radiological investigations
Imaging investigations are the most useful in BC di-
agnosis. The following radiological examinations are 
performed in order to visualize biliary dilatation: ultra-
sonography (USG) of  the abdominal cavity, computed 
tomography (CT) of  the abdominal cavity, and cholangi-
ography[34,49-56].

USG of abdominal cavity 
USG is the initial and easy to perform examination. It al-
lows imaging of  intrahepatic and extrahepatic bile ducts 
with measurement of  the diameter of  common bile duct 
or common hepatic duct and BC. It demonstrates (with 
the exception of  type-Ⅲ and type-Ⅴ cysts) a cystic mass 
in the right upper quadrant (usually at the porta hepatis) 
separately from the gallbladder[49]. 

Use of USG in prenatal diagnosis 
USG is very useful in prenatal diagnosis of  BC. USG 
shows BC as a round intra-abdominal cystic mass located 
in the upper abdominal quadrant. Color Doppler USG 
shows no significant flow within the mass. Differential 
diagnosis of  the cystic mass in prenatal USG should in-
volve simple hepatic cysts, biliary atresia, ovarian, omen-
tal or mesenteric cysts, duodenal or gall bladder duplica-
tions, adrenal cysts, renal cysts, dilated loop of  bowel, 
hydronephrotic renal pelvis and situs inversus. Proper 
early differential diagnosis between BC and another bili-
ary disorder such as BA is very important, because BA 
needs an immediate surgery[6,13,14]. When the differential 
diagnosis of  a cystic mass in the right upper quadrant is 
difficult to make by conventional USG alone, ultrasound-
guided BC aspiration may serve as an alternative to the 
prenatal diagnosis of  BC in the fetus[57,58]. Tanaka et al[14] 
compared imaging (USG and CT) and laboratory investi-
gations in BC and BA in order to differentiate these two 
pathologies. They concluded that patients with biliary 
disorder smaller than 21 mm, direct bilirubin level higher 
than 2.5 mg/dL, and total bile acid level higher than 111 
µmol/L in the neonatal period were more likely to have 
BA than BC and needed a surgery as soon as possible 
before irreversible liver cirrhosis. Okada et al[17] described 
the differential diagnosis between BC and BA by immu-
nohistological examination using liver biopsy specimens. 

and abdominal mass are present the most frequently. 
Pain, fever and nausea are the most common for adult 
patients[44]. According to Lopez et al[21], pain is the com-
monest clinical sign in adults. Recurrent cholangitis and 
pancreatitis are complications of  BC due to pancreati-
cobiliary reflux[49,50]. The other complications observed 
commonly in adults are the following: cholangiocarci-
noma, cholecystolithiasis and cholecystitis, and liver cir-
rhosis[5]. Cholecystolithiasis and cholecystitis occur due to 
bile stasis in patients with BC. The secondary liver cirrho-
sis leads to different complications associated with portal 
hypertension such as upper gastrointestinal bleeding, 
splenomegaly and pancytopenia[49]. Portal hypertension 
can also occur without liver cirrhosis due to mechanical 
obstruction of  the portal vein by the cyst[48]. An sponta-
neous BC rupture occurs in about 1%-12% of  patients. 
It is presented as abdominal pain, peritonitis signs and 
sepsis[49,51]. Patients with choledochocele are usually as-
ymptomatic. The Ⅲ BC type can be also presented by 
gastric outlet obstruction symptoms caused by direct ob-
struction of  the duodenal lumen or intussusceptions[44]. It 
should be highlighted that BC are premalignant disorder. 
The overall reported risk of  cancer is 10%-30% and it in-
creases with age (from 0% in patients aged < 10 years to 
75% in patients aged 70-80 years). Nicholl et al[9] reported 
direct correlation between the patient age and cancer risk: 
0 year to 30 years (0%), 31 years to 50 years (19%), and 
51 years to 70 years (50%). The histopathological types 
of  cancer are the following: adenocarcinoma (73%-84%), 
anaplastic carcinoma (10%), undifferentiated cancer (5%-7%), 
squamous cell carcinoma (5%), and others (1.5%). The loca-
tions of  cancer are the following: the extrahepatic bile 
duct (50%-62%), gallbladder (38%-46%), intrahepatic bile 
ducts (2.5%), the liver (0.7%), and the pancreas (0.7%)[49]. 
Todani et al[52] reported that 68% of  cancers were associ-
ated with type-Ⅰ, 5% type-Ⅱ, 1.6% type-Ⅲ, 21% type-
Ⅳ and 6% type-Ⅴ BC. Cholangiocarcinoma occurs as 
a result of  chronic inflammation, cell regeneration and 
DNA breaks, leading to dysplasia[49,52]. The following 
molecular lesions have been reported in BC during car-
cinogenesis: microsatellite instability, k-ras mutations, ex-

Table 2  Classifications of biliary cysts

Ref. Classification

Alonso et al[37] Congenital cystic dilatation
Congenital diverticulum of the common bile duct

Congenital choledochocele
Todani et al[38,39] ⅠA Common type

ⅠB Segmental extrahepatic duct dilatation
ⅠC Diffuse extrahepatic duct dilatation

Ⅱ Diverticulum type in the whole extrahepatic duct
Ⅲ Choledochocele

ⅣA Multiple cysts of the extra- and intra-hepatic ducts 
ⅣB Multiple cysts of the extrahepatic ducts
Ⅴ Caroli’s disease (intrahepatic bile duct cysts)

Vesser et al[48] Choledochal cyst
Choledochal diverticulum

Caroli’s disease

Jabłońska B. Biliary cysts
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They indicated that CD56-positive biliary duct cells were 
present in prenatally diagnosed type-1 cystic BA.

Cholangiography
Proper diagnosis requires demonstration of  continu-
ity of  the cyst with the biliary tract, because it allows to 
differentiate BC from other intrabdominal cysts such as 
pancreatic pseudocysts, echinococcal cysts or biliary cyst-
adenomas[49]. In order to show it, cholangiography is per-
formed. There are the following methods of  cholangiog-
raphy: endoscopic retrograde cholangiopancreatography 
(ERCP), magnetic resonance-cholangiopancreatography 
(MRCP), percutaneous transhepatic cholangiography 
(PTC) and intraoperative cholangiography. These investi-
gations allow to demonstrate the anatomy of  biliary tree 
and define the BC type[49]. 

ERCP
ERCP is invasive investigation, but it has got therapeutic 
possibility. It accurately reveals the presence of  any asso-
ciated intraductal pathology or an APBJ. In the a type Ⅲ 
BC, it allows to perform a therapeutic papillotomy simul-
taneously[49].

MRCP
MRCP is a non-invasive procedure compared to ERCP. 
It is a favoured alternative to ERCP, but it has a lower 
accuracy in the detection of  APBDJ and lacks the thera-
peutic possibility in case of  the type Ⅲ BC. MRCP, as a 
non-invasive procedure, is investigation of  choice in pre-
operative imaging of  biliary tree[5,49,54-56]. A gadoxetic acid-
enhanced MRCP in order to diagnose the biliopancreatic 
bile reflux and pancreatico-biliary reflux of  pancreatic 
secretions in patients with anomalous union of  the 
pancreatico-biliary duct has been described in the litera-
ture. Gadoxetic acid-enhanced MRCP can visualize the 
physiology of  bile excretion, in contrast to conventional 
T2-weighted MRC which can visualize fluid filled space 
by heavily T2-weighted and fat-suppressed images. It is 
associated with specific properties of  the gadoxetic acid 
which is uptaken by hepatocytes. Gadoxetic acid is ex-
creted into the bile ducts that allows visualization of  the 
bile ducts on hepatobiliary phase T1-weighted images[59].

PTC
Preoperative PTC allows to define the proximal extent of  
biliary dilatation and to use this information in preopera-
tive resection planning[49]. According to Lipsett et al[53], the 
preoperative placement of  a percutaneous ring catheter 
after cholangiography is useful for the surgeon during the 
operative procedure and can be used as a stent for the 
biliary reconstruction.

A technetium-99 HIDA investigation
A technetium-99 HIDA investigation is recommended to 
visualize the continuity BC with bile ducts. This investiga-
tion shows an initial area of  photopenia within BC, with 

subsequent filling and then delayed emptying into the 
bowel[49].

CT of abdominal cavity
CT is useful in showing continuity of  the cyst with the 
biliary tree, its relation to surrounding structures and 
the presence and staging of  associated malignancy. It is 
better than USG in visualization of  the intrahepatic bile 
ducts, distal bile duct and pancreatic head. In patients 
with type-ⅣA cysts and Caroli’s disease, it is useful to 
describe the intrahepatic dilations and the extent of  
disease (diffuse hepatic or localized segmental involve-
ment). It is important for a surgeon before operation, 
because localized type-ⅣA BC or Caroli’s disease can be 
treated with segmental lobectomy[49]. Computed tomog-
raphy cholangiography (CTC) after infusion of  meglu-
mine iodoxamate with subsequent 3-dimensional render-
ing has been described in the literature. Fumino et al[60] 
compared CTC cholangiography with MRCP in visual-
izing the pancreaticobiliary maljunction in 53 children. 
They noted superior visualization of  the intrahepatic 
duct and the pancreatic system by MRCP compared with 
CTC. But the great advantage of  CTC was its ability to 
produce high-quality images without respiratory artifacts 
in young infants in whom performing a good-quality 
MRCP is very difficult. 

MANAGEMENT IN BC
BC require surgical intervention in order to avoid compli-
cations associated with pancreaticobiliary reflux. Manage-
ment depends on the BC type. Currently, complete cyst 
excision with cholecystectomy followed by biliary recon-
struction using a Roux-en-Y hepatico-jejunostomy is the 
treatment of  choice[53,61,62].

Internal drainage (cystenterostomy) of BC
Currently, this method of  treatment has been abandoned 
due to a high risk of  morbidity and malignancy up to 
50% following internal biliary drainage. This surgical pro-
cedure involved incision of  BC and anastomosis it to the 
duodenum or jejunum depending to its location. Despite 
relief  of  clinical symptoms in operated patients, it was 
associated with a high postoperative mortality rate due to 
biliary reflux. Reflux of  the enteric juice into the retained 
cyst and biliary tract leaded to recurrent ascending chol-
angitis. The another complication of  this procedure was 
biliary anastomosis stricture. The most important com-
plication of  this treatment method was malignant trans-
formation within the wall of  retained BC[62-64]. Therefore, 
internal drainage is currently not considered to perform 
and all patients previously operated in this way should be 
reoperated in order to totally remove the cyst[62,63,65,66].

Total excision of BC with hepaticoenterostomy
Currently, total BC excision is recommended in order to 
avoid above mentioned complications. Total BC excision 

Jabłońska B. Biliary cysts



4806 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

with hepaticoenterostomy separates the biliary tree from 
the pancreatic duct that ends mixing pancreatic juice with 
bile. In situations where the intensity of  fibrosis precludes 
safe periductal or pericystic dissection, Lilly’s technique is 
useful. In this technique, the most densely adherent por-
tion of  the cyst wall is retained on the hepatoduodenal 
ligament, removing only the less adherent portion. The 
mucosal lining of  the retained cyst wall should be ablated 
by diathermy or be stripped or destroyed by abrasion and 
iodine or alcohol application, because 57% of  the bile 
duct cancer in BC arises from the posterior wall of  the 
cyst[54,63-70].

There are two possible methods of  hepaticoenteros-
tomy: hepaticoduodenostomy and Roux-Y hepaticojeju-
nostomy. According to the literature, the success rate of  
Roux-Y hepaticojejunostomy is 92%, with complication 
rate of  7%, compared with a complication rate of  42% 
following hepaticoduodenostomy. Some authors have 
compared these two reconstructions[63]. Shimotakahara 
et al[71] did not recommend hepaticoduodenostomy for 
reconstruction after BC excision due to a higher number 
of  complications (33.3%) such as bilious gastritis due to 
duodenogastric bile reflux and adhesive bowel obstruc-
tion and cholangitis. Contrary to this report, Mukhopad-
hyay et al[72] recommended hepaticoduodenostomy as a 
simple and quick procedure with preservation of  normal 
anatomy and physiology and minimum complications.

Some technical aspects of  Roux-Y hepaticojejunos-
tomy should be discussed. According to the literature, 
the anastomosis should be wide in order to prevent the 
postoperative stricture and Roux-Y jejunal loop should 
be 40-50 cm long[66]. Conventionally, an adult’s standard 
of  a 40-cm loop is adopted in Roux-Y hepatojejunos-
tomy) also in children, irrespective of  patient size. Diao 
et al[73] compared two patients groups according to Roux-
loop length: (1) conventional group (n = 108) where a 
standard 35-40 cm Roux-loop length was used regard-
less of  the child’s size, and (2) short Roux-loop group 
(n = 110) in which the Roux-loop length was based 
on the distance between hepatic hilum and umbilicus. 
The mean Roux-loop length in patients in the second 
group was significantly shorter than in the conventional 
group. There was no significant difference between both 
groups in age, operative blood loss, operative time, post-
operative hospital stay, and duration of  drainage. In the 
conventional group, 2 of  (1.8%) 108 patients developed 
Roux-loop obstruction was observed in 1.8% patients in 
1st group and did not appear in 2nd group. Mild reflux 
was reported in 2 patients in 1st group and 1 patient of  
2nd group. Authors concluded that shorter Roux-Y loop 
according to patient’s size can be safe and effective alter-
native for biliary reconstruction in children with BC. 

Another technical aspect of  BC surgery is manage-
ment with the distal bile duct stump, after cyst excision, 
which is usually ligated. Diao et al[74] compared two pa-
tients groups in order to investigate the feasibility of  
selectively leaving distal stump unligated. In this study, 

patients were divided into two groups: (1) non-ligation 
group (n = 207), where the distal stump was stenotic and 
was left unligated, and (2) ligation group (n = 63), where 
the distal stump was not stenotic and was ligated. The 
pancreatic juice leakage rates were compared. Authors 
concluded that not ligating distal stump is a feasible ap-
proach in patients with the stenotic distal common bile 
duct. In authors’ opinion, this management simplifies the 
operative procedure and may minimize pancreatic duct 
injury.

Different treatment depending on BC type
Total cyst excision with Roux-Y hepatojejunostomy has 
been recommended by most authors in the treatment 
of Ⅰ and Ⅳ types of  BC[62]. The risk of  malignancy in 
type Ⅱ and Ⅲ BC is low. Therefore, complete cyst exci-
sion is not necessary. Simple excision of  type Ⅱ BC is 
sufficient. Choledochoceles often just require endoscopic 
sphincterotomy in order to allow free duodenal drain-
age of  bile and stones. Large choledochoceles should be 
treated surgically and excised via duodenostomy because 
of  biliary, duodenal or gastric outlet obstruction. In some 
cases of  small cysts, endoscopic excision is possible. 
Type ⅣA BC is treated by surgical cyst excision and a 
wide hilar hepaticoenterostomy, but clinical symptoms 
are frequently observed in patients following operation 
that is caused by the intrahepatic involvement of  disease. 
If  the intrahepatic involvement is localized, a segmental 
hepatectomy can be performed. In case of  diffuse dis-
ease, a percutaneous hepaticojejunostomy, surgical or 
endoscopic unroofing of  some intrahepatic cysts can be 
made. Unilobar Caroli’s disease can be treated by hepatic 
lobectomy. Diffuse Caroli’s disease with recurrent chol-
angitis, liver failure and cirrhosis and portal hypertension 
or malignant disease requires orthotopic liver transplanta-
tion[61]. There are a lot reports regarding laparoscopic ex-
cision of  BC with extracorporeal biliary reconstruction. 
Total intracorporeal biliary reconstruction has been also 
described in the literature. This minimally invasive treat-
ment method is safe and effective, and it is associated 
with earlier postoperative feeding and discharge from 
hospital[75,76].

The timing of BC surgery
Early surgical treatment in order to prevent further com-
plications is recommended. It has been observed that 
early diagnosis and surgical treatment was associated with 
a lower morbidity compared with later diagnosis and 
treatment. Therefore, prenatal diagnosis is such impor-
tant[77,78]. Foo et al[77] evaluated the clinical outcomes of  
patients with prenatally diagnosed choledochal cysts com-
pared with those diagnosed after birth and the optimal 
timing of  definitive treatment. The mean age at opera-
tion for the prenatally diagnosed group was 4.4 mo. For 
the postnatal diagnosed group, the mean age at operation 
was 5.7 years. Based on analysis of  45 patients, they con-
cluded that prenatal diagnosis of  BC resulted in earlier 
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definitive surgery. In patients operated in older age, more 
adverse complications were observed[77]. Tsai et al[79] com-
pared results of  surgical treatment according to patients 
age at the time of  surgery. They compared three patients 
groups that had been operated: < 1 year old (group Ⅰ, n 
= 26), 1-16 years old (group Ⅱ, n = 48), and > 16 years 
old (group Ⅲ, n = 33). Group Ⅰ suffered significantly 
fewer surgical complications and less severe liver fibrosis 
compared with groups Ⅱ and Ⅲ. Therefore, authors 
recommended early surgical treatment. Germani et al[80] 
recommended the surgical treatment after 3 mo of  life to 
increase the success according to the size of  the anatomic 
structure. They recommended the early treatment before 
3 mo of  life, only in case of  severe symptoms.

RESULTS OF THE SURGICAL 
TREATMENT OF BC
Short-term results and early complications
Surgical treatment of  BC is successful in more than 
90%. It is associated with a low postoperative morbid-
ity (2.5%-27%) and mortality (0%-6%) rate according 
to the surgical center and patient’s age. The following 
early complications have been reported in the literature: 
biliary-enteric anastomosis dehiscence with biliary fistula, 
intra-abdominal bile collection (biloma) or abscess and 
acute peritonitis, pancreatic leakage and pancreatic fistula 
due to injury to the pancreatic duct, acute pancreatitis, 
acute cholangitis, ileus caused by bowel obstruction due 
to intussusception or bowel kinking due to manipulation 
or adhesions, wound infection and wound dehiscence, 
gastrointestinal bleeding, hepatic failure, and multiple sys-
tem organ failure[49,54,64,65,67,68,78,81-87]. 

Long-term results
Late postoperative complications occur in up to 25% 
patients and they are the following: biliary-enteric anas-
tomosis stricture, peptic ulcer disease, cholangitis, bili-
ary and intrahepatic stones, pancreatitis, liver failure and 
biliary cancer. Authors recommend to perform a wide 
bilio-enteric anastomosis in order to prevent its stric-
ture[49,54,64,67,68,77,80-88]. According to the literature, 0%-6% 
incidence of  malignancy occurs following surgery. It is 
caused by remnant cyst tissue or subclinical malignant 
disease which had not been detected before surgery. 
Therefore, some authors recommend intraoperative 
endoscopic ultrasonography and histopathological inves-
tigation of  frozen sections to rule out dysplasia, hyper-
plasia and malignant disease. All patients with BC require 
long-term follow-up for bile duct cancer, using ultraso-
nography and laboratory investigations including liver pa-
rameters and cancer markers [carcinoembryonic antigen 
(CEA), CA 19-9, CA-125][49,87-89]. CA 19-9 is the mosts 
significant, because it is elevated in up to 85% of  patients 
with cholangiocarcinoma. CEA is raised in about 30% of  
patients and CA-125 in 40%-50% of  patients with chol-

angiocarcinoma. These markers are not specific for bile 
duct cancer, because their levels are also raised in other 
neoplasms and inflammatory diseases[90]. Lee et al[91] ana-
lyzed factors predicting cholangiocarcinoma in patients 
operated for BC. They pointed the following factors: 
age > 40 years, the absence of  a gallstone, elevated CEA 
or cancer antigen 19-9 serum level, and the presence of  
anomalous pancreaticobiliary ductal union in univariate 
analysis, and an elevated cancer antigen 19-9 level in mul-
tivariate analysis. Therefore, laboratory investigations of  
CEA and CA 19-9 in patients following surgery for BC 
are useful. 

Cytology of  bile and bile ducts specimens taken dur-
ing ERCP ora PTC by brush or needle biopsy play an 
additional role in cholangiocarcinoma diagnosis. Negative 
cytology from brushing does not exclude malignancy. 
Combined brush and biopsy cytology specimens increase 
sensitivity to 40%-70%[90]. 

Frequency of  follow-up in patients following BC re-
section has not been clearly established in the literature. 
In my opinion, laboratory investigations including liver 
parameters and cancer markers (CA 19-9 and CEA) and 
ultrasonography should be performed as a screening ev-
ery 6-12 mo. 

In cases of  the intrahepatic lithiasis and Caroli’s dis-
ease, the use of  ursodeoxycholic acid (UDCA) in the 
treatment has been described in the literature. Ros et al[92] 
UDCA observed that therapy with UDCA caused clini-
cal remission, return to normal liver function, and dis-
solution of  intrahepatic stones on USG in all patients. 
Therefore, litholytic therapy was indicated by authors 
for intrahepatic stones in Caroli’s syndrome. Successful 
treatment of  patients with the hepatilithiasis and Caroli’s 
disease was also described by Guma et al[93]. 

In conclusion, clinical presentation and management 
of  BC depend on the cyst type according to Todani clas-
sification. The early and proper treatment allows to avoid 
serious complications (including bile duct cancer) in pa-
tients with BC. The early treatment is also associated with 
a lower number of  complications. In most cases, total 
cyst excision with Roux-Y hepaticojejunostomy is the 
treatment of  choice. Surgical treatment of  BC is associ-
ated with low morbidity and mortality. Patients following 
surgery for BC require permanent and careful postopera-
tive observation because of  possibility of  biliary anasto-
mosis stricture and biliary cancer in tissue remnant. 
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Abstract
In this paper, we review the concept of quality of ulcer 
healing (QOUH) in the gastrointestinal tract and its 
role in the ulcer recurrence. In the past, peptic ulcer 
disease (PUD) has been a chronic disease with a cycle 
of repeated healing/remission and recurrence. The 
main etiological factor of PUD is Helicobacter pylori  
(H. pylori ), which is also the cause of ulcer recur-
rence. However, H. pylori -negative ulcers are pres-
ent in 12%-20% of patients; they also recur and are 
on occasion intractable. QOUH focuses on the fact 
that mucosal and submucosal structures within ulcer 
scars are incompletely regenerated. Within the scars 
of healed ulcers, regenerated tissue is immature and 
with distorted architecture, suggesting poor QOUH. 
The abnormalities in mucosal regeneration can be the 
basis for ulcer recurrence. Our studies have shown 
that persistence of macrophages in the regenerated 
area plays a key role in ulcer recurrence. Our studies 

in a rat model of ulcer recurrence have indicated that 
proinflammatory cytokines trigger activation of macro-
phages, which in turn produce increased amounts of 
cytokines and chemokines, which attract neutrophils to 
the regenerated area. Neutrophils release proteolytic 
enzymes that destroy the tissue, resulting in ulcer re-
currence. Another important factor in poor QOUH can 
be deficiency of endogenous prostaglandins and a defi-
ciency and/or an imbalance of endogenous growth fac-
tors. Topically active mucosal protective and antiulcer 
drugs promote high QOUH and reduce inflammatory 
cell infiltration in the ulcer scar. In addition to PUD, the 
concept of QOUH is likely applicable to inflammatory 
bowel diseases including Crohn’s disease and ulcer-
ative colitis.

© 2012 Baishideng. All rights reserved.

Key words: Quality of ulcer healing; Peptic ulcer dis-
ease; Recurrence; Prostaglandin; Cytokines; Growth 
factors

Peer reviewers: Dr. Selin Kapan, Associate Professor of Gen-
eral Surgery, Dr. Sadi Konuk Training and Research Hospital, 
Department of General Surgery, Kucukcekmece, Istanbul 34150, 
Turkey; Frank I Tovey, OBE, ChM, FRCS, Honorary Research 
Felllow, Department of Surgery and Interventional. Science, Uni-
versity College London, London W1W 7EJ, United Kingdom

Arakawa T, Watanabe T, Tanigawa T, Tominaga K, Fujiwara Y, 
Morimoto K. Quality of ulcer healing in gastrointestinal tract: Its 
pathophysiology and clinical relevance. World J Gastroenterol 
2012; 18(35): 4811-4822  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v18/i35/4811.htm  DOI: http://dx.doi.
org/10.3748/wjg.v18.i35.4811

BIOGRAPHY 
Professor Tetsuo Arakawa (Figure 1) received his MD 

FRONTIER

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i35.4811

4811 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

World J Gastroenterol  2012 September 21; 18(35): 4811-4822
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



and PhD degrees from Osaka City University Gradu-
ate Medical School, Japan. He was Visiting Research 
Scholar and Professor at the University of  California, 
Irvine (1990) and the University of  Arizona, Tucson, 
AZ, United States (2000). He is currently Dean and 
Chairman, Department of  Gastroenterology, Osaka 
City University Graduate School of  Medicine, Osaka, 
Japan. His Curriculum Vitae lists 404 original articles, 
421 review articles, 275 book chapters, 24 edited books, 
prestigious academic awards and honors, and numerous 
presentations at national and international meetings, 
including American Gastroenterological Association 
(AGA), American College of  Gastroenterology (ACG), 
Pasteur Institute and others (over 300 presentations). 
He has been President/Governor: Japanese Gastroen-
terological Association, Japanese Society of  Gastroin-
testinal Endoscopy, Japanese Society of  Ulcer Research, 
International Conference on Ulcer Research, Japanese 
Society of  Neurogastroenterology, Japanese Society of  
Gastroenterological Immunology, and Japanese Society 
of  Capsule Endoscopy chaired numerous sessions dur-
ing American Gastroenterological Association Meetings 
and is member of  10 national/international societies, 
including Fellow of  AGA and Fellow of  ACG. His re-
search interests cover numerous areas of  gastroenterol-
ogy, endoscopy and pathophysiology; he significantly 
contributed to the concept of  cytoprotection, molecular 
mechanisms of  gastric ulcer healing, mechanisms of  
anti-ulcer drugs action and translation of  basic research 
to clinical application. 

INTRODUCTION
Prior to the introduction of  Helicobacter pylori (H. pylori) 
eradication treatment, peptic ulcer disease (PUD) had 
been a chronic disease affecting 5%-10% of  the popula-
tion with a cycle of  repeated healing/remission and re-
currence. The treatment aimed at eradication of  H. pylori  
has changed the life cycle of  this disease and the preva-
lence rate has dramatically decreased. However, the 
dictum “no H. pylori, no ulcer” is over-rated[1]. H. pylori- 
negative PUD exists, similar to PUD in nonusers of  
nonsteroidal anti-inflammatory drugs (NSAIDs). This 
PUD is referred to as non-H. pylori, non-NSAIDs ulcer 
or idiopathic PUD (IPUD)[2]. A prevalence rate of  IPUD 
has been reported as 12%-20%, suggesting that IPUD is 
not rare[2]. A recent report has shown the increase in the 
prevalence of  IPUD[3], however this remains controver-
sial[4]. 

The recurrence rate of  IPUD is higher than H. pylori 
and/or NSAID-associated PUD[5] and their management 
is more difficult and more costly compared to other 
ulcers[5]. The recurrence rate of  ulcer may be related to 
quality of  ulcer healing (QOUH). The pathogenesis of  
poor QOUH may be the underlying cause of  the refrac-
toriness and ulcer recurrence. In addition to PUD, the 
concept of  QOUH may be applicable to inflammatory 

bowel disease (IBD), which is also a chronic and recur-
rent ulcer disease. It is likely that in order to obtain a 
permanent ulcer healing and remission, the high QOUH 
is necessary for any type of  ulcer disease. 

MYSTERY OF ULCER RECURRENCE: 
PAST HISTORY OF PATHOPHYSIOLOGY
Ulcer recurrence has long been thought to be an un-
avoidable feature of  PUD, and therefore, maintenance 
treatment has been necessary to prevent recurrence. 
H. pylori is a major cause of  both PUD and its recur-
rence. The bacteria are, however, not the only cause of  
ulcer recurrence, and still there are a certain number of  
patients with PUD not related to H. pylori and NSAIDs, 
referred to as IPUD[2,4]. To prevent recurrence of  IPUD, 
the investigations examining the pathophysiology of  ul-
cer recurrence are important.

Oi et al[6] have proposed the double-regulation theory 
to explain why PUD favors the gastric angle. They exam-
ined many stomachs with ulcers that had been operated 
upon, and found that the ulcer site was usually at the 
interphase of  the distal side of  the glandular borderline 
(mucosal rule) and line of  distortion of  movement (mus-
cular rule). This may be the point of  combination of  the 
mechanical tension and exposure to high concentrations 
of  acid in the pyloric gland area. The latter mucosa has 
a weaker resistance to acid compared to the fundic gland 
area. This theory may also explain why the ulcer often 
recurs at the same or neighboring site of  a previous ul-
cer. This theory, however, does not fit with duodenal or 
gastric ulcer at other sites. Therefore, it is important to 
determine how the ulcer recurs.

Pan et al[7] have reported that the recurrence of  healed 
duodenal ulcer depends on the histological maturity of  
regenerated mucosa. They have indicated that the cause 
of  ulcer recurrence may be related to the abnormalities 
of  the scar of  healed ulcer, leading to the concept of  
QOUH[7]. Takagi et al[8] have developed a chronic gastric 
ulcer model in rats by topical application of  acetic acid 
from the serosal side of  the gastric glandular borderline. 
This model closely mimics human PUD both in histol-
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ogy and life cycle of  ulcer recurrence. Tarnawski et al[9] 

have demonstrated in this rat model that the subepithe-
lial mucosa of  macroscopically healed gastric ulcer dis-
plays disorganized restoration of  glandular and vascular 
structures and remains histologically and ultrastructurally 
abnormal. They have concluded that these abnormalities 
may interfere with oxygenation, nutrient supply, and with 
mucosal resistance and defense, and therefore could be 
the basis for ulcer recurrence. They proposed the con-
cept of  QOUH based on an experimental ulcer model 
in 1990[9-11]. In a previous clinical study by our group, 
we proposed the concept and definition of  QOUH in 
human gastric ulcer in a Japanese journal, which was 
published in an English journal 18 mo later[12] (Table 1). 
A flat or non-flat ulcer scar pattern has been defined 
with chromoendoscopy using indigo carmine, which was 
not demonstrated with conventional endoscopy (Fig-
ure 2). These patterns are compatible with histological 
maturity of  regenerated mucosa of  healed gastric ulcer; 
the flat pattern represents a good QOUH and non-flat 
represents poor QOUH[13] (Figure 2). The incidence of  
ulcer recurrence is much higher in a non-flat scar than in 
a flat scar pattern[13,14] (Figure 3), suggesting that the en-
doscopically assessed QOUH may detect scars that are 
predisposed to future ulcer recurrence.

ULCER HEALING AND PROSTAGLANDINS 
Prostaglandins (PGs) and the discovery of  the phenom-
enon of  cytoprotection by Robert et al[15] sparked an 
enormous interest in the critical role of  PGs in mucosal 
defense and ulcer healing. In humans, “artificial” ulcers 
in the gastrointestinal tract produced by endoscopic 
mucosal resection for neoplasm heal rapidly and do not 
recur. We have shown that the surrounding mucosa of  
such artificial ulcers synthesizes increased amount of  
prostaglandin E2 (PGE2) and prostacyclin[16], which 
may have a crucial role in producing high QOUH. This 

observation has led to our contention that PUD may be 
a PG-deficiency disease[17] and that PG deficiency may 
cause poor QOUH. We have demonstrated that low-
dose indomethacin causing PG-insufficiency forms an 
experimental chronic gastric ulcer with poor QOUH, 
and that exogenous PGE2 reverses poor QOUH as 
assessed by recurrence rate after healing, and reduces 
inflammatory cell infiltration of  the ulcer scar[18] (Figure 
4). Therefore, PG derivatives and/or PG-inducing drugs 
such as mucosal protective compounds may promote 
high QOUH[19,20].

Another important factor in poor QOUH could be a 
deficiency and/or an imbalance of  endogenous growth 
factors. Jones et al[21] have demonstrated that local gene 
therapy with vascular endothelial growth factor (VEGF) 
and angiopoietin 1 (Ang1), with limited duration of  
target gene expression, significantly accelerates experi-
mental gastric ulcer healing in rats. Co-injection of  both 
plasmids encoding rhVEGF 165 and rhAng1 resulted in 
formation of  more mature vessels and more complete 
restoration of  gastric glandular structures within the 
ulcer scar, reflecting better QOUH. Inhibition of  ac-
celerated healing by a neutralizing anti-VEGF antibody 
indicates an essential role for VEGF and enhanced an-
giogenesis in ulcer healing. 

PATHOPHYSIOLOGY OF QOUH
Histological evaluation of  scars of  healed gastric ulcers 
shows increased infiltration of  regenerated tissue with 
numerous neutrophils and macrophages in a non-flat 
scar compared to a flat scar (Figure 5). The persistence 
of  chronic inflammation may be reflected by the finding 
of  a hypoechoic area beneath the ulcer scar with a non-
flat pattern, assessed by endoscopic ultrasonography 
(Figure 6). The number of  macrophages infiltrating scar 
tissue is five times higher than neutrophils in a non-flat 
scar, suggesting that these macrophages may play a key 
role in pathophysiology of  QOUH, and hence future 
ulcer recurrence. These macrophages produce increased 
amounts of  interleukin (IL)-1β, tumor necrosis factor 
(TNF)-α, and monocyte chemotactic protein (MCP)-1 
(Figure 7). The proinflammatory cytokines, IL-1β and 
TNF-α further activate and stimulate macrophages, thus 
constituting a self-perpetuating circuit. The increased 
stimulation of  production of  these cytokines induced by 
NSAIDs, stress, or H. pylori may cause these macrophages 
to increase cytokine production and/or release, leading in 
turn to attraction and accumulation of  neutrophils. Neu-
trophils by releasing proteases and active oxygen species 
damage the scar tissue and induce ulcer recurrence. 

MECHANISMS UNDERLYING ULCER 
RECURRENCE
As mentioned previously, Okabe’s rat model of  chronic 
ulcer mimics human peptic ulcer not only morphologi-
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Table 1  Definition and criteria of quality of ulcer healing

Definition: 
   QOUH represents histological maturity of healed peptic ulcer; 
Evaluation of QOUH should be done to assess functional and 
endoscopic maturity additionally to histological maturity; For a clinical 
use an endoscopic evaluation of maturity should be the main method
Criteria: 
1: Endoscopic evaluation of maturity
      Dye-contrast method, magnified endoscopy, endoscopic 
ultrasonography
2: Histological maturity
       Regenerated mucosa: thickness, width, morphological 
abnormalities of glands, inflammatory cell infiltration
       Granulation tissue: angiogenesis, fibroblasts and fibrosis, 
regeneration of muscularis mucosae, inflammatory cell infiltration
3: Functional evaluation of maturity
       Microcirculation, production of mucin, prostanoids, growth factors, 
cell proliferation, receptor expression, adhesion molecules

Arakawa et al[12]. QOUH: Quality of ulcer healing. 
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ulcer recurrence that we reported in 1997, we found in-
creased expression of  adhesion molecules, intercellular 
adhesion molecule (ICAM)-1 in endothelial cells and 
leukocytic β2 integrins, lymphocyte function-associated 
antigen (LFA-1; CD11a/CD18) and Mac-1 (CD11b/
CD18) in leukocytes, and also of  cytokines, IL1β and 
TNF-α[22], and chemokine, MCP-1[23]. This increase oc-
curred in the regenerated tissue of  the healed ulcer site 
(scar) 12 h after injection of  an inflammatory cytokine, 
and was followed by massive infiltration of  macrophages 
and neutrophils, ultimately resulting in ulcer recurrence. 
Antineutrophil antiserum prevents ulcer recurrence in 
this model, suggesting that neutrophils (producing nox-
ious protease and active oxygen species) are the final 
mediator of  tissue injury[22]. This hypothesis is further 
supported by the demonstration that antibodies against 
adhesion molecules (ICAM-1 and LFA-1) also inhibit 
ulcer recurrence[22]. These molecules regulate migration 
of  neutrophils from arterioles into the interstitial space. 
Antibody against MCP-1 prevents gastric ulcer recur-
rence in this model[23], suggesting that the overexpres-
sion of  MCP-1 in resident macrophages accumulated in 
the interstitial space of  the ulcer scar is a first step in the 
mechanism of  ulcer recurrence, because neutrophils and 
macrophages infiltrate the interstitial space of  the ulcer 
scar only after overexpression of  MCP-1[24]. Proton-
pump inhibitors (PPIs) prevent gastric ulcer recurrence 
caused by injection of  IL1β[24] and administration of  

cally and histologically but also with regard to the life 
cycle of  spontaneous recurrence. Numerous neutrophils 
and macrophages persist in and beneath the regener-
ated epithelium even after ulcer healing. This persistent 
chronic inflammation may have a key role in causing 
future ulcer recurrence. Watanabe et al[22] have demon-
strated that inflammatory cytokines, IL-1β and TNF-α, 
administered systemically in rats with macroscopically 
healed gastric ulcer, cause ulcer recurrence at the site of  
the previous ulcer (Figure 8). In this model of  gastric 

Conventional endoscopy Chromoendoscopy Histology

B

A

Endoscopic pattern n Regenerated gland index P-value

Flat 10 48.0 ± 2.8
Non-flat   5 40.2 ± 2.6 < 0.05

Figure 2  Assessment of endoscopic quality of ulcer healing. Flat pattern (A) and non-flat pattern (B) are identified by chromoendoscopy, but not by conventional 
endoscopy. Flat pattern reflects good quality of healing compared to nodular pattern as assessed by histological maturity (Arakawa et al[12] ). 
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exogenous acid reverses the protective action of  PPIs 
on ulcer recurrence, suggesting that presence of  acid is 
necessary to induce ulcer recurrence[24]. Based on these 
studies, we propose a working hypothesis of  gastric ulcer 
recurrence presented in Figure 9[25]. 

EFFECT OF ANTIULCER DRUGS ON 
QOUH
The histological maturity of  regenerated mucosa is poor 
after treatment with H2-receptor antagonists[26]. This 
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may be related to their action to decrease mucosal PG 
levels[27]. Rebamipide, a mucosal-protective drug that 
stimulates synthesis of  PGs, accelerates ulcer healing 
and reduces relapse of  acetic-acid-induced gastric ulcer 
in rats. In contrast, ulcer relapse is not prevented by ci-
metidine[26]. Similar results regarding improving QOUH 
by rebamipide have been reported by Qi et al[28]. In a 
clinical setting rebamipide has been shown to improve 
QOUH of  human gastric ulcers, as assessed by chro-
moendoscopy. Moreover, the ulcer recurrence rate after 
healing with rebamipide was similar to that found in 
gastric ulcer patients after H. pylori eradication with dual 
therapy[29]. Rebamipide has been shown to exert anti-in-
flammatory action, accelerate gastric ulcer healing, and 
promote high QOUH in both experimental and clinical 
studies[30,31]. 

Regarding the action of  other drugs related to QO-
UH, antacid hydrotalcite provides better restoration 
of  glandular structures in the gastric ulcer scar in rats 

compared to omeprazole[32]. In clinical studies, initial 
treatment with sucralfate is superior to cimetidine in de-
creasing recurrence rate of  healed duodenal ulcer during 
maintenance therapy with cimetidine[33]. Direct evidence 
of  promoting better QOUH, as assessed by chromoen-
doscopy, has been reported with lafutidine in a placebo-
controlled trial, and ranitidine compared to famotidine in 
patients with gastric ulcer[34,35]. Lafutidine is a novel H2-
receptor antagonist developed in Japan. It has the unique 
property of  stimulating capsaicin-sensitive nerves, pro-
ducing NO, a cytoprotective mediator. 

RECENT ADVANCES IN EVALUATION OF 
QOUH
Recent preliminary findings with magnifying endoscopy 
and narrow band imaging (NBI) may be useful for a 
more precise evaluation of  QOUH. Magnifying endos-
copy shows a fine regular glandular pattern in flat scar 

BA

Flat Non-flat P-value

Internal hypoechoic area (+/-) 3/21 16/9 0.0003

Figure 6  Assessment of interstitial space beneath gastric ulcer scar with endoscopic ultrasonography. Hypoechoic area (circle of black line) is clearly seen in 
non-flat scar (B), but not in flat scar (A). Arrow shows a point of ulcer scar (Nebiki et al[14]). 
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Figure 7  Number of tumor necrosis factor-α-, interleukin-1β-, and monocyte chemotactic protein-1-producing cells in interstitial space of ulcer scar site 
in patients with gastric ulcer whose ulcer healed with flat vs non-flat pattern assessed by chromoendoscopy. n = 6, bP < 0.01 vs flat group. TNF-α: Tumor 
necrosis factor α; IL-1β: Interleukin-1β; MCP-1: Monocyte chemotactic protein-1. 
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Figure 8  Original rat model of gastric ulcer recurrence. A: Ulcer scar of acetic-acid-induced gastric ulcer healed spontaneously (big arrow) with fold convergence (small 
arrows); B: Recurrence of ulcer with white coat at the same site as previous ulcer (big arrow). Interleukin-1β (IL-1β) or tumor necrosis factor α (TNF-α) administered 
systemically causes recurrence of ulcer macroscopically and histologically. Antineutrophil antiserum, antibodies against adhesion molecules, antibody against monocyte 
chemotactic protein-1 (MCP-1), or proton-pump inhibitors prevent recurrence. MCP-1 is overexpressed in macrophages in the interstitial space of the ulcer scar site at 12 
h after administration of IL-1β or TNF-α. Adhesion molecules are overexpressed only at the ulcer scar site (Watanabe et al[22-24]). ICAM: Intercellular adhesion molecule. 

Figure 9  Proposed mechanisms of ulcer recurrence. Ulcerogenic factors such as nonsteroidal anti-inflammatory drugs, stress, and Helicobacter pylori stimulate the 
production of inflammatory cytokines, which activate macrophages under acidic conditions. The activated macrophages produce monocyte chemotactic protein-1 (MCP-1), 
which accumulates other macrophages. These macrophages all produce a large amount of interleukin-1β (IL-1β) and tumor necrosis factor α (TNF-α), which activate the 
cytokine network, resulting in activation of adhesion molecules and neutrophils. Activated neutrophils migrate from arterioles to the interstitial space and injure the tissue 
with noxious substances such as reactive oxygen species and elastase produced by themselves together with gastric acid (Arakawa et al[25]). 
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and coarse, irregular, and hyperemic glandular pattern in 
non-flat scar (Figure 10), suggesting that a more precise 
assessment is possible in the near future. In addition to 
this procedure, NBI may be the most promising tool to 
assess QOUH combined with magnification because 
NBI shows pattern of  vessels that may reflect QOUH 
(Figure 11).

MUCOSAL HEALING IN CROHN’S 
DISEASE
Biological drugs aimed at TNF-α, such as infliximab 
(and other related antibodies) as well as thalidomide[36], 
promote ulcer healing in Crohn’s disease resistant to cor-

ticosteroids. This action is completely different from the 
mucosal healing obtained with a PPI for gastric and/or 
duodenal ulcers, because a PPI inhibits only acid secre-
tion, but may not suppress inflammation. Therefore, 
PPIs promote rapid healing of  acid-related ulcers, but do 
not improve QOUH, especially in the presence of  H. py-
lori. The biological drugs directly suppress inflammation, 
and thus they may improve QOUH. However, as long as 
the factor responsible for inflammation is unknown, the 
efficacy of  such drugs may be limited. 

Granulomas beneath the regenerated tissue may have 
an important role in cell-to-cell contact of  macrophages 
with T lymphocytes in Crohn’s disease and cause chronic 
inflammation, and on this background poor QOUH[37,38]. 

B

A

Figure 10  Magnifying chromoendoscopy shows different findings in flat scar as a fine regular pattern (A) and non-flat scar as coarse irregular pattern (B) 
compatible with histological findings. 

CBA

Figure 11  Narrow band imaging with magnification by endoscopy in patients with gastric ulcer shows fine vascular patterns, which may reflect precise 
quality of ulcer healing. A: Conventional endoscopy; B: Magnifying endoscopy; C: Magnification + narrow band imaging. 
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The inflammation in Crohn’s disease in based on Th1 and 
Th17 reaction[39-41] that is similar to H. pylori-associated 
gastritis[42,43]. Therefore, the inflammation in Crohn’s 
disease may have similar immunopathophysiology to 

H. pylori-associated inflammation, which causes poor 
QOUH and underlies the ulcer recurrence. The similar-
ity of  immunological abnormality in Crohn’s disease and 
H. pylori-associated gastritis may also be related to distur-

D

CBA
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J

Figure 12  Morphological characteristics of active ulcer in patients with Crohn’s disease. Shape of ulcer edge, flat (A) or non-flat (B); fold convergence, nega-
tive or positive (C); shape of ulcer base, flat (D) or non-flat (E); stenosis, negative or positive (F); neighboring ulcer, negative (G) or positive (H); width of ulcer, narrow (I) 
or wide (J). 

Arakawa T et al . Quality of ulcer healing



Table 2  Morphological characteristics of active ulcers in 
patients with Crohn’s disease reflecting possible future 
mucosal healing after treatment with infliximab

Morphological finding Mucosal healing

Good (n  = 10) Poor (n  = 11) P  value1

Shape of ulcer edge Flat 8 3
Non-flat 2 8 0.03

Fold convergence Negative 7 3
Positive 3 8 0.08

Shape of ulcer base Flat 4 3
Non-flat 6 8 0.65

Stenosis Negative 8 9
Positive 2 2 0.99

Neighboring ulcer Negative 9 4
Positive 1 7 0.02

Width of ulcer Narrow 9 4
Wide 1 7 0.02

1Fisher’s exact test. P value indicates the statistical difference in morpho-
logical findings between good and poor mucosal healing. 
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bance of  the ghrelin system[44,45].
In our preliminary study of  21 patients with Crohn’s 

disease treated with infliximab, morphological charac-
teristics of  active ulcer were defined, namely shape of  
ulcer edge, flat or non-flat; fold convergence, negative 
or positive; shape of  ulcer base, flat or non-flat; stenosis, 
negative or positive; neighboring ulcer, negative or posi-
tive; width of  ulcer, narrow or wide (Figure 12). The 
incidence of  mucosal healing of  active ulcer with a flat 
edge, absence of  neighboring ulcer, or a narrow width 
of  ulcer is significantly higher. A negative mucosal fold 
convergence tends to be more frequent than non-flat 
ulcer edge, positive fold convergence, positive neigh-
boring ulcer, or wide ulcer (Table 2). The latter type of  
ulcer may require stronger anti-inflammatory treatment 
to obtain mucosal healing. These ulcers may need an 
endoscopic follow-up observation with assessment of  
mucosal healing after remission. If  the ulcer does not 
recur, the mucosal healing may be high QOUH. Mucosal 
fold convergence (Figure 12C) may be one of  the fac-
tors reflecting poor QOUH. Therefore, prevention of  
the convergence may improve QOUH of  Crohn’s dis-
ease. Stimulation of  the local angiotensin Ⅱ system may 
have a key role in fibrosis, resulting in fold convergence 
and stricture[46], suggesting that inhibitors on this system 
such as angiotensin Ⅱ receptor blockers may promote 
high QOUH in Crohn’s disease. However, to identify a 
causative factor of  inflammation in Crohn’s disease is 
the most essential. The responsible antigen needs to be 
elucidated from candidates such as yeast-like antigen[47], 
and others. Elimination of  the possible antigen may be 
a powerful tool to obtain high QOUH and permanent 
remission. 

The concept and the paradigm of  QOUH may also 
apply to ulcerative colitis. Tarnawski and coworkers us-
ing confocal endomicroscopy and molecular imaging 
have demonstrated in colonic mucosa of  patients with 

ulcerative colitis in remission impaired crypt regenera-
tion, persistent inflammation, pathological angiogenesis 
and increased microvascular permeability; all reflecting 
impaired QOUH. They have found that the underlying 
mechanisms include dysregulation of  survivin, aberrant 
activation of  VEGF gene, and persistent inflammatory 
cell infiltration[48]. 
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Abstract
The use of anti-tumor necrosis factor-α therapy for 
inflammatory bowel disease represents the most im-
portant advance in the care of these patients since 
the publication of the National Co-operative Crohn’s 
disease study thirty years ago. The recommendations 
of numerous consensus groups worldwide are now 
supported by a wealth of clinical trials and several 
meta-analyses. In general, it is suggested that tumor 
necrosis factor-α blockers (TNFBs) are indicated (1) 
for persons with moderately-severe Crohn’s disease 
or ulcerative colitis (UC) who have failed two or more 
causes of glucocorticosteroids and an acceptably long 
cause (8 wk to 12 wk) of an immune modulator such 
as azathioprine or methotrexate; (2) non-responsive 
perianal disease; and (3) severe UC not responding to 
a 3-d to 5-d course of steroids. Once TNFBs have been 
introduced and the patient is responsive, therapy given 
by the IV and SC rate must be continued. It remains 
open to definitive evidence if concomitant immune 

modulators are required with TNFB maintenance ther-
apy, and when or if TNFB may be weaned and discon-
tinued. The supportive evidence from a single study on 
the role of early versus later introduction of TNFB in 
the course of a patient’s illness needs to be confirmed. 
The risk/benefit profile of TNFB appears to be accept-
able as long as the patient is immunized and tested for 
tuberculosis and viral hepatitis before the initiation of 
TNFB, and as long as the long-term adverse effects on 
the development of lymphoma and other tumors do 
not prone to be problematic. Because the rates of ben-
efits to TNFB are modest from a population perspec-
tive and the cost of therapy is very high, the ultimate 
application of use of TNFBs will likely be established by 
cost/benefit studies.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) affects about 500 000 persons in 
North America[1], while the prevalence rates in northern 
Europe are 27-48 per 105[2]. A selected group of  these 
persons will benefit from the efficacy and safety of  tu-
mor necrosis factor-α blockers (TNFBs). This use of  
TNFB has been reviewed by way of  meta-analysis of  
placebo-controlled trials[3], as well as with recent con-
sensus statements [e.g., Canadian Agency of  Drugs and 
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Technologies in Health (CADTH, 2009)]. The overall 
view is that TNFBs are superior to placebo for the in-
duction and maintenance of  luminal CD or ulcerative 
colitis (UC). There are insufficient head-to-head studies 
comparing TNFB with mesalamine [5-aminosalicylic acid 
(5-ASA)], intermittent use of  glucocorticosteroids (GCS), 
azathioprine (AZA), or methotrexate (MTX). In fistuliz-
ing CD, TNFBs other than infliximab (IFX) require fur-
ther investigation. It remains to be established how early 
in the course of  CD that TNFBs should be started, and 
what are the factors that predict which patient is most 
likely to require or to respond to this therapy.  

MECHANISMS OF ACTION OF TNFB
There are numerous reviews on the molecule, cellu-
lar, physiological and pharmacological properties of  
TNFB[4-9]. Tumor necrosis factor (TNF) (aka “cachec-
tin”) has been called the body’s sentinel cytokine or 
“fire alarm”[10], as it initiates the defence response to 
local injury. As a result of  innate and adaptive immune 
responses, the level of  tumor necrosis factor-α (TNFα) 
is increased in the serum and mucosa of  patients with 
CD[11-13], and is a trigger for and a mediator of  positive 
and negative feedback loops which influence the chro-
nicity of  inflammation. 

TNF in the membranes (tmTNF) is a protein which 
undergoes proteolysis by the protease TNFα converting 
enzyme, forming a soluble protein, sTNF. Reverse signal-
ling by tmTNFα may alter cellular responses to stimuli 
such as bacterial lipopolysaccharide[14-16]. The sTNF and 
the precursor tmTNF bind to the two TNF receptors, 
TNF receptor 1(TNFR1) (aka pSS or DC120a), and 
TNFR2 (aka p75 or CD120b)[1]. Binding the TNFR1IR2 
to the cleft in the TNF subunits causes activation, and 
initiates the expression of  interleukin (IL)-1, IL-6, inter-
feron-gamma (IFN-γ), cell adhesion molecules (e.g., intra-
cellular adhesion molecule-1), as well as a number other 
inflammatory molecules[17].

TNFR1 is expressed in all cells, and generates the 
proinflammatory properties of  TNF. TNFR2 is present 
in immune as well as endothelial cells, and initiates the 
immunoregulatory properties of  TNF[7]. If  the TNF/
TNFR1 clusters in membrane lipid rafts, it becomes 
antiapoptotic, whereas if  TNF/TNFR1 is internal-
ized within the cell, it becomes proapoptotic. Whether 
TNFR1 activates apoptosis or not depends upon ac-
cessory cell proteins, such as TNA receptor-associated 
factor 2 (TRAF2). TNFB affects both sTNF-mediated 
mechanisms, as well as tmTNF-mediated mechanisms[18]. 
TNFB neutralize sTNF with mean inhibitory concentra-
tions in the nM range. TNFB alter tmTNF interactions 
with TNFR1 and 2, or as agonists that initiate differen-
tial induction of  cytokine suppression through reverse 
signalling, involving signal-peptide-peptidase-like 2a 
(SPPL2a) and SPPL26. This leads to apoptosis, cell acti-
vation, cytokine suppression, induction of  the adhesion 
membrane E-selectin, and resistance to endotoxin[18,19].

Recruitment of  Fas-associated death domain binds 

and activates procaspase-8, which then activates caspase-3, 
and results in apoptosis. In this way, TRAF2 may lead to 
apoptosis. Alternatively, TRAF2 may recruit c1 activator-
protein-1 (AP-1)-1 and c1AP-2. In turn, c1AP-1/-2 cause 
nuclear factor k B (NF-kB) and AP-1 to block apoptosis 
increase anti-inflammatory proteins, and enhance cell pro-
liferation as well as differentiation. In addition, TNF in-
creases IL-2 receptor, HLA-DR antigen gene expression, 
and I5-A costimulator of  IL-2-dependent IFN-γ produc-
tion.

TNF may be immunostimulatory or immunosup-
pressive, depending on the genetic background of  the 
patient, the timing and concentration of  TNF[17,18], as 
well as depending on whether TRFR1 or TRFR2 are in-
volved[20]. In clinical situations, TNFB do not likely func-
tion as immunosuppressants: TNFB may in fact provide 
immune enhancements[21], and TNFR may down-regu-
late some immune reactions that are activated in CD.

Reduced apoptosis in CD may cause inflammation[22], 
and the death domains in TNFR may induce apopto-
sis[23]. The tmTNF molecule has a cytoplasmic domain 
which can induce apoptosis by acting as a ligand for TN-
FRs, or as a receptor that transmits a reverse signal into 
the tmTNF-bearing cell[14]. In this way, TNFB may block 
or induce tmTNFB-mediated apoptosis. TNF-expressing 
cells such as monocytes, macrophages and T-cells are 
acted upon either by pathogen-associated molecules 
which express toll-like receptors (TLRs), or by NF-kB 
transportation factors which have been stimulated by 
inflammatory cytokines such as IL-1. The response to 
TNFB IFX in CD is determined by a single nucleotide 
polymorphism in the FCGR3A gene encoding for FCjR
Ⅲa receptors on NK cells and macrophages[24]. TLR and 
NF-kB act through p38 MAPK and NF-kB to increase 
TNF mRNA (gene transcription) and TNF protein 
(translation). 

Both IFX and adalimumab (ADA) induce apoptosis 
in peripheral blood monocytes as well as in lamina pro-
pria T-cells[25,26]. Certolizumab (CER) does not produce 
apoptosis via tmTNF, possibly because it cannot form 
cross-linkages with tmTNF, or because of  its different 
epitope specificity. The fact that CER does not induce 
apoptosis and yet is clinically effective in CD provides 
evidence for mechanisms of  action in addition to apop-
tosis being important in the clinical benefit of  TNFBs.

For IFX and ADA, the presence of  antibodies to the 
TNF reduces the serum concentrations and effectiveness 
of  the drugs[27-29]. These antidrug antibodies form multi-
valent immune complexes with the TNFB, leading to their 
rapid clearance and therefore to reduced clinical response, 
as well as to the potential for the development of  future 
infusion reactions.

It is not clear why IFX induces antinuclear, anti-ds 
DNA and anticardiolipid IgA or IgM antibodies. In re-
viewing this topic, Tracey et al[18] speculated that TNFB 
either dysregulated apoptosis and release autoimmuno-
genic plasma nucleosomes from the apoptotic cells, or 
inhibit some cytotoxic T-lymphocyte response that nor-
mally suppresses autoreactive B cells[30].
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Control of  intracellular infections such as Mycobacte-
rium requires macrophages and T-cells in granulomas to 
come close to bacteria, and then wall them off. Etanercept 
(ETA) does not show efficacy against granulomutous 
diseases such as Wegener's granulomatosis and sarcoid-
osis[18,31]. This is unlikely the main mechanism of  clinical 
benefit of  these TNFBs in CD, since ETA is not effective 
in this disease. Furthermore, ETA, IFX and ADA induce 
apoptosis, but again ETA is not clinically active in CD. 
Some other pathway(s) must represent the mechanism 
of  action of  IFX, ADA, and CER in CD. IFX, ADA and 
CER but not ETA almost completely inhibit lipopolysac-
charide-stimulated IL-IB release from monocytes, sug-
gesting that inhibition of  the production of  cytokine may 
be important in the clinical efficacy of  IFX, ADA and 
CER in CD[32]. Because ETA has not been shown to be 
clinically effective in the treatment of  CD, and will not be 
discussed further in this paper. 

The general comparative structures and individual 
biological properties of  the TNFBs which have been ap-
proved in various countries for use in persons with CD 
are shown in Figure 1, and in Tables 1-3. IFX, ADA and 
CER are discussed in the order in which they became 
generally available for clinical use in CD, and the order 
of  presentation does not imply in any way the superior-
ity of  one TNFB over another.

Etanercept is a soluble TNF receptor fusion protein 
(humanized IgG1 Fc fragment fused with two identical 
humanized p75 TNF receptors) that binds and inac-
tivates soluble, but not membrane-bound TNFα, and 
although effective for the treatment of  rheumatoid ar-
thritis and other forms of  inflammatory joint diseases, 
etanercept failed to demonstrate efficacy at similar doses 
in a clinical trial for CD.

Biologics other than anti-TNFα agents
Recently, natalizumab, a humanized IgG4 monoclonal 
antibody that antagonizes integrin heterodimers contain-
ing α4-integrin, was approved as a second-line biologic 
for therapy in the United States for CD patients who 
failed conventional therapies. Natalizumab inhibits leu-
kocyte trafficking by preventing α4-mediated adhesion 
of  leukocytes to adhesion molecules and transmigration 
of  leukocytes across endothelium into inflamed mu-

cosa[33,34]. Natalizumab is well tolerated, but is associated 
with an increased risk for infections, acute hypersensitiv-
ity reactions, and hepatotoxicity. The primary concern 
regarding natalizumab therapy has been the reactivation 
of  latent human JC polyomavirus that can lead to a fatal 
central nervous system infection, progressive multifo-
cal leukoencephalopathy, which has an estimated risk of  
1:1000[35]. Therefore, natalizumab use has been restricted 
to monotherapy, without concomitant immune suppres-
sants, and has a mandated special safety monitoring pro-
gram and consent that has limited its patient acceptance. 
Nevertheless, natalizumab remains a viable option for 
patients who have lost a mechanistic response to anti-
TNFα agents.

CLINICAL ASSESSMENTS REQUIRED 
BEFORE THE INITIATION OF TREATMENT 
WITH TNFBS
Absolute or relative contraindications for use of TNFBs
TNFBs are contraindicated if  the CD patient has an ab-
scess, intestinal stricture, a flare of  colitis in association 
with an enteric infection with Clostridium difficile or cy-
tomegalovirus, severe congestive cardiac failure (NYHA 
Ⅲ or Ⅳ), uncontrolled HIV disease, endemic mycosis, 
multiple sclerosis, or evidence of  tuberculosis (TB) (pos-
itive interferon-gamma assay and/or chest X-ray prior 
to a four weeks course of  isoniazid). TNFBs should also 
be used with caution and balanced consideration in CD 
persons with neurological disease, chronic liver disease, a 
history of  malignancy (especially lymphoma), and in the 
woman who is pregnant or plans to begin parenthood (see 
below).

TFNBs and pregnancy: Lactation and contraception
Because the peak prevalence of  inflammatory bowel dis-
ease (IBD) is between approximately 20 years to 40 years 
of  age, for the couple where one or both partners have 
CD or UC, the issues of  pregnancy, lactation and contra-
ception are important. These issues need to be discussed 
proactively and in detail with the patient and their sexual 
partner.  

The American Food and Drug Administration (FDA) 
classifies IFX and ADA as pregnancy class B agents. So, 
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Infliximab Adalimumab Certolizumab pegol Etanercept

Recombinant human Murine Human

Figure 1  Comparative structures of the anti-tumor necrosis factor agents 
infliximab, adalimumab, certolizumab pergola and etanercept.

Table 1  The general biological properties of tumor necrosis 
factor blockers in clinical practice

Pro- or anti-apoptotic effects1

   ↑ Adhesion molecules on endothelial cells
   ↑ Epithelial permeability
   ↑ Antigen-stimulated B-cell proliferation and differentiation
IL-2R production1

   ↑ IL-2 dependent production of IFN-γ
   ↑ HLA-DR gene expression

1Represent the data are increased. IFN-γ: Intracellular interferon-γ; IL: In-
terleukin.
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IFX and ADA may be used during the first two trimes-
ters of  pregnancy if  clinically indicated, and absolutely 
necessary[36-38]. There is no detailed published data on the 
safety of  CER in pregnancy. Because clinically significant 
levels of  IFX have been described in the serum of  a baby 
6 wk after delivery[39], it is recommended for the pregnant 
IBD mother to stop IFX in the third trimester of  her 
pregnancy. There is no transfer of  IFX to mother’s breast 
milk, so the IFX may be restarted shortly after the child 
has been delivered. 

Vaccination
Recommendations have been made for the regular sched-
uled monitoring of  persons on TNFB[40]. When the di-
agnosis of  IBD is initially established, the patient's vac-
cination status should be reviewed. Unfortunately, the 
assessment of  the IBD patient for vaccine-preventable 
diseases is not well considered by many healthcare pro-
viders[41]. If  the vaccination program is not current, then 
it must be updated before the use of  TNFBs. Ideally, 
vaccinations should be updated before the use of  immu-
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1Represent the counts or concentration is decreased. IFX: Infliximab; TNF: Tumor necrosis factor; MTX: Methotrexate; ATI: Accelerated by antibodies to 
IFX; VOD: Volume of distribution; CRP: C-reactive protein; FGF: Fibroblast growth factor; IFN-γ: Intracellular interferon-γ; IL: Interleukin; MMP-9: Metallo-
proteinases; ADA: Adalimumab; ATA: Antibodies to ADA; ICAM-1: Intracellular adhesion molecule-1; PEG: Polyethylene glycol; CER: Certolizumab; CD: 
Crohn’s disease; TNFR: TNF receptor.

Table 2  Individual biological properties of tumor necrosis factor blockers

IFX
   High sensitivity and specificity for binding to both sTNF and tmTNF
   2-3 IFX molecules bind to each TNF trimer, preventing TNF binding to cellular receptors, and reversing the actions of TNF
   The TNF trimer complexes are biologically inactive and are thought to be cleared by the hepatic reticuloendothelial system
   Most IFX is in the vascular compartment
   No systemic accumulation
   Clearance of IFN is slowed by MTX and is ATI
   The VOD at steady state is independent of dose 
   VOD and clearance are not affected by patient age or weight. The effect of liver or kidney disease is unknown
   Does not produce a generalized suppression of the body’s immune system
   Response to IFX is affected by CRP polymorphisms 
   Linear relationship between dose and serum concentration of IFX
   Serum concentration is correlated with clinical response (in at least persons with rheumatoid arthritis) 
   Reductions in IL-10 levels also correlate with improvement in clinical activity, and FGF and improvement in perianal disease 
   For the 5 mg/kg dose, the median terminal half-life (t) is 10.9 d1

   ↓ Cells expressing TNF, IL-10, IFN-γ 
   ↓ Cells staining for CD4, CD5, CD6, MMP-9
   ↓ TNF levels (that are ↑ in serum and diseased mucosa in CD)
   ↓ ICAM-1
   ↓ Lamina propria T-lymphocytes and peripheral blood monocytes 
   ↓ Growth hormone resistance 
   ↓ Markers of bone reabsorption, ↑ markers of bone formation 
ADA
   Forms high molecular weight complexes with human TNF (600-5000 kDa)
   Linear relation between dose and serum concentration 
   Serum concentration is correlated with clinical response
   Mean serum t is 10-20 d
   Clearance is slowed by MTX, and is accelerated by ATA
Certolizumab pegol 
   Lacks IgG Fc domain, and thus does not fix lysed cells or complement 
   The Fab’ component of CER contains a free cysteine residue to the hinge region, which provides site-specific attachment of the PEG to the Fab’ at a 
   site well removed from the antigen binding site
   The retention time of protein conjugates in the blood is increased by pegylation, and immunogenicity is reduced. Pegylation increases in the half-life
   (t½) of the antibody fragment, so dosing may be less frequent
   The half-life of CER in healthy volunteers is 313 h
   Site-specific pegylation of the Fab’ fragment of CER is directed to a site well away from the antigen-binding region. In this way, the conjugate has the  
   same high affinity of the TNF as the tmTNF and sTNF without the pegylation
   Does not cause apoptosis of lymphocytes and monocytes, and antibodies to IFX (ATI) do not cross-react with CER
   Accumulates preferentially in inflamed rather than in non-inflamed tissue
   Has a greater affinity for sTNFs than do IFX or ADA
   Has twice the neutralizing potency as IFX or ADA for sTNFα
   Has the same neutralizing potency as IFX and ADA for tnTNFα, and occurs through p55/p75 TNFR
   Anti-CER antibodies levels are low, and do not affect the efficacy of CER
   Does not cross-react with ATI (antibodies to IFX)
   Has a linear pharmacokinetic profile 
   Bioavailability of subcutaneously administered CER is almost 100%
   Does not lyse cells, cause compliment-dependant cytotoxicity, antibody-dependant cell-mediated cytotoxicity, apoptosis of activated monocytes or
   lymphocytes or necrosis of neutrophils
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nosuppressants such as AZA or MTX, or GCS. 
Under no circumstance should the patient on TNFB 

be given live vaccines. To stress, these include vaccines 
for measles-mumps-rubella, varicella (oral), yellow fe-
ver vaccine, or oral polio vaccine. The injectable (non-
oral) vaccines for polio and for typhoid are considered 
to be safe. Live vaccines may be given safely three weeks 
before or three months after stopping AZA or metroni-
dazole (MTZ), or given at any time to persons on GCS, 
as long as the dose is below prednisone 20 mg/d. There 
are no guidelines for the ideal time to vaccinate before 
or after the use of  higher doses of  GCS. 

In the IBD patient who is hepatitis B virus (HBV) 
positive (regardless of  negative hepatitis B surface anti-
gen, and regardless of  elevated or normal liver enzyme 
test), the HBV must be treated before starting TNFB 
(Table 4).

The regular travel precautions are taken for malaria. 
As with all travellers, ciprofloxacin and/or metronida-
zole should be available to the traveler, in the event that 
they develop symptoms suggestive of  traveller’s diarrhea. 
It is useful if  the traveler has a typed copy of  their medi-
cal records, a copy of  their consultant physicians’ most 
recent letter, documentation for custom officials of  their 
prescribed medications, purchase of  traveller’s insurance 
without exclusion for pre-existing conditions (i.e., IBD), 
contact names and numbers of  physicians in foreign 
countries with IBD experience, and contact numbers 
for care-givers at home. IBD patients with an ileostomy 
should be aware of  the importance of  their not becom-
ing dehydrated.

APPROVED INDICATIONS FOR TNFBS IN CD
The approved indications for the use of  TNFB vary 
from country to country. According to the Canadian As-
sociation of  Gastroenterology, as well as the Canadian 
Expert Drug Advisory Committee[42,43], IFX is recom-
mended: (1) For patients with moderately to severely 
active CD who have continuing symptoms despite the 
use of  conventional therapies (5-ASA, antibiotics, GCS, 
AZA, MTX); (2) For patients with CD who cannot tol-
erate conventional therapy; (3) For fistulizing CD; and (4) 
For pediatric CD with inadequate response to conven-
tional therapy. 

When to avoid TNFB
There are several situations when TNFB should not be 
used, or used after full consideration of  the consequences 
and patient awareness and patient awareness and consent. 

Narrowing of bowel and TNFB use
Narrowing of  bowel and TNFB use: (1) Inflammatory-
yes (no pre-stenotic dilation); and (2) Fibrostenotic-no. 

Latent infection
Latent infection: (1) TB; (2) HBV; (3) HIV; and (4) Live 
vaccines within last 3 mo.

Active infection
Active infection: Perianal or intra-abdominal abscess 
must be drained.

Present malignancy or disorder
Present malignancy or disorder: Present/previous ma-
lignancy (other than non-melanoma skin cancer) or 
lymphoprolifer-ative disorder.

Cautious use in children
Cautious use in children: Because of  48 cases of  malig-
nancy, 88% (almost 9 out of  10) of  which were while 
the patient was on both TNFB plus immunomodulators, 
and half  developed lymphoma.

Efficacy of TNFBs
General considerations: There are several goals of  
therapy in CD (Table 5). It is important to consider a 
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TNF: Tumor necrosis factor; ADCC: Antibody-dependent cell-mediated cytotoxicity; CDC: Complement-dependent cytotoxicity; IBD: Inflammatory  
bowel disease.

Table 4  Management of hepatitis B virus infection in inflam-
matory bowel disease patient being considered for tumor ne-
crosis factor-α blockers therapy

Serology                         Management

HBsAg+, LE ↑ Treat HBV
HbsAg+, normal LE Vaccinate for HBV; monitor LE and HBV-DNA
HbsAg- Vaccinate for HBV
Consider giving a 
combined vaccination 
for HAV-HBV

Measure anti-HBs-Ab titer 1 mo after third 
injection to determine adequacy of response; 
additional doses may be necessary

LE: Liver enzymes; HBV: Hepatitis B virus; HAV: Hepatitis A virus; HBsAg: 
Hepatitis B surface antigen.

Table 3  Comparison of in vitro  properties of different tumor necrosis factor-α blockers in clinical practice for inflammatory bowel 
disease

Agent Binds     Mediates Increases proportion of apoptotic cells Inhibits cytokine production Effective in IBD patients

TNF CDC ADCC

Infliximab Yes  Yes    Yes    Yes    Yes     Yes
Etanercept Yes  Yes    Yes    Yes     No      No
Adalimumab Yes  Yes    Yes    Yes    Yes     Yes
Certolizumab pegol Yes  No     No     No    Yes     Yes
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number of  factors pertaining to the clinical trials which 
have been used in meta-analyses to provide therapeutic 
recommendations for the use of  TNFBs for induction 
and maintenance of  CD. What proportion of  CD pa-
tients will have an initial non-response to IFX (primary 
non-response), a continued response or remission, and 
a secondary non-response? The definition of  response 
and remission may vary between studies, the time of  as-
sessment of  these outcomes may vary, and most studies 
exclude the primary non-responders at 2 wk. Also, the 
placebo response rates vary widely, and therefore so too 
does the therapeutic gain [therapeutic gain (TG); thera-
peutic minus placebo response]. Some patients may have 
a short or a long duration of  CD before IFX for exam-
ple was initiated used, and some trial participants were 
previously or concurrently on GCS, AZA, or MTX, and 
the dose and duration of  use of  GCS, AZA and MTX 
may have varied widely.

About a quarter of  persons treated with TNFB will 
be primary non-responders, i.e., will not respond to an 
initial dose of  TNFB. Because primary non-responders 
are often excluded from analysis, the response and re-
mission rates in the intention-to-treat group are much 
lower than the per-protocol group[44]. Patients and physi-
cians must be made aware that some of  the published 
rates of  TNFB response (about 2/3 of  TNFB users) 
and remission (about 1/3) are in those persons who 
responded initially, and do not include the percentages 
based on all users (i.e., intention-to-treat). The overall 
desired outcome of  TNFB therapy is prolonged steroid-
free remission, mucosal healing, good quality of  life, and 
normalization of  laboratory markers of  inflammation 
[e.g., C-reactive protein (CRP), erythrocyte sedimenta-
tion rate], an acceptably low risk/benefit ratio, and ac-
ceptable cost to ensure widespread availability. 

There are different ways in which a response to thera-
py may be defined, and these definitions vary from study 
to study. In clinical trials of  CD, the CD activity index 
(CDAI) is often used as one of  the outcome measures. 
The CDAI is based on the patient’s symptoms, the pres-
ence of  an abdominal mass, anemia (reduced hemato-
crit), weight loss, and use of  an anti-diarrheal agent. CD 
is arbitrarily said to be “active” if  the CDAI is above 
150 points. Clinical response in CD may be a decrease 
in CDAI of  ≥ 70 points, or a decrease in CDAI of  70 
to 100 points plus a 25% improvement from baseline[45]. 
Clinical remission might be variably defined as a CDAI 
of  < 150, or CDAI < 150 plus a decrease by 50 to 100 
points from baseline. Because of  these variations in 

definition, the results from one study cannot be directly 
compared with another study. Comparing the placebo 
responses gives only a very rough approximation of  the 
comparison of  the population of  patients examined in 
two studies, because of  the very large heterogeneity of  
CD sufferers. The only totally valid method of  compari-
son of  one TNFB to another is a head-to-head random-
ized controlled trial (RCT). Note that there are no head-
to-head comparisons of  IFX, ADA, CER. Taking the 
largest trials into account, and considering all of  these 
previously mentioned cautionary points, it is suggested 
that there are numerically similar post-induction success 
rates of  clinical remission and fistula closure for IFX, 
ADA and CER.

Specific considerations: Induction of  remission, and 
primary non-response: Patient selection characteristics 
and the time in the course of  the patients’ disease will 
influence outcomes with TNFB therapy, so there may be 
large variations in the placebo response in one study vs 
another, and therefore gain achieved with TNFB (Table 
6)[46-50]. Careful consideration must be given as when to 
start TNFB therapy: When to start TNFB depends upon 
consideration of  (1) clinical characteristics (steroid-
refractory and steroid-dependent); (2) previous response 
to treatment; (3) complications and comorbidity; (4) 
cost/availability; and (5) patient preference and IFX. The 
2 wk induction response rates for IFX ranges from 52% 
to 73% (Table 7). However, the therapeutic gain for sin-
gle dose IFX for induction of  response and remission in 
CD varies with the time of  assessment and dose, and is 
quite modest, for example, only a 10% to 22% remission 
rate at week 12. Quoting from the CADTH review[51], 
“a total of  47 citations reporting 20 RCTs and 17 ob-
servational and uncontrolled studies were included. All 
the RCTs had a parallel group design. Four studies were 
open-label, single-arm trials. Of  the remaining 13 cohort 
studies, seven studies used a prospective design, and the 
remaining six studies used a retrospective design. Five 
cohort studies and one RCT were published as abstracts 
only. The remaining studies had at least one full peer-
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Table 5  Goals of therapy in Crohn's disease

Induce and maintain remission off steroids
Improve patient’s quality of life 
Reduced risk of need for surgery or hospitalization
Reduce risk of development of adenocarcinoma/lymphoma
Maintain mucosal healing as a possible predictor or surrogate marker 
of better future disease outcome
Acceptable efficacy/safety balance

Table 6  Predictors of good response to tumor necrosis 
factor-α blockers

Luminal 
   Short history of CD
   Less severe disease
   Isolated colonic disease
   Inflammatory CD[46-49]

   No previous abdominal surgery
   Use shortly after ileocolonic resection
   CRP > 5 mg/L (76% vs 46% response to TNFB), or ↑ CRP returning to 
    normal detectable through serum TNFB (IFX) levels. CRP concentrations 
    are inversely correlated with the rates of placebo response[50]

   Non-smoking
Fistulizing
   Perhaps for response with rectovaginal fistula

TNFB: Tumor necrosis factor-α blocker; CD: Crohn's disease; CRP: C-reac-
tive protein; IFX: Infliximab.
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reviewed publication. IFX was used as the treatment for 
patients with CD in eight RCTs (total number of  par-
ticipants 1091; range: 36-335) and 10 observational and 
uncontrolled studies (total number of  participants 1402; 
range: 12-614), and for patients with UC in six RCTs 
(total number of  participants 1477; range: 299-499) and 
five observational and uncontrolled studies (total num-
ber of  participants 157; range: 15-36). One cohort study 
(10 participants) reported the use of  ADA in UC. One 
RCT of  43 participants evaluated the effects of  ENT 
in patients with CD. Of  six which included placebo-
controlled trials assessing the effectiveness of  IFX in the 
treatment of  CD, three studies used short-term regimens 
of  IFX to induce disease remission, and three RCTs 
evaluated the effectiveness of  long-term IFX in mainte-
nance of  remission”[51]. 

For the treatment of  fistulizing CD, reporting on 776 
patients in 10 studies, after open-label induction, mainte-
nance trials showed a mean difference of  16% (95%CI: 
8%-25%, P < 0.001)[3]. Thus, only 11% had induction of  
remission as compared to placebo, and only 8% main-
tained their remission for about half  a year. 

The TG is the treatment response minus placebo re-
sponse. The TG for significant response at weeks 4, 12, 
24, and 30 and 54, a response will be seen in 50% and 
37%, 30, 52, and 54 is 48%, 29%, 28%, 23%, 18%, and 
22% with TG for remission of  16% and 13%. 

In IFX primary non-responders, there is no proven 
benefit in using ADA. Of  those who do respond ini-
tially at 2 wk, then after 4 wk of  IFX about two-thirds 
respond (CDAI > 70 point reduction), and about one-
third are in remission (CDAI < 150 points)[52]. At 24 wk, 
57% will still show a response, but will not be in remis-
sion [IFX = placebo (PL), P = 0.31][52,53]. At 30 wk and 
54 wk, 39% and 28% were in remission[54]. 

Adalimumab
The two major studies evaluating ADA in CD need to 
be evaluated separately due to heterogeneity in terms of  
whether the CD patients were naive to TNFB[51]. Similar 
to IFX, about 30% of  persons with CD given ADA will 
be primary non-responders. Of  those who do respond 
initially at week 1, about 52% will have responded at 4 

wk and 21% will be in remission. The secondary non-
response rate to ADA is 23%-48% at 24-26 wk and 
23%-59% at 56 wk. The TG (active agent-placebo re-
sponse) at weeks 4, 26, and 56 was 14%, 23%-25% and 
23%-24% (Table 8)[54-56].

