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Abstract
Pancreatic cystic lesions (PCLs) have been increasingly recognized in clinical
practice. Although inflammatory cysts (pseudocysts) are the most common PCLs
detected by cross-sectional imaging modalities in symptomatic patients in a
setting of acute or chronic pancreatitis, incidental pancreatic cysts with no
symptoms or history of pancreatitis are usually neoplastic cysts. For these lesions,
it is imperative to identify mucinous cysts (intraductal papillary mucinous
neoplasms and mucinous cystic neoplasms) due to the risk of their progression to
malignancy. However, no single imaging modality alone is sufficient for a
definitive diagnosis of all PCLs. The cyst fluid obtained by endoscopic
ultrasound-guided fine needle aspiration provides additional information for the
differential diagnosis of PCLs. Current recommendations suggest sending cyst
fluid for cytology evaluation and measurement of carcinoembryonic antigen
(CEA) levels. Unfortunately, the sensitivity of cytology is greatly limited, and cyst
fluid CEA has demonstrated insufficient accuracy as a predictor of mucinous
cysts. More recently, cyst fluid glucose has emerged as an alternative to CEA for
distinguishing between mucinous and nonmucinous lesions. Herein, the clinical
utility of cyst fluid glucose and CEA for the differential diagnosis of PCLs was
evaluated.

Key words: Carcinoembryonic antigen; Differential diagnosis; Fine-needle biopsy;
Glucose; Pancreatic cyst; Tumor marker

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Incidental pancreatic cysts have been found in far more patients with the
improvement of cross-sectional imaging tests. Many of these lesions have malignant
potential, especially the mucinous lesions, and imaging alone is not enough to guarantee
definitive diagnosis. Cyst fluid carcinoembryonic antigen (CEA) has been used as the
most important cyst fluid marker to distinguish mucinous from nonmucinous cysts. More
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recently, glucose has emerged as a useful cyst fluid marker for the identification of
pancreatic mucinous cysts with an accuracy similar to or even better than CEA.

Citation: Lopes CV. Cyst fluid glucose: An alternative to carcinoembryonic antigen for
pancreatic mucinous cysts. World J Gastroenterol 2019; 25(19): 2271-2278
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2271.htm
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INTRODUCTION
Pancreatic cystic lesions (PCLs) have been detected in between 2.4% and 19.6% of the
general  population during imaging tests  [computed tomography (CT),  magnetic
resonance  imaging  (MRI)]  for  unrelated  reasons[1,2].  In  the  absence  of  previous
episodes of acute pancreatitis, which could increase the chance of pseudocysts, most
of these lesions are neoplasms, and some of them have significant malignant potential,
especially the intraductal  papillary mucinous neoplasms (IPMNs) and mucinous
cystic neoplasms (MCN)[3-5].

The accurate diagnosis of PCLs is critical to guarantee the best management for
these  patients,  whether  through  surgical  resection  or  periodic  surveillance[6-8].
Unfortunately,  there  is  no  a  single  test  accurate  enough  to  assure  a  definitive
diagnosis for all PCLs, particularly for those that are isolated unilocular cystic lesions,
with neither perceptible communication with the main pancreatic duct (MPD) nor
previous episodes of pancreatitis[9]. Therefore, a combination of information obtained
from demographics, clinical history and imaging, as well as cytopathology and cyst
fluid markers obtained by endoscopic ultrasound-guided fine needle aspiration (EUS-
FNA), has been used for the differential diagnosis of PCLs (Table 1).

Recently, a few studies reported on the value of cyst fluid glucose as an addition to
the differential diagnosis of pancreatic cysts[10-12]. However, carcinoembryonic antigen
(CEA)  has  been  the  most  used  cyst  fluid  marker  to  date.  This  review