The Community Economic Development Assistance 
Corporation recommends ADA for patients with mod-
erate to severely active CD who are “refractory to or 
who experience contraindication to an adequate course 
of  5-ASA and corticosteroids and other immunosup-
pressive therapy”[42]. It is not defined how long the pa-
tient must have been on conventional therapies before 
declaring that they have continuing symptoms, or how 
minor these continuing symptoms may be before con-
sidering adding TNFB therapy. It is not clear whether 
patient preference represents a “contraindication” to an 
adequate course of  conventional therapy.

The mean percentage of  loss of  response to ADA 
among primary responders was 18.2% and the annual 
risk was 20.3% per patient-year. The mean percentage of  
patients who required dose intensification among primary 
responders to ADA was 37% and the annual risk was 
24.8% per patient-year. When considering initial respond-
ers and patients with primary non-response, the mean 
percentage of  patients who needed an ADA dose escala-
tion was 21.4% and the annual risk was 24.4% per patient-
year. Pooled analysis showed that dose escalation permit-
ted response to be regained in 71.4% and remission in 
39.9% of  patients. Predictors for loss of  response or dose 
escalation were male gender, current/former smoker sta-
tus, family history of  inflammatory bowel disease, isolated 
colonic disease, extra-intestinal manifestations, 80/40 mg 
induction therapy, longer disease duration, greater baseline 
Crohn's Disease Activity Index (Table 9), concomitant 
corticosteroid use, no deep remission at week 12, low se-
rum trough concentrations of  ADA, previous IFX non-
response and being previously treated with an anti-tumor 
necrosis factor agent.

Certolizumab pegol
The Precise 2 trial with CER in CD over 26 wk showed 
clear superiority to placebo in terms of  clinical response 
and remission[57].

Meta-analysis
There have been five systematic reviews and meta-anal-
yses published on the efficacy of  TNFB in inducing re-
mission of  active luminal CD[3,58-61], as well as Cochrane 
review of  the efficacy of  natalizumab in the same clini-
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Table 7  Therapeutic gain for single dose infliximab for induc-
tion Crohn's disease: Response and remission (%)

Assessment 
week

IFX (mg/kg) PL Therapeutic gain

5 10 20

Response
   2 73 52 53 17 56-35-36
   4 81 50 65 17 64-33-48
   12 48 29 46 12 36-17-34
Remission
   2 40 22 22   4 36-18-18
   4 50 26 26   4 46-22-22
   12 30 18 25   8 22-10-17

PL: Placebo; IFX: Infliximab.

Table 8  Comparison of tumor necrosis factor-α blockers for 
Crohn's disease remission and fistula closure

IFX (mg/kg) ADA (mg) CER (mg)

Remission  (26-30 wk) 42 43 48
Fistula closure     36[78] 32 54

CER: Certolizumab; IFX: Infliximab; ADA: Adalimumab.
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cal setting[62]. The most recent meta-analyses on the ther-
apeutic management of  IBD have appeared in the “Red 
Journal” (Table 10)[61]. Funnel plot asymmetry was con-
sidered regarding evidence of  publication bias and small 
study effects, and Cochran Q values for heterogeneity. 
The criteria for inclusion of  studies was stringent, using 
rigorous and conservative methodologies and these data 
should be used to better guide and care for patients suf-
fering from CD and UC. 

In summary, in persons with active luminal CD who 
have failed treatment with first and second-line agents 
or who are corticosteroid dependent, for induction of  
remission of  active luminal CD, “IFX, natalizumab, and 
ADA appear to have the most evidence for their use, 
although the latter two therapies performed only moder-
ately in this setting”[61].

Primary non-response
The clinical definition of  primary non-response is lack 
of  improvement of  clinical signs and symptoms with 
induction therapy. Definitions and time-frames for the 
assessment of  response and non-response have varied 
amongst clinical trials for different biological agents; in 
the original “Targan” study of  IFX in refractory CD, re-
sponse was defined as a 70-point reduction in the CDAI 
after 4 wk[52]. 

To a shift in the dominant mechanism of  inflamma-
tion (loss of  the pharmacodynamic effect), increasing 

symptoms or signs not related to IBD activity (for ex-
ample, irritable bowel syndrome, concomitant infection, 
bacterial overgrowth, and so on), or failure to wean off  
corticosteroids. Loss of  response can also imply.

A “relative” term for patients who have shorter dura-
tions of  response (for example, less than 4 wk for IFX, 1 
wk for ADA, or 2 wk for certolizumab) or require dose 
escalation, which may become economically impractical.

In the Accent Ⅰ study of  IFX, which assessed the 
maintenance benefits of  IFX, the initial response was 
defined as a 70-point reduction in the CDAI at 2 wk[54]. 
Most clinicians will consider lack of  response after two 
consecutive infusions of  IFX of  at least 5 mg/kg body 
weight and will assess treatment failure at 4 wk[50]. 

Recent data suggest that patients who initially respond 
may, more gradually, accrue remissions over time[55].

All three currently approved anti-TNFα biological 
agents are administered differently and have different 
pharmacokinetics and dosing intervals, and a reasonable 
assessment of  lack of  response to IFX would be after 2 
wk, and to ADA and certolizumab pegol would be made 
after completion of  induction therapy at 4 wk and 6 wk.

In approximate terms, 70% of  IFX-treated CD pa-
tients show a response after 2 wk of  treatment. In these 
primary responders, the secondary non-response rate (i.e., 
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Table 9  Therapeutic gain for adalimumab induction of re-
sponse and remission (%)

Study Assessment week ADA1 ADA2 ADA3 PL Therapeutic 
gain

Gain Response (CDAI ↓ ≥ 100 pts)
 

1 - - 20 12   8
2 - - 37 18 19
4 - - 38 25 13

Remission
1 - -   6   4   2
2 - - 21   6 15
4 - - 21   7 14

(Classic Ⅰ) Response (CDAI ↓ ≥ 100 pts)
1 23 25 21 16 7-9-5
2 31 37 31 15 16-22-16
4 34 40 50 25   9-15-25

Remission
1 16 13 16   7       9-6-9
2 14 20 24 14 0-6-10
4 18 24 36 12   6-12-24

(Classic Ⅰ) Response (CDAI ↓ ≥ 70 pts)
1 - -   6   4   2
2 - - 21   6 15
4 - - 21   7 14

Response 
1 37 40 32 24 13-16-8
2 44 55 45 30   14-25-15
4 54 59 59 37   17-22-22

140 mg at week 0, 20 mg at week 2; 280 mg at week 0, 40 mg at week 2; 3160 
mg at week 0, 80 mg at week 2. PL: Placebo; CDAI: Crohn’s disease activ-
ity index; ADA: Adalimumab.

Table 10  Meta-analysis of efficacy and safety of anti-tumor 
necrosis factor α antibodies vs  placebo (4 wk to 12 wk) in 
inducing remission in active luminal Crohn’s disease

Treatment Outcome (RR of remission not achieving)

All biological vs PL RR = 0.87; 95%CI: 0.80-0.94; NNT = 8 (95%CI: 6-17)
IFX vs PL1 RR = 0.68; 95%CI: 0.52-0.90, I2 = 78%, P = 0.01; 

NNT = 4 (95%CI: 3-7)
ADA vs PL RR = 0.85; 95%CI: 0.79-0.91, I2 = 0%, P = 0.99; 

NNT = 7 (95%CI: 5-12.5)
CER vs PL RR = 0.95; 95%CI: 0.90-1.01, I2 = 0%, P = 0.62
Natalizumab vs PL RR = 0.88; 95%CI: 0.83-0.94, I2 = 0%, P = 0.72
Adverse effects

No statistically significant difference in the inci-
dence of adverse events was detected with TNFB 
vs placebo (RR of experiencing any adverse 
event, including infusion or injection site reac-
tions = 0.99; 95%CI: 0.90-1.08
With anti–α4–integrin antibodies (natalizumab) 
vs PL, significantly more patients reported head-
ache (compared with placebo: RR = 1.23; 95%CI: 
1.03 to 1.47, I2 = 0%)
With NAT there were trends towards more infu-
sion reactions (RR = 1.41; 95%CI: 0.94 to 2.10, I2 = 
0%) and infections (RR = 1.12; 95%CI: 0.97 to 1.30, 
I2 = 0%)
Number needed to harm with NAT = 17 
(95%CI: 9-71)

Independent data extraction was undertaken by two reviewers, and dis-
crepancies checked and resolved intention-to-treat. Analysis and pooled 
data with a random effects model was used, including the reporting 
of the search strategy, inclusion criteria, and data extraction processes. 
1Note that when the Sonic trail was excluded from analysis, there was no 
statistically significant difference between IFX vs placebo. RR: Risk ratio; 
IFX: Infliximab; ADA: Adalimumab; CER: Certolizumab; PL: Placebo; CI: 
Confidence interval; TNFB: Tumor necrosis factor-α blockers; NAT: Na-
talizumab; NNT: Needed to treat.

Thomson ABR et al . TNF blockers in Crohn’s disease



those who initially respond, but then lose their response) 
is 40%-50% at 24-30 wk, and 60%-63% at 52-54 wk. At 
one year, about 30% of  the initial responders will still be 
responding, and about 20% will be in remission.

About 30% of  persons given TNFB therapy do not 
initially respond (primary non-response). The explanation 
of  this is unknown, but it may be speculated that this 
may be done to the use of  too low a dose of  IFX (the 
serum through concentration of  TNFB generally cor-
relates with CD response), or the inflammatory process 
may be independent of  TNFα. Of  the initial primary 
non-response responders, about 70% respond and 35% 
go into remission. Including all persons with active CD, 
and taking into consideration the initial non-responders, 
out of  100 CD patients with active disease treated with 
TNFBs, approximately (100 × 70% = 70, 70 × 70% = 
49) will respond and (70 × 30% = 21) will go into remis-
sion. These figures are lower than historically reported 
clinical response and remission rate with conventional (i.e., 
standard-of-care) management with GCS or, AZA/MTX, 
however it must be stressed again that because of  large 
differences in study populations and study designs, the 
clinician must be very caution about accepting compari-
sons in anything other than direct head-to-lead studies.

There are numerous possible reasons for lack of  re-
sponse (Table 11)[63].

MAINTENANCE OF REMISSION AND SEC-
ONDARY FAILURES
Once the CD patient has gone into remission, we wish 
to prevent relapse. In CD, we lack benefit from 5-ASA/
Sulfasalazine (SASP). Antibiotic maintenance has been 
shown to be significantly better than placebo, but there 

are insufficient studies for most clinicians to use long-
term antibiotics as suppressive therapy. Few clinicians 
are sufficiently adapt at complex statistical methodology 
to understand the subtle aspects of  whether to believe 
results reported as risk ratios (RRs) or odds ratio (ORs); 
immunosuppressives will likely continue to be used for 
maintenance therapy in CD, at least in the foreseeable 
future.

About 43% of  patients with CD require GCS again 
within one year of  starting GCS. The lifetime need to 
use GCS is 44%[64]. At 14 wk of  use of  full therapeutic 
doses of  GCS for moderately active CD, 84% respond 
and 58% are in remission. At one year 32% are in remis-
sion, 28% are still on GCS (steroid-dependent), and 40% 
have required surgery. It may be speculated that the use 
of  GCS may identify a group of  patients who have more 
aggressive disease, and in whom immunosuppression or 
TNFB might need to be started early in the course of  
the disease[65]. AZA/MTX reduce steroid-dependence 
and maintain disease remission, but do not reduce the 
need for surgery[66].

Using meta-analysis, Akobeng[67,68] demonstrated that 
MTX, IFX, ADA, and CER were more effective than 
placebo for maintaining remission in CD, with number 
needed to treat (NNT) of  4-6. GCS, 5-ASA, budesonide, 
cyclosporine, antimicrobials and probiotics did not differ 
from placebo for maintaining remission at 6-24 mo. En-
teral nutrition (EN) was more effective than no EN. Over 
50% of  CD patients become steroid-dependent or have 
a surgical resection within one year of  starting GCS[64]. 
The monthly rate of  loss of  response to TNFB is higher 
in the shorter than in the longer durations of  follow-
up, ranging from 2.8% loss of  response per month in a 
13-mo study, to 0.7%-0.8% loss of  response per month 
for 28- to 55-mo long study (Table 12).
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Table 11  Mechanisms which are speculated to be the cause of primary non-response

Lack of response may be due to different immunoinflammatory mechanism(s)[63]

A differential role of TNFα in certain stages of disease
Individual differences in drug metabolism and elimination, drug binding in serum or tissues based on disease activity level[27,148]

The presence of innate anti-TNFα antibodies that may exhibit greater neutralizing activity in non-responders[175]

Absence of inflammation accounting for clinical symptoms
Unidentified, genetic or pharmacogenetic or serological backgrounds of individual patients[24,176-179]

Individual differences in bioavailability and pharmacokinetics, leading to inadequate concentrations of a biologic secondary to immunogenicity (neu-
tralizing or non-neutralizing antibodies, or unmeasured or unknown antibody) or other factors that increase drug clearance (decreased circulation half 
-life and possible high consumption in severe disease)[27,128]

TNFα: Tumor necrosis factor-α.

Table 12  Secondary failure rates

Maintenance of 
response month (%)

Loss of response (%) Loss of response per 
month (%)

13 (64) 36 2.8
55 (63) 37 0.7
28 (78) 22 0.8

In another long-term maintenance study, the percentage of Crohn's dis-
ease patients who maintained response declined over time: 30 wk, 83%; 54 
wk, 64%; 108 wk, 45%.

Table 13  Therapeutic options for tumor necrosis factor-α 
blockers secondary non-response

Continue the same TNFB, but use a higher dose at the same time interval
Continue the same TNFB and the same starting dose, but use a shorter 
interval between doses
Re-induction therapy with another TNFB 
Use another therapeutic option (e.g., tacrolimus or cyclophosphamide) 
Surgery

TNFBs: Tumor necrosis factor-α blockers.
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Those who have initially responded, but then subse-
quently relapse, are said to be secondary non-responders. 
In those persons who initially respond to TNFB, and 
then lose the benefit (CDAI increases, representing ac-
tive disease; secondary non-response), there are several 
therapeutic options (Table 13). 

IFX
Secondary failures to IFX may be as common as 48% in 
the first year of  anti-TNF therapy, and 66% in the sec-
ond year[69]. In secondary IFX non-responders, switching 
to ADA results in a response in 59%-83%, and remis-
sion in 29%-50%[70-72]. 

Secondary non-responders may respond to an in-
crease in IFX dose, or a decrease in dosing interval, or 
both[73]. In secondary non-responders to IFX, 80%-90% 
responded to treatment intensification with IFX[54,74]. 
After two and a half  years after an initial response to 
IFX, about half  (54%) of  patients require dose inten-
sification[51,75]. Other studies have confirmed the use of  
dose escalation[76,77]. Dose acceleration helps maintain 
response: for luminal disease, 90%[74], for fistulising dis-
ease, 60%[78]. At 40 wk, 65% were still responding after 
the last dose intensification over 52 wk[72,73]. The thera-
peutic gain for IFX maintenance of  remission was low, 
ranging from 14% to 33% at one year (Table 14).

In the Accent Ⅰ Study[54], dose escalation was needed 
for persons who initially responded but then worsened 
at some time during the 54 wk study in 49% of  persons 
on episodic treatment, 30% on 5 mg/kg IFX scheduled 
treatment, and 26% on 10 mg/kg scheduled treatments 
(secondary, non-response). Response was re-established 
with higher doses in 90% of  the 5 mg/kg and 80% of  
the 10 mg/kg scheduled treatment groups treated with 
higher doses. Most of  the cross-overs to higher doses 

occurred at week 14. In a 40 wk study, 83% of  second-
ary IFX non-responders did respond after the first 
intensification of  IFX, and 65% of  patients were still 
responding after the last intensification dose.

Patients who lost their response to IFX were switched 
to ADA, and then continued with it for 52 wk. Sec-
ondary non-response to ADA was seen in 25%, and 
therefore, patients required a dose escalation[72]. These 
response rates are even higher in persons treated with 
ADA for the first time (i.e., IFX- and ADA-naive CD 
patients). Two RCTs and four observational and uncon-
trolled studies assessed the clinical effects of  ADA after 
a loss of  response or intolerance to IFX[51]. Re-induction 
therapy with ADA has a 60% clinical response[79]. Simi-
larly, the Precise Ⅱ study[57] showed a benefit of  reinduc-
tion in clinical response and remission of  CD with CER 
in those patients who had received IFX in the past .

Long-term maintenance with IFX 3 mg/kg maintains 
mucosal integrity and avoids CD recurrence one year af-
ter surgery[80]. Another study evaluated endoscopic recur-
rence of  CD post-operatively and found the rates to be 
lower with IFX at one year vs placebo (9.1% vs 85%)[81]. 
However, clinical remission was not significant (80% 
IFX vs 53.8% placebo, P = 0.38). A recent review of  the 
literature also shows that there is statistical benefit with 
IFX use within 4 wk of  surgery on mucosal healing. But 
this effect was not statistically significant in reduction of  
CDAI.

Adalimumab
There are two RCTs[55,56] and four observational and 
uncontrolled studies[70-72,82,83] assessing the clinical ef-
fects of  ADA after a loss of  response or intolerance to 
IFX. Blinded clinical trials show that ADA is effective 
first-line therapy for TNFB-naive CD patients, and is 
an option for IFX-refractory or-intolerant persons[84]. 
In the Gain study[55], secondary non-responders to IFX 
responded better when switched to ADA than when 
switched to placebo (IFX→ADA vs IFX→PL). In an 
uncontrolled open-label study, the switch from IFX to 
ADA (IFX→ADA) was associated at week 12 with a 
59% clinical response and 29% remission rate[70]. A 50% 
or greater decrease in the number of  draining fistulas 
was seen in 56%, while 33% had complete absence 
of  fistula. In a second study[82], switching from IFX to 
ADA (IFX→ADA) gave a partial response in 31% and 
a complete response in 54%. In a single-arm study[72], 
50% of  IFX→ADA had a clinical remission at week 52. 
Four weeks after switching to ADA, 83% had a clinical 
response and 42% were in remission[72]. 

In the Crohn's trial of  the fully human antibody 
adalimumab for remission maintenance (CHARM) 
study[56], there was no statistically significant response 
to ADA in IFX non-responders (IFX→ADA) or in 
those who were IFX-naive. When switching from IFX 
to ADA[56], the response at 26 and 56 wk in the TNFB-
naive patients was 47% and 42%, compared to 32% 
and 31% in the non-responder group. Overall the ADA 
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Table 14  Therapeutic gain of infliximab for Crohn's disease 
maintenance of response and remission (%)

Assessment week   Treatment IFX (mg/kg) PL Therapeutic gain

 5 10 20

Remission 0, 2, 6 wk
   12 751    -    - 38 371

   24 571    -    - 29 281

   52 401    -    - 22 181

Response 2, 6, 8 wk
   30 501  581    - 27 23-311

   54 371  471    - 15 22-321

Remission 2, 6, 8 wk
   30 391  39    - 21 181-18
   54 281  38    - 14 141-24
Response q8 wk
   54 until week 54 361    -    -   6 301

Response q8 wk (4 infusions)
   36    -  721    - 44 281

   44  621    - 37 251

Remission q8 wk (4 infusions)    -
   12    -  141 44 -301

   36  601 35 251

   44  531 20  331

1Significant difference. PL: Placebo; IFX: Infliximab.
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treated group did better than the placebo group. The 
ADA group had a higher rate of  staying free of  steroids 
for > 90 d and achieved clinical remission at week 26 
(19% for 40 mg every other weeks vs 15% for 40 mg ev-
ery week vs 3% for placebo, P < 0.001). The therapeutic 
gain of  ADA for maintenance of  remission ranged from 
only 25% to 39% (Table 15).

The proportion of  ADA-treated patients who re-
quired dose escalation and the results of  treatment 
were reported in two RCTs and one small before-after 
study[51]. In secondary non-responders to ADA, 76% 
responded to dose escalation and 45% went into remis-
sion[55,72,85].

There is no data available to assess the effectiveness 
of  using IFX for secondary non-responders of  ADA. 
In the CHARM study[55], 46% of  the persons random-
ized to receive ADA were secondary non-responders. 
Of  those who received dose escalation of  ADA, 76% 
had a no-point response rate and 45% went into clinical 
remission. In the Classic Ⅱ study[55] (following from the 
Classic Ⅰ study), only 5% of  patients who completed the 
56 wk of  treatment needed dose escalation. 

Certolizumab pegol
In CD patients who responded to CER induction ther-
apy (Precise 2), and then relapsed during continuous or 
interrupted maintenance therapy, recapture therapy with 
CER was provided. The response rates at week 4 were 
63%-65%, and 55%-59% at 1 year (Precise 4)[86]. Using 
Certolizumab pegol maintenance therapy for persons 

with CD, there was clinically meaningful improvement 
with the Inflammatory Bowel Disease Questionnaire 
score (60% vs 40%, P < 0.001), Short Form 36-Hem 
Health Survey (SF-36) physical (51% vs 34%, P < 0.001) 
and mental component summary responses (44% vs 
32%, P = 0.016), and the proportion of  persons living a 
normal life (21.4% vs 12.4%, P = 0.019), (57% vs 35%, P 
= 0.001). The therapeutic gain of  CER for maintenance 
of  remission was at 28% at week 26 (Table 16), similar 
to the 24 wk and 30 wk result for IFX and ADA. The 
therapeutic gain of  CER varied little between weeks 2 
and 12, and with doses of  CER 100 mg, 200 mg and 400 
mg (Table 17).

In the Precise 2 trial, the 26 wk therapeutic gain in 
response rates of  therapeutic gain with CER were lower 
in those who had first failed IFX, than in those starting 
CER and never previously having been on IFX (19% 
vs 29%)[87]. This was also the case with IFX in the Pre-
cise 2 study: the response in the IFX-naive group was 
69%, compared with 44% (P < 0.001) in the non-naive 
group. Thus, there may be benefit switching from IFX 
to ADA in the IFX-failure patient. In patients who were 
treated with IFX and experienced secondary failure, and 
then were treated with open-label CER, 62% enjoyed a 
response and 39% remission rate at week 6[88]. When ex-
tended to 26 wk, the response and remission rates were 
40% and 37%, respectively. CER also improved work 
productivity during the induction and maintenance com-
ponents of  the Precise study[89].

Also from the Precise 2 study, 58 CD patients with 
draining fistulas (mostly perianal fistula) who responded 
initially to CER were continued on CER or placebo[90]. 
At week 26, 36% on CER had fistula obscure compared 
with 17% receiving placebo (TG, 19%). Using the defini-
tion of  ≥ 50% closure at two consecutive post-baseline 
visits ≥ 3 wk apart, there was only a trend for achieving 
this end point (54% vs 43%, P = 0.069).
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Table 15  Therapeutic gain of adalimumab maintenance of 
response and remission (%)

Study Assessment week ADA2 ADA3 PL Therapeutic gain

Maintenance
CHARM Response (CDAI ↓ ≥ 100 pts)

26 521 521 27 251-251

56 411 481 17 241-311

Response (CDAI ↓ ≥ 70 pts)
26 541 561 28 261-281

52 431 491 18 251-311

(Classic Ⅱ) Response (CDAI ↓ ≥ 100 pts)
24 84 941 61  23-331

56 79 891 56  23-331

Remission (CDAI ↓ ≥ 100 pts)
26 401 461 17 231-291

56 361 411 12 241-191

Remission (CDAI ↓ ≥ 70 pts)
24 95 94 83 12-11
56 79 89 72   7-17

  Remission 
 4 95 1001 89   6-111

12  901   891 56 441-331

24  841   941 50 341-441

32  841 1001 39 451-611

48 74  94 44 30-50
56 79  83 44 35-39

1Significant difference; 240 mg at week 0, 20 mg at week 1; 380 mg at week 
0, 40 mg at week 2. CDAI: Crohn’s disease activity index; PL: Placebo; pts: 
Points; ADA: Adalimumab; CHARM: Crohn's trial of the fully human an-
tibody adalimumab for remission maintenance.

Table 16  Therapeutic gain of certolizumab Induction of re-
sponse and remission (%)

Week     Response TG (CER-PL)

CER PL

CRP  < 10 mg/L
   6            371 26 111

   26  22 12           10
Overall population
   6  352 27           81

   26  232 16           71

Remission
   6  17 22            -
   6 + 26 10 14            -
Maintenance with CER
Week 26 clinical response  621 34           281

Overall  631 36           271

Group

1Significant difference; 2The secondary failure rates for CRP were 72% at 26 
wk (approximately 10% per month). Precise Ⅰ study (Pegylated Antibody 
Fragment Evaluation in Crohn’s Disease: Safety and Efficacy Ⅰ). PL: Pla-
cebo; CRP: C-reactive protein; CER: Certolizumab; TG: Therapeutic gain.
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The maintenance response rate was inversely related 
to the duration of  the patient’s history of  CD: mainte-
nance of  response to CER was present in 90% of  pa-
tients with a CD diagnosis less than one year, compared 
with 57% continued response in those with a CD diag-
nosis ≥ 5 years[91]. Corresponding remission rates were 
68% vs 44%. This suggests that there may be improved 
efficacy of  TNFB maintenance therapy when initiated 
“early” as compared “late” in the history of  the patient’s 
disease[92].

Meta-analysis
The results of  the most recent vigorous meta-analysis 
of  biological therapies in preventing relapse of  disease 
activity in quiescent luminal CD is shown in Table 18. 
These authors suggest that the most marked effect of  
biological therapies was in preventing relapse of  luminal 
CD once remission had been achieved, with a NNT of  
only 4. This benefit was observes for both IFX and cer-
tolizumab, but not for adalimumab[61]. 

Secondary non-response
About a third of  patients treated with anti-TNFα ther-
apy, who meet the criteria for an initial clinical response, 
eventually lose response, with the magnitude depending 

on the duration of  follow-up on maintenance therapy. 
Loss of  response, also referred to as secondary non-
response, is defined as recurrence of  disease activity dur-
ing maintenance therapy after achieving an appropriate 
induction response. In maintenance trials with IFX and 
ADA, significant percentages of  patients required in-
creased doses (IFX) and or decreased treatment intervals 
(adalimumab) in order to restore response after interval 
symptoms developed between dosing[54,56,78,93]. Even after 
scheduled maintenance therapy and dose adjustments, 
substantial numbers of  patients will still have a poor 
response[44]. Of  the initial responders, 65% need dose es-
calation, which appears to be successful in approximately 
70%, and the probability for dose escalation throughout 
time is approximately 80% at 120 wk[94].

From the Figure 1, it is apparent that approximately 
10% (56%/5 years.) of  patients treated with TNFB lose 
their response each year. If  patients who are doing well 
on IFX + AZA, and the IFX is stopped, 39% relapse 
within one year[95]. Persons who are likely to relapse 
when IFX is stopped are those with objective signs of  
continued inflammatory activity (↑CRP, Crohn's disease 
endoscopic index of  severity ≥ 2) or low IFX though 
level. Fortunately, almost all (> 95%) of  those who re-
curred when IFX was stopped respond to IFX retreat-
ment. Presumably a greater proportion relapse as this 
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Table 17  Therapeutic gain of varying doses of certolizumab

Week                   Response Therapeutic gain

PL       CER (mg)      CER (mg)

100 200 400 100 200 400

2 18   33   19   28   15     1  10
4 19   371   26   33   181     7  11
6 18   361   31   391   181   13  211

8 22   36   29   391   14     7  171

10 27   44   36   441   17     9  171

12 23   38   24   391   15     1  161

1Significant difference. PL: Placebo; CER: Certolizumab.

Table 18  Meta-analysis of efficacy and safety of biological 
therapies (26 wk to 60 wk) vs  placebo in preventing relapse 
of disease activity in quiescent luminal Crohn's disease

Treatment Outcome (RR in preventing relapse)

IFX, ADA, CER RR = 0.71 (95%CI: 0.65-0.76, I2 = 5%, P = 0.38); 
NNT = 4 (95%CI: 3-5)

IFX, CER Superior to PL
ADA No statistically significant difference between 

ADA vs PL in preventing relapse
NAT (only one trial) RR = 0.71; 95%CI: 0.61-0.84
Adverse events
Any event RR = 0.93; 95%CI: 0.84–1.03
Infusion or injection 
site reactions

RR = 0.64; 95%CI: 0.06-6.66; (note that these 
reactions were actually fewer in those on anti-
TNFα therapy, but the difference was not 
statistically significant)

PL: Placebo; CER: Certolizumab; IFX: Infliximab; ADA: Adalimumab; 
TNF: Tumor necrosis factor; RR: Risk ratio; CI: Confidence interval; NAT: 
Natalizumab.

Suspected loss 
of response

Assess for 
inflammation (CRP, 

endoscopy, imaging)

Drug level/
antibody assay

     Treat underlying 
mechanism of symptoms

Drug effectiveness based
     on assay results

Assess response type to    
      infusion/injection

Positive 
anti-drug 
antibodies

  Low or  
   absent 
trough level 
   of drug

High trough  
level of drug

    No 
response

     Short 
duration or  
 abrogated 
  response

   Switch 
within class 
(alternative 
anti-TNF)

Increase 
dose or 
 shorten 
 dosing 
interval

Switch out 
  of class

Intensity dose, 
reduce dosing  
   interval, or  
     switch to  
   alternative 
    anti-TNF

No active 
inflammation

No availableAvailable

Figure 2  Suggested clinical approach to loss of response to anti-tumor ne-
crosis factor-α therapy. CRP: C-reactive protein; TNF: Tumor necrosis factor.

Thomson ABR et al . TNF blockers in Crohn’s disease

Active 
inflammation



interval is followed out beyond one year; it is unknown 
if  those longer term relapsers will continue to have such 
a favorable response to retreatment with the originally 
successful TNFB.

How is this loss of  response to TNFB managed? A 
useful suggested clinical approach to loss of  response to 
TNFB therapy has been published (Figure 2). First de-
termine if  the patients symptoms might be due to some-
thing other than active CA. For example, exclude enteric 
infection (including Clostridium difficile) or small intestinal 
bacterial overgrowth, bile salt wastage, or adverse reac-
tion to other drugs. What are the options if  the CD is 
active[96]? The initially chosen TNFB is increased in dose, 
decreased in dosing interval, or both! If  there is no re-
sponse, switch to another TNFB[96]. 

Suggested clinical approach to loss of  response to 
TNFB (Figure 2), to quote the approach suggested by 
Yanai et al[63]: (1) Confirm that intestinal inflammation 
is the cause of  the “loss of  response”; (2) Measure IFX 
levels at 4 wk after an infusion (therapeutic ≥ 12 μg/
mL); (3) Measure antibodies to IFX (ATI) measurements 
not available for ADA or CER. The Mayo Clinic group 
has demonstrated the utility of  combining IFX levels 
and determination of  ATI in the clinical management 
of  patients who lose response to IFX[97]; (4) “Patients 
who lose response to a first agent are more likely to lose 
response to a second and, similarly, those with toxicity 
to a first agent are more likely to develop toxicity from 
a second anti-TNFα agent. This diminishing outcome 
may, in part, be due to a class effect”; (5) “Patients who 
lose response to IFX associated with anti-IFX antibod-
ies respond well to switching to adalimumab or certoli-
zumab pegol”; (6) “In the majority of  patients, response 
can be restored by dose and interval adjustments”[44,94]; (7) 
“Switching between biologics is an important strategy 
for patients who lose response because of  immunoge-
nicity followed by rapid drug clearance or when a signifi-
cant alternative pathogenic role is suspected. Switching 
can be within class or with an alternative class”; and (8) 
“Efficacy of  successive agents is decreased compared 
with the primary agent”.

In this situation where there has developed second-
ary failure, 75% to 78% regain a durable response after 
dose intensification[73,98,99]. It is recognized that over time 
after a surgical resection “cure”, most CD patients recur 
endoscopically, and fewer recur symptomatically. In the 
study by Regueiro et al[81], the endoscopic recurrence rate 
of  85% was reduced to 9% with continued IFX treat-
ment. 

TERTIARY FAILURES
If  two TNFBs fail, there may be value in switching to a 
third TNFB[100], with 6 wk response seen in 58%. This, 
however, needs to be supported by further data[101]. In a 
European prospective cohort study of  67 adult CD pa-
tients who either lost response or developed intolerance 
to two TNFBs (usually IFX and ADA), treatment with 

a third TNFB resulted in a 6-wk response and remission 
rate of  61% and 22%, respectively[100]. “Concomitant 
therapy with corticosteroids or immunosuppressants 
order of  anti-TNF administration, and prior history of  
response (i.e., primary non-response, secondary loss 
response or intolerance) to anti-TNFs did not affect pa-
tient’s response to the third anti-TNF”.

The NNT for induction of  remission was 9. In main-
tenance studies, when initial non-responders were ex-
cluded, NNT was 4 among responders, but NNT was 9 
when including both responders and non-responders[3]. 
Peyrin-Biroulet et al[3] performed a meta-analysis of  14 
placebo-controlled trials enrolling 3995 CD patients, of  
TNFB efficacy and safety in CD. The TNFBs included 
IFX, ADA, CER, ETA. Quoting directly from their re-
port, “In overall analysis, anti-TNF therapy was effective 
for induction of  remission at week 4 (mean difference, 
11%; 95%CI: 6%-16%, P < 0.001) and maintenance of  
remission at weeks 20-30 in patients who responded to 
induction therapy and in patients randomized before 
induction (mean difference, 23%; 95%CI: 18%-28% and 
mean difference, 8%; 95%CI: 3%-12%, respectively; P < 
0.001, for all comparisons)’’.

In adult CD patients who either lost response or be-
came intolerant of  two TNFBs given at optimal doses, 
when switched to a third TNFB, 22% achieved full re-
mission and 51% continuing a clinical response to week 
20[100].

How long to use TNFB
How long to treat with TNFB? Five observational stud-
ies have shown the response to IFX or ADA ranges from 
73% to 100% at year one, 65% to 90% at year two, 61% 
to 68% at year three, and 52% to 58% at year five[102-105]. 
RCT data is not available yet for more than one year. Clear 
evidence based guidelines have not been developed as to 
when to stop TNF therapy, but reasonable empirical sug-
gestions would be with loss of  response or severe adverse 
effects to TNFB. Perhaps after one year TNFB treatment, 
when the patient is in clinical remission, there are no signs 
of  active inflammation, and perhaps when mucosal heal-
ing is achieved, stopping TNFB therapy may be consid-
ered and discussed with the patient.
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Table 19  Comparative efficacy of infliximab, adalimumab 
and certolizumab (%)

Induction Response1   Remission2 Therapeutic gain

TNFBs  PL

AccentⅠ 58 39 21 18
CHARM 58 46 17 29
Precise 2 64 48 29 19

1Weeks 2 to 6; 2Weeks 26 to 30. Remission is often defined by the Crohn's 
disease activity index, but may also be defined using the Inflammatory Bowel 
Disease Questionnaire. PL: Placebo; TNFBs: Tumor necrosis factor-α blockers; 
CHARM: Crohn's trial of the fully human antibody adalimumab for remis-
sion maintenance.
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Comparative efficacy of IFX, ADA and CER
There are no head-to-head trials of  one TNFB against 
another. There is heterogeneity in the CD patients re-
cruited for the clinical studies, but interestingly the thera-
peutic gain for remission at weeks 26 to 30 were close to 
18% to 23% (Table 19). It is unfortunate that these rates 
are so low.

Patient-reported outcome (PRO) instruments are used 
to provide information about health-related quality of  
life. The minimal clinically important difference (MCID) 
and minimal important difference (MID). PRO score 
changes have been determined from two TNFB clinical 
trials[106]. The MCID is the smallest difference in a PRO 
score that is associated with a clinically relevant differ-
ence or change[1,107]. The MID is the smallest difference 
in a PRO score that a patient can perceive as beneficial 
and would require a change in their treatment. The 
MCID and MID units are meaningful measures to assess 
alterations in PRO scores, rather than changes which al-
beit are statistically significant, are not necessarily useful 
in a practical sense.

When considering possible advantages of  different 
TNFB, for example, ADA vs IFX, ADA has greater ease 
of  administration (subcutaneous, self-administered vs 
infusion facility), no infusion reactions, higher remission 
rates among secondary non-responders to IFX[72,108], pos-
sibly reduced need for dose escalation over time [fewer 
secondary failures[109], higher later rates of  response 
and remission (maintenance), lower cost [$ incremental 
cost-utility ratios (ICUR) per quality-adjusted life-year 
(QALY)][51], and lower risk of  developing neutralizing 
antibodies. Again it must be stressed that there is no 
head-to-head direct data to allow for a definitive state-
ment to be made about any comparison, including cost 
and patient preference. These conclusions are based on 
observations.

In contrast, the possible advantages of  IFX vs ADA 
include no injection site reactions or infections, fewer 
numbers of  individual adverse effects, higher early rates 
(induction) of  response and remission, and high rate of  
fistula improvement or remission with both short- and 
long-term therapy. IFX also gave higher initial response 
and remission rates as compared to ADA. Compara-
tively, the use of  ADA led to lower relapse rates, indicat-
ing that patients retained longer benefit from ADA vs 
IFX[51].

Continuation of immunosuppression with TNFB therapy
Most guidelines suggest that TNFB therapy be started 
when immunosuppression alone has failed. The used of  
TNFB plus immunosuppression is known as concomi-
tant immunosuppression (CI). To understand the subtle 
aspects of  the question about CI use with TNFBs in 
CD, we need to reflect upon several important studies.

Scheduled maintenance IFX treatment is more effective 
than episodic treatment (Accent Ⅰ)[74]; Scheduled mainte-
nance therapy is superior to episodic treatment in terms 
of  the use of  steroids or the use of  hospitalization and 

surgery[44]. IFX induction plus azathioprine/6-mercapto-
purine (6-MP) is more effective than azathioprine/6-MP 
alone in AZA-naive patients who are steroid-dependent 
(GETAID)[53]. Early treatment with IFX in combination 
with an antimetabolite is more effective than conventional 
therapy (step-up top-down)[110]. IFX plus azathioprine is 
significantly better for inducing steroid-free remission and 
mucosal healing than azathioprine alone in azathioprine-
naive patients [study of  biologic and immunomodulator 
naive patients in Crohn’s disease (SONIC)][102]. In initial 
IFX responders, the maintenance of  response falls from 
83% at 30 wk, to 64% at 54 wk, and to 45% at 108 wk[111].

Scheduled maintenance IFX is more effective than 
episodic treatment[74]. The standard of  care is to use 
TNFB on a regular and scheduled basis. The benefit 
of  scheduled vs episodic use of  IFX is related to there 
being lower levels of  antibodies to IFX (ATI), fewer 
infusion reactions, and fewer hospitalizations and major 
surgery[54,112,113]. IFX induction plus AZA/6-MP is more 
effective than AZA/6-MP alone in AZA-naive patients 
who are steroid-dependent[53]. Early treatment with IFX 
in combination with an immunosuppressant is more ef-
fective than conventional therapy[110]. IFX plus AZA is 
significantly better for inducing steroid-free remission 
and mucosal healing, than is AZA alone in AZA-naive 
patients[114]. 

There is no additional benefit of  adding MTX in 
the steroid-treated CD patient who is also on IFX[115]. It 
remains unknown if  the continuation of  MTX might be 
useful if  the person were just on MTX + TNFB, rather 
than just being on GCS. 

Most current guidelines recommend that AZA/MTX 
must have been used and be considered to have failed 
before TNFBs are introduced what should be. The du-
ration of  previous use of  this immunosuppression and 
should AZA be continued TNFB once has been started 
is not known. Some data suggested that continuation of  
AZA after the introduction of  IFX offers no additional 
benefit beyond 6 mo of  combined therapy, as long as 
the TNFB is used on the basis of  a regular schedule, 
rather than being given episodically. The authors of  one 
trial suggested that “continuation of  immunosuppres-
sion for more than 6 mo offers no clear benefit over 
scheduled IFX monotherapy”[116]. IFX monotherapy is 
superior to IFX plus immunosuppressive therapy after 
CD induction with IFX. In one study, four times more 
relapses occur with AZA maintenance after IFX induc-
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Table 20  Concurrent immunosuppression with azathioprine 
plus infliximab vs  azathioprine alone in Crohn’s disease[53] (%)

                          Week

12 24 52

AZA 38 29 22
AZA + IFX x3 751 571 40
Therapeutic gain 371 281 18

1Significant difference. AZA: Azathioprine; IFX: Infliximab.
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tion, as compared with IFX induction and placebo main-
tenance[53]. In a second study, maintenance of  remission 
of  CD was no different when AZA plus IFX were given 
for maintenance, vs IFX alone[117].

In the study by Van Assche et al[116], at 6 mo in person 
on IFX in whom AZA had been withdrawn (IFX plus 
AZA D/C vs IFX + AZA), the CRP levels were higher, 
and IFX levels were significantly lower. Perhaps if  the 
patients had been followed for longer than 6 mo, the 
AZA discontinuation group might have begun to expe-
rience more recurrences. The RAND appropriateness 
methodology, through a modified Delphi panel approach 
based on expert interpretation of  the available literature, 
has been used with a “globally diverse panel of  13 gas-
troenterologists clinically experienced in inflammatory 
bowel disease”[118]. Using a total of  134 clinical scenarios, 
concomitant use of  immunomodulatory was generally 
rated inappropriate for young males, and in some scenar-
ios involving uncomplicated disease. However, CI were 
appropriate for those with extensive disease, shorter du-
ration of  disease, perianal involvement, prior surgery, fe-
males, and older patients (> 26 years)”. In the GETAID 
study, the IFX + AZA (CI) gave a significant therapeutic 
gain of  clinical remission off  steroids, as compared with 
AZA alone, of  37% and 28% at weeks 12 and 24 respec-
tively. But the benefit was lost at week 18 (Table 20).

Several important aspects to consider when attempt-
ing to answer the question of  the benefit of  using CI 
with IFX are the duration of  follow up, whether the pa-
tient is naive to the immunosuppressants or the TNFB, 
whether the activity of  the disease is high as suggested 
by an elevated surrogate marker such as CRP or mucosal 
lesions, what is using an endpoint of  immunogeneity 
(such as antibody to TNFB or a disease activity index 
or QoL score), and whether the question is focused on 
the CD patient in whom you are trying to achieve induc-
tion or maintenance of  remission. CI is clearly beneficial 
when added to IFX regimens which are episodic[112,119], 
but the controversy about CI comes from studies using 
regularly scheduled TNFB, the method which is new to 
the standard of  care.

In the SONIC study, CD patients who were naive 
to both immunosuppression and to TNFB, the rate of  
clinical remission at week 26 was higher in those given 
IFX + AZA as compared with IFX alone or AZA alone 
(57%, 44%, and 31%, respectively)[120]. In a subgroup of  
patients who initially had both an elevated CRP and mu-
cosal lesions at baseline, the IFX plus AZA + IFX alone 
values were even higher (69% and 57%, respectively). 
Since the difference between IFX + AZA was statisti-
cally greater than IFX alone, the data may be interpreted 
to indicate that CI is advisable, at least in the relatively 
short period of  26 wk, for steroid-free remission. How-
ever, the benefit of  CI appears to fades after 6 mo to 12 
mo[116,121].

In the infliximab maintenance immunosuppression 
discontinuation study (Van Assche), in CD patients who 
had been on AZA/MTX before starting IFX, stopping 

the immunosuppression at 6 mo did not have an adverse 
effect at 2 years to shorten the interval between IFX in-
fusions, or the time to stopping IFX dosing. The preva-
lence of  antibodies to IFX were similarly low in each 
group, and CI with IFX + AZA had no different effect 
in terms of  mucosal healing.

The same message comes from the 2-year long 
COMMIT trial of  steroid-requiring CD patients on 
IFX or IFX + MTX (Feagan 2010): CI does not pro-
vide a medium term (2-year) advantage. On the other 
hand, CI may increase the risk of  adverse effects such 
as non-Hodgkin’s lymphoma in adults[122], hepatosplenic 
lymphomas in children[123], as well as other concerns in 
children[124]. As well, CI did not benefit the medium term 
risk of  surgery[125]. These individual studies suggest that 
in many CD patients, CI is “bridge” therapy for 6 mo 
while the full effect of  TNFB is being achieved.

In an observational serial observation of  88 CD pa-
tients in remission and on IFX, half  had their CI with 
AZA stopped. The IFX failure free status was 85% at 12 
mo, and 41% at 24 mo and 32 mo[126]. This failure rate of  
IFX maintenance may have been due to the withdrawal 
of  CI with AZA. Failure of  CI on AZA-withdrawal was 
more likely to occur if  the initial duration of  IFX-AZA 
therapy was less than 27 mo, if  the CRP was greater than 
5 mg/L or the platelet count higher than 298 109/L. Until 
further data becomes available, we can be encouraged by 
“expert opinion” from the BRIDGE group analysis[118], 
suggesting that bridging CI may not be necessary such as 
in young males especially with limited disease, or some 
case scenarios including uncomplicated CD.

CI[127]treatment also reduces antibody to IFX (ATI) 
formation [24% vs 63%, on CI vs not on CI, P = 0.007; 
43% vs 75%, P < 0.01]. Former researchers have pro-
posed a time-structural treatment algorithm for moder-
ate CD. This may of  course need to be altered in future 
if  “top down” (IFX→AZA→GCS) approaches to CD 
are shown to be beneficial.

The major role of  CI may be in the patient who is 
on episodic IFX: in these persons, the incidence of  ATI 
was 0% on CI vs 60%, not on CI, P = 0.018[128]. Com-
paratively, CI had no relationship on ATIs with sched-
uled IFX infusions. Combined immunomodulator with 
TNFB provides small therapeutic gain for 24 wk. Then, 
it is likely that CI can be abandoned without any detri-
mental effect of  clinical response, and possibly a lower 
risk of  adverse events. In fair balance for the issue of  
AZA discontinuation in the TNFB-treated patient, the 
“jury is still out”, or as the Scots would say, the case is “not 
prove”. Clearly, more data is needed.

In summary of  Combination therapy: (1) In AZA 
and TNFB naive persons, with ↑ CRP or mucosal lesions 
on colonoscopy, remission and one year mucosal heal-
ing response to combination therapy (SONIC) A AZA 
= TNFB; (2) Unknown what to do after one year: for 
IFX alone after successful induction, maintenance for 
54 wk gave a therapeutic gain of  (28%-14%) 14% and 
24% (38%-14%) for 5 mg/kg and 10 mg/kg IFX (Ac-

4837 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



cent Ⅰ). It is unknown what is best to do after one year 
treatment with IFX; (3) In post hoc analysis of  combi-
nation therapy of  immunomodulators plus IFX/ADA/
certolizumab pegol (CZP) vs monotherapy with TNFB, 
there is no benefit in terms of  induction synergy; (4) 
Because of  study design, it is not possible to comment 
whether MTX plus TNFB is superior to TNFB alone; 
and (5) Not possible yet to predict which patient can be 
induced with TNFB and maintained on AZA (TNFB as 
a “bridge”).

FISTULIZING DISEASE
Because between 20% to 40% of  CD patients will devel-
op fistulas[75,129], and because of  the seriousness of  peri-
anal fistulas[78,129,130], the improved healing of  fistulizing 
CD with TNFB would be anticipated to reduce the pa-
tient’s lifetime need for major surgery. The presence of  
fistulas increases the risk of  the need for colectomy[69,82]. 
Anti-TNF therapy is indicated for use in fistulizing CD. 
What is the evidence for IFX or ADA in this clinical set-
ting? In the IFX infusion study by Present et al[75], IFX 
was given at 0 wk, 2 wk and 6 wk, and fistula response 
and complete closure of  draining fistulas were assessed 
at 18 wk. As compared with placebo, IFX 5 mg/kg and 
10 mg/kg gave 18-wk fistula response rates of  68% (P 
= 0.002) and 56% (P = 0.02) vs 26%, respectively. The 
corresponding closure rates were 55% (P = 0.001), 38% 

(P = 0.040), and 13% at 18 wk. For the 5 mg/kg dose 
of  IFX for fistulising CD, this gave a therapeutic gain of  
42% for both fistula response and closure.

In the IFX maintenance study by Sands et al[130] (Ac-
cent Ⅱ), IFX was infused every 8 wk until week 54. 
As compared with placebo, IFX 5 mg/kg gave 54 wk 
response rates of  46% vs 23% (P = 0.001); and the 
complete closure rates were 36% vs 19% (P = 0.009). 
This gave a 54 wk therapeutic gain of  23% and 17% 
for response and closure, respectively. Note the need to 
caution your CD patient with fistulizing CD: while early 
TG for response and closure was an encouraging 42%, 
at one year half  this benefit was lost (falling to 23% and 
17% at 54 wk)[75,78,129].

The TG in fistula response and closure for IFX (5 
mg/kg) at 19 wk was 42% and 42%, respectively, with 
curiously lower rates of  response for the 10 mg/kg IFX 
dose. At 54 wk, the TG for fistula response and closure 
was 23% and 17%, respectively. These are low values, 
but clearly IFX is of  considerable benefit to individual 
patients who may have failed conventional therapy.

The 4-wk fistula response and closure rates for ADA 
(160 mg at week 0 and 80 mg at week 2) was not statisti-
cally different from placebo, but at weeks 26 and 56, the 
TGs were 17% and 20%, respectively. In the CHARM 
study, complete healing of  fistulas was achieved in 30% 
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Table 21  Infliximab for fistulizing Crohn's disease: Induction 
and maintenance (%)

Study Week of assessment Outcome IFX (mg/kg)  PL   TG

  5     10

Present et al[75] 18 Response 681       561 26 42-30
Closure 551       381 13 42-25

(ACCENT Ⅱ) 54 Response 461 23 23
Closure 361 19 17

1Complete closure of draining fistulas; P value for each IFX group vs pla-
cebo group. For IFX 5 mg/kg, the TG for fistula closure ranged from 42% 
at 18 wk to 23% to 54 wk. Adapted from CADTH (’09). These differences 
are statistically significant. See Tables 3 and 4 of the CADTH report for 
P-values, number of participants and events. IFX: Infliximab; PL: Placebo; 
TG: Therapeutic gain. 

Table 22  Adalimumab for fistulizing Crohn's disease induc-
tion, response and closure (%)

Study Assessment week  ADA1  ADA2  ADA3  PL      TG

GAIN Response
4 - - 15 20       (-5)
Closure
4 - -   5   8       (-3)

Classic Ⅰ Response
 4 75 20   8 33 (42, -13, -25)

Closure
4 75   0   0 17 (58, -17, -17)

140 mg at week 0, 20 mg at week 2; 280 mg at week 0, 40 mg at week 2; 
3160 mg at week 0, 80 mg at week 2. ADA: Adalimumab; PL: Placebo; TG: 
Therapeutic gain.

Table 23  Adalimumab for fistulizing Crohn's disease mainte-
nance (%)

Study Assessment week Combined ADA group1 PL TG

CHARM           Closure
               26                     30 13  17
               56                     33 13  20

1Statistically significant. Note that the two higher dose regimes of ADA 
do poorly for induction of fistulizing CD. The TG for IFX and ADA for 
fistula closure at 54-56 wk is a similar low value of 17%. PL: Placebo; TG: 
Therapeutic gain; ADA: Adalimumab; CHARM: Crohn's trial of the fully 
human antibody adalimumab for remission maintenance; IFX: Infliximab; 
CD: Crohn's disease. 140 mg q0w and 40 mg qw.

Table 24  Meta-analysis of efficacy and safety of biological 
therapies vs  placebo (4 wk to 26 wk) in healing of fistulizing 
Crohn's disease

Treatment   Outcome (RR of fistulas remaining unhealed)

IFX, ADA, CER vs PL 
(4 wk to 26 wk)

RR = 0.88; 95%CI: 0.73-1.05; I2 = 67%, P = 0.01 
(considerable heterogeneity between studies, 
with no statistically significant difference in 
fistula healing at 4 wk to 26 wk, compared to 
placebo, when considering the 3 TNFB)

IFX vs PL (one trial) RR = 0.62; 95%CI: 0.48-0.81
IFX, ADA, CER vs 
PL (excluding 2 trials 
reporting fistula healing 
up to only 4 wk)

RR = 0.80; 95%CI: 0.65-0.98; I2 = 56%, P = 0.08 
(heterogeneity between studies remained)

IFX (only 1 trial) vs > PL 
(followed until 54 wk)

RR = 0.81; 95%CI: 0.68-0.96

Adverse events could not be determined from data. CER: Certolizumab; 
IFX: Infliximab; ADA: Adalimumab; PL: Placebo; RR: Risk ratio; TNFB: 
TNF-α blockers; CI: Confidence interval.
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of  those receiving ADA either weekly or every other 
week by week 26. This compared to 13% in the pla-
cebo group (P = 0.043). Recall that with fistulizing CD, 
the early response and closure with IFX was statisti-
cally significant, but was not so with ADA. At one year, 
the fistula response and closure rates were numerically 
similar for IFX and ADA, but the TGs were small for 
both TNFBs (Tables 21-23). Therefore, at this time, it 
is best to use IFX as 1st line to treat fistulising disease. 
There is insufficient data to recommend the same for 
CER. Meta-analyses have been performed for biologi-
cal therapies in healing fistulising CD (Table 24). These 
authors suggested that “In preventing recrudescence of  
fistula, there was only one RCT reporting on this end 
point, which demonstrated that IFX was superior to 
placebo (Table 24). Although concerns about adverse 
events arising from the long-term use of  these drugs are 
understandable, the data from the RCTs included in this 
meta-analysis did not demonstrate any increase in overall 
adverse events, or serious adverse events, with use for up 
to 1 year[61].”

In summary of  the use of  TNFB in fistulising CD 
“…. there is less evidence for the use of  biological thera-
pies, though there was a clear beneficial effect when only 
IFX was studied, although in one trial, and when only 
RCTs with follow-up in excess of  4 wk were considered 
in the analysis. There was also a benefit in favour of  
biological therapies over placebo when only studies that 
reported fistula healing in the longer term were included 
in the analysis.”

THERAPEUTIC GAINS
Induction and maintenance, response and remission
At 2 wk and 4 wk after a single dose of  IFX (5 mg/kg), 
the therapeutic gain (TG; IFX response minus the PL 
response) for clinical response was 56% and 64%, respec-
tively (Table 7), and then fell to 36% at 12 wk[52]. The TG 
for remission was 36% and 46%, respectively, for weeks 2 
and 4. When IFX (5 mg/kg) is given 2, 6 and every 8 wk 
until week 48[54] or 54[69,82], the week 54 TG for response 
ranged from 22%[54] to 30%[69,82], and for remission, the 
TG was 14% for IFX 5 mg/kg and 24% for 10 mg/kg. 
IFX doses of  10 mg/kg or 20 mg/kg did not give higher 
therapeutic gains in terms of  response.

Thus, after excluding the approximately 30% initial 
IFX primary non-responders, about the two-thirds will 
respond and about one-third will go into remission at 
4 wk (therapeutic gain). With continued 8-weekly IFX 
infusion for approximately one year, the TG for re-
sponse is about one in four, and for remission one in 
eight. These represent relatively small gains which are 
not necessarily higher than reported historical figures for 
conventional therapy induction or maintenance therapy 
in CD. In children with CD, Kaplan-Meier analysis has 
shown that the cumulative probability of  losing response 
to IFX after 1 year, 3 years and 5 years is 13%, 40% and 
50%[131]. In adults with CD who chose to stop their IFX 

after achieving remission, 50% relapsed within 477 d af-
ter IFX discontinuation[132].

For the currently recommended dose of  ADA of  
160 mg at weeks 0 and 80 mg at week 2, TGs for re-
sponse range from 15% to 19% at week 2, and 13% to 
25% at week 4 (Sandborn et al[93]). The corresponding 
TGs for remission at 2 wk and 4 wk range from 10% 
and 14%-24%. The TGs for response at 56 wk range 
from 7%-25% when ADA is given as 40 mg q every 
other week, to 15%-33% when ADA is given as 40 mg 
q weekly[55,56,85,127,133]. The corresponding values for TG 
for remission at 56 wk range from a low of  4% to a 
high of  39%[55,56,85,127,133]. The values for the initial TGs 
in response and remission for induction therapy are 
numerically slightly lower for ADA; it is slightly higher 
for ADA for maintenance of  response and remission. 
After two years of  maintenance therapy with ADA every 
other week, 42% were in remission compared to 38% 
on placebo[134], and 50% with weekly ADA. This study 
also showed an improvement in IBD QoL question-
naires, suggesting clinical response. There is insufficient 
evidence at this time to recommend one type of  ADA 
therapy over another.

In addition to therapeutic gains in terms of  response 
and remission rates, other important clinical outcomes 
include improvements in quality of  life, hospitaliza-
tion and surgery. In patients with RA, combinations of  
TNFB with low-dose MTX are generally more effica-
cious than either drug used alone[135], the mechanism of  
anti-inflammatory properties of  this combination is not 
totally clarified and it is not known if  TNFB plus MTX 
have a synergistic mechanism[136], especially in CD.

Health utilization
Hospitalization: In Canada, about 20% of  persons with 
CD have IBD-associated hospitalizations per year[2]. The 
proportion of  patients who needed hospitalization for 
IBD were reported in three IFX trials and one ADA tri-
al. Two IFX trials and one ADA trial reported the patients 
who needed surgery[51]. Overall, CD patients who received 
IFX maintenance therapy had an approximately 50% re-
duction in the rate and duration of  hospitalization[74,129]. 
Lower hospitalization rates were also seen with ADA[93]. 
Infusing IFX on a scheduled vs an episodic basis reduces 
the rate of  all-cause hospitalization, as well as IBD-related 
hospitalization. For example, in Accent Ⅰ[74,137], the rate 
of  IBD-related hospitalization was 28% in the episodic 
treatment group vs 23% in the IFX 5 mg/kg group (P = 
0.047) and 24% in the 10 mg/kg group (P = 0.023). Fur-
thermore, the number and duration of  hospitalizations 
were lower in the scheduled vs episodic group (P = 0.018). 
In Accent Ⅱ[129], the hospitalization rates were lower 
with IFX than placebo (14% vs 31%, P < 0.01), and 11% 
vs 33% in the initial IFX responders vs placebo (P < 0.05). 
Also, the mean duration of  days in hospital was less with 
IFX vs placebo (0.5 d vs 2.5 d, P < 0.05). 

In a population based study from the University of  
Manitoba of  health care resource use among IFX us-
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ers, hospitalizations were higher in the IFX cohort until 
18-24 mo after the first IFX prescription, at which point 
the rate of  hospitalization in the IFX group fell to the 
level of  the CD patients treated with AZA or GCS[138]. 
The likelihood of  surgery was similar in IFX and GCS, 
which was higher than in AZA; even at 3 years post-
closing. Overall physician visits were similar between 
IFX, GCS and AZA. Interestingly, ADA reduced hospi-
talization rates at 12 mo from 14% with placebo vs 10% 
and 3% with maintenance ADA given every other week 
and every week (P = 0.12 and P < 0.01, respectively)[115]. 
Hospitalizations account for more than 50% of  the di-
rect costs of  CD[115]. Thus, in responders, TNFB reduced 
the rate of  hospitalization, and this reduction in hospital 
days carries a major economic impact, which has to be 
countered against the high cost of  maintenance TNFB 
requiring long-term use of  drug, and the cost of  man-
agement of  adverse effects.

Surgery 
CD-related surgery was more likely in the episodic vs the 
scheduled treatment groups (9% vs 3%, P = 0.01)[74], and 
the mean number of  surgeries was higher (118 vs 60, P 
< 0.01). As compared with the placebo group, the mean 
number of  surgeries in the IFX group was 13 vs 2 per 

100 in all patients, and from 11 to 11 per 100 in the IFX 
initial responders[78]. With ADA maintenance, the 12-mo 
risk of  major surgeries was 0.6% vs 3.8% in the placebo 
group (P = 0.0005)[115]. Data to date shows that TNFB 
reduce serious health utilization in persons with IBD.

TNFBS AND THE NATURAL HISTORY OF 
CD
It is not yet certain whether TNFB will achieve disease 
modification, or sustained mucosal healing[139]. CD is 
very heterogenic, and we need much more data on the 
possibility of  patient risk-stratification based on environ-
mental factors, disease phenotype, genotype and disease-
initiating and-perpetuating factors (Table 25)[140].

A brief consideration of the use of TNFB in ulcerative 
colitis
There are many differences between CD and UC (Table 
26). Only for purposes of  comparison, a very brief  over-
view is provided on IFX use in persons with UC, bearing 
in mind that these are separate and distinct conditions. 
About 20% of  UC patients on 5-ASA maintenance 
therapy will have an acute attack each year, and about 10% 
of  those with more severe symptoms will require hos-
pitalization, usually for intravenous (IV) steroid therapy, 
cyclosporine or TNFB therapy; or surgery. About a third 
of  these will not respond to IV steroids, and may be can-
didates for colectomy, cyclosporine or IFX. 

In the Accent Ⅰ and 2 studies, approximately half  
as many of  those in the combined IFX group than 
placebo-treated UC patients required surgery (74% vs 
8%), and the number of  hospitalizations were also lower 
(18/102 patients vs 9/102 patients, P < 0.01)[74,115,129]. 
The colectomy rate in the placebo group is also approxi-
mately twice as high as in the IFX group: at 90 d, 67% 
vs 29% (P = 0.017)[141], and at 2 years, 76% vs 46% (P < 
0.05)[142]. When IV GCS fail in patients with severe UC 
admitted to hospital for IFX[143], colectomy rates were 
as follows: in hospital colectomy, 24%; later colectomy, 
14%; no colectomy, 62%. It is not clear how many will 
eventually require colectomy, whether they will need to 
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Table 25  Reduction (%) of health service utilization in 
Crohn's disease patients treated with Infliximab

All CD 
patients[180]

CD fistula patients

(Rubenstein et al [180]) (Harrison et al [181])

ER visits 66 64 372
All surgery 38 66
GI surgery 18 59
Hospitalizations 59 37
Endoscopies 43 52
Radiographs 12 40   58-147
Outpatient visits 16 27 22-33

CD: Crohn's disease; ER: Emergency Room; GI: Gastrointestinal.

Table 26  Natural history of Crohn’s disease and ulcerative 
colitis %

Natural history

UC CD1

Remission at any point in time 50 Relapse               10-30
Overall intermittent course 90 Low activity          15-20
Remission: 3-7 yr after diagnosis 25 Remission             55-65
Yearly relapse 18 Chronic active         13-20
Intermittent relapse 51 Chronic intermittent    67-73

Remission for 10 yr         13
10 yr colectomy rate 10 Surgery by 20 yr         > 75
Change in site of UC over 25 yr Change in behavior
   LC→ C 50    NSNF →  S    27
   C → LC 75    NSNF →  F    29

1Course 1 year after diagnosis. C: Entire colon; LC: Left colon; S: Structur-
ing; F: Fistulising; NSNF: Non-stricturing, non-fistulizing; UC: Ulcerative 
colitis; CD: Crohn's disease.

Table 27  Meta-analysis of efficacy and safety of biological 
therapies vs  placebo in inducing remission in moderately to 
severely active ulcerative colitis[61]

Treatment Outcome (RR of remission not 
being achieved)

IFX vs PL RR = 0.72; 95%CI: 0.57-0.91
NNT = 4 (95%CI: 3-8)

Adverse event
Any adverse event was no higher in 
IFX vs PL, and risk of serious adverse 
events was lower

RR of serious adverse event = 0.64; 
95%CI: 0.41-1.00, P = 0.05

NNH = 13 (95%CI: 8-50)

IFX: Infliximab; PL: Placebo; RR: Risk ratio; CI: Confidence interval; UC: 
Ulcerative colitis; NNT: Needed to treat.
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be maintained long-term on IFX, or if  they should sim-
ply be maintained on AZA or 5-ASA.

Primary non-response has been noted in 22% of  UC 
patients treated with IFX[126]. IFX dose optimization was 
required in 45%, and colectomy was required in 19%. 
In a single-centre, prospective out-patient cohort of  UC 
patients, response to induction therapy with IFX was 
96% and 80% for ADA[144]. For maintenance therapy re-
sponse to IFX and ADA, the rates were 78% and 70%. 
None of  these differences was statistically significant. 

Recent meta-analysis has considered the efficacy and 
safety of  biological therapies in inducing remission in 
moderately to severely active UC (Table 27)[61].

The summary points are as follows: (1) No data on 
the efficacy and safety of  biological therapies vs placebo 
in preventing relapse of  disease activity in quiescent 
UC; (2) “IFX was highly effective in inducing remis-
sion in patients with moderate to severely active UC 
who had failed therapy with first and second-line agents, 
and who had also failed to respond to a course of  high-
dose corticosteroids, with a NNT of  only 4[61]”; (3) IFX 
for rescue therapy in severe UC, with a therapeutic gain 
of  (71%-33%) 38% (NNT, 3); (4) IFX will induce and 
maintain clinical remission and mucosal healing in treat-
ment–refractory, moderate/severe UC; (5)Unknown if  

IFX plus AZA is superior to monotherapy with AZA or 
IFX; (6) Before starting IFX in UC, discuss options of  
AZA, cyclosporine A (Cy A), and pan proctocolectomy 
with ileoanal pouch procedure; (7) Unknown compari-
son of  Cy A vs TNFB for rescue therapy; (8) Short term: 
young age, absent pANCA (in CD, presence of  pANCA, 
ASCA, or pANCA + ASCA had no predictive valve); 
and (9) Long-term (predictors for no colectomy): short 
term clinical response to CRP < 5 mg/L, no previous 
treatment with IV steroids or Cy A.

Importance of mucosal healing 
There are a number of  potential advantages in achieving 
mucosal healing in CD (Table 28). In both CD and UC, 
the rates of  mucosal healing range widely depending 
upon the therapeutic agent and the duration of  treat-
ment (Table 29).

In clinical trials, there has been no uniform standard 
for defining mucosal healing (MH), no agreed-upon 
optimal time for assessing MH. It is not surprising then 
that the ranges of  MH are very wide.

The clinical trials of  agents used to treat IBD have 
used a variety of  clinical scores heavily based on symp-
toms (CDAI), measures of  QoL, appearance of  the 
mucosa on diagnostic imaging, endoscopic appearance, 
or histopathology. Some patients with CD treated with 
TNFB achieved MH and the question was raised whether 
MH by itself, independent of  patient’s symptoms or 
QoL, was an important outcome variable. MH would be 
an important outcome if  it were to be shown that it was 
associated with reduced risk of  recurrence (i.e., greater 
likelihood of  maintenance of  remission), reduced risk 
of  extraintestinal complications, reduced risk of  medi-
cal treatment-associated complications, long-term risk 
of  hospitalization, surgery or development of  colorectal 
cancer. The risk of  development of  stricture or fistula in 
CD increases over time[46,145], so maintaining mucosal heal-
ing may decrease these problems. However, there is no 
evidence to answer the above asked questions.

It seems self-evident that MH should become an out-
come objective of  therapy in IBD. However, this needs 
to be proven. Because the prevalence of  MH may decline 
over time, and the number of  the week of  study repeating 
MH varied widely, it is not possible to assert which class of  
drug has the highest rate of  MH (Table 29), nor is it plau-
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Table 28  Associations of mucosal healing in Crohn's disease

Fewer symptoms
   No previous surgery
   Previous surgery
Less inflammation at 5 yr requiring steroid use
Less use of steroids
   Steroid-free remission and no flare at years 3 and 4 Yes (TG, 44%)
   Steroid-free remission, no flare and no TNFB at years 
3 and 4

Yes (TG, 44%)

   No new or persistently active fistulas No

How do these associations with mucosal healing (MH) in CD compare 
with UC? About 90% of patients remain asymptomatic after achieving MH 
on once-a-day 5-aminosalicylic acid (Mezavant®), and after MH, 40% of 
UC patients remain asymptomatic (TG, 22%). TG: Therapeutic gain; CD: 
Crohn's disease; UC: Ulcerative colitis; TNFB: Tumor necrosis factor-α 
blockers (response in active treatment group minus response in placebo 
group; differences statistically significant).

Table 29  Rates of therapy-associated mucosal healing

Drug              CD             UC

Week1 MH, % Week1 MH, %

5-ASA   4-8   25-71
Prednisone   4-9   0-27
AZA 16-96 40-73 26   53-69
MTX 12-60 36-38
IFX   4-104 29-100   8-52   62-71
ADA 12 27   8   30
CER 10   5-55

1Time for endoscopic assessment of mucosal healing. CD: Crohn's dis-
ease; UC: Ulcerative colitis; MH: Mucosal healing; 5-ASA: 5-Aminosali-
cylic acid; AZA: Azathioprine; MTX: Methotrexate; IFX: Infliximab; ADA: 
Adalimumab; CER: Certolizumab.

Table 30  Complete mucosal healing1

ADA PL [ADA induction only (3 doses)] TG (%)

ITT                               PL
   week 12  27%                      13% (P = 0.056)      14
   week 52  24%                        0% (P < 0.001)      24
PP
   week 12  28%                      13% (P = 0.046)      15

1Extend: Open-label adalimumab[182]. Of patients with CMH at week 12, 
46% of ADA every other weeks had CMH at week 52 vs 0% CMH in those 
receiving only ADA induction. ITT: Intention-to-treat; PP: Per protocol; 
TG: Therapeutic gain; PL: Placebo; ADA: Adalimumab.
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sible to compare IFX with ADA or CER. In an open-label 
study of  ADA in which there was a “placebo” (3 doses 
of  ADA for induction), the therapeutic gain in the 12 wk 
complete mucosal healing (CMH) was 14% in the inten-
tion-to-treat analysis (ITT) and 15% in the per-protocol 
analysis, with 52 wk ITT CMH of  24% (Table 30). 

When and how to start TNFB therapy: Start early, vs 
follow the current guidelines
This question may also be considered as “step-up” vs 
“start high”. When considering a comparison in out-
comes from a management approach starting early with 
biological therapy in the patients’ lifelong CD course, vs 
the standard of  care of  step-up therapy, we must reflect 
the strength of  the evidence supporting each of  the 
components of  the traditional approach in CD of  using 
5-ASA products, antibodies, GCS, and the immune sup-
pressants AZA and MTX. The excellent systematic re-
views and meta-analyses in the “Red Journal”[61] are very 
helpful in this regard, and will be reviewed briefly here 
to demonstrate the potential limitations of  the currently 
accepted standard of  care.

5-aminosalicylates therapy: In contrast to the support-
ive data in UC for the use of  5-ASA to induce remission 
and to prevent relapse, the data for CD is poor (Table 
31)[61]. Thus, for the usually accepted ITT analyses, neither 
SASP nor 5-ASA can any longer be recommended in per-
sons with CD to induce or maintain remission.

Antibiotic therapy: There is diversity in the design of  
antibiotic studies in IBD, including which antibiotic, as 
well as dose and duration of  therapy. The antibiotics 
often used in clinical practice for this indication were 
metronidazole, cipro’, and rifaximin (not yet available in 
Canada). While taking into account these events, it may 
surprise some readers that antibiotics are superior to pla-
cebo for the induction and maintenance of  remission in 
CD, as well as induction of  remission UC (Table 32)[146].

Glucocorticosteroid therapy: Standard GCS remains 

the standard for inducing remission in moderate-to-se-
vere UC, but must never be used for maintenance of  dis-
ease because of  its lack of  efficacy and its high adverse 
effects risk profile. While the trials of  GCS in active CD 
individually showed efficacy because of  heterogeneity 
between studies (I2 = 88%, P = 0.004) and the small size 
of  the studies. When the risk difference was used as the 
summary statistic, the treatment effect became signifi-
cant, with NNT = 3 (95%CI: 2-11)[61]. Furthermore, sys-
tematic review and meta-analysis showed that standard 
GCS were superior to the locally acting budesonide in 
achieving remission in active CD (RR = 0.82; 95%CI: 
0.68-0.98); oral budesonide itself  was superior to pla-
cebo for CD remission (RR = 0.73; 95%CI: 0.63-0.84). 
Oral budesonide used for up to one year delays the time 
to recurrence of  active CD.

Adverse effects of  GCS therapy in the setting of  
treating active CD could not be determined in the stud-
ies of  Ghosh et al[34] and Summers et al Standard GCS-
related adverse effects were more frequent than with 
budesonide (RR = 1.64; 95%CI: 1.34-2.00). Thus, GCS 
and budesonide will continue to be used for short term 
treatment of  active CD, and the choice between standard 
GCS vs budesonide must be made on the trade-off  of  
efficacy, adverse effects and cost.

Immunosuppressive therapy: The meta-analysis of  
the use of  Immunosuppressants in CD was disappoint-
ing; example (Table 33), the relative risk of  not being in 
remission for active CD was not different from placebo. 
However, if  OR was used rather than RRs as the sum-
mary statistic, then the result was significant, using a 
random effects model (OR = 0.42; 95%CI: 0.2-0.89). 
While some clinicians would accept significant ORs of  
AZA/6-MP/MTX vs placebo as reason to use immuno-
suppression to induce remission of  active disease, the 
onset of  biological benefit takes 2-3 mo. While many 
gastroenterologists use AZA/6-MP/MTX to prevent 
relapse in CD, this is likely based on the evidence of  
individual trials or previous meta-analysis. Surprising to 
some, while immunosuppressant therapy in UC was not 
significantly superior to placebo to induce remission, 
azathioprine was efficacious to prevent relapse (Table 
33).

In summary then of  the standard step-up approach 
to the care of  patients with CD, in the treatment of  ac-
tive disease to achieve remission, the step using 5-ASA/
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Table 31  Meta-analysis efficacy of 5-aminosalicylic acid/sul-
fasalazine to induce remission or to prevent relapse in Crohn's 
disease

Induce remission (RR of not being 
in remission) on active therapy

Prevent relapse (RR of relapse)

CD SASP (only 2 RCTs) 0.83 (95%CI: 
0.69-1.00; trend)

SASP/5-ASA, ITT analysis, no 
benefit

5-ASA 0.91 (95%CI: 0.77-1.06; not 
significant)

5-ASA, PP analysis: RR = 0.79 
(95%CI: 0.66-0.95; NNT = 13 to 
prevent relapse)

UC 0.79 (95%CI: 0.73-0.85; NNT = 6) 0.65 (95%CI: 0.55-0.76; NNT = 4 
to prevent relapse)

CD: Crohn's disease; ITT: Intention-to-treat; PP: Per protocol; SASP: Sul-
fasalazine; 5-ASA: 5-Aminosalicylic acid; CI: Confidence interval; UC: Ul-
cerative colitis; NNT: Needed to treat; RR: Relative risk; RCT: Randomized 
controlled trial.

Table 32  Efficacy of various antibiotics to induce remission 
or to prevent relapse in Crohn's disease

Induce remission (RR of not 
remission) on active therapy

Prevent relapse 
(RR of relapse)

CD Inflammatory 
disease

0.85 (95%CI: 0.73-0.99, P = 
0.03)

0.62 (95%CI:  
0.46-0.84)

Perianal fistula 0.80 (95%CI: 0.66-0.98)
UC 0.64 (95%CI: 0.43-0.96)

UC: Ulcerative colitis; CD: Crohn's disease; CI: Confidence interval; RR: 
Risk ratio.
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SASP should be removed; the antibiotic and GCS/
budesonide steps remain, and the AZA/6-MP/MTX 
step is rather shaky and quite slow.

In the end, we may believe that early use of  biologics 
is too aggressive a step, which needs to be shored up by 
more data, but we need to acknowledge that the standard 
step-up approach is not as good as we used to accept.

The presence of  two mutant nucleotide-binding oligo-
merization domain-containing protein 2 (NOD2) alleles 
may be quite specific for future complicated disease. 
Although the sensitivity is poor and the area under the 
sROC curve is poor, the high degree of  specificity may 
be sufficient to recommend testing for double mutations 
if  we can identify therapies that can truly change the out-
comes for this high-risk stratum of  patients. Testing for 
double mutations would likely miss many patients with 
aggressive disease. However, the presence of  double 
mutations, particularly mutations in P.Leu1007fsX1008, 
does identify a high risk stratum of  reagent-grade pa-
tients that should be identified and analyzed as a distinct 
subgroup in clinical trials. If  prospective trials can show 
a change in outcomes in these patients, this would be a 
strong justification for targeted top-down therapy in this 
group of  high-risk patients to prevent stricturing or fis-
tulising complications. 

The other major finding of  this meta-analysis is the 

lack of  prognostic value of  the presence of  one mutant 
allele for predicting CD behaviour. Although we specifi-
cally studied NOD2 mutations, recent genome-wide as-
sociation studies have identified numerous other genes 
that contribute to the susceptibility of  developing CD. 
It is likely that the level at which genetics contributes to 
phenotypic disease expression is complex and multiple 
risk alleles contribute to complex interactions. Further 
studies addressing disease behaviour will likely require 
large-scale, multicenter trials to obtain sufficient clini-
cal data to accurately ascertain the cumulative risk from 
clinical, genetic, and environmental factors. Once addi-
tional predictive factors are identified and validated, we 
will be better able to study targeted therapies in high-risk 
patients.

In a prospective extension of  a patient cohort study 
of  133 newly-diagnosed CD patients recruited from 18 
European Centres, half  of  the patients were initially 
treated with as “top-down”, and the other half  as step 
up[147]. In the 46 persons who had endoscopically proven 
mucosal healing at two years, ileocolonoscopies were 
continued at year three and four. The results can be in-
terpreted as being either for or against mucosal healing 
as an important therapeutic outcome: complete mucosal 
healing at year two was associated with a greater propor-
tion of  steroid-free clinical remissions (71% vs 27%, re-
spectively; P = 0.036). While MH may be associated with 
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Table 33  Meta-analysis of efficacy of immunosuppressive therapy to induce remission or to prevent relapse in Crohn's disease and 
ulcerative colitis

Induce remission (RR of not being in remission on active therapy)          Prevent relapse (RR of relapse)

CD AZA/6-MP vs placebo/no therapy 0.87 (95%CI: 0.71-1.06) 0.64 (95%CI: 0.34-1.23)
If OR was used rather than RRs as the summary statistic, then “the 
result was significant, using a random effects model (OR = 0.42; 
95%CI: 0.2-0.89)

There was no statistically significant ben-
efit for continuing AZA to prevent CD 
relapse (RR = 0.39; 95%CI: 0.21-0.74)

MTX vs placebo 0.82 (95%CI: 0.65-1.03), no statistically significant benefit IM MTX: 0.57 (95%CI: 0.35-0.94); NNT = 4 
(95%CI: 2-25) to prevent one relapse

If or used, then the result was statistically significant: OR = 0.47; 
95%CI: 0.23-0.99

PO MTX to facilitate steroid withdrawal: 
0.82 (95%CI: 0.58-1.17)

Cyclosporine vs placebo (only one 
trial)

0.84 (95%CI: 0.62-1.07; tacrolimus, one study, no improvement: RR 
= 0.64; 95%CI: 0.44-0.92)

0.96 (95%CI: 0.77-1.20)

UC AZA vs placebo 0.85 (95%CI: 0.71-0.01, P = 0.07) 0.60 (95%CI: 0.37-0.95, P = 0.03); NNT = 4, 
95%CI: 2-10)

MTX vs placebo 0.59 (95%CI: 0.04-7.90)

UC: Ulcerative colitis; AZA: Azathioprine; MTX: Methotrexate; RR: Risk ratio; OR: Odds ratio; NNT: Needed to treat; CI: Confidence interval; IM: Intra-
muscular; PO: Oral; CD: Crohn's disease; 6-MP: 6-mercaptopurine.

Table 34  Benefits of mucosal healing in Crohn's disease[183]

Positive: IBSEN, Step-up/top-down, SONIC
   IBSEN (Froslie): 5-yr longitudinal study of IBD patients not on TNFB 
   and enjoying mucosal healing
   CD: ↓ Inflammation, ↓ Future use of steroids 
   UC: ↓ Risk of future colectomy
Negative: Music

IBSEN: The inflammatory bowel south-eastern Norway (study group of 
gastroenterologists); SONIC: Study of biologic and immunomodulator 
naive patients in Crohn’s disease; TNFB: Tumor necrosis factor-α blockers; 
IBD: Inflammatory bowel disease; CD: Crohn's disease; UC: Ulcerative 
colitis.

Table 35  SONIC (Crohn's disease diagnosed within 4 years) 
%

Conventional step-up (steroids→
AZA→IFX)

Step-down (IFX x3, with 
AZA)

2 yr     30      73      (43)
3-4 yr
   No flare, no steroids, on demand IFX about 65 about 20 (about 45)
   No flare, no steroids, no TNFB about 60 about 15 (about 45)
   New or persistent fistulas about 2 about 22 (about 20)

IFX: Infliximab; AZA: Azathioprine; TNFB: Tumor necrosis factor-α 
blockers.

Thomson ABR et al . TNF blockers in Crohn’s disease



later steroid-free remission, it is not clear if  this corre-
lates with fewer adverse effects, or better outcomes such 
as QoL, hospitalizations or surgery. There are studies in 
which the support for the benefit of  MH is positive, or 
negative (Table 34). The case remains “unproven” about 
the long-term importance of  mucosal healing rather 
than symptom relief  as the major end point of  treatment 
of  CD.

In accordance with recommendations from current 
guidelines, the TNFBs are usually initiated in the CD 
patient who has failed the “step up” approach of  se-
quential use of  GCS, ASA/MTX. Initial clinical trials of  
TNFB were designed to take this conventional sequence 
into account, and to use TNFB as “add-on” therapy. The 
terms “step-up, step-down” “top-down” and “fast for-
ward” all related to the concept of  whether CD patients 
will do better in the long-term if  using TNFBs earlier vs 
relatively later after the diagnosis of  CD, in an attempt 
to possibly alter the course of  the disease and to thereby 
improve patient outcomes. 

Is the response to TNFBs greater when used early 
in the history of  the person’s CD? Is there benefit of  
starting recently diagnosed CD patients on IFX or 
IFX+AZA immediately, i.e., “top down” vs the “step-up” 
of  GCS→AZA/MTX→TNFB? In the open label trial 
of  D’Haens et al[110], newly diagnosed CD patients were 
treated either with AZA + IFX, or conventional therapy 
with GCS, followed by AZA, and then followed by IFX 
(GCS→AZA→IFX). With the early use of  AZA + IFX 
with GCS (top-down), at week 26 and 52 the proportion 
who were steroid-free and who had not undergone IBD-
related surgery was 60% and 62%, respectively. In the 
step up group, the corresponding figures were lower at 
36% (P = 0.006) and 42%, respectively. Although the top 
down group achieved remission faster than did the GCS-
AZA-IFX group (P = 0.018), at 53 wk a similar percent 
of  patients in each group were in remission (Table 35). 

What then is the influence of  confounders such as 
CD duration, or being TNFB- or AZA/MTX naives? 
In a post-hoc analysis of  the use of  ADA in the Charm 
study[57], after adjustment for potential confounders, 
disease duration had an effect on clinical remission 
(RR: 0.96, 95%CI: 0.94, P = 0.002). In the Sonic study 
(REMICADE), patients with CD who had not previ-
ously received treatment with anti-TNFBs or immuno-
modulators (anti-TNF naive as well as anti-AZA/MTX 
naive) were randomized to IFX, AZA, or IFX + AZA. 

At 26 wk, the steroid-free remission rate was higher with 
IFX monotherapy (P = 0.022) or AZA monotherapy (P 
= 0.009) groups (Table 36). 

When IFX was used within one year of  the diagnosis 
of  CD, 78% of  the early treatment group responded and 
76% were in remission, as compared to 47% and 37% (P 
< 0.001 and P = 0.002, respectively)[51]. This suggests that 
earlier use of  TNFB may be better when looked from the 
perspective of  this relatively short term follow-up. But 
of  course, those persons started earlier on TNFBs might 
possibly have more total adverse events (AEs), because 
of  their potentially longer duration of  total exposure to 
drug.

Clearly, current guidelines must be respected. More 
data is necessary, but it looks promising that the early 
use of  TNFBs (or AZA) may provide outcome advan-
tages. If  this possibility becomes evidence based, then 
guidelines and clinical practice will need to change ap-
propriately.

ADVERSE EFFECTS
Anti-IFX antibodies
In some CD patients who develop secondary non-
response to TNFB, this may be due to the development 
of  neutralizing antibodies, what proportion of  patients 
on IFX or ADA develop antibodies to IFX (ATIs), or 
antibodies to ADA [antibodies to adalimumab (ATAs)]? 
In patients given scheduled IFX 5 mg/kg, 10%-16% 
develop ATI, whereas ATA occur in 0.04%-2.60%. Infu-
sion reactions with IFX are more common if  there are 
ATI (36%-50% with, and 21%-24% without ATI). Con-
current immunosuppressant (CI) therapy reduces ATI 
(63%-75% with concurrent AZA/MTX, vs 24%-43% 
with no concurrent AZA/MTX). This beneficial ef-
fect of  concurrent immunosuppressant on the rate of  
development of  ATI or ATA is most pronounced with 
episodic rather than with the scheduled use of  IFN. 
This is because the development of  ATIs is greater with 
episodic than with scheduled infusion of  5 mg/kg or 
10 mg/kg IFX: 30%, 10%, and 7%, respectively (P < 
0.001)[113]; 39% episodic vs 16% scheduled (P = 0.036)[128].

The presence of  ATI/ATA is of  clinical importance. 
In fact, there is a negative correlation between the con-
centration of  ATIs and the duration of  response to IFX 
(P < 0.001)[112]. Furthermore, the median ATI concentra-
tion was 15-fold higher in those with loss of  response 
to IFX than in those who maintained response (P < 
0.0001)[148]. 

The development of  ATAs is uncommon: in Classic
Ⅰ, the rate of  ATA formation at week 4 was 0.04%[149]. 
In Classic Ⅱ, 2.6% showed ATA[55]. The presence of  
ATA is also clinically important: there is a significant 
relationship between the presence of  ATAs and non-
response to ADA (OR = 12.7, 95%CI: 1.7-92.6, P = 
0.05)[83]. 

Protection against the development of  ATIs may be 
achieved with intravenous hydrocortisone premedication 
given immediately before each IFX infusion, with lower 
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Table 36  Sonic naive (no azathioprine, no tumor necrosis 
factor-α blockers) %

             Clinical remission, off steroids

AZA IFX AZA + IFX

26 wk  30  44          57
50 wk  24  35          46

 17  30          441

1AZA + IFX vs IFX (P = 0.55) or vs AZA (P ≤ 0.001). IFX: Infliximab; AZA: 
Azathioprine.
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median levels of  ATI[150]. However, in this study, even 
though ATIs were lower, the use of  hydrocortisone did 
not affect the rate of  infusion reactions or increase clini-
cal response. As noted previously, the major role of  con-
current immunosuppression with maintenance TNFB 
may be when TNFB is not given in the recommended 
scheduled manner. Therefore, due to higher rate of  ATI 
with episodic treatment, it is not a recommended route 
of  therapy.

Other adverse effects
When considering the safety of  TNFB, it is important 
to consider whether the TNFB was given with immuno-
suppressants or steroids, and for how long therapy was 
undertaken. In one study, steroid use in persons on IFX 
were the only independent risk factor for infections [or 
2.69 (95%CI: 1.18-6.12, P = 0.018)][151]. The overall rate 
of  AEs in IFX-treated patients is about 13%[77,111,151,152], 
which is not statistically significantly different from the 
19% AE rate quoted for non-IFX treated patients [OR 
= 1.33 (95%CI: 0.56-3.00, P = 0.45)][151].

In a case-controlled family practice, population-based 
retrospective study of  15 471 IBD patients followed for 
an average of  6.4 years, AZA did not increase the risk 
for solid organ cancer development (OR = 1.04, 95%CI: 
0.89-1.21), but the risk of  lymphoma was enhanced 
3.22-fold[153]. If  myelosuppression occurs with AZA in 
naive CD patients, it does so in the first 6 wk of  AZA 
therapy[154].

AE data has been collected from 10 TNFB random-
ized controlled trials in IBD [(five IFX[45,52-54,69], four 
ADA[55,56,85,93] and one with etanercept[31]). More AEs (se-
rious AEs, pharyngitis, urinary tract infection, injection 
site reaction or infection)] were reported with ADA vs 
placebo than IFX vs placebo (Table 37). From four ADA 
placebo-controlled trials[54-56,93], there was no difference 
between ADA and placebo in the percentage of  persons 
with overall AEs (77% vs 80%, P = 0.145). AEs that 
were more common in the ADA than the placebo group 

were pharyngitis (10% vs 6%, P = 0.047), injection site 
infection (4.9% vs 1.1%, P = 0.005), injection site reac-
tion (22% vs 12%, P = 0.003), arthralgia (10.4% vs 6.1%, 
P = 0.014) and urinary tract infection (5.0% vs 1.5%, P = 
0.017) (Table 37). Curiously, ADA had significantly fewer 
serious AEs than did placebo (6% vs 10%, P < 0.001), 
and the placebo group from one study had numerically 
more AEs than another placebo group (11% vs 18%, P 
= 0.065). 

The medium-term safety of  TNFB has been reviewed: 
In 21 studies enrolling 5356 CD patients, TNFBs did 
not increase the risk of  serious infection malignancy or 
death[3]. However, as cautioned by these authors, “definitive 
conclusions cannot be drawn because of  methodological 
limitations (safety analyses satisfied by concomitant ther-
apy were not performed in the individual studies”. Fortu-
nately, not all trials reported death as an outcome. In AC-
CENT Ⅰ[54], with IFX 5 mg/kg, two patients unfortunately 
died from sepsis and one from a myocardial infection.

The most common AEs with CER were upper re-
spiratory tract infection (20%), urinary tract infection 
(7%) and arthralgia (6%)[155]. From five IFX placebo-
controlled trials[52-54,78,156], there was no difference be-
tween IFX and placebo in the percentage of  persons 
with overall AEs (93% vs 95%, P = 0.355). The absolute 
serious AE was 7% higher in IFX vs the placebo groups 
(24% vs 17%, P = 0.019), and only sinusitis was reported 
more frequently in UC given IFX vs placebo (9% vs 5%, 
P = 0.04). Concomitant immunosuppression with main-
tenance IFX does not significantly extend the duration 
of  clinical response[111]. Nausea was the only AE which 
was more frequent in IFX than placebo (15% vs 7%, P < 
0.031), with a higher trend for pharyngitis (18.9% vs 2.8%, 
P = 0.056). Importantly, the increased role of  infections 
in CD or in CD patients on IFX may be from their con-
comitant use of  GCS[129,151]. 

Life-threatening side effects occur in 2%-5% of  per-
sons on IFX, with twice the rate of  sepsis, myelotoxicity 
or risk of  lymphoma as those on thiopurines[157]. How-
ever, IFX has been used by approximately one million 
persons worldwide. As a class, the main complications 
of  TNFBs are infections, lymphoproliferative disorders 
and malignancy[158]. As well, neurological, dermatological, 
autoimmune and cardiac complications commonly occur 
with these agents (Table 37). Deaths have been reported 
in persons using TNFB. The risk of  sepsis, malignancies 
and myelosuppression is higher if  AZA/MTX is given 
with TNFB. For example[159], the risk of  opportunistic 
infections is increased with TNFB (OR = 4.4), and is in-
creased much more if  two or more immunosuppressants 
and used (OR = 12.9).

It is recommended that the complete blood count 
(CBC) be performed at 1 wk, 2 wk, 3 wk, 4 wk, 6 wk and 
8 wk after starting AZA therapy, and then to continue a 
monthly CBC thereafter. During the first 8 wk of  AZA 
therapy, the risk of  leucopenia (white blood cell, < 1.0 × 
109/L), neutropenia (platelet-neutrophil complexes, < 1.0 
× 109/L), and thrombocytopenia (platelet count, < 20 × 
109/L) were 0.3%, 1.0% and 0.2%, respectively[154]. For 
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Table 37  Adverse effects for infliximab and adalimumab1

IFX ADA

All AEs - -
Serious AEs -6.6 -4.72

Nausea +7.93 +2.4
Pharyngitis +16.1 +3.72

Injection site infection - +3.82

Injection site reaction - +10.52

Arthralgias - +4.32

Urinary tract infections - +3.52

1The rates are shown as the percentage differences in the rates of AEs in 
tumor necrosis factor-α blocker minus placebo groups. AEs are shown, with 
the increased (+) or decreased (-) difference from placebo. Note that the 
duration of follow-up observation varied between study, and has not been 
standardized here (e.g., per 100 treatment years); 2The statistically significant 
or trends: (1) Note that the rates of all AEs as well as serious AEs were lower 
than in the placebo groups; and (2) Serious AEs include lymphoma and 
other cancers; 3Significant difference. IFX: Infliximab; ADA: Adalimumab; 
AEs: Adverse effects.
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treatment intervals of  greater than 26 wk, these hemato-
logical risks were 0.2%, 1.1% and 0.1%.

IBD patients, including those on GCS and AZA/
MTX, have an increased risk of  TB (RR = 2.36, 95%CI: 
1.17-4.74). TB reactivation is an accepted risk of  TNFBs, 
with the RR for reactivation 2-20 times that of  the general 
population[160,161]. In high-risk areas, IBD patients who are 
scheduled to be placed on TNFBs must be screened for 
histoplasmosis and coccidiomycosis[162].

Some authors suggest that CD itself, in the absence 
of  the use of  AZA/MTX/TNFB, does not have an 
increased risk for the development of  lymphoma[163]. 
Others would argue that CD itself  does carry a small 
increased risk. However, these drugs used to treat CD 
certainly are associated with as much as a 4-fold in-
creased risk of  the development of  lymphoma[157]. And 
yet, in the Treat registry of  IBD patients, the incidence 
of  malignancies was 0.53 per 100 patient years in the 
IFX group and 0.49 in the non-IFX group[164]. A small 
number of  adolescents with CD on IFX and thiopurines 
have been reported as developing hepatosplenic T-cell 
lymphoma[165]. This consensus is that the concurrent use 
of  both AZA/MTX plus TNFB should not be used in 
non-adults. 

ECONOMIC EVALUATION
Within the context of  an economic evaluation, there are 
several special considerations: (1) Safety (immunizations 
complete, no TB, no personal/ or family history or demy-
elation disorders; (2) Perhaps early after the diagnosis of  
IBD has been made; (3) Perhaps in those with predictors 
of  likely response to TNFB; (4) About 1/3 of  persons 
treated with IFX, ADA and CZP will have a primary 
failure; (5) Use same TNFB in higher dose or same dose 
more frequently or, switch to another TNFB; (6) With a 
secondary failure, the initial response to another TNFB is 
lower; and (7) Exclude concurrent infection/abscess as a 
reason for “failed” effect on luminal inflammation.

Anti-TNF therapy is expensive. While there are re-
ductions in all areas of  disease-related resource use fol-
lowing IFX therapy, in the United Kingdom, this was 
not sufficient to cover the cost of  TNFB therapy[166]. 
Future studies of  these pharmacoeconomic issues will 
also need to include considerations on indirect cost-sav-
ings and changes in the quality of  life[167]. A cost-utility 
analysis was determines as a part of  the CADTH report, 
giving cost per QALY. The cost of  usual standard of  
care (SOC) was $17 107, that for ADA was $45 480, and 
for IFX $54 084. The QALY for SOC was 2.555, and 
the value for ADA and IFX were only slightly higher 
at 2.701 and 2.721, respectively. This resulted in ICUR 
of  $193 305 and $222 955 for ADA and IFX, respec-
tively. When comparing IFX with ADA for the ICUR 
efficiency using a five-year time horizon, the values were 
$193 305 vs $451 165. These cost efficiencies of  IFX vs 
ADA were not so much due to variations in the values 
of  their QALY, but rather to higher initial remission and 
response rates with IFX including with fistulizing CD, 

lower relapse rates with ADA, and higher remission rates 
amongst the patients who stopped responding to initial 
IFX and were switched to ADA[72,108]. It is important to 
stress that this comment is based on very preliminary 
data. From an economic perspective, it is preferential to 
switch an IFX non-responder to ADA, rather to increase 
the dose from 5 mg/kg to 10 mg/kg. There is insuf-
ficient evidence of  the use of  treating an IFX non-re-
sponder to a reduced dose interval. Also, the lower rates 
of  hospitalization and need for IBD-related surgery in 
the TNFB groups was partly offset by the higher drug 
costs. The true economic impacts of  SOC vs TNFBs will 
depend upon longer term data.

For interest, the cost of  usual care for UC patients 
was $24 268 and the QALY was 2.015. For a strategy of  
IFX 5 mg/kg every 8 wk for maintenance, and for those 
who do not respond to IFX or lose the initial benefit, 
the patient is switched to ADA. This escalated the cost 
to $82 756 and is associated with a very small increase in 
QALY from 2.015 to 2.178. For an incremental QALY 
of  0.163, the ICUR was an astounding $308 088. In 
contrast, an economic evaluation in the United King-
dom gave a more favourable ICUR for IFX of  about 
$70 000 (using the 2008 currency exchange rate). While 
there are other economic evaluations of  TNFB[168-170], 
the CADTH study is the first to compare the initiation 
and maintenance therapy costs of  IFX and ADA. The 
authors of  the CADTH review suggested, with regards 
to the economics of  the use of  TNFBs, that “...the 
incremental cost-effectiveness in managing this IBD 
patient population may not be perceived as favourable 
for anti-TNFα drugs compared with usual care without 
these drugs. This finding was supported by deterministic 
sensitivity analysis and probabilistic sensitivity analysis”.

Over the past four years (2006 to 2010), and based 
on acceptable incidence and prevalence estimates of  
CD and UC[2], the number of  IBD patients has risen 
by about 5% (1% per year), yet between 2006 to 2008, 
the annualized increases in public spending on IFX and 
ADA in IBD have risen 25% and 18%, respectively. 
There is no evidence that over the past five years there 
has been a marked increase in the number of  IBD suf-
ferers who have suddenly developed severe or non-
responsive disease. This 5-fold greater use in TNFBs as 
compared with the increase in the number of  sufferers 
may reflect the wider dissemination and acceptance of  
TNFB guidelines, or may be the result of  inappropriate 
over usage. 

The economic analysis of  the health services impact 
suggest that “…Adalimumab and IFX for the treatment 
of  IBD may not be perceived to be a cost-effective use 
of  health care resources”[51]. There are no head-to-head 
trials comparing standard-of-care vs anti-TNF therapy. 
What do TNFBs add to the annual cost of  care of  every 
IBD patient in Canada? “Based on trends in expendi-
tures over the past three years, total public expenditures 
on anti-TNFs for IBD are projected to be $94 832 652 
in fiscal year 2010-2011. The estimated annual drug costs 
for IBD patients who are on maintenance therapy with 
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anti-TNF drugs vary from $23 000 to $38 000[159]. Simi-
lar benefits of  IFX on rate of  hospitalization, surgery 
and procedures were described in the Accent Ⅰ and Ⅱ 
trails[54,164].

This reduction in health serious utilization could be 
partially offset by the high cost of  biologics, so that cost 
effectiveness and cost-utility analysis are necessary. A 
UK cost utility analysis reported that maintenance treat-
ment with IFX every 8 wk was cost-effective for patients 
with luminal and fistula CD[171]. For example, for luminal 
CD, an incremental cost per QALY gained for IFX was 
£26 128 (using the exchange rate at the time of  publica-
tion of  this paper, this equates to approximately $70 000 
Cdn). However, the use of  QALY for the measurement 
of  cost-effectiveness is of  questionable value for dis-
eases such as IBD, which have a young patient base and 
low mortality rate but high morbidity[167]. Also, indirect 
costs are high in persons with IBD: In Sweden or Scot-
land, about two thirds of  the costs are indirect[172,173], and 
in the Accent Ⅰ trial of  IFX, about half  the patients at 
baseline were not employed[54]. Because of  this the result 
of  studies of  cost-effectiveness and cost-utility need to 
be challenged, since direct costs are often not taken into 
consideration[174].

To quote from the report of  Canadian Agency of  
Drugs and Technologies in Health[51], “Using cost-utility 
analysis cost per QALY allows for the incorporation of  
quality-of-life impact of  clinical effects of  CD treatment 
strategies…” and “allow for comparison with evaluation 
of  disease area that use this outcome.” The incremental 
cost-utility ratio for ADA and IFX, compared with usual 
care, was $193 305 and $451 165, respectively[51]. “….IFX 
and ADA have proven clinical benefit when compared 
to placebo, the primary and secondary non-response 
rates are high, the therapeutic gain is small, and…”[51] 
the costs associated with these treatments could be per-
ceived as high. Furthermore, based on incremental cost 
utility findings from our primary economic evaluations. 
Adalimumab and IFX for the treatment of  IBD may not 
be perceived to be a cost effective use of  health care re-
sources”[51] (Table 38).

CONCLUSION
The results of  these and the recent meta-analyses may 
differ because of  “.... a less contemporaneous search 
data, the inclusion of  non-FDA-approved therapies in 
the analysis, and different time points for data extraction, 
which were not the primary end points of  the included 
trials”[61].

In persons with luminal CD who have failed treat-
ment with first and second-line agents or who are cor-
ticosteroid dependent, for induction of  remission of  
active luminal CD, “IFX, natalizumab, and adalimumab 
appear to have the most evidence for their use, although 
the latter two therapies performed only moderately in 
this setting”[61].

“The most marked effect of  biological therapies was 
in preventing relapse of  luminal CD once remission had 
been achieved, with a NNT of  only 4. This benefit was 
observed for both IFX and certolizumab, but not for 
adalimumab”[61].

“In terms of  fistulizing CD, there is less evidence for 
the use of  biological therapies, though there was a clear 
beneficial effect when only IFX was studied, although in 
one trial, and when only RCTs with follow-up in excess 
of  4 wk were considered in the analysis. There was also 
a benefit in favour of  biological therapies over placebo 
when only studies that reported fistula healing in the 
longer term were included in the analysis.”

“In preventing recrudescence of  fistula, there was 
only one RCT reporting on this end point, which dem-
onstrated that IFX was superior to placebo. Although 
concerns about adverse events, arising from the long-
term use of  these drugs is understandable, the data from 
the RCTs included in this meta-analysis did not demon-
strate any increase in overall adverse events, or serious 
adverse events, with use for up to 1 year.”

“Clinical trials for the three anti-TNFα agents ap-
proved for CD or UC have used different end point 
criteria and response time, in addition to the different 
modes of  administration. Interpretations of  these differ-
ences and their overall clinical relevance remain contro-
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Table 38  Some of the important anti-tumor necrosis factor studies still to be reported

Direct head-to-head comparisons of various anti-TNFs
Further evidence that treating with anti-TNFs earlier after the diagnosis of CD is better
Further clarification of the role of using scheduled anti-TNF therapy without concomitant AZA/MTX
Head-to-head trials comparing the effectiveness of IFX, ADA, and CER peg with conventional therapy in refractory CD (other than newly diagnosed 
and treatment naive patients)
Long-term safety
Evidence for efficacy of switch from ADA → IFX for ADA secondary loss of response
Optimal therapy for anti-TNF therapy primary non-responders
The comparison of standard-of-care vs anti-TNF therapy for maintenance therapy in UC
Are physicians correctly distinguishing mild from moderate or severe CD?
What is the profile of the patient who is most likely to respond? Are they genotypic or phenotypic characteristics?
When is the optimal time in the course of the patient’s illness to begin anti-TNF therapy? 

TNF: Tumor necrosis factor; CD: Crohn's disease; AZA: Azathioprine; MTX: Methotrexate; IFX: Infliximab; ADA: Adalimumab; CER: Certolizumab; UC: 
Ulcerative colitis.
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versial.”
“The efficacy of  anti-TNFα is limited. A total of  

20%-30% of  patients with refractory CD and roughly 
40% of  patients with refractory UC do not respond to 
anti-TNFα treatment and are defined as primary fail-
ures.” 

“Long-term therapy with biologics is associated with 
significant loss of  response (up to 40%).”

“TNFBs represent a major advancement in the man-
agement of  carefully selected patients with IBD, such 
as those with active fistulizing CD and active CD not 
responding to adequate doses of  steroids and/or immu-
nosuppressants. It is important to give these agents for 
an adequate duration before declaring failure of  treat-
ment. The specific time period of  use is unknown, but 
it includes side effects to any medications or failure to 
achieve remission of  disease.”

It must be appreciated that in most TNFB studies, 
there is a run-in interval, and the initially approximately 
30% non-responsive patients may be excluded from the 
find reporting of  response rates; the methodology for 
the statistical analysis of  each study must be carefully 
considered.

There is insufficient current evidence to support 
“top-down” TNFB therapy (starting early in the course 
of  the patient’s disease with TNFBs rather than the SOC 
progression to steroids and immunosuppressants. 

The use of  mucosal healing as an endpoint of  suc-
cessful therapy, rather than clinical response, has not 
been proven.

The initial response rate of  fistulizing CD for induc-
tion may be higher with IFX than ADA, but longer term 
maintenance with ADA may be superior to IFX.

There are wide ranges in the reported rates of  minor 
or severe adverse effects in short-term users of  TNFBs. 
The increased risk of  serious infection, lymphoma and 
cervical dysplasia may be as much related to the concur-
rent use of  immunosuppressants (AZA/MTX) with 
TNFBs, as the TNFBs themselves. The longer term risk 
of  TNFBs remains to be established.

It remains controversial whether immunosuppres-
sants (AZA/MTX) should be used concurrently with 
TNFBs when starting TNFBs for induction therapy or 
continuing TNFBs for maintenance of  remission. For 
now the international guidelines recommended using 
both immunomodulators and TNFB for induction of  
remission and mucosal healing. As well, combination 
therapy is preferred in moderate to severe CD as data 
shows reduced efficacy with single agent therapy (immu-
nomodulators or TNFB).

It is unknown if  TNFBs change the natural history 
of  IBD.

In the UC patient who is experiencing frequent clini-
cal recurrences while on 5-ASA, AZA or MTZ mainte-
nance therapy, or who is hospitalized for an acute epi-
sode of  their disease and fail to respond to Ⅳ steroids, 
it remains unclear whether Ⅳ cyclosporine followed by 
colectomy, AZA or IFX maintenance represent optimal 
therapy.

In persons with chronic continually or intermittently 
active UC or Crohn’s colitis, it is unknown if  colono-
scopic surveillance protocols need to be changed to off-
set any potential TNFB-associated alteration in the risk 
of  dysplasia.

When standard methods are used for economic eval-
uation, it is difficult to justify the use of  TNFBs, based 
on available clinical data.

Given that some persons with IBD require TNFBs 
because of  non-response to conventional therapies 
SOC, future research must solve the dilemma of  predict-
ing who will need TNFBs in the future who will be a 
TNFB primary or secondary non-responder, and who 
would benefit from early use of  TNFBs. Above all, the 
pathogenesis of  IBD needs to be identified in order than 
modifiable risk factors may be treated, and the diseases 
eventually may be prevented and cured.

The estimated 2010 expenditure on TNFBs is over 
$10 million (CDN), and a per IBD patient TNFB cost of  
$19 412 is higher than the estimated annual cost for stan-
dard of  care of  $17 107 for CD and $24 268 for UC.

“Making recommendations requiring TNFBs about 
anti-TNFα therapies based on less-than-conclusive sci-
entific evidence has ethical implications for physicians...” 
(CADTH, 2009, page 60). 

REFERENCES
1 Aggarwal BB. Signalling pathways of the TNF superfamily: 

a double-edged sword. Nat Rev Immunol 2003; 3: 745-756
2 Bernstein CN, Wajda A, Svenson LW, MacKenzie A, Koe-

hoorn M, Jackson M, Fedorak R, Israel D, Blanchard JF. The 
epidemiology of inflammatory bowel disease in Canada: 
a population-based study. Am J Gastroenterol 2006; 101: 
1559-1568

3 Peyrin-Biroulet L, Deltenre P, de Suray N, Branche J, Sand-
born WJ, Colombel JF. Efficacy and safety of tumor necro-
sis factor antagonists in Crohn’s disease: meta-analysis of 
placebo-controlled trials. Clin Gastroenterol Hepatol 2008; 6: 
644-653

4 Gommerman JL, Browning JL. Lymphotoxin/light, lym-
phoid microenvironments and autoimmune disease. Nat 
Rev Immunol 2003; 3: 642-655

5 Schottelius AJ, Moldawer LL, Dinarello CA, Asadullah K, 
Sterry W, Edwards CK. Biology of tumor necrosis factor-α- 
implications for psoriasis. Exp Dermatol 2004; 13: 193-222

6 Hehlgans T, Pfeffer K. The intriguing biology of the tumour 
necrosis factor/tumour necrosis factor receptor superfam-
ily: players, rules and the games. Immunology 2005; 115: 1-20 

7 Kollias G. TNF pathophysiology in murine models of 
chronic inflammation and autoimmunity. Semin Arthritis 
Rheum 2005; 34: 3-6

8 Ware CF. Network communications: lymphotoxins, LIGHT, 
and TNF. Annu Rev Immunol 2005; 23: 787-819

9 Aloisi F, Pujol-Borrell R. Lymphoid neogenesis in chronic 
inflammatory diseases. Nat Rev Immunol 2006; 6: 205-217 

10 Feldmann M, Pusey CD. Is there a role for TNF-α in anti-
neutrophil cytoplasmic antibody-associated vasculitis? 
Lessons from other chronic inflammatory diseases. J Am Soc 
Nephrol 2006; 17: 1243-1252

11 Reimund JM, Wittersheim C, Dumont S, Muller CD, Ken-
ney JS, Baumann R, Poindron P, Duclos B. Increased pro-
duction of tumour necrosis factor-α interleukin-1 beta, and 
interleukin-6 by morphologically normal intestinal biopsies 
from patients with Crohn’s disease. Gut 1996; 39: 684-689

4848 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



12 Breese EJ, Michie CA, Nicholls SW, Murch SH, Williams 
CB, Domizio P, Walker-Smith JA, MacDonald TT. Tumor 
necrosis factor α-producing cells in the intestinal mucosa of 
children with inflammatory bowel disease. Gastroenterology 
1994; 106: 1455-1466

13 Komatsu M, Kobayashi D, Saito K, Furuya D, Yagihashi A, 
Araake H, Tsuji N, Sakamaki S, Niitsu Y, Watanabe N. Tu-
mor necrosis factor-α in serum of patients with inflammato-
ry bowel disease as measured by a highly sensitive immuno-
PCR. Clin Chem 2001; 47: 1297-1301

14 Eissner G, Kirchner S, Lindner H, Kolch W, Janosch P, Grell 
M, Scheurich P, Andreesen R, Holler E. Reverse signaling 
through transmembrane TNF confers resistance to lipopoly-
saccharide in human monocytes and macrophages. J Immu-
nol 2000; 164: 6193-6198

15 Ringheanu M, Daum F, Markowitz J, Levine J, Katz S, Lin X, 
Silver J. Effects of infliximab on apoptosis and reverse signal-
ing of monocytes from healthy individuals and patients with 
Crohn’s disease. Inflamm Bowel Dis 2004; 10: 801-810

16 Xin L, Wang J, Zhang H, Shi W, Yu M, Li Q, Jiang X, Gong F, 
Gardner K, Li QQ, Li Z. Dual regulation of soluble tumor ne-
crosis factor-α induced activation of human monocytic cells 
via modulating transmembrane TNF-α-mediated ‘reverse 
signaling’. Int J Mol Med 2006; 18: 885-892 

17 Shealy DJ, Visvanathan S. Anti-TNF antibodies: lessons 
from the past, roadmap for the future. Handb Exp Pharmacol 
2008: 101-129

18 Tracey D, Klareskog L, Sasso EH, Salfeld JG, Tak PP. Tumor 
necrosis factor antagonist mechanisms of action: a compre-
hensive review. Pharmacol Ther 2008; 117: 244-279

19 Friedmann E, Hauben E, Maylandt K, Schleeger S, Vreugde S, 
Lichtenthaler SF, Kuhn PH, Stauffer D, Rovelli G, Martoglio 
B. SPPL2a and SPPL2b promote intramembrane proteolysis 
of TNFα in activated dendritic cells to trigger IL-12 produc-
tion. Nat Cell Biol 2006; 8: 843-848

20 Valencia X, Stephens G, Goldbach-Mansky R, Wilson M, 
Shevach EM, Lipsky PE. TNF downmodulates the function 
of human CD4+CD25hi T-regulatory cells. Blood 2006; 108: 
253-261

21 Maurice MM, van der Graaff WL, Leow A, Breedveld FC, 
van Lier RA, Verweij CL. Treatment with monoclonal anti-
tumor necrosis factor α antibody results in an accumulation 
of Th1 CD4+ T cells in the peripheral blood of patients with 
rheumatoid arthritis. Arthritis Rheum 1999; 42: 2166-2173

22 Tak PP. Effects of infliximab treatment on rheumatoid syno-
vial tissue. J Rheumatol Suppl 2005; 74: 31-34

23 Monastra G, Cabrelle A, Zambon A, Rosato A, Macino B, 
Collavo D, Zanovello P. Membrane form of TNF α induces 
both cell lysis and apoptosis in susceptible target cells. Cell 
Immunol 1996; 171: 102-110

24 Louis E, El Ghoul Z, Vermeire S, Dall’Ozzo S, Rutgeerts P, 
Paintaud G, Belaiche J, De Vos M, Van Gossum A, Colombel 
JF, Watier H. Association between polymorphism in IgG Fc 
receptor IIIa coding gene and biological response to inflix-
imab in Crohn’s disease. Aliment Pharmacol Ther 2004; 19: 
511-519

25 Lügering A, Schmidt M, Lügering N, Pauels HG, Domschke 
W, Kucharzik T. Infliximab induces apoptosis in monocytes 
from patients with chronic active Crohn’s disease by using 
a caspase-dependent pathway. Gastroenterology 2001; 121: 
1145-1157

26 Di Sabatino A, Ciccocioppo R, Cinque B, Millimaggi D, 
Morera R, Ricevuti L, Cifone MG, Corazza GR. Defective 
mucosal T cell death is sustainably reverted by infliximab in 
a caspase dependent pathway in Crohn’s disease. Gut 2004; 
53: 70-77

27 Bendtzen K, Geborek P, Svenson M, Larsson L, Kapetanovic 
MC, Saxne T. Individualized monitoring of drug bioavail-
ability and immunogenicity in rheumatoid arthritis patients 
treated with the tumor necrosis factor α inhibitor infliximab. 

Arthritis Rheum 2006; 54: 3782-3789
28 Wolbink GJ, Vis M, Lems W, Voskuyl AE, de Groot E, 

Nurmohamed MT, Stapel S, Tak PP, Aarden L, Dijkmans B. 
Development of antiinfliximab antibodies and relationship 
to clinical response in patients with rheumatoid arthritis. Ar-
thritis Rheum 2006; 54: 711-715

29 Bartelds GM, Wijbrandts CA, Nurmohamed MT, Stapel 
S, Lems WF, Aarden L, Dijkmans BA, Tak PP, Wolbink GJ. 
Clinical response to adalimumab: relationship to anti-adali-
mumab antibodies and serum adalimumab concentrations 
in rheumatoid arthritis. Ann Rheum Dis 2007; 66: 921-926

30 Atzeni F, Sarzi-Puttini P, Dell’ Acqua D, de Portu S, Cecchini 
G, Cruini C, Carrabba M, Meroni PL. Adalimumab clinical 
efficacy is associated with rheumatoid factor and anti-cyclic 
citrullinated peptide antibody titer reduction: a one-year 
prospective study. Arthritis Res Ther 2006; 8: R3

31 Sandborn WJ, Hanauer SB, Katz S, Safdi M, Wolf DG, Baerg 
RD, Tremaine WJ, Johnson T, Diehl NN, Zinsmeister AR. 
Etanercept for active Crohn’s disease: a randomized, double-
blind, placebo-controlled trial. Gastroenterology 2001; 121: 
1088-1094

32 Nesbitt A, Fossati G, Bergin M, Stephens P, Stephens S, 
Foulkes R, Brown D, Robinson M, Bourne T. Mechanism of 
action of certolizumab pegol (CDP870): in vitro comparison 
with other anti-tumor necrosis factor α agents. Inflamm Bowel 
Dis 2007; 13: 1323-1332

33 Ghosh S. Therapeutic value of α-4 integrin blockade in in-
flammatory bowel disease: the role of natalizumab. Expert 
Opin Biol Ther 2003; 3: 995-1000

34 Ghosh S, Goldin E, Gordon FH, Malchow HA, Rask-Madsen 
J, Rutgeerts P, Vyhnálek P, Zádorová Z, Palmer T, Donoghue 
S. Natalizumab for active Crohn’s disease. N Engl J Med 
2003; 348: 24-32

35 Yousry TA, Major EO, Ryschkewitsch C, Fahle G, Fischer S, 
Hou J, Curfman B, Miszkiel K, Mueller-Lenke N, Sanchez E, 
Barkhof F, Radue EW, Jäger HR, Clifford DB. Evaluation of 
patients treated with natalizumab for progressive multifocal 
leukoencephalopathy. N Engl J Med 2006; 354: 924-933

36 Mahadevan U, Kane S, Sandborn WJ, Cohen RD, Hanson 
K, Terdiman JP, Binion DG. Intentional infliximab use dur-
ing pregnancy for induction or maintenance of remission in 
Crohn’s disease. Aliment Pharmacol Ther 2005; 21: 733-738

37 Schnitzler F, Fidder H, Ferrante M, Noman M, Arijs I, Van 
Assche G. Intentional treatment with infliximab during 
pregnancy in women with inflammatory bowel disease. Gut 
2007; 56: A24

38 Katz JA, Antoni C, Keenan GF, Smith DE, Jacobs SJ, Lichten-
stein GR. Outcome of pregnancy in women receiving inflix-
imab for the treatment of Crohn’s disease and rheumatoid 
arthritis. Am J Gastroenterol 2004; 99: 2385-2392

39 Vasiliauskas EA, Church JA, Silverman N, Barry M, Targan 
SR, Dubinsky MC. Case report: evidence for transplacental 
transfer of maternally administered infliximab to the new-
born. Clin Gastroenterol Hepatol 2006; 4: 1255-1258

40 Pache I, Rogler G, Felley C. TNF-α blockers in inflammatory 
bowel diseases: practical consensus recommendations and a 
user’s guide. Swiss Med Wkly 2009; 139: 278-287

41 Melmed GY, Ippoliti AF, Papadakis KA, Tran TT, Birt JL, 
Lee SK, Frenck RW, Targan SR, Vasiliauskas EA. Patients 
with inflammatory bowel disease are at risk for vaccine-
preventable illnesses. Am J Gastroenterol 2006; 101: 1834-1840 

42 Common Drug Review. CEDAC final recommendation and 
reasons for recommendation: plain language version. Hu-
mira (alalimumab-Abbott Laboratories Ltd.). Ottawa: Cana-
dian Agency for Drugs and Technologies in Health (CADTH); 
2008

43 Panaccione R, Fedorak RN, Aumais G, Bernstein CN, Bitton 
A, Croitoru K, Enns R, Feagan B, Fishman M, Greenberg G, 
Griffiths A, Marshall JK, Rasul I, Sadowski D, Seidman E, 
Steinhart H, Sutherland L, Walli E, Wild G, Williams CN, 

4849 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



Zachos M. Canadian Association of Gastroenterology Clini-
cal Practice Guidelines: the use of infliximab in Crohn’s dis-
ease. Can J Gastroenterol 2004; 18: 503-508

44 Schnitzler F, Fidder H, Ferrante M, Noman M, Arijs I, Van 
Assche G, Hoffman I, Van Steen K, Vermeire S, Rutgeerts 
P. Long-term outcome of treatment with infliximab in 614 
patients with Crohn’s disease: results from a single-centre 
cohort. Gut 2009; 58: 492-500

45 Sandborn WJ, Feagan BG, Hanauer SB, Lochs H, Löfberg R, 
Modigliani R, Present DH, Rutgeerts P, Schölmerich J, Stange 
EF, Sutherland LR. A review of activity indices and efficacy 
endpoints for clinical trials of medical therapy in adults with 
Crohn’s disease. Gastroenterology 2002; 122: 512-530

46 Cosnes J, Cattan S, Blain A, Beaugerie L, Carbonnel F, Parc 
R, Gendre JP. Long-term evolution of disease behavior of 
Crohn’s disease. Inflamm Bowel Dis 2002; 8: 244-250

47 Hyams J, Crandall W, Kugathasan S, Griffiths A, Olson A, 
Johanns J, Liu G, Travers S, Heuschkel R, Markowitz J, Co-
hen S, Winter H, Veereman-Wauters G, Ferry G, Baldassano 
R. Induction and maintenance infliximab therapy for the 
treatment of moderate-to-severe Crohn’s disease in children. 
Gastroenterology 2007; 132: 863-873; quiz 1165-1166

48 Kugathasan S. Prolonged duration of response to infliximab 
in early pediatric Crohn’s disease. J Pediatr Gastroenterol Nutr 
2001; 33 Suppl 1: S40-S43

49 Lionetti P, Bronzini F, Salvestrini C, Bascietto C, Canani RB, 
Dé Angelis GL, Guariso G, Martelossi S, Papadatou B, Bara-
bino A. Response to infliximab is related to disease duration 
in paediatric Crohn’s disease. Aliment Pharmacol Ther 2003; 
18: 425-431

50 Clark M, Colombel JF, Feagan BC, Fedorak RN, Hanauer 
SB, Kamm MA, Mayer L, Regueiro C, Rutgeerts P, Sandborn 
WJ, Sands BE, Schreiber S, Targan S, Travis S, Vermeire S. 
American gastroenterological association consensus devel-
opment conference on the use of biologics in the treatment of 
inflammatory bowel disease, June 21-23, 2006. Gastroenterol-
ogy 2007; 133: 312-339

51 Asassi N, Blackhouse G, Xie F, Gaebel K, Marshall J, Irvine 
EJ, Giacomini M, Robertson D, Campbell K, Hopkins R, Go-
eree R. Anti-TNF-α drugs for refractory inflammatory bowel 
disease: Clinical- and cost-effectiveness analyses. Ottawa: 
Canadian Agency for Drugs and Technologies in Health; 
2009 

52 Targan SR, Hanauer SB, van Deventer SJ, Mayer L, Present 
DH, Braakman T, DeWoody KL, Schaible TF, Rutgeerts PJ. 
A short-term study of chimeric monoclonal antibody cA2 to 
tumor necrosis factor α for Crohn’s disease. Crohn’s Disease 
cA2 Study Group. N Engl J Med 1997; 337: 1029-1035 

53 Lémann M, Mary JY, Duclos B, Veyrac M, Dupas JL, Delch-
ier JC, Laharie D, Moreau J, Cadiot G, Picon L, Bourreille 
A, Sobahni I, Colombel JF. Infliximab plus azathioprine for 
steroid-dependent Crohn’s disease patients: a randomized 
placebo-controlled trial. Gastroenterology 2006; 130: 1054-1061

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

55 Sandborn WJ, Hanauer SB, Rutgeerts P, Fedorak RN, Lukas 
M, MacIntosh DG, Panaccione R, Wolf D, Kent JD, Bittle B, 
Li J, Pollack PF. Adalimumab for maintenance treatment of 
Crohn’s disease: results of the CLASSIC II trial. Gut 2007; 56: 
1232-1239

56 Colombel JF, Sandborn WJ, Rutgeerts P, Enns R, Hanauer 
SB, Panaccione R, Schreiber S, Byczkowski D, Li J, Kent JD, 
Pollack PF. Adalimumab for maintenance of clinical re-
sponse and remission in patients with Crohn’s disease: the 
CHARM trial. Gastroenterology 2007; 132: 52-65

57 Schreiber S, Khaliq-Kareemi M, Lawrance IC, Thomsen OØ, 
Hanauer SB, McColm J, Bloomfield R, Sandborn WJ. Mainte-

nance therapy with certolizumab pegol for Crohn’s disease. 
N Engl J Med 2007; 357: 239-250

58 Akobeng AK, Zachos M. Tumour necrosis factor-α antibody 
for induction of remission in Crohn’s disease. Cochrane Data-
base Syst Rev 2004; (1): CD003574

59 Rahimi R, Nikfar S, Abdollahi M. Do anti-tumor necrosis 
factors induce response and remission in patients with acute 
refractory Crohn’s disease? A systematic meta-analysis of 
controlled clinical trials. Biomed Pharmacother 2007; 61: 75-80 

60 Shao LM, Chen MY, Cai JT. Meta-analysis: the efficacy and 
safety of certolizumab pegol in Crohn’s disease. Aliment 
Pharmacol Ther 2009; 29: 605-614

61 Ford AC, Bernstein CN, Khan KJ, Abreu MT, Marshall JK, 
Talley NJ, Moayyedi P. Glucocorticosteroid therapy in in-
flammatory bowel disease: systematic review and meta-
analysis. Am J Gastroenterol 2011; 106: 590-599; quiz 600

62 MacDonald JK, McDonald JW. Natalizumab for induction 
of remission in Crohn’s disease. Cochrane Database Syst Rev 
2007; (1): CD006097

63 Yanai H, Hanauer SB. Assessing response and loss of re-
sponse to biological therapies in IBD. Am J Gastroenterol 2011; 
106: 685-698

64 Faubion WA, Loftus EV, Harmsen WS, Zinsmeister AR, 
Sandborn WJ. The natural history of corticosteroid therapy 
for inflammatory bowel disease: a population-based study. 
Gastroenterology 2001; 121: 255-260

65 Velayos FS, Sandborn WJ. Positioning biologic therapy for 
Crohn’s disease and ulcerative colitis. Curr Gastroenterol Rep 
2007; 9: 521-527

66 Cosnes J, Nion-Larmurier I, Beaugerie L, Afchain P, Tiret E, 
Gendre JP. Impact of the increasing use of immunosuppres-
sants in Crohn’s disease on the need for intestinal surgery. 
Gut 2005; 54: 237-241

67 Akobeng AK. Crohn’s disease: current treatment options. 
Arch Dis Child 2008; 93: 787-792

68 Marshall JK. Review: azathioprine, infliximab, certolizumab, 
and adalimumab are effective for maintaining remission in 
Crohn’s disease. Evid Based Med 2008; 13: 115

69 Plevy S, Wu E, Yu A, Chao J, Mulani P. Infliximab dosage 
increase rate in patients with Crohn’s disease. American 
College of Gastroenterology 2008 Annual meeting; Orlando, 
Canada; 2008: 130

70 Sandborn WJ, Hanauer S, Loftus EV, Tremaine WJ, Kane S, 
Cohen R, Hanson K, Johnson T, Schmitt D, Jeche R. An open-
label study of the human anti-TNF monoclonal antibody 
adalimumab in subjects with prior loss of response or intol-
erance to infliximab for Crohn’s disease. Am J Gastroenterol 
2004; 99: 1984-1989

71 Hinojosa J, Gomollón F, García S, Bastida G, Cabriada JL, 
Saro C, Ceballos D, Peñate M, Gassull MA. Efficacy and 
safety of short-term adalimumab treatment in patients with 
active Crohn’s disease who lost response or showed intoler-
ance to infliximab: a prospective, open-label, multicentre 
trial. Aliment Pharmacol Ther 2007; 25: 409-418

72 Peyrin-Biroulet L, Laclotte C, Bigard MA. Adalimumab 
maintenance therapy for Crohn’s disease with intolerance 
or lost response to infliximab: an open-label study. Aliment 
Pharmacol Ther 2007; 25: 675-680

73 Regueiro M, Siemanowski B, Kip KE, Plevy S. Infliximab 
dose intensification in Crohn’s disease. Inflamm Bowel Dis 
2007; 13: 1093-1099

74 Rutgeerts P, Feagan BG, Lichtenstein GR, Mayer LF, Sch-
reiber S, Colombel JF, Rachmilewitz D, Wolf DC, Olson A, 
Bao W, Hanauer SB. Comparison of scheduled and episodic 
treatment strategies of infliximab in Crohn’s disease. Gastro-
enterology 2004; 126: 402-413

75 Present DH, Rutgeerts P, Targan S, Hanauer SB, Mayer L, 
van Hogezand RA, Podolsky DK, Sands BE, Braakman T, 
DeWoody KL, Schaible TF, van Deventer SJ. Infliximab for 
the treatment of fistulas in patients with Crohn’s disease. N 

4850 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



Engl J Med 1999; 340: 1398-1405
76 Menachem Y, Avidan B, Lavy A, Lang A, Bardan E, Fidder 

H, Bar-Meir S, Chowers Y. Increasing the infliximab dose is 
beneficial in Crohn’s disease patients who responded to a 
lower dose and relapsed. Digestion 2005; 72: 124-128

77 Schnitzler F, Fiddler M, Ferrante M, Norman G, Van Asche 
I, Hoffman S. Flexibility in interval and dosing of infliximab 
enables maintained response of patients with Crohn’s dis-
ease. Gastroenterology 2008; 134: A658

78 Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan 
BG, Fedorak RN, Kamm MA, Korzenik JR, Lashner BA, 
Onken JE, Rachmilewitz D, Rutgeerts P, Wild G, Wolf DC, 
Marsters PA, Travers SB, Blank MA, van Deventer SJ. Inflix-
imab maintenance therapy for fistulizing Crohn’s disease. N 
Engl J Med 2004; 350: 876-885

79 Karmiris K. A 3-week course of 80mg weekly administered 
adalimubab as a rescue therapy for patients with Crohn’
s disease who lost response to 40mg weekly: relationships 
with adalimubab trough serum levels. Gastroenterology 2008; 
134: A640

80 Sorrentino D, Paviotti A, Terrosu G, Avellini C, Geraci M, 
Zarifi D. Low-dose maintenance therapy with infliximab 
prevents postsurgical recurrence of Crohn’s disease. Clin 
Gastroenterol Hepatol 2010; 8: 591-599.e1; quiz e78-e79

81 Regueiro M, Schraut W, Baidoo L, Kip KE, Sepulveda AR, 
Pesci M, Harrison J, Plevy SE. Infliximab prevents Crohn’s 
disease recurrence after ileal resection. Gastroenterology 2009; 
136: 441-450.e1; quiz 716

82 Papadakis KA, Shaye OA, Vasiliauskas EA, Ippoliti A, 
Dubinsky MC, Birt J, Paavola J, Lee SK, Price J, Targan SR, 
Abreu MT. Safety and efficacy of adalimumab (D2E7) in 
Crohn’s disease patients with an attenuated response to inf-
liximab. Am J Gastroenterol 2005; 100: 75-79

83 West RL, Zelinkova Z, Wolbink G, Kuipers E, Stokkers PC, 
van der Woude CJ. Does immunogenecity play a role in 
Adalimumab treatment for Crohn’s disease? Gastroenterology 
2008; 134: A662

84 Lichtiger S, Binion DG, Wolf DC, Present DH, Bensimon 
AG, Wu E, Yu AP, Cardoso AT, Chao J, Mulani PM, Lomax 
KG, Kent JD. The CHOICE trial: adalimumab demonstrates 
safety, fistula healing, improved quality of life and increased 
work productivity in patients with Crohn’s disease who 
failed prior infliximab therapy. Aliment Pharmacol Ther 2010; 
32: 1228-1239

85 Rutgeerts PJ, Melilli LE, Li J, Pollack PF. Adalimumab main-
tains improvement in inflammatory bowel disease question-
naire (IBDQ) scores over 1 year following the initial attain-
ment of remission in patients with moderately to severely 
active Crohn’s disease: results of the CLASSIC II study [ab-
stract]. Gastroenterology 2006; 130: A479

86 Lichtenstein GR, Thomsen OØ, Schreiber S, Lawrance IC, 
Hanauer SB, Bloomfield R, Sandborn WJ. Continuous thera-
py with certolizumab pegol maintains remission of patients 
with Crohn’s disease for up to 18 months. Clin Gastroenterol 
Hepatol 2010; 8: 600-609

87 Hanauer SB, Panes J, Colombel JF, Bloomfield R, Schreiber 
S, Sandborn WJ. Clinical trial: impact of prior infliximab 
therapy on the clinical response to certolizumab pegol main-
tenance therapy for Crohn’s disease. Aliment Pharmacol Ther 
2010; 32: 384-393

88 Sandborn WJ, Abreu MT, D’Haens G, Colombel JF, Ver-
meire S, Mitchev K, Jamoul C, Fedorak RN, Spehlmann ME, 
Wolf DC, Lee S, Rutgeerts P. Certolizumab pegol in patients 
with moderate to severe Crohn’s disease and secondary fail-
ure to infliximab. Clin Gastroenterol Hepatol 2010; 8: 688-695.
e2

89 Feagan BG, Reilly MC, Gerlier L, Brabant Y, Brown M, 
Schreiber S. Clinical trial: the effects of certolizumab pegol 
therapy on work productivity in patients with moderate-
to-severe Crohn’s disease in the PRECiSE 2 study. Aliment 

Pharmacol Ther 2010; 31: 1276-1285
90 Schreiber S, Lawrance IC, Thomsen OØ, Hanauer SB, Bloom-

field R, Sandborn WJ. Randomised clinical trial: certolizumab 
pegol for fistulas in Crohn’s disease - subgroup results from 
a placebo-controlled study. Aliment Pharmacol Ther 2011; 33: 
185-193 

91 Schreiber S, Colombel JF, Bloomfield R, Nikolaus S, Schölm-
erich J, Panés J, Sandborn WJ. Increased response and remis-
sion rates in short-duration Crohn’s disease with subcutane-
ous certolizumab pegol: an analysis of PRECiSE 2 random-
ized maintenance trial data. Am J Gastroenterol 2010; 105: 
1574-1582

92 Ananthakrishnan AN, Binion DG. Editorial: improved effi-
cacy of biological maintenance therapy in “early” compared 
with “late” Crohn’s disease: strike while the iron is hot with 
anti-TNF agents? Am J Gastroenterol 2010; 105: 1583-1585

93 Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, Colombel 
JF, Panaccione R, D’Haens G, Li J, Rosenfeld MR, Kent JD, 
Pollack PF. Adalimumab induction therapy for Crohn dis-
ease previously treated with infliximab: a randomized trial. 
Ann Intern Med 2007; 146: 829-838

94 Karmiris K, Paintaud G, Noman M, Magdelaine-Beuzelin C, 
Ferrante M, Degenne D, Claes K, Coopman T, Van Schuer-
beek N, Van Assche G, Vermeire S, Rutgeerts P. Influence 
of trough serum levels and immunogenicity on long-term 
outcome of adalimumab therapy in Crohn’s disease. Gastro-
enterology 2009; 137: 1628-1640

95 Louis E, Belaiche J, Reenaers C. Anti-tumor necrosis factor 
nonresponders in Crohn’s disease: therapeutic strategies. 
Dig Dis 2009; 27: 351-357

96 Gisbert JP, Panés J. Loss of response and requirement of inf-
liximab dose intensification in Crohn’s disease: a review. Am 
J Gastroenterol 2009; 104: 760-767

97 Afif W, Loftus EV, Faubion WA, Kane SV, Bruining DH, 
Hanson KA, Sandborn WJ. Clinical utility of measuring inf-
liximab and human anti-chimeric antibody concentrations in 
patients with inflammatory bowel disease. Am J Gastroenterol 
2010; 105: 1133-1139

98 Sandborn WJ, Colombel J-F, Rutgeerts P, Pollack PF, Chao J, 
Mulani P. Benefits of Dosage Adjustment with Adalimumab 
in Cronh’s Disease: an Alaysis of the CHARM trial [abstract]. 
European Congress of the Crohn’s and Colitis Organisation 
2007; Innsbruck, Austria

99 Gonzaga JE, Ananthakrishnan AN, Issa M, Beaulieu DB, 
Skaros S, Zadvornova Y, Johnson K, Otterson MF, Binion 
DG. Durability of infliximab in Crohn’s disease: a single-
center experience. Inflamm Bowel Dis 2009; 15: 1837-1843 

100 Aeberhard P, Lichtenhahn P, Villiger P. [Current status of 
therapy for gastroduodenal ulcer]. Schweiz Med Wochenschr 
1990; 120: 467-475

101 Veronese FM, Mero A. The impact of PEGylation on biologi-
cal therapies. BioDrugs 2008; 22: 315-329

102 Colombel JF, Rutgeerts P, Reinisch W, Mantzaris GJ, Korn-
bluth A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond 
RH, Broussard D, Hegedus R, van der Woude CJ, Sandborn 
WJ. SONIC: a randomized, double-blind, controlled trial 
comparing infliximab and infliximab plus azathioprine to 
azathioprine in patients with Crohn’s disease nave to immu-
nomodulators and biologic therapy. J Crohns Colitis 2009; 3: 
S45-S46

103 Hyams JS, Lerer T, Griffiths A, Pfefferkorn M, Kugathasan 
S, Evans J, Otley A, Carvalho R, Mack D, Bousvaros A, Rosh 
J, Mamula P, Kay M, Crandall W, Oliva-Hemker M, Keljo D, 
LeLeiko N, Markowitz J. Long-term outcome of maintenance 
infliximab therapy in children with Crohn’s disease. Inflamm 
Bowel Dis 2009; 15: 816-822

104 Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A, 
Johanns J, Travers S, Rachmilewitz D, Hanauer SB, Lichten-
stein GR, de Villiers WJ, Present D, Sands BE, Colombel JF. 
Infliximab for induction and maintenance therapy for ulcer-

4851 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



ative colitis. N Engl J Med 2005; 353: 2462-2476
105 Lawlor G, Moss AC. Cause for controversy? Infliximab in 

the treatment of ulcerative colitis: an update. Clin Exp Gastro-
enterol 2009; 2: 149-161

106 Coteur G, Feagan B, Keininger DL, Kosinski M. Evaluation 
of the meaningfulness of health-related quality of life im-
provements as assessed by the SF-36 and the EQ-5D VAS in 
patients with active Crohn’s disease. Aliment Pharmacol Ther 
2009; 29: 1032-1041

107 Bourne T, Fossati G, Nesbitt A. A PEGylated Fab’ fragment 
against tumor necrosis factor for the treatment of Crohn dis-
ease: exploring a new mechanism of action. BioDrugs 2008; 
22: 331-337

108 Oussalah A, Laclotte C, Chevaux JB, Bensenane M, Babouri 
A, Serre AA, Boucekkine T, Roblin X, Bigard MA, Peyrin-
Biroulet L. Long-term outcome of adalimumab therapy for 
ulcerative colitis with intolerance or lost response to inf-
liximab: a single-centre experience. Aliment Pharmacol Ther 
2008; 28: 966-972

109 Korzenik JR. Investigational therapies in the medical man-
agement of Crohn’s disease. UpTo Date: Waltham (MA) 2007

110 D’Haens G, Baert F, van Assche G, Caenepeel P, Vergauwe 
P, Tuynman H, De Vos M, van Deventer S, Stitt L, Donner 
A, Vermeire S, Van de Mierop FJ, Coche JC, van der Woude 
J, Ochsenkühn T, van Bodegraven AA, Van Hootegem PP, 
Lambrecht GL, Mana F, Rutgeerts P, Feagan BG, Hommes D. 
Early combined immunosuppression or conventional man-
agement in patients with newly diagnosed Crohn’s disease: 
an open randomised trial. Lancet 2008; 371: 660-667

111 Teshima CW, Thompson A, Dhanoa L, Dieleman LA, Fedor-
ak RN. Long-term response rates to infliximab therapy for 
Crohn’s disease in an outpatient cohort. Can J Gastroenterol 
2009; 23: 348-352

112 Baert F, Noman M, Vermeire S, Van Assche G, D’ Haens G, 
Carbonez A, Rutgeerts P. Influence of immunogenicity on 
the long-term efficacy of infliximab in Crohn’s disease. N 
Engl J Med 2003; 348: 601-608

113 Hanauer SB, Wagner CL, Bala M, Mayer L, Travers S, Di-
amond RH, Olson A, Bao W, Rutgeerts P. Incidence and 
importance of antibody responses to infliximab after mainte-
nance or episodic treatment in Crohn’s disease. Clin Gastro-
enterol Hepatol 2004; 2: 542-553

114 Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Korn-
bluth A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond 
RH, Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P. 
Infliximab, azathioprine, or combination therapy for Crohn’s 
disease. N Engl J Med 2010; 362: 1383-1395

115 Feagan B, McDonald J, Panaccione R, Enns R, Bernstein C, 
Ponich T. A randomized trial of methotrexate in combina-
tion with infliximab for the treatment of Crohn’s disease. Gut 
2008; 57: A66

116 Van Assche G, Magdelaine-Beuzelin C, D’Haens G, Baert 
F, Noman M, Vermeire S, Ternant D, Watier H, Paintaud G, 
Rutgeerts P. Withdrawal of immunosuppression in Crohn’
s disease treated with scheduled infliximab maintenance: a 
randomized trial. Gastroenterology 2008; 134: 1861-1868 

117 Mantzaris GJ, Ployzou P, Karagiannidis A, Christidou A, 
Koilakou S, Tsounis D. A prospective, randomized trial of 
infliximab (IFX) and azathioprine (AZA) for the induction 
and maintenance of remission of steroid-dependant Crohn’s 
disease (CD) [abstract]. Gastroenterology 2004; 126: A54

118 Melmed GY, Spiegel BM, Bressler B, Cheifetz AS, Devlin 
SM, Harrell LE, Irving PM, Jones J, Kaplan GG, Kozuch PL, 
Velayos FS, Baidoo L, Sparrow MP, Siegel CA. The appropri-
ateness of concomitant immunomodulators with anti-tumor 
necrosis factor agents for Crohn’s disease: one size does not 
fit all. Clin Gastroenterol Hepatol 2010; 8: 655-659 

119 Vermeire S, Noman M, Van Assche G, Baert F, D’Haens G, 
Rutgeerts P. Effectiveness of concomitant immunosuppres-
sive therapy in suppressing the formation of antibodies to 

infliximab in Crohn’s disease. Gut 2007; 56: 1226-1231
120 Sandborn WJ, Rutgeerts PJ, Reinisch W, Mantzaris GJ, 

Kornbluth A. One Year Data from the Sonic Study: A Ran-
domized, Double-Blind Trial Comparing Infliximab and In-
fliximab Plus Azathioprine to Azathioprine in Patients with 
Crohn’s Disease Nave to Immunomodulators and Biologic 
Therapy. Presented at Digestive Disease Week 2009; Chi-
cago, Illinois: Abstract 751f

121 Moss AC, Kim KJ, Fernandez-Becker N, Cury D, Cheifetz 
AS. Impact of concomitant immunomodulator use on long-
term outcomes in patients receiving scheduled maintenance 
infliximab. Dig Dis Sci 2010; 55: 1413-1420

122 Siegel CA, Marden SM, Persing SM, Larson RJ, Sands BE. 
Risk of lymphoma associated with combination anti-tumor 
necrosis factor and immunomodulator therapy for the treat-
ment of Crohn’s disease: a meta-analysis. Clin Gastroenterol 
Hepatol 2009; 7: 874-881

123 Thai A, Prindiville T. Hepatosplenic T-cell lymphoma and 
inflammatory bowel disease. J Crohns Colitis 2010; 4: 511-522 

124 Diak P, Siegel J, La Grenade L, Choi L, Lemery S, McMa-
hon A. Tumor necrosis factor α blockers and malignancy in 
children: forty-eight cases reported to the Food and Drug 
Administration. Arthritis Rheum 2010; 62: 2517-2524

125 Lichtenstein GR, Diamond RH, Wagner CL, Fasanmade 
AA, Olson AD, Marano CW, Johanns J, Lang Y, Sandborn 
WJ. Clinical trial: benefits and risks of immunomodulators 
and maintenance infliximab for IBD-subgroup analyses 
across four randomized trials. Aliment Pharmacol Ther 2009; 
30: 210-226

126 Oussalah A, Chevaux JB, Fay R, Sandborn WJ, Bigard MA, 
Peyrin-Biroulet L. Predictors of infliximab failure after aza-
thioprine withdrawal in Crohn’s disease treated with combi-
nation therapy. Am J Gastroenterol 2010; 105: 1142-1149 

127 Enbrel®: e-CPS [database online]. Ottawa: Canadian Phar-
macists Association; 2007

128 Maser EA, Villela R, Silverberg MS, Greenberg GR. Asso-
ciation of trough serum infliximab to clinical outcome after 
scheduled maintenance treatment for Crohn’s disease. Clin 
Gastroenterol Hepatol 2006; 4: 1248-1254

129 Lichtenstein GR, Yan S, Bala M, Blank M, Sands BE. Inf-
liximab maintenance treatment reduces hospitalizations, 
surgeries, and procedures in fistulizing Crohn’s disease. Gas-
troenterology 2005; 128: 862-869

130 Sands B, Blank M, Marster P, van Deventer S. Long-term 
treatment of rectovaginal fistulas in Crohn’s disease: re-
sponse to infliximab in the ACCENT II trial [abstract]. Gas-
troenterology 2003; 124: A380

131 De Bie CI, Hummel TZ, Kindermann A, Kokke FT, Damen 
GM, Kneepkens CM, Van Rheenen PF, Schweizer JJ, Hoek-
stra JH, Norbruis OF, Tjon A Ten WE, Vreugdenhil AC, 
Deckers-Kocken JM, Gijsbers CF, Escher JC, De Ridder L. 
The duration of effect of infliximab maintenance treatment 
in paediatric Crohn’s disease is limited. Aliment Pharmacol 
Ther 2011; 33: 243-250

132 Waugh AW, Garg S, Matic K, Gramlich L, Wong C, Sad-
owski DC, Millan M, Bailey R, Todoruk D, Cherry R, Tes-
hima CW, Dieleman L, Fedorak RN. Maintenance of clinical 
benefit in Crohn’s disease patients after discontinuation of 
infliximab: long-term follow-up of a single centre cohort. Ali-
ment Pharmacol Ther 2010; 32: 1129-1134

133 Colombel JF, Cortot A, van Kruiningen HJ. Therapy update: 
Antibiotics in Crohn’s disease. Gut 2001; 48: 647

134 Panaccione R, Colombel JF, Sandborn WJ, Rutgeerts P, D’
Haens GR, Robinson AM, Chao J, Mulani PM, Pollack PF. 
Adalimumab sustains clinical remission and overall clinical 
benefit after 2 years of therapy for Crohn’s disease. Aliment 
Pharmacol Ther 2010; 31: 1296-1309

135 Breedveld FC, Weisman MH, Kavanaugh AF, Cohen SB, 
Pavelka K, van Vollenhoven R, Sharp J, Perez JL, Spencer-
Green GT. The PREMIER study: A multicenter, random-

4852 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



ized, double-blind clinical trial of combination therapy with 
adalimumab plus methotrexate versus methotrexate alone 
or adalimumab alone in patients with early, aggressive rheu-
matoid arthritis who had not had previous methotrexate 
treatment. Arthritis Rheum 2006; 54: 26-37

136 Cronstein BN. Low-dose methotrexate: a mainstay in the 
treatment of rheumatoid arthritis. Pharmacol Rev 2005; 57: 
163-172

137 Colombel JF, Rutgeerts P, Yan S, Bala M, Bao W, Olson A. 
Infliximab maintenance treatment results in lower hospital-
ization rate in Crohn’s disease patients [abstract]. Gastroen-
terology 2002; 122: A613

138 Nugent Z, Blanchard JF, Bernstein CN. A population-based 
study of health-care resource use among infliximab users. 
Am J Gastroenterol 2010; 105: 2009-2016

139 Van Assche G, Vermeire S, Rutgeerts P. The potential for 
disease modification in Crohn’s disease. Nat Rev Gastroen-
terol Hepatol 2010; 7: 79-85

140 D’Haens GR. Top-down therapy for IBD: rationale and req-
uisite evidence. Nat Rev Gastroenterol Hepatol 2010; 7: 86-92 

141 Järnerot G, Hertervig E, Friis-Liby I, Blomquist L, Karlén 
P, Grännö C, Vilien M, Ström M, Danielsson A, Verbaan H, 
Hellström PM, Magnuson A, Curman B. Infliximab as rescue 
therapy in severe to moderately severe ulcerative colitis: a 
randomized, placebo-controlled study. Gastroenterology 2005; 
128: 1805-1811

142 Gustavsson A, Jaenerot G, Hertervig E, Friis-Iiby I, Blomquist 
I, Karlen P. A 2-year follow-up of the Swedish-Danish Inflix-
imab/Placebo trial in steroid resistant acute ulcerative colitis 
[abstract]. Gastroenterology 2007; 132: A146-A147

143 Bressler B, Law JK, Al Nahdi Sheraisher N, Atkinson K, 
Byrne MF, Chung HV, Fishman M, Partovi N, Pearson D, 
Penner R, Enns RA. The use of infliximab for treatment of 
hospitalized patients with acute severe ulcerative colitis. Can 
J Gastroenterol 2008; 22: 937-940

144 Gies N, Kroeker KI, Wong K, Fedorak RN. Treatment of 
ulcerative colitis with adalimumab or infliximab: long-term 
follow-up of a single-centre cohort. Aliment Pharmacol Ther 
2010; 32: 522-528

145 Louis E, Collard A, Oger AF, Degroote E, Aboul Nasr El Yafi 
FA, Belaiche J. Behaviour of Crohn’s disease according to the 
Vienna classification: changing pattern over the course of the 
disease. Gut 2001; 49: 777-782

146 Khan KJ, Ullman TA, Ford AC, Abreu MT, Abadir A, 
Marshall JK, Talley NJ, Moayyedi P. Antibiotic therapy in 
inflammatory bowel disease: a systematic review and meta-
analysis. Am J Gastroenterol 2011; 106: 661-673

147 Baert F, Moortgat L, Van Assche G, Caenepeel P, Vergauwe 
P, De Vos M, Stokkers P, Hommes D, Rutgeerts P, Vermeire 
S, D’Haens G. Mucosal healing predicts sustained clinical 
remission in patients with early-stage Crohn’s disease. Gas-
troenterology 2010; 138: 463-468; quiz 463-468

148 Ainsworth MA, Bendtzen K, Brynskov J. Tumor necrosis 
factor-α binding capacity and anti-infliximab antibodies 
measured by fluid-phase radioimmunoassays as predictors 
of clinical efficacy of infliximab in Crohn’s disease. Am J Gas-
troenterol 2008; 103: 944-948

149 Hanauer SB, Sandborn WJ, Rutgeerts P, Fedorak RN, Lukas 
M, MacIntosh D, Panaccione R, Wolf D, Pollack P. Human 
anti-tumor necrosis factor monoclonal antibody (adalimum-
ab) in Crohn’s disease: the CLASSIC-I trial. Gastroenterology 
2006; 130: 323-333; quiz 591

150 Farrell RJ, Alsahli M, Jeen YT, Falchuk KR, Peppercorn MA, 
Michetti P. Intravenous hydrocortisone premedication re-
duces antibodies to infliximab in Crohn’s disease: a random-
ized controlled trial. Gastroenterology 2003; 124: 917-924 

151 Fidder H, Schnitzler F, Ferrante M, Noman M, Katsanos K, 
Segaert S, Henckaerts L, Van Assche G, Vermeire S, Rutg-
eerts P. Long-term safety of infliximab for the treatment of 
inflammatory bowel disease: a single-centre cohort study. 

Gut 2009; 58: 501-508 
152 Russo EA, Harris AW, Campbell S, Lindsay J, Hart A, Arebi 

N, Milestone A, Tsai HH, Walters J, Carpani M, Westaby D, 
Thillainayagam A, Bansi D, Ghosh S. Experience of main-
tenance infliximab therapy for refractory ulcerative colitis 
from six centres in England. Aliment Pharmacol Ther 2009; 29: 
308-314

153 Armstrong RG, West J, Card TR. Risk of cancer in inflamma-
tory bowel disease treated with azathioprine: a UK popula-
tion-based case-control study. Am J Gastroenterol 2010; 105: 
1604-1609

154 Lewis JD, Abramson O, Pascua M, Liu L, Asakura LM, Ve-
layos FS, Hutfless SM, Alison JE, Herrinton LJ. Timing of 
myelosuppression during thiopurine therapy for inflamma-
tory bowel disease: implications for monitoring recommen-
dations. Clin Gastroenterol Hepatol 2009; 7: 1195-1201; quiz 
1141-1142

155 Hussar DA. New drugs: Ciclesonide, certolizumab pegol, 
and bendamustine hydrochloride. J Am Pharm Assoc 2003; 
48: 557-561

156 Rutgeerts P, D’Haens G, Targan S, Vasiliauskas E, Hanauer 
SB, Present DH, Mayer L, Van Hogezand RA, Braakman T, 
DeWoody KL, Schaible TF, Van Deventer SJ. Efficacy and 
safety of retreatment with anti-tumor necrosis factor anti-
body (infliximab) to maintain remission in Crohn’s disease. 
Gastroenterology 1999; 117: 761-769

157 Kandiel A, Fraser AG, Korelitz BI, Brensinger C, Lewis JD. 
Increased risk of lymphoma among inflammatory bowel 
disease patients treated with azathioprine and 6-mercapto-
purine. Gut 2005; 54: 1121-1125

158 Beaugerie L, Brousse N, Bouvier AM, Colombel JF, Lémann 
M, Cosnes J, Hébuterne X, Cortot A, Bouhnik Y, Gendre JP, 
Simon T, Maynadié M, Hermine O, Faivre J, Carrat F. Lym-
phoproliferative disorders in patients receiving thiopurines 
for inflammatory bowel disease: a prospective observational 
cohort study. Lancet 2009; 374: 1617-1625

159 Ndegwa SL. Adalimumab for refractory Crohn’s disease 
and ulcerative colitis. Ottawa: Canadian Agency for Drugs 
and Technologies in Health (CADTH); 2007

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

161 Wallis RS, Broder M, Wong J, Lee A, Hoq L. Reactivation of 
latent granulomatous infections by infliximab. Clin Infect Dis 
2005; 41 Suppl 3: S194-S198

162 Shepela C. The safety of biologic agents in the treatment of 
inflammatory bowel disease. Minn Med 2008; 91: 42-45 

163 Jones JL, Loftus EV. Lymphoma risk in inflammatory bowel 
disease: is it the disease or its treatment? Inflamm Bowel Dis 
2007; 13: 1299-1307

164 Lichtenstein G, Cohen R, Feagan B, Sandborn W, Salzberg B, 
Chen D, Diamond R. Safety of infliximab in Crohn’s disease: 
data from 5000-patient TREAT registry. Medscape Confer-
ence Coverage, based on selected sessions at: Digestive Dis-
ease Week 2004; 2004 May 15-20; New Orleans, Louisiana

165 Mackey AC, Green L, Leptak C, Avigan M. Hepatosplenic 
T cell lymphoma associated with infliximab use in young 
patients treated for inflammatory bowel disease: update. J 
Pediatr Gastroenterol Nutr 2009; 48: 386-388

166 Sprakes MB, Ford AC, Suares NC, Warren L, Greer D, Don-
nellan CF, Jennings JS, Everett SM, Hamlin PJ. Costs of care 
for Crohn’s disease following the introduction of infliximab: 
a single-centre UK experience. Aliment Pharmacol Ther 2010; 
32: 1357-1363

167 Cohen RD. The pharmacoeconomics of biologic therapy for 
IBD. Nat Rev Gastroenterol Hepatol 2010; 7: 103-109

168 Wong JLH. Inflammatory Bowel Disease. Clinic Handbook: 

4853 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



gastroenterology. Abingdon, UK: Tayloy & Francis, 2002
169 Marshall JK, Blackhouse G, Goeree R, Brazier N, Irvine EJ, 

Faulkner L, Dipchand C, O’Brien B. Infliximab for the treat-
ment of Crohn’s disease: a systematic review and cost utility 
analysis. Ottawa: Canadian Coordinating Office for Health 
Technology Assessment; 2002

170 Dretzke J, Round J, Edlin R, Connock M, Hulme C, Czeczot 
J, Smith AF, McCabe C, Meads C. Use of tumour necrosis 
factor α (TNF α) inhibitors adalimumab and infliximab for 
Crohn’s disease. Birmingham UK: West Midlands Health 
Technology Assessment Collaboration; University of Bir-
mingham; 2008

171 Lindsay J, Punekar YS, Morris J, Chung-Faye G. Health-eco-
nomic analysis: cost-effectiveness of scheduled maintenance 
treatment with infliximab for Crohn’s disease--modelling 
outcomes in active luminal and fistulizing disease in adults. 
Aliment Pharmacol Ther 2008; 28: 76-87

172 Ferguson A. Ulcerative colitis and Crohn’s disease. BMJ 
1994; 309: 355-356

173 Blomqvist P, Ekbom A. Inflammatory bowel diseases: health 
care and costs in Sweden in 1994. Scand J Gastroenterol 1997; 
32: 1134-1139

174 Lewis JD, Brown A, Localio AR, Schwartz JS. Initial evalua-
tion of rectal bleeding in young persons: a cost-effectiveness 
analysis. Ann Intern Med 2002; 136: 99-110

175 Ebert EC, Das KM, Mehta V, Rezac C. Non-response to inflix-
imab may be due to innate neutralizing anti-tumour necrosis 
factor-α antibodies. Clin Exp Immunol 2008; 154: 325-331

176 Arijs I, Li K, Toedter G, Quintens R, Van Lommel L, Van 
Steen K, Leemans P, De Hertogh G, Lemaire K, Ferrante M, 
Schnitzler F, Thorrez L, Ma K, Song XY, Marano C, Van Ass-
che G, Vermeire S, Geboes K, Schuit F, Baribaud F, Rutgeerts 

P. Mucosal gene signatures to predict response to infliximab 
in patients with ulcerative colitis. Gut 2009; 58: 1612-1619

177 Hlavaty T, Pierik M, Henckaerts L, Ferrante M, Joossens S, 
van Schuerbeek N, Noman M, Rutgeerts P, Vermeire S. Poly-
morphisms in apoptosis genes predict response to infliximab 
therapy in luminal and fistulizing Crohn’s disease. Aliment 
Pharmacol Ther 2005; 22: 613-626

178 Wong M, Ziring D, Korin Y, Desai S, Kim S, Lin J, Gjertson 
D, Braun J, Reed E, Singh RR. TNFα blockade in human dis-
eases: mechanisms and future directions. Clin Immunol 2008; 
126: 121-136

179 Louis EJ, Watier HE, Schreiber S, Hampe J, Taillard F, Olson 
A, Thorne N, Zhang H, Colombel JF. Polymorphism in IgG 
Fc receptor gene FCGR3A and response to infliximab in 
Crohn’s disease: a subanalysis of the ACCENT I study. Phar-
macogenet Genomics 2006; 16: 911-914

180 Rubenstein JH, Chong RY, Cohen RD. Infliximab decreases 
resource use among patients with Crohn’s disease. J Clin 
Gastroenterol 2002; 35: 151-156

181 Harrison JR, Rubenstein JH, Leff AR, Cohen RD. A con-
trolled trial of the impact of infliximab upon health care uti-
lization, costs, and charges in patients with Crohn’s disease. 
Gastroenterology 2003; 124: A521

182 Rutgeerts P, D’Haens GR, Van Assche GA, Sandborn WJ, 
Wolf DC, Colombel JF, Reinisch W, Geboes K, Khan M, La-
zar A, Camez A, Pollack PF. 751e Adalimumab Induces and 
Maintains Mucosal Healing in Patients with Moderate to Se-
vere Ileocolonic Crohn’s Disease – First Results of the Extend 
Trial. Gastroenterology 2009; 136: A116

183 Frøslie KF, Jahnsen J, Moum BA, Vatn MH. Mucosal healing 
in inflammatory bowel disease: results from a Norwegian 
population-based cohort. Gastroenterology 2007; 133: 412-422

S- Editor  Gou SX    L- Editor  A    E- Editor  Zhang DN

4854 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Thomson ABR et al . TNF blockers in Crohn’s disease



Daniel Smyk, Eirini I Rigopoulou, Yoh Zen, Robin Daniel Abeles, Charalambos Billinis, Albert Pares, 
Dimitrios P Bogdanos

Role for mycobacterial infection in pathogenesis of primary 
biliary cirrhosis?

Daniel Smyk, Yoh Zen, Robin Daniel Abeles, Dimitrios P 
Bogdanos, Institute of Liver Studies and Liver Unit, King’s Col-
lege London School of Medicine at King’s College Hospital and 
Kings College Hospital NHS Trust Foundation Trust, London 
SE5 9RS, United Kingdom
Eirini I Rigopoulou, Dimitrios P Bogdanos, Department of 
Medicine, University Hospital of Larissa, University of Thessaly 
Medical School, Biopolis, Larissa 41110, Greece
Eirini I Rigopoulou, Institute of Biomedical Research and Tech-
nology (BIOMED), CERETETH, Larissa 41222, Greece
Charalambos Billinis, Faculty of Veterinary Medicine, Univer-
sity of Thessaly, Karditsa 43100, Greece
Albert Pares, Liver Unit, Digestive Diseases Institute, Hospital 
Clínic, IDIBAPS, CIBEREHD, University of Barcelona, Barce-
lona 08036, Spain
Author contributions: Bogdanos DP and Rigopoulou EI con-
ceived the idea for writing a review on this topic; Smyk D wrote 
the first draft of the manuscript; Smyk D and Bogdanos DP wrote 
the subsequent drafts of the manuscripts, although all authors 
contributed; Zen Y prepared and provided the histological pic-
tures; all authors were responsible for reviewing the manuscript; 
all authors have read and approved the final manuscript.
Correspondence to: Dimitrios P Bogdanos, MD, PhD, In-
stitute of Liver Studies and Liver Unit, King’s College London 
School of Medicine at King’s College Hospital and Kings Col-
lege Hospital NHS Trust Foundation Trust, Denmark Hill Cam-
pus, SE5 9RS London, 
United Kingdom. dimitrios.bogdanos@kcl.ac.uk
Telephone: +44-20-32993397  Fax: +44-20-32993397
Received: June 18, 2011           Revised: April 16, 2012 
Accepted: May 6, 2012 
Published online: September 21, 2012 

Abstract
Primary biliary cirrhosis (PBC) is a progressive cho-
lestatic liver disease characterized by the immune-
mediated destruction of biliary epithelial cells in small 
intrahepatic bile ducts. The disease is characterized by 

circulating antimitochondrial antibodies (AMAs) as well 
as disease-specific antinuclear antibodies, cholestatic 
liver function tests, and characteristic histological fea-
tures, including granulomas. A variety of organisms are 
involved in granuloma formation, of which mycobacte-
ria are the most commonly associated. This has led to 
the hypothesis that mycobacteria may be involved in 
the pathogenesis of PBC, along with other infectious 
agents. Additionally, AMAs are found in a subgroup 
of patients with mycobacterial infections, such as lep-
rosy and pulmonary tuberculosis. Antibodies against 
species-specific mycobacterial proteins have been re-
ported in patients with PBC, but it is not clear whether 
these antibodies are specific for the disease. In addi-
tion, data in support of the involvement of the role of 
molecular mimicry between mycobacterial and human 
mitochondrial antigens as triggers of cross-reactive im-
mune responses leading to the loss of immunological 
tolerance, and the induction of pathological features 
have been published. Thus, antibodies against myco-
bacterial heat shock protein appear to cross-recognize 
AMA-specific autoantigens, but it is not clear whether 
these autoantibodies are mycobacterium-species-spe-
cific, and whether they are pathogenic or incidental. 
The view that mycobacteria are infectious triggers of 
PBC is intriguing, but the data provided so far are not 
conclusive.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Primary biliary cirrhosis (PBC) is a chronic cholestatic, 
autoimmune liver disease characterized by inflammatory 
destruction of  the small intrahepatic bile ducts, fibrosis 
progressing to cirrhosis[1-5], and subsequent liver fail-
ure[6,7]. PBC primarily affects middle-aged women, with 
an increased incidence within families[2,8,9]. The prevalence 
of  the disease is estimated to be less than 1/2000[10]. 
Despite the variance noted amongst countries/ethnic 
groups, there is a notion that the incidence of  the disease 
is increasing[10-13]. 

Several autoantibody profiles have been found to 
be specific for the disease[14], and aid in the diagnostic 
workup of  PBC. These include antimitochondrial anti-
bodies (AMAs)[15-19], and/or disease-specific antinuclear 
antibodies (ANAs)[20-22], which are found in both symp-
tomatic and asymptomatic patients[23]. Most common 
symptoms at presentation are nonspecific and include 
fatigue, pruritus, Sicca symptomatology and arthralgia. 
In more severe cases, symptoms relate to portal hyper-
tension and hepatic decompensation (jaundice, ascites or 
variceal bleeding), which may indicate the need for liver 
transplantation[2,5,24]. The progression of  PBC is gener-
ally slow and unpredictable[6,24]. 

The diagnosis of  PBC is based on the presence of  
serum AMA, biochemical markers of  cholestasis and his-
tological features on liver biopsy[2]. The diagnosis of  PBC 
is likely when at least two of  these criteria are met[2,4]. 
Biochemical indices of  cholestasis include increased 
levels of  alkaline phosphatase and γ glutamyltransferase 
(GT). The diagnostic hallmark of  PBC is the presence of  
AMA in high titers, with less than 3%-10% of  patients 
with PBC being negative for AMA[23]. Positivity for AMA 
appears to be predictive of  future PBC development in 
asymptomatic individuals[17,25]. The prevailing notion is 
that the presence of  AMAs and their titers/concentra-
tions do not correlate with the severity of  the disease[23]. 
AMA seropositivity appears unable to identify patients at 
risk for faster progression of  their liver disease compared 
to the seronegative cases[19,26]. Disease-specific ANAs[27-30] 
are also found in PBC, to a lesser degree than AMAs 
(20%-50% vs 90%-97%)[31-34], but tend to have elevated ti-
ters, and more importantly, appear to characterize patients 
with a more aggressive form of  the disease[35-38]. Levels 
of  IgM are also raised in most cases[2,4]. Histologically, 
PBC features include destruction of  biliary epithelial cells 
and loss of  small bile ducts with portal inflammatory cell 
infiltration, and granuloma formation (see below)[2,4,5]. 

The antigenic specificity of  AMA[15-19] and ANA[20-22] 
responses have been extensively studied. PBC-specific 
ANAs recognize either nuclear body proteins such as 
the speckled protein 100 and the promyelocytic leukemia 
protein, or the gp210 and nucleoporin 62 nuclear mem-
brane proteins[28,29,39-41]. 

AMAs in PBC are directed against the 2-oxo-acid de-
hydrogenase complex family of  enzymes, and in particu-
lar the E2 subunits of  pyruvate dehydrogenase complex 
(PDC-E2), branched-chain 2-oxo acid dehydrogenase 
complex (BCOADC) and 2-oxoglutarate dehydrogenase 
complex (OGDC)[2,42-44]. PDC-E2 reactivity is found in 
> 95% of  patients with PBC, and 70% recognize BCO-
ADC-E2 and/or OGDC-E2[2]. Reactivity to all three an-
tigens occurs in < 50% of  patients[19]. The immunodomi-
nant antigenic regions recognized by (CD4 and CD8) 
T lymphocytes[45-47] on PDC-E2[48-50] comprise a region 
within the inner lipoyl-binding domain of  the subunit, 
spanning amino acids 212-226 (PDC-E2212-226)[51-53]. This 
region is also the core target of  B cell receptors, which 
are antibodies in their soluble form[54-56].

Medical treatment of  PBC includes ursodeoxycholic 
acid, with the best response seen in patients who initiate 
treatment early in the disease[2]. These patients often show 
decreased or even normalized levels of  alkaline phospha-
tase (ALP), γGT and other markers of  cholestasis[2,4,6]. 
Studies reporting findings in large North American and 
European patient cohorts indicate that the percentage of  
patients with PBC who require liver transplantation has 
fallen significantly[2,57].

The cause of  PBC remains undetermined[58-61], but 
it is believed to be the result of  a genetic predisposi-
tion compounded with several lifetime exposures[62,63], 
similar to a “multi-hit” model[61,64-67] of  disease pathogen-
esis[50,68,69]. Recent genome-wide association studies[70,71] 
have identified several HLA[72] and non-HLA[73-76] genes 
to be associated with PBC. Environmental factors im-
plicated are numerous[77-81], and range from cosmetic 
products and xenobiotics[82], to estrogen deficiency and 
infectious organisms[50,58,83-85] including bacteria and virus-
es[50,54,58,59,63,65,66,68,69]. Mycobacteria have been included in 
the list of  infectious organisms, partially due to the pres-
ence of  granulomas in the histopathology of  PBC, and 
the association of  granulomas with mycobacteria[2,86]. In 
addition, AMA is found in some patients with mycobac-
terium-related infections[87,88]. This review will critically 
analyze the evidence surrounding the role of  mycobacte-
ria in the pathogenesis of  PBC. 

GRANULOMAS IN PBC
Granulomas consist of  focal collections of  inflamma-
tory cells and cellular debris[89-92]. Their formation occurs 
when nondegradable products persist, as well as in hy-
persensitivity reactions or a combination of  the two[91]. 
They form in a complex process involving the interaction 
of  the infectious organism, antigen, macrophages, T cell 
responses, B cell hyper-reactivity, and circulating media-
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tors[91]. T cells involved in granuloma formation may be 
of  the T helper (Th)1 or Th2 type[91]. Several organisms 
may initiate granuloma formation, including Mycobacte-
rium, Yersinia, Toxoplasma gondii and Bartonella henselae[93,94]. 
Zumla et al[91] have noted three categories of  granuloma-
tous infections: those due to well recognized organisms; 
those due to organisms that are detected by molecular 
techniques but not by conventional microbiological tech-
niques; and those due to organisms that have not been 
identified, but which are suspected. Mycobacterium tubercu-
losis (M. tuberculosis) is the most common organism associ-
ated with granulomas, and is histologically characterized 
by epithelioid cells, lymphocytes, histiocytes, Langerhans 
giant cells and fibroblasts surrounding a core of  necrotic 
debris[91]. The necrotic core is usually caseating, although 
non-caseating granulomas may also occur[91,92]. 

The presence of  granulomas in liver biopsies has 
been well documented, with a prevalence ranging from 
2% to 15% in some studies, with geographical differ-
ences in prevalence rates (Table 1)[95-99]. A German study 
conducted by Drebber et al[100] examined 12  161 liver 
biopsies for the presence of  granulomas, in addition to 
determining the etiology of  the granuloma through his-
tology, clinicopathological data, and polymerase chain 
reaction (PCR) for the detection of  infectious organisms. 
Granulomas were found in 442 (3.6%) of  the liver biop-
sies and interestingly, 215 were from PBC patients (1.8% 
of  all biopsies, and 48.7% of  all biopsies with granulo-
mas)[100]. PCR demonstrated the presence of  infectious 
organisms in 15 samples (3.4%), with M. tuberculosis being 
detected in three of  the 15 (20%). It was not indicated 
whether any of  the samples with positive PCR results 
came from PBC patients[100]. Although only 1.8% of  liver 
biopsies contained granulomas, nearly half  of  these were 
obtained from patients with PBC. However, if  mycobac-
terial infection with associated granuloma formation is a 
feature of  PBC, a much higher percentage of  granulomas 
would be expected. The preponderance of  granulomas in 
liver biopsies from PBC patients has been demonstrated 
in other studies as well, which show geographical dif-
ferences in prevalence rates. In a Northern Irish study, 
55% of  liver biopsies with granulomas were from PBC 
patients[96], compared to 23.8% in a United Kingdom 
study[95]. A Greek study indicates an underlying diagnosis 
of  PBC or overlap syndrome in 62% of  liver biopsies 
with granulomas, followed by viral hepatitis in 7.5%, and 
autoimmune hepatitis (AIH) in 6%[101]. Despite these 

findings, it should be noted that only a small percentage 
of  granulomas can be attributed to mycobacteria, with 
the liver disease in these patients being due to infection 
and not to PBC. Figure 1 illustrates PBC-related liver 
granulomas contrasted with liver granulomas seen in 
conditions not directly related to PBC such as sarcoidosis 
and schistosomiasis. 

The predominance of  PBC as the underling liver 
disease in most cases of  hepatic granulomas and the as-
sociation of  granulomas with mycobacteria, raise the 
question as to whether mycobacteria play a role in the 
pathogenesis of  PBC[58,86,102]. If  mycobacteria play a role 
in the pathogenesis of  PBC (or at least in some cases 
of  PBC), it would be expected that certain PBC-specific 
features, such as disease-specific AMA positivity, would 
also be present in patients with mycobacterial infections. 
Likewise, evidence of  mycobacterial infection would be 
expected in PBC patients. This evidence may comprise 
more prevalent immune responses against mycobacterial 
antigens, or detectable mycobacterial DNA in liver tissues 
of  PBC patients, compared to healthy and pathological 
controls. If  mycobacterial infection plays a role in the 
pathogenesis of  PBC, it is likely that it is limited to a trig-
gering event, because PBC has been known to recur fol-
lowing transplantation[103-106] in up to 35% of  patients[107]. 
The recurrence rate ranges from 21% to 37% at 10 years, 
to 43% at 15 years[108-111]. Immunosuppression with tacro-
limus, as well as warm ischemic time, is associated with 
an increased risk of  recurrence[108-112]. The more aggres-
sive course of  recurrent disease suggests that the patho-
logical process involved in the development of  PBC 
persists after transplantation[113]. This does not, however, 
suggest that the triggers of  PBC also persist, and may 
indicate their transient involvement in the pathogenesis 
of  PBC[113]. Neuberger highlights that hepatitis A virus 
can trigger autoimmune hepatitis after viral clearance, 
and also indicates there are several similarities between 
the recurrence of  hepatitis C virus and PBC after trans-
plantation, suggesting a possible infectious trigger of  
PBC in some individuals[113]. Although these theories are 
plausible, no conclusive evidence exists to demonstrate 
an infectious agent (including mycobacteria) as the trigger 
of  PBC. 

PBC-specific features in patients with mycobacterial 
infection
In an analysis of  sera from 28 patients with active pul-
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Table 1  Prevalence of granulomas in liver disease  n  (%)

Ref. Origin Total number liver biopsies Total number liver biopsies with granulomas Diagnosis of PBC in granuloma group

Drebber et al[100] Germany 12  161    442 (3.6) 215 (48.6)
Dourakis et al[101] Greece    1768      66 (3.7) 41 (62)
Gaya et al[95] United Kingdom    1662      63 (3.8)    15 (23.8)
McCluggage et al[96] Northern Ireland    4075 163 (4) 90 (55)
Satti et al[99] Saudi Arabia      404        59 (14.6) Unknown

PBC: Primary biliary cirrhosis. 
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rosy patients, very few develop liver disease. Gilburd and 
colleagues[87] screened 69 leprosy patients with no clinical 
or biochemical evidence of  liver disease, for the presence 
of  anti-PDC antibodies. Positive controls consisted of  
three PBC patients and 18 healthy individuals served as 
negative controls[87]. Twenty-seven (39%) patients were 
found to have elevated anti-PDC antibodies by enzyme 
linked immunosorbent assay, but the absorbance values 
were relatively low; none of  the normal controls had 
detectable AMA reactivity[87]. By immunoblotting, AMA 
reactivity was directed against the 54-, 41- and 35-kDa 
PDC subunits, and only two leprosy patients reacted with 
PDC-E2[87]. Inhibition studies showed that in contrast to 
PBC sera, none of  the AMA-positive sera gave signifi-
cant PDC enzyme inhibition; the rate of  inhibition being 
similar to that noted in normal controls. Immunofluores-
cence testing was not performed[87]. 

Although AMAs are found in patients infected with 
mycobacteria, the reactivity patterns observed differ, 
with M. tuberculosis-infected patients showing reactivity to 
PDC-E2, which has not been observed in those infected 
with M. leprae[87,88]. The source of  the AMAs in either case 
remains unknown. Gilburd et al[87] have suggested that 
the AMAs seen in leprosy patients may arise from the 
presence of  bacterial antigens (such as M. leprae), which 
share sequence homology with the 35-, 41- and 54-kDa 
subunits. It is not clear whether all bands correspond 
to PDC subunits (such as PDC-E1 α and β) but may 
indeed be contaminants of  other 2-oxo-acid dehydroge-

monary tuberculosis (M. tuberculosis infection), Klein and 
colleagues[88] found that 43% of  these sera recognized 
PDC-E2 by immunoblotting based on purified mito-
chondrial fraction derived from beef  heart mitochondria 
as an antigenic source. Only 2% of  sera from individu-
als with other viral and bacterial infections [including 
25 individuals with Escherichia coli (E. coli)] reacted with 
PDC-E2, and there was no reaction with sera from 
healthy controls[88]. The titers of  anti-PDC-E2 antibodies 
were low, with no seropositive cases showing immuno-
fixation of  the 70-kDa band corresponding to PDC-E2, 
at a dilution of  < 1/500[88]. Of  relevance, none of  the 
anti-PDC-E2 antibody-positive sera (1/10 dilution) gave 
an immunofluorescent pattern typical of  PBC when 
tested by indirect immunofluorescence based on rat kid-
ney and stomach tissue as substrates[14,16,17,88]. Among the 
12 AMA-positive cases with active tuberculosis, six had 
abnormal levels of  γGT and four had slightly elevated 
levels of  alkaline phosphatase; only two of  the cases had 
increased IgM levels[88]. Two of  the 12 cases had alcoholic 
disease and of  the remaining 10, none had clinical evi-
dence of  chronic liver disease[88].

A variety of  autoantibodies have also been reported 
in the sera of  patients with leprosy [caused by Myco-
bacterium leprae (M. leprae)], including antibodies against 
mitochondrial antigens[87,114,115]. In one study, the most 
common autoantibodies found in leprosy patients were 
antibodies to SS-B and mitochondria, including cardio-
lipin[115]. Despite the presence of  AMA in the sera of  lep-
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Figure 1  Epithelioid granuloma in liver biopsy. A, B: Liver specimens from patients with primary biliary cirrhosis show granuloma (arrows) close to bile ducts (BD) 
in portal tracts; C: Granuloma in sarcoidosis is more discrete and large in size; D: Granuloma associated with schistosomiasis contains a large number of eosinophils. 
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nase complexes (formerly known as M2 antigen) such 
as BCOADC-E2 and OGDC-E2, but reactivity to these 
antigens has not been tested[87]. 

Evidence of mycobacterial infection in PBC
In the search for evidence of  antimycobacterial antibody 
reactivity in patients with PBC, Vilagut et al[86] investi-
gated a cohort of  19 PBC patients from Spain, using 
membrane extracts from 10 atypical mycobacteria and 
found that all cases specifically reacted with Mycobacterium 
gordonae (M. gordonae) antigens of  approximately 65 kDa 
and 55 kDa. It remained elusive why the other nine atypi-
cal mycobacteria were not targets of  antibody responses. 
The unreactive mycobacterial membranes were those 
prepared from Mycobacterium chelonei, Mycobacterium flave-
scens, Mycobacterium fortuitum (M. fortuitum), Mycobacterium 
intracellulare, Mycobacterium kansasii (M. kansasii), Mycobac-
terium malmoense (M. malmoense), Mycobacterium scrofulaceum, 
Mycobacterium xenopi (M. xenopi), and Mycobacterium terrae[86]. 
The extraction of  the 10 atypical mycobacterial mem-
branes was performed using the same protocol, therefore, 
Vilagut et al[86] considered that their findings were not a 
consequence of  methodological problems and suggested 
a biological significance for the role of  M. gordonae in the 
pathogenesis of  PBC.

This intriguing finding has initiated a series of  subse-
quent studies from the same investigators as well as from 
independent groups[116-120]. Following the original Spanish 
report, a study was conducted at King’s College Hospital 
in London investigating reactivity to M. gordonae and seven 
other atypical mycobacteria[119]. O’Donohue et al[119] found 
that 23 of  26 (88%) PBC sera reacted with a 65-kDa 
protein in extracts of  six of  the mycobacterial species 
tested (M. gordonae, M. kansasii, M. fortuitum, Mycobacterium 
chelonae, Mycobacterium szulgai and M. malmoense). Also, 15 
and nine of  these samples reacted with the 65-kDa band 
in membrane extracts of  Mycobacterium avium-intracellulare 
and M. xenopi, respectively. However, the antibody reac-
tivity to M. gordonae or other atypical mycobacteria was 
not restricted to PBC, but was also present in a similar 
prevalence in patients with other chronic liver diseases as 
well as in normal controls[119]. 

Several studies have attempted to provide evidence of  
mycobacterial infection in liver tissues from PBC patients. 
Broomé and colleagues[121] conducted an immunohisto-
chemical study investigating liver biopsy specimens from 
10 PBC cases, 13 from primary sclerosing cholangitis, five 
chronic hepatitis C, four alcoholic liver disease, and six 
healthy controls. Samples were studied using a monoclo-
nal antibody specific for mycobacterial heat shock protein 
(hsp) 65. Positive staining was observed in nine of  the 10 
PBC cases, all primary sclerosing cholangitis, three chron-
ic hepatitis C, and three alcoholic liver disease cases, but 
in none of  the healthy controls[121]. Both interlobular and 
septal bile duct staining was observed in the PBC cases, 
with perinuclear staining in all positive interlobular ductal 
cells, and perinuclear as well as apical staining in the posi-
tive septal cells[121].

Direct evidence of  microbial products in an affected 
tissue is best studied at the molecular level using PCR 
techniques. Vilagut et al[116] assessed the presence of  M. 
gordonae DNA in liver tissue from PBC patients and con-
trols using PCR based on amplification of  a 565-bp frag-
ment of  mycobacterial gene coding for 16S rRNA on M. 
gordonae. They detected M. gordonae in nine of  11 (82%) 
PBC liver tissues but in none of  the six control livers 
from patients with other liver diseases[116]. Contradictory 
results were obtained by O’Donohue et al[118] who investi-
gated whether mycobacterial DNA could be detected in 
archival liver biopsy material from PBC and AIH. Archi-
val material was obtained from 11 PBC and 11 AIH cas-
es, with five lymph nodes from patients with tuberculous 
lymphadenopathy acting as positive controls[118]. Three 
of  the positive controls also had liver biopsies taken for 
concurrent tuberculous hepatitis. No mycobacterial DNA 
was detected in PBC or AIH cases, while four of  the five 
positive controls had detectable mycobacterial DNA[118]. 
A similar study also utilized a PCR approach for the de-
tection of  mycobacterial and other organisms in archived 
(paraffin embedded) liver tissues from 29 cases of  PBC, 
as well as pathological and healthy controls. Again, no 
mycobacterial DNA was detected in PBC samples, and 
only Helicobacter pylori DNA was found in one case of  
PBC[122]. 

Mycobacteria and PBC: The role of molecular mimicry
The above studies do raise doubt as to whether mycobac-
teria play a role in PBC, although it is unclear whether a 
negative detection test only implies that there is no cur-
rent active infection or can rule out previous infection as 
well. However, it has been suggested that mycobacteria 
and other infectious agents may not be actively present 
in PBC patients, but rather involved in the initiation of  
autoimmunity by microbial/self  immunological cross-
reactivity[55,56,123,124]. We and others have studied the role 
of  molecular mimicry[68,69,123,125-128] and immunological 
cross-reactivity[129-133] as a mechanism responsible for the 
induction of  autoantigen-specific immune responses in 
viral-hepatitis-triggered autoimmunity and several auto-
immune diseases (including those affecting the liver)[134-138] 
in susceptible individuals[139,140]. Impairments in T-regu-
latory functions also appear to be a feature[141,142]. Cross-
reactivity between PBC-specific mitochondrial antigens 
and mycobacterial proteins has been investigated by two 
groups[86,117]. Vilagut et al[86] have found that antibody re-
sponses to the 65-kDa M. gordonae antigen cross-reacted 
with anti-PDC-E2 antibodies. The same group of  inves-
tigators went on to demonstrate that the 65-kDa protein 
was the mycobacterial hsp65, and that preincubation 
with PBC sera prevented binding of  antibodies against 
hsp65[117]. The apparent cause of  this cross-reactivity 
remained elusive until another group noted a sequence 
similarity between human PDC-E2 and M. gordonae 
hsp65[120]. These authors have found that the hexameric 
motif  [GDL(IL)AE)] is shared by M. gordonae hsp6594-99 

and the major PBC-specific mitochondrial autoepitopes, 
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namely, the inner lipoyl PDC-E2216-221 and the outer lipoyl 
domain human PDC-E2102-107

[120]. No other sequences 
were found to be in common with M. gordonae hsp65 and 
human PDC-E2[120]. A database search analysis has found 
that, among bacteria, the motif  SxGDL[IL]AE is virtu-
ally unique to mycobacterial hsp, and the only human se-
quence containing that motif  was the inner lipoyl domain 
of  PDC-E2[120]. This excellent and almost unique match 
between sequences of  the dominant epitope of  human 
PDC-E2 and of  mycobacterial hsp65 has led the authors 
to investigate whether the corresponding sequences were 
targets of  immunological cross-reactivity specifically 
present in patients with PBC. That study involved test-
ing sera from 40 Spanish and 50 British PBC patients, 
with antibody reactivity to M. gordonae hsp 6590-104/human 
PDC-E2212-226 being detected in 47.5% of  Spanish PBC 
patients and in only 4% of  British PBC patients[120]. No 
reactivity was observed in controls. Inhibition studies 

confirmed that the reactivity to the mimics was due to 
cross-reactivity. In addition, the affinity of  anti-M. gor-
donae hsp 6590-104 antibodies was higher than that against 
human PDC-E2212-226, raising the possibility that antibody 
reactivity to the microbe long precedes that against the 
human homolog[120]. Table 2 provides a summary of  the 
above evidence for and against the role of  mycobacteria 
in PBC. 

It remains unclear whether the differing reactivity 
patterns noted among PBC patients from differing geo-
graphical locations (highly prevalent in Spanish PBC cas-
es, practically absent in British PBC cases), could be ex-
plained by differing prevalence exposure rates of  certain 
atypical mycobacteria in geographical locations. It should 
also be noted that multinational epidemiological studies 
on PBC have not indicated an association with mycobac-
terial infection, in contrast to what has been reported for 
E. coli or other microbes[77,78,80,81]. 

Table 2  Summary of studies in support or against a role of mycobacteria as triggers of primary biliary cirrhosis

Ref. Year Mycobacterium M2 antigen In support Against

Klein et al[88] 1993 M. tuberculosis Bovine heart Anti-M2 AMAs (70 kDa) found in 
12/28 (43%) tuberculosis patients 

None of the patients had PBC
AMA by IIFL were negative
Anti-PDC-E2 titers were low

Gilburd et al[87] 1994 M. leprae Bovine heart Anti-M2 against 54-, 41- and 35-kDa 
bands found in 27/69 (39.1%) leprosy 

patients

None of the patients had PBC
Only 2/27 (1%) sera reacted with the 

PDC-E2 band
Anti-M2 inhibited anti-PDC activity in 

19.1%
Vilagut et al[86] 1994 M. gordonae Porcine heart Anti-hsp65 M. gordonae antibodies 

found in 19/19 (100%) of PBC patients. 
No reactivity to other atypical 

mycobacteria was found
Anti-porcine AMAs (anti-PDC-E2 and 
BCOADC-E2) cross-reacted with anti-
hsp65 M. gordonae antibodies and vice 

versa 
O’ Donohue et al[119] 1994 M. gordonae, M. kansasii, 

M. fortuitum, M. chelonae, 
M. szulgai and M. 

malmoense, M. avium-
intracellulare and M. xenopi

23 of 26 (88%) PBC sera reacted with a 
65-kDa protein in extracts of six of the 

mycobacterial species tested

Reactivity to the atypical mycobacterial 
mimics was found in non-PBC liver 

disease patients and controls
Sera from 15 PBC patients reacted with 

M. avium-intracellulare
Sera from 9 PBC patients reacted with 

M. xenopi
Bogdanos et al[54] 2004 M. gordonae Primate liver The motif GDL(IL)AE is shared by M. 

gordonae hsp6594-99 and PDC-E2216–221

Reactivity to M. gordonae hsp6590-104 
/human PDC-E2212-226 seen in Spanish 

(47.5%), but rarely British patients (4%)
Broome et al[121] 1993 - - Immunohistochemistry demonstrated 

positive mycobacterial hsp65 staining 
in PBC liver tissue

Positive staining was also observed in 
pathological controls

Vilagut et al[116] 1996 M. gordonae - M. gordonae genetic material detected in 
9 of 11 (82%) PBC liver tissues

O’Donohue et al[118] 1998 M. gordonae - Mycobacterial DNA not detected in 
PBC liver tissues, but was detected in 

positive controls
Tanaka et al[122] 1999 Mycobacterial genus 

specific primers
- Mycobacterial DNA not detected in 

PBC liver tissues

M. tuberculosis: Mycobacterium tuberculosis; M. leprae: Mycobacterium leprae; M. gordonae: Mycobacterium gordonae; M. kansasii: Mycobacterium kansasii; M. 
fortuitum: Mycobacterium fortuitum; M. chelonae: Mycobacterium chelonae; M. szulgai: Mycobacterium szulgai; M. malmoense: Mycobacterium malmoense; M. 
avium-intracellulare: Mycobacterium avium-intracellulare; M. xenopi: Mycobacterium xenopi; IIFL: Indirect immunofluorescence; PDC: Pyruvate dehydrogenase 
complex; PBC: Primary biliary cirrhosis; AMAs: Antimitochondrial antibodies; hsp: Heat shock protein.
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CONCLUSION 
The presence of  granulomas in liver biopsies of  PBC 
patients raises the suspicion that bacterial infections are 
involved in the pathogenesis of  PBC. Although infection 
with several bacterial species is associated with granulo-
matous disease, mycobacteria are the most common cul-
prits. It is therefore not surprising that mycobacteria have 
been added to the list of  infectious agents implicated in 
the pathogenesis of  PBC. Furthermore, it has been ob-
served that AMAs, which are characteristic of  PBC, are 
also found in many patients with mycobacterial infections 
but their titers are low, their epitope specificity differs 
from that seen in PBC, and they do not appear to be de-
tectable by conventional immunofluorescence. Addition-
ally, mycobacteria have not been found in any significant 
proportion of  hepatic granulomas associated with PBC. 
When found, the liver disease is often attributed to infec-
tion and not PBC. 

It is unlikely that ongoing mycobacterial infection is 
a characteristic of  PBC, but an early, transient infection 
with immunological clearance may be capable of  induc-
ing cross-reactivity. Genetic studies on PBC are now 
demonstrating a genetic susceptibility to the disease, and 
it is likely that a variety of  other factors act in an addi-
tive fashion towards PBC development. These factors 
probably not only vary from patient to patient, but also 
from one geographical location to the next. A correlation 
between PBC and certain organisms in the context of  
their geographical prevalence is warranted. In addition, 
sequence homology between PDC-E2 and mycobacterial 
epitopes at the T-cell level has not been fully explored, 
which is of  interest given that differing reactivity pat-
terns have been observed between a variety of  myco-
bacteria and the major mitochondrial epitope of  PBC. 
Experimental studies in animal models of  PBC involving 
mycobacteria may provide useful hints as to whether my-
cobacteria play a role in the induction of  PBC. They may 
also distinguish between mycobacteria being a trigger of  
the disease, or being epiphenomena secondary to an in-
creased susceptibility to infection in PBC patients.
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Abstract
AIM: To evaluate the effects of indomethacin [dual 
cyclooxygenase (COX)-1/COX-2 inhibitor] and 
3-(3,4-difluorophenyl)-4-(4-(methylsulfonyl) phenyl)-
2-(5H)-furanone (MF-tricyclic) (COX-2 selective inhibi-
tor) in a rat experimental model of Barrett’s esophagus 
and esophageal adenocarcinoma.

METHODS: A total of 112 surviving post-surgery rats 
were randomly divided into three groups: the control 
group (n  = 48), which did not receive any treatment; 
the indomethacin group (n  = 32), which were given 2 
mg/kg per day of the COX-1/COX-2 inhibitor; and the 
MF-tricyclic group (n  = 32), which received 10 mg/kg 
per day of the selective COX-2 inhibitor. Randomly se-
lected rats were killed either 8 wk or 16 wk after sur-
gery. The timing of the deaths was in accordance with 
a previous study performed in our group. Only rats that 
were killed at the times designated by the protocol were 
included in the study. We then assessed the histology 
and prostaglandin E2 (PGE2) expression levels in the 
rat esophagi. An additional group of eight animals that 
did not undergo esophagojejunostomy were included in 
order to obtain normal esophageal tissue as a control.

RESULTS: Compared to a control group with no treat-
ment (vehicle-treated rats), indomethacin treatment 
was associated with decreases in ulcerated esophageal 
mucosa (16% vs  35% and 14% vs  17%, 2 mo and 4 
mo after surgery, respectively; P  = 0.021), length of 
intestinal metaplasia in continuity with anastomosis (2 
± 1.17 mm vs  2.29 ± 0.75 mm and 1.25 ± 0.42 mm vs  
3.5 ± 1.54 mm, 2 mo and 4 mo after surgery, respec-
tively; P  = 0.007), presence of intestinal metaplasia 
beyond anastomosis (20% vs  71.4% and 0% vs  60%, 
2 mo and 4 mo after surgery, respectively; P  = 0.009), 
severity of dysplasia (0% vs  71.4% and 20% vs  85.7% 
high-grade dysplasia, 2 mo and 4 mo after surgery, re-
spectively; P  = 0.002), and adenocarcinoma incidence 
(0% vs  57.1% and 0% vs  60%, 2 mo and 4 mo after 
surgery, respectively; P  < 0.0001). Treatment with the 
selective COX-2 inhibitor, MF-tricyclic, did not prevent 
development of intestinal metaplasia or adenocarci-
noma. In parallel, we observed a significant decrease 
in PGE2 levels in indomethacin-treated rats, but not in 
those treated with MF-tricyclic, at both 2 mo and 4 mo. 
Compared to control rats that did not undergo surgery 
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(68 ± 8 ng/g, P  = 0.0022 Kruskal-Wallis test) there was 
a significant increase in PGE2 levels in the esophageal 
tissue of the rats that underwent surgery either 2 mo 
(1332 ± 656 ng/g) or 4 mo (1121 ± 1015 ng/g) after 
esophagojejunostomy. However, no differences were 
found when esophageal PGE2 levels were compared 
2 mo vs  4 mo post-esophagojejunostomy. At both the 
2- and 4-mo timepoints, we observed a significant 
decrease in PGE2 levels in indomethacin-treated rat 
esophagi compared to those in either the control or 
MF-tricyclic groups (P  = 0.049 and P  = 0.017, respec-
tively). No differences in PGE2 levels were found when 
we compared levels in rats treated with MF-tricyclic to 
not-treated rats.

CONCLUSION: In this rat model of gastrointestinal 
reflux, indomethacin was associated with a decrease in 
the severity of esophagitis and reduced development of 
esophageal intestinal metaplasia and adenocarcinoma.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The incidence of  esophageal adenocarcinoma (EA) in 
the United States and Western Europe has risen dra-
matically in the last few decades[1-3]. The reasons for this 
substantial increase are not entirely understood, but it 
has been linked to an increase in the incidence of  gastro-
esophageal reflux (GERD) and Barrett’s esophagus (BE), 
which is a recognized risk factor for the development 
of  EA. BE is a consequence of  chronic GERD, which 
represents the starting point of  the sequence: GERD, 
inflammation, BE, low-grade dysplasia, high-grade dys-
plasia, carcinoma in situ, and invasive adenocarcinoma[4]. 
The molecular changes in the progression from GERD 
to BE and then to EA are not entirely understood[5], 
but in the last few years, cyclooxygenase-2 (COX-2) has 
emerged as a key player in carcinogenesis arising from 
BE; therefore, it is a potential therapeutic target in the se-
quence leading to EA. Evidence supporting the involve-

ment of  COX-2 in this sequence includes epidemiologi-
cal studies that have demonstrated a protective effect of  
nonsteroidal antiinflammatory drugs (NSAIDs) against 
EA and in vivo animal studies in experimental models of  
chronic esophagitis and EA, in which administration of  
COX-2 inhibitors induced a reduction in the incidence of  
esophageal cancer. In addition, upregulation of  COX-2 
has been described at both mRNA and protein levels in 
humans with GERD, BE, or EA[6]. COX-1, the other 
cyclooxygenase isoenzyme, was traditionally considered 
to be a constitutively expressed isoform that generates 
prostaglandins for normal physiological functions such as 
platelet aggregation, gastric mucosal protection, and renal 
electrolyte metabolism; it was thought not be involved in 
carcinogenesis. Recent evidence, however, has demon-
strated that COX-1 may be important in the development 
of  different neoplasias, because elevated levels of  COX-1 
expression have been found in prostate, breast, and 
cervical cancers[7]. Furthermore, studies in Min+/- mice 
showed that homologous disruption of  either COX-2 
or COX-1 genes is followed by a reduction in polyp for-
mation of  approximately 80%[7]. In the esophagus, the 
role of  COX-1 in the development of  EA has not been 
investigated extensively. In a previous study, expression 
of  both COX-1 and COX-2 were analyzed at the mRNA 
level in 123 primary human esophageal adenocarcinomas; 
mRNA levels of  both isoenzymes were increased. Inter-
estingly, RNA expression levels of  COX-1 and COX-2 
correlated significantly with one other, and expression 
of  both isoenzymes correlated with the expression of  
vascular endothelial growth factors A and C (VEGF-A 
and VEGF-C)[8]. Another study reported an increase 
in COX-1 expression in a rat model of  esophagitis in-
duced by acid reflux[9]. Therefore, to analyze the effects 
of  COX inhibitors in the development of  EA due to 
gastrointestinal reflux, we assessed the effect of  a dual 
COX-1/COX-2 inhibitor (indomethacin) in a rat model 
of  esophageal adenocarcinoma induced by gastroentero-
esophageal reflux, and compared it with the effect of  a 
selective COX-2 inhibitor (3-(3,4-difluorophenyl)-4-(4-
(methylsulfonyl) phenyl)-2-(5H)-furanone) (MF-tricyclic). 

MATERIALS AND METHODS
Animals 
All of  the animal studies were carried out in the Bio-
medicine and Biomaterials group of  the University of  
Zaragoza, which is officially recorded as a research estab-
lishment that practices adequate husbandry and use of  
all research animals in accordance with Good Laboratory 
Practices guidelines. All procedures were approved by 
the in-house Ethics Committee for Animal Experiments 
from the University of  Zaragoza. The care and use of  
animals were performed according to the Spanish Policy 
for Animal Protection RD1201/05, which meets the 
European Union Directive 86/609 on the protection of  
animals used for experimental and other scientific pur-
poses. Throughout the experiment, all rats were housed 
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in specifically designed cages for this type of  animal (EU 
Dim; IFFA Credo) and kept in computer-controlled 
conditions of  light (12-h light/dark cycle), noise (45-50 
dB), temperature (21 ± 2  ℃), and humidity (60%-70%). 
The animals were cared for by veterinary staff. A total of  
128 five-week-old female Wistar rats (Harlan, Barcelona, 
Spain) weighing 220-300 g were used for this study. 

Experimental model
Solid food was withdrawn for 24 h and water for 6-8 h 
before surgery. Anesthesia consisted of  75 mg/kg weight 
ketamine (50 mg/mL, Ketolar; Parke-Davis, Madrid, 
Spain) and 0.5 mg/kg weight medetomidine (1 mg/mL, 
Domtor; Pfizer, Madrid, Spain), which were given as a 
mixture in a single intramuscular injection. Before sur-
gery, an intramuscular injection of  100 mg/kg weight 
cefazolin (Kefol; Lilly, Madrid, Spain) was administered 
as antibiotic prophylaxis. Rats underwent esophagoje-
junostomy with gastric preservation, allowing the gas-
troduodenal content to flow back into the esophagus. 
This surgery was performed according to a previously 
described protocol[10]. After surgery, the rats were housed 
in hanging cages to prevent bed ingestion and allowed to 
drink water ad libitum, with fasting until day 3. Water with 
0.3 mg/mL buprenorphine (Buprex; Esteve, Barcelona, 
Spain) was provided during the first 72 postoperative 
hours. An additional intramuscular injection of  cefazo-
lin was administered 24 h after surgery. Rats received 50 
mg/kg iron dextran (Difortin; Econatura, Madrid, Spain) 
intramuscularly once every 4 wk until the end of  the ex-
periment. Rats were killed by carbon dioxide inhalation 
either 2 mo or 4 mo after surgery. A blood sample was 

obtained for drug analysis from all of  the animals imme-
diately before death. Immediately after death, the esopha-
gus was removed and opened longitudinally. Two-thirds 
of  the esophageal specimen was prepared for pathologi-
cal study. The rest of  the esophagus was cut into two 
slices: the lower and the upper halves of  the esophagus. 
The lower half  samples were frozen immediately in liquid 
nitrogen and then kept at -80  ℃ until biochemical studies 
were performed.

General design of experiment
Two weeks after surgery, the 112 surviving post-surgery 
rats were randomly divided into three groups: the con-
trol group (n = 48), which did not receive any treatment; 
the indomethacin group (n = 32), which were given the 
COX-1/COX-2 inhibitor; and the MF-tricyclic group 
(n = 32), which received the selective COX-2 inhibitor. 
Randomly selected rats were killed either 8 or 16 wk after 
surgery. The timing of  the deaths was in accordance with 
a previous study[10]. Only rats that were killed at the times 
designated by the protocol were included in the study. 
A scheme of  the study design is shown in Figure 1. An 
additional group of  eight animals that did not undergo 
esophagojejunostomy were included in order to obtain 
normal esophageal tissue. 

Drug administration and dosage selection
MF-tricyclic was administered at a dose of  10 mg/kg 
body weight/d. This dose was selected according to a 
previous study of  esophageal adenocarcinoma preven-
tion in the same model[11]. The drug was kindly provided 
by Merck Frost (Quebec, Canada), which produced a pre-
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coefficient > 0.8). However, in cases where there was dis-
agreement, a third pathologist was required to resolve the 
discrepancy.

Measurement of prostaglandin E2 levels in esophageal 
mucosa
Prostaglandin E2 (PGE2) analysis was performed in the 
lower half  of  the esophagus. Tissue samples were added 
to 1 mL of  cold PBS containing 10 μmol indomethacin. 
They were then homogenized (DIAX 900, Heidolph, 
Kelheim, Germany) on ice and centrifuged for 15 min 
at 1200 rpm (4  ℃). Supernatants were collected in 2 mL 
tubes. Prostaglandin extraction was performed as previ-
ously described by Powell[15]. PGE2 was measured by 
radioimmunoassay [prostaglandin E2 (I125); Amersham 
Pharmacia Biotech, Buckinghamshire, United Kingdom].

Plasma drug levels
MF-tricyclic concentration analysis in rat plasma was 
performed by Merck Frost Canada; the results were dis-
closed to us after the study was complete. Indomethacin 
levels were determined as follows: 50 μg (10 μL of  a 5 
mg/mL methanolic solution) of  the internal standard 
probenecid was added to 1 mL of  serum before each 
analysis. Afterwards, samples were extracted with 2 mL 
of  ethyl acetate and an aliquot of  the organic phase 
was withdrawn, evaporated to dryness under a nitrogen 
stream at room temperature, and redissolved in 300 μL 
of  methanol. Fifty microliters of  these solutions were 
analyzed by high-performance liquid chromatography 
(Waters 600 Controller, 996 Photodiode Array Detector). 
A method capable of  quantifying indomethacin was de-
veloped using a C-18 column (150 mm × 3.9 mm, 4 μm 
particle size; Waters, Barcelona, Spain) and probenecid as 
the internal standard. The column was equilibrated at a 
flow rate of  1 mL/min with a mobile phase consisting of  
acetonitrile in water (51:49, v/v) and 0.1% trifluoroacetic 
acid. The eluate was monitored at 257 nm[16].

Statistical analysis
Data management and statistical analysis were performed 
using SPSS software. Results from biochemical assays 
were expressed as mean ± SE. Data were compared be-
tween groups by nonparametric tests (Kruskall-Wallis and 
Mann-Whitney); P < 0.05 was considered to be statisti-
cally significant. Covariance analysis was used to analyze 
the quantitative variables of  the drug, introducing the 
number of  months as a covariant. Multiple comparisons 
were corrected by means of  the Bonferroni method. 
Logistic models were adjusted for qualitative variables, 
evaluating in turn the effect of  the drug and the number 
of  months.

RESULTS
Macroscopically, all of  the rats that underwent esoph-
agojejunostomy showed dilatation and thickening of  
the middle and lower esophagus. The distal esophagus 

mixed chow containing the drug. The concentration of  
MF-tricyclic in the chow was calculated using the average 
weight of  Wistar rats and a daily consumption of  16-20 
g of  chow/d. This rate of  chow consumption was evalu-
ated in previous experiments[10]. Indomethacin (Sigma, 
Madrid, Spain) was given at a dose of  2 mg/kg body 
weight/d. This dose was selected according to a previous 
study of  the inhibition of  colorectal cancer[12]. The drug 
was added to drinking water. Indomethacin was replaced 
on a daily basis and administered in dark bottles in order 
to avoid light degradation. 

Histopathological analysis
Rat esophagi were examined by two independent pathol-
ogists who were unaware of  the experimental conditions. 
Changes in the squamous epithelium were classified 
into the following five categories: (1) Reactive changes: 
characterized by the presence of  basal cell hyperplasia, 
increased length of  papillae, and hyperkeratosis with ar-
eas of  inflammation and ulceration; (2) Columnar-lined 
metaplasia (intestinal metaplasia): squamous epithelium 
was replaced with columnar-lined epithelium comprising 
occasional and incomplete differentiation of  goblet cells; 
the length of  the epithelial transformation was greater 
than 3 mm starting from the anastomosis site or was 
intercalated, or it could be seen beyond the surgical anas-
tomosis, and was surrounded by squamous epithelium; 
(3) Dysplasia: characterized by nuclear atypia, partial loss 
of  mucosecretory function and cell polarity, and an in-
crease in mitotic figures. Dysplasia was classified as low-
grade dysplasia (LGD) and high-grade dysplasia (HGD) 
according to the criteria proposed by Haggitt[13], as previ-
ously described in this experimental model[14]. In LGD, 
the crypt architecture is preserved or minimally distorted; 
the nuclei may be stratified but without reaching the api-
cal surface of  glands, nuclei are enlarged, crowded and 
hyperchromatic, mitotic figures may be found in the up-
per portion of  the crypt; goblet and columnar cell mucus 
is usually diminished or absent, but goblet cells in which 
the mucous droplet does not communicate with the 
luminal surface may be observed. The abnormalities ex-
tend to the mucosal surface. In HGD, distortion of  crypt 
architecture usually is present and may be marked. It is 
composed of  branching and lateral budding of  crypts, 
a villiform configuration of  the mucosal surface or in-
traglandular bridging of  epithelium to form a cribriform 
pattern of  “back-to-back” glands. Nuclear abnormalities 
are present as in LGD, and stratification reaches the crypt 
luminal surface. There may be a loss of  nuclear polarity, 
and nuclei often vary markedly in size, shape, and staining 
characteristics. Goblet and columnar cell mucus is usually 
absent. The abnormalities extend to the mucosal surface; 
(4) Adenocarcinoma: glandular structures of  dysplastic 
columnar epithelial with stromal invasion and deep in-
filtration; and (5) Squamous carcinoma: characterized by 
accumulation of  atypical cells with nuclear hyperchroma-
sia, abnormally clumped chromatin, and loss of  polarity. 
The two pathologists showed a high concordance (kappa 
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showed ulceration. Macroscopically, we did not identify 
any esophageal tumors. The esophagi of  all of  the rats 
that were operated on presented inflammatory infiltrate. 
In most of  the animals, the upper and middle parts of  
the esophagus showed squamous hyperplasia. The esoph-
agi of  all of  the rats that were operated had columnar-
lined metaplasia in continuity with the jejunal epithelium. 
Dysplasia had developed in all of  the rats that underwent 
surgery. Neoplastic transformation of  the epithelium was 
always found near the anastomosis, surrounded by co-
lumnar epithelium. Histologically, 87.5% of  tumors were 
adenocarcinomas, and 12.5% were squamous carcinoma 
(Table 1). Microscopically, in some animals, a second type 
of  metaplasia was found far above the anastomosis. This 
metaplasia contained isolated or grouped goblet cells, 
which formed authentic mucous glands in some cases. 
However, in any case, these metaplastic foci progressed 
to adenocarcinoma.

Effect of treatment on the occurrence of lesions
Inflammation, ulceration, intestinal metaplasia, dysplasia, 
and neoplasias were present in all of  the rats that un-
derwent esophagojejunostomy. When the percentage of  
ulcerated surface was analyzed, there was a significant de-
crease in the groups treated with indomethacin compared 
to the control and MF-tricyclic groups. The indometha-
cin treatment groups showed a significant reduction in 
the length of  metaplasia; we also observed a significant 
decrease in the percentage of  metaplasia beyond the 
anastomosis (Figures 2, 3A and B).

Most of  the rats developed some degree of  dysplasia. 
When we analyzed the occurrence of  low-grade vs high-
grade dysplasia, we found that the percentage of  rats that 
developed high-grade dysplasia was significantly lower 
in rats treated with indomethacin compared to the MF-
tricyclic and control groups (Figures 3C, D). The absence 
of  neoplasias in the indomethacin-treated group (0% vs 
36.4% in the MF-tricyclic group and 57.1% in the control 
group 2 mo after surgery, and 0% vs 50% in the MF-tricy-
clic group and 60% in the control group 4 mo after sur-
gery), did not allow us to estimate the risk effect as odds 
ratio. Nevertheless, when we applied a log-linear model, 
we concluded that time was a nonsignificant factor in the 
presence of  neoplasia. When we analyzed the effect of  
treatment, we observed a lower incidence of  neoplasia in 

the indomethacin group (P ≤ 0.001) (Figure 4).

Prostaglandin E2 levels 
There was a significant increase in PGE2 levels in the 
esophageal tissue of  the rats that underwent surgery 
either 2 mo (1332 ± 656 ng/g) or 4 mo (1121 ± 1 015 
ng/g) after esophagojejunostomy compared to control 
rats that did not undergo surgery (68 ± 8 ng/g; P = 0.0022 
Kruskal-Wallis test). However, no differences were found 
when esophageal PGE2 levels were compared 2 mo vs 4 
mo post-esophagojejunostomy.

At both the 2- and 4-mo timepoints, we observed 
a significant decrease in PGE2 levels in indomethacin-
treated rat esophagi compared to those in either the 
control or MF-tricyclic groups (P = 0.049 and P = 0.017, 
respectively). Rats treated with MF-tricyclic did not show 
differences in PGE2 levels compared to non-treated ani-
mals (Table 2).

Serum drugs levels
All of  the rats treated with either MF-tricyclic or indo-
methacin had detectable levels of  the drugs in their plas-
ma. The serum drug concentration in rats receiving 10 
mg/kg body weight MF-tricyclic was 1.62 ± 0.19 μg/mL. 
The rats receiving 2 mg/kg indomethacin had plasma 
levels of  1.97 ± 0.43 μg/mL. As expected, the rats in 
the untreated control group did not have detectable MF-
tricyclic or indomethacin levels.

DISCUSSION
In the present study, we have used an enteroesopha-
geal reflux model in rats to evaluate the impact of  dual 
COX-1/COX-2 vs selective COX-2 inhibition in the 
neoplastic transformation of  esophageal epithelium. Al-
though in this experimental model the pH of  the reflux-
ate increases with increasing distance from the stomach 
to the anastomosis, non-acidic refluxate has been shown 
to enhance the occurrence of  intestinal metaplasia with 
dysplasia and esophageal adenocarcinoma[17]. In addition, 
these models are widely used because they reproduce 
the sequence of  histological changes that take place in 
human esophageal adenocarcinogenesis and show mor-
phological and phenotypic characteristics similar to those 
observed in human Barrett’s esophagus and associated 

Table 1  Macroscopic results

Group Ⅰ (n  = 14) Ⅱ (n  = 15) Ⅲ (n  = 11) Ⅳ (n  = 6) Ⅴ (n  = 5) Ⅵ (n  = 6)

Inflammation 14 15 11 6   5 6
Ulcerated mucosa,%    35.7    37.3      33.18    39.58 16    14.17
Squamous hyperplasia,% 10 14   2 5   2 2
Intestinal metaplasia in continuity with anastomosis, mm        2.29      3.5        2.32      2.83   2      1.25
Intestinal metaplasia beyond anastomosis,% 10   9   5 4   1 0
Dysplasia 14 14 10 6   5 5
High-grade dysplasia/low-to-medium grade dysplasia 10/4 12/2 4/6 4/2 0/5 1/4
Neoplasia   8   9   4 3 - -
Mucinous adenocarcinoma   7   9   3 2 - -
Squamous adenocarcinoma   1 -   1 1 - -
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adenocarcinoma, including mucin features and expres-
sion of  differentiation markers and markers of  neoplastic 
progression[14,18]. 

Our results showed that treatment with the dual 
COX-1/COX-2 inhibitor indomethacin induced a signifi-
cant reduction in the area of  ulcerated mucosa, the length 
of  metaplasia in continuity with anastomosis, the inci-
dence of  metaplasia beyond the anastomosis, the severity 
of  dysplasia, and the incidence of  adenocarcinoma in 
this rat model of  chronic gastrointestinal reflux. In con-
trast, treatment with the selective COX-2 inhibitor, MF-
tricyclic, did not prevent the development of  these le-
sions in this model. Our results are consistent with those 
reported by Heath et al[19] in a human clinical trial, in 
which treatment with 200 mg/d of  celecoxib, another se-
lective inhibitor of  COX-2, did not prevent the progres-

sion of  Barrett’s dysplasia to cancer. In parallel with our 
histopathological results, we found a significant decrease 
in PGE2 levels in indomethacin-treated rats, but not in 
the MF-tricyclic group, which suggests that PGE2 inhibi-
tion is also linked to the effect observed with these two 
agents. Increased levels of  PGE2 during chronic inflam-
mation were previously correlated with carcinogenesis. In 
an esophagitis rabbit model, Lanas et al[20] observed high 
PGE2 levels associated with increased activity of  both 
COX-1 and COX-2. The levels decreased when rabbits 
were treated with the nonselective COX inhibitor, indo-
methacin.

In an experimental model, Buttar et al[11] showed that 
treatment with sulindac had a preventive effect against 
EA. In contrast with our findings, they observed a similar, 
although numerically lower, beneficial effect with MF-

D

C

BA

E

Figure 2  Pathological findings in the esophagus of rats 
with esophagojejunostomy. A: Hyperplasia of squamous 
epithelium in a control rat esophagus; B: Hematoxylin and 
eosin (HE) staining (× 100) showing an area of intestinal meta-
plasia without dysplasia. The top picture shows in more detail 
a gland (× 400); C: Indomethacin-treated rat. HE staining (× 
40) of an area of intestinal metaplasia showing a focus with 
low-grade dysplasia (black arrow). The top pictures show in 
more detail the area with low grade dysplasia (× 200; × 400). 
Glands conserve their architecture. Nuclear pseudostratifica-
tion can be seen, nuclear size is also increased but nuclei do 
not reach the lumen; D: HE staining of an area of intestinal 
metaplasia showing high grade dysplasia. Magnification × 
100; the top picture illustrates at higher magnification (× 400), 
some glands with high grade dysplasia, characterized by loss 
of nuclear polarity and atypia; E: Photomicrograph shows an 
adenocarcinoma developed inside the intestinal metaplasia of 
the esophagus near the jejunum epithelium in a rat that had 
undergone an esophagojejunostomy. HE staining shows that 
the esophageal adenocarcinoma consists of dilated, cystic 
glands with abundant mucin secretion and epithelial dysplasia. 
(Magnification × 40; the top picture shows the same fields at × 
100 magnification). 
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tricyclic, although they also did not see significant mucosal 
PGE2 inhibition with this agent. In our study, we used 
the same dose of  MF-tricyclic as that reported in But-
tar’s experiment, but the serum drug levels found in our 
rats were higher. Therefore, we suggest that the appar-
ent differences between these results could be due to the 
different experimental periods of  treatment (28 and 16 
wk in Buttar’s and our study, respectively). In a 40-wk ex-
perimental study, Oyama et al[21] showed that pathological 
changes associated with accelerated cell proliferation, such 
as regenerative thickening and basal cell hyperplasia, were 
significantly suppressed in the treated group (celecoxib 
500 ppm, 100 mg/kg/d) throughout the experiment. 
However, the incidence of  columnar lined epithelium and 

EA were significantly suppressed only at the end of  the 
study (40 wk). Similarly, Chen et al[22] showed beneficial 
effects in animals treated with celecoxib over a 40-wk 
experimental period. We selected the endpoint of  the 
present study according to previous research performed 
in our group, in which rats under esophagojejunostomy 
showed a high incidence of  esophageal adenocarcinoma 
and intestinal metaplasia 4 mo after surgery. It is possible 
that this period of  time is sufficient to see a positive effect 
with profound inhibition of  both types of  COX activity 
as with indomethacin, but is not long enough to see the 
results of  weaker or partial COX inhibition with a selec-
tive COX-2 agent. 

Most studies, including ours, showed a greater decr-
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Figure 3  Macroscopic findings. A: Effect of treatment on metaplasia in continuity length. A significant decrease was observed in indomethacin-treated groups com-
pared to control groups (P = 0.007); B: Treatment effect on the percentage of animals that developed metaplasia beyond the anastomosis. Percentage of animals that 
developed metaplasia beyond the anastomosis was significantly higher in both control and MF-tricyclic groups (P = 0.009 and P = 0.036, respectively); C: Percentage of 
animals that developed dysplasia; D: Because most animals developed dysplasia, low-to-medium grade vs high-grade dysplasia was analyzed. Percentage of rats that 
developed high-grade dysplasia was significantly lower in indomethacin groups compared to control groups (P = 0.002). When we analyzed the effect of treatment, we 
observed lower incidence of neoplasia in the indomethacin group (P = 0.000). MF-tricyclic: 3-(3, 4-difluorophenyl)-4-(4-(methylsulfonyl)phenyl)-2-(5H)-furanone. 
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ease in tissue PGE2 levels with a nonselective COX 
inhibitor compared to COX-2 selective inhibitors[11,20,23]. 
This effect suggests that PGE2-derived COX-1 inhibi-
tion may play a role in the progression from gastrointes-
tinal reflux to EA. In addition, additional mechanisms 
not linked to either COX-1 or COX-2 inhibition may be 
involved in this process. Orido et al[24] observed that treat-
ment with indomethacin, but not sulindac, decreases ara-
chidonic acid uptake in a human colorectal cell line. They 
suggested that the anticancer effect of  indomethacin 
could be independent of  COX-2 inhibition. Moreover, 
Kim et al[25] evaluated the induction of  NAG-1 and apop-
tosis by various NSAIDs, such indomethacin, sulindac, 
and diclofenac. Indomethacin was the most potent induc-
er of  both NAG-1 expression (P < 0.05) and apoptosis 
(P < 0.05). Kopp et al[26] and Castro et al[27] reported that 
sodium salicylate, acetylsalicylic acid, and indomethacin 
inhibit activation of  NF-κB[26,27]. Hanif  et al[28] observed 
that NSAIDs inhibit the proliferation rate of  two colon 
cancer cell lines independent of  their ability to inhibit 
prostaglandin synthesis.

In addition to the above observations, it is important 
to note that much higher doses of  NSAIDs are required 
for inhibition of  proliferation and angiogenesis and in-
duction of  apoptosis, some of  the mechanisms that have 
been suggested to contribute to antitumor activity, than 
for inhibition of  prostaglandin synthesis[29].

 In conclusion, treatment with indomethacin, a dual 
COX-1/COX-2 inhibitor, in our experimental model of  
EA, prevented the development of  intestinal metaplasia 
and esophageal adenocarcinoma and reduced PGE2 
production. In contrast, treatment with MF-tricyclic, a 
selective COX-2 inhibitor, was not associated with these 
effects. The profound inhibition of  mucosal PGE2 with 
indomethacin, but not with MF-tricyclic, might partly ex-
plain the different effects, but other reasons, such as the 
length of  therapy, activity of  COX-1, and involvement 
of  COX-independent mechanisms, could also explain the 

results, and deserve further investigation. 
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COX-2 has become a target for the prevention of esophageal adenocarcinoma. 
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reduction in the incidence of esophageal adenocarcinoma in rat reflux-induced 
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a selective COX-2 inhibitor was administered, while a non-selective COX in-
hibitor, indomethacin, inhibited the complete carcinogenic sequence in the rat 
esophagus. 
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indomethacin, a dual COX-1/COX-2 inhibitor, prevented the development of 
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COX-1 also plays an important role in the development of esophageal adeno-
carcinoma.
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The inhibitory effect of the complete carcinogenic sequence observed with 
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esis and secondly, the involvement of cyclooxygenase-independent anticancer 
actions of indomethacin.
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adenocarcinoma and reduced PGE2 production. The results suggest that COX-1 
plays an important role in the development of esophageal adenocarcinoma.
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Abstract
AIM: To investigate the effect of Tangweian Jianji 
(TWAJJ) on the biomechanical and morphometrical re-
modeling of the upper gastrointestinal tract in diabetic 
rats. 

METHODS: Diabetes was induced in 27 rats by in-
jecting streptozotocin (40 mg/kg body weight), the 
animals were then divided into three groups (n  = 9 in 

each group), i.e., diabetic control (DM); high dose (10 
g/kg, T1) and low dose (5 g/kg, T2). Another 10 rats 
acted as normal controls (Control). TWAJJ was admin-
istered by gavage once daily. Blood glucose and serum 
insulin levels were measured. Circumferential length, 
wall thickness and opening angle were measured from 
esophageal, duodenal, jejunal and ileal ring segments. 
The residual strain was calculated from the morpho-
metric data. Step-wise distension was carried out on 
esophageal and jejunal segments. The obtained data 
on the length, diameter and pressure changes were 
then used to calculate the circumferential and longitu-
dinal stresses and strains. Real-time reverse transcrip-
tion polymerase chain reaction was used to detect the 
receptor of advanced glycation end-products (RAGE) 
mRNA level in jejunal tissues.

RESULTS: At the end of the experiment, the blood 
glucose level was significantly higher and the serum 
insulin level was significantly lower in DM, T1 and T2 
groups than in the control group (Glucose: 30.23 ± 0.41 
mmol/L, 27.48 ± 0.27 mmol/L and 27.84 ± 0.29 mmol/
L vs  5.05 ± 0.04 mmol/L, P  = 1.65 × 10-16, P  = 5.89 × 
10-19 and P  = 1.63 × 10-18, respectively; Insulin: 1.47 ± 
0.32 μg/L, 2.66 ± 0.44 μg/L, 2.03 ± 0.29 μg/L and 4.17 
± 0.54 μg/L, P  = 0.0001, P  = 0.029 and P  = 0.025, re-
spectively). However, these levels did not differ among 
the DM, T1 and T2 groups. The wet weight per unit 
length, wall thickness and opening angle of esophageal 
and intestinal segments in the DM group were signifi-
cantly higher than those in the control group (from P  
= 0.009 to P  = 0.004). These parameters in the T1 
group were significantly lower than those in the DM 
group (wet weight, duodenum: 0.147 ± 0.003 g/cm 
vs  0.158 ± 0.001 g/cm, P  = 0.047; jejunum, 0.127 ± 
0.003 g/cm vs  0.151 ± 0.002 g/cm, P  = 0.017; ileum, 
0.127 ± 0.004 g/cm vs  0.139 ± 0.003 g/cm, P  = 0.046; 
wall thickness, esophagus: 0.84 ± 0.03 mm vs  0.94 
± 0.02 mm, P  = 0.014; duodenum: 1.27 ± 0.06 mm 
vs  1.39 ± 0.05 mm, P  = 0.031; jejunum: 1.19 ± 0.07 
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mm vs  1.34 ± 0.04 mm, P  = 0.047; ileum: 1.09 ± 0.04 
mm vs  1.15 ± 0.03 mm, P  = 0.049; opening angle, 
esophagus: 112.2 ± 13.2˚ vs  134.7 ± 14.7˚, P = 0.027; 
duodenum: 105.9 ± 12.3˚ vs  123.1 ± 13.1˚, P = 0.046; 
jejunum: 90.1 ± 15.4˚ vs  115.5 ± 13.3˚, P  = 0.044; 
ileum: 112.9 ± 13.4˚ vs  136.1 ± 17.1˚, P  = 0.035). 
In the esophageal and jejunal segments, the inner 
residual stain was significantly smaller and the outer 
residual strain was larger in the DM group than in the 
control group (P  = 0.022 and P  = 0.035). T1 treatment 
significantly restored this biomechanical alteration (P  = 
0.011 and P  = 0.019), but T2 treatment did not. Fur-
thermore, the circumferential and longitudinal stiffness 
of the esophageal and jejunal wall increased in the DM 
group compared with those in the control group. T1, 
but not T2 treatment, significantly decreased the cir-
cumferential wall stiffness in the jejunal segment (P  = 
0.012) and longitudinal wall stiffness in the esophageal 
segment (P  = 0.023). The mRNA level of RAGE was 
significantly decreased in the T1 group compared to 
that in the DM group (P  = 0.0069). 

CONCLUSION: TWAJJ (high dose) treatment partly 
restored the morphometric and biomechanical remodel-
ing of the upper gastrointestinal tract in diabetic rats.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Diabetic gastrointestinal disorder (DGID) is a common 
complication of  diabetes. Up to 76% of  diabetic patients 
express gastrointestinal symptoms including dysphagia, 
early satiety, reflux, constipation, abdominal pain, nausea, 
vomiting and diarrhea[1,2]. Duration of  the disease and 
poor glycemic control seem to be associated with the 
severity of  gastrointestinal (GI) problems. In general, 
the pathogenesis of  DGID includes high blood glucose 
level, smooth muscle degeneration, abnormal autonomic 

neuropathy, gastrointestinal hormone secretion disorders 
and oxidative stress[3,4].

The GI tract is functionally subjected to dimensional 
changes. Hence, biomechanical properties such as the 
stress-strain relationships are of  particular importance[5]. 
These properties are remodeled in response to growth[6], 
fasting[7] and disease[8]. The biomechanical properties are 
crucial for GI motor function because peristaltic motion 
which propels the food through the GI tract is a result of  
an interaction between the passive and active tissue forces 
and the hydrodynamic forces in the food bolus. Remod-
eling of  the mechanical properties reflects the changes 
in the tissue structure that determine a specific motor 
dysfunction. During the past few years, several studies 
have demonstrated that experimental diabetes induces 
GI morphological and biomechanical remodeling[9-13]. 
Following the development of  diabetes, the GI wall 
becomes thicker and stiffer in a time-dependent man-
ner. Therefore, diabetic gastrointestinal morphological 
and biomechanical remodeling play an important role in 
DGID and has become the new perspective of  diabetic 
gastrointestinal pathogenesis[11]. 

Some studies on diabetic arteries have demonstrated 
that non-enzymatic glycation of  arterial wall tissues is as-
sociated with remodeling of  the wall[14,15]. We believe that 
the same applies to the diabetic GI wall. Advanced gly-
cation end-products (AGEs) may contribute to diabetic 
GI morphological and biomechanical remodeling by two 
major mechanisms. The first is receptor-independent 
alteration of  the extracellular matrix architecture by non-
enzymatic glycation and the formation of  protein cross-
links. The second mechanism is receptor-dependent and 
consists of  modulation of  cellular functions through liga-
tion of  specific cell surface receptors[16-18]. 

Western medical treatment of  DGID is mainly fo-
cused on symptomatic control with improvement of  
gastric motility, using promoting agents and supportive 
measures based on blood glucose control[2]. Although 
these therapies can partially improve the clinical symp-
toms, they do not fundamentally reverse the diabetes-
induced changes and result in a very high relapse rate. In 
clinics it was shown that Tangweian Jianji (TWAJJ) sig-
nificantly improved DGID with a low relapse rate, how-
ever, the mechanism involved in this improvement is not 
fully understood. Therefore, the aim of  the present study 
was to investigate whether TWAJJ treatment can improve 
the morphometric and biomechanical remodeling of  the 
GI tract in streptozotocin (STZ)-induced diabetic rats. 
Furthermore, the receptor of  advanced glycation end-
products (RAGE) mRNA level in the jejunal tissues was 
also investigated to explore the possible mechanism of  
TWAJJ in the treatment of  DGID. 

MATERIALS AND METHODS
Animal model and groups
Forty male SD rats weighing 220-250 g were included 
in this study. Diabetes was induced in 30 rats by a single 
tail vein injection of  40 mg/kg body weight of  strepto-
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zotocin (STZ, Sigma-Aldrich, China). This dose of  STZ 
resulted in a random blood glucose level ≥ 16.7 mmoL/
L in 90% of  rats 7 d after the injection. The remaining 
10% of  rats were excluded from this study. Twenty-seven 
STZ-induced diabetic rats were subdivided into three 
groups (n = 9 in each group), i.e., diabetic control group 
(DM); high dose of  TWAJJ group (T1) and low dose of  
TWAJJ group (T2). Another 10 rats of  similar age and 
body weight from the same vendor were used as a non-
diabetic control group (Control). 

Drugs and administration methods
TWAJJ is composed of  Citrus aurantium, Codonopsis, 
fried Atractylodes and wine Rhubarb and was provided 
by Guang’anmen Hospital, China Academy of  Chinese 
Medical Sciences. The medicine was administered by 
gavage which passed though the esophagus and reached 
the stomach lumen. The drug was perfused directly into 
the stomach once daily from the beginning of  the experi-
ment. The dosage was 10 g/kg for T1 and 5 g/kg for T2, 
respectively. The rats in the DM and control groups were 
perfused with physiological saline.

Chemical analysis of TWAJJ 
The formulation of  TWAJJ was prepared according to 
the corresponding monograph in the 2005 Edition of  
Chinese Pharmacopoeia. There were quantitative control 
limits for the raw herbs (for example, the content of  
Naringin in Citrus aurantium was not less than 4.0% and 
Neohesperidin was not less than 3.0%) and for the final 
drug product. The chemical composition of  TWAJJ was 
determined by using an ultra-fast high performance liq-
uid chromatography-electrospray-ionization-quadrupole 
time-of-flight mass spectrometry method. An example 
chromatographic fingerprint is shown in Figure 1. The 
major compounds in the final dosage form were identi-
fied as Naringin, Neohesperidin, Lobetyolin, Atractyle-
nolide and Emodin. These compounds were used as the 
quality control markers in the final TWAJJ formulation.

Experimental procedures 
Weight and blood glucose levels were measured at 2-wk 
intervals after initiating the experiment. For blood glu-
cose measurement, one drop of  blood was obtained from 
rat tail vein and blood glucose was measured by a John-
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Figure 1  High pressure liquid chromatograph/mass spectrometry analysis of Tangweian Jianji extract. A: Representative total ion current (TIC) chromato-
grams of the Tangweian Jianji (TWAJJ) extract were obtained in positive ion electrospray; B: TIC chromatograms of the TWAJJ extract was obtained in negative ion 
electrospray. Visual inspection of the two TIC plots shows that the two modes of ionization generate different constituent information based on the ionizability differ-
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images of  the segments in the zero-stress, no-load and 
pressurised states. Measurements were undertaken us-
ing image analysis software (Sigmascan ver. 4.0, Sigma 
Corp., San Rafael, CA, United States). The following data 
were measured from each specimen: the circumferential 
length (C), the wall thickness (h), the wall area (A), and 
the opening angle at zero-stress state (α). The subscripts 
i, o, n, z and p refer to the inner (mucosal) surface, outer 
(serosal) surface, no-load state, zero-stress state and pres-
surised condition. The opening angle α was defined as 
the angle subtended by two radii drawn from the mid-
point of  the inner wall to the inner tips of  two ends of  
the specimen. Furthermore, the outer diameter (D) and 
the length (Lp) were measured from the images of  the 
pressurised segments.

The measured data were used for the calculation of  
biomechanical parameters defined as:

Residual Green’s strain at the mucosal surface: 
2i n

i z
i

C
( ) 1
C

E
2

−

−

−
=  (1)

Residual Green's strain at the serosal surface: 
2o n

o z
o

C
( ) 1
C

E
2

−

−

−
=

 (2) 

The stress and strain of  the esophageal and intestinal 
segments in the pressurised state were determined under 
the assumptions that the wall was homogenous and the 
organ shape was cylindrical. Calculations were performed 
knowing the no-load state dimensions, the outer diam-
eters and lengths of  the specimens at varying pressures, 
and assuming incompressibility of  the wall. The longitu-
dinal stretch ratio, p

z

L

Lϕλ =
; 
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i p o p

A
r− −
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= −
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; 

the wall thickness, hp = ro-p - ri-p; the mucosal circum-
ferential length, Ci-p = 2 × p × ri-p; the serosal circumfer-
ential length, Co-p = 2 × p × ro-p; the mid-wall circumfer-
ential length, i p o p
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= ) were calculated. 

Then the Kirchhoff ’s stress and Green’s strain in a 
wall at a given pressure were calculated according to the 
following equations:

Circumferential Kirchhoff ’s stress: i p
2

p

Pr
S

h
−

θ
θ

∆
=

λ
(3)

Longitudinal Kirchhoff ’s stress: 
2
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λ +(4)

son and Johnson One Touch Ultra Blood Glucose Meter. 
For insulin measurement, blood was obtained from the 
abdominal aorta and 0.2 mL serum was separated. The 
serum insulin was measured by radioimmunoassay (rat 
insulin radioimmunoassay kit, Linco Company, United 
States) at the end of  the experiment.

The experimental period was 60 d. At the end of  the 
experiment, the rats were fasted overnight and anesthetized 
with 4% Chloral hydrate (10 mL/kg, ip). Following lapa-
rotomy, the whole esophagus and ten centimeters of  duo-
denum, jejunum and ileum were harvested. The duodenum 
was taken from the descending section, 1 cm down from 
the pylorus; the jejunum from 5 cm distal to the ligament 
of  Treitz, and the ileum from 5 cm proximal to the ileo-ce-
cal valve. After gently cleaning the lumen of  the segments 
with saline, the length and wet weight were measured.

The esophageal and jejunal segments were divided 
into three sections, the proximal 1 cm segment was im-
mediately stored at -70 ℃ for protein and RAGE mRNA 
detection. The adjacent 1 cm long segment was used for 
the zero-stress state experiment. The remaining section 
was used for the distension test. The duodenal and ileal 
segments were divided into two and used for protein and 
mRNA detection and the zero-stress state experiment. In 
this experiment, RAGE mRNA detection was performed 
only on the jejunal segments. 

Zero-stress state experiment
To obtain data on the zero-stress state, three 1-2 mm wide 
esophageal and intestinal rings were cut and placed in 
Krebs solution at room temperature. The composition of  
Krebs solution (mmol/L) was: NaCl, 118; KCl, 4.7; NaH-
CO3, 25; NaH2PO4, 1.0; MgCl2, 1.2; and ascorbic acid, 0.11. 
A photograph was taken of  the cross-section of  the rings 
using a Canon camera (Canon, Japan) and was presented 
as the no-load state. Each ring-shaped segment was then 
cut radially from the opposite mesentery site and the pho-
tographs were taken about 60 min after the radial cutting 
to allow viscoelastic creep to take place. This is presented 
as the zero-stress state.

Distension test
The distal end of  the remaining esophageal and jejunal 
segments was tied with a suture and the proximal end 
was cannulated with a tube for the distension experiment. 
After preconditioning of  the segments, they were inflated 
with Krebs solution using a step-wise distension protocol 
from 0 cm to 20 cm H2O (0 cm, 1 cm, 2 cm, 3 cm, 5 cm, 
10 cm, 15 cm and 20 cm H2O) for the esophageal seg-
ment and from 0 cm to 10 cm H2O (0 cm, 0.5 cm, 1 cm, 
2 cm, 4 cm, 6 cm, 8 cm and 10 cm H2O) for the jejunal 
segment. The segments conformed to a cylindrical ge-
ometry during the distensions. Each pressure lasted for 2 
min and then the outer diameter and length of  the seg-
ments were photographed (Canon, Japan). 

Mechanical data analysis 
The morphometric data were obtained from digitized 
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Circumferential mid-wall Green’s strain: 
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Longitudinal Green’s strain: 
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= (6)

∆P is the transmural pressure difference. The longitu-
dinal mid-wall stretch ratio was referenced to the no-load 
state because tissue strips could not be cut to obtain the 
zero-stress state in the longitudinal direction. However, 
the longitudinal mid-wall length in rat intestine does not 
differ between the no-load and zero-stress states[19].

Receptor of advanced glycation end-products mRNA 
detection
Real-time polymerase chain reaction (RT-PCR) was used 
to detect RAGE mRNA level in the jejunal tissues. Total 
RNA was isolated from 100 mg tissue of  each specimen 
using ultra-pure Trizol reagent according to the proce-
dure described by the manufacturer (Invitrogen, United 
States). RNA concentration was determined when equal 
amounts of  total RNA (3 μg) were used in the reverse 
transcription with the iScript cDNA synthesis kit (Bio-
Rad Laboratories, Hercules, CA, United States). RT-PCR 
was used to quantify the mRNA expression of  RAGE. 

Amplification was performed using iQ Supermix with 
the iCycler iQ Real-Time Detection System according to 
the manufacturer’s instructions (Applied Biosystems). A 
standard curve was generated for each primer pair and 
a probe to determine PCR efficiency. Mean threshold 
cycle (Ct) values for each sample were normalized to 
β-actin and calibrated to the control group to obtain the 
threshold cycle difference (ΔΔCt) with 2-ΔΔCt being the 
fold change relative to the control group. The probes and 
primer sequences used were as follows: RAGE: Sense: 
5’-TCT CAG AAG CCC AAG GAA GAG T-3’; Anti-
sense: 5’-CCT AGG TCT GAA GGC CCT GAG T-3’, 
amplified cDNA length: 173 bp; β-actin: Sense: 5’-AGA 
TCC ACA ACG GAT ACA TT-3’; Antisense: 5’-TCC 
CTC AAG ATT GTC AGC AA-3’, amplified cDNA 
length: 309 bp.

Statistical analysis
The data were representative of  a normal distribution 
and accordingly the results were expressed as mean ± 
SE. The stress-strain curve for each direction was fitted 
using the exponential function equation S = (S* + β) eα 

(E-E*) - β.S* and E* are the stress and strain at a physi-
ological reference level[5]. The constants α and β from 
the above exponential function were used for the sta-
tistical evaluation of  the stress-strain data. Analysis of  
variance was used to detect differences in the parameters 
and groups (Sigmastat 2.0TM). The results were regarded 
as significant when P < 0.05.

RESULTS
Blood glucose and serum insulin levels
Blood glucose and serum insulin levels at the end of  the 
experiment are shown in Figure 2. The blood glucose lev-
el was 4-fold higher in the DM group compared with the 
control group (Figure 2A, P < 0.01). The serum insulin 
level was significantly lower in the DM group compared 
with the control group (Figure 2B, P < 0.01). Compared 
with the DM group, the blood glucose and insulin levels 
did not significantly change in the T1 and T2 groups. 

The weight/cm, wall thickness and wall area 
The wet weight per unit length (Figure 3A), no-load wall 
thickness (Figure 3B) and cross-sectional wall area (Figure 
3C) of  the esophageal and intestinal segments increased 
in the DM group compared with the control group (P < 
0.01, P < 0.05). After treatment with T1, the wall thick-
ness decreased in all segments (Figure 3B, P < 0.05), 
whereas the wet weight and wall area decreased in the du-
odenal, jejunal and ileal segments (Figure 3A, D, P < 0.01, 
P < 0.05), but not in the esophageal segment (P = 0.12). 
All the above parameters did not change significantly in 
the T2 group.

Opening angle and residual strain
At the end of  the experiment, the opening angle of  all 
three intestinal segments was significantly increased in 
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the DM group compared with the control group (Figure 
4A, P < 0.05). However, the opening angle in the esopha-
geal segment did not change. Treatment with high dose 
TWAJJ decreased the opening angle in all segments stud-
ied (Figure 4A, P < 0.05). Interestingly, the opening angle 
of  the esophageal segment was also decreased in the T2 
group (P < 0.05). 

A similar pattern to that found in the opening angle 
was found in the inner residual strain for all segments and 
groups, with the exception of  the ileal segment (Figure 

4B), where no difference was found between the differ-
ent groups (P > 0.05). The outer residual strain did not 
differ between the groups and segments (Figure 4C). 

Stress-strain distribution 
At the end of  the experiment, the stress-strain analysis 
showed that the circumferential stress-strain curves of  
esophageal and jejunal segments (Figure 5A, C), and the 
longitudinal stress-strain curve of  the esophageal seg-
ment (Figure 5B) in the DM group shifted to the left 
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compared with those in the control group, indicating that 
the diabetic esophageal and intestinal wall became stiffer. 
Calculation of  the mechanical constants demonstrated a 
difference between the DM group and the control group 
(P < 0.05, Table 1). However, the longitudinal stress-
strain distribution of  the jejunal segment did not differ 
between the DM and control groups (P > 0.05, Figure 
5D). High dose TWAJJ (T1) decreased the stiffness of  
the esophageal wall in the longitudinal direction (Figure 
5B and Table 1, P < 0.05) and the intestinal wall in the 
circumferential direction (Figure 5C and Table 1, P < 
0.05). Low dose TWAJJ did not improve the stiffening of  
the esophageal and jejunal wall caused by diabetes (P > 
0.05, Figure 5 and Table 1). 

Receptor of advanced glycation end-products mRNA 
level
RAGE mRNA level of  the jejunal segment increased in 

the DM group compared to the control group (Figure 6, 
P < 0.01). T1 treatment reduced the RAGE mRNA level 
(Figure 6, P < 0.01). We did not observe a significant dif-
ference between the T2 group and the DM group (Figure 
6, P > 0.05).

DISCUSSION
Diabetes mellitus is a pandemic disease. According to 
WHO´s statistical report; 370 million diabetic patients are 
expected by 2030. The serious impact caused by diabetes 
and its complications does not only affect patients but is 
also a heavy financial burden to the health care system 
and on families[20]. DGID is a common complication of  
diabetes. A previous study showed that prominent pro-
liferations of  the GI wall, especially the small intestine 
and esophagus mucosae, occur in experimental diabe-
tes[21]. Other studies demonstrated morphological and 
biomechanical remodeling of  the upper GI tract in dia-
betes[9-10,22], which may be caused by over-expression of  
AGE and RAGE in the diabetic GI tract. Furthermore, a 
linear association between the glucose level and morpho-
metric and biomechanical remodeling was observed[23].

In the view of  traditional Chinese medicine, DGID 
is in the category of  fullness, epigastric pain, vomiting, 
diarrhea, and constipation concurrent with diabetes. The 
major syndrome of  DGID includes spleen deficiency 
and qi stagnation. Therefore, the principal treatment is to 
strengthen the spleen and remove stagnation. TWAJJ is 
a practical Chinese medicinal compound for DGID[24-26] 

and is composed of  several herbs. Atractylodes mac-
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Table 1  Comparison of constant a among the different 
groups

Circumferential direction Longitudinal direction

Esophagus Jejunum Esophagus Jejunum

Control (n = 10) 3.56 ± 0.35 2.65 ± 0.37 18.33 ± 2.36 13.51 ± 3.66
DM (n = 9)  4.59 ± 0.79a  3.81 ± 0.31a  27.62 ± 3.93a 14.79 ± 2.26
T1 (n = 9) 3.77 ± 0.39  2.55 ± 0.51c  19.43 ± 4.13c 14.67 ± 1.56
T2 (n = 9) 3.84 ± 0.44  4.02 ± 0.71a  27.82 ± 1.74a 15.41 ± 4.36
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rocephala can strengthen the spleen, harmonize the 
stomach, regulate GI motility and protect the gastric mu-
cosa[27]. Citrus aurantium and wine rhubarb move qi and 
accumulation. Pinellia downbears counterflow and inhib-
its vomiting. Ginseng tones qi and has a beneficial affect 
on body fluid. Citrus aurantium has a non-competitive 
antagonist effect on acetylcholine and histamine in intes-
tinal smooth muscle contraction, possibly by influencing 
Ca2+ channels. Its total alkaloid level can prevent vomit-
ing and can promote GI tract movement in rats[28-30]. The 
active ingredients of  ginseng ginsenosides can reduce 
blood sugar by stimulating insulin secretion and anti-
apoptosis of  pancreatic β-cells[31,32]. Furthermore, the re-
sults of  a retrospective clinical study on TWAJJ treatment 
in DGID patients have been reported[24,25]. After treat-
ment with TWAJJ, symptoms such as fullness, eructation, 
nausea (vomiting) and constipation were significantly 
improved. Although the fasting blood glucose tended to 
decrease after treatment, this decrease was not statistically 
significant. However, clarification of  the clinical valid-
ity of  TWAJJ in randomized controlled clinical trials is 
necessary. In this study, we also found that TWAJJ had a 
tendency to decrease blood glucose and increase serum 
insulin, however, statistical significance was not reached. 
Therefore, we consider that the functional mechanism of  
TWAJJ in DGID is through other pathways rather than 
through blood glucose regulation.

The esophagus and small intestine are tubular organs. 
One important function is transportation of  food by wall 

movement; therefore the biomechanical properties of  the 
wall are important for this function[8]. The biomechanical 
properties of  the esophagus and small intestine depend 
on their structure and can be evaluated by the opening 
angle, residual stress and strain, and stress-strain rela-
tionship[11]. Previous studies have demonstrated that the 
esophageal wall[12,33,34] and intestinal wall[9-11] were remod-
eled during the development of  diabetes. Therefore, it 
is important to determine whether TWAJJ can improve 
DGID through a pathway involved in changing the bio-
mechanical properties of  the GI tract. 

The present study confirmed previous findings that 
morphometric and biomechanical remodeling of  the 
esophageal and intestinal wall occur in STZ-induced dia-
betic rats. Although the treatment with TWAJJ did not 
significantly change the blood glucose and serum insulin 
levels, high dose TWAJJ, to a large extent, improved the 
morphometric and biomechanical remodeling caused by 
diabetes. The improvement in morphometric remodeling 
was expressed as reduced wall thickness and area. Im-
provements in biomechanical remodeling were expressed 
as reduced opening angle, reduced absolute value of  
residual strain and decreased wall stiffness. The present 
study indicated that the effect of  TWAJJ on improve-
ments in DGID in the clinic may be partially associated 
with improvements in biomechanical remodeling of  the 
GI wall. Due to the complex geometry of  the stom-
ach[22,35], we did not focus on the biomechanical parame-
ters of  the gastric wall in the present study. Future studies 
may focus on the effect of  TWAJJ on the stomach due to 
the importance of  stomach function in diabetic patients. 

The alterations in residual strain and wall stiffness in 
diabetes will change the tension and stress distribution 
in the location of  mechanosensitive afferents in the GI 
tract[36,37]. Therefore, biomechanical remodeling of  the 
diabetic GI wall indirectly affects GI motor function. 
High dose TWAJJ partially restored the changes in bio-
mechanical properties caused by diabetes. This may be 
associated with improved motor and sensory function of  
the diabetic GI tract. 

AGEs is a heterogeneous group of  macromolecules 
formed by the non-enzymatic glycation of  proteins, 
lipids and nucleic acids[38]. Endogenous AGEs are gener-
ated at higher rates in diabetes due to abnormal glucose 
metabolism. Chronic high blood glucose can cause exces-
sive glycoprotein accumulation in the body including the 
GI tract causing GI wall stiffening[8]. There is growing 
evidence to show that AGEs and RAGE are implicated 
in various disorders. AGE levels in serum and tissues are 
associated with chronic complications of  DM includ-
ing DGID. Furthermore, RAGE is involved in signal 
transduction of  AGEs in a variety of  cells[39]. Our previ-
ous studies showed that AGE and RAGE were over-ex-
pressed in diabetic GI tissues[40]. In the present study, we 
found that the RAGE mRNA level in the jejunal segment 
increased in diabetic rats compared with normal rats. Fol-
lowing high dose TWAJJ administration, this alternation 
was reversed to the normal state. Therefore, the observed 
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improvement in the mechanical factors due to TWAJJ 
treatment in DGID may be through the inhibition of  
AGEs accumulation. However, in future studies we need 
to clarify this mechanism by immunohistochemistry of  
RAGE to demonstrate whether the change in mRNA 
expression actually translates to protein expression. Fur-
thermore, it is also important to study whether specific 
knockdown of  RAGE in the GI mucosa can improve 
biomechanical remodeling of  the GI tract in diabetes and 
reverse DGID. 

In conclusion, high dose TWAJJ treatment improves 
biomechanical and morphometric remodeling of  the dia-
betic esophageal and intestinal wall. The mechanism may, 
at least partly, be explained by decreased RAGE mRNA 
levels in STZ-induced diabetic rats. Therefore, it seems 
feasible to develop Chinese herbs, such as TWAJJ, to im-
prove the morphometric and biomechanical remodeling 
caused by diabetes. This may have an impact on GI dys-
function in diabetes and be used in clinical practice.

COMMENTS
Background
Diabetic gastrointestinal disorder (DGID) is a common complication of diabe-
tes. However, neither the pathophysiology nor the pathogenesis of patients’ 
gastrointestinal (GI) symptoms associated with diabetes are well understood. 
Furthermore, many patients with DGID do not receive appropriate treatment. 
Although Western medicine can partially improve the clinical symptoms, it does 
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high relapse rate. In the clinic, it was shown that Tangweian Jianji (TWAJJ) 
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involved in this improvement is not fully understood. 
Research frontiers
The GI tract is functionally subjected to dimensional changes. Hence, bio-
mechanical properties such as the stress-strain relationship are of particular 
importance. Several studies have demonstrated that diabetes induces GI mor-
phological and biomechanical remodeling. The non-enzymatic glycation of the 
intestinal wall in diabetes is associated with remodeling. Therefore, the pres-
ent study investigated whether TWAJJ treatment can improve morphometric 
and biomechanical remodeling of the GI tract in streptozotocin (STZ)-induced 
diabetic rats. Furthermore, the receptor of advanced glycation end-products 
(RAGE) mRNA level in the jejunal tissues was also investigated to explore the 
possible mechanism of TWAJJ in the treatment of DGID. 
Innovations and breakthroughs
Compared with previous studies, this study is the first to use biomechanical test 
methods combined with RAGE detection to investigate the mechanism of the 
effect of the Chinese medicine, TWAJJ, on diabetic GI dysfunction. We showed 
that high dose TWAJJ improves the biomechanical and morphometric remodel-
ing of the diabetic esophageal and intestinal walls. The mechanism may, at 
least partly, be related to the decreased RAGE mRNA levels in STZ-induced 
diabetic rats. As knowledge of GI biomechanics is new and was only recently 
developed and the non-enzymatic glycation of the GI tract is closely related to 
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expression of advanced glycation end products and their receptor (AGE/RAGE) 
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The findings of this study suggest that it seems feasible to develop Chinese 
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modeling caused by diabetes. This may have an impact on GI dysfunction in 
diabetes and be used in clinical practice.
Terminology
DGID is a common complication of diabetes related to the GI tract. Up to 76% 
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practical Chinese medicinal compound for diabetic gastrointestinal dysfunction 
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Abstract
AIM: To investigate usefulness of adherence to gastro-
esophageal reflux disease (GERD) guideline established 
by the Spanish Association of Gastroenterology.

METHODS: Prospective, observational and multi-
centre study of 301 patients with typical symptoms 
of GERD who should be managed in accordance with 
guidelines and were attended by gastroenterologists in 
daily practice. Patients (aged > 18 years) were eligible 
for inclusion if they had typical symptoms of GERD 

(heartburn and/or acid regurgitation) as the major 
complaint in the presence or absence of accompany-
ing atypical symptoms, such as dyspeptic symptoms 
and/or supraesophageal symptoms. Diagnostic and 
therapeutic decisions should be made based on spe-
cific recommendations of the Spanish clinical practice 
guideline for GERD which is a widely disseminated and 
well known instrument among Spanish in digestive dis-
ease specialists.

RESULTS: Endoscopy was indicated in 123 (41%) 
patients: 50 with alarm symptoms, 32 with age > 50 
years without alarm symptom. Seventy-two patients 
(58.5%) had esophagitis (grade A, 23, grade B, 28, 
grade C, 18, grade D, 3). In the presence of alarm 
symptoms, endoscopy was indicated consistently with 
recommendations in 98% of cases. However, in the 
absence of alarm symptoms, endoscopy was indicated 
in 33% of patients > 50 years (not recommended by 
the guideline). Adherence for proton pump inhibitors 
(PPIs) therapy was 80%, but doses prescribed were 
lower (half) in 5% of cases and higher (double) in 
15%. Adherence regarding duration of PPI therapy 
was 69%; duration was shorter than recommended in 
1% (4 wk in esophagitis grades C-D) or longer in 30% 
(8 wk in esophagitis grades A-B or in patients without 
endoscopy). Treatment response was higher when PPI 
doses were consistent with guidelines, although differ-
ences were not significant (95% vs  85%).

CONCLUSION: GERD guideline compliance was quite 
good although endoscopy was over indicated in pa-
tients > 50 years without alarm symptoms; PPIs were 
prescribed at higher doses and longer duration.
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INTRODUCTION
Gastro-esophageal reflux disease (GERD) is one of  the 
most prevalent gastrointestinal disorders in the general 
population[1]. GERD diagnosis is made mainly according 
to the presence of  symptoms. Patients with heartburn 
and/or regurgitation (typical GERD symptoms) received 
the diagnosis. Typical symptoms of  GERD are experi-
enced by 25% of  people at least once a month, 12% at 
least once per week, and 5% describe daily symptoms[2]. 
The prevalence of  GERD among the Spanish population 
is 15%, with 33% and 22% of  subjects reporting monthly 
episodes of  heartburn and regurgitation, respectively[3]. 
Reported consultation rates range from 5% to 56%[4]. 

GERD is perceived as a benign disease but the spec-
trum of  chronicity and severity of  upper gastrointestinal 
symptoms frequently affects health-related quality of  
life (HRQoL)[5]. The wide-ranging effects of  GERD on 
health and well-being can have consequences for the 
work productivity, psychological and social performance 
of  affected individuals, particularly in patients with severe 
symptoms or night time acid reflux and sleep distur-
bance[5-8]. In some respects the HRQoL burden of  these 
patients is similar to or greater than that observed in pa-
tients with conditions such as diabetes, hypertension or 
coronary heart disease[9,10].

Although treatment with proton pump inhibitors 
(PPIs) is satisfactory in many cases and results in cicatri-
sation of  esophagitis when esophagitis is present, com-
plete disappearance of  symptoms is difficult to achieve[11]. 
Nevertheless, in many cases PPI therapy leads to rapid 
symptom improvement that is associated with a better 
HRQoL. For example, in a large Italian study, 96% of  
patients were satisfied with the results of  4 wk of  PPI 
therapy and the average HRQoL score improved signifi-
cantly during this period[12]. An effective management 
strategy is particularly important because, as mentioned, 
GERD imposes a significant burden of  illness[13,14]. For 
that purpose several clinical practice guidelines have been 
developed by different medical societies and expert con-
sensus meetings[15-19]. However, although many national 
and international guidelines are currently available, the 
impact of  these recommendations on the behaviour of  
physicians has generally been limited[20-25]. Only in some 
disease states guidelines have been shown to influence 
physician behaviour, which depends on the prevalence 

of  the disorder and access to the guidelines among other 
factors[26-28].

The objective of  this study was to assess the level of  
adherence of  gastroenterologists to the Spanish clinical 
guidelines for GERD and the results obtained in the care 
of  patients with typical symptoms of  GERD attended in 
daily practice.

MATERIALS AND METHODS
Study design
This multicentre and observational study was prospec-
tively designed with two purposes: (1) to investigate 
whether patients with typical GERD symptoms seeking 
consultation from a specialist in gastroenterology were 
managed in accordance with the clinical practice guide-
line for GERD developed by the Spanish Association 
of  Gastroenterology, the Spanish Society of  Family and 
Community Medicine and the Iberoamerican Cochrane 
Center[15]; and (2) to assess the results obtained. The 
study was focused on the “acute phase” of  GERD (4-8 
wk after diagnosis) and not on the long-term; therefore, 
evaluation of  maintenance treatment was not done. 
Thirty-three gastroenterologist from 33 different medical 
centers throughout Spain participated in the study, that 
was conducted under routine clinical practice conditions. 
Gastroenterologists participating in the study were not 
aware they were included in an adherence study. Con-
secutive patients were recruited between December 12, 
2007 and November 5, 2008. All patients provided writ-
ten informed consent. The protocol was approved by the 
Ethics Committees of  the participating centers. 

Inclusion and exclusion criteria
Consecutive patients (aged > 18 years) attending to gas-
troenterologists offices were eligible for inclusion if  they 
had typical symptoms of  GERD (heartburn and/or acid 
regurgitation) more than twice a week for at least 2 mo 
as the major complaint, in the presence or absence of  ac-
companying atypical symptoms, such as dyspeptic symp-
toms and/or supraesophageal symptoms. All enrolled 
patients were required to sign the informed consent. Pa-
tients who had taken drug treatment for GERD within 2 
mo prior to the study were excluded. Also, patients were 
not eligible they were currently taking non-steroidal anti-
inflammatory drugs or platelet antiaggregant agents as 
well as if  previous treatment with PPIs had been unsuc-
cessful. Patients with history of  esophageal or gastric sur-
gery except for suture repair of  a perforated gastric ulcer 
were excluded.

Study procedures
The study protocol included a baseline visit and a final 
visit, which was scheduled after 4 wk or 8 wk. At the 
baseline visit, eligibility criteria were assessed and the fol-
lowing data were recorded: demographic and anthropo-
metric variables, and GERD-related symptoms including 

4886 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

Mearin F et al . Adherence to GERD guideline



duration of  symptoms, previous drug treatment, and fre-
quency and intensity of  typical symptoms. The frequency 
of  each symptom was graded as 0 = absent or present 
less than 2 d per month, 1 = present more than 2 d per 
month, 2 = present weekly less than 3 d, and 3 = pres-
ent 3 or more days per week. Intensity was graded as 0 = 
none, 1 = awareness of  symptom but easily tolerated, 2 
= discomfort sufficient to cause interference with normal 
activities, and 3 = incapacitating, with inability to perform 
normal activities. The product of  frequency and intensity 
was used to define the severity of  each symptom, which 
was expressed as the absolute number (0-1 = absent or 
irrelevant, 2 = mild, 3-4 = moderate, 6 = severe, and 9 = 
very severe).

Diagnostic and therapeutic decisions should be made 
based on specific recommendations of  the Spanish clini-
cal practice guideline for GERD[15], which is a widely dis-
seminated and apparently well known instrument among 
specialists in digestive disease. The algorithm for the 
diagnosis and treatment of  patients with GERD is sum-
marized in the Figure 1. When upper gastrointestinal en-
doscopy was indicated, reasons and endoscopic findings 
should be recorded. The presence and severity of  erosive 
esophagitis were determined using the Los Angeles clas-
sification[29]. According to the guideline, in the absence 
of  erosive esophagitis or mild esophagitis (Los Angeles 
grade A or B) the duration of  treatment was 4 wk but in 
the presence of  esophagitis grades C and D, the duration 
of  treatment was 8 wk. Treatment-related data included 
prescription of  PPI, dose and duration of  treatment (4 
wk or 8 wk), and non-pharmacological measures (acid re-
flux diet, elevated position of  the bed). The PPI selection 

(omeprazole, lansoprazole, pantoprazole, rabeprazole or 
esomeprazole) was made by individual medical preference. 

Assessments at the end of  treatment (4 wk or 8 wk) 
included frequency and intensity of  symptoms to quan-
tify the severity of  disease after PPI treatment. Response 
to treatment was considered when patients became 
asymptomatic, that is, in the category of  “absent or irrel-
evant”. Patients were interviewed regarding their compli-
ance with treatment, which was classified as excellent (> 
95%), very good (> 90%), good (> 80%), fair (≥ 70%), 
bad (< 70%) and very bad (< 50%).

Statistical analysis
Sample size calculation was based on proportion of  symp-
tomatic treatment response after 4-8 wk. Considering a 
treatment response around 58%, with a ± 6% deviation, 
the needed sample size was 260 patients. Expecting a 15% 
lost during follow-up the final calculated sample size was 
306 patients.

Categorical data are expressed as absolute number 
and percentages, and continuous data as mean and 
standard deviation. Response to PPI therapy according 
to adherence to guidelines in the doses prescribed was 
analyzed with the χ 2 test or fisher exact test. All analyses 
were performed using SAS 8.2 (SAS Institute, Cary, NC). 
A P value of  less than 0.05 was considered statistically 
significant.

RESULTS
A total of  306 patients were recruited and 301 patients 
(58.5% men; age of  45 ± 14 years) fulfilled the inclusion 
criteria and were included in the study. All of  them com-
pleted follow-up. The remaining 5 patients were excluded 
because of  refusal to take part in the study (n = 2) and 
lack of  fulfilment of  the inclusion/exclusion criteria (n = 
3). Mean time from the onset of  GERD symptoms was 
4.5 ± 6.3 years. Previous pharmacological treatment for 
GERD (not within 2 mo prior to the study) was recorded 
in 156 patients (51.9%), 87 of  which had been treated 
with PPIs. Presenting complaints were heartburn in 99% 
of  cases (nocturnal heartburn in 78%), regurgitation in 
86%, and both heartburn and regurgitation in 85%. Only 
3 patients complained of  regurgitation only. A total of  
273 patients (90.7%) presented dyspeptic symptoms and 
174 (57.8%) supraesophageal symptoms. Distribution of  
heartburn, nocturnal heartburn and regurgitation accord-
ing to severity of  symptoms is shown in Figure 2. Symp-
toms were rated as severe or very severe in 56% of  cases 
for heartburn, 34% for nocturnal heartburn and 35% for 
regurgitation.

Upper gastrointestinal endoscopy was performed 
in 123 patients (40.8%). According to participating gas-
troenterologists opinion indication of  endoscopy was 
justified because of  alarm symptoms in 50 patients and 
age over 50 years in 32. Adherence to the guidelines in 
relation to indication of  upper gastrointestinal endoscopy 
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regurgitation

Alarm factors
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Figure 1  Management algorithm of patients with heartburn or regurgita-
tion that should be used according to recommendations of the Spanish 
Clinical Practice Guideline. PPI: Proton pump inhibitor. 

Mearin F et al . Adherence to GERD guideline



Mild              Moderate            Severe             Very severe

4888 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

in patients esophagitis grades A-B (7.8%) or in patients 
without endoscopic studies (22.8%). 

Compliance with pharmacological treatment was ex-
cellent in 58% of  cases, very good in 30%, good in 8%, 
fair in 3% and bad or very bad in 1%. Acid reflux disease 
diet was recommended in 79% of  patients and raising the 
bed position in 34%.

Response to PPI therapy was higher among patients 
who received PPI doses recommended by the guidelines 
as compared with patients treated with lower doses (95% 
vs 85%), although differences were not statistically signifi-
cant (P = 0.2). Treatment response was similar in patients 
in which adherence to guidelines regarding duration of  
treatment was good or poor (95% vs 93%; P = 0.5). 

Symptomatic response to treatment according to es-
ophagitis grade was 87% in grade A, 89% in grade B and 
100% in grades C and D. The indication to perform an 
upper gastrointestinal endoscopy had no effect on the 
rate of  response to PPI treatment (P = 0.9) or whether 
there was good or poor adherence to the guidelines in 
terms of  indication of  the endoscopic study (P = 0.7).

DISCUSSION
GERD is a chronic condition in many cases and fre-
quently requires prolonged therapy. Although complica-
tions are infrequent, the symptoms of  reflux disease have 
a profound effect on quality of  life and work perfor-
mance, making GERD an expensive disease to manage. 
When different management strategies are compared, 
the cost of  each strategy must be balanced against its 
effectiveness. For that purpose, various clinical practice 
guidelines have been developed based on the scientific 
evidence and recommendations made by experts[15-19]. In 
2007, the Spanish Association of  Gastroenterology, the 
Spanish Society of  Family and Community Medicine and 
the Iberoamerican Cochrane Center developed a clinical 
practice guideline for GERD, in which two of  the au-
thors have collaborated (FM, JP), which was distributed 
throughout Spain both in printed version and through 

was good due to the presence of  alarm symptoms in 
98% of  cases. On the other hand, endoscopy was per-
formed in 32 of  97 patients (33%) older than 50 years of  
age without alarm symptoms (Figure 3). 

Esophagitis was diagnosed in 72 (58.3%) patients 
(grade A, 23, grade B, 28, grade C, 18, grade D, 3). Meta-
plastic changes of  the esophageal mucosa suggestive of  
Barrett’s oesophagus were documented in 9 patients and 
peptic stenosis in 1. Hiatal hernia was reported in 37 pa-
tients and Schatzki ring in 5.

Treatment with PPIs was prescribed to 298 patients 
(99%). In most cases (80%), there was adherence to the 
guidelines as the recommended dose of  PPI was pre-
scribed. However, doses prescribed were lower (half) in 
4.8% of  cases and higher (double) in 14.7%. The dura-
tion of  PPI therapy was 4 wk in 63% of  cases and 8 wk 
in 37%. In respect to duration of  PPI therapy, adherence 
to guidelines was shown in 69% of  cases (62% for the 
indication of  4 wk and 7% for 8 wk). Lack of  adherence 
(31% of  cases) included duration of  treatment of  4 wk 
in patients with esophagitis grades C-D (0.7%) or 8 wk 
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28%
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52%

18%

16%

17%

48%

19%
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Heartburn                                                       Nocturnal heartburn                                                 Regurgitation

Figure 2  Distribution of typical gastro-esophageal reflux disease symptoms according to severity. 
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Figure 3  Upper gastrointestinal endoscopy was prescribed in 98% of 
patients with alarm symptoms (in accordance with the guideline) and in 
33% of patients older than 50 years of age without alarm symptoms (not 
in accordance with the guideline).
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the Internet[15]. Afterwards, it was investigated whether 
the GERD guideline had a practical impact through the 
Spanish gastroenterologists in the care of  patients with 
GERD in routine daily practice.

The main findings of  this study can be summarized 
as follows: (1) upper gastrointestinal endoscopy was re-
quested in 41% of  patients, mainly because of  the pres-
ence of  alarm symptoms but also because of  age over 
50 years without alarm symptoms; (2) severe esophagitis 
was infrequently diagnosed even though patients were 
selected for endoscopy; (3) in almost all cases (99%), 
treatment with PPIs was prescribed, in the majority of  
cases (80%) in accordance with doses recommended in 
the guidelines (lower doses were prescribed in only 5% 
of  cases and higher doses in 15%); (4) adherence regard-
ing duration of  PPIs therapy was lower (69%) and most 
non-compliant behaviours were related to prolonged 
duration of  treatment in patients with mild esophagitis or 
in those in which endoscopy was not performed; and (5) 
response to PPI treatment was higher in patients treated 
with doses of  PPIs recommended in the clinical practice 
guidelines as compared with patients receiving other dos-
es, although the difference was not statistically significant 
(95% vs 85%).

It is to note that, although GERD guideline com-
pliance was quite good, endoscopy was overindicated. 
Thus, it was prescribed in 32 out of  97 patients (33%) 
older than 50 years of  age without alarm symptoms. We 
have to emphasize here that not in the Spanish guideline 
neither in other very prestigious ones[30,31] is endoscopy 
recommended in patients with typical GERD symptoms 
(heartburn and/or regurgitation) older than 50 years and 
no alarm symptoms.

GERD is a very frequent cause of  consultation in 
specialized gastroenterology practices as well as in the pri-
mary care setting. Consultation for GERD is associated 
with increased symptom severity and frequency, interfer-
ence with social activities, sleep disturbance, higher levels 
of  comorbidity, and psychological distress. Patients are 
less likely to consult if  they feel that their doctor would 
trivialise their symptoms[4]. GERD has a negative impact 
on HRQoL being involved factors such as female gender, 
increased body mass index and nocturnal symptoms[5]. 
Nevertheless, when symptoms are properly treated, HR-
QoL improves in most of  the cases. Thus, in a 5-year fol-
low-up study of  a large GERD population under routine 
care only a small minority of  patients reported a clinically 
relevant decrease in HRQoL[32].

Although several clinical practice guidelines for 
GERD have been developed and published, to our 
knowledge, their clinical impact on gastroenterologists 
practice has not been evaluated. On the other hand, it is 
known that current GERD guidelines are infrequently 
used by primary care physicians. It has been shown that 
among 352 practitioners from 17 countries only 33% 
used an international and 14% used a national guideline 
in managing GERD patients[33]. However, in a retrospec-

tive Australian study it was shown a significant improve-
ments in the diagnosis and management of  GERD after 
a clinical guideline distribution and a 3-year self-audit 
process revealed a decrease in use of  endoscopy, im-
proved identification of  risk factors, increase in recom-
mendations for patient weight loss and reduction in use 
of  medications that may exacerbate reflux symptoms[34]. 
Regarding antisecretory therapy it is well accepted that 
these medication are frequently overprescribed; when 
concordance between use of  PPIs and prescribing 
guidelines was evaluated drug utilisation data indicated 
widespread use of  PPIs outside current prescribing 
guidelines[35]. Another study tried to evaluate variability in 
dyspepsia management among Italian general practition-
ers; it was found that 44% of  endoscopies prescribed for 
uninvestigated patients (more than half  complaining of  
GERD symptoms) did not comply with the European 
Society for Primary Care Gastroenterology guideline[36].

In conclusion, compliance with the clinical practice 
guidelines for GERD by Spanish gastroenterologists is 
quite good, although a trend to indicate endoscopy in 
patients older than 50 years without alarm symptoms 
and treatments with higher PPI doses and longer dura-
tion than recommended was observed. Diagnosis of  se-
vere esophagitis is extremely infrequent, even in selected 
patients for endoscopy. Therapeutic response trended 
to be better when guideline recommendations were fol-
lowed.

COMMENTS
Background
Gastro-esophageal reflux disease (GERD) is one of the most prevalent gas-
trointestinal disorders in the general population. GERD diagnosis is made 
mainly according to the presence of symptoms, especially heartburn and/or re-
gurgitation. An effective management strategy is particularly important because 
GERD imposes a significant burden of illness. For that purpose several clinical 
practice guidelines have been developed by different medical societies and 
expert consensus meetings. However, the impact of these recommendations on 
the behaviour of physicians has generally been limited.
Research frontiers
It is a prospective, observational and multicentre study evaluating 301 patients 
with typical symptoms of GERD who should be managed in accordance with 
guidelines and were attended by gastroenterologists in daily practice. Diagnos-
tic and therapeutic decisions should be made based on specific recommenda-
tions of the Spanish clinical practice guideline for GERD which is a widely 
disseminated and well known instrument among Spanish in digestive disease 
specialists.
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The main findings of this study can be summarized as follows: Upper gastroin-
testinal endoscopy was requested in 41% of patients, mainly because of the 
presence of alarm symptoms but also because of age over 50 years without 
alarm symptoms. Severe esophagitis was infrequently diagnosed even though 
patients were selected for endoscopy.
Applications
In almost all cases (99%), treatment with Adherence for proton pump inhibitor 
(PPIs) was prescribed, in the majority of cases (80%) in accordance with doses 
recommended in the guidelines (lower doses were prescribed in only 5% of 
cases and higher doses in 15%). Adherence regarding duration of PPI therapy 
was lower (69%) and most non-compliant behaviours were related to prolonged 
duration of treatment in patients with mild esophagitis or in those in which en-
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Terminology
Response to PPI treatment was higher in patients treated with doses of PPIs 
recommended in the clinical practice guidelines as compared with patients re-
ceiving other doses, although the difference was not statistically significant (95% 
vs 85%).
Peer review
Treatment practice guidelines are helpful in securing patients uniform treatment 
regardless of where they seek help. Such guidelines are of no use, however, if 
they are not followed. A study of adherence to guidelines is thus of significant 
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Abstract
AIM: To evaluate the effect of single nucleotide poly-
morphisms of interleukin (IL)-28B, rs12979860 on pro-
gression and treatment response in chronic hepatitis C.

METHODS: Patients (n  = 64; 37 men, 27 women; 
mean age, 44 ± 12 years) with chronic hepatitis C, 
genotype 1, received treatment with peg-interferon 
plus ribavirin. Genotyping of rs12979860 was per-
formed on peripheral blood DNA. Histopathological 
assessment of necroinflammatory grade and fibrosis 
stage were scored using the METAVIR system on a liver 
biopsy sample before treatment. Serum viral load, ami-
notransferase activity, and insulin level were measured. 
Insulin resistance index, body mass index, waist/hip 
ratio, percentage of body fat and fibrosis progression 

rate were calculated. Applied dose of interferon and 
ribavirin, platelet and neutrophil count and hemoglobin 
level were measured. 

RESULTS: A sustained virological response (SVR) was 
significantly associated with IL28B polymorphism (CC 
vs  TT allele: odds ratio (OR), 25; CC vs  CT allele: OR, 
5.4), inflammation activity (G < 1 vs  G > 1: OR, 3.9), 
fibrosis (F < 1 vs  F > 1: OR, 5.9), platelet count (> 200 
× 109/L vs  < 200 × 109/L: OR, 4.7; OR in patients with 
genotype CT: 12.8), fatty liver (absence vs  presence of 
steatosis: OR, 4.8), insulin resistance index (< 2.5 vs  > 
2.5: OR, 3.9), and baseline HCV viral load (< 106 IU/mL 
vs  > 106 IU/mL: OR, 3.0). There was no association 
with age, sex, aminotransferases activity, body mass in-
dex, waist/hip ratio, or percentage body fat. There was 
borderline significance (P  = 0.064) of increased fibrosis 
in patients with the TT allele, and no differences in the 
insulin resistance index between groups of patients 
with CC, CT and TT alleles (P  = 0.12). Spearman’s rank 
correlation coefficient between insulin resistance and 
stage of fibrosis and body mass index was r  = 0.618 
and r  = 0.605, respectively (P  < 0.001). Significant dif-
ferences were found in the insulin resistance index (P  
= 0.01) between patients with and without steatosis. 
Patients with the CT allele and absence of a SVR had a 
higher incidence of requiring threshold dose reduction 
of interferon (P  = 0.07). 

CONCLUSION: IL28B variation is the strongest host 
factor not related to insulin resistance that determines 
outcome of antiviral therapy. Baseline platelet count 
predicts the outcome of antiviral therapy in CT allele 
patients.

© 2012 Baishideng. All rights reserved.

Key words: IL28B polymorphism; Hepatitis C; Fibrosis; 
Progression; Peg-interferon alpha; Sustained viral re-
sponse 
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INTRODUCTION
Investigations on genetic determinants of  chronic he
patitis C (CHC) established that a single nucleotide 
polymorphism (SNP) in the interleukin (IL)28B gene 
promoter region affected the spontaneous and induced 
clearance of  hepatitis C virus (HCV)[15]. Among 500  000 
genetic variants which were analyzed genomewide, a 
few associated with the virologic response were identi
fied, and showed variable frequency and importance 
across human ethnic groups[3,57]. The mechanism by 
which SNPs influence the outcome of  HCV infection 
and its treatment is not clear. It is suggested that regula
tion of  the promoter region of  IL28B in antiviral activity 
may also affect two other genes belonging to interferon 
(IFN)λ family encoded in this region[6,812]. According 
to some authors, IL28B SNPs are merely indicators of  
more complex mechanisms of  CHC pathogenesis[13]. 
Some factors which determine the efficacy of  antiviral 
therapy influence the course of  CHC[14]. The impact of  
SNPs within the IL28B region on spontaneous and in
duced HCV clearance suggests the possibility that poly
morphism affects the chronic phase of  hepatitis. On the 
basis of  previous research, there is no clear evidence that 
there is a correlation between IL28B SNPs and progres
sion of  untreated CHC. In a metaanalysis by Romero
Gomez et al[15], an effect of  IL28B polymorphism on 
the progression of  fibrosis was disputed. Research 
evaluating liver cirrhosis and fibrosis progression after 
liver transplantation in HCVinfected patients indicated a 
connection with IL28B SNPs[16,17]. 

However, about 50% of  patients with a sustained 
virological response (SVR) do not carry the favorable 
IL28B alleles[15]. The factors which increase the chance 
of  a therapeutic response in these patients are not yet 
known. A detailed analysis of  the course of  therapy of  
CHC with pegylated IFNα and ribavirin (RBV) in the 
presence of  a hazardous IL28B allele might better de
lineate the clinical characteristics of  this difficult-to-treat 
group of  patients. 

The aim of  this study was to determine the impact 
of  IL28B polymorphism on the progression of  CHC, 
in order to identify predictors of  effective therapy with 
IFN and RBV in the group of  patients with unfavorable 
IL28B polymorphism. 

MATERIALS AND METHODS
Sixtyfour patients of  European origin (Caucasians) with 
CHC due to HCV genotype 1 were included in the pres
ent study. Patients were treated with standard antiviral 
therapy with pegylated IFN 2a or 2b and RBV according 
to standard criteria of  inclusion and exclusion. A liver 
biopsy was performed before treatment, and HCV viral 
load (COBAS® TaqMan® HCV 2.0) and insulin resistance 
index (HOMAIR: homeostasis model of  assessment) 
was determined.

The histopathological assessment of  necroinflam
matory grade and fibrosis stage were scored using the 
METAVIR system, and the presence of  fatty liver disease 
was taken into consideration. The course of  therapy was 
monitored on the basis of  early virologic response (EVR), 
end of  treatment response (ETR) and SVR.

The presence of  the IL28Brelated SNP rs 12979860 
variant was determined in whole blood samples. Ge
nomic DNA was isolated from peripheral blood samples 
using proteinase K ion exchange column extraction kit 
(A&A Biotechnology, Gdynia, Poland). An amplification 
product of  190 bp length was obtained using standard 
polymerase chain reaction with the following primers: 
5’ GCC TCT TCC TCC TGC GGG ACA AG and 5’ 
GCG CGG AGT GCA ATT CAA CCC T. Following 
digestion with Bsh1236I (BstUI) restriction endonuclease, 
products were separated using agarose gel electropho
resis. The variant C was digested by the enzyme into 
fragments. All laboratory procedures were performed on 
blinded samples.

Patient age, sex, measurable anthropometric param
eters such as waist, waist/hip ratio, body mass index (BMI) 
and percentage of  body fat from MALTRON® measure
ments were analyzed in the present study. 

Based on estimated duration of  infection, the fibrosis 
progression rate was defined as the ratio between fibrosis 
stage and HCV duration. The serum aminotransferase 
levels prior to the start of  treatment and after 72 wk was 
assessed. Patient characteristics are presented in Table 1. 

The complete blood count at baseline and its changes 
during the course of  therapy were determined. Thresh
olds for drug dose reduction were established: white 
blood cells < 750 cells/µL platelets < 70  000/µL, and 
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Table 1  Characteristics of patients

IL28B 
polymorphism

n  (%) SVR 
(%)

Gender 
(M/F)

Age 
(yr)

BMI 
(kg/m2)

CC 13 (20) 77
CT 34 (53) 38
TT 17 (27)   6
All 64 39 27/37 44 ± 12 27 ± 5

The values of BMI and age given as arithmetic mean and standard 
deviation. CC, CT and TT: Single nucleotide polymorphisms at location 
rs12979860 IL28B; SVR: Sustained virological response; BMI: Body mass 
index; M/F: Male/female.  



hemoglobin < 10 g/L. For each patient the dose of  
IFN and RBV used in the therapy was established and 
expressed as a percentage of  the recommended dosage. 
The significance of  differences in the clinical parameters 
as well as anthropometric, biochemical, histological and 
virological features between patients with and without 
a SVR was determined based on analysis of  variance 
KruskalWallis rank sum, MannWhitney U and χ 2 tests. 
A similar analysis was performed on patients only with 
the IL28B CT genotype. In patients with CC and TT 
genotypes, analysis of  the diversity of  the SVR was not 
performed because of  the disproportionate distribution 
and small number of  patients who did or did not achieve 
a SVR (Table 1). 

Using the KruskalWallis rank sum test, we assessed 
variations in the investigated clinical features between pa
tients with different IL28B polymorphisms. In the logistic 
regression model we evaluated the odds ratio (OR) and 
95% confidence interval (CI) of  SVR, depending on the 
degree of  inflammatory-necrotic activity, fibrosis scores, 
platelet count, baseline viral load, insulin resistance index 
(IR index) and IL28B polymorphisms (Table 2). The 
OR was determined against cases of  high inflammatory-
necrotic activity, above grade 1 in the METAVIR score, 
advanced fibrosis according to METAVIR F > 1, pres
ence of  steatosis, viral load > 1 × 106 IU/mL, alleles TT 
and CT, baseline platelet count < 200 × 109/L and IR 
index > 2.5. 

The study was performed according to ethical guide
lines of  the 1975 Declaration of  Helsinki. All patients 
were informed about the study, and provided written in
formed consent. 

RESULTS
In the MannWhitney U test, differences were found in 

inflammatorynecrotic activity (P = 0.011), stage of  fi
brosis (P = 0.009), fibrosis progression rate (P = 0.015), 
EVR and ETR (P = 0.00001), baseline viral load (P = 
0.09), reduction in viral load at 3 mo of  therapy (P = 
0.0004) and the presence of  a biochemical response after 
completion of  therapy (P = 0.03) between the patients 
who achieved a SVR and those who did not. In the group 
of  patients who achieved a SVR, a lower incidence of  
liver steatosis was observed significantly (χ 2 test, P = 
0.062). In the χ 2 test, there were no significant differences 
between patients with and without SVR as regards sex, 
age, comorbidities, and anthropometric factors. Differ
ences in the parameters mentioned above were not ob
served among the three groups selected on the basis of  
the IL28B polymorphism. The χ 2 test showed differences 
in the rate of  achievement of  EVR (P = 0.02), ETR (P = 
0.069) and SVR (P = 0.001) between groups of  patients 
with CC, CT and TT alleles. The KruskalWallis rank 
sum test showed differences in the size of  the reduction 
of  viral load after 3 mo of  therapy (P = 0.019) between 
groups of  patients with CC, CT and TT alleles. The OR 
revealed that patients with the CC allele had a 25fold 
greater chance of  achieving a SVR compared with those 
with the TT allele (P < 0.001) and a 5.4fold higher 
chance compared with those with the CT allele (P = 
0.018) (Table 2). Patients with low liver inflammation had 
a 3.9 times greater probability of  achieving a SVR (P = 
0.026), and patients with no or little fibrosis had 5.9 times 
greater probability (P = 0.008). HCV viral load < 1 × 106 
IU/mL increased the chance of  achieving a SVR by 3fold 
(P = 0.038), and an IR index < 2.5 increased the chance 
by 3.9fold (P = 0.029). The KruskalWallis rank sum test 
showed no differences in the IR index between groups 
of  patients with CC, CT and TT alleles (P = 0.12). Spear
man’s rank correlation coefficient between IR index and 
stage of  fibrosis and BMI was r = 0.618 and r = 0.605, 
respectively (P < 0.001). In the MannWhitney U test, 
differences were found in the IR index (P = 0.005) be
tween patients with and without steatosis. The Kruskal
Wallis rank sum test revealed borderline significance (P = 
0.064) of  increased fibrosis in patients with the TT allele 
(Figure 1).

The MannWhitney U test established that patients 
who did not achieve a SVR had low platelet levels at 
baseline (P = 0.001) compared with subjects with a SVR. 
A similar trend was also found for neutrophils (P > 0.05). 
Patients without SVR bearing the CT allele, were charac
terized by lower baseline platelet count (P = 0.003) and 
decreased (P = 0.02) drop of  platelet count upon treat
ment. Decreased platelet levels in patients with the CT al
lele and absence of  a SVR were accompanied by a higher 
incidence of  requiring a dose reduction of  IFN (P = 0.07). 
No differences in IFN and RBV dosage in patients with 
the CT allele or other allelic variants were found between 
groups with or without a SVR. 

DISCUSSION
The present study observed an impact of  IL28B SNPs 
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Table 2  Odds ratios of sustained virological response, 
depending on type of polymorphism of IL28B, inflammation 
activity, fibrosis, fatty liver, baseline hepatitis C virus viral 
load, the level of platelets and insulin resistance

Features affecting SVR P value OR 95% CI

CC vs TT < 0.001 25   3.5-177.5
Platelets CT    0.002   12.8 1.8-42.6 
Staging    0.008     5.9 1.5-23.8
CC vs CT    0.018     5.4 1.2 -23.3
Fatty liver    0.014     4.8 1.2-13.6 
Platelets    0.005     4.7 1.3-17.3
Grading    0.026     3.9 1.1-13.4
Insulin resistance    0.029     3.9 1.1-13.8
HCV viremia    0.038  3  1-8.8

Difference in the risk of a SVR between patients with the CC allele and 
TT and CT alleles, low and high activity of the inflammatory process (G < 
1 vs G > 1, according to METAVIR), little and advanced fibrosis (F < 1 vs 
F > 1, according to METAVIR), low and high hepatitis C viral load (< 106 

IU/mL vs > 106 IU/mL), and absence or presence of fatty liver, high and 
low platelet count (> 200 × 109/L vs < 200 × 109/L), low or high insulin 
resistance index (< 2.5 vs > 2.5). Platelets CT: OR of SVR in patients with 
genotype CT with normal vs low platelets. SVR: Sustained virological 
response; CI: Confidence interval; HCV: Hepatitis C virus; OR: Odds ratio.
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by which both factors can influence the course and thera
py of  CHC. 

In the present study 60% of  patients with SVR had 
TT (8%) or CT (52%) genotypes, which are not known 
factors associated with higher IFN responsiveness. 
These values are similar to those described in previous 
reports[15]. Analysis of  the differences in the course of  
therapy in patients with the CT allele and a SVR revealed 
higher baseline platelet and neutrophil levels. These fac
tors were markedly reduced in the group of  patients with 
therapeutic failure. The present results are consistent 
with existing data, where the platelet level was a predic
tor of  a rapid virological response[28]. In this study, a low 
baseline platelet count was significantly associated with 
the need for IFN dose reduction in the group without 
a SVR. In the group of  patients with the CT allele, the 
platelet count was the only factor differentiating patients 
with and without a SVR. The chance of  a SVR was 8fold 
higher in patients with the CT allele and higher platelet 
count compared with patients with low levels of  platelets. 

The platelet level is one of  the factors used to esti
mate the risk of  the presence of  advanced liver fibro
sis[29]. In the present study, the platelet level also correlat
ed with the stage of  liver fibrosis (Figure 2). More severe 
fibrosis, and a lower baseline platelet level increased the 
risk of  requiring a reduction in IFN dose and subsequent 
reduction in the chance of  achieving a SVR[13]. Assess
ment of  the platelet level and the IL28B polymorphism 
can complement the decisionmaking algorithm for a pa
tient’s eligibility for antiviral therapy. 

Differentiation of  SNPs in the IL28B promoter re
gion is the strongest factor determining the effectiveness 
of  therapy with IFN and RBV. Despite the greater sever
ity of  fibrosis in patients with the TT genotype, there 
was no additional evidence of  an IL28B SNP associated 
with progression of  CHC. In patients with the IL28B 
CT allele, a low baseline platelet count is associated with 
a requirement to reduce IFN and a decreased chance of  
obtaining a SVR. 

on the efficacy of  IFN and RBV in CHC, which was 
consistent with the results from previous research. In pa
tients with TT and CT genotypes, greater severity of  liver 
fibrosis and necroinflammation, presence of  liver steato
sis, higher HCV viral load, and lower baseline platelets, 
had a reduced chance of  therapeutic success. In the OR 
of  the SVR, the greatest differences concerned the IL28B 
polymorphism between CC and TT alleles. The differ
ence was more than 4-fold for fibrosis in the comparison 
of  the CC allele with the CT allele. For liver steatosis, low 
platelet level, necroinflammatory grade, IR index and ini
tial viral load of  HCV, the difference was 58fold (Table 
2). The results confirm that polymorphism in the IL28B 
is significantly related to the outcome of  antiviral therapy 
of  CHC. 

The mechanism by which genetic factors influence 
the progression of  fibrosis in CHC remains unclear[1821]. 
In the present study, patients with the TT genotype had 
a more active state of  necroinflammation in the histo
logical analysis, and borderline significance (P = 0.06) of  
greater severity of  fibrosis (Figure 1). This observation is 
consistent with previous results describing a higher inci
dence of  TT or CT allele in cases of  cirrhosis and faster 
fibrosis progression in HCV-infected liver transplant re
cipients and liver from donors with the TT genotype[16,17]. 
Taking into consideration that the correlation between 
the degree of  fibrosis and IL28B was not statistically 
significant and there was no association with fibrosis pro
gression rate, it was not possible to confirm the impact 
of  the genotype on the progress of  CHC. Thus, IL28B 
polymorphism is probably not the factor which directly 
affects the outcome of  untreated CHC.

The correlation between insulin resistance and stage 
of  fibrosis, presence of  the liver steatosis, efficacy of  
IFN/RBV therapy and higher BMI observed in the pres
ent study is consistent with the results from previous 
observations[2227]. No statistically significant correlation 
between insulin resistance and IL28B polymorphism was 
observed, indicating that there are different mechanisms 
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Figure 1  Liver fibrosis stage (by METAVIR) is increased in patients with 
the TT allele of the rs12979860 region in the IL28B gene compared with 
patients with CC and CT alleles using the Kruskal-Wallis test (P = 0.06). 
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COMMENTS
Background
Ineffective therapy for chronic viral hepatitis type C (CHC) determines the 
progression of liver disease to cirrhosis and primary hepatocellular carcinoma. 
Single nucleotide polymorphism (SNP) in the IL28B promoter gene region de-
termines spontaneous and induced clearance of hepatitis C virus. 
Research frontiers
Clinical aspects of the impact of IL28B SNPs on the efficacy of antiviral therapy 
and progression of CHC are not fully recognized. In the present study, potential 
factors influencing the efficacy of therapy in relation to IL28B polymorphism 
were investigated.
Innovations and breakthroughs
The results of the study confirm a significant role of SNPs in the IL28B gene 
among different predictive factors of a sustained virological response (SVR). 
The impact of IL28B SNPs on the SVR is not related to insulin resistance. In the 
case of the CT allele, a low baseline platelet count is associated with a reduced 
chance of a SVR. The phenomenon is connected with the stage of liver fibrosis 
and need for a reduction of interferon dose during therapy. The results suggest 
that the progression of CHC is faster in patients with the TT genotype.
Applications
Results of the study can complement the decision-making algorithm for eligibil-
ity of patients with CHC for antiviral therapy.
Terminology
Single nucleotide polymorphism is a variation of a single nucleotide usually 
found in non-coding microsatellite fragments of the genome. It may serve as 
the fingerprint for predicting susceptibility toward disease. IL28B SNPs include 
different variants localized in the gene promoter region, among which the most 
common in clinical practice is C/T SNP of rs 12979860. 
Peer review
This study examined the association of SNPs of the IL28B, rs12979860 on 
progression of CHC. They found that SNPs of IL28B had any impact on CHC 
progression, in spite of apparently more advanced fibrosis among patients 
carrying TT genotype. In addition, they revealed that, in patients with the CT 
allele IL28B, low baseline platelets count is linked to the reduction of IFN and 
decreased chance of reaching the SVR. This study demonstrated a new char-
acteristic of IL-28b in CHC.
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Abstract
AIM: To define the clinical characteristics, and to as-
sess the management of colonoscopic complications at 
a local clinic.

METHODS: A retrospective review of the medical re-
cords was performed for the patients with iatrogenic 
colon perforations after endoscopy at a local clinic be-
tween April 2006 and December 2010. Data obtained 
from a tertiary hospital in the same region were also 
analyzed. The underlying conditions, clinical presenta-
tions, perforation locations, treatment types (operative 
or conservative) and outcome data for patients at the 
local clinic and the tertiary hospital were compared.

RESULTS: A total of 10  826 colonoscopies, and 2625 
therapeutic procedures were performed at a local clinic 
and 32  148 colonoscopies, and 7787 therapeutic proce-

dures were performed at the tertiary hospital. The clinic 
had no perforations during diagnostic colonoscopy and 
8 (0.3%) perforations were determined to be related to 
therapeutic procedures. The perforation rates in each 
therapeutic procedure were 0.06% (1/1609) in polyp-
ectomy, 0.2% (2/885) in endoscopic mucosal resection 
(EMR), and 3.8% (5/131) in endoscopic submucosal dis-
section (ESD). Perforation rates for ESD were significantly 
higher than those for polypectomy or EMR (P < 0.01). All 
of these patients were treated conservatively. On the oth-
er hand, three (0.01%) perforation cases were observed 
among the 24  361 diagnostic procedures performed, and 
these cases were treated with surgery in a tertiary hospi-
tal. Six perforations occurred with therapeutic endoscopy 
(perforation rate, 0.08%; 1 per 1298 procedures). Perfo-
ration rates for specific procedure types were 0.02% (1 
per 5500) for polypectomy, 0.17% (1 per 561) for EMR, 
2.3% (1 per 43) for ESD in the tertiary hospital. There 
were no differences in the perforation rates for each 
therapeutic procedure between the clinic and the tertiary 
hospital. The incidence of iatrogenic perforation requiring 
surgical treatment was quite low in both the clinic and 
the tertiary hospital. No procedure-related mortalities 
occurred. Performing closure with endoscopic clipping 
reduced the C-reactive protein (CRP) titers. The mean 
maximum CRP titer was 2.9 ± 1.6 mg/dL with clipping 
and 9.7 ± 6.2 mg/dL without clipping, respectively (P < 
0.05). An operation is indicated in the presence of a large 
perforation, and in the setting of generalized peritonitis 
or ongoing sepsis. Although we did not experience such 
case in the clinic, patients with large perforations should 
be immediately transferred to a tertiary hospital. Good 
relationships between local clinics and nearby tertiary 
hospitals should therefore be maintained.

CONCLUSION: It was therefore found to be possible 
to perform endoscopic treatment at a local clinic when 
sufficient back up was available at a nearby tertiary 
hospital. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Colonoscopy is widely used for the diagnosis, treatment, 
and follow-up of  colorectal diseases[1,2]. The improve-
ment of  the equipment and increased needs for screening 
colonoscopy has increased the number of  colonoscopies 
rapidly not only at hospitals but also in clinics. It is con-
venient for patients to have lesions treated when they are 
identified by either a routine-check up or diagnostic en-
doscopy. Therefore, therapeutic endoscopy is sometimes 
needed at a local clinic, including on the day surgery to 
perform polypectomy. The occurrence of  complica-
tions in such cases negatively affects the quality life of  
these patients. Bleeding after polypectomy is the most 
common complication[3]. However, the development of  
endoscopic clipping prevents the occurrence of  bleeding 
after polypectomy[4]. Therefore, cases that need surgical 
treatment for bleeding after therapeutic procedures are 
quite rare. Although perforation occurs less often, it is 
more problematic than bleeding and should be given the 
most attention[5,6]. Perforations sometimes require surgi-
cal intervention and will decrease the patients’ quality of  
life. Several large, retrospective studies have determined 
perforation incidences of  0.02%-0.8% and 0.15%-3% for 
diagnostic and therapeutic colonoscopy, respectively[6-11]. 

Surgery has been the mainstream treatment for iatro-
genic perforation[12-14]. Surgical treatment for iatrogenic 
perforation should be avoided at local clinics because 
most such clinics do not have the appropriate equipment 
for such surgery. As a result, the performance of  thera-
peutic endoscopy has so far not become common at local 
clinics. However, the use of  endoscopic clipping to pre-
vent the leakage of  intestinal contents can circumvent the 
need for surgery[15,16]. Although surgical treatment should 
be selected when it is needed, the use of  endoscopic clip-
ping could potentially extend the therapeutic indications 
for such treatments at local clinics. 

The aim of  this study was to determine the incidenc-
es, clinical presentations, and management of  iatrogenic 
perforations that occurred after diagnostic and therapeu-
tic colonoscopy at a local clinic. This study compared the 
data between a local clinic and a tertiary hospital. Finally, 

the optimal strategies for performing therapeutic endos-
copy and steps for dealing with complications at local 
clinics are also discussed. 

MATERIALS AND METHODS
This study retrospectively reviewed the patient database 
of  colonoscopies, and therapeutic procedures at Shi-
rakawa Clinic (Maebashi, Japan) between April 2006 and 
December 2010. The data from Maebashi Red Cross 
Hospital (Maebashi, Japan), a tertiary hospital in the same 
region were also analyzed and compared between Janu-
ary 1996 and December 2010. Endoscopies at Shirakawa 
Clinic and Maebashi Red Cross Hospital are performed 
or supervised by staff  gastroenterologists or fellows. The 
Shirakawa Clinic has 19 inpatient beds and appropriate 
management, such as drip infusion, can be easily carried 
out. However, the performance of  either surgery or in-
tensive care is restricted and patients required such case 
are therefore referred to the Maebashi Red Cross Hospi-
tal which is a tertiary hospital. Patients that required treat-
ment for an iatrogenic colon perforation during the study 
period were analyzed. The underlying conditions, clinical 
presentations, perforation locations, treatment types (op-
erative or conservative), and outcome data were analyzed. 
Possible complications were explained to all patients 
before the procedures, and all provided their written con-
sent. Outpatients were informed to contact the clinic if  
they experienced any post-procedural abdominal disten-
sion or pain. This study was approved by the institutional 
ethical committee (No. SC2011/003; date, December 10, 
2010).

Endoscopic procedures
The device for diagnostic endoscopy was a single-channel 
endoscope (CF260AI, Olympus Optical Co, Tokyo, 
Japan). A single-channel endoscope (GIF230 and/or 
CF260AI, Olympus) with a hood and a high-frequency 
generator with an automatically controlled system (Er-
botom ICC200 or VIO 300D, ERBE, Tuebingen, Ger-
many) were used for the endoscopic submucosal dissec-
tion (ESD) procedure. The patients principally received 
24 mg sennoside the night before the examination for 
bowel preparation, and drank 200 mL polyethylene glycol 
(PEG) solution (Niflec®, Ajinomoto Pharma Co., Ltd., 
Tokyo, Japan) every 10 min on the examination day, for a 
total intake of  2000 mL PEG solution. Polypectomy and 
endoscopic mucosal resection (EMR) were performed 
as usual[17,18]. The ESD procedure was performed as de-
scribed previously[19-21]. Abdominal X-rays were routinely 
performed after therapeutic procedures to check the per-
foration. Patients without complications were permitted 
to take soft food the day after the therapeutic procedures. 
Hemoclips (HX-600-135 and HX-600-090L, Olympus) 
were used for the endoscopic closure of  any perforation. 

Statistical analysis
The data were expressed as the mean ± SD. The data 
were analyzed using the Fisher’s exact probability test, 
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and Mann-Whitney’s U-test. A P value less than 0.05 was 
considered to be significant.

RESULTS
Patients and characteristics
A total of  10  826 colonoscopies, and 2625 therapeutic 
procedures were performed at the Shirakawa Clinic be-
tween April 2006 and December 2010. Eight (0.07%) 
perforations were attributed to endoscopy (Table 1). 
There were no perforation cases for diagnostic proce-
dures. On the other hand, a therapeutic procedure was 
performed in the 8 perforation cases (perforation rate, 
0.3%; 1 per 328 procedures). The perforation rates for 
specific procedure types were 0.06% (1 per 1609) for 
polypectomy, 0.2% (1 per 443) for EMR, and 3.8% (1 per 
26) for ESD. Perforation rates for ESD were significantly 
higher than those for polypectomy or EMR (P < 0.01). 
The cases with iatrogenic perforation are shown in Table 
2. The study group included 3 females and 5 males aged 

from 57 years to 80 years of  age (mean age 67.4 ± 6.6 
years). 

A total of  32  148 colonoscopies, and 7787 therapeu-
tic procedures were performed in Maebashi Red Cross 
Hospital, and 9 (0.03%) perforations were attributed to 
endoscopy (Table 1). There were 3 (0.01%) perforation 
cases among the diagnostic procedures. Six perforations 
occurred with therapeutic endoscopy (perforation rate, 
0.08%; 1 per 1298 procedures). Perforation rates for spe-
cific procedure types were 0.02% (1 per 5500) for polyp-
ectomy, 0.17% (1 per 561) for EMR, 2.3% (1 per 43) for 
ESD. The patients included 3 females and 6 males from 
59 years to 81 years of  age (mean age 69.2 ± 8.5 years). 
The cases with perforation during diagnostic endoscopy 
were complicated with diverticulitis, radiation colitis and 
amyloidosis, respectively. These 3 perforations during di-
agnostic endoscopy were treated by surgery. There were 
no significant differences in the perforation rates for each 
therapeutic procedure between the local clinic and the 
tertiary hospital.
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Table 1  Frequency of perforation depending on the type of endoscopic procedure

Total Diagnostic Therapeutic Polypectomy EMR ESD

Shirakawa Clinic between April 2006 and December 2010
Number n 10  826    8201 2625 1609 885 131
Perforation n (%) 8 (0.07) 0 (0) 8 (0.3) 1 (0.06) 2 (0.2) 5 (3.8)
Maebashi Red Cross Hospital between January 1996 and December 2010
Number n 32  148 24  361 7787 5500 2244 43
Perforation  (%) 9 (0.03)     3 (0.01)   6 (0.08) 1 (0.02)   4 (0.17) 1 (2.3)

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Table 2  The cases with iatrogenic perforation at the Shirakawa Clinic

Case Age Gender Procedure Site of 
perforation

Disease Discovery 
of 

perforation

Abdominal 
pain

Peritonitis 
sign

Extrabowel 
gasses

Treatment Max body 
temperature 

(℃)

CRP 
(mg/
dL)

Cessation 
of food 
intake 
(d) 

Intravenous 
antibiotics 
treatment 

(d)

Total 
hospital 

stay 
(d)

1 71 F EMR Ascending Adenocarcinoma Just after 
procedure

+ No Free air Conservative 
(with 

clipping)

36.9   4.4 1 6   7

2 57 M ESD Ascending Adenocarcinoma During - No Free air Conservative 
(with 

clipping)

36.8   0.9 1 4   9

3 69 F ESD Caecum Adenoma During - No PP1 Conservative 
(with 

clipping)

37.5   3.8 2 8 13

4 66 M ESD Rectm (Rb) Adenoma Just after 
procedure

- No PP Conservative 
(without 
clipping)

37.9 17.9 1 6 12

5 80 M ESD Caecum Adenoma Just after 
procedure

- No Free air Conservative 
(without 
clipping)

37.0   4.2 2 6 10

6 68 M Polypectomy Transverse Adenoma 1 d after 
procedure

+ Located Free air Conservative 
(without 
clipping)

36.9 11 4 7 10

7 64 M EMR Ascending Adenocarcinoma 2 d after 
procedure

+ Located Free air Conservative 
(without 
clipping)

36.9   5.5 4 6 11

8 64 F ESD Ascending Adenocarcinoma During + Located Free air Conservative 
(with 

clipping)

37.2   2.4 3 5 11

1Pneumoretroperitoneum. EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; CRP: C-reactive protein; M: Male; F: Female. 

Sagawa T et al . Colonoscopic perforation at a local clinic



4901 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

fasted for 1 d and food intake was started at day 3. The 
patient was discharged at day 9. 

Perforation discovered more than 24 h after thera-
peutic procedure and treated without clipping: The 
case was a 64-year-old male with a past history of  myo-
cardial infarction. Abdominal pain was appeared after 
2 d an EMR procedure for ascending colon adenoma. 
Abdominal XP and CT findings revealed free air (Figure 
1B). This case was treated conservatively because the 
symptoms of  peritonitis were localized. FMOX was ad-
ministered for 6 d. The patient fasted for 4 d and food 
intake was started at day 6. The patient was discharged on 
day 11. 

Perforation discovered just after a therapeutic proce-
dure and treated with suture clippings: The case was 
a 71-year-old female complicated with hypertension. This 
case was treated by usual air inflation during the EMR 
procedure. Abdominal XP and CT findings revealed free 
air just after the EMR procedure for ascending colon 
adenoma (Figure 1C). Inflation was changed to CO2 in-
flation and endoluminal repair with suture clipping was 
performed. FMOX was administered for 6 d. The patient 
fasted for 1 d and food intake was started on day 3. The 
patient was discharged on day 7. 

Trouble shooting for perforation at a local clinic
A management algorithm for colonoscopic bowel per-
foration at a clinic is shown in Figure 2. A minor colon 
injury that is recognized during colonoscopy should be 
treated by changing to CO2 inflation, endoluminal repair 
with clips and further conservative treatment could avoid 
immediate surgical intervention. Delayed endoscopic 
repair with clipping should be considered only if  the 
condition of  the patient is stable and a specific site is 
highly suspected. This latter recommendation should be 
useful when the perforation is suspected in the rectosig-
moid area, because perforations in this region are easily 
located on scope reinsertion. An operation is indicated in 
the presence of  a large perforation, and in the setting of  
generalized peritonitis or ongoing sepsis. Such patients 
should be immediately transferred to a tertiary hospital. 
A good relationship between local clinics and nearby ter-
tiary hospitals should therefore be maintained.

DISCUSSION
The perforation risks of  diagnostic and therapeutic colo-
noscopy are 0.02%-0.8% and 0.15%-3%, respectively[6-11]. 
Large studies of  iatrogenic perforation related to colo-
noscopy are shown in Table 3[6-11,22-24]. New therapeutic 
approaches including ESD techniques have become more 
popular and the risk of  perforation is increased in com-
parison to conventional techniques such as polypectomy 
or EMR. The perforation risk of  a therapeutic procedure 
is usually higher than that of  a diagnostic procedure. 
Fortunately, there were no perforations during diagnostic 
procedures at the local clinic in the present study. 

Management and outcomes of perforations in the clinic
Three of  8 cases (37.5%) perforations were detected 
during the endoscopic procedure due to the visualization 
of  a tear in the serosa. Six (75%) patients were diagnosed 
to have a perforation within 24 h of  colonoscopy. Two 
patients were diagnosed to have a perforation more than 
24 h later. These cases were considered to be delayed 
perforation caused by electrocautery. Four (50%) of  8 
patients had been undergone clipping. Six (75%) patients 
had free intraperitoneal air and 2 patients showed pneu-
moretroperitoneum by abdominal radiography or com-
puted tomography (CT). There were no symptoms of  
peritonitis in 5 patients and 3 patients showed localized 
peritonitis. All patients were managed conservatively 
because there no progression to peritonitis symptoms, 
Conservative treatment included the withholding of  oral 
intake, hydration, intravenous antibiotics and serial ab-
dominal examinations. 

The mean maximum C-reactive protein (CRP) ti-
ter was 6.3 ± 5.6 mg/dL (range 0.9-17.9 mg/dL) and 
maximum body temperature was 37.1 ± 0.4 ℃ (range: 
36.8-37.9 ℃). The mean fasting period for these patients 
was 2.3 ± 1.3 d (range: 1-4 d) and the mean hospital stay 
following perforation was 10.4 ± 1.8 d (range: 7-13 d). 
The points of  references used to discontinue fasting were 
relief  of  abdominal pain, improvement of  leukocytosis. 
The mean duration of  total intravenous antibiotic treat-
ment was 6.0 ± 1.2 d (range 4-8 d). Flomoxef  sodium 
(FMOX) was administered in all cases. When fasting had 
been completed, oral ciprofloxacin was prescribed.

The mean maximum CRP titer was 2.9 ± 1.6 mg/dL 
with clipping and 9.7 ± 6.2 mg/dL without clipping, 
respectively. The mean maximum CRP titer was signifi-
cantly lower in the patients with clipping (P < 0.05). The 
duration of  fasting with and without clipping were 1.8 ± 
1.0 d and 2.8 ± 1.5 d, respectively. The duration of  intra-
venous antibiotics treatment with and without clipping 
was 5.8 ± 1.7 d and 6.3 ± 0.5 d, respectively. The dura-
tion of  total the hospital stay with and without clipping 
were 10.0 ± 2.6 d and 10.8 ± 1.0 d, respectively. There 
were no significant differences in the total hospital stay, 
duration of  fasting, dose of  intravenous antibiotics be-
tween those that had or had not undergone clipping be-
cause of  the small number of  patients with perforation. 
However, the duration of  fasting, dose of  intravenous 
antibiotics and total hospital stay tended to be shorter 
when clipping was successful in comparison to when 
clipping was not performed.

Representative cases
Perforation discovered during the therapeutic proce-
dure and treated with clipping: The case was 57-year-
old male with no major complications. Perforation was 
observed during an ESD procedure for ascending colon 
adenocarcinoma (Figure 1A). Carbon dioxide inflation 
was used during ESD. Endoscopic clipping closed the 
small tear of  the serosa. Abdominal X-ray showed a small 
amount of  extra-bowel gasses. This case was treated con-
servatively. FMOX was administered for 4 d. The patient 
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Figure 1  Representative cases of colonoscopic perforations. A: Case 1: Perforation discovered during the therapeutic procedure and treated with clipping; B: 
Case 2: Perforation discovered more than 24 h later after the therapeutic procedure and treated without clipping; C: Case 3: Perforation discovered just after the 
therapeutic procedure and treated with suture clipping. 
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Table 3  Large study of iatrogenic perforation related to 
colonoscopy  n  (%)
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Recent studies have demonstrated the possibility of  
endoscopic perforation closure using endoclips[25,26]. Clo-
sure by endoscopic clipping significantly reduced the 
maximum CRP titer in this study. Successful closure with 
endoscopic clipping in conservatively managed patients 
can reduce the fasting period, duration of  intravenous an-
tibiotic administration, and hospital stay[25,26]. As a result, 
successful clipping can improve patient quality of  life and 
reduce medical costs. This study found no significant dif-
ferences in the duration of  fasting, intravenous antibiot-
ics treatment, total hospital stay between those that had 
or had not undergone clipping. It may be due to the small 
number of  patients with perforation.

Perforations associated with diagnostic procedures are 
usually due to applying pressure to the colonic wall, and 
they are noticed immediately. However, perforations that 
occur after therapeutic procedures are often diagnosed 
late. Ischemia of  the colonic wall caused by electrical or 
thermal injury after electrocoagulation can cause a delayed 
perforation following therapeutic procedures[10]. Clipping 
can induce mucosal and submucosal healing and prevent 
fecal soiling of  the peritoneal cavity when the perforation 
is small and significant colonic pathology does not exist. 
However, the application of  clipping for perforation in 
delayed perforation still remains controversial. Delayed 
endoscopic repair with clipping should be considered only 
if  the condition of  the patient is stable and a specific site 
is highly suspected[6]. This recommendation is likely to 
be useful when the perforation is suspected to be in the 
rectosigmoid area, because perforations in this region are 
easily located on scope reinsertion[6].

The limitations of  this study include the retrospective 
nature of  the work and the inclusion of  descriptions of  
local experience without the addition of  new protocols. 
However, we believe that investigating a large number 
of  patients at a local clinic will elucidate the role the lo-
cal clinic plays in therapeutic endoscopies. Furthermore, 
selection bias between the two institutes of  patients or 
endoscopists may have existed. The incidence of  compli-
cations depends on the type of  lesion or the skill of  the 
endoscopist. Selection bias of  patients or endoscopists is 
a problem to be evaluated in a future study.

Selective patients are likely to improve under conser-
vative management involving hospitalization, intestinal 
rest, intravenous fluids, and antibiotics to limit peritonitis 
and allow the perforation to seal. However, conservative 
management requires careful observation with frequent 
and repeated abdominal exams. Patients successfully 
treated non-surgically must be clinically stable, and their 
abdominal symptoms should improve rapidly with no 
deterioration due to peritoneal signs[14]. A local clinic does 
not have any surgical options, so a good relationship and 
close contact with a tertiary hospital is needed. Patients 
must be immediately transferred to a tertiary hospital 
when either abdominal symptoms are observed or perito-
nitis worsens.

In conclusion, iatrogenic colonic perforation is a seri-
ous but uncommon complication of  colonoscopy. How-
ever, surgery is not mandatory for perforations caused 
by therapeutic procedures, and endoscopic perforation 
closure using endoclips should be considered as a helpful 
adjunct to conservative treatment. It is possible to per-
form endoscopic treatment at a local clinic when there 
is appropriate back-up by a nearby tertiary hospital. Of  
course, close contact between local clinics and a tertiary 
hospital is essential.

Patients with suspected colon perforation

During endoscopic procedure Delayed perforation

CO2 inflation, closure 
with clipping

Easy to 
access

Closure with 
clipping

Large tears, 
panperitonitis, elderly 
patents with high risk 

complications 

No sign for 
peritonitis, 

located 
peritonitis

Conservative therapy

Withholding of oral intake, 
hydration, intravenous antibiotics 

Worsen Improve

Surgical treatment Oral intake

Figure 2  Trouble shooting for perforation at the local clinic. 

Ref. Total Diagnostic Therapeutic Polypectomy EMR ESD

Anderson et al[11] 59  987
    22 (0.04)

Cobb et al[10] 43  609
    14 (0.03)

Kaneko et al[24] 3  152  053 2  587  689 564  364 422  119 142  245 ND
1387 (0.04) 568 (0.02) 819 (1.4) 621 (0.15) 198 (0.14) ND

Iqbal et al[9] 78  702
  66 (0.84)

Tulchinsky et al[23] 120  067
      7 (0.06)

Lüning et al[7] 30  366
  35 (0.12)

Lüning et al[7] 433  816
393 (0.09)

Taku et al[8]   15  160 8240 1906 43
    23 (0.15)     4 (0.05)   12 (0.63)    6 (14.0)

Kang et al[6] 44  534 37  762      6772
   53 (0.12)   26 (0.07)     27 (0.40)

Oka et al[22]   71  204 34  433 36  083 688
    62 (0.09)     6 (0.02)   33 (0.09) 23 (3.3)

Upper column: Number of cases; lower column: Perforation (%). EMR: 
Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; 
ND: No data. 
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Background
The number of colonoscopies has increased rapidly, not only in hospitals, but 
also in clinics. The occurrence of complications negatively affects the quality 
life of patients. The aim of this study was to determine the incidence, clinical 
presentation and management of iatrogenic perforations that occurred after 
diagnostic and therapeutic colonoscopies at a local clinic. 
Research frontiers
Data and management strategies regarding iatrogenic perforations at hospitals 
were reported. However, such reports from clinics were rare. Optimal strategies 
for performing therapeutic endoscopy and steps for managing complications at 
local clinics were also discussed. 
Innovations and breakthroughs
This study investigated the incidence, management and outcomes of colono-
scopic perforation in a local clinic. Performing endoscopic perforation closure 
using endoclips should be considered as a helpful adjunct to conservative 
treatment. It is possible to perform endoscopic treatment at a local clinic when 
appropriate back-up support at a nearby tertiary hospital is available. 
Applications
The number of endoscopic treatments performed at local clinics will increase 
when appropriate back-up support at nearby tertiary hospitals is available. 
Terminology
A colonoscopic perforation is a complication of diagnostic or therapeutic colo-
noscopy. Although perforation occurs infrequently, it is problematic and should 
be given proper attention. Perforations sometimes require surgical intervention, 
and will decrease a patient’s quality of life. 
Peer review
The study is well designed and the paper is well written. Although there is no 
novelty in the idea and only a description of the local experience is provided, 
the study is a nice piece of work that includes a large number of patients.
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Abstract
AIM: To assess the diagnostic performance of follow-
up liver computed tomography (CT) for the detection of 
high-risk esophageal varices in patients treated with lo-
coregional therapy for hepatocellular carcinoma (HCC).

METHODS: We prospectively enrolled 100 patients 
with cirrhosis who underwent transcatheter arterial 
chemoembolization, radiofrequency ablation or both 
procedures for HCCs. All patients underwent upper 
endoscopy and subsequently liver CT. Three radiolo-
gists independently evaluated the presence of high-risk 

esophageal varices with transverse images alone and 
with three orthogonal multiplanar reformation (MPR) 
images, respectively. With endoscopic grading as the 
reference standard, diagnostic performance was as-
sessed by using receiver operating characteristic (ROC) 
curve analysis.

RESULTS: The diagnostic performances (areas under 
the ROC curve) of three observers with transverse im-
ages alone were 0.947 ± 0.031, 0.969 ± 0.024, and 
0.916 ± 0.038, respectively. The mean sensitivity, spec-
ificity, positive predicative value (PPV), and negative 
predicative value (NPV) with transverse images alone 
were 90.1%, 86.39%, 70.9%, and 95.9%, respectively. 
The diagnostic performances, mean sensitivity, specific-
ity, PPV, and NPV with three orthogonal MPR images 
(0.965 ± 0.025, 0.959 ± 0.027, 0.938 ± 0.033, 91.4%, 
89.5%, 76.3%, and 96.6%, respectively) were not su-
perior to corresponding values with transverse images 
alone (P  > 0.05), except for the mean specificity (P  = 
0.039).

CONCLUSION: Our results showed excellent diagnos-
tic performance, sensitivity and NPV to detect high-risk 
esophageal varices on follow-up liver CT after locore-
gional therapy for HCC. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
More than one-half  of  patients with cirrhosis eventually 
develop esophageal varices[1]. Screening upper endoscopy 
is repeated in 1-3 years in order to evaluate esophageal 
varices in cirrhotic patients owing to the substantial mor-
bidity and mortality related with variceal bleeding[2]. The 
presence of  high-risk varices seen in up to 30% of  pa-
tients with esophageal varices on endoscopy is considered 
as an indication for prophylaxis against variceal bleeding 
with either endoscopic variceal ligation (EVL) or the ad-
ministration of  β-blockers[1,3].

Of  several recent studies that have suggested the 
usefulness of  computed tomography (CT) scans to evalu-
ate esophageal varices[4-8], one study[7] asserted that CT 
was a better initial screening modality when compared 
to endoscopy in terms of  cost-effectiveness and patient 
preference. However, for only these reasons, the adop-
tion of  CT to replace ultrasound as the surveillance im-
aging technique in all cirrhotic patients is still subject to 
debate with the consideration of  radiation hazards[9]. As 
CT is commonly used as a follow-up imaging modality in 
patients treated with locoregional therapy for hepatocel-
lular carcinoma (HCC)[10], we supposed that replacement 
of  CT for evaluating varices was more persuasive in such 
patients. The purpose of  this study was to evaluate pro-
spectively the diagnostic performance of  radiologists for 
the detection of  high-risk esophageal varices on regular 
follow-up liver multi-detector row computed tomography 
(MDCT) examinations in patients treated with locore-
gional therapy for HCC. We also assessed the usefulness 
of  the addition of  coronal and sagittal multiplanar refor-
mation (MPR) images.

MATERIALS AND METHODS
Study design and patients
The Institutional Review Board approved the current 
study and all subjects provided informed consent. In this 
prospective study, the sample size was determined for 
overall diagnostic performance based on the area (Az) un-
der the composite receiver operating characteristic (ROC) 
curve using pooled data of  all observers. We expected 
that the pooled Az for the diagnosis of  high-risk vari-
ces on CT is 0.95, with a width of  the 95% confidence 
interval (CI) of  0.05. When the ratio of  the number of  
patients with high-risk varices ranges from 1:1 to 1:6 and 

the ratio of  standard deviation of  pooled Az with high-
risk varices ranges from 1:1 to 3:1, the standard error 
of  estimates of  Az in 100 subjects is ≤ 0.025. Thus, the 
95%CI of  Az is ≤ 0.05[11].

From June 2009 to December 2010, we enrolled 
patients with cirrhosis as well as HCCs treated with 
transcatheter arterial chemoembolization (TACE), radio-
frequency (RF) ablation or both procedures who were 
scheduled to undergo both a regular follow-up liver CT 
examination and a screening upper endoscopy. We ex-
cluded patients who had a history of  undergoing EVL 
for esophageal varices[5]. One-hundred patients who 
agreed to participate in our prospective study underwent 
an endoscopy and a subsequent liver MDCT examination 
within four hours after endoscopy. All patients had un-
dergone one or more regular (all within a 6-mo interval) 
follow-up liver MDCT examinations following TACE 
(n = 43), RF ablation (n = 35) or both procedures (n = 
22) for HCCs. The patient population consisted of  79 
men and 21 women (age range, 35-82 years; median age, 
59 years, mean age, 58.4 years). Patients were diagnosed 
with cirrhosis based on liver histopathology (n = 28), or 
characteristic clinical features (symptoms and stigmata of  
cirrhosis and its complications), laboratory results (levels 
of  viral markers, hyperbilirubinemia, hypoalbuminemia 
and coagulopathy), or imaging findings (liver configura-
tion, splenomegaly, ascites and collateral vessels) (n = 72). 
Eighteen patients received β-blocker medication. All pa-
tients had liver cirrhosis due to hepatitis B infection (n = 
76), hepatitis C infection (n = 14), alcohol use (n = 5) or 
an unknown etiology (n = 5). There were 89 patients with 
Child-Pugh class A, ten patients with Child-Pugh class B, 
and one patient with Child-Pugh class C disease.

Upper endoscopy
Patients underwent standard upper endoscopy performed 
by experienced gastroenterologists (with experience of  
performing more than 500 endoscopy examinations) 
in our endoscopy unit. Seven gastroenterologists per-
formed endoscopy of  the 100 patients in our study. All 
endoscopic studies were captured as digital imaging files. 
On endoscopy, esophageal varices were graded accord-
ing to criteria proposed by the Japanese Research Society 
for Portal Hypertension[12]. Grade 2 (varices showing a 
beaded appearance) or grade 3 (varices running in an 
oblique course and showing tortuosity with a tumorfac-
tive appearance) was chosen as a cutoff  point to define 
high-risk varices, based on the possibility to develop 
esophageal bleeding[12]. Two specialized endoscopists 
(Joon Hyeok Lee and Moon Seok Choi) reviewed all of  
the stored endoscopic images and the procedure reports 
for all patients. The endoscopists determined the final 
grades of  the esophageal varices of  the study population 
based on consensus. Disagreement between the two en-
doscopists was resolved in conference along with a third 
endoscopist (Geum-Youn Gwak).
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Liver computed tomography protocol
Liver CT examinations for follow-up were performed 
with a 64-slice MDCT scanner (Lightspeed VCT; GE 
Healthcare, Milwaukee, WI, United States). A total of  
120 mL of  nonionic contrast material (Ultravist 300, 
300 mg/mL iopromide, Schering, Berlin, Germany) was 
administered intravenously with an automatic injector at 
a rate of  3-4 mL/s. Images were obtained at 30-40 s, 70 s 
and 180 s after the initiation of  contrast material injec-
tion, representing the hepatic arterial, portal venous and 
equilibrium phases, respectively. In order to determine 
the appropriate scanning time for hepatic arterial phase 
imaging, we used an automatic bolus-tracking technique 
with automated scan-triggering software (SmartPrep; GE 
Healthcare). Hepatic arterial phase scanning was started 
automatically 12 s after the trigger threshold (100 HU) 
was reached at the level of  the supraceliac abdominal 
aorta. Images were obtained from the dome of  the dia-
phragm to the bottom of  the liver during a single breath-
hold. CT scanning parameters were as follows: 64 detec-
tor rows; beam collimation, 0.625 mm × 64 mm; pitch, 
0.984; kVp/mA, 120/100-300; gantry rotation time, 0.6 
s. Isotropic raw data were acquired with a slice thickness 
of  1.25 mm and an interval of  1.25 mm with the use 
of  MDCT. Using the raw data, a transverse image was 
obtained with a slice thickness of  5 mm and an interval 
of  2.5 mm. During the portal venous phase, coronal and 
sagittal MPR images were obtained with a 3 mm interval 
and a slice thickness of  3 mm. No patients received oral 
contrast material.

Liver computed tomography image analysis
Three abdominal radiologists (Soon Jin Lee, Dongil Choi 
and Hangi Jo) independently interpreted the liver CT im-
ages in order to detect the presence of  high-risk (grade 
2 or 3) esophageal varices. The radiologists had 13, nine 
and five years experience, respectively, in the interpreta-
tion of  abdominal CT images. The radiologists initially 
evaluated transverse images alone in a random order on 
a picture archiving and communication system (PACS) 
monitor. After three weeks, three orthogonal MPR im-
ages were assessed in another random order. The radiolo-
gists were blinded to the patient physical findings, labo-
ratory values, previous imaging results and endoscopy 
results. 

The CT images were reviewed to detect the presence 
of  high-risk esophageal varices with a 4-point confidence 
scale for the development of  variceal bleeding based on 
the endoscopic findings that were correlated with variceal 
bleeding: (1) definitely low-risk or no varices; (2) prob-
ably low-risk; (3) probably high-risk; and (4) definitely 
high-risk. The observers investigated beaded and tortu-
ous varices (distinct enhancing nodular or linear lesions 
that abutted the surface of  the esophageal lumen or pro-
truded into the luminal space) on stack PACS images of  
CT scans. In addition, the observers measured the short-
est diameter of  the largest enhancing lesion (varix) during 

the portal venous phase by the use of  an electronic cali-
per on one-format PACS images. A confidence score of  
4 could be assigned if  the diameter was definitely greater 
than 3 mm. A score of  3 was assigned if  the diameter 
was between 2 mm to 3 mm. A score of  2 was assigned 
if  the diameter was between 1 mm to 2 mm. A score of  
1 was assigned if  the diameter was less than 1 mm[4].

Statistical analysis
The results of  liver CT imaging analyzed by three ob-
servers were correlated with the endoscopic grading 
of  esophageal varices by the study coordinator (Hyojin 
Kim). Observer performance for the detection of  high-
risk esophageal varices was assessed by the use of  ROC 
curve analysis with transverse images alone and with 
three orthogonal MPR images. Az under each ROC 
curve by application of  the maximum-likelihood curve-
fitting algorithm was used to indicate the diagnostic 
performance for the detection of  high-risk esophageal 
varices on liver CT images. Az values were compared by 

using pseudovalues with the jackknife method developed 
by Dorfman et al[13]. Composite ROC curves for the per-
formance of  all observers were obtained by using the 
pooled data of  the three observers.

The sensitivity and specificity for the CT diagnosis of  
high-risk esophageal varices were calculated. The sensitiv-
ity for the detection of  varices was determined by use of  
the number of  patients with varices assigned a score of  
3 or 4. Sensitivities and specificities for transverse images 
alone and three orthogonal MPR images were compared 
with use of  the McNemar test. The positive predicative 
value (PPV) and negative predicative value (NPV) were 
also calculated and compared with use of  the χ 2 test and 
Fisher’s exact test, respectively. A P value of  less than 0.05 
was considered as significant.

Interobserver agreements for the detection of  esoph-
ageal varices and high-risk varices were evaluated using 
κ statistics. The degree of  agreement was categorized as 
follows: κ values of  0.00-0.20 were considered to indicate 
poor agreement; κ values of  0.21-0.40, fair agreement; 
κ values of  0.41-0.60, moderate agreement; κ values of  
0.61-0.80, good agreement; κ values of  0.81-1.00, excel-
lent agreement[14]. Statistical analyses were performed 
using commercially available software packages (PASW 
Statistics, release 17.0.2; SPSS, Chicago, IL, United States; 
MedCalc, version 7.1; MedCalc Software, Mariakerke, 
Belgium).

RESULTS
In 50 patients, there were no esophageal varices (grade 0) 
as determined by endoscopy. Twenty-three patients were 
classified with grade 1 esophageal varices, 24 patients 
were classified with grade 2 esophageal varices (Figure 1), 
and three patients were classified with grade 3 esophageal 
varices. No patients had a significant endoscopic abnor-
mality other than esophageal varices, such as an ulcer, 
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0.027 (95%CI, 0.899-0.988) and 0.938 ± 0.033 (95%CI, 
0.871-0.976), respectively. The Az values of  each observ-
er were similar for transverse images alone and for the 
three orthogonal MPR images (each P > 0.05) (Table 1). 
In addition, there was no significant difference of  mean 
Az values of  pooled data by the three observer for trans-
verse images alone (0.946 ± 0.018; 95%CI, 0.914-0.968) 
and for the three orthogonal MPR images (0.954 ± 0.017; 
95%CI, 0.924-0.975, P > 0.05). The Az values were also 
similar among the three observers both for transverse 
images alone and for the three orthogonal MPR images, 
respectively (each P > 0.05) (Table 1).

The mean sensitivity for the detection of  high-risk 
esophageal varices of  the three observers with transverse 
images alone and with the three orthogonal MPR images 
were 90.1% and 91.4%, respectively (P > 0.05). For each 
observer, the sensitivities of  detecting high-risk esopha-
geal varices were also similar for transverse images alone 
and for the three orthogonal MPR images (each P > 0.05) 
(Table 2). While the specificities of  each observer were 
similar for transverse images alone and for the three or-
thogonal MPR images (each P > 0.05), the mean specific-
ity with the three orthogonal MPR images (89.5%) was 
better than that with transverse images alone (86.3%) (P 
= 0.039) (Table 2).

There was no significant difference for the mean PPV 
of  three observers for transverse images alone (70.9%) 
and for the three orthogonal MPR images (76.3%, P > 
0.05). For each observer, the PPVs were also similar for 
transverse images alone and for the three orthogonal 
MPR images (each P > 0.05) (Table 3). There was no 
significant difference of  the mean NPV for transverse 
images alone (95.9%) and for the three orthogonal MPR 
images (96.6%, P > 0.05). For each observer, the NPVs 
were also similar for transverse images alone and for the 
three orthogonal MPR images (each P > 0.05) (Table 3).

All κ values for agreements among the three observ-
ers with transverse images alone showed excellent agree-
ments (range: 0.845-0.933), and κ values for agreements 
among three observers with three orthogonal MPR im-
ages demonstrated good and excellent agreements (range: 
0.791-0.910).

DISCUSSION
Although liver CT images always cover the distal esopha-
gus where all varices occur, some radiologists do not 
comment on either the presence or the degree of  esoph-
ageal varices in radiological reports. Some endoscopists 
are unaware that liver CT scans provide excellent images 
of  esophageal varices. Regular follow-up CT examina-
tions are essential to evaluate recurrence and therapeutic 
effectiveness in patients treated with TACE or ablation 
therapy for HCC[10,15]. In such patients, we can make an 
objective decision about the risk of  variceal bleeding with 
the use of  regular follow-up CT imaging without the use 
of  an invasive endoscopic evaluation. The presence of  
periesophageal varices has been correlated with recur-

inflammation or mass. The red sign was observed in one 
(4.3%) of  23 patients with a grade 1 varix, 15 (62.5%) of  
24 patients with a grade 2 varix and two (66.7%) of  three 
patients with a grade 3 varix.

The Az values of  the ROC assessment of  the three 
observers for the detection of  high-risk esophageal 
varices with transverse images alone were 0.947 ± 
0.031 (95%CI, 0.883-0.982), 0.969 ± 0.024 (95%CI, 
0.913-0.993) and 0.916 ± 0.038 (95%CI, 0.843-0.962), 
respectively. The Az values of  the ROC assessment of  
the three observers with the three orthogonal MPR im-
ages were 0.965 ± 0.025 (95%CI, 0.908-0.991), 0.959 ± 

C

B

A

Figure 1  Imaging findings are shown for grade 2 esophageal varices in 
the distal esophagus in a 61-year-old man with hepatocellular carcinoma 
and cirrhosis. A: A transversecomputed tomography scan shows distinct 
enhancing nodular lesions (arrows) protruding into the luminal space. All ob-
servers recorded the lesions as high-risk esophageal varices. Periesophageal 
varices are not found; B: On coronal images, distinct enhancing nodular lesions 
(arrows) are noted, and all observers considered the lesions as high-risk esoph-
ageal varices; C: A conventional endoscopic image confirms the presence of 
beaded esophageal varices (arrows).
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rence of  luminal esophageal varices after treatment[16].
As with the results of  previous reports[4-8], the sensi-

tivities for the detection of  high-risk esophageal varices 
for each observer were also high (approximately 90%) in 
our study (Table 2). Excellent NPVs as well as high sen-
sitivities for the detection of  high-risk varices are clini-
cally important, as the goal of  endoscopic screening for 
esophageal varices is to decrease morbidity and mortality 
resulting from variceal bleeding. As good screening tests 
should show a low frequency of  false negative results, 
sensitivity and NPV are more important as compared to 
specificity and PPV in a screening test[17]. Even though 
both PPV and NPV are influenced by disease prevalence, 
the prevalence of high-risk esophageal varices in our 
study was similar to prior studies[4-8].

A recent study[7] mentioned the possibility that sagit-
tal and coronal images with isotropic spacial resolution 

potentially decrease measurement variability as vessels 
are displayed within the imaging plane. However, based 
on the results of  our study, additional coronal and sagit-
tal images showed little practical help to evaluate high-
risk esophageal varices when compared to assessment 
of  transverse images alone. Moreover, the use of  virtual 
esophagography proposed in another recent study[5] 
might be impractical because of  time-consuming and 
invasive insertion of  the esophagus with a catheter for air 
insufflation. Insufflation alters both the luminal pressure 
and the hemodynamics of  the varices. Perri et al[7] pointed 
out that the measurement of  varices in a non-distended 
state might provide a more proper assessment for bleed-
ing risk as variceal bleeding occurs while the esophagus is 
in its normal non-distended state.

Our study has some limitations. The most important 
limitation is the use of  endoscopy as the reference stan-

Table 1  Az in receiver operating characteristic curve analysis and P  values of liver computed tomography for the detection of 
high-risk esophageal varices by three observers

Observer 1 Observer 1 Observer 2 Observer 2 Observer 3 Observer 3 Mean Mean
Transverse 3 MPR Transverse 3 MPR Transverse 3 MPR Transverse 3 MPR

ROC Az 0.947 ± 0.031 0.965 ± 0.025 0.969 ± 0.024 0.959 ± 0.027 0.916 ± 0.038 0.938 ± 0.033 0.946 ± 0.018 0.954 ± 0.017
95%CI 0.883-0.982 0.908-0.991 0.913-0.993 0.899-0.988 0.843-0.962 0.871-0.976 0.914-0.968 0.924-0.975
P value1 0.318 0.328 0.271 0.367
P value2 Observer 1-2 Observer 1-2 Observer 2-3 Observer 2-3 Observer 3-1 Observer 3-1

0.368 0.782 0.099 0.461 0.35 0.334

1Represent the differences of the Az values for transverse images alone and for the three orthogonal MPR images by each observer and the pooled data; 
2Represent the differences (interobserver comparisons) of the Az values among three observers with both transverse images alone and with the three 
orthogonal MPR images.Transverse indicates transverse images alone and 3 MPR indicates three orthogonal MPR images. Az values are mean ± SD. CI: 
Confidence interval; MPR: Multiplanar reformation; ROC: Receiver operating characteristic. 

Table 2  Sensitivity and specificity of liver computed tomography for the detection of high-risk esophageal varices by three 
observers

Observer 1 Observer 1 Observer 2 Observer 2 Observer 3 Observer 3 Mean Mean
Transverse 3 MPR Transverse 3 MPR Transverse 3 MPR Transverse 3 MPR

Sensitivity% 92.6 (25/27) 92.6 (25/27) 92.6 (25/27) 92.6 (25/27) 85.2 (23/27) 88.9 (24/27) 90.1 (73/81) 91.4 (74/81)
P value 1.000 1.000 1.000 1.000
Specificity% 89.0 (65/73) 90.4 (66/73) 87.7 (64/73) 87.7 (64/73) 82.2 (60/73) 90.4 (66/73)     86.3 (189/219)     89.5 (196/219)
P value 1.000 1.000 0.070 0.039

For sensitivity, the numbers in parentheses are the number of varices assigned a score of 3 or 4 divided by the total number of varices. P values represent 
the differences of the sensitivity and the specificity for transverse images alone and for the three orthogonal MPR images (McNemar test). MPR: Multiplanar 
reformation.

Table 3  Positive predictive value and negative predictive value of liver computed tomography for the detection of high-risk 
esophageal varices by three observers

Observer 1 Observer 1 Observer 2 Observer 2 Observer 3 Observer 3 All All
Transverse 3 MPR Transverse 3 MPR Transverse 3 MPR Transverse 3 MPR

PPV % 75.8 (25/33) 78.1 (25/32) 73.5 (25/34) 73.5 (25/34) 63.9 (23/36) 77.4 (24/31) 70.9 (73/103) 76.3 (74/97)
P value 0.947 1.000 0.352 0.482
NPV% 97.0 (65/67) 97.1 (66/68) 97.0 (64/66) 97.0 (64/66) 93.8 (60/64) 95.7 (66/69)   95.9 (189/197)     96.6 (196/203)
P value 1.000 1.000 0.710 0.797

P values represent the differences of the positive predicative value and the negative predicative value for transverse images alone and for the three 
orthogonal MPR images (χ 2 test and Fisher's exact test). MPR: Multiplanar reformation; PPV: Positive predicative value; NPV: Negative predicative value.
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dard. Prior studies[18,19] have demonstrated a lack of  good 
correlation between endoscopists to evaluate the grades 
of  esophageal varices. In our study, given the semi-open 
access system of  the endoscopy unit, many different en-
doscopists perform endoscopy procedures. Hence, spe-
cialized endoscopists re-evaluated the grades of  esopha-
geal varices with review of  the stored endoscopic images. 
Second, we could not evaluate qualitative endoscopic 
appearances including the presence of  red signs such as 
cherry-red spots and diffuse redness, which is one of  the 
predictors of  variceal bleeding. These red signs cannot 
be depicted on CT images. In a recent report[20], cases 
with the shortest diameter of  the largest varix of  more 
than 4 mm showed positive red signs. In our study, the 
endoscopic red sign was observed in only one patient 
with low-risk (grade 1) esophageal varices (4.3%, 1 of  23 
cases)[4].

In conclusion, our results have demonstrated excel-
lent diagnostic performance, sensitivity and NPV with 
low interobserver variability to detect high-risk esopha-
geal varices on regular follow-up liver MDCT examina-
tions in patients treated with locoregional therapy for 
HCCs. Careful evaluation of  high-risk esophageal varices 
on a liver MDCT examination may be useful to avoid 
performing low-yield endoscopy in such patients. When 
compared to the assessment of  transverse images alone, 
additional coronal and sagittal images were of  little help 
to evaluate high-risk esophageal varices. Our results sug-
gest that liver CT can be used as a single noninvasive 
surveillance tool for both esophageal varices and recur-
rent HCC after locoregional therapy. However, a definite 
change of  clinical pathways may be needed in a random-
ized controlled study on the comparison of  bleeding fre-
quency and survival in patients treated with locoregional 
therapy between the use of  a regular follow-up liver 
MDCT examination alone and with the combination of  
screening endoscopy.
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Abstract
AIM: To determine the effects of pentoxifylline (PTX) 
on clinical manifestations and evaluate arterial blood 
gas data in hepatopulmonary syndrome (HPS) in chil-
dren. 

METHODS: In a pilot study of 10 children with chronic 
liver disease, who had HPS, 20 mg/kg/d PTX was ad-
ministered for 3 mo. Clinical data and arterial blood gas 
parameters were evaluated at baseline, the end of the 
treatment period, and 3 mo after drug discontinuation. 

RESULTS: Six patients could tolerate PTX, while four 
patients experienced complications. Among patients 
who could tolerate PTX, there was a significant increase 
in arterial oxygen pressure (PaO2) (P  = 0.02) and oxy-
gen saturation (SaO2) (P  = 0.04) and alveolar-arterial 
oxygen gradient (P  = 0.02) after 3 mo of treatment. 
Significant decreases in PaO2 (P  = 0.02) and alveolar-
arterial oxygen gradient (P  = 0.02) were also seen after 
drug discontinuation.

CONCLUSION: PTX may improve PaO2, SaO2 and alve-
olar-arterial oxygen gradient in the early stage of HPS.

© 2012 Baishideng. All rights reserved.

Key words: Pentoxifylline; Hepatopulmonary syndrome; 
Child; Arterial oxygen pressure; Therapy; Alveolar-
arterial oxygen gradient

Peer reviewers: Sabahattin Kaymakoglu, Professor, Depart-
ment of Gastroenterohepatology, Istanbul Medical Faculty, Capa, 
34390 Istanbul, Turkey; Dr. Assy Nimer, MD, Assistant Profes-
sor, Liver Unit, Ziv Medical Centre, BOX 1008, Safed 13100, 
Israel

Kianifar HR, Khalesi M, Mahmoodi E, Afzal Aghaei M. Pent-
oxifylline in hepatopulmonary syndrome. World J Gastroenterol 
2012; 18(35): 4912-4916  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v18/i35/4912.htm  DOI: http://dx.doi.
org/10.3748/wjg.v18.i35.4912

INTRODUCTION
The hepatopulmonary syndrome (HPS) is the triad of  
liver disease, arterial hypoxemia and widespread pulmo-
nary vascular dilatation[1-3]. Prevalence of  this syndrome 
is 10%-30% among patients with chronic liver disease[4].

The pathogenesis of  HPS is unclear. The roles of  
eicosanoids as vasoconstrictors and the increased number 
of  intravascular macrophage-like cells have been reported 
previously. Increased pulmonary production of  NO in 
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cirrhosis has been considered as a reason for intrapul-
monary venous dilatation. It is claimed that increased 
pulmonary NO production is due to raised pulmonary 
vascular endothelial NO synthase (eNOS) and inducible 
NO synthase expression. Recent studies have shown that 
increased hepatic production and release of  low level of  
endothelin 1 (ET-1) can act as a trigger for enhancing 
eNO level. Tumor necrosis factor α (TNFα) and ET-1 
have been implicated in the development of  experimental 
HPS. Recent studies have suggested that progression of  
HPS is due to increased CO production and heme oxy-
genase 1 expression[5-7]. The presence of  HPS increases 
mortality in cirrhotic patients and may influence the fre-
quency and severity of  complications of  portal hyperten-
sion[8-11]. To the best of  our knowledge, there is currently 
no effective medical therapy for HPS. Several medica-
tions such as methylene blue, garlic and aspirin have been 
reported to have a therapeutic effect[12-15], but curative 
treatment of  this syndrome is still orthotopic liver trans-
plantation[16]. 

Pentoxifylline (PTX), a nonspecific phosphodiester-
ase-4 inhibitor, blocks TNFα synthesis[17,18] and seems 
to prevent HPS. There are limited studies about PTX in 
adult patients with HPS, with varying results. Until now, 
no study has been carried out in children. The aim of  this 
study was to evaluate the effect of  PTX on clinical mani-
festations and arterial blood gas data in children with 
HPS.

MATERIALS AND METHODS
This pilot study was carried out in the Ghaem Medical 
Center of  Mashhad University of  Medical Sciences, Iran 
during a 21-mo period (March 2008-November 2010). 
The protocol for this study was approved by the Ethics 
Committee of  Mashhad University. Children and their 
parents were given informed consent forms. A consecu-
tive series of  patients with cirrhosis attending our hospi-
tal were screened for HPS. HPS was diagnosed according 
to the European Respiratory Society Task Force criteria: 
hypoxemia plus positive contrast-enhanced echocardiog-
raphy[7]. Positive contrast echocardiography was defined 
by the appearance of  air bubbles in the left side of  the 
heart after the first three beats during injection of  10 mL 
agitated isotonic saline solution in the antecubital vein[19]. 
Exclusion criteria were active infection, known malig-
nancy, cardiac disease, and kidney disease. 

Patient data including demographics, etiology of  cir-
rhosis, clinical manifestations, laboratory results [complete 
blood count (CBC), diff, blood urea nitrogen, creatinine, 
alanine aminotransferase, aspartate aminotransferase, 
alkaline phosphatase, prothrombin time, partial throm-
boplastin time, total bilirubin, direct bilirubin, albumin 
and total protein] were recorded. For each patient, Child 
score was determined. All patients underwent measure-
ment of  arterial oxygen pressure (PaO2) and oxygen satu-
ration (SaO2) by blood sampling from the radial artery in 
a sitting position while breathing ambient air. For each 

patient, alveolar-arterial oxygen gradient was calculated. 
Patients were classified in four groups according to se-
verity of  hypoxemia: mild HPS with PaO2 ≥ 80 mmHg, 
moderate HPS with 60 ≤ PaO2 < 80 mmHg, severe HPS 
with 50 ≤ PaO2 < 60 mmHg, and very severe HPS with 
PaO2 < 50 mmHg[7]. 

PTX at a dose of  20 mg/kg per day orally in three 
divided doses was administrated for 3 mo. In this period, 
patients were followed up weekly and whenever patients 
required, by telephone conference and monthly with 
outpatient visits. Clinical manifestations and laboratory 
data were rechecked at the end of  the treatment period, 3 
mo after drug discontinuation and whenever a child had 
any deterioration or could not tolerate PTX. Response to 
PTX was considered as increased PaO2 > 10 mmHg from 
baseline[20]. Complement a three months period of  treat-
ment was considered as primary end point and develop-
ment of  serious side effects, death and liver transplanta-
tion was considered as the secondary end point.

After entering data into SPSS version 16.0 software, 
quantitative data were analyzed by the Wilcoxon signed 
rank test and qualitative data by the McNemar test. A P 
value < 0.05 was considered significant. 

RESULTS
A total of  65 patients aged < 18 years with cirrhosis were 
screened for the presence of  HPS from March to August 
2009. Twelve patients had HPS. Two were excluded. One 
had kidney disease and one did not allow us to intervene. 
Ten children were enrolled. Two patients had mild HPS, 
six moderate HPS, one severe HPS and one very severe 
HPS. Four patients were girls. Mean age was 9.2 ± 5.0 
years old. The most common recognized cause of  cir-
rhosis was Wilson’s disease (Table 1). Minimum alveolar-
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Table 1  Baseline patient characteristics  n  (%)

Variable Value (n  = 10)

Age (yr) 
   Mean ± SD, (range) 9.2 ± 5.0 (2-16)
Sex
   Female/male 4/6
Cause of cirrhosis
   Wilson disease   3 (30)
   Cryptogenic cirrhosis 3 (30)
   Autoimmune hepatitis 2 (20)
   PFIC   1 (10)
   GSD 1 (10)
Staging of HPS
   Mild  2 (20)
   Moderate 6 (60)
   Severe 1 (10)
   Very severe 1 (10)
Child score
   A 3 (30)
   B 4 (40)
   C 3 (30)

PFIC: Progressive familial intrahepatic cholestasis; GSD: Glycogen storage 
disease; HPS: Hepatopulmonary syndrome. 



arterial oxygen gradient at baseline was 18.84 and maxi-
mum was 71.98. Clinical and laboratory characteristics of  
the patients at baseline and end of  treatment period are 
summarized in Table 2.

Six patients completed the treatment period. Petechiae 
with platelet count 10  000/mm³ was seen in one patient, 3 
wk after the beginning of  PTX. He was a 16-year-old boy 
with Wilson’s disease and very severe HPS. His platelet count 
at the beginning of  the study was 159  000/mm³. Platelet 
count increased to 100  000/mm³ 2 wk after drug discon-
tinuation. Other laboratory tests did not show any sig-
nificant change. Although nausea was seen in all patients, 
only three had severe vomiting that did not respond to 
symptomatic treatment and caused drug withdrawal. 
Among them, two had moderate HPS and one had se-
vere HPS. No significant laboratory changes were seen in 
these patients. Treatment periods were 10 d, 28 d and 45 d. 
Other adverse effects did not cause drug withdrawal and 
improved with symptomatic treatment (two patients with 
fatigue and two with headache). 

Among patients who completed the treatment period, 
average increment in PaO2 was 26 mmHg and SaO2 was 
4.3%. At least 10 mmHg elevations in PaO2 level was 
seen in all patients. Also, PaO2 significantly decreased 3 
mo after the end of  treatment. Moreover, there was sig-
nificant improvement in alveolar-arterial oxygen gradient 
at the end of  the treatment period and a significant in-
crease after drug discontinuation (Table 3). Among these 
patients, two had mild HPS and four had moderate HPS.

For clinical manifestations, there were no significant 

change between baseline, the end of  treatment, and 3 
mo later. There was also no significant change in other 
laboratory tests. In a 12-mo period of  follow-up after 
drug discontinuation, two patients died. The first was the 
16-year-old boy with Wilson’s disease. He died from up-
per gastroesophageal bleeding from esophageal varicose 
veins, 8 mo after drug withdrawal. The second was a girl 
of  2 years with cryptogenic cirrhosis who received PTX 
for 10 d. She was one of  the three patients who could 
not tolerate PTX because of  severe vomiting. She died 
due to hepatic encephalopathy and septicemia. 

DISCUSSION
In this pilot study, we found significant improvements 
in PaO2, SaO2 and alveolar-arterial oxygen gradient after 
3 mo therapy among patients who could tolerate PTX. 
PaO2 was also significantly decreased at 3 mo after drug 
withdrawal, which supports the therapeutic effects of  
PTX. However, we did not find any significant change in 
clinical parameters. In this study, 40% of  patients could 
not complete the treatment period. In other studies of  
patients with liver disease, drug withdrawal rate due to 
adverse effects ranged from 0% to 40%[17,21,22]. It seems 
that gastrointestinal intolerance was the most common 
cause (nausea in 100% and vomiting in 30%). Previously, 
animal studies have shown that inhibition of  TNFα with 
PTX in cirrhotic rats after common bile duct ligation can 
improve HPS[23,24].

Tanikella et al[25] selected nine adult patients with mod-
erate to severe HPS. There was no significant difference 
in PaO2 and alveolar-arterial oxygen gradient before and 
after PTX administration. High incidences of  gastrointes-
tinal adverse effects were the most important reason for 
intolerance. This resulted in a 44% attrition rate and only 
one patient (12%) could tolerate PTX for the complete 
treatment period of  8 wk.

Despite these results, Gupta et al[26] have demon-
strated that 3 mo treatment with PTX can improve the 
symptoms and signs in about 90% of  patients. There was 
also a significant increase in median supine, standing and 
postexercise PaO2 (P < 0.01). Side effects were reported 
in a few patients (vomiting in three and dyspnea in two), 
but they did not require drug withdrawal.

In our study, among the four patients who could not 
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Table 2  Clinical and laboratory data at baseline and end of 
treatment period (mean ± SD)  n  (%)

Variable Baseline End of treatment P  value

Clinical manifestations
Cyanosis 9 (90) 5 (50)   0.12
Dyspnea 3 (30) 2 (20) 1.0
Clubbing 7 (70) 7 (70) 1.0
Palmar erythema 5 (50) 5 (50) 1.0
Hepatomegaly 6 (60) 6 (60) 1.0
Splenomegaly 7 (70) 7 (70) 1.0
Laboratory findings
White blood cell count, 
× 103/mm

    6.4 ± 4.41   4.36 ± 2.04   0.17

Hemoglobin, g/dL 11.25 ± 2.30 11.45 ± 2.71   0.49
Platelet count, × 103/mm³     131.6 ± 566.74     156.2 ± 498.36   0.32
Serum creatinine, mg/dL   0.56 ± 0.16     0.6 ± 0.14 1.0
Serum urea, g/dL 12.60 ± 5.98 14.70 ± 7.20   0.34
Serum albumin, g/dL   3.88 ± 0.52   3.56 ± 0.15   0.59
Serum total protein, g/dL   7.20 ± 0.40   7.26 ± 0.81 1.0
PT, s 15.72 ± 3.07  18.51 ± 8..27   0.40
PTT, s   45.50 ± 14.54   49.42 ± 11.41   0.24
INR   1.46 ± 0.36   1.90 ± 1.14   0.67
Total bilirubin, mg/dL   5.73 ± 7.39   5.07 ± 6.04   0.17
Direct bilirubin, mg/dL   1.70 ± 2.50   1.68 ± 2.71   0.83
ALT, U/L   83.60 ± 64.28   40.60 ± 31.56   0.27
AST, U/L   92.55 ± 64.48  66.80 ± 2814   0.50
ALP, U/L   564.66 ± 198.74 536.50 ± 17.67   0.18

PT: Prothrombin time; PTT: Partial thromboplastin time; INR: Interna-
tional normalized ratio; ALT: Alaninaminotranferase; AST: Aspartatami-
notransferase; ALP: Alkaline phosphatase.

Table 3  PaO2, SaO2 and alveolar-arterial oxygen gradient 
(A-a G) before, at the end and 3 mo after treatment among 
patients who could tolerate pentoxifylline (mean ± SD)

Variables PaO2 SaO2 A-a G

Baseline 73.3 ± 9.33 93.33 ± 6.28   40.10 ± 18.09
End of treatment 97.0 ± 3.79 97.66 ± 1.50 20.73 ± 9.46
Three months after 
treatment

71.83 ± 21.47 90.5 ± 8.6   43.68 ± 24.30

P value 0.021, 0.022 0.041, 0.052 0.021, 0.022

1Baseline vs end of treatment; 2End of treatment vs 3 mo later. PaO2: 
Oxygen pressure; SaO2: Oxygen saturation. 
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Innovations and breakthroughs
PTX, a nonspecific phosphodiesterase-4 inhibitor, blocks TNFα synthesis and 
seems to prevent HPS. The authors evaluated, perhaps for the first time, the 
therapeutic efficacy of PTX in children with HPS. 
Applications
The authors concluded that PTX may have beneficial effects on oxygenation in 
early stages of HPS. However, the authors suggest further double blind studies 
with longer treatment periods and contrast echocardiography at the end of the 
treatment period until the effect of PTX in HPS are defined clearly. Also, the 
authors recommend evaluation of the optimal dose of PTX in cirrhotic children. 
Peer review
This is a prospective study with a few patients. It is accepted with minor revisions.
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Abstract
AIM: To investigate the association of the inducible ni-
tric oxide synthetase (iNOS) C150T polymorphism with 
Helicobacter pylori  (H. pylori ) infection and gastric can-
cer (GC) risk in Iran.

METHODS: In order to determine whether there was 
a correlation between iNOS genotype and GC in Iran, 
we conducted a case-control study using samples from 

329 individuals. For each sample, the C150T iNOS  poly-
morphism was genotyped by polymerase chain reaction 
(PCR) and restriction digestion. Patients were grouped 
by cancer presence, demographic and behavior charac-
teristics, and H. pylori  infection status. Statistical tests 
were conducted to determine whether any behavioral 
factors or a particular iNOS  genotype was associated 
with GC in the study population. 

RESULTS: In this population, we found that smok-
ing, hot beverage consumption, a familial history of GC 
and H. pylori  infection status were significantly associ-
ated with GC development (P  = 0.015, P  < 0.001, P  = 
0.0034, and P  < 0.015, respectively). The distribution 
of the C150T iNOS  genotypes among the two study 
groups was not statistically significant alone, but was 
impacted by H. pylori  infection status. When compared 
to the non-H. pylori  infected group, cancer patients 
who had a heterozygous CT genotype and were also 
infected with H. pylori  were 2.1 times more at risk of 
developing GC [odds ratio (OR) = 2.1, P  = 0.03] while 
those with a homozygous TT genotype and infected 
with H. pylori  were 5.0 times more at risk of developing 
GC (OR = 5.0, P  = 0.029). In contrast, this association 
was not seen in patients in the control group.

CONCLUSION: A CT or TT polymorphism at position 
150 in the iNOS gene significantly increases the risk of 
GC and may be a marker for GC susceptibility. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer (GC) is a major cause of  morbidity and 
mortality throughout the world; it is estimated that GC 
is responsible for over 700  000 deaths per year[1,2], which 
makes this disease one of  the leading causes of  cancer-
related death worldwide[3]. One of  the most prominent 
risk factors for development of  GC is infection with the 
bacterium Helicobacter pylori (H. pylori). Indeed, since its 
discovery in the early 1980s, H. pylori has been recognized 
as the causative agent of  two types of  cancer, gastric 
adenocarcinoma and mucosa-associated lymphoid tissue 
lymphoma[4-8]. The tight association between infection 
with this pathogen and the development of  GC led to 
the classification of  H. pylori as a class I carcinogen[9]; it is 
currently the only bacterium so classified.

Although H. pylori infection is relatively common, 
only a small subset of  infected individuals develop GC; 
some individuals colonized with H. pylori carry the organ-
ism their entire lives with no overt disease symptoms, 
while others develop severe disease. Furthermore, recent 
evidence has begun to suggest that H. pylori colonization 
may be beneficial in some individuals; studies indicate 
that H. pylori protects against the development of  esoph-
ageal cancer, childhood asthma[10-12] and active tuberculo-
sis[10]. These findings have led researchers to try to define 
risk factors associated with H. pylori-induced disease 
development. Indeed, years of  study have shown that in 
H. pylori-infected individuals, disease development/car-
cinogenesis is a complex and multifactorial process that 
involves an intricate interplay between numerous factors; 
studies indicate that disease etiology is influenced by a 
combination of  bacterial factors, host genetics, and envi-
ronmental factors such as diet. 

 Numerous bacterial factors have been identified as 
being important for H. pylori-induced disease develop-
ment. These include the toxins CagA[13,14] and VacA[15,16], 
the adhesions BabA[17] and SabA[18], and the outer mem-
brane proteins HomA, HomB, and OipA[19-21]. These and 
other bacterial factors act in concert to alter host cell sig-
naling pathways, induce epithelial cell proliferation, and 
disrupt the delicate balance that exists between the bac-
terium and the host immune system. However, although 
these bacterial factors play a key role in the development 
of  gastric disease, they represent only one aspect of  the 
story. Indeed, there is a large body of  work that suggests 
environmental factors also affect the risk of  GC develop-

ment. Some of  the more prominent environmental risk 
factors include smoking[22] and high levels of  dietary salt 
intake[23-25]. 

Besides these exogenous factors, the host immune sys-
tem also clearly plays a major role in the development of  
gastric disease. In response to infection with H. pylori, the 
localized gastric environment becomes pro-inflammatory 
via the expression of  pro-inflammatory cytokines[26-28]. Be-
cause these host factors play an important role in generat-
ing and maintaining the pro-inflammatory environment, 
it is perhaps not surprising that specific mutations in the 
genes that encode these factors influence gastric disease 
development. For example, specific interleukin-1 (IL-1), 
IL-8, IL-10, and tumor necrosis factor-α gene polymor-
phisms are associated with an increased risk for GC[29,30]. 
While these cytokines play an important role in the devel-
opment and maintenance of  the pro-inflammatory envi-
ronment in the gastric mucosa, there are clearly other host 
factors involved in the disease process.

Nitric oxide (NO) is a molecule that has multiple 
functions in the gastrointestinal tract. In addition to hav-
ing anti-microbial properties and playing an active role 
in vasodilation[31], NO is also a component of  the pro-
inflammatory immune response that has been linked to 
carcinogenesis[32]. NO is synthesized from L-arginine 
by three distinct isoforms of  the nitric oxide synthetase 
(NOS)[31]. Whereas 2 of  the 3 isoforms (neuronal NOS 
and epithelial NOS) are constitutively expressed, the 
inducible isoform (iNOS) is primarily expressed in re-
sponse to specific cytokines[31]. Furthermore, expression 
of  iNOS is upregulated during H. pylori infection[33]. Sev-
eral studies have shown a link between increased levels 
of  iNOS and risk of  GC development[34,35]. Since one of  
the end products of  NO metabolism is reactive nitrogen 
species, it is hypothesized that higher levels of  iNOS lead 
to more oxidative DNA damage, thus increasing the risk 
of  cancer development[31]. Interestingly, a single amino 
acid substitution (Ser 608 Leu) in the iNOS reductase do-
main has been associated with an increased risk for GC 
in Asian populations[36,37]. This amino acid change is the 
result of  a single polymorphism (C150T) in exon 16[36,37], 
which is believed to affect the activity of  the iNOS en-
zyme[36]. 

Even though the number of  GC cases has decreased 
in many countries in recent years, the incidence of  GC 
in Northern Iran remains high[38]. Several provinces, in-
cluding Manzadaran, Ardabil, Golestan, Semnan, and the 
metropolitan area of  Tehran, have high rates of  GC in 
both men and women[38]. The age-standardized incidence 
rate for GC in these areas has been reported as high 
as 49.1 in men, and 25.4 in women[38]. These incidence 
rates may be at least partially explained by the fact that a 
significant proportion of  this population is colonized by 
H. pylori. Indeed, the H. pylori infection rate for Iranians 
aged 40 years and over can be as high as nearly 90%[39,40]. 
A similar prevalence was reported for the Babol city of  
Iran where the H. pylori infection rates are 78% for men 
and 82% for women[41]. In addition to high rates of  H. 
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pylori infection, environmental factors such as consump-
tion of  red meat and dairy products, high salt intake, and 
consuming hot tea have been identified as important risk 
factors for GC in this region[2]. 

 At present, virtually nothing is known concerning 
which host genetic factors may influence GC risk in this 
region. Herein, we describe an epidemiologic study in 
which we investigate the association of  the iNOS C150T 
polymorphism with H. pylori infection and GC risk among 
men and women from the Mazandaran region of  Iran. 
We found that in this population, individuals who are 
infected with H. pylori are at a significantly higher risk for 
development of  GC if  they also harbor a CT or TT iNOS 
genotype. To date, this report is the first study that links a 
host-genetic factor to GC risk in this population. Further-
more, it is the first study to investigate the importance of  
the iNOS polymorphism in a non-Asian population. En 
masse, our data indicated that the iNOS C150 allele may be 
a potential marker for susceptibility to H. pylori-mediated 
GC development in multiple populations. 

MATERIALS AND METHODS
Study participants 
This case-control study conformed to the ethical guide-
lines of  the 1975 Declaration of  Helsinki and was ap-
proved by the Medical Research Ethics Committee at 
the Mazandaran University of  Medical Sciences. Written 
informed consent was obtained from each individual, 
and all study participants were given an explanation of  
the nature of  the study prior to enrollment. Patients were 
enrolled in the study after seeking treatment at Touba 
Polyclinics or Imam Hospital between April 2008 and 
March 2011. Patients with GC were diagnosed by gastric 
endoscopy and cases were defined using the International 
Classification of  Diseases for Oncology and Lauren crite-
ria[42]. During the course of  the study, 159 individuals with 
GC were enrolled. This group had a mean age of  61.32 ± 
12.5 years and was composed of  75 female (approximately 
47%) and 84 male (approximately 53%) patients. Patients 
with inflammatory diseases such as rheumatoid arthritis 
and/or malignancies other than gastric carcinoma were 
excluded from the study. Members of  the control group 
were matched by age, sex, geographic location, and eth-
nic background. This group included 170 individuals with 
a mean age of  58.86 ± 14.2 years. Ninety-eight were male 
(approximately 58%) and 72 were female (approximately 
42%). For this population, healthy controls who were 40 
years of  age or greater were recruited from the clinics af-
ter undergoing an annual medical screening that included 
a gastric endoscopy. Healthy controls who were less than 
40 years of  age were recruited after being referred to 
the clinic for routine laboratory testing. Demographic 
information, eating habits, and epidemiologic risk factors 
were provided by study participants during a face-to-face 
interview. Risk factors that were evaluated included ciga-
rette smoking, drinking hot beverages, and consumption 

of  salted fish and fast food. A person was considered a 
smoker if  they reported smoking at least one cigarette 
per day for 12 or more months. Consumption of  salted 
fish or fast food was defined as consuming either item 
one or more times a week for at least 6 mo. Criteria for 
drinking hot beverages were essentially as described pre-
viously[43]. Patients were considered to have a family his-
tory of  GC if  either of  their parents currently had or had 
been diagnosed with GC in the past, or if  any of  their 
siblings had a history of  the disease.

Inducible nitric oxide synthetase genotyping 
In order to investigate iNOS gene polymorphisms, 
venous blood was collected from study participants 
and used to isolate genomic DNA by the salting-out 
method[44]. iNOS genotyping was performed using an 
amplicon-restriction fragment length polymorphism 
(ARFLP) essentially as previously described[37]. Briefly, for 
each individual a polymerase chain reaction (PCR) was 
performed using 2 pmol each of  the iNOS-F (5’-TGTA-
AACCAACTTCCGTGGTG-3’) and iNOS-R (5’-174 
GTCTCTGCGGGTCTGAAG-3’) primers, 200 mmol 
dNTPs, 10 mmol Tris-HCl, pH 8.3, 50 mmol KCl, 1.5 
mmol MgCl2, 0.25 U of  Hot start Taq DNA polymerase 
(Fermentas, Italy) and 50 ng of  genomic DNA template 
in a final reaction volume of  25 μL. Each reaction was 
denatured at 95 ℃ for 5 min followed by 35 cycles of  
denaturation at 94 ℃ for 60 s, annealing at 58.5 ℃ for 
60 s, and extension at 72 ℃ for 40 s. A final extension at 
72 ℃ for 5 min was added to ensure complete amplifica-
tion. Restriction digests were performed by incubating 
10 μL of  PCR product with 2 U of  TSP 509I enzyme 
(New England Biolabs, Ipswich, MA, United States) 
in a final volume of  15 μL for 15 h at 65 ℃. Digestion 
products were separated on a 1.5% SDS-polyacrylamide 
gel, and visualized after staining with ethidium bromide. 
Results of  the ARFLP analysis allowed us to differentiate 
between the 3 possible genotypes: (1) digestion of  PCR 
amplicons from homozygous (CC) individuals generated 
2 DNA fragments of  113 bp and 175 bp; (2) digestion of  
amplicons from heterozygous individuals (CT) yielded 3 
DNA fragments of  113 bp, 142 bp, and 175 bp; and (3) 
digestion of  amplicons from homozygous (TT) individu-
als yielded 2 DNA fragments of  113 bp and 142 bp. 

H. pylori detection 
Infection with H. pylori was detected by culturing gastric 
tissue collected during endoscopy. Identification of  clini-
cally isolated H. pylori strains was confirmed by Gram 
stain and urease activity. Additionally, all patients were 
also tested for infection using an H. pylori specific IgG 
enzyme linked immunosorbent assay (ELISA) (Diag-
nostic Automation, CA, United States) and by urease 
breath test (Bahar, Afshan, Iran). Given the difficulties 
in culturing H. pylori, especially from cancerous tissue, 
individuals were classified as infected with H. pylori if  
they gave a positive result by ELISA. 
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broken down into different groups based on occupation. 
Patients were considered either unemployed, employed, 
or worked as a housewife; those participants whose em-
ployment status did not fall into one of  these 3 categories 
were grouped into a single category, which was named 
“other”. In the GC group, 4 of  the study members were 
unemployed, 24 were employed, 46 were housewives, and 
the remaining 85 were in the other classification. Within 
the control group, 1 participant was unemployed, 35 were 
employed, 74 were housewives, and 60 were included in 
the other category. The distribution of  patient occupa-
tion among the case group and the control group was 
significantly different (P = 0.001). 

Risk factors associated with GC 
In addition to gathering demographic information about 
the study participants, we also analyzed behaviors that 
are known to be associated with increased GC risk. 
Of  the 159 patients who were diagnosed with GC, 33 
were smokers whereas only 22 of  the healthy controls 
reported smoking. Since smoking is an established risk 
factor for development of  GC, perhaps it is not surpris-
ing that the increased number of  smokers in the cancer 
group was statistically significant (P = 0.015). Another 
established risk factor for GC is consumption of  hot 
beverages; drinking hot tea is specifically associated with 
increased risk of  esophageal cancer in Iran[43]. Seventy-
six participants in the cancer group reported drinking hot 
beverages on a regular basis. This number was signifi-
cantly different than the 38 control patients who regularly 
drank hot beverages (P < 0.0001). Although consuming 
high amounts of  dietary salt has been linked to GC[23-25], 
we found no significant difference in the number of  pa-
tients who regularly ate salted fish among the two groups. 
Similarly, we found no significant difference in the num-
ber of  patients who consumed pickles among the groups. 
However, more of  the healthy controls reported regularly 
eating fast food than did the participants who developed 
GC. In contrast to the other 2 food criteria, this differ-
ence was significant (P = 0.037). 

Among the most widely recognized factors that are 
associated with GC risk are H. pylori infection and a fam-
ily history of  cancer. Among the control group, only 
18 patients had a family history of  GC. In contrast, 34 
participants in the cancer group reported having a family 
history of  GC (P = 0.003). As it is the most commonly 
associated risk factor for GC, we next compared the 
number of  H. pylori-positive individuals in both of  our 
study groups. In the cancer group, nearly 60% of  the 
study participants tested positive for H. pylori. Compared 
to this relatively high infection rate, the percentage of  
healthy controls who tested H. pylori-positive (45%) was 
significantly less (P = 0.015). 

Frequency and distribution of C150T inducible nitric 
oxide synthetase polymorphisms
Having established the relative risk factors of  our popula-
tion, we next sought to determine the distribution of  the 

Statistical analysis
Fisher’s exact test was used to compare the different iNOS 
allele types, and the frequency of  each iNOS genotype in 
the patient population(s) was assessed using a χ 2 test. The 
difference in age between the 2 study groups was evalu-
ated using a two-tailed Student’s t-test. Deviation from 
the Hardy-Weinberg equilibrium was evaluated using a χ 2 
test. To evaluate the risk factor(s) in the study populations, 
unconditional logistic regression models were applied to 
odds ratios (ORs) and 95% confidence intervals (CIs). For 
all statistical tests, a P value of  less than 0.05 was consid-
ered significant. 

RESULTS
Demographics and epidemiology of the patient 
population 
Complete epidemiologic and demographic information 
for the study population is given in Table 1. Across the 
329 study participants, ages ranged from 28 years to 86 
years. Within the control group the mean patient age 
was 58.9 ± 14.2 years, whereas within the cancer group 
the mean patient age was 62.1 ± 12.6 years. There was 
no significant difference between the ages of  patients in 
the two groups (P = 0.098). The control group was com-
prised of  98 male and 72 female patients while the cancer 
group was comprised of  84 male and 75 female patients. 
There was no significant difference between the distribu-
tion of  male and female study participants in either group 
(P = 0.367). Patients were categorized by marital status as 
single, married, or divorced. The cancer group consisted 
of  7 single, 149 married, and 3 divorced individuals. In 
contrast, the control group consisted of  3 single, 166 
married, and a single divorced patient. The breakdown of  
marital status between the case and control groups was 
significant (P = 0.002). The study participants were also 

Table 1  Patient demographics and risk behavior

Gastric cancer Control P -value
n  = 159 (%) n  = 170 (%)

Age (yr) 61.32 ± 12.5 58.86 ± 14.2   0.098
Sex (male/female) 84/75 98/72   0.367
Marital status 
   Single   7 (4.4)   3 (1.8)
   Married 149 (93.7) 166 (97.6)   0.002
   Divorced   3 (1.9)   1 (0.6)
Occupation 
   Unemployed   4 (2.5)   1 (0.6) 
   Employee   24 (15.1)   35 (20.5)   0.001
   Housewife   46 (28.9)   74 (43.5)
   Others   85 (53.5) 60 (5.4)
Smoker   33 (20.8)   22 (12.9)   0.015
Hot beverage   76 (47.8)   38 (22.4) < 0.0001
Salty fish 15 (9.4) 14 (8.2) 0.09
Fast food   29 (18.2)   39 (22.9)   0.037
Pickles   88 (55.3)   97 (57.1) 0.62
H. pylori positivity   94 (59.1)   77 (45.3)   0.015
Positive family history   34 (21.4) 16 (9.4)     0.0034

H. pylori: Helicobacter pylori.
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possible C150T iNOS genotypes among the two study 
groups (Table 2). Patients were genotyped essentially 
as described[37]; as reported in Japanese populations[36], 
the distribution of  these specific iNOS polymorphisms 
in the control and cancer patient groups fell within the 
Hardy-Weinberg Equilibrium (P = 0.07 and P = 0.796, 
respectively). Among the 159 members of  the GC group, 
89 were homozygous CC, 59 were heterozygous CT and 
11 were homozygous TT. The distribution of  allele types 
within this group was not significantly different when 
compared to the study control group, which contained 
92 homozygous CC, 72 heterozygous CT, and 6 homozy-
gous TT individuals. There was also no difference in the 
frequency of  each individual allele (C or T) found within 
the two study populations or the frequency of  mutant 
(either CT or TT) genotypes between the GC and control 
groups. 

CT and TT inducible nitric oxide synthetase 
polymorphisms contribute to GC risk in H. pylori-
infected individuals 
Since there was no significant difference in the frequency 
or distribution of  iNOS C150T alleles in our two patient 
populations, we next examined any potential epidemio-
logical interaction between H. pylori infection and the 
particular iNOS C150T genotype within the 159 GC pa-
tients. As shown in Table 3, the number of  GC patients 
who were infected with H. pylori (n = 94) was slightly 
higher than the number of  patients who were H. pylori-
negative (n = 65). Among the 94 individuals who were 
infected with H. pylori, 46.8% were homozygous CC, 
42.6% were heterozygous CT, and the remaining 10.6% 
were homozygous TT. In contrast, the H. pylori-negative 
group consisted mostly of  the homozygous CC geno-
type (67.7%), followed by the heterozygous CT genotype 
(29.2%) and the TT genotype (3.1%). When compared 
to the non-H. pylori infected group, GC patients who 
had a heterozygous CT genotype and were also infected 
with H. pylori were 2.1 times more at risk of  developing 
GC (OR = 2.1, P = 0.03, χ 2 test). Similarly, having a ho-
mozygous TT genotype and being infected with H. pylori 

also led to an increased risk of  developing GC; the risk 
associated with having the homozygous TT genotype 
was more than twice the risk associated with having only 
a single T allele (OR = 5.0). This association was also 
significant (P = 0.029, χ 2 test). Similarly, the presence of  
either mutant allele (CT or TT) increased the risk of  GC 
nearly 2.5-fold (OR = 2.4, P = 0.01, χ 2 test). Taken to-
gether, these results indicate that for individuals who are 
infected with H. pylori, carrying either a CT or TT iNOS 
polymorphism at position 150 significantly increases 
the risk of  developing GC. Importantly, unlike those 
patients within the GC group, there was no significant 
association between iNOS genotype, H. pylori infection 
and risk of  developing GC in the control group (Table 3). 

DISCUSSION
The study of  H. pylori-induced disease is complicated 
by the fact that the etiology of  disease appears to result 
from the intricate interplay between bacterial virulence 
factors, host genetics and environmental components. 
Moreover, an increasing body of  literature indicates that 
colonization by H. pylori may even be beneficial to some 
hosts[10-12]. Because of  these facts, there is a pressing need 
to develop new diagnostics that will clearly identify those 
individuals most at risk for development of  the most se-
vere form of  H. pylori-induced disease-GC. To this end, 
numerous studies have looked at the role of  virulence 
factors, environmental risk factors and host genetic poly-
morphisms in disease development. While these studies 
have shed an enormous amount of  light on development 
of  GC, it is becoming increasingly more evident that vari-

Table 2  Allele and genotype frequency distribution of 
C150T polymorphism of the inducible nitric oxide synthetase 
gene in patients with gastric cancer and controls  n  (%)

iNOS 
C150T 

Gastric cancer 
n  = 159

Controls 
n  = 170

Odds ratio 95%CI P -value 

CC 89 (56)   92 (54.1)  1.001

CT    59 (37.1)   72 (42.4) 0.86 0.54-1.35 0.5
TT  11 (6.9)   6 (3.5)   1.917 0.68-5.41   0.21
C allele  237 (74.5) 256 (75.3)  1.001

T    81 (25.5)   84 (24.7) 1.05 0.74-1.49   0.78
TT + CT 70 (44)   78 (45.9) 0.94 0.61-1.45   0.77
HWE 0.796 0.07

1The first allele or genotype is the reference for statistical analysis. iNOS: 
Inducible nitric oxide synthetase; CC: Homozygous CC genotype; CT: 
Heterozygous CT genotype; TT: Homozygous TT genotype; HWE: Hardy 
Weinberg Equilibrium; CI: Confidence interval.

Table 3  Allele and genotype frequency distribution of 
C150T polymorphism of the inducible nitric oxide synthetase 
gene in Helicobacter pylori 3  n  (%)

H. pylori+ H. pylori - OR2 95%CI P -value

iNOS C150T 
GC patients 

n = 94 n = 65

CC   44 (46.8)   44 (67.7)       1.001

CT   40 (42.6)   19 (29.2)    2.1   1.06-4.19   0.03
TT   10 (10.6)   2 (3.1) 5     1.03-24.14     0.029
C 128 (68.1) 107 (82.3)       1.001

T   60 (31.9)   23 (17.7)    2.2   1.26-3.76     0.004
TT + CT   50 (53.2)   21 (32.3)    2.4 1.23-4.6   0.01
Controls n = 77 n = 93
CC   40 (51.9)   52 (55.9)       1.001

CT   36 (46.8)   36 (38.7)    1.3     0.7-2.41   0.41
TT   1 (1.3)   5 (5.4)      0.26   0.03-2.31     0.197
C 116 (75.3) 140 (75.3)       1.001

T   38 (24.7)   46 (24.7)      0.99   0.61-1.64   0.99
TT + CT     37 (48.05)   41 (44.1)    1.2   0.64-2.15 0.6

1The first allele or genotype is the reference for statistical analysis; 
2Adjusted for age and gender; 3Infected or non-infected patients with and 
without GC. GC: Gastric cancer; iNOS: Inducible nitric oxide synthetase; 
CC: Homozygous CC genotype; CT: Heterozygous CT genotype; TT: 
Homozygous TT genotype; C: Number of individual C alleles in the 
group; T: Number of individual T alleles in the group; HWE: Hardy 
Weinberg Equilibrium; OR: Odds ratio; CI: Confidence interval; H. pylori: 
Helicobacter pylori.

Rafiei A et al . iNOS and H. pylori  in gastric cancer



4922 September 21, 2012|Volume 18|Issue 35|WJG|www.wjgnet.com

ous factors play different roles based on the population 
being studied[13-21,23-25,27-30]. Thus, there is a need for larger 
population-based studies to define the role of  particular 
factors in the disease process. Despite the high preva-
lence of  GC and H. pylori infection in Northern Iran, 
there have been relatively few studies that have examined 
specific risk factors associated with disease development 
in this population. Of  those that have been conducted, 
one of  the studies that investigated the high rate of  can-
cer development in this region concluded that the classic 
H. pylori virulence factors were not a good predictor of  
disease outcome[45]. Furthermore, the authors went on 
to suggest that “...the association between strain viru-
lence markers and disease in Iraq but not Iran suggests 
that other host and environmental factors may be more 
important in the disease-prone Iranian population”[45]. 
Given this suggestion and the deficit in our knowledge, 
we set out to examine the contribution of  particular be-
havioral factors and genetic polymorphism in the iNOS 
gene to GC development in the Iranian population. Us-
ing a case-controlled study design we identified a signifi-
cant association of  several factors with an increased risk 
for GC. Among the behavioral factors that were impor-
tant, smoking and consumption of  hot beverages were 
both associated with development of  GC. Both of  these 
factors have been previously identified as risk factors for 
cancer in other populations[36,37]. However, our study is 
the first to link consumption of  hot beverages with GC 
development in this particular region. 

In addition to behavioral factors and similar to other 
previously reported risk factors[46], we found that a familial 
history of  GC was significantly associated with increased 
risk of  GC development in our study population (Table 
1). Also similar to at least one other study in this region[2], 
we found that infection with the gastric pathogen H. pylori 
significantly increased the risk of  developing GC. Finally, 
we found that carrying either a heterozygous (CT) allele or 
a homozygous (TT) allele at position 150 of  exon 16 of  
the iNOS gene combined with H. pylori infection resulted 
in a significant increase in GC development. 

In humans, NO is used as an important signaling 
molecule. However, in the presence of  increased and/or 
sustained levels of  this molecule, the beneficial effects of  
NO can be overcome by deleterious processes such as 
DNA damage and chronic inflammation. These patho-
logic events may be catalyzed by increased iNOS activity, 
which leads to increased NO production and concomi-
tant increases in the amount of  downstream free radicals. 
As the major source of  NO in humans, perhaps it is not 
surprising that even minor amino acid changes in the 
iNOS enzyme can affect the levels of  NO. The (C150T) 
polymorphism found in exon 16 of  the iNOS gene was 
previously suggested to affect activity of  this enzyme, 
leading to increased production of  NO[36]. Interestingly, 
in our or other populations[36,37], the iNOS polymorphism 
alone was not a risk factor for cancer development. 
This fact suggests that while the C150T polymorphism 
may affect NO production, it does not do so to such 

an extent as to induce cancer development in isolation. 
Instead, a co-carcinogenic factor is required to synergisti-
cally interact in such a way as to promote disease progres-
sion. Within the population of  Northern Iran, this co-
carcinogenic factor appears to be H. pylori infection (Table 
3). A similar result was also found within the Japanese 
population[36]. Alternatively, the iNOS polymorphism was 
suggested to act as a co-carcinogenic factor with past 
cigarette smoking and alcohol consumption within the 
Chinese population[37]. Thus, in multiple populations, 
iNOS polymorphism synergistically interacts with various 
factors to affect GC development.

While the molecular mechanism of  synergistic inter-
action between the iNOS polymorphism and H. pylori in-
fection is not clear, one plausible hypothesis is that since 
H. pylori infection alone is sufficient to increase NO levels 
in gastric tissue[47,48], the addition of  a polymorphism that 
also increases iNOS enzyme activity could increase the 
amount of  NO in the local tissue to a further degree. 
In turn, this combined increase in NO could skew the 
gastric mucosa toward a pro-inflammatory response and 
increase the likelihood of  carcinogenic cellular damage. It 
is interesting to note that H. pylori infection alone creates 
a chronic pro-inflammatory environment within the gas-
tric mucosa. Furthermore, it has been well documented 
that the ability of  H. pylori to establish a persistent in-
fection depends on maintenance of  the proper balance 
between the host immune system and the bacterium (re-
viewed in[49]). In patients with either the CT or TT iNOS 
polymorphisms, the increased levels of  NO may upset 
this delicate balance, thus perpetuating pathological and 
carcinogenic events. 

H. pylori-mediated cancer development is a complex 
and multi-faceted process that involves a combination of  
bacterial, host, and environmental factors. Moreover, in-
fection with H. pylori is inversely correlated with develop-
ment of  esophageal cancer[12], and is thought to provide 
protection against development of  autoimmune disor-
ders such as asthma[11]. Thus, the apparent benefit(s) of  
asymptomatically harboring this organism brings to bear 
the question of  whether it is best to treat all patients for 
H. pylori infection; if  not, the question becomes-how do 
we identify individuals most at risk for developing seri-
ous disease? One possible way to differentiate patients 
who have a high risk for disease development from 
those who are low-risk is to specifically examine bacte-
rial, host-genetic and environmental factors that have 
been shown to be associated with cancer development 
in H. pylori-infected individuals. By screening individual 
patients for these three types of  markers, it may be pos-
sible to specifically identify and treat those individuals 
who are at most risk for developing severe disease while 
reducing the risk of  losing the apparent protective ef-
fects of  H. pylori infection in low-risk individuals. 
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Abstract
AIM: To investigate the role of bone marrow-derived 
endothelial progenitor cells (EPCs) in the angiogenesis 
of hepatocellular carcinoma (HCC). 

METHODS: The bone marrow of HCC mice was re-
constructed by transplanting green fluorescent protein 
(GFP) + bone marrow cells. The concentration of circu-
lating EPCs was determined by colony-forming assays 
and fluorescence-activated cell sorting. Serum and tis-
sue levels of vascular endothelial growth factor (VEGF) 
and colony-stimulating factor (CSF) were quantified by 
enzyme-linked immunosorbent assay. The distribution 

of EPCs in tumor and tumor-free tissues was detected 
by immunohistochemistry and real-time polymerase 
chain reaction. The incorporation of EPCs into hepatic 
vessels was examined by immunofluorescence and im-
munohistochemistry. The proportion of EPCs in vessels 
was then calculated. 

RESULTS: The HCC model was successfully estab-
lished. The flow cytometry analysis showed the mean 
percentage of CD133CD34 and CD133VEGFR2 double 
positive cells in HCC mice was 0.45% ± 0.16% and 
0.20% ± 0.09% respectively. These values are much 
higher than in the sham-operation group (0.11% ± 
0.13%, 0.05% ± 0.11%, n  = 9) at 14 d after mod-
eling. At 21 d, the mean percentage of circulating 
CD133CD34 and CD133VEGFR2 cells are 0.23% ± 
0.19%, 0.25% ± 0.15% in HCC model vs  0.05% ± 
0.04%, 0.12% ± 0.11% in control. Compared to the 
transient increase observed in controls, the higher lev-
el of circulating EPCs was induced by HCC. In addition, 
the level of serum VEGF and CSF increased gradually 
in HCC, reaching its peak 14 d after modeling, then 
slowly decreased. Consecutive sections stained for the 
CD133 and CD34 antigens showed that the CD133+ 
and CD34+ VEGFR2 cells were mostly recruited to HCC 
tissue and concentrated in tumor microvessels. Un-
der fluorescence microscopy, the bone-marrow (BM)-
derived cells labeled with GFP were concentrated in 
the same area. The relative levels of CD133  and CD34  
gene expression were elevated in tumors, around 5.0 
and 3.8 times that of the tumor free area. In frozen liv-
er sections from HCC mice, cells co-expressing CD133 
and VEGFR2 were identified by immunohistochemical 
staining using anti-CD133 and VEGFR2 antibodies. In 
tumor tissue, the double-positive cells were incorpo-
rated into vessel walls. These CD31 and GFP double 
positive cells were direct evidence that tumor vascular 
endothelial cells (VECs) come partly from BM-derived 
EPCs. The proportion of GFP CD31 double positive 
VECs (out of all VECs) on day 21 was around 35.3% ± 
21.2%. This was much higher than the value recorded 
on day 7 group (17.1% ± 8.9%). The expression of 
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intercellular adhesion molecule 1, vascular adhesion 
molecule 1, and VEGF was higher in tumor areas than 
in tumor-free tissues. 

CONCLUSION: Mobilized EPCs were found to partici-
pate in tumor vasculogenesis of HCC. Inhibiting EPC 
mobilization or recruitment to tumor tissue may be an 
efficient strategy for treating HCC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
solid tumors, and neovascularization plays an important 
role in HCC development. In HCC, neovascularization 
status is correlated with disease progression and patient 
prognosis. Endothelial progenitor cells (EPCs) have 
been proved to be the main source of  adult neovascular-
ization. Until now, there has not been any data regarding 
the role of  EPCs in HCC neovascularization. This study 
is the first to prove that EPCs incorporate into vessels 
directly and play an important role in HCC neovascular-
ization.

It has been confirmed that neovascularization is vi-
tal to further multiplication, metastasis, and recurrence 
in malignant tumors. Without exogenous blood vessels, 
tumors stop growing and enter a state of  suspended ani-
mation at about 2-3 cubic millimeters. The acquisition of  
angiogenic capacity is considered a sign of  tumor devel-
opment and of  metastasis[1].

Recently, increasing amounts of  data have revealed 
that bone-marrow (BM)-derived EPCs can foster the 
initiation and maintenance of  angiogenic processes by in-
tegrating into developing vasculature under hypoxic con-
ditions and into tumors. In 1997, EPCs were first isolated 
using anti-CD34 monoclonal antibodies. CD34-antigen, 
however, could not distinguish immature EPCs from ma-
ture circulating endothelial cells (CECs) because CD34 
is expressed on both. With the discovery of  CD133, 
an antigen restricted to immature EPCs, distinguishing 
between EPC and CECs has become easier[2]. VEFGR2 
is another marker of  EPCs. VEFGR2 signaling causes 

EPCs to differentiate. EPCs resemble embryonic angio-
blasts, which characteristically migrate, proliferate, and 
differentiate into mature endothelial cells[3]. In general, 
EPCs can be identified as cells that simultaneously ex-
press the cell surface markers CD133, CD34, and VEG-
FR2[4,5]. Santarelli et al[6] used mouse tumor models to 
demonstrate that BM-derived EPCs are greatly mobilized 
into the bloodstream, and home specifically to tumor 
tissues. In the tumor microenvironment, the recruited 
EPCs merged with the walls of  a growing blood vessel, 
where they differentiated into endothelial cells and so 
promoted tumor growth. It has been reported that, dur-
ing cancer proliferation, the number of  circulating BM-
derived progenitor cells increases dramatically. Circulating 
BM-derived EPCs have been used to determine the op-
timal dose of  anti-angiogenic drugs, most successfully in 
breast cancer[7]. In addition, Taylor proved that high levels 
of  circulating BM-derived progenitor cells are correlated 
with tumor metastatic status. Recently, the contribution 
of  EPCs to tumor angiogenesis has also been reported 
in clinical tumor samples from 6 patients who received 
bone marrow transplants from donors of  the opposite 
sex. The endothelial cells within the tumor vessels were 
of  donor origin, as shown by the mismatched sex chro-
mosomes[8].

At present, the significance of  circulating EPCs and 
the contribution of  EPCs to tumor vessels have been 
confirmed in only a few solid malignancies, such as ma-
lignant glioma[6], lung cancer[9], and mammal tumors[10]. 
However, the extent to which EPCs contribute to the 
generation of  the tumor vessels varies significantly across 
different studies, from substantial to zero[11,12]. The role 
of  EPCs in neovascularization has been the subject of  
great debate.

Tumor microvessel density is closely related to tumor 
growth, invasion, and metastasis and to patient progno-
sis[13,14]. It has been confirmed that the formation of  new 
capillaries is essential to tumor development, and the 
status of  angiogenesis is an important prognostic indica-
tor in hepatocellular carcinoma[15,16]. There are only three 
papers in PUBMED, including our previous study[17], 
that compare the circulating EPC levels of  HCC patients 
to those of  healthy controls or those of  liver cirrhosis 
patients[18,19]. We established an orthotropic hepatic can-
cer model, observed the dynamic changes of  circulating 
EPCs, and determined whether BM-derived EPCs con-
tributed to tumor vessels directly. We also calculated the 
incorporation rate of  the EPCs in vessels. All the infor-
mation is extremely important to evaluating the role of  
EPCs in neovascularization in HCC. 

MATERIALS AND METHODS
Orthotropic hepatic cancer mouse model 
For BM reconstruction, C57BL/6 male mice aged 8-10 
wk were lethally irradiated (10 Gy) and transplanted with 
BM cells collected from green fluorescent protein (GFP)-
C57BL/6 transgenic mice[6]. Four weeks later, the HCC 
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model showed a GFP positive rate of  circulating nucle-
ated cells of  over 90%, suggesting full BM recovery. The 
mice were then used to construct an orthotropic hepatic 
cancer mice model by intra-hepatic injection of  1 × 105-2 
× 105 H22 hepatoma cells (given to us by Dr. Ru-Tian Li 
of  the Nanjing University Institute of  Oncology, China). 
Sterile extract H22 hepatoma cells, normal saline to ad-
just the number of  cancer cells to 106/mL for use. Intra-
peritoneal injection of  sodium pentobarbital anesthesia 
C57BL/6 mice, disinfection shop towel, in the middle 
upper abdomen about the xiphoid mainly as a 1 cm inci-
sion into the abdominal cavity. Gently press out part of  
the lobe with bilateral costal arch, wet gauze pad in the 
bottom lobe to protect, and then with 1 mL medical sy-
ringe needles inserted along the long axis of  lobe about 
0.5 cm, the slow injection of  H22 hepatoma cells 0.1 mL 
(cell number 1 × 105-2 × 105). Pull out the needle at the 
same time, rapidly at the pressure in the eye of  a needle, 
and gently press on it with a cotton for 1 min to stop 
bleeding. Carefully place the liver back into the abdomi-
nal cavity. The control group received same volume of  
phosphate buffered solution (PBS). All mice were from 
the national genetically engineered mouse resource bank 
of  China.

Degree of hepatocellular carcinoma mobilization 
Flow cytometry (FCM) was used to evaluate the degree 
of  EPC mobilization. Three hundred microliters of  pe-
ripheral blood was obtained from the retroorbital plexus 
at 3 d, 7 d, 14 d, and 21 d after the establishment of  the 
orthotropic HCC model. Erythrocytes were split by red 
blood cell lysis buffer. Mononuclear cells were incubated 
for 30 min at 4 ℃ with Alexa Fluor488 conjugated anti-
CD133, Alexa Fluor647 conjugated anti-CD34, PE-
conjugated anti-VEGFR2 (eBioscience, United States). 
Appropriate fluorochrome-conjugated isotypes were used 
as controls. In addition, serum concentration of  vascu-
lar endothelial growth factor (VEGF), platelet-derived 
growth factor [colony-stimulating factor (CSF)] was 
tested by enzyme-linked immunosorbent assay kit (ADL, 
United States) following the collection of  serum at the 
same times. 

Identification of BM-derived CD133+CD34+VEGR2+ cells 
in tissue 
Liver tissue was obtained from the GFP labeled BM-
HCC model on day 14. After paraformaldehyde perfu-
sion and gradient dehydration, consecutive frozen liver 
tissue sections 2 μm in thickness were cut in a cryostat, 
fixed, blocked, and incubated at 4 ℃ overnight with pri-
mary antibody rabbit anti-mouse CD133 (1:200), VEG-
FR2 (1:100, Abcam, United States), rat anti-mouse CD34 
(1:250, ebioscience, United States) respectively. Secondary 
antibody was horseradish peroxidase. Positive reactions 
were visualized with diaminobenzidine solution followed 
by counterstaining with hematoxylin. Negative controls 
were obtained by substituting the primary antibodies with 
PBS.

Contribution of BM derived EPCs to vessels 
Consecutive 2 μm frozen liver tissue sections were cut as 
stated above. Sections were blocked and then incubated 
overnight with rat anti-mouse CD31(1:800, eBiosicence, 
United States). After washing in PBS, slices were incubat-
ed with secondary antibodies Alexa Fluor 488-conjugated 
rabbit anti-rat IgG antibody (1:1000, molecular probes). 
4',6'-diamidino-2-phenylindole hydrochloride was used to 
dry the nucleus. Normal mice were given PBS-sbustituted 
for antibodies-as a negative control. Double-labeled im-
munofluorescence staining sections were evaluated using 
fluorescence microscopy. 

Proportion of EPCs in vessels 
Mouse livers were obtained at 7 d or 21 d after the estab-
lishment of  the GFP-BM HCC model. Two-microliter 
frozen anti-CD31 immunofluorescence staining sections 
were created as stated above. Specimens were analyzed 
microscopically by two independent observers who 
counted the number of  BM-derived vascular ECs (VECs) 
co-expressing GFP, CD31, and total VECs in 15 random 
high-power fields. The quantitative contribution of  EPCs 
to total VECs is expressed as percentages[20].

Expression of intercellular adhesion molecule 1, 
vascular adhesion molecule 1, and VEGF protein in 
tissue 
Liver tissue was obtained from the GFP-labeled BM-
HCC model on day 14. Conventionally processed and 
embedded sections cut at a thickness of  3 μm were depa-
raffinized, blocked, and incubated at 4 ℃ overnight with 
primary antibody: rabbit anti-mouse intercellular adhesion 
molecule 1 (ICAM1) (1:50, Protein Tech Group, United 
States), vascular adhesion molecule 1 (VCAM1) (1:200 
Santa Cruz Biotech, Santa Cruz, CA, United States), 
VEGF (1:1000 Abcam, City, State, United States). The 
secondary antibody was horseradish peroxidase. Positive 
reactions were visualized with diaminobenzidine solution 
followed by counterstaining with hematoxylin. Negative 
controls were obtained by substituting the primary anti-
bodies with PBS.

Levels of CD133 and CD34 genes in tissue 
The levels of  actin and CD133 mRNAs in the tumor 
and tumor-free areas were measured by real-time quan-
titative polymerase chain reaction (PCR). RNA was ex-
tracted from the livers with Trizol (Invitrogen, United 
States). cDNA was generated using Takara Primer 
ScriptTM 1st stand cDNA synthesis kits (JP). The se-
quences of  primers were designed and synthesized by 
Takara. Primers for CD133 (5’-AACGTGGTCCAGCC-
GAATG-3’, 5’-TCCCAGGATGGCGCAGATA-3’), 
CD34 (5’-ACCCACCGAGCCATATGCTTAC-3’, 
5’-GATACCCTGGGCCAACCTCA-3’), β-actin (5’-CAT 
CCG TAA AGA CCT CTA TGC CAA C-3’, 5’-ATG 
GAG CCA CCG ATC CAC A-3’). The PCR reactions 
were performed in the light of  instruction of  SYBR Pre-
mix Ex TaqTM Kit (Takara, Japan) using the Stratagene 
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0.20% ± 0.09% (n = 7), respectively. These values are 
much higher than in the sham-operation group (0.11% 
± 0.13%, 0.05% ± 0.11%, n = 9) at 14 d after modeling. 
At 21 d, the mean percentage of  circulating CD133CD34 
and CD133VEGFR2 cells is 0.23% ± 0.19%, 0.25% ± 
0.15% in HCC model vs 0.05% ± 0.04%, 0.12% ± 0.11% 
in control. The mobilization of  BM cells may have been a 
response to the operation. Compared to the transient in-
crease observed in controls, the higher level of  circulating 
EPCs were induced by HCC (Figure 1A, B). In addition, 
the level of  serum VEGF and CSF increased gradually in 
HCC, reaching its peak 14 d after modeling, then slowly 
decreased (Figure 1C, D).

Recruitment of EPCs to hepatocellular carcinoma tissue 
Consecutive sections stained for the CD133 and CD34 
antigens showed that the CD133+ and CD34+ VEGFR2 
cells were mostly recruited to HCC tissue and concen-
trated in tumor microvessels (Figure 2A). Under fluores-
cence microscopy, the BM-derived cells labeled with GFP 
were concentrated in the same area (Figure 2B). The 
relative levels of  CD133 and CD34 gene expression were 
elevated in tumors, around 5.0 and 3.8 times that of  the 
tumor free area (Figure 2C, D). As determined by protein 
and gene expression levels, EPCs in HCC mice were re-
cruited to tumors and tumor microvessels. The results of  
each three trials were largely consistent with each other.

Mx3000P QPCR System (Bioscience Corporation). Each 
sample was measured in duplicate. The relative level of  
expression was determined by DDCt normalized to en-
dogenous control (β-actin).

Statistical analysis
Statistical comparisons were performed using the t-test 
and analysis of  variance when data were normally distrib-
uted or with separate variance estimation t-test or rank 
sum test. All statistical procedures were performed using 
SPSS 15.0. All data were presented as mean ± SD. Values 
of  P < 0.05 were considered statistically significant.

RESULTS
Establishment of BM orthotopic hepatocellular 
carcinoma model
The successful establishment of  the HCC model was 
confirmed by a pathological exam confirming classic 
clinicopathological characteristics of  HCC, intratumor 
hemorrhage, intrahepatic metastasis, and tumor neovas-
cularization.

Mobilization of EPCs into circulation 
The FCM analysis showed that the mean percentage of  
circulating CD133CD34 and CD133VEGFR2 double 
positive cells in HCC mice were 0.45% ± 0.16% and 
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Figure 1  Mobilization of endothelial progenitor cells into circulation. A, B: Flow cytometry analysis of circulating endothelial progenitor cells in hepatocellular car-
cinoma (HCC) mice (day 14, n = 7; day 21, n = 9) vs sham-operation group (day 14, n = 9; day 21, n = 11). Normal = normal mice; C, D: Dynamic changes in serum 
levels of vascular endothelial growth factor and colony-stimulating factor in HCC mice (n = 8). aP < 0.05, bP < 0.01 vs normal control (n = 8). CSF: Colony-stimulating 
factor; VEGF: Vascular endothelial growth factor.
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Contribution of BM-derived EPCs to tumor blood 
vessels 
In frozen liver sections from HCC mice, cells co-ex-
pressing CD133 and VEGFR2 were identified by immu-
nohistochemical staining using anti-CD133 and VEG-
FR2 antibodies. In tumor tissue, the double-positive cells 
were incorporated into vessel walls (Figure 3C). In im-
munofluorescent staining, an antigen specific to mature 
endothelial cells CD31[21] was used to identify VECs. 
The image data show that cells co-expressing CD31 and 
GFP existed not only in sinusoid endothelial cells (Figure 

3A) but also in hepatic veins (Figure 3B). These CD31 
and GFP double positive cells are direct evidence that 
tumor VECs come partly from BM-derived EPCs. The 
proportion of  GFP CD31 double positive VECs (out of  
all VECs) on day 21 was around 35.3% ± 21.2%. This 
is much higher than the value recorded on day 7 group 
(17.1% ± 8.9%) (Figure 3D).

Expression of ICAM1, VCAM1, and VEGF in tumor tissue
For further understanding the mechanism by which BM-
derived EPCs home to tumors, we detected the expres-
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sion of  ICAM1, VCAM1, and VEGF in tumor tissues 
and tumor-free areas using immunohistochemistry. The 
results showed that the expression of  ICAM1, VCAM1, 
and VEGF was higher in tumor areas than in tumor-free 
tissues (Figure 4). 

DISCUSSION
Enhanced neovascularization is the most obvious clinico-
pathological characteristic of  HCC, and tumor microvas-
cular density is closely related to HCC progression and 
patient prognosis[2,22]. Although studies in some tumor 
models have shown that EPCs are mobilized into pe-
ripheral blood and contribute to tumor vascularization, 
to date, only Hong Kong University, our hepatic cancer 
institute, and the Medical University of  Vienna have suc-
cessively demonstrated that levels of  circulating EPCs in-
crease significantly and are correlated to clinical outcome 
in patients with HCC. The role of  EPCs in HCC neovas-
cularization is not currently clear. Based on our previous 
clinical findings[17,23], we established an orthotopic HCC 
model and used GFP as tracer to evaluate the role of  
EPCs in HCC-related angiogenesis[24,25]. According to 
PUBMED search, this is the first article to show direct 
visual evidence proving that EPCs promote angiogenesis 

by differentiating into vascular endothelia cells in HCC.
Thus far, the clinical significance of  circulating EPCs 

has been confirmed in only a few solid malignancies, 
such as neurospongioma[25], hepatic cancer[17-19], breast 
cancer[26,27] and ovarian cancer[28]. Levels of  circulating 
BM-derived stem cells have been used to determine the 
optimal dose of  anti-angiogenic drugs, most successfully 
in breast cancer patients[7]. In the current investigation, 
which, unlike our previous clinical study, does not involve 
any interference from cirrhosis, it is much clearer that 
the mobilization of  EPCs and the up-regulation of  the 
BM-mobilization-related factors VEGF and CSF are the 
results of  the development of  HCC (Figure 1). Though 
wounds and injuries also can mobilize EPCs into the 
blood[29], the controls in this study showed only transient 
increases in, VEGF and CSF, and levels of  circulating 
EPCs remained relatively low[30]. In terminal stage of  the 
tumor, the decline in levels of  serum cytokines and cir-
culating EPCs may be the result of  a disordered environ-
ment and systemic failure.

Characterization of  EPCs, proof-of-principle strate-
gies design to study the importance of  vasculogenesis in 
tumors are current impediments. CD34-antigen could not 
distinguish immature EPCs from mature CECs. Recently, 
scientists discovered an antigen restricted to immature 
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EPCs named CD133 which can distinguish between 
EPC and CECs. VEFGR2 is another marker of  EPCs. 
VEFGR2 signaling causes EPCs to differentiate. EPCs 
resemble embryonic angioblasts, which characteristically 
migrate, proliferate, and differentiate into mature endo-
thelial cells. Generally, EPCs can be identified as cells that 
simultaneously express the cell surface markers CD133, 
CD34, and VEGFR2. 

In this study, we used GFP as a tracer because that 
tumor growth is accompanied by the formation of  tumor 
blood vessels, we hypothesized that EPCs could home 
to liver tumors specifically. To test this hypothesis. The 
immunohistochemical image data of  HCC tissue se-
rial frozen sections showed many cells expressing EPC-
specific antigens CD133, CD34, and VEGFR2, and these 
were concentrated in tumor tissues and tumor vessels 
(Figure 2A). Relative to tumor-free tissues, many BM-
derived cells labeled by GFP specifically homed to tumor 
tissues and tumor vessels occupying the same positions 
as the CD133-, CD34-, and VEGFR2-positive cells (Fig-
ure 2B). This indicates that these antigen-positive cells 
come from bone marrow and co-express the specific 
antigens CD133, CD34, and VEGFR2. Real-time PCR 
analysis showed the levels of  mRNA for stem cell mark-
ers CD133 and CD34 were around 5 and 3 times higher, 
respectively, than in tumor free tissues (Figure 2C). These 
results may be due to the fact that CD34 is expressed 
in both mature and immature cells, while CD133 is lim-
ited to immature cells (Figure 3B). EPCs’ tropism for 
malignant tissues can also be observed in other cancer 
models, in which ICAM-1 is considered the main endo-
thelial surface receptor responsible for recruitment of  
EPCs[31]. VEGF is believed to be the most important and 
essential mobilization factor in the induction of  matrix 
metalloproteinase-9 (MMP-9) expression in bone mar-
row cells (BMCs). MMP-9, in turn, cleaves and activates 
the VEGF receptor of  BMCs, permitting the transfer of  
BMCs and mobilizing EPCs into circulation[32]. In our 
HCC model, besides up-regulated VEGF, the levels of  
VEGF and ICAM1 in tumor tissue also increased signifi-
cantly. This is consistent with our previously published 
clinical results[19]. From this, we can reasonably infer that, 

during tumor growth, HCC tissue releases mobilization 
factors, such as VEGF, into circulation. As the matrix de-
grades, BM-derived EPCs migrate into the liver through 
the bloodstream. Under the chemoattractive influence of  
locally high VEGF content VEGF and cellular adhesive 
molecules, the EPCs become come to rest in the hepatic 
tumor area.

Until now, the contribution of  EPCs to blood vessel 
formation has been proved in only a few types of  cancer, 
including malignant glioma[26] and Ewing’s sarcoma[33,34]. 
We have identified and confirmed the clinical significance 
of  mobilized EPCs in HCC[17]. Here, we directly prove 
that EPCs contribute to the formation of  new HCC ves-
sels not only in hepatic sinusoids (Figure 3A) but also in 
the veins of  the liver (Figure 3C). Moreover, immunohis-
tochemical image data has directly shown that cells co-
expressing CD133 and VEGFR2 incorporate into liver 
vessels (Figure 3D). This indicates that BM-derived EPCs 
stimulate tumor growth by promoting neovascularization. 
In addition, the incorporation rate of  EPCs on day 21 
was found to be much higher than on day 7. In this sense, 
the role of  EPCs in neovascularization seems to become 
more important as HCC growth progresses (Figure 4C). 
Mature ECs have relatively limited proliferative capac-
ity. In the current body of  literature, the proportion of  
EPCs to VECs has been found to vary widely, from zero 
to more than 90%[11,12]. Other studies have concluded that 
EPCs do not contribute to the vascular endothelium and 
are not needed for tumor growth[35]. The fact that these 
studies used different tumor models may be the source 
of  these different results.

Ever since 1971, anti-angiogenesis and anti-vascular 
treatments have emerged as a clinically promising anti-
cancer strategy in HCC therapy. However, though anti-
angiogenic therapies to HCC have been used clinically for 
a long time, the actual effect is not as satisfying as would 
be expected. Damaging tumor vasculature or blood em-
bolization does lead to local metabolic disturbance, aci-
dosis, hypoxia, and eventually to necrosis. This causes the 
release of  soluble factor into the bloodstream by tumors 
directly and by the responding system indirectly. These 
soluble factors mobilize more EPCs into the blood and 
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Figure 4  Expression of intercellular adhesion molecule 1, vascular adhesion molecule 1, and vascular endothelial growth factor in tumor tissues and 
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promote the formation of  new blood vessels to compen-
sate for the lost blood supply. In fact, it has been found 
that tumor necrosis, hypoxia, and ischemia can all cause 
dramatic increases in serum levels of  VEGF and in the 
number of  EPCs in circulation EPCs[36-38]. These cells 
home to the vasculature of  treated tumors and promote 
tumor neovascularization. In such cases, even if  tumor 
vasculature is damaged and local angiogenesis is inhib-
ited, BM-derived EPCs independently form the blood 
vessels necessary for tumor regrowth. The existence of  
compensatory cellular and molecular mechanisms inhibits 
the efficacy current targeted anti-angiogenic therapies. We 
suggest inhibiting the recruitment of  circulating EPCs 
in concert with anti-vascular treatment. We have demon-
strated previously that the number of  circulating EPCs 
rises dramatically in patients with HCC. Now we further 
display that, during the course of  HCC, large numbers of  
EPCs are mobilized and recruited to tumor areas, where 
they promote HCC angiogenesis by integrating directly 
into the tumor vessels directly. As HCC develops, the 
proportion of  EPCs in vessels seems to rise gradually. 

In view of  current data, we have reason to believe that 
the BM is the important source of  cells for neovascular-
ization in HCC. We infer that blockage of  EPC mobiliza-
tion or recruitment to tumors may slow down hepatic 
cancer growth and improve the efficacy of  therapies.

COMMENTS
Background
Neovascularization is the key process for tumor development, invasiveness 
and metastasis. It has been accepted that tumor-neovascularization raised in 
two ways, one is endothelial sprouting, another is bone marrow derived cells 
differentiating into mature vascular endothelial cells. Hepatocellular carcinoma 
(HCC) is one of the most vascular solid tumors, in which neovascularization 
plays an important role. The status of neovascularization in HCC correlates with 
the disease progression and patient’s prognosis. 
Research frontiers
At present, the significance of circulating endothelial progenitor cells (EPCs) 
and contribution of EPCs to tumor vessels have been confirmed only in a few 
solid malignancies, such as malignant glioma, lung caner and mammal tumor, 
however, the extent to which EPCs contribute to the generation of the tumor 
vessels is highly variable in different studies, from substantial to zero. So the 
role of EPCs on neovascularization has been argued a lot. Till now, there is no 
any data to evaluate the role of bone marrow cells (BMCs) in HCC neovascu-
larization yet. 
Innovations and breakthroughs
Ever since Professor Folkman put forward the dependence of tumor growth 
on angiogenesis in 1971, anti-angiogenesis or anti-vascular treatment has 
emerged as a clinically promising anti-cancer strategy in HCC therapies. How-
ever, though anti-angiogenic therapies to HCC such as chemotherapy and 
embolization have been in clinical application for a long time, the actual effect 
is not as satisfying as expected yet. It is well known HCC is a highly vascular-
ized solid tumor. The authors have demonstrated that circulation BMCs/bone 
marrow-derived stem cells rise dramatically in patients with HCC previously in 
clinical cancer research, now the authors further display during the course of 
HCC, large number of BMCs was mobilized and recruited to tumor area, then 
promote HCC angiogenesis by integrating into tumor vessels directly.
Applications
The study results suggest that the BMCs play a prominent role in HCC neovas-
cularization, and inhibiting EPC mobilization or recruitment to tumor tissue may 
be an efficient strategy for treating HCC.
Terminology
EPCs: Endothelial progenitor cells can differentiate into mature vascular endo-

thelial cells for formation of new vessels (vasculogenesis).
Peer review
This is a good descriptive study to investigate the role of bone marrow-derived 
EPC in the angiogenesis of HCC. The results are interesting and suggest that 
mobilized EPCs were found to participate in tumor vasculogenesis of HCC and 
inhibiting EPC mobilization or recruitment to tumor tissue may be an efficient 
strategy for treating HCC.
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Abstract
AIM: To investigate the correlation of hyperlipemia (HL) 
and acute cerebral ischemia/reperfusion (I/R) injury on 
liver damage and its mechanism. 

METHODS: Rats were divided into 4 groups: control, 
HL, I/R and HL+I/R. After the induction of HL via  a 
high-fat diet for 18 wk, middle cerebral artery occlu-
sion was followed by 24 h of reperfusion to capture 
I/R. Serum alanine transaminase (ALT) and aspartate 
aminotransferase (AST) were analyzed as part of liver 
function tests and liver damage was further assessed 
by histological examination. Hepatocyte apoptosis was 
evaluated by terminal deoxynucleotidyl transferase 
dUTP nick-end labeling (TUNEL) assay. The expres-
sion of genes related to apoptosis (caspase-3, bcl-2) 
was assayed by immunohistochemistry and Western 
blotting. Serum tumor necrosis factor-α (TNF-α), in-
terleukin-1 (IL-1) and liver mitochondrial superoxide 
dismutase (SOD), glutathione peroxidase (GSH-Px), 
malondialdehyde (MDA) and Ca2+ levels were measured 

to determine inflammatory and oxidative/antioxidative 
status respectively. Microsomal hydroxylase activity 
of the cytochrome P450 2E1 (CYP2E1)-containing en-
zyme was measured with aniline as the substrate, and 
CYP2E1 expression in the liver tissue and microsome 
was determined by immunohistochemistry and Western 
blotting respectively.

RESULTS: HL alone induced by high-fat diet for 18 wk 
resulted in liver damage, indicated by histopathologi-
cal analysis, and a considerable increase in serum ALT 
(25.13 ± 16.90 vs  9.56 ± 1.99, P  < 0.01) and AST 
levels (18.01 ± 10.00 vs  11.33 ± 4.17, P  < 0.05) com-
pared with control. Moreover, HL alone induced hepato-
cyte apoptosis, which was determined by increased TU-
NEL-positive cells (4.47 ± 0.45 vs  1.5 ± 0.22, P  < 0.01), 
higher caspase-3 and lower bcl-2 expression. Interest-
ingly, compared with those in control, HL or I/R groups, 
massive increases of serum ALT (93.62 ± 24.00 vs  9.56 
± 1.99, 25.13 ± 16.90 or 12.93 ± 6.14, P  < 0.01) and 
AST (82.32 ± 26.92 vs  11.33 ± 4.17, 18.01 ± 10.00 or 
14.00 ± 6.19, P  < 0.01) levels in HL+I/R group were 
observed suggesting severe liver damage, which was 
confirmed by liver histology. In addition, HL combined 
with I/R also caused significantly increased hepatocyte 
apoptosis, as evidenced by increased TUNEL-positive 
cells (6.20 ± 0.29 vs  1.5 ± 0.22, 4.47 ± 0.45 or 1.97 
± 0.47, P  < 0.01), elevated expression of caspase-3 
and lower expression of bcl-2. Furthermore, when com-
pared to HL or I/R alone, HL plus I/R enhanced serum 
TNF-α, IL-1, liver mitochondrial MDA and Ca2+ levels, 
suppressed SOD and GSH-Px in liver mitochondria, and 
markedly up-regulated the activity (11.76 ± 2.36 vs  
4.77 ± 2.31 or 3.11 ± 1.35, P  < 0.01) and expression 
(3.24 ± 0.38 vs  1.98 ± 0.88 or 1.72 ± 0.58, P  < 0.01) 
of CYP2E1 in liver. 

CONCLUSION: The coexistence of HL and acute cere-
bral I/R induces severe liver damage, suggesting that 
cerebral ischemic stroke would exaggerate the damage 
of liver caused by HL. This effect is possibly due to en-
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hanced CYP2E1 induction which further promotes oxida-
tive damage, inflammation and hepatocyte apoptosis. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The history of  hyperlipidemia (HL), an increasing public 
health problem, is positively associated with acute cere-
brovascular diseases (ACD) such as ischemic stroke[1]. 
Although HL per se is not a direct predictor of  ACD, the 
condition with high plasma levels of  inflammatory-sen-
sitive proteins associated with HL links to the increased 
incidence of  stroke[2]. Positive correlations between ex-
cess lipid levels and the promotion of  inflammation have 
been documented[2]. Moreover, it has been widely accept-
ed that oxidative stress, an early event in the evolution of  
HL[3], also plays an essential role in the pathophysiology 
of  ischemic stroke[4]. So it can be speculated that HL, as 
a highly prevalent risk factor for ACD, frequently accom-
panies ACD. 

In addition, HL is also a major risk factor for liver 
disease[5]. The spectrum of  HL-induced liver disease, also 
known as non-alcoholic fatty liver disease (NAFLD), 
ranges from “simple” steatosis to non-alcoholic steato-
hepatitis, which is characterized by oxidative stress, in-
flammation, and liver damage as well as fat deposition[6]. 
Of  interest is that one of  the main complications of  the 
patient with ACD is the risk of  secondary liver dysfunc-
tion. Ischemic stroke will further trigger the activation of  
inflammatory cascades leading to systemic inflammatory 
response[7]. In the systemic inflammatory environment 
developed by circulating reactive oxygen species (ROS) 
and pro-inflammatory cytokines after ACD, nonneuro-
logical organs, including liver, would be impaired leading 
to multiple organ dysfunction syndromes (MODS). The 
incidence of  MODS in patients with ACD was reported 
as 11.5%, the mortality rate was 40.3%[8]. It is noteworthy 
that one of  the major systemic complications of  ACD 
is liver dysfunction, the presence of  which is associ-
ated with mortality and overall poor outcome[9]. Clinical 
studies in China have showed, in patients of  ACD with 

MODS, 26.83%[8] or 15.5%[10] had abnormal liver func-
tion. Therefore, HL or ACD is respectively known to be 
the independent risk factor for liver injury. It is thus rea-
sonable to hypothesize that the coexistence of  HL and 
ACD may contribute to more severe liver dysfunction. 

As mentioned above, the pathological changes in liver 
caused by either HL or cerebral ischemia are associated 
with inflammation and oxidative stress. Inflammatory 
response and even apoptosis could be triggered by oxi-
dative stress[11], which may be a key mechanism of  liver 
injury induced by HL or cerebral ischemia. The source 
of  oxidative stress is controversial but may result in part 
from over-expression of  the prooxidant enzyme cyto-
chrome P450 2E1 (CYP2E1), that has been reported to 
occur in human and experimental NAFLD[12]. As a major 
microsomal source of  ROS, CYP2E1 mainly located in 
the endoplasmic reticulum and played a significant role in 
the biotransformation of  fatty acid oxidation. ROS over-
production induces oxidative damage to liver DNA and 
contributes to hepatocellular injury[13]. The expression 
of  CYP2E1 in liver can be enhanced in rats treated with 
high-fat diet[14]. In addition, brain injury or inflammation 
has influence on some liver cytochrome P450 enzymes[15]. 
But the effect of  HL together with ACD on CYP2E1 is 
still unclear.

In this study, we hypothesized that HL or cerebral 
ischemia/reperfusion (I/R) injury may directly induce 
a series of  changes leading to a pro-oxidant and pro-
inflammatory state, which may finally result in the onset 
of  liver injury, and the coexistence of  HL and cerebral 
I/R injury may cause much more severe changes and the 
exacerbation of  liver injury. To verify this assumption, 
a repeatable experimental hyperlipemic rat model with 
cerebral I/R injury was established to investigate the cor-
relation of  HL and/or acute cerebral I/R injury on liver 
damage, and further examine the effects of  HL and/or 
I/R on hepatocyte apoptosis, CYP2E1, oxidative/anti-
oxidant system and inflammatory process to understand 
the mechanism of  liver damage. 

MATERIALS AND METHODS
Animals
Adult male Sprague-Dawley rats, weighing 200-250 g, 
were obtained from Hubei Laboratory Animals Center 
for Medical Science and Research (No. 00006231). The 
animals were allowed to acclimatize for 1 wk while being 
maintained at a room temperature of  22 ± 2 ℃ on a 12 h 
light/dark cycle with free access to standard rodent chow 
food and water (Standard sustain feed, from Hubei Labo-
ratory Animals Center for Medical Science and Research, 
Wuhan, China). Housing facilities and all experimental 
protocols were carried out according to the National 
Institutes of  Health Guide for the Care and Use of  
Laboratory Animals, and approved by the Animals Care 
and Use Committee of  Wuhan University of  Science and 
Technology Medical College which adopts the guideline 
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for the care and use of  laboratory animals published by 
the US National Institutes of  Health (NIH Publication 
No. 85-23, revised 1996).

Experiment design 
The rats were fed either a standard low-fat rat chow diet 
(control diet) or a high-fat diet (HFD, 1% cholesterol, 
10% lard, 20% sugar, 5% egg yolk, 0.2% bile salts and 
63.8% standard chow, finally analyzed by the Labora-
tory Animal Centre of  Hubei). After 18 wk of  HFD, 
blood was withdrawn from the tail vein of  overnight 
fasted rats for confirming HL. Serum triglycerides (TG), 
total cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C) and low-density lipoprotein cholesterol 
(LDL-C) were detected by Beckman Coulter synchron 
LX20 autoanalyzer (Beckman Coulter Inc., United States). 
The animals with serum TC level > 3.87 mmol/L were 
considered HL and included in the study[16]. Subsequently, 
the control diet group and HL group were respectively 
divided into two subgroups treated with or without cere-
bral I/R (Table 1). After HL was confirmed, the rats in 
I/R or HL+I/R group were subjected to middle cerebral 
artery occlusion (MCAO)[17] for 2 h and followed by 24 
h reperfusion to induce focal cerebral I/R injury. As the 
sham control, rats in control or HL groups underwent 
the same surgical procedure as in I/R or HL+I/R group 
without inserting the nylon thread. 

Behavioral score and brain infarct volume were evalu-
ated at 24 h after reperfusion by researchers and another 
assistant who was not involved in this experiment. The 
neurological deficits were scored on a 5-point scale based 
on the report of  Longa et al[18]. All animals were sacrificed 
after the evaluation of  behavioral scores. The area of  ce-
rebral infarction was quantified with TTC (2, 3, 5-triphe-
nyltetrazolium chloride) staining as previous described[13]. 

Measurement of liver function and serum pro-
inflammatory cytokines
Blood samples were obtained from the common ca-
rotid artery to detect serum alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), tumor necrosis 
factor-α (TNF-α) and interleukin-1 (IL-1) when rats were 
sacrificed at 24 h after reperfusion. The levels of  serum 
ALT and AST were measured using corresponding kits 
(Jiancheng, Nanjing, China) to assess the liver function. 
Serum TNF-α and IL-1 levels were measured by radio-
immunoassay kits (Albert Poole Biotechnology, Beijing, 
China). 

Histological and immunohistochemical examination of 
liver
Harvested livers were placed into 10% formalin im-
mediately after excision, and immersed for 24 h. Liver 
specimens were then embedded in paraffin, and sections 
were cut at 5 μm. Sections were stained for: (1) Hema-
toxylin and eosin (HE); (2) Apoptosis was detected by 
the TdT-mediated dUTP-biotin nick end labeling (TU-
NEL) method using an in situ apoptosis detection kit 
(Boster Biological Engineering, Wuhan, China) as previ-
ously described[19]. The number of  cells with TUNEL-
positive nuclei was counted from 20 randomly selected 
fields at × 200 magnification per liver sample. Results 
were expressed as the mean number of  TUNEL-positive 
apoptotic hepatocytes per microscopic field; and (3) Im-
munohistological analysis of  CYP2E1, caspase-3, bcl-2 
expression in paraffin wax-embedded liver sections were 
performed using a standard peroxidase-antiperoxidase 
technique as described previously[20], using a CYP2E1 
rabbit anti-mouse polyclonal antibody (Abcam Inc, Unit-
ed Kingdom) or mouse monoclonal antibodies against 
caspase-3 and bcl-2 (Santa Cruz, CA, United States) at a 
1:150 dilution, with a biotinylated goat anti-rabbit or goat 
anti-mouse antibody (Santa Cruz, CA, United States) as 
the secondary antibody. Brown colour in the cytoplasm 
of  the hepatocytes was evaluated as positive staining.

Determination of antioxidant enzymes activities, MDA 
and Ca2+ content in liver mitochondria and microsomal 
CYP2E1-dependent aniline hydroxylase activity
Liver subcellular fractions were prepared by differential 
centrifugation according to Khemawoot et al[21] with 
slight modifications. Livers were homogenized (20% 
w/v) with phosphate buffer (50 mmol/L K2HPO4 con-
taining 0.1 mmol/L EDTA, pH 7.4). The homogenate 
was centrifuged at 200 g for 10 min at 4 ℃, and then the 
supernatant was recentrifuged at 9000 g for 20 min. The 
mitochondrial pellet was collected, resuspended in 0.25 
mol/L sucrose solution, and stored at -80 ℃ until detec-
tion of  superoxide dismutase (SOD), glutathione peroxi-
dase (GSH-Px), malondialdehyde (MDA) and Ca2 + levels 
using the corresponding kits (Jiancheng, Nanjing, China) 
respectively.

 Then the supernatant was recentrifuged at 105  000 
× g for 60 min. The microsomal pellet was washed, re-
suspended in 0.25 mol/L sucrose solution, and stored 
at -80 ℃ until determination of  CYP2E1 activity and 
expression. Microsomal protein concentration was mea-
sured according to the method of  Lowry et al[22]. Micro-
somal hydroxylase activity of  the CYP2E1-containing 
enzyme was measured with aniline as the substrate ac-
cording to the procedure described previously[23]. 

Western blotting of liver caspase-3, bcl-2 and 
microsomal CYP2E1
Proteins of  liver homogenate or microsome were 
separated by SDS-PAGE and then transferred onto a 
polyvinylidene difluoride membrane by electroblotting. 
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Table 1 The examined animal groups

Group Administration

Control Rats given normal diet (control) for 18 wk and without I/R
HL HL rats given high-fat diet for 18 wk and without I/R
I/R Rats given normal diet (control) for 18 wk and with I/R
HL+I/R HL rats given high-fat diet for 18 wk and with I/R

HL: Hyperlipidemia; I/R: Ischemia/reperfusion. 
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by I/R alone; marked changes in serum ALT and AST 
activities suggesting hepatic damage were shown in the 
HL+I/R group (P < 0.01). The most severe liver dam-
age was found in the HL+I/R group compared to HL or 
I/R alone (P < 0.01) (Table 3).

To analyze the extent of  liver injury, liver sections 
were stained with HE (Figure 1A). No apparent dam-
age was found in liver sections from the control or I/R 
group. Hepatocytes of  the HL group showed fatty infil-
tration changes, light vacuolar change, scattered inflam-
matory cells and mild hepatocyte necrosis. However, 
extensive damage was detected in liver sections from 
HL+I/R rats. The affected livers displayed remarkable 
fatty accumulation, infiltration of  a mixed population of  
inflammatory cells, hepatocyte ballooning degeneration 
and focal necrosis. These changes were more prominent 
when compared to HL or I/R alone.

Hepatocyte apoptosis caused by HL plus I/R
We assessed hepatocyte apoptosis using the TUNEL as-
say. TUNEL-positive cells appeared occasionally in liver 
sections of  control or I/R groups, diffused widely in the 
HL group, and were most frequently observed in the 
HL+I/R group (Figure 1B). The number of  TUNEL-
positive apoptotic hepatocytes (6.2 ± 0.29 apoptotic 
cells/× 200 field) in the HL+I/R group was significantly 
greater than those in the control group (1.5 ± 0.22 apop-
totic cells/× 200 field), HL group (4.47 ± 0.45 apoptotic 
cells/× 200 field), and I/R group (1.97 ± 0.47 apoptotic 
cells/× 200 field) (P < 0.01). 

Encouraged by the severe liver damage and hepato-
cyte apoptosis caused by HL plus I/R, we further investi-
gated whether the CYP2E1, oxidative/antioxidant system 
and pro-inflammatory cytokines are involved in this 
pathological condition.

Induction of hepatic CYP2E1 by HL plus I/R
The activities of  CYP2E1-dependent aniline hydroxy-
lase activity in the microsome, where CYP2E1 is mainly 
located in liver, were higher in the HL or the I/R group 
(P < 0.01; P < 0.05 vs control), and increased consider-

Membrane was blocked overnight and then incubated 
for 2 h with a 1:1000 dilution of  a rabbit polyclonal anti-
rat CYP2E1 antibody (Abcam Inc, United Kingdom) or 
a rabbit polyclonal anti-mouse, caspase-3, bcl-2 antibody 
(Santa Cruz, CA, United States). After incubation with 
the secondary antibody, proteins were detected with an 
electrochemiluminescence chemiluminescence detection 
kit (Amersham Biosciences, Buckinghamshire, United 
Kingdom), and scanned with a Typhoon 9200 scanner 
(Amersham Biosciences Europe GmbH, Freiburg, Ger-
many). The amount of  protein expression was corrected 
by the amount of  β-actin in the same sample.

Statistical analysis
All data are expressed as mean ± SD. Statistical analysis 
was performed using Student’s t test. Probability values 
less than 0.05 (P < 0.05) were considered statistically sig-
nificant.

RESULTS
Evaluation of animal model
After 18 wk of  HFD and prior to ischemia, serum levels 
of  TC, TG and LDL-C in HL or HL+I/R group were 
significantly higher than those in control or I/R group, 
whereas HDL-C was lower (P < 0.05 or P < 0.01) (Table 
2). There was no significant difference between the HL 
group and the HL+I/R group.

At 24 h after reperfusion, rats in the I/R or HL+I/R 
groups that were successfully operated with MCAO and 
reperfusion appeared to have a significantly higher neuro-
logical deficit score and brain infarct volume than those 
in the control or HL group (P < 0.01) (Table 3). There 
was no significant difference between the I/R group and 
the HL+I/R group. 

These results strongly suggested that the animal mod-
el of  HL combined with I/R was established successfully.

Liver damage caused by HL plus I/R
Plasma ALT and AST levels are common biomarkers for 
liver damage[24]. As compared to the control group, plas-
ma activities of  ALT and AST were elevated in the HL 
group (P < 0.05; P < 0.01), but not affected significantly 

Table 2  Blood lipids in different groups after high-fat diet 
treatment for 18 wk and before middle cerebral artery 
occlusion (mean ± SD, mmol/L)

Group n TC  TG HDL-C LDL-C 

Control 10 1.69 ± 0.14  0.21 ± 0.08 1.14 ± 0.05 0.40 ± 0.10
HL   6    5.11 ± 0.55b,e    0.84 ± 0.20a,f    0.68 ± 0.15a,f    1.72 ± 0.52a,e

I/R 10 1.57 ± 0.19 0.19 ± 0.02 1.21 ± 0.16 0.36 ± 0.10
HL+I/R 10    5.33 ± 0.44b,e    0.79 ± 0.17a,f    0.70 ± 0.19a,f    1.64 ± 0.48a,e

HL: Hyperlipidemia; I/R: Ischemia/reperfusion; TC: Total cholesterol; 
TG: Triglyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C: 
Low-density lipoprotein cholesterol. aP < 0.05, b P < 0.01 vs control group; 
eP < 0.05, fP < 0.01 vs I/R group. 

Table 3  Brain infarct volume and serum alanine aminotrans-
ferase and aspartate aminotransferase in different groups 
after high-fat diet treatment for 18 wk and/or 2 h transient 
focal cerebral ischemia followed by 24 h reperfusion (mean 
± SD)

Group n Neurological 
deficit score 

Infarct 
volume 
(mm3)

ALT (U) AST (U)

Control 10 0 0   9.56 ± 1.99 11.33 ± 4.17
HL   6 0 0 25.13 ± 16.90b 18.01 ± 10.00a 
I/R   7 3.25 ± 0.36b,d 33.4 ± 4.16b,d 12.93 ± 6.14 14.00 ± 6.19
HL+I/R   6 3.53 ± 0.45b,d 34.5 ± 6.23b,d 93.62 ± 24.00b,d,f 82.32 ± 26.92b,d,f

HL: Hyperlipidemia; I/R: Ischemia/reperfusion; ALT: Alanine amino-
transferase; AST: Aspartate aminotransferase. aP < 0.05, bP < 0.01 vs control 
group; dP < 0.01 vs HL group; fP < 0.01 vs I/R group. 
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Control HL I/R HL+I/R

Figure 1  Histology and in situ apoptosis of liver sections from rats after high-fat diet treatment for 18 wk and/or 2 h transient focal cerebral ischemia fol-
lowed by 24 h reperfusion. A: HE staining showed liver damage in the hyperlipemia (HL) group and especially in the HL+ ischemia/reperfusion (I/R) group (× 200); 
B: Transferase dUTP nick-end labeling (TUNEL) staining showed TUNEL-positive apoptotic hepatocytes in the HL+I/R group are significantly greater than those in 
control, HL or I/R groups (× 200). Slides are representative of 6-10 animals per group. 
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Figure 2  Effect of hyperlipemia plus ischemia/reperfusion on the activity and expression of CYP2E1 in the liver of rats after high-fat diet treatment for 18 
wk and/or 2 h transient focal cerebral ischemia followed by 24 h reperfusion. A: Hepatocytes in the hyperlipemia (HL) + ischemia/reperfusion (I/R) group showed 
increased cytochrome P450 2E1 (CYP2E1) expression examined by immunohistochemical staining (× 200) than those in other groups. Slides are representative of 
6-10 animals per group; B: Microsomal hydroxylase activity of the CYP2E1-containing enzyme measured with aniline as the substrate was much higher in the HL+I/R 
group; C: HL+I/R enhanced the expression level of CYP2E1 protein in liver microsomes, which was confirmed by Western blotting. Values are the mean ± SD. aP < 0.05, 

bP < 0.01 vs control group; dP < 0.01 vs HL group; fP < 0.01 vs I/R group. 
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ably especially in the HL+I/R group (P < 0.01 vs control, 
HL or I/R groups) (Figure 2B). To understand the basis 
of  aniline hydroxylase activity in rat liver microsome, we 
carried out immunohistochemistry and Western blotting 
analysis of  CYP2E1. Immunohistochemistrical staining 
for hepatic CYP2E1 was occasionally detectable in the 
control group, but increased in the HL or I/R groups. In 
the HL+I/R group, strong and dense CYP2E1 immu-
noreactivity was observed, which paralleled the improve-
ment in histological severity of  liver damage (Figure 2A). 
Similar effects were observed in Western blotting. The 
protein expression of  microsomal CYP2E1 was induced 
by HL (P < 0.05 vs control) and I/R (P < 0.05 vs control), 
and highly enhanced by HL+I/R (P < 0.01 vs control, 
HL or I/R group) (Figure 2C). 

Effect of HL plus I/R on the levels of antioxidant 
enzymes, MDA and Ca2+ in liver mitochondria
The activities of  antioxidant enzymes, including SOD 
and GSH-Px, fell dramatically in the HL+I/R group (P < 
0.01 vs control, P < 0.05 or P < 0.01 vs HL alone, P < 0.01 
vs I/R alone). SOD activities of  the HL, I/R and HL+I/
R groups were, respectively, 41.1%, 70.3% and 24.1% of  
control level; GSH-Px activities were 43.2%, 81.1% and 

22.4% of  control level, respectively (Table 4). 
MDA and Ca2+ levels in liver mitochondria were 

higher in the HL group than the control group (P < 0.01). 
Liver mitochondrial Ca2+ levels also increased in the I/R 
group (P < 0.01 vs control). In the HL+I/R group, MDA 
and Ca2+ levels were most significantly increased com-
pared with all other groups (P < 0.01 vs control or I/R 
group, P < 0.05 vs HL group) (Table 4). 

Effect of HL plus I/R on the level of serum pro-
inflammatory cytokines (TNF-α and IL-1)
The levels of  serum TNF-α and IL-1 in HL, I/R or 
HL+I/R groups were significantly higher compared to 
those in the control group (P < 0.01; P < 0.05). When 
compared with HL or I/R alone, the increase of  these 
two pro-inflammatory cytokines in the HL+I/R group 
also had statistical significance (P < 0.05 vs HL, P < 0.01 
vs I/R group) (Figure 3). 

Effect of HL plus I/R on the expressions of caspase-3 
and bcl-2
We further investigated the expression levels of  two key 
apoptosis-related genes- caspase-3 and bcl-2-in liver tis-
sue, which were determined by immunohistochemistry 
and Western blotting. Immunohistochemistry assay 
showed protein expression of  caspase-3 (Figure 4A) in 
livers of  HL and HL+I/R rats was markedly increased, 
and the anti-apoptosis gene bcl-2 (Figure 4B) was dra-
matically decreased. These findings were confirmed by 
Western blotting, which showed increased expression of  
caspase-3 (Figure 4C) and decreased expression of  bcl-2 
(Figure 4D), especially in the HL+I/R group. 

DISCUSSION
Dyslipidemia is usually responsible for liver disease in-
cluding cirrhosis, hepatocellular carcinoma and liver 
failure[5]. It has also been reported that “high-fat diet” 
can induce lipid accumulation in rat liver by nutritional 
intervention[25]. In agreement with previous work[26-28], our 
study also demonstrated that HL alone induced by HFD 
for 18 wk resulted in considerable increases in serum 
ALT and AST levels, marked pathological changes in the 
liver, increased TUNEL-positive cells, higher caspase-3 
and lower bcl-2 expression, suggesting liver damage and 
hepatocyte apoptosis. Oxidative stress and subsequent 

Table 4 Levels of antioxidant enzymes, malondialdehyde and Ca2+ in liver mitochondria of different groups after high-fat diet 
treatment for 18 wk and/or 2 h transient focal cerebral ischemia followed by 24 h reperfusion (mean ± SD)

Group n SOD (U/μg protein) GSH-Px (nmol/g protein per min) MDA (mmol/g protein) Ca2+ (μmol/g protein)

Control 10 244.93 ± 33.70 2172.26 ± 241.34   7.02 ± 2.58 1.329 ± 0.279 
HL   6  100.59 ± 40.72b    937.57 ± 228.68b  21.84 ± 6.01b  2.552 ± 0.317b

I/R   7  172.15 ± 57.31a 1762.65 ± 409.18 12.58 ± 5.34  2.180 ± 0.431b

HL+I/R   6       59.01 ± 21.48b,c,f       486.41 ± 230.52b,d,f     47.27 ± 7.11b,c,f     3.136 ± 0.517b,c,f

HL: Hyperlipidemia; I/R: Ischemia/reperfusion; SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase; MDA: Malondialdehyde. aP < 0.05, bP < 0.01 
vs control group; cP < 0.05, dP < 0.01 vs HL group; fP < 0.01 vs I/R group. 
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Figure 3  Effect of hyperlipemia + ischemia/reperfusion on the level of 
serum pro-inflammatory cytokines after high-fat diet treatment for 18 wk 
and/or 2 h transient focal cerebral ischemia followed by 24 h reperfusion. 
Serum pro-inflammatory cytokines in the hyperlipemia (HL) + ischemia/reperfu-
sion (I/R) group were significantly higher compared to those in other groups. 
A: Tumor necrosis factor (TNF)-α; B: Interleukin (IL)-1. Values are the mean ± 
SD. aP < 0.05, bP < 0.01 vs control group; cP < 0.05 vs HL group; fP < 0.01 vs 
I/R group. 
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lipid peroxidation, together with the production of  pro-
inflammatory cytokines have been shown to play impor-
tant roles in the pathogenesis of  nonalcoholic fatty liver 
disease induced by HFD[29,30], which were also confirmed 
in our current experiment.

Besides liver damage caused by long-term HFD, our 
findings are consistent with the literature stating ischemic 
stroke per se is possibly associated with liver dysfunc-
tion[31]. Although no significant change in serum ALT and 
AST levels, histologic examination of  liver, the number 
of  TUNEL-positive cells, caspase-3 and bcl-2 expression 
in liver was found, systemic inflammation and the imbal-
ance in oxidant production and antioxidant defense sys-
tems, which are strongly associated with the development 
of  MODS due to I/R, were indeed discovered in the I/R 
group. Actually, circulating pro-inflammatory cytokines, 
for example, TNF-α and IL-1, and systemic oxidative 
stress would influence the nonneurological organs includ-

ing liver[32]. 
Taken together, HL per se induced systemic inflamma-

tion and oxidative stress, and eventually caused hepato-
cyte apoptosis and liver damage, while I/R per se also in-
duced systemic inflammation and oxidative stress but did 
not cause obvious hepatocyte apoptosis and liver damage.

Most interestingly, we demonstrated that, as expected, 
the combined action of  HL and I/R brought about an 
abrupt reduction in hepatic function with enhanced hepa-
tocyte apoptosis, which is much worse than the damage 
caused by I/R or HL alone. The incidence of  ischemic 
stroke increases dramatically with advancing age. Due to 
aging, many patients with cerebral ischemia also suffer 
from HL, which is another common geriatric disease. It 
has also been reported that HL, as a cardiovascular risk 
factor, would lead to intracranial artery atherosclerosis or 
blockage, aggravate cerebral infarction, and exacerbate 
the deleterious effects of  I/R on the brain[33]. In our 
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study, we found the coexistence of  HL and cerebral I/R 
injury would be more dangerous because it induces more 
severe visceral dysfunction i.e., liver damage than HL 
alone. This kind of  systemic complication may be fatal 
subsequently. 

This liver damage secondary to the coexistence of  HL 
and cerebral I/R injury can be explained readily by the 
high levels of  circulating pro-inflammatory cytokines and 
oxidative stress, which possibly result from the synergy 
of  systemic inflammatory and oxidative milieu induced 
by HL per se and those induced by I/R per se. In support 
of  these concepts, we showed that, compared with I/R 
or HL alone, enhanced CYP2E1 induction, an increase 
in serum TNF-α, IL-1, liver mitochondrial MDA, and a 
decrease in SOD and GSH-Px in liver mitochondria were 
also measured in the HL+I/R group, which indicated 
that the coexistence of  HL with cerebral I/R injury is as-
sociated with increased systemic inflammation and oxida-
tive stress. 

A significant change in CYP2E1 should be noted in 
the liver of  HL rats with cerebral I/R injury. CYP2E1, 
sometimes mediating liver damage through oxidative 
stress[34,35], is a major adaptive system in the CYP super-
family. CYP2E1 has adjustability, and is inducible under a 
variety of  physiological or pathophysiological conditions. 
It has been demonstrated that CYP2E1 levels increased 
in obese rats by feeding with an energy-dense diet[14] and 
responded quickly to acute stress, such as hypoxia, cold or 
hunger[36]. In fact, acute cerebral I/R injury also induces 
an acute stress condition in animals. In the present study, 
we have corroborated the induction of  CYP2E1 by HL 
per se or I/R per se, especially I/R combined with HL, as an 
increase in hepatic CYP2E1 activity and protein expres-
sion was found in the HL and I/R groups, and especially 
in the HL+I/R group. CYP2E1 is known to be a key 
indicator of  lipid peroxidation, and a significant source of  
ROS[12] contributing to hepatocellular injury. Enhanced 
CYP2E1 induction oxidizes mitochondrial DNA, pro-
teins and lipids, and triggers hepatic TNF-α formation 
by activating nuclear factor-κB, which further increases 
mitochondrial ROS formation. ROS overproduction leads 
to inflammatory recruitment and apoptosis from oxidative 
stress[11], and finally exacerbates the disease. 

Consistent with the change in MDA, we also revealed 
that mitochondrial Ca2+ content increased in the HL+I/
R group. An imbalance of  Ca2+ homeostasis is thought 
to be the “common pathway” of  hepatocyte damage. 
Mitochondrial and cellular Ca2+ overload facilitates lipid 
peroxidation, which attenuates the oxidative phosphory-
lation of  the mitochondrion resulting in damage to the 
mitochondrial structure and function and then the reduc-
tion of  ATP synthesis. On the other hand, lipid peroxida-
tion will in turn exacerbate the Ca2+ overload by acting on 
the membrane structure[37]. Accordingly, mitochondrial 
Ca2+ overload of  hepatocytes is closely relevant to lipid 
peroxidation, and both are likely to be involved in hepatic 
injury after HL+I/R. 

Moreover, we have evaluated, by immunohistochem-
istry and Western blotting analysis, two key mediators 
of  apoptosis (caspase-3 and bcl-2), which appear to be 
adjusted by ROS and cytokines, including TNF-α and 
IL-1[32,38]. Increased protein expression of  key pro-apop-
totic factor caspase-3 and markedly down-regulated anti-
apoptotic bcl-2 detected in livers of  HL rats with cerebral 
I/R injury in our study which resulted in hepatocyte 
apoptosis and liver damage. 

In summary, based on an experimental HL rat model 
with cerebral I/R, the present study revealed that the 
coexistence of  HL and acute cerebral I/R induced severe 
liver damage. These findings suggested cerebral ischemic 
stroke would exaggerate the damage of  liver caused by 
HL. So it can be reckoned that patients of  HL combined 
with cerebral I/R injury have a higher risk of  liver dam-
age compared with patients with HL or cerebral I/R 
injury alone, the mechanism of  which is possibly due to 
enhanced CYP2E1 induction, which can further increase 
mitochondrial ROS formation, oxidative damage, inflam-
mation and apoptosis with increased protein expression 
of  key pro-apoptotic factor caspase-3, and markedly 
down-regulated anti-apoptotic bcl-2. Therefore, special 
precautions against subsequent liver injury are required 
after the burst of  cerebral ischemic stroke in patients with 
HL. It seems that the therapeutic approaches to inhibit 
CYP2E1 activation, rebalance the oxidative/antioxidant 
system, and suppress inflammation or apoptosis might be 
efficacious in preventing the liver damage induced by HL 
plus cerebral I/R injury.
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oxidative stress is controversial but may result in part from over-expression of 
the prooxidant enzyme cytochrome P450 2E1 (CYP2E1). CYP2E1 has adjust-
ability, and is inducible under a variety of physiological or pathophysiological 
conditions. It has been demonstrated that CYP2E1 levels are enhanced in 
obese rats by feeding with an energy-dense diet and respond quickly to acute 
stress, such as hypoxia, cold or hunger. 
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HL or ACD have been known to be independent risk factors for liver injury. In 
this study, the authors developed a repeatable experimental hyperlipemic rat 
model with acute cerebral ischemia/reperfusion injury, and investigated the 
correlation of HL and/or acute cerebral ischemia/reperfusion injury on liver 
damage, and further examine the effects of HL and/or ischemia/reperfusion on 
hepatocyte apoptosis, CYP2E1, the oxidative/antioxidant system and inflamma-
tory process to understand the mechanism of liver damage. 
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damage of liver caused by HL. So it can be reckoned that patients with HL com-
bined with acute cerebral ischemia/reperfusion injury have a higher risk of liver 
damage compared with patients with HL or cerebral ischemia/reperfusion injury 
alone, the mechanism of which is possibly due to enhanced CYP2E1 induction, 
which can further increase mitochondrial reactive oxygen species formation, 
oxidative damage, inflammation and apoptosis with increased protein expres-
sion of key pro-apoptotic factor caspase-3, and markedly down-regulated anti-
apoptotic bcl-2. Therefore, special precautions against subsequent liver injury 
are required after the burst of cerebral ischemic stroke in patients with HL. It 
seems that therapeutic approaches to inhibit CYP2E1 activation, rebalance 
the oxidative/antioxidant system, suppress inflammation or apoptosis might 
be efficacious in prevention and treatment of liver damage induced by HL plus 
cerebral ischemia/reperfusion injury.
Peer review
The topic is of great clinical importance as the prevalence and incidence of hy-
perlipidemia and related cerebrovascular diseases as well as non-alcoholic fatty 
liver disease are increasing in industrialized countries; hence the associated 
financial problems is a major point to cope with. The rat model based study is 
well designed and the results are significant.
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Abstract
AIM: To assess whether gemcitabine-based combina-
tion therapy improves the prognosis of unresectable 
pancreatic cancer compared with gemcitabine treat-
ment alone.

METHODS: A quantitative up-to-date meta-analysis 
was undertaken to investigate the efficacy of gem-
citabine-based combination treatment compared with 
gemcitabine monotherapy in locally advanced or meta-
static pancreatic cancer. Inclusion was limited to high-
quality randomized clinical trials. 

RESULTS: Twenty-six studies were included in the 
present analysis, with a total of 8808 patients re-
cruited. The studies were divided into four subgroups 
based on the different kinds of cytotoxic agents, in-
cluding platinum, fluoropyrimidine, camptothecin and 
targeted agents. Patients treated with gemcitabine 
monotherapy had significantly lower objective response 
rate [risk ratio (RR), 0.72; 95% confidence interval 

(CI): 0.63-0.83; P  < 0.001], and lower 1-year over-
all survival (RR, 0.90; 95%CI: 0.82-0.99; P  = 0.04). 
Gemcitabine monotherapy caused fewer complications, 
including fewer grade 3-4 toxicities: including vomiting 
(RR, 0.75; 95%CI: 0.62-0.89; P  = 0.001), diarrhea (RR, 
0.66; 95%CI: 0.49-0.89; P  = 0.006), neutropenia (RR, 
0.88; 95%CI: 0.72-1.06; P  = 0.18), anemia (RR, 0.96; 
95%CI: 0.82-1.12; P  = 0.60), and thrombocytopenia 
(RR, 0.76; 95%CI: 0.60-0.97; P  = 0.03) compared with 
gemcitabine combination therapies. 

CONCLUSION: Gemcitabine combination therapy 
provides a modest improvement of survival, but is as-
sociated with more toxicity compared with gemcitabine 
monotherapy. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic cancer is a highly lethal disease, and represents 
the fourth cause of  cancer-related death in the Western 
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world. In the United States, the incidence of  pancreatic 
cancer almost equals its mortality, with 43  140 estimated 
new cases and 36  800 deaths in 2010. Globally, the in-
cidence of  new cases is approximately 230  000 each 
year[1,2]. Despite advances in diagnosis, staging, and surgi-
cal management of  the disease during the past decade, 
the 5-year survival rate in the United States, Europe, and 
Australia is less than 5%[3-5]. Pancreatic cancer is charac-
terized by a rapid disease progression and highly invasive 
tumor phenotype, with most patients having unresectable 
disease at diagnosis, and chemotherapy being the only 
possible treatment option for these patients[6].

Gemcitabine is a pyrimidine antimetabolite and ana-
log of  deoxycytidine. It was approved by the Food and 
Drug Administration as a first-line treatment for patients 
with locally advanced (stage Ⅱ or stage Ⅲ disease when 
surgery is not an option) or metastatic (stage Ⅳ) cancer 
of  the pancreas, and has been widely used during the last 
decade. However, because of  high levels of  intrinsic and 
acquired chemoresistance, a large number of  patients do 
not respond to gemcitabine[7]. To improve clinical efficacy, 
systemically administered gemcitabine is often combined 
with a second cytotoxic agent, such as platinum analogs, 
fluoropyrimidine, or a targeted cytotoxic agent. Numer-
ous clinical trials have aimed at proving the superiority of  
gemcitabine-based combination therapy over single-agent 
gemcitabine treatment. However, most of  the results of  
clinical trials have important limitations, including lack of  
statistical power because of  small study populations. Thus, 
there remain several areas of  controversy and uncertainty 
concerning optimal treatment regimens.

In the present study, we undertook a quantitative up-
to-date meta-analysis to investigate the efficacy of  gem-
citabine-based combination treatment in locally advanced 
or metastatic pancreatic cancer. The aim of  this study was 
to assess whether gemcitabine-based combination ther-
apy improves the prognosis compared with gemcitabine 
treatment alone and to discuss possible mechanisms. 

MATERIALS AND METHODS
Literature search strategy
We carried out a comprehensive search of  the literature, 
including PUBMED (http://www.ncbi.nlm.nih.gov/
pubmed), EMBASE (http://www.embase.com/home), 
American Society of  Clinical Oncology abstracts (http://
www.asco.org), and the Cochrane Database (http://www.
thecochranelibrary.com). The following keywords were 
used in the search: (“Gemcitabine” or “Gemzar”), and 
(“pancreatic cancer” or “pancreatic tumor” or “pancre-
atic carcinoma”), and (“clinical trial”). The deadline for 
a publication to be eligible for this study was November 
5, 2011. In addition to the online search, references from 
reviews and original articles were also scanned manually 
to identify further trials that met the eligibility criteria. No 
language restrictions were applied.

Inclusion and exclusion criteria
Studies included in the analysis had to meet all of  the fol-

lowing criteria: (1) prospective, randomized, controlled 
open or blinded trial; (2) patients with histologically con-
firmed locally advanced or metastatic pancreatic ductal 
adenocarcinoma; and (3) assessment of  the efficacy of  
gemcitabine combination therapy vs gemcitabine alone. 
Non-randomized trials and quasi-randomized trials, stud-
ies of  curatively aimed resection, and studies where pa-
tients had multiple cancers, were excluded to avoid clini-
cal heterogeneities between different studies. 

Data extraction and quality assessment
Data extraction and quality assessment were performed 
independently by two reviewers (CS and DA). Any dis-
agreements between the reviewers were discussed with a 
third reviewer (RA) to achieve a consensus. The data ex-
tracted from the eligible studies included: first author, year 
of  publication, patient characteristics, intervention, and 
clinical outcome (toxicity, response rate, overall survival 
and progression-free survival). If  the same trial appeared 
on sequential or multiple publications, the data from the 
most recent or comprehensive one was included.

The methodological quality of  included studies was 
assessed using the “Jadad scale” or “Oxford quality scor-
ing system”[8]. This tool is an evidence-based quality 
assessment tool. There are three items (randomization, 
double blinding, withdrawals and dropouts) directly re-
lated to bias reduction for assessment. Each item is given 
a score of  1 point for each “yes” or 0 points for each “no”, 
and 1 additional point for appropriate randomization and 
double blinding. Every eligible study were assessed and 
given a score from 0-5. 

Data analysis
The outcome measures were objective response rate [ob-
jective response rate (ORR) = complete response (CR) 
+ partial response (PR)], as previously defined[9], 1-year 
overall survival (OS), median progression-free survival 
(PFS), median OS and toxicity. The analysis of  ORR 
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Figure 1  Flow chart of study selection. 

2707 potentially relevant 
publications identified and 

screened for retrieval

32 potentially retrieved 
papers or abstracts for more 

detailed assessment

2675 papers excluded on the basis 
of title and abstract (not related to 

gemcitabine and pancreatic cancer, not 
clinical trial, duplicate report)

6 papers excluded because of poor 
quality or not meeting the criteria

No more eligible papers or 
abstracts were found after 
reviewing the references

26 eligible papers were 
eventually included in 

meta-analysis



(number of  partial and complete responses, as defined 
by Response Evaluation Criteria in Solid Tumors[10]), PFS 
(time from randomization to progression or death) and 
OS (time from the date of  random assignment until date 
of  death or date last known to be alive) were based on 
the intent-to-treat population, consisting of  all patients 
randomly assigned onto every study. Toxicity was graded 
according to the National Cancer Institute Common 

Toxicity Criteria, and based on the safety population. 
The median PFS and median OS were assessed using the 
paired t-test. P < 0.05 was considered statistically signifi-
cant.

Meta-analysis was performed using the Review Man-
ager (version 5.1, provided by The Cochrane Collabora-
tion). The strength of  the associations between treatment 
and outcomes were estimated by risk ratio (RR, a ratio 
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Table 1  Characteristics of selected trials

Ref. Intervention n Male 
(%)

Age (range) Metastatic 
(%)

Response rate 
(%)

Median PFS 
(mo)

1-yr OS Median OS 
(mo)

Quality

Louvet et al[15] Gem 163 53 60.1 (22-75) 70    17.3    3.7    27.8    7.1 4
Gem + Oxaliplatin 163 60 61.3 (35-77) 68    26.8    5.8    34.7    9.0

Poplin et al[16] Gem 275    56.4    64 (31-88)    90.2   6    2.6 16    4.9 4
Gem + Oxaliplatin 272    45.6    63 (29-96)    89.3   9    2.7 21    5.7

Heinemann et al[17] Gem   95    61.9    66 (43-85)    78.9      9.0    3.1    24.7    6.0 4
Gem + Cisplatin   95    65.3    64 (37-82) 80    11.5    5.3    25.3    7.5

Colucci et al[18] Gem   54 50    63 (43-75) 65      9.2 2 11 5 4
Gem +  Cisplatin   53 35    60 (33-71) 68    26.4 5    11.3    7.5

Colucci et al[19] Gem 199    56.8    63 (37-75)    82.9    10.1    3.9    34.0    8.3 4
Gem +  Cisplatin 201    62.2    63 (35-75)    84.6    11.4    3.8    30.7    7.2

Kulke et al[20] Gem   64 66 58.9 (31-81) 14    3.3 NR    6.4 4
Gem + Cisplatin   66 56 58.9 (36-84)   100 13    4.5 NR    6.7
Gem + Irinotecan   64 68 60.8 (32-77) 14    4.0 NR    7.1

Berlin et al[21] Gem 162    53.7 64.3 (33-85)    90.1      5.6    2.2 NR    5.4 4
Gem + 5-fluorouracil 160    51.8 65.8 (28-84)    89.4      6.9    3.4 NR    6.7

Herrmann et al[22,24] Gem 159 53    62 (36-84) 79   8    3.9 30    7.2 4
Gem + Capecitabine 160 54    62 (27-83) 80 10    4.3 32    8.4

Cunningham et al[23] Gem 266 58    62 (26-83) 71    12.4    3.8    22.0    6.2 4
Gem + Capeitabine 267 60    62 (37-82) 70    19.1    5.3    24.3    7.1

Scheithauer et al[25] Gem   42 55    66 (39-75)   100 14    4.0    37.2    8.2 4
Gem + Capeitabine   41 66    64 (40-75)   100 17    5.1    31.8    9.5

Costanzo et al[26] Gem   49 48    64 (34-75) 73   8    3.5 18      7.75 4
Gem + 5-fluorouracil   45 63    62 (44-75) 67 11    4.5 20    7.5

Abou-Alfa et al[27] Gem 174 57 62.3 (30-84) 78      5.7    3.8 21    6.2 4
Gem + Exatecan 175 53 63.0 (36-85) 79      7.1    3.7 23    6.7

Stathopoulos et al[28] Gem   74 42    64 (44-83) 66 10    2.9    21.8    6.5 4
Gem + Irinotecan   71 39    64 (31-84) 60 15    2.8    24.3    6.4

Lima et al[29] Gem 180    53.3 60.2 (32-82)    80.6      4.4    3.0 22    6.6 4
Gem +  Irinotecan 180    57.2 63.2 (38-81)    82.2    16.1    3.5 21    6.3

Moore et al[38] Gem 284 57       64 (36.1-92)    75.0      8.0       3.55 17      5.91 4
Gem + Erlotinib 285    47.7 63.7 (37-84)    76.5      8.6       3.75 23      6.24

Cutsem et al[39] Gem 347 58    62 (30-88) 77   8    3.6 24      6.06 4
Gem + Tipifarnib 341 57    61 (29-89) 76   6    3.7 27      6.43

Eckhardt et al[40] Gem 120 59    60 (35-86) 73 NR      3.03 NR      7.36 5
Gem + Tipifarnib 124 64    63 (35-81) 71 NR    2.3 NR      6.73

Philip et al[37] Gem 371 54 64.3 78   7    3.0 NR    5.9 4
Gem + cetuximab 372 51 63.7 79   8    3.4 NR    6.3

Kindler et al[36] Gem 300 51 65.0 (35-86) 85 10    2.9 NR    5.9 4
Gem + Bevacizumab 302 58 63.7 (26-88) 84 13    3.8 NR    5.8

Kindler et al[35] Gem 316 59    62 (35-89) 72      1.6    4.4 NR    8.3 5
Gem + Axitinib 316 61    61 (34-84) 72      4.9    4.4 NR    8.5

Spano et al[41] Gem   34 47 61.0 (36-78) 19   3    3.7    23.5    5.6 4
Gem + Axitinib   69 51 65.0 (44-81) 40   7    4.2    36.8    6.9

Friess et al[34] Gem   43 42    66 (56-80) 91 14      3.83        0.24    7.7 4
Gem + Cilengitide   46 57    68 (40-80) 94 17      3.66        0.15    6.7

Richards et al[33] Gem   44    72.7 64.1 (41-83)    86.4      5.3    3.0 17    5.1 4
Gem + Enzastarin   86    53.5 68.3 (39-86)    90.7      8.6    3.4 19    5.6

Bramhall et al[31] Gem 119 71    62 (37-85) 62 16    3.2 17      5.46 5
Gem + Marimastat 120 69    62 (32-83) 59 11      3.08 18      5.51

Richards et al[32] Gem   85    60.2    65 (36-83)    83.0    13.9      3.43 NR      7.13 5
Gem + CA-994   85    59.3    62 (32-82)    82.6    11.8      3.06 NR      6.47

Oettle et al[30] Gem 282    53.5    63 (28-82)    91.1      7.1    3.3    20.1    6.3 4
Gem + PPemetrexed 283    60.4    63 (27-82)    90.1    14.8    3.9    21.4    6.2

NR: No record; PFS: Progression-free survival; OS: Overall survival. 
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erogeneity between studies, not by sampling error[14]. If  
a significant Q test (P < 0.1) or I2 > 50% indicated that 
heterogeneity existed between studies, the random effects 
model was used for meta-analysis, otherwise the fixed 
effects model was used. Publication bias was assessed by 
visual inspection of  funnel plots.

RESULTS
Literature search and trial flow
The results of  the literature search are depicted in Figure 

of  the probability of  the event occurring in the exposed 
group versus a non-exposed group) and 95% confidence 
interval (CI)[11]. The heterogeneities between different 
studies or different subgroups were estimated using Co-
chran’s Q test[12,13]. In addition, the I2 value was used for 
evaluating the extent of  heterogeneity between studies or 
subgroups[14]. The I2 index measures the extent of  true 
heterogeneity dividing the difference between the result 
of  the Q test and its degrees of  freedom by the Q value 
itself, and multiplied by 100. I2 indicated the possibility 
of  the variability among effect sizes caused by true het-

Table 2  Grade 3 or 4 toxicity of selected clinical trials

Ref. Intervention Vomiting Diarrhea Neutropenia Anemia Thrombocytopenia

Louvet et al[15] Gem      3.2    1.3    27.6    10.3      3.2
Gem + Oxaliplatin      8.9    5.7    20.4      6.4    14.0

Poplin et al[16] Gem   7 4 33 10 13
Gem + Oxaliplatin 16 6 22   6 11

Heinemann et al[17] Gem      5.9    4.7 NR    10.6    10.6
Gem + Cisplatin    22.2    3.3 NR    13.3      4.4

Colucci et al[18] Gem   2 0   9   4   2
Gem + Cisplatin   2 4 18   6   2

Colucci et al[19] Gem < 1    1.5    13.7   1    18.9
Gem + Cisplatin      2.6 < 1    24.7      4.8    15.3

Kulke et al[20] Gem    24.1 NR    82.8 20    43.1
Gem + Cisplatin 29 NR    74.2    25.8 79
Gem + Irinotecan    16.7 NR    41.7      8.3    23.3

Berlin et al[21] Gem   8 NR   5 10 11
Gem + 5-fluorouracil   7 NR   7 10 19

Herrmann et al[22,24] Gem   4 2 19   6   8
Gem + Capeitabine   4 5 23   8   4

Cunningham et al[23] Gem   6 4 22   6   6
Gem + Capeitabine   6 5 35   4 11

Scheithauer et al[25] Gem   0 0      7.6   0      2.5
Gem + Capeitabine   0 5 10   5   0

Costanzo et al[26] Gem   0 0   2   6   0
Gem + 5-fluorouracil   2 0   2   7   2

Abou-Alfa et al[27] Gem      3.1 < 1    14.6      7.6      4.4
Gem + Exatecan      5.3    1.1    30.3      5.9    15.4

Stathopoulos et al[28] Gem      1.4    2.8    15.7      4.2   0
Gem + Irinotecan      1.6    3.2    26.6   5   5

Lima et al[29] Gem      8.2    1.8    31.9 13    14.2
Gem + Irinotecan    13.9  18.5    37.6    16.2    19.6

Moore et al[38] Gem NR < 1    27% NR    11%
Gem + Erlotinib NR 2    24% NR    10%

Cutsem et al[39] Gem   9 3 30 16 12
Gem + Tipifarnib   7 4 40 20 15

Eckhardt et al[40] Gem      9.3 0    33.9 11    15.3
Gem + Tipifarnib   4 0    35.5    12.1    16.1

Philip et al[37] Gem      2.2    2.5    23.9      6.2      8.5
Gem + cetuximab      6.6    2.8    23.3      9.7      6.6

Kindler et al[36] Gem NR NR 29   8 12
Gem + Bevacizumab NR NR 33   5 12

Kindler et al[35] Gem      3.2    1.6 < 1 < 1 < 1
Gem + Axitinib      3.9    1.3   0   0   0

Spano et al[41] Gem 10 0 33 17 13
Gem + Axitinib   6 6 28   8 20

Richards et al[33] Gem   0    2.6    28.2      5.1    25.6
Gem + Enzastarin      2.4    3.7    18.3      3.7    14.6

Bramhall et al[31] Gem    14% NR NR      7% NR
Gem + Marimastat      6% NR NR      3% NR

Richards et al[32] Gem   9 3 NR   5 11
Gem + CA-994   9 5 NR 13 25

Oettle et al[30] Gem      3.7    0.7    12.8      2.9      6.2
Gem + Pemetrexed      3.3    2.9    45.1    13.9    17.9

NR: No record. 
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1. Some 2707 studies were initially retrieved. After read-
ing the title and abstract, 2675 studies were excluded, and 
32 studies were left for further review. Six of  these were 
excluded because of  poor quality or failure to meet the 
inclusion criteria.

Characteristics of selected trials
The characteristics of  the included studies are shown in 
Table 1. Twenty-six studies were included in the present 
analysis, with 8808 recruited patients. The studies were 

divided into four subgroups based on types of  cyto-
toxic agents used, including platinum[15-20], fluoropyrimi-
dine[21-26], camptothecin[21,27-29] and targeted agents[30-41]. 
All included studies enrolled patients that were ≥ 18 
years; had a histologically confirmed locally advanced or 
metastatic pancreatic cancer not amenable to surgical re-
section; no previous chemotherapy; a life expectancy of  
at least 12 wk; a Karnofsky performance status ≥ 50, or 
World Health Organization performance status of  0-2; 
and adequate liver, renal, and hematopoietic functions. 

Monotherapy Combination Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95%CI M-H, fixed, 95%CI

1.1.1 Gem vs  gem + platinum
Colucci et al [18]     5     54   14     53 3.0 0.35 (0.14, 0.90)
Colucci et al [19]   20   199   26   201 5.5 0.78 (0.45, 1.35)
Heinemann et al [17]     8     89   10     87 2.2 0.78 (0.32, 1.89)
Kulke et al [20]     6     43     7     56 1.3 1.12 (0.40, 3.08)
Louvet et al [15]   27   156   42   157 8.9 0.65 (0.42, 0.99)
Poplin et al [16]   17   275   26   272 5.6 0.65 (0.36, 1.16)
Subtotal (95%CI)   816   826 26.4 0.67 (0.52, 0.87)
Total events   83 125   
Heterogeneity: χ 2 = 3.20, df = 5 (P  = 0.67); I 2 = 0%
Test for overall effect: Z  = 3.01 (P  = 0.003)
1.1.2 Gem vs  gem + fluoropyrimidine
Berlin et al [21]     9   162   11   160 2.4 0.81 (0.34, 1.90)
Costanzo et al [26]     4     48     5     43 1.1 0.72 (0.21, 2.50)
Cunningham et al [23]   33   266   51   267 10.8 0.65 (0.43, 0.97)
Herrmann et al [22,24]   12   153   15   150 3.2 0.78 (0.38, 1.62)
Scheithauer et al [25]     6     42     7     41 1.5 0.84 (0.31, 2.28)
Subtotal (95%CI)   671   661 19.0 0.71 (0.53, 0.96)
Total events   64   89
Heterogeneity: χ 2 = 0.45, df = 4 (P  = 0.98); I 2 = 0%
Test for overall effect: Z  = 2.23 (P  = 0.03)
1.1.3 Gem vs  gem + camptothecin
Abou-Alfa et al [27]     9   157   12   168 2.5 0.80 (0.35, 1.85)
Kulke et al [20]     6     43     7     51 1.4 1.02 (0.37, 2.80)
Lima et al [29]     8   180   29   180 6.2 0.28 (0.13, 0.59)
Stathopoulos et al [28]     7     70     9     60 2.1 0.67 (0.26, 1.68)
Subtotal (95%CI)   450   459 12.1 0.53 (0.35, 0.81)
Total events   30   57
Heterogeneity: χ 2 = 5.63, df = 3 (P  = 0.13); I 2 = 47%
Test for overall effect: Z  = 2.92 (P  = 0.003)
1.1.4 Gem vs  gem + targeted agent
Bramhall et al [31]   14     88   11     97 2.2 1.40 (0.67, 2.93)
Cutsem et al [39]   28   347   20   341 4.3 1.38 (0.79, 2.39)
Friess et al [34]     6     43     8     46 1.6 0.80 (0.30, 2.12)
Kindler et al [36]   30   300   39   302 8.3 0.77 (0.49, 1.21)
Kindler et al [35]     4   255   12   247 2.6 0.32 (0.11, 0.99)
Moore et al [38]   23   284   24   285 5.1 0.96 (0.56, 1.66)
Oettle et al [30]   20   282   42   283 8.9 0.48 (0.29, 0.79)
Philip et al [37]   23   331   28   329 6.0 0.82 (0.48, 1.39)
Richards et al [32]   10     85     8     85 1.7 1.25 (0.52, 3.01)
Richards et al [33]     2     44     7     86 1.0 0.56 (0.12, 2.58)
Spano et al [41]     1     34     5     69 0.7 0.41 (0.05, 3.34)
Subtotal (95%CI) 2093 2170 42.5 0.82 (0.67, 0.99)
Total events 161 204
Heterogeneity: χ 2 = 14.40, df = 10 (P  = 0.16); I 2 = 31%
Test for overall effect: Z  = 2.02 (P  = 0.04)
Total (95%CI) 4030 4116 100.0 0.72 (0.63, 0.83)
Total events 338 475
Heterogeneity: χ 2 = 26.81, df = 25 (P  = 0.37); I 2 = 7%
Test for overall effect: Z  = 4.80 (P  < 0.00001)
Test for subgroup differences: χ 2 = 3.71, df = 3 (P  = 0.29); I 2 = 19.2% 0.02       0.1                 1                 10          50

  Favors monotherapy      Favors combination

Figure 2  Fixed effect model of risk ratio of objective response rate. CI: Confidence interval. 
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The details of  toxicity assessment are shown in Table 2 
(only grade 3 and 4 toxic effects are presented), including 
vomiting, diarrhea, neutropenia, anemia and thrombocy-
topenia.

The methodological quality of  selected studies was 
high. Most trials had a Jadad score of  3, while three stud-
ies had a score of  4. Methods of  double blinding were 
infrequently reported. 

Gemcitabine combination therapy improves objective 
response rate compared with gemcitabine treatment 
alone
This analysis evaluated 26 trials (8146 patients) compar-
ing gemcitabine monotherapy with the combination of  
gemcitabine and some other cytotoxic agent. Based on all 
studies, patients treated with gemcitabine monotherapy 

had a significantly lower ORR than gemcitabine combi-
nation therapy (RR, 0.72; 95%CI: 0.63-0.83; P < 0.001). 
The RRs in the different subgroups were 0.67, 0.71, 0.53 
and 0.82, for platinum, fluoropyrimidine, camptothecin 
and targeted agents, respectively. All RRs in the sub-
groups were also significant. Data are shown in Figure 2.

Gemcitabine combination therapy improves 1-year 
overall survival rate compared with gemcitabine alone
5717 patients from 18 trials were included in this meta-
analysis comparing gemcitabine monotherapy with com-
bination therapies for 1-year overall survival. The RRs of  
1-year overall survival were analyzed both totally and in 
the different subgroups. Subgroup analysis showed that 
the RRs of  the monotherapy-based 1-year overall sur-
vival were lower than for the combination groups (RR: 

Monotherapy Combination Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95%CI M-H, fixed, 95%CI

1.2.1 Gem vs  gem + platinum
Colucci et al [18] 6 54 6 53 0.9 0.98 (0.34, 2.85)
Colucci et al [19] 64 199 57 201 8.1 1.13 (0.84, 1.53)
Heinemann et al [17] 22 89 22 87 3.2 0.98 (0.59, 1.63)
Louvet et al [15] 43 156 54 157 7.7 0.80 (0.57, 1.12)
Poplin et al [16] 44 275 57 272 8.2 0.76 (0.53, 1.09)
Subtotal (95%CI) 773 770 28.2 0.91 (0.77, 1.09)
Total events 179 196
Heterogeneity: χ 2 = 3.67, df = 4 (P  = 0.45); I 2 = 0%
Test for overall effect: Z  = 1.03 (P  = 0.30)
1.2.2 Gem vs  gem + fluoropyrimidine
Costanzo et al [26] 9 49 9 45 1.3 0.92 (0.40, 2.11)
Cunningham et al [23] 58 264 65 267 9.3 0.90 (0.66, 1.23)
Herrmann et al [22,24] 48 159 51 160 7.3 0.95 (0.68, 1.31)
Scheithauer et al [25] 16 42 13 41 1.9 1.20 (0.66, 2.17)
Subtotal (95%CI) 514 513 19.8 0.95 (0.77, 1.16)
Total events 131 138
Heterogeneity: χ 2 = 0.72, df = 3 (P  = 0.87); I 2 = 0%
Test for overall effect: Z  = 0.51 (P  = 0.61)
1.2.3 Gem vs  gem + camptothecin
Abou-Alfa et al [27] 37 174 40 175 5.7 0.93 (0.63, 1.38)
Lima et al [29] 40 180 38 180 5.5 1.05 (0.71, 1.56)
Stathopoulos et al [28] 16 74 17 71 2.5 0.90 (0.50, 1.65)
Subtotal (95%CI) 428 426 13.7 0.97 (0.76, 1.25)
Total events 93 95
Heterogeneity: χ 2 = 0.26, df = 2 (P  = 0.88); I 2 = 0%
Test for overall effect: Z  = 0.20 (P  = 0.84)
1.2.4 Gem vs  gem + targeted agent
Bramhall et al [31] 20 119 22 120 3.1 0.92 (0.53, 1.59)
Cutsem et al [39] 83 347 92 341 13.3 0.89 (0.69, 1.15)
Moore et al [38] 48 284 65 285 9.3 0.74 (0.53, 1.04)
Oettle et al [30] 57 282 60 283 8.6 0.95 (0.69, 1.32)
Richards et al [33] 7 44 16 86 1.6 0.86 (0.38, 1.92)
Spano et al [41] 8 34 25 68 2.4 0.64 (0.32, 1.27)
Subtotal (95%CI) 1110 1183 38.3 0.85 (0.73, 1.00)
Total events 223 280
Heterogeneity: χ 2 = 1.97, df = 5 (P  = 0.85); I 2 = 0%
Test for overall effect: Z  = 2.00 (P  = 0.05)
Total (95%CI) 2825 2892 100.0 0.90 (0.82, 0.99)
Total events 626 709
Heterogeneity: χ 2 = 7.74, df = 17 (P  = 0.97); I 2 = 0%
Test for overall effect: Z  = 2.09 (P  = 0.04)
Test for subgroup differences: χ 2 = 1.11, df = 3 (P  = 0.78); I 2 = 0%

0.02           0.5         1          2              5
Favors monotherapy   Favors combination

Figure 3  Fixed effect model of risk ratio of 1-year overall survival rate. CI: Confidence interval. 
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0.91, 0.95, 0.97 and 0.85, for platinum, fluoropyrimidine, 
camptothecin and targeted agents, respectively), but no 
significant differences were found. When analyzed in 
terms of  total events, the RR shown in Figure 3 was 0.90 
[(95%CI: 0.82-0.99); P = 0.04]. The result showed that 
the 1-year overall survival rate of  gemcitabine monother-
apy was almost 90% of  that of  the combination therapy. 

Gemcitabine combination therapy increases the toxicity 
effect compared with gemcitabine alone
Outcomes of  the meta-analysis of  the main toxicities are 
presented in Figures 4-8. All RRs with grade 3-4 toxici-

ties analyzed in this study were lower in the gemcitabine 
monotherapy group than in the combination group. The 
incidence of  vomiting (RR, 0.75; 95%CI: 0.62-0.89; P = 
0.001), diarrhea (RR, 0.66; 95%CI: 0.49-0.89; P = 0.006) 
and thrombocytopenia (RR, 0.76; 95%CI: 0.60-0.97; P 
= 0.03) were all significantly different between the treat-
ment groups, while no significant difference was noted 
regarding neutropenia (RR, 0.88; 95%CI: 0.72-1.06; P = 
0.18) and anemia (RR, 0.96; 95%CI: 0.82-1.12; P = 0.60).

In subgroup analysis, the RRs were 0.46-0.98 for 
vomiting, 0.65-0.70 for diarrhea, 0.70-1.03 for neutrope-
nia, 0.87-1.09 for anemia and 0.65-0.85 for thrombocy-

Monotherapy Combination Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95%CI M-H, fixed, 95%CI

1.3.1 Gem vs  gem + platinum
Colucci et al [18] 1 54 1 53 0.4 0.98 (0.06, 15.29)
Colucci et al [19] 1 189 5 186 1.9 0.20 (0.02, 1.67)
Heinemann et al [17] 5 85 20 90 7.4 0.26 (0.10, 0.67)
Kulke et al [20] 14 58 18 62 6.6 0.83 (0.46, 1.51)
Louvet et al [15] 5 156 14 157 5.3 0.36 (0.13, 0.97)
Poplin et al [16] 19 264 42 263 16.1 0.45 (0.27, 0.75)
Subtotal (95%CI) 806 811 37.8 0.46 (0.33, 0.64)
Total events 45 100
Heterogeneity: χ 2 = 6.22, df = 5 (P  = 0.29); I 2 = 20%
Test for overall effect: Z  = 4.61 (P  < 0.00001)
1.3.2 Gem vs  gem + fluoropyrimidine
Berlin et al [21] 13 158 11 158 4.2 1.18 (0.55, 2.56)
Costanzo et al [26] 0 49 1 41 0.6 0.28 (0.01, 6.69)
Cunningham et al [23] 14 247 15 251 5.7 0.95 (0.47, 1.92)
Herrmann et al [22,24] 6 156 7 159 2.6 0.87 (0.30, 2.54)
Subtotal (95%CI) 610 609 13.2 0.98 (0.62, 1.55)
Total events 33 34
Heterogeneity: χ 2 = 0.88, df = 3 (P  = 0.83); I 2 = 0%
Test for overall effect: Z  = 0.10 (P  = 0.92)
1.3.3 Gem vs  gem + camptothecin
Abou-Alfa et al [27] 5 157 9 168 3.3 0.59 (0.20, 1.74)
Kulke et al [20] 14 58 10 60 3.8 1.45 (0.70, 3.00)
Lima et al [29] 14 169 24 173 9.1 0.60 (0.32, 1.11)
Stathopoulos et al [28] 1 70 1 60 0.4 0.86 (0.05, 13.41)
Subtotal (95%CI) 454 461 16.5 0.80 (0.52, 1.21)
Total events 34 44
Heterogeneity: χ 2 = 3.71, df = 3 (P  = 0.29); I 2 = 19%
Test for overall effect: Z  = 1.06 (P  = 0.29)
1.3.4 Gem vs  gem + targeted agent
Cutsem et al [39] 30 342 23 331 8.9 1.26 (0.75, 2.13)
Eckhardt et al [40] 11 118 5 124 1.9 2.31 (0.83, 6.45)
Kindler et al [35] 10 308 12 305 4.6 0.83 (0.36, 1.88)
Oettle et al [30] 10 273 9 273 3.4 1.11 (0.46, 2.69)
Philip et al [37] 8 355 24 361 9.1 0.34 (0.15, 0.74)
Richards et al [32] 8 85 8 85 3.1 1.00 (0.39, 2.54)
Richards et al [33] 0 39 2 82 0.6 0.41 (0.02, 8.44)
Spano et al [41] 3 31 4 68 1.0 1.65 (0.39, 6.91)
Subtotal (95%CI) 1551 1629 32.5 0.96 (0.71, 1.29)
Total events 80 87
Heterogeneity: χ 2 = 11.69, df = 7 (P  = 0.11); I 2 = 40%
Test for overall effect: Z  = 0.29 (P  = 0.77)
Total (95%CI) 3421 3510 100.0 0.75 (0.62, 0.89)
Total events 192 265
Heterogeneity: χ 2 = 33.22, df = 21 (P  = 0.04); I 2 = 37%
Test for overall effect: Z  = 3.25 (P  = 0.001)
Test for subgroup differences: χ 2 = 12.39, df = 3 (P  = 0.006); I 2 = 75.8%

0.01         0.1               1              10             100
  Favors monotherapy      Favors combination

Figure 4  Fixed effect model of risk ratio of grade 3 or 4 vomiting. CI: Confidence interval. 
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topenia, respectively. No subgroup differences in overall 
toxic outcomes, expect for vomiting, were found between 
the gemcitabine monotherapy group and the combina-
tion groups. Gemcitabine monotherapy decreased the 
incidence rate of  vomiting by more than 50% compared 
with the gemcitabine plus platinum subgroup (RR, 0.46; 
95%CI: 0.33-0.64; P < 0.001), while no significant dif-
ferences for other subgroups was seen. In addition, the 
results showed that gemcitabine plus fluoropyrimidine 
therapy significantly increased the incidence of  neutrope-
nia (RR, 0.70; 95%CI: 0.55-0.88; P = 0.002).

The median PFS and median OS between gemcitabine 
monotherapy and combination therapies 
The data of  median PFS and OS in every study were ex-
tracted and assessed by a paired t-test. The results showed 
that only gemcitabine plus fluoropyrimidine significantly 
increased the median PFS (3.480 vs 4.520; P = 0.045) and 
median OS (6.950 vs 7.840; P = 0.038). Data are shown in 
Figure 9.

Publication bias
The funnel plots are shown in Figure 10. There was no 

Monotherapy Combination Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95%CI M-H, fixed, 95%CI

1.4.1 Gem vs  gem + platinum
Colucci et al [18] 0 54 2 53 2.3 0.20 (0.01, 4.00)
Colucci et al [19] 3 189 1 186 0.9 2.95 (0.31, 28.13)
Heinemann et al [17] 4 85 3 90 2.7 1.41 (0.33, 6.12)
Louvet et al [15] 2 156 9 157 8.3 0.22 (0.05, 1.02)
Poplin et al [16] 11 264 16 263 14.9 0.68 (0.32, 1.45)
Subtotal (95%CI) 748 749 29.2 0.65 (0.38, 1.13)
Total events 20 31
Heterogeneity: χ 2 = 5.33, df = 4 (P  = 0.26); I 2 = 25%
Test for overall effect: Z  = 1.53 (P  = 0.13)
1.4.2 Gem vs  gem + fluoropyrimidine
Cunningham et al [23] 11 247 12 251 11.0 0.93 (0.42, 2.07)
Herrmann et al [22,24] 3 156 8 159 7.4 0.38 (0.10, 1.41)
Scheithauer et al [25] 0 39 2 39 2.3 0.20 (0.01, 4.04)
Subtotal (95%CI) 442 449 20.7 0.65 (0.34, 1.25)
Total events 14 22
Heterogeneity: χ 2 = 2.00, df = 2 (P  = 0.37); I 2 = 0%
Test for overall effect: Z  = 1.28 (P  = 0.20)
1.4.3 Gem vs  gem + camptothecin
Abou-Alfa et al [27] 1 157 2 168 1.8 0.54 (0.05, 5.84)
Stathopoulos et al [28] 2 70 2 60 2.0 0.86 (0.12, 5.90)
Subtotal (95%CI) 227 228 3.8 0.70 (0.16, 3.14)
Total events 3 4
Heterogeneity: χ 2 = 0.09, df = 1 (P  = 0.76); I 2 = 0%
Test for overall effect: Z  = 0.46 (P  = 0.65)
1.4.4 Gem vs  gem + targeted agent
Cutsem et al [39] 10 342 13 331 12.3 0.74 (0.33, 1.67)
Kindler et al [35] 5 308 4 305 3.7 1.24 (0.34, 4.57)
Moore et al [38] 2 280 6 282 5.5 0.34 (0.07, 1.65)
Oettle et al [30] 2 273 8 273 7.4 0.25 (0.05, 1.17)
Philip et al [37] 9 355 10 361 9.2 0.92 (0.38, 2.23)
Richards et al [32] 3 85 4 85 3.7 0.75 (0.17, 3.25)
Richards et al [33] 1 39 3 82 1.8 0.70 (0.08, 6.52)
Spano et al [41] 0 31 4 68 2.6 0.24 (0.01, 4.32)
Subtotal (95%CI) 1713 1787 46.3 0.66 (0.43, 1.02)
Total events 32 52
Heterogeneity: χ 2 = 4.22, df = 7 (P  = 0.75); I 2 = 0%
Test for overall effect: Z  = 1.86 (P  = 0.06)
Total (95%CI) 3130 3213 100.0 0.66 (0.49, 0.89)
Total events 69 109
Heterogeneity: χ 2 = 11.63, df = 17 (P  = 0.82); I 2 = 0%
Test for overall effect: Z  = 2.77 (P  = 0.006)
Test for subgroup differences: χ 2 = 0.01, df = 3 (P  = 1.00); I 2 = 0%

0.005            0.1             1             10               200
     Favors monotherapy      Favors combination

Figure 5  Fixed effect model of risk ratio of grade 3 or 4 diarrhea. CI: Confidence interval. 
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obvious publication bias found in the analysis. 

DISCUSSION
Pancreatic cancer is a devastating disease with a dismal 
prognosis. Most of  patients present with locally advanced 
or metastatic disease and are thus not candidates for 
surgical resection, thereby having to rely on palliative che-
motherapy as the only treatment option. In this situation, 
the goals of  chemotherapy should be to control tumor 
progression, decrease toxicity, and improve the survival 
rate. At present, gemcitabine monotherapy remains the 
standard treatment for patients with locally advanced or 

metastatic pancreatic cancer, but its efficacy is unsatisfac-
tory. During the last decade, several randomized con-
trolled clinical trials have evaluated gemcitabine in com-
bination with various agents in an attempt to improve the 
prognosis of  pancreatic cancer. The aim of  this meta-
analysis was to compare the therapeutic efficacy of  gem-
citabine-based combination treatments with gemcitabine 
alone in patients with locally advanced or metastatic 
pancreatic cancer. The results of  this study showed that 
various combination therapies overall did not provide any 
major benefit compared with gemcitabine monotherapy.

Moreover, gemcitabine monotherapy had an almost 
30% lower ORR than combination therapy regimens, but 

Monotherapy Combination Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95%CI M-H, fixed, 95%CI

1.5.1 Gem vs  gem + platinum
Colucci et al [18] 5 54 9 53 2.3 0.55 (0.20, 1.52)
Colucci et al [19] 26 189 46 186 4.8 0.56 (0.36, 0.86)
Kulke et al [20] 48 58 46 62 6.1 1.12 (0.92, 1.35)
Louvet et al [15] 43 156 32 157 5.0 1.35 (0.91, 2.02)
Poplin et al [16] 87 264 58 263 5.6 1.49 (1.12, 1.99)
Subtotal (95%CI) 721 721 23.9 1.03 (0.74, 1.43)
Total events 209 191
Heterogeneity: Tau2 = 0.10;  χ 2 = 16.61, df = 4 (P  = 0.002); I 2 = 76%
Test for overall effect: Z  = 0.16 (P  = 0.97)
1.5.2 Gem vs  gem + fluoropyrimidine
Berlin et al [21] 8 158 11 158 2.8 0.73 (0.30, 1.76)
Costanzo et al [26] 1 49 1 41 0.5 0.84 (0.05, 12.97)
Cunningham et al [23] 54 247 87 251 5.6 0.63 (0.47, 0.84)
Herrmann et al [22,24] 30 156 36 159 4.9 0.85 (0.55, 1.31)
Scheithauer et al [25] 3 39 4 40 1.4 0.77 (0.18, 3.22)
Subtotal (95%CI) 649 649 15.1 0.70 (0.55, 0.88)
Total events 96 139
Heterogeneity: Tau2 = 0.00; χ 2 = 1.31, df = 4 (P  = 0.86); I 2 = 0%
Test for overall effect: Z  = 3.09 (P  = 0.002)
1.5.3 Gem vs  gem + camptothecin
Abou-Alfa et al [27] 23 157 51 168 4.8 0.48 (0.31, 0.75)
Kulke et al [20] 48 58 25 60 5.5 1.99 (1.44, 2.74)
Lima et al [29] 54 169 65 173 5.6 0.85 (0.64, 1.14)
Stathopoulos et al [28] 11 70 16 60 3.6 0.59 (0.30, 1.17)
Subtotal (95%CI) 454 461 19.4 0.85 (0.44, 1.65)
Total events 136 157
Heterogeneity: Tau2 = 0.40; χ 2 = 32.95, df = 3 (P  < 0.00001); I 2 = 91%
Test for overall effect: Z  = 0.47 (P  = 0.64)
1.5.4 Gem vs  gem + targeted agent
Cutsem et al [39] 102 342 132 331 6.0 0.75 (0.61, 0.92)
Eckhardt et al [40] 40 118 44 124 5.3 0.96 (0.68, 1.35)
Kindler et al [36] 76 263 91 277 5.8 0.88 (0.68, 1.13)
Kindler et al [35] 1 308 0 305 0.3 2.97 (0.12, 72.64)
Moore et al [38] 75 280 68 282 5.6 1.11 (0.84, 1.47)
Oettle et al [30] 35 273 123 273 5.4 0.28 (0.20, 0.40)
Philip et al [37] 85 355 84 361 5.7 1.03 (0.79, 1.34)
Richards et al [33] 11 39 15 82 3.6 1.54 (0.78, 3.04)
Spano et al [41] 10 30 18 64 3.8 1.19 (0.62, 2.25)
Subtotal (95%CI) 2008 2099 41.6 0.86 (0.63, 1.18)
Total events 435 575
Heterogeneity: Tau2 = 0.16; χ 2 = 52.85, df = 8 (P  < 0.00001); I 2 = 85%
Test for overall effect: Z  = 0.93 (P  = 0.35)
Total (95%CI) 3832 3930 100.0 0.88 (0.72, 1.06)
Total events 876 1062
Heterogeneity: Tau2 = 0.15; χ 2 = 123.50, df = 22 (P  < 0.00001); I 2 = 82%
Test for overall effect: Z  = 1.34 (P  = 0.18)
Test for subgroup differences: χ 2 = 3.81, df = 3 (P  = 0.28); I 2 = 21.3% 0.005             0.1           1           10             200

  Favors monotherapy      Favors combination

Figure 6  Random effect model of risk ratio of grade 3 or 4 neutropenia. CI: Confidence interval. 
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only had a 10% lower 1-year OS than combination thera-
py. According to the present data, 1-year OS in advanced 
or metastatic pancreatic cancer was low (less than 20%) 
after gemcitabine monotherapy; therefore, the combina-
tion therapy options studied did not improve outcome in 
a substantial way, the prognosis still being poor[21,31,42]. In 
addition, there were no significant improvements found 
in this analysis in median PFS and median OS after com-
bination therapy compared with monotherapy, except 
for gemcitabine plus fluoropyrimidine treatment. Our 
results are similar to previously published analyses[23,43,44]. 
We also assessed the five most common toxicities related 

to chemotherapeutic treatment of  locally advanced or 
metastatic pancreatic cancer, including hematological and 
gastrointestinal side effects. Grade 3-4 toxicities tended 
to be higher following combination therapy compared 
with monotherapy, and three of  the five investigated tox-
icities reached significant differences. The RRs of  vomit-
ing, diarrhea, and thrombocytopenia in the monotherapy 
group were about 70% of  that noted in the combination 
therapy group. Furthermore, subgroup analysis showed 
that the RR of  vomiting after treatment with gemcitabine 
plus platinum was twice that of  monotherapy. The results 
presented here showed that combination therapy induced 

Monotherapy Combination Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95%CI M-H, fixed, 95%CI

1.6.1 Gem vs  gem + platinum
Colucci et al [18] 2 54 3 53 1.0 0.65 (0.11, 3.76)
Colucci et al [19] 2 189 9 186 3.0 0.22 (0.05, 1.00)
Heinemann et al [17] 9 85 12 90 3.9 0.79 (0.35, 1.79)
Kulke et al [20] 12 58 16 62 5.2 0.80 (0.42, 1.55)
Louvet et al [15] 16 156 10 157 3.3 1.61 (0.75, 3.44)
Poplin et al [16] 26 264 16 263 5.3 1.62 (0.89, 2.95)
Subtotal (95%CI) 806 811 21.8 1.04 (0.75, 1.43)
Total events 67 66
Heterogeneity: χ 2 = 8.72, df = 5 (P  = 0.12); I 2 = 43%
Test for overall effect: Z  = 0.22 (P  = 0.83)
1.6.2 Gem vs  gem + fluoropyrimidine
Berlin et al [21] 16 158 16 158 5.3 1.00 (0.52, 1.93)
Costanzo et al [26] 3 49 3 41 1.1 0.84 (0.18, 3.92)
Cunningham et al [23] 14 247 9 251 3.0 1.58 (0.70, 3.58)
Herrmann et al [22,24] 10 156 12 159 4.0 0.85 (0.38, 1.91)
Scheithauer et al [25] 0 39 2 40 0.8 0.20 (0.01, 4.14)
Subtotal (95%CI) 649 649 14.2 1.02 (0.68, 1.53)
Total events 43 42
Heterogeneity: χ 2 = 2.46, df = 4 (P  = 0.65); I 2 = 0%
Test for overall effect: Z  = 0.10 (P  = 0.92)
1.6.3 Gem vs  gem + camptothecin
Abou-Alfa et al [27] 12 157 10 168 3.2 1.28 (0.57, 2.89)
Kulke et al [20] 12 58 5 60 1.6 2.48 (0.93, 6.61)
Lima et al [29] 22 169 28 173 9.2 0.80 (0.48, 1.35)
Stathopoulos et al [28] 3 70 3 60 1.1 0.86 (0.18, 4.09)
Subtotal (95%CI) 454 461 15.2 1.09 (0.75, 1.59)
Total events 49 46
Heterogeneity: χ 2 = 4.30, df = 3 (P  = 0.23); I 2 = 30%
Test for overall effect: Z  = 0.45 (P  = 0.65)
1.6.4 Gem vs  gem + targeted agent
Cutsem et al [39] 55 342 66 331 22.4 0.81 (0.58, 1.12)
Eckhardt et al [40] 13 118 15 124 4.9 0.91 (0.45, 1.83)
Kindler et al [36] 21 263 14 277 4.5 1.58 (0.82, 3.04)
Kindler et al [35] 2 308 0 305 0.2 4.95 (0.24, 102.71)
Philip et al [37] 22 355 35 361 11.6 0.64 (0.38, 1.07)
Richards et al [32] 4 85 11 85 3.7 0.36 (0.12, 1.10)
Richards et al [33] 2 39 3 82 0.6 1.40 (0.24, 8.05)
Spano et al [41] 5 30 5 66 1.0 2.20 (0.69, 7.03)
Subtotal (95%CI) 1540 1631 48.9 0.87 (0.70, 1.08)
Total events 124 149
Heterogeneity: χ 2 = 11.20, df = 7 (P  = 0.13); I 2 = 37%
Test for overall effect: Z  = 1.25 (P  = 0.21)
Total (95%CI) 3449 3552 100.0 0.96 (0.82, 1.12)
Total events 283 303
Heterogeneity: χ 2 = 28.20, df = 22 (P  = 0.17); I 2 = 22%
Test for overall effect: Z  = 0.52 (P  = 0.60)
Test for subgroup differences: χ 2 = 1.55, df = 3 (P  = 0.67); I 2 = 0%

0.005           0.1            1           10            200
  Favors monotherapy      Favors combination

Figure 7  Fixed effect model of risk ratio of grade 3 or 4 anemia. CI: Confidence interval. 
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more toxicity than gemcitabine alone. Similar results were 
found in a previous study[45]. This finding might explain 
why combination therapy received higher ORR, but with-
out affecting the overall prognosis, as toxicities counter-
balanced the positive effects. 

In the present analysis, we included several kinds of  
combination therapies with gemcitabine, which could 
provide different anti-tumor effects and different uptake 
and toxicity profiles, including platinum based agents, 
topoisomerase inhibitors, taxanes, bevacizumab, cetux-

imab and other biologically targeted agents. However, 
no significant differences were found between the sub-
groups, except for side-effects (vomiting). In addition, the 
analysis of  heterogeneity was not significant in most sub-
groups. This is interesting, and indicates that effectiveness 
of  the different combinations regarding outcomes could 
not clearly be shown. There are two possible reasons that 
could explain these results. One is related to gemcitabine-
uptake receptors. The other one could be the inherent 
drug-resistant character of  pancreatic carcinoma cells and 

Monotherapy Combination Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95%CI M-H, fixed, 95%CI

1.7.1 Gem vs  gem + platinum
Colucci et al [18] 1 54 1 53 0.7 0.98 (0.06, 15.29)
Colucci et al [19] 10 189 29 186 4.6 0.34 (0.17, 0.68)
Helnemann et al [17] 9 85 4 90 2.8 2.38 (0.76, 7.45)
Kulke et al [20] 25 58 49 62 6.5 0.55 (0.40, 0.75)
Louvet et al [15] 5 156 22 157 3.4 0.23 (0.09, 0.59)
Poplin et al [16] 35 264 29 263 5.8 1.20 (0.76, 1.91)
Subtotal (95%CI) 806 811 23.7 0.65 (0.36, 1.18)
Total events 85 134
Heterogeneity: Tau2 = 0.35; χ 2 = 21.13, df = 5 (P  = 0.0008); I 2 = 76%
Test for overall effect: Z  = 1.43 (P  = 0.15)
1.7.2 Gem vs  gem + fluoropyrimidine
Berlin et al [21] 17 158 30 158 5.3 0.57 (0.33, 0.98)
Costanzo et al [26] 0 49 1 41 0.5 0.28 (0.01, 6.69)
Cunningham et al [23] 14 247 28 251 4.9 0.51 (0.27, 0.94)
Herrmann et al [22,24] 12 156 7 159 3.6 1.75 (0.71, 4.32)
Scheithauer et al [25] 1 39 0 40 0.5 3.08 (0.13, 73.27)
Subtotal (95%CI) 649 649 14.8 0.73 (0.42, 1.28)
Total events 44 66
Heterogeneity: Tau2 = 0.14; χ 2 = 6.61, df = 4 (P  = 0.16); I 2 = 39%
Test for overall effect: Z  = 1.10 (P  = 0.27)
1.7.3 Gem vs  gem + camptothecin
Abou-Alfa et al [27] 7 157 26 168 4.0 0.29 (0.13, 0.64)
Kulke et al [20] 25 58 14 60 5.3 1.85 (1.07, 3.19)
Lima et al [29] 24 169 34 173 5.7 0.72 (0.45, 1.16)
Stathopoulos et al [28] 0 70 3 60 0.6 0.12 (0.01, 2.33)
Subtotal (95%CI) 454 461 15.6 0.65 (0.26, 1.66)
Total events 56 77
Heterogeneity: Tau2 = 0.63; χ 2 = 17.34, df = 3 (P  = 0.0006); I 2 = 83%
Test for overall effect: Z  = 0.89 (P  = 0.37)
1.7.4 Gem vs  gem + targeted agent
Cutsem et al [39] 41 342 50 331 6.2 0.79 (0.54, 1.17)
Eckhardt et al [40] 18 118 20 124 5.1 0.95 (0.53, 1.70)
Kindler et al [36] 32 263 33 277 5.8 1.02 (0.65, 1.61)
Kindler et al [35] 1 308 0 305 0.5 2.97 (0.12, 72.64)
Moore et al [38] 30 280 28 282 5.6 1.08 (0.66, 1.76)
Oettle et al [30] 17 273 49 273 5.4 0.35 (0.21, 0.59)
Philip et al [37] 30 355 24 361 5.5 1.27 (0.76, 2.13)
Richards et al [32] 9 85 21 85 4.4 0.43 (0.21, 0.88)
Richards et al [33] 10 39 12 82 4.3 1.75 (0.83, 3.70)
Spano et al [41] 4 30 13 66 3.1 0.68 (0.24, 1.90)
Subtotal (95%CI) 2093 2186 45.9 0.85 (0.62, 1.16)
Total events 192 250
Heterogeneity: Tau2 = 0.14; χ 2 = 23.21, df = 9 (P  = 0.006); I 2 = 61%
Test for overall effect: Z  = 1.05 (P  = 0.3)
Total (95%CI) 4002 4107 100.0 0.76 (0.6, 0.97)
Total events 377 527
Heterogeneity: Tau2 = 0.20; χ 2 = 72.14, df = 24 (P  < 0.00001); I 2 = 67%
Test for overall effect: Z  = 2.23 (P  = 0.03)
Test for subgroup differences: χ 2 = 0.83, df = 3 (P  = 0.84); I 2 = 0%
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Figure 8  Random effect model of risk ratio of grade 3 or 4 thrombocytopenia. CI: Confidence interval. 
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the effect of  the surrounding stroma. 
Human equilibrative nucleoside transporter-1 (hE-

NT-1) is the main membrane channel responsible for 
intracellular bioavailability of  gemcitabine. Preclinical 

and clinical data have revealed that only a minority of  
patients have high hENT1 expression and reduced levels 
of  hENT-1 expression correlate with increased resistance 
to gemcitabine[7]. To increase gemcitabine efficiency and 
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avoid overtreatment, determination of  the hENT1 sta-
tus at the time of  diagnosis and modifying gemcitabine 
to allow it to bypass the receptor may represent a future 
mode of  overcoming gemcitabine resistance[7]. Multidrug 
resistance proteins, including ABC transporters, have 
also been implied in drug resistance in pancreatic cancer 
and limit the efficacy of  gemcitabine[46]. The pancreatic 
stellate cell has a key role in stroma formation and se-
cretes factors that promote pancreatic tumor growth and 
resistance to radiation and gemcitabine chemotherapy[47]. 
The hypoxic stroma could be a physical barrier prevent-
ing chemotherapeutic drugs from reaching the pancreatic 
cancer cells per se, and depletion of  the stroma could 
enhance cancer drug delivery[48]. Recently, cancer stem 
cells and epithelial to mesenchymal transition (EMT)-type 
cells have been implicated in metastasis formation and 
drug resistance[49]. Selective targeting of  cancer stem cells 
and EMT-type cells might represent a future strategy to 
enhance chemosensitivity. The plasma circulating time of  
gemcitabine is short and its rapid metabolism thus limits 
tumor uptake. Using novel formulas such as PEGylated 
gemcitabine may result in a prolonged circulation time, 
and possibly inducing cytotoxicity at lower concentra-
tions than those required with treatment with the native 
drug[50]. Pancreatic cancer, including its concurrent stro-
ma, is complex; therefore, treatment with a single anti-tu-
mor agent may not be effective enough. Determining the 
underlying mechanisms of  drug resistance in pancreatic 
cancer will provide ways of  overcoming chemoresistance 
and provide a foundation for novel therapies.

During the last decade, several meta-analyses have 
focused on the efficacy of  combination therapy in lo-
cally advanced or metastatic pancreatic cancer[43,44,51-54]. 
Most of  these studies have reported positive trends or 
have concluded that combination treatments may im-
prove outcome, but only a limited number of  the studies 
have reported toxicity data, or have only focused on one 
anti-tumor agent. In the present study, we collected and 
analyzed the outcomes in different chemotherapeutic 
subgroups, as well as toxicity, to make the result more 
comprehensive and convincing. However, several limita-
tions in this analysis should still be considered. Firstly, 
some endpoints were not evaluated in all of  the included  
randomised controlled trials. Secondly, heterogeneity 
of  certain endpoints in some subgroups might limit the 
comparability between studies and affect the validity, de-
spite the use of  randomized models. 

In conclusion, we compared the outcomes of  dif-
ferent combination therapies with gemcitabine mono-
therapy, including ORR, OS, PFS and major toxicity. The 
results showed that gemcitabine combination therapy 
leads to a modest improvement in survival, though with 
more toxicity reported compared with gemcitabine 
monotherapy. 
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Abstract
Cameron lesions represent linear gastric erosions and 
ulcers on the crests of mucosal folds in the distal neck 
of a hiatal hernia (HH). Such lesions may be found in 
upto 50% of endoscopies performed for another indica-
tion. Though typically asymptomatic, these may rarely 
present as acute, severe upper gastrointestinal bleed 
(GIB). The aim is to report a case of a non-anemic 
87-year-old female with history of HH and atrial fibril-
lation who presented with hematemesis and melena 
resulting in hypovolemic shock. Repeat esophagogas-
troduodenoscopy was required to identify multiple 
Cameron ulcers as the source. Endoscopy in a patient 
with HH should involve meticulous visualization of 
hernia neck and surrounding mucosa. Cameron ulcers 
should be considered in all patients with severe, acute 
GIB and especially in those with known HH with or 
without chronic anemia.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The incidence of  hiatal hernia (HH) rises with age[1]. 
Given the rising demographics and the growing num-
ber of  endoscopies, this condition now constitutes an 
increasingly common endoscopic finding. One study re-
ported the incidence to be upwards of  50% during upper 
endoscopies performed for another indication[2]. Though 
typically asymptomatic, several complications can occur 
including gastroesophageal reflux disease[3], iron defi-
ciency anemia[4], acute or chronic bleeding[5], and ulcer 
or erosion formation[2]. Usually an incidental endoscopic 
finding, Cameron lesions represent linear gastric erosions 
and ulcers on the crests of  mucosal folds in the distal 
neck of  a HH. Both erosions and ulcers are thought to 
be distinct forms of  the same disease process. Lesions 
are found in 5.2% of  patients with HH identified on up-
per endoscopy[6] and in over 60%, multiple lesions may 
be found[1]. 

CASE REPORT
An 87-year-old female presented to the Emergency 
Department (ED) with several episodes of  bright red 
hematemesis and black, tarry stools over six hours. She 
complained of  severe lightheadedness and crampy, lower 
abdominal pain. On examination, she was found to be 
hypotensive with systolic blood pressures in the 60s, and 
despite aggressive resuscitation with intravenous fluids 
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and blood products, she required vasopressors. 
Two days earlier, she had been discharged following 

a brief  hospital stay for atrial fibrillation and a large HH. 
She had been conservatively treated with proton pump 
inhibitor, Sucralfate, and Ondansetron as needed with 
fair results. 

At this presentation, hemoglobin (Hgb) was 12.7 
g/dL (baseline of  14.8 g/dL). Nasogastric lavage re-
turned 500 cc of  bright red blood. Intravenous proton 
pump inhibitor was started, patient was intubated and an 
emergent EGD revealed a large clot in the gastric fun-
dus along with diffuse, friable mucosa in the mid-distal 
esophagus. No other bleeding site was identified. Despite 
multiple units of  packed red blood cells and fresh frozen 
plasma, the patient’s hemoglobin continued to decline. A 
repeat EGD demonstrated multiple circumferential non-
bleeding Cameron ulcers at 37 cm with large placental 
clots in the fundus (Figure 1). Small clots were also seen 
at the gastroesophageal junction. In total, the patient re-
ceived 14 units of  packed red blood cells, multiple units 
of  fresh frozen plasma, protamine sulfate and Vitamin 
K. Her Hgb stabilized on hospital day 10. During the 
course, she developed aspiration pneumonia, which was 
successfully treated with antibiotics. No further bleeding 
occurred and the patient recovered. 

DISCUSSION
The pathogenesis of  Cameron lesions is poorly under-
stood. Some attribute lesion formation to mechanical 
trauma to the esophagus caused by respiration-related 
diaphragmatic contractions[6]. Other etiological factors 
may include acid reflux, ischemia, Helicobacter pylori infec-
tion, gastric stasis or vascular stasis[7]. It is likely that the 
etiology is multifactorial, and includes genotype, pheno-
type and patient risk factors including underlying co-mor-
bidities and medication use. The prevalence is also likely 
dependent on the size of  the HH with a 10%-20% risk 
for Cameron ulcers in hernias 5 cm in size or greater[8]. 
However, the absence of  HH should not rule out Cam-
eron lesions either. One study used push enteroscopy to 
evaluate ninety-five patients with obscure GIB previously 
investigated with standard endoscopy. Of  the thirty-nine 

patients with an identifiable source, Cameron lesions 
were the second most commonly missed lesion (21%)[9]. 
Presumably, the lack of  a large HH may have reduced 
the suspicion for Cameron lesions. Among the most 
concerning clinical manifestations of  Cameron lesions 
are acute and chronic GIB. Chronic blood loss resulting 
in anemia has been well described. A large prospective, 
national, population-based study found that patients with 
HH had a significantly higher association of  iron-defi-
ciency anemia as compared to those with esophagitis[4]. 
Additionally, in a case-controlled study, Cameron showed 
that of  259 patients with radiographic evidence of  HH, 
18 were anemic compared to 1 in the control group (P < 
0.001)[10]. Patients with Cameron lesions typically respond 
well to medical treatment consisting of  iron supplemen-
tation with or without acid-suppression therapy. It is 
worth noting that our patient’s MCV was 97 on admis-
sion without any supplementation. 

More alarming are lesions that present as severe, acute 
GIB. Studies have reported rates of  29%-58%, raising 
the possibility of  life-threatening hemorrhage[2,10]. To our 
knowledge, there are very few reports of  life-threatening 
upper GIB secondary to a Cameron ulcer. One case re-
port describes the successful treatment of  a visible vessel 
within a Cameron ulcer with band ligation[11]. However, 
in these cases, surgical intervention is recommended, as 
endoscopic hemostasis can be technically difficult. Poten-
tial risks of  endoscopy in acute, upper GIB include deep 
ulcers and perforation as the gastrointestinal wall around 
the gastroesophageal junction lacks fibrous tissue. Thus, 
surgery should be considered in those with either severe 
sliding hernias with Cameron lesions and in patients with 
lesion-related complications refractory to medical treat-
ment[12]. Long-term recurrence rates are extremely low 
following surgery[13]. 

Complicating our case was the need to anticoagulate 
the patient for atrial fibrillation prior to endoscopy. More 
studies are needed to evaluate whether radiographic evi-
dence of  large HH should prompt an endoscopy prior 
to anticoagulation. In conclusion, endoscopy in a patient 
with radiographic evidence of  large HH should involve 
meticulous antegrade and retrograde visualization with 
views of  hernia neck and surrounding mucosa. Cameron 
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Figure 1  Ulcer with vessel in hernia sac. A: Retroflexed view of cameron ulcer; B: Second ulcer. 



ulcers are a potential source of  severe, acute GIB in pa-
tients with known HH with or without chronic anemia. 
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Abstract
Metastases of esophageal carcinoma to the skeletal 
muscle are rare, but the incidence may be increasing 
because of better diagnosis resulting from widespread 
use of positron emission tomography/computed tomog-
raphy (PET/CT). A cohort of 205 patients with esopha-
geal carcinoma treated at our center who had PET/CT 
between 2006 and 2010 was retrospectively evaluated 
for the presence of skeletal muscle metastases. Four 
patients had skeletal muscle metastases of esophageal 
carcinoma, including two patients with squamous cell 
carcinoma. In another patient with squamous cell carci-

noma of the esophagus and synchronous skeletal mus-
cle metastases, muscle metastases were subsequently 
shown to be related to second primary pancreatic ad-
enocarcinoma. In all cases, skeletal muscle metastases 
were the first manifestation of systemic disease. In 
three patients palliation was obtained with the combina-
tion of external beam radiation therapy, systemic che-
motherapy or surgical resection. Skeletal muscle metas-
tases are a rare complication of esophageal carcinoma. 
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INTRODUCTION
The prognosis of  esophageal carcinoma is, in general, 
poor, with the mortality rate reaching 90% of  the inci-
dence rate[1]. Both uncontrolled growth of  the primary 
tumor or locoregional recurrence and distant metastases 
may be the ultimate cause of  death in individual patient. 
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Esophageal carcinoma commonly spreads to the liver, 
lung, adrenals, bone, pleura, peritoneum or pericardium. 
Less frequent sites of  metastases include thyroid, pancre-
as, spleen, ovary, kidney, heart, skin, gallbladder or small 
and large bowel[2,3]. Metastatic involvement of  skeletal 
muscle is rare. 

Until recently, asymptomatic skeletal muscle metas-
tases (SMM) were detected only fortuitously. The wide-
spread use of  positron emission tomography/computed 
tomography (PET/CT) resulted in the detection of  
asymptomatic metastases in different organs, including 
skeletal muscle. A number of  case reports or case series 
on SMM in patients with different primary tumors, in-
cluding esophageal carcinoma, have been published[4-8], 
but the natural history of  SMM in patients with esopha-
geal carcinoma remains largely unknown. We report here 
five cases of  patients with esophageal carcinoma and 
SMM observed in our center. 

CASE REPORT
Records of  205 patients with esophageal carcinoma treat-
ed at our center who had PET/CT between 2006 and 
2010 were searched to identify patients who had SMM 
diagnosed.

SMM were diagnosed in 5 patients (2%), all males. In 
one of  these patients, SMM were subsequently shown to 
be related to a second primary tumor (Table 1). The de-
tails of  these cases are outlined below.

Case 1
A 64-year-old male was diagnosed with adenocarcinoma 
of  the distal esophagus in February 2004. The staging 
examination that included laparoscopy did not reveal 
distant metastases. The patient was treated with neoad-
juvant chemoradiation. Transhiatal esophagectomy was 
performed on June 1, 2004. Histological examination of  
the resection specimen revealed pathologic complete re-
sponse. The course of  the follow-up was uneventful until 
October 2006 when the patient observed a resistance 
in the left thigh. Whole body [18F] fluorodeoxyglucose 
(FDG) PET/CT performed in December 2006 revealed 
high focal uptake in the left quadriceps femoris muscle 
and in the left inguinal and iliac lymph nodes (Figure 1), 
with no evidence of  a second primary tumor. An exci-
sional biopsy established the diagnosis of  SMM of  ad-
enocarcinoma.

The metastatic involvement of  skeletal muscle and 
lymph nodes was treated with external beam radiation (50 
Gy) that was administered in February and March 2007 
along with 2 cycles of  systemic chemotherapy (cisplatin 
and 5-fluorouracil). Four cycles of  systemic chemothera-
py using the same schedule have been administered sub-
sequently until September 2007. A control FDG PET/
CT in October 2007 demonstrated persistent uptake of  
radioactivity in the thigh metastasis that decreased in size. 
Additional metastatic lesions were discovered in medial 
condylus of  the left femur and the retroperitoneal lymph 
nodes. The patient was feeling well and was subsequently 

only followed. In May 2008 an edema of  the left lower 
extremity manifested. Control FDG PET/CT in June 
2008 demonstrated uptake in retroperitoneal, mediasti-
nal and left supraclavicular lymph nodes, lungs and left 
tibia as well as persistent accumulation in the left thigh. 
Between July and October 2008, the patient was treated 
with 5 cycles of  combination of  cisplatin and 5-fluo-
rouracil. After the completion of  chemotherapy, only 
symptomatic therapy was administered. The patient died 
on May 18, 2009, 31 mo after the diagnosis of  skeletal 
muscle metastasis. An autopsy was not performed.

Case 2
76-year-old male was diagnosed in June 2006 with squa-
mous cell carcinoma of  the middle esophagus. Staging 
FDG PET/CT did not reveal distant metastases or 
evidence of  a second primary tumor. The patient was 
treated with neoadjuvant chemoradiation that consisted 
of  external beam radiation (50 Gy in 25 fractions of  2 
Gy with systemic cisplatin and 5-fluorouracil). The con-
trol FDG PET/CT in November 2006 revealed com-
plete disappearance of  FDG uptake in the primary, but 
a pathologic accumulation in the right gluteus minimus 
muscle (21 mm × 14 mm in size) was noted. Because of  
complete response, patient age and uncertainty about the 
systemic disease, esophagectomy was not performed, and 
the patient was further only followed. On control FDG 
PET/CT, no uptake in the primary tumor was observed, 
but the size of  the lesion in gluteus minimus muscle in-
creased to 66 mm × 44 mm × 34 mm and involved bone. 
In addition, similar lesion was noted in the left psoas 
muscle. A biopsy performed in April 2007 confirmed 
metastasis of  squamous cell carcinoma. Between May 
and July 2007 external beam radiation was administered 
to both lesions (70 Gy in 35 fractions of  2 Gy) concomi-
tantly with 2 cycles of  systemic cisplatin and 5-fluoro-
uracil. Control FDG PET/CT in September 2007 dem-
onstrated metastatic spread to the lungs, pleura, adrenals 
and retroperitoneal lymph nodes. Only symptomatic 
therapy was administered after the diagnosis of  progres-
sive metastatic disease, and the patient died on March 4, 
2008, 16 mo after detection of  SMM. An autopsy was 
not performed.

Case 3
A 57-year-old male was diagnosed in September 2006 
with squamous cell carcinoma of  the middle third of  the 
esophagus. Staging FDG PET/CT performed in Octo-
ber 2006 revealed an accumulation of  radioactivity not 
only in the primary tumor, but also in the skeleton of  the 
pelvis and in the right subscapularis muscle. No evidence 
of  a second primary tumor was found. The biopsy of  
the lesions was considered technically difficult, and the 
diagnosis of  metastatic esophageal carcinoma was made 
based on multiplicity and appearance of  lesions. Between 
October and December 2006 the patient was treated with 
3 cycles of  systemic chemotherapy (cisplatin and 5-fluo-
rouracil). Chemotherapy had to be interrupted in January 
2007 because of  pneumonia. A control FDG PET/CT 
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in February 2007 revealed mild progression. Palliative 
external beam radiation therapy (45 Gy in 18 fractions of  
2.5 Gy) of  all three sites of  disease was then performed, 
but the condition of  the patient deteriorated, with the 
progression of  dysphagia. The patient died on March 24, 
2007, 5 mo after the diagnosis of  SMM. An autopsy was 
not performed.

Case 4
42-year-old male presented with adenocarcinoma of  
distal esophagus and cardia in April 2010. Staging FDG 
PET/CT demonstrated high FDG uptake in the primary 
tumor and a 2 cm mass in the iliacus muscle, with no evi-
dence of  a second primary tumor. As staging laparoscopy 
performed in May 2010 did not reveal spread in the ab-
dominal cavity, the patient was referred for concomitant 
chemoradiation (50 Gy in 25 fractions of  2 Gy) and 2 
cycles of  systemic chemotherapy (cisplatin and 5-fluoro-
uracil). Control PET/CT in October 2010 demonstrated 
only moderate progression in the primary, but marked 
progression of  SMM (4 cm). The patient underwent 

subsequently (in October 2010) esophagectomy and re-
section of  the muscle mass. Histologic examination of  
the muscle metastasis demonstrated poorly differentiated 
adenocarcinoma similar to the esophageal primary. The 
patient was then followed. In April 2011, the patient pre-
sented again with dysphagic complaints. Stenosis of  the 
anastomosis was detected, and biopsy confirmed recur-
rence of  adenocarcinoma. During the surgery to perform 
a jejunostomy, peritoneal carcinomatosis was detected 
and a large abdominal metastasis was resected. After a 
brief  course of  investigational therapy in a clinical trial 
the disease progressed and the patient was treated symp-
tomatically. The patient died on August 27, 2011, 16 mo 
after diagnosis of  SMM. An autopsy was not performed.

Case 5
60-year-old male was diagnosed in January 2010 with 
squamous cell carcinoma of  the distal esophagus. Staging 
FDG PET/CT performed in February 2010 demon-
strated high uptake in the tumor of  distal esophagus, in 
lymph nodes adjacent to lesser curvature of  the stomach, 
in the liver, left adrenal, bone and multiple metastases in 
skeletal muscle, including gluteus maximus muscle. Be-
cause of  the extent of  metastatic disease, only symptom-
atic therapy was indicated and histological verification of  
metastases was not sought. An esophageal stent was in-
troduced to palliate the stenosis. The procedure resulted 
in the relief  of  the symptoms of  short duration, but in 
March 2010 the condition of  the patient deteriorated, he 
was admitted for back pain and died on March 21, 2010. 
Autopsy demonstrated, besides squamous cell carcinoma 
of  the distal esophagus, a second primary pancreatic ad-
enocarcinoma. Autopsy also revealed metastases in medi-
astinal and abdominal lymph nodes, peritoneum, pleura, 
lung, liver, kidneys, adrenal, thyroid, left submandibular 
gland, skeletal muscle, subcutis and bone. The histology 
of  all metastases was adenocarcinoma pointing to pan-
creatic primary. 
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Table 1  Patients with esophageal carcinoma and skeletal muscle metastases in the present series

Patient Age at 
diagnosis 

(yr)

Histology Stage at 
diagnosis

Timing Primary 
therapy

Metastatic 
interval 
(mo)

Symptoms Diagnosis Location Other 
metastases

Therapy 
for muscle 
metastases

Survival from 
the diagnosis 

of muscle 
metastasis 

(mo)

1 64 Adeno Ⅱ Metachronous CXRT 32 Mass PET/CT; 
biopsy

Quadriceps 
femoris

B; LN (subs) CXRT 31

2 76 SCC Ⅲ Metachronous CXRT   5 None PET/CT; 
biopsy

Gluteus 
minimus; 

psoas

L; P; A; LN 
(subs)

CXRT 16

3 57 SCC Ⅳ Synchronous None   0 None PET/CT Subscapularis B CRT; subs 
XRT

  5

4 42 Adeno Ⅳ Synchronous CXRT   0 None PET/CT; 
biopsy

Iliacus PR S 16

5 60 SCC; 
adeno 

(pancreas)

Ⅳ Synchronous None   0 None PET/CT; 
autopsy

Multiple Multiple None   2

A: Adrenal; Adeno: Adenocarcinoma; B: Bone; CRT: Chemotherapy; CXRT: Chemoradiation; L: Lungs; P: Pleura; PR: Peritoneum; LN: Lymph nodes; S: 
Surgery; SCC: Squamous cell carcinoma; subs: Subsequently; XRT: Radiotherapy; PET/CT: Positron emission tomography/computed tomography. 

Figure 1  [18F] fluorodeoxyglucose positron emission tomography/com-
puted tomography showing a metastasis in the left quadriceps femoris 
muscle. 
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several months and survival times were relatively favor-
able in the context of  metastatic esophageal carcinoma. 

SMM detected with imaging studies were reported 
in 1%-2% of  all patients with metastatic disease, with 
metastatic involvement limited to skeletal muscle re-
ported in less than 10% of  patients[11]. Similarly to the 
present series, most patients with SMM have metastasis 
only in one muscle[11]. Given the mass of  skeletal muscle 
in the body, one would expect the metastases to this tis-
sue to be more frequent. Experimental data suggest that 
muscle contractions result in mechanical destruction of  
tumor cells arrested in the microvasculature[12]. It has also 
been hypothesized that high lactate concentrations in 
the skeletal muscle microenvironment may decrease the 
responsiveness of  muscle vessels to hypoxia, creating an 
environment unfavorable to angiogenesis[13].

PET/CT is currently being extensively utilized for 
pre-therapeutic staging of  esophageal carcinoma because 
it was demonstrated that distant metastases missed by 
other imaging studies may be detected[14,15]. Individual 
cases of  esophageal carcinoma SMM have been noted in 
cohorts of  patients staged by PET/CT[16]. The increased 
incidence of  esophageal carcinoma SMM may not only 
be the result of  better diagnosis with PET/CT, but also 
of  improved prognosis resulting from better control of  
the primary with the use of  combined modality treat-
ment. In fact, in one of  the patients in the present series, 
the patient who had pathologic complete response after 
primary treatment two years earlier, the diagnosis could 
be made based on clinical presentation. It is therefore 
possible that with advances in the therapy of  esophageal 

DISCUSSION
The 2% incidence of  SMM in the present series may 
be affected by selection bias, as the primary diagnosis 
in one of  the patients was performed before 2006. The 
information on esophageal carcinoma SMM is limited to 
individual case reports (Table 2), or to series of  patients 
with SMM[5]. However, in most series of  patients with 
SMM, no cases of  patients with esophageal primary have 
been described[4,6-8]. SMM were also not reported in most 
autopsy series of  esophageal carcinoma patients[2,3,9,10]. 
Cases of  SMM have also been described in patients with 
gastric cancer[6]. To the best of  our knowledge, only 
one case of  squamous cell carcinoma of  the esophagus 
metastatic to the skeletal muscle has been reported so far, 
with few details described[5]. Two of  the patients reported 
here therefore represent the second description SMM of  
squamous cell carcinoma of  the esophagus. The case of  
the patient with clinically undetected pancreatic adeno-
carcinoma demonstrates that histological verification may 
be needed not only to verify the neoplastic nature of  the 
muscle lesion, but also to determine the primary as the 
frequency of  second primary tumors is increasing. This 
case also indicates that a possible occult second primary 
tumor represents limitation in retrospective series of  
rare distant metastases. Histological verification confirm-
ing esophageal primary origin was possible in 3 out of  
4 remaining cases. In all four cases SMMs were the first 
manifestation of  metastatic disease. In patients with 
metachronous metastases, SMM involvement preceded 
the manifestation of  metastatic spread to other organs by 

Table 2  Overview of the reports of esophageal carcinoma skeletal muscle metastases

Ref. Sex Age (yr) Histology Timing Symptoms Diagnosis Location 
of muscle 
metastases

Other 
metastases

Therapy Outcome

Heyer et al[18] M 54 Adeno Synchronous Asymptomatic; 
fortuitously 

detected during CT

CT; MRI; 
biopsy

Multiple None CXRT (to the 
primary)

ND

Rehman et al[19] M 71 Adeno ND Pain; unable to 
walk

MRI; biopsy Thigh ND XRT 
(metastases)

Symptomatic 
relief 2 wk 

later
Kozyreva et al[20] M 72 Adeno 

(T3N1Mx)
Synchronous Asymptomatic; 

fortuitously 
detected during 

PET/CT

PET/CT;  
biopsy

Deltoid None C (oxaliplatin 
+ 5FU/FA)

Progression 
of muscle 

metastases

Schultz et al[5] ND ND SCC Synchronous ND CT; biopsy Gluteus 
minimus

ND ND ND

Heffernan et al[21] F 67 Adeno 5 mo after 
surgery

Asymptomatic; 
fortuitously 

detected during 
PET/CT

PET/CT Multiple Mediastinum ND ND

Wu et al[22] M 67 Adeno Synchronous Asymptomatic; 
fortuitously 

detected during 
PET/CT

PET/CT;  
biopsy

Gluteus 
minimus

None ND ND

Lekse et al[23] F 78 Adeno 4 mo after 
diagnosis

Diplopia CT; biopsy Inferior rectus 
ocular

Lung Symptomatic ND

Lekse et al[23] M 78 Adeno 2 mo after 
diagnosis

Diplopia; loss of 
vision

MRI Lateral rectus 
ocular

Lung; bone; 
liver

XRT; C (5FU + 
FA)

ND

5FU: 5-fluorouracil; Adeno: Adenocarcinoma; C: Chemotherapy; CT: Computed tomography; CXRT: Chemoradiation; FA: Folinic acid; M: Male; F: Female; 
MRI: Magnetic resonance imaging; ND: Not described; PET: Positron emission tomography; XRT: Radiotherapy; SCC: Squamous cell carcinoma.
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carcinoma we will witness a further continuous increase 
of  the incidence of  SMM. 

Little is known about the outcome of  metastases af-
fecting specific sites and optimal management of  these 
patients, with the only source of  information being anec-
dotal reports like the present series. In contrast to metas-
tases affecting other organs, e.g., bone, no organ-specific 
drugs like bisphosphonates are available for SMM. 
Moreover, the potential utilization of  new radiotherapy 
techniques in SMM is, for obvious reasons, limited. Pro-
longed survival has been observed in individual patients 
managed by combination of  external beam radiation, 
surgery or chemotherapy[4,17]. Based on the experience in 
the present series and other cases reported in the litera-
ture, only general recommendations for the management 
of  patients with SMM, including SMM of  esophageal 
carcinoma, can be outlined. Important consideration is 
symptom control, and the therapeutic strategy has to 
be tailored according the muscle affected. Similarly to 
metastases of  other location, the best control may be 
obtained with surgery which is, however, meaningful only 
in patients with isolated SMM. In addition, surgery may 
be necessary to establish the diagnosis of  SMM. External 
beam radiation should be reserved for patients with in-
operable or recurrent SMM, including patients with me-
tastases in other sites, and best results may be obtained 
when combining radiation with platinum-based chemo-
therapy. No standard fractionation regimen or technique 
has been established in this rare indication. Outside of  
setting of  chemoradiation regimens, the role of  systemic 
chemotherapy in the management of  SMM seems to be 
limited, but systemic chemotherapy may be an only op-
tion in patients with widespread metastases and good 
general condition. For patients in poor general condition, 
only symptomatic therapy (mostly corticosteroids and 
pain medication) is indicated.

In conclusion, while SMM represent a rare event in 
patients with esophageal carcinoma, the incidence may 
be increasing because of  better diagnosis or improved 
control of  the primary. SMM may represent the first 
manifestation of  metastatic disease. An active therapeu-
tic approach using surgery, external beam radiation and 
chemotherapy may result in survival that is substantially 
longer compared to other cases of  metastatic esophageal 
carcinoma.
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Abstract
A primary benign schwannoma of the liver is extremely 
rare and is difficult to preoperatively discriminate from 
a malignant tumor. We compared the imaging and 
pathological findings, and examined the possibility of 
preoperatively diagnosing a benign liver schwannoma. 
A 72-year-old woman was admitted to our hospital 
because of a 4.6-cm mass in the liver. A malignant tu-
mor was suspected, and a right hepatectomy was per-
formed. After this, the diagnosis of a primary benign 
schwannoma of the liver was made through pathologi-
cal examination. Contrast-enhanced ultrasonography 

(CEUS) with Sonazoid showed minute blood flows into 
the septum and solid areas of the tumor in the vas-
cular phase; most likely due to increased arterial flow 
associated with infiltration of chronic inflammatory 
cells. In the postvascular phase, CEUS showed contrast 
defect of cystic areas and delayed enhancement of 
solid areas; most likely due to aggregation of sidero-
phores. Because discriminating between a benign and 
malignant schwannoma of the liver is difficult, surgery 
is generally recommended. However, the two key find-
ings from CEUS may be useful in discriminating ancient 
schwannoma by recognizing the hemorrhage involved 
in the secondary degeneration and aggregation of sid-
erophores.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
A schwannoma is a benign nerve sheath tumor that 
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originates from the Schwann cells of  the nerve sheath. 
Schwannomas can occur in patients at any age, but are 
most commonly detected in patients between 20 years 
and 50 years of  age. Although a schwannoma can de-
velop in any part of  the body, the most common sites 
include the head, neck, and flexor surfaces of  the extrem-
ities[1]. Schwannomas develop infrequently in the gastro-
intestinal tract, the retroperitoneal cavity, and any other 
part of  the body[2]. Thus, a primary benign schwannoma 
of  the liver is extremely rare. Preoperative discrimination 
between a benign and malignant schwannoma is difficult; 
therefore, operation is typically recommended for a di-
agnosis. In the current study, we used a combination of  
computed tomography (CT), magnetic resonance imag-
ing (MRI), and positron emission tomography (PET), but 
discrimination was still difficult. The use of  preoperative 
imaging findings to detect liver schwannoma or the use 
of  contrast-enhanced ultrasonography (CEUS) to detect 
and characterize focal liver lesions has not been previous-
ly undertaken. In this paper, we report a case of  benign 
schwannoma, which we diagnosed using a novel method 
that combined CEUS with CT, MRI and PET imaging. 
In addition, we compared the imaging and pathological 
findings.

CASE REPORT
A 72-year-old woman was admitted to our hospital 
because a 4.6-cm mass was detected in her liver by ul-
trasonography (US) at a private clinic. Upon physical 
examination, the abdomen was soft and flat without ten-
derness. The liver, spleen, and superficial lymph nodes 
were not palpable. Blood analysis showed almost normal 
liver function. Carcinoembryonic antigen (CEA) and 
α-fetoprotein (AFP) were both negative. Hepatitis B 
surface antigen and hepatitis B e antibody were positive, 
but hepatitis C virus marker was negative. The patient’s 
serum antibodies were negative for specific echinococcal 
antigens.

CT, MRI, PET and CEUS were used for the qualita-
tive diagnosis of  the liver mass. Multiphasic contrast-
enhanced CT in the arterial dominant, portal venous 
and late venous phases was performed using a 64-slice 
CT scanner. A CT scan of  the abdomen showed an ap-
proximately 5-cm, well-defined round tumor in segment 
8 of  the right hepatic lobe. The mass was hypodense and 
contained a minute partial calcification (Figure 1A). The 
mass showed heterogeneous enhancement in the arterial 
dominant phase (Figure 1B) and delayed enhancement 
until the portal venous (Figure 1C) and late venous (Figure 
1D) phases. There was no evidence of  fatty infiltration or 
cirrhosis in the background liver.

MRI revealed a hypointense mass with T1-weighted 
imaging (Figure 2A) and a mixed hypo- and hyperin-
tense mass with T2-weighted imaging (Figure 2B) and 
diffusion-weighted imaging (DWI) (Figure 2C). The 
diffusion images were obtained with a b value of  1000 
s/mm2. Because the mass was hyperintense on the appar-

ent diffusion coefficient maps, it was also hyperintense 
on DWI under the influence of  the T2 shine-through. 
Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic 
acid (Gd-EOB-DTPA) was injected at 0.025 mmol/kg 
body weight. Gd-EOB-DTPA-enhanced MRI showed 
heterogeneous enhancement in the arterial phase and 
delayed enhancement until the late venous phase (similar 
to dynamic CT imaging), but a defect in the hepatobiliary 
phase (Figure 2D).

An F-18 fluorodeoxyglucose PET (FDG-PET) sys-
tem was used (Discovery VCT; GE Healthcare, Tokyo, 
Japan) with the following conditions: PET, 2-3 min/1 
bed, 3.75-mm slice; CT, 120 kV, 100 mA with auto mA; 
tube rotation time, 0.6 s/rotation; detector collimation, 
64 mm × 1.25 mm; beam pitch, 0.984; section thickness, 
5.0 mm; and reconstruction pitch, 3.27 mm. FDG-PET 
revealed abnormal uptake in the lesion, with a maximum 
standardized uptake value of  3.9. There was no additional 
lesion in the liver, no evidence of  extrahepatic disease, 
and no lymphadenopathy.

US showed a 4.6-cm mass that contained multiple 
hypoechoic cysts with mixed internal septations and solid 
areas (Figure 3A). CEUS with Sonazoid showed minute 
blood flows into the septum and solid areas of  the tumor 
in the vascular phase (Figure 3B), and contrast defects of  
cystic areas and delayed enhancement of  solid areas in 
the postvascular phase (Figure 3C).

A malignant tumor, such as a biliary cystadeno-
carcinoma or cholangiocellular carcinoma (CCC), was 
suspected. Because there was danger of  seeding, we did 
not perform a biopsy. An operation was performed to 
remove the mass. At surgery, it was discovered that the 
tumor originated from the anterior segment of  Glisson’s 
sheath, but was tightly attached to the posterior segment 
of  the sheath. Intraoperative cholangiography revealed 
a stricture in the posterior segment of  the bile duct, and 
there was no extension of  the distal bile duct. The bile 
duct did not have a tumor projection until strangulation. 
Because the tumor involved the bile duct, dissection 
was not possible; therefore, the patient underwent right 
hepatectomy. 

The gross findings were a well-circumscribed, whit-
ish/brownish, localized mass, 4.5 cm in size, which was 
surrounded by a fibrous capsule. The division surface 
of  the tumor showed large and small multilocular cysts. 
Microscopic examination revealed that the tumor was 
adjacent to the peripheral nerve of  the portal area, and 
the Antoni A hypercellular area and Antoni B hypocel-
lular area were present in a complex (Figure 4A). In the 
Antoni A region, an array of  irregular groups of  spindle 
cells was seen, but nuclear palisading with Verocay bod-
ies was not observed. In the Antoni B region, there was 
edematous stroma, vasodilatation, aggregation of  sidero-
phores, and slight permeation of  chronic inflammatory 
cells of  the histiocyte and the lymphocyte types (Figure 
4B). Immunohistochemical staining showed a strong 
positive S-100 protein reaction. Vimentin, nonspecific 
enolase, bcl-2, and MIC2 (also known as CD99) staining 
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Figure 1  Abdominal computed tomography. A: Plain; B: Arterial dominant phase; C: Portal venous phase; D: Late venous phase. Abdominal computed tomography 
(CT) showed an approximately 5-cm well-defined round tumor in segment 8 of the right hepatic lobe. CT showed heterogeneous enhancement in the arterial dominant 
phase; and delayed the enhancement until the portal venous and late venous phases. 
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Figure 2  Magnetic resonance imaging. A: T1-weighted imaging; B: T2-weighted imaging; C: Diffusion-weighted imaging (DWI); D: Hepatobiliary phase. Magnetic 
resonance imaging (MRI) revealed a hypointense mass on T1-weighted imaging, and a mixed hypo- and hyperintense mass on T2-weighted imaging and on DWI. 
Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid-enhanced MRI showed a defect in the hepatobiliary phase. 
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There are no specific characteristics with regard to the 
radiological appearance[1].

We reviewed the country of  origin, size, age, sex, as-
sociated diseases, diagnosis, and prognosis of  primary be-
nign or malignant schwannomas; the findings are shown 
in Table 1[3-18]. Primary benign or malignant schwannomas 
were found in 14 women and 4 men. The age of  onset 
was from 35 years to 74 years, and the mean age of  on-
set was 57.5 years. While 13 cases were Asian in origin, 
there were no race differences. Although many hepatic 
schwannomas were Asian in origin, there has been no 
report of  a causal relationship with hepatitis-associated vi-
ruses, and thus the reason for this correlation is unknown.

Generally, a CT scan depicts a schwannoma as a 
well-defined hypodense area, and enhanced CT shows 
peripheral enhancement, with an irregular pattern on the 
inside[10]. A delayed peripheral subject enhancement until 
the late venous phase in the CT scan reflects a fibrous 
capsule and an internal fibrillary element. With the aid of  
MRI, schwannomas have been described as masses with 
hypointensity on T1-weighted images and as masses with 
inhomogeneous hyperintensity or, in some cases, masses 
with internal heterogeneous mixed hypo- and hyperin-

was also positive. The MIB-1 index was 2%. However, 
desmin, α-smooth muscle actin, CD34, c-kit, HMB-45, 
neurofilament, glial fibrillary acidic protein, and cytokera-
tin (AE1/AE3) staining was all negative. 

On the basis of  these findings, we diagnosed the patient 
as having a primary benign schwannoma of  the liver. The 
patient was healthy and free from recurrence at a follow-up 
CT scan, which was performed 12 mo after surgery.

DISCUSSION
Histologically, schwannomas are encapsulated tumors 
that arise within nerve sheaths and consist of  a highly 
ordered cellular component (Antoni A area) and a loose 
myxoid component (Antoni B area). In the subcellular 
component, spindle cells are present. Larger schwanno-
mas have a tendency to undergo secondary degeneration, 
such as pseudocystic regression, hemorrhage, and calcifi-
cation[3]. A primary benign schwannoma of  the liver is an 
isolated benign tumor surrounded by a fibrous capsule. 
Immunohistochemical staining is diffusely and strongly 
positive for S-100 protein in a schwannoma, which is 
consistent with the markers for a nerve sheath tumor[3]. 

CBA

Figure 3  Contrast-enhanced ultrasonography with Sonazoid. A: B-mode ultrasound; B: Vascular phase; C: Postvascular phase. Ultrasonography showed a 4.6-cm 
mass that contained multiple hypoechoic cysts with mixed internal septations and solid areas. Contrast-enhanced ultrasonography with Sonazoid showed minute 
blood flow into the septum and solid areas of the tumor in the vascular phase, and contrast defect of cystic areas (white arrow) and delayed enhancement of solid 
areas (red arrow) in the postvascular phase. 

BA

Figure 4  Microscopic examination. A: B-mode ultrasound. Microscopic examination revealed that Antoni A hypercellular area (black arrow) and Antoni B hypocel-
lular area (red arrow) existed together in a complex; B: Vascular phase. In the Antoni B region, there were edematous stroma, vasodilatation, aggregation of sidero-
phores (black arrow), and slight permeation of chronic inflammatory cells of the histiocyte and lymphocyte types (red arrow).
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tensity on T2-weighted images[8]. These findings reflect 
secondary degeneration, such as pseudocystic regression 
and hemorrhage. Abnormal uptake in FDG-PET reflects 
the high cellular density of  schwannomas[19] (Table 2).

 In this study, CT and MRI showed a tumor contain-
ing multiple cysts. Therefore, echinococcosis, hepatobili-
ary cystadenoma/adenocarcinoma or cystic liver metas-
tasis of  epithelial tumor, angiomyolipoma, leiomyoma, 
solitary fibrous tumor, schwannoma, or neurofibroma 
of  the mesenchyma were possible differential diagnoses. 
However, it is very difficult to diagnose a schwannoma 
preoperatively based on its radiological appearance. Fur-
thermore, abnormal uptake in FDG-PET did not aid the 
diagnosis.

Therefore, we used CEUS with Sonazoid for the pre-
operative diagnosis. Mixed internal septations and solid 
areas in B mode were reflected faithfully in the gross 
findings of  a division surface with large and small mul-
tilocular cysts. CEUS showed minute blood flows into 
the septum and solid areas of  the tumor in the vascular 
phase. The start of  an inflow into a node can be con-
firmed within 18 s after the administration of  Sonazoid. 
We accordingly determined that the minute blood flows 

were derived from the hepatic artery. Increased arterial 
flows were observed with the infiltration of  chronic in-
flammatory cells of  the histiocyte and lymphocyte types. 

CEUS showed a contrast defect in the cystic areas 
and a delayed enhancement of  the solid areas in the 
postvascular phase, which may reflect aggregation of  
siderophores. For example, in the case of  echinococco-
sis, hepatobiliary cystadenoma/adenocarcinoma, cystic 
metastases, or CCC, CEUS shows contrast defects of  the 
entire tumor in the postvascular phase (Table 2). There-
fore, the two findings in CEUS (minute arterial flows into 
the tumor along the nodal septum in the vascular phase 
and contrast defects of  the cystic areas and delayed en-
hancement of  solid areas in the postvascular phase) are 
potentially useful for diagnosing an ancient schwannoma 
by recognizing the hemorrhage involved in the secondary 
degeneration and aggregation of  siderophores.

The discrimination of  a benign or a malignant sch-
wannoma is difficult with preoperative imaging. However, 
some findings may indicate the presence of  rare neo-
plasms such as a malignant schwannoma. The radiological 
features of  hepatic malignant schwannoma include a well-
demarcated, hypodense mass on CT, non-enhancement 

Table 1  Review of primary benign or malignant schwannoma

Ref. Age/sex Country of origin Size (cm) Associated diseases Diagnosis Prognosis

Tuder et al[18]   74/M North America 21 × 12 × 8 None Surgery/autopsy Death
Abe et al[17] 68/F Asia 8.0 × 6.0 × 4.5 None Surgery Survival
Hytiroglou et al[16]   67/M North America 13 × 11 × 10 None - -
Heffron et al[15] 38/F North America 5 None Surgery Survival
Yoshida et al[14] 56/F Asia 16 None - -
Morikawa et al[13]   63/M Asia 20 × 13 None Autopsy Death
Sheikh et al[12] 35/F Asia - None - -
Fiel et al[11]   49/M North America - None - -
Wada et al[10] 69/F Asia 15 × 13 None Surgery Survival
Wada et al[10] 64/F Asia 4 Early gastric cancer Surgery Survival
Flemming et al[9] 57/F Europa Huge None Surgery Survival
Momtahen et al[8] 52/F Asia 4.4 × 3.6 × 2.9 None Surgery Survival
Lee et al[7] 36/F Asia 5 × 4 × 2 None Surgery Survival
Akin et al[6] 66/F Asia 3 × 5 × 4 Breast cancer Biopsy/surgery Survival
Shih et al[5] 58/F Asia 9.1 × 7.1 × 8.9 None Surgery Survival
Sukegawa et al[4] 55/F Asia 4.0 × 2.5 × 2.0 None Surgery Survival
Ozkan et al[3] 56/F Asia 15 × 10 × 10 None Surgery Survival
Ota et al (present case) 72/F Asia 4.6 None Surgery Survival

M: Male; F: Female. 

Table 2  Comparison between preoperative imaging and pathological findings

Preoperative imaging technique Characteristics Pathology

Dynamic CT Delayed peripheral subject enhancement A fibrous capsule 
An internal fibrillary element

T2-weighted MRI Internal heterogeneous mixed hypo- and 
hyperintensity

Secondary degeneration such as pseudocystic regression and 
hemorrhage

FDG-PET Abnormal uptake High cellular density (Antoni A area)
Ultrasonography B mode Mixed internal septations and solid areas Division surface showed big and small multilocular cysts

Vascular phase Minute blood flows into septum and solid 
areas

Increased arterial vessel flows associated with infiltration of 
chronic inflammatory cells

Postvascular phase Delayed enhancement of solid areas Aggregation of siderophores

CT: Computed tomography; MRI: Magnetic resonance imaging; FDG-PET: F-18 fluorodeoxyglucose-positron emission tomography. 
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on enhanced CT, and hypovascularity on angiography; in 
particular, hypovascularity may be an important finding 
for diagnosis, because most malignant hepatic tumors are 
hypervascular. Another important finding is the high level 
of  alkaline phosphatase in serum with normal serum lev-
els of  hepatic transaminase and tumor markers, including 
CEA and AFP[13]. Nonetheless, because discrimination 
between a benign and malignant schwannoma is difficult, 
surgery is typically recommended.

In cases of  malignant schwannoma, there are no report-
ed chemotherapies and the prognosis is poor. Because the 
schwannoma may be tightly attached to Glisson’s sheath (as 
in this case), surgical removal of  the tumor could be very 
difficult, and hepatectomy that includes Glisson’s sheath 
could be required.

In conclusion, here, we report a case of  benign sch-
wannoma, which we diagnosed using a novel method that 
combined CEUS with CT, MRI and PET. Because it is 
difficult to discriminate between a benign or malignant 
schwannoma of  the liver, surgery is generally recommended 
for such tumors. Our findings with CEUS revealed minute 
arterial flow into the tumor along the nodal septum in the 
vascular phase, and delayed enhancement of  solid areas in 
the postvascular phase. These two key observations may be 
useful in diagnosing an ancient schwannoma by recogniz-
ing the hemorrhage involved in the secondary degeneration 
and aggregation of  siderophores.
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When reporting the results from experiments, authors should 
follow the highest standards and the trial should conform to 
Good Clinical Practice (for example, US Food and Drug Admin-
istration Good Clinical Practice in FDA-Regulated Clinical Trials; 
UK Medicines Research Council Guidelines for Good Clinical 
Practice in Clinical Trials) and/or the World Medical Association 
Declaration of  Helsinki. Generally, we suggest authors follow 
the lead investigator’s national standard. If  doubt exists whether 
the research was conducted in accordance with the above stan-
dards, the authors must explain the rationale for their approach 
and demonstrate that the institutional review body explicitly ap-
proved the doubtful aspects of  the study. 

Before submitting, authors should make their study ap-
proved by the relevant research ethics committee or institutional 
review board. If  human participants were involved, manuscripts 
must be accompanied by a statement that the experiments were 
undertaken with the understanding and appropriate informed 
consent of  each. Any personal item or information will not be 
published without explicit consents from the involved patients. 
If  experimental animals were used, the materials and methods 
(experimental procedures) section must clearly indicate that ap-
propriate measures were taken to minimize pain or discomfort, 
and details of  animal care should be provided. 
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SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, 
and start each of  the following sections on a new page: Title 
Page, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, References, Tables, Figures, 
and Figure Legends. Neither the editors nor the publisher are 
responsible for the opinions expressed by contributors. Manu-
scripts formally accepted for publication become the permanent 
property of  Baishideng Publishing Group Co., Limited, and may 
not be reproduced by any means, in whole or in part, without the 
written permission of  both the authors and the publisher. We 
reserve the right to copy-edit and put onto our website accepted 
manuscripts. Authors should follow the relevant guidelines for 
the care and use of  laboratory animals of  their institution or 
national animal welfare committee. For the sake of  transparency 
in regard to the performance and reporting of  clinical trials, we 
endorse the policy of  the ICMJE to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to 
our knowledge, is http://www.clinicaltrials.gov sponsored by the 
United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. 
A letter of  recommendation from each author’s organization 
should be provided with the contributed article to ensure the pri-
vacy and secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are 
highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit on-
line. For assistance, authors encountering problems with the On-
line Submission System may send an email describing the prob-
lem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If  
you submit your manuscript online, do not make a postal contri-
bution. Repeated online submission for the same manuscript is 
strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required in-
formation for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 

for important intellectual content; and (3) final approval of  the 
version to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of  institution, city, province and postcode. For ex-
ample, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, 
for example, George Sgourakis, Department of  General, Viscer-
al, and Transplantation Surgery, Essen 45122, Germany; George 
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red 
Cross Hospital, Athens 15451, Greece.

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, 
affiliation, the complete name of  institution, city, postcode, prov-
ince, country, and email. All the letters in the email should be in 
lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, 
e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts 
are acknowledged in each manuscript, and reviewers of  articles 
which were not accepted will be acknowledged at the end of  
each issue. To ensure the quality of  the articles published in WJG, 
reviewers of  accepted manuscripts will be announced by publish-
ing the name, title/position and institution of  the reviewer in the 
footnote accompanying the printed article. For example, review-
ers: Professor Jing-Yuan Fang, Shanghai Institute of  Digestive 
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty, 
Shanghai Jiaotong University, Shanghai, China; Professor Xin-
Wei Han, Department of  Radiology, The First Affiliated Hospital, 
Zhengzhou University, Zhengzhou, Henan Province, China; and 
Professor Anren Kuang, Department of  Nuclear Medicine, Huaxi 
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific require-
ments for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. 
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AIM (no more than 20 words): Only the purpose should be 
included. Please write the aim as the form of  “To investigate/
study/…”; MATERIALS AND METHODS (no less than 140 
words); RESULTS (no less than 294 words): You should present 
P values where appropriate and must provide relevant data to 
illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, 
P < 0.001; CONCLUSION (no more than 26 words). 

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main 
text or in Figures and Tables, but not in both. The main text 
format of  these sections, editorial, topic highlight, case report, 
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clear-
ly in the main text. Provide a brief  title for each figure on a sep-
arate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be 
used rather than magnification factors, with the length of  
the bar defined in the legend rather than on the bar itself. 
File names should identify the figure and panel. Avoid layer-
ing type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A:...; 
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish 
high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. De-
tailed legends should not be included under tables, but rather 
added into the text where applicable. The information should 
complement, but not duplicate the text. Use one horizontal line 
under the title, a second under column heads, and a third below 
the Table, above any footnotes. Vertical and italic lines should be 
omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 
aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and dP 
< 0.01 are used. A third series of  P values can be expressed as 
eP < 0.05 and fP < 0.01. Other notes in tables or under illustra-
tions should be expressed as 1F, 2F, 3F; or sometimes as other 
symbols with a superscript (Arabic numerals) in the upper left 
corner. In a multi-curve illustration, each curve should be la-

beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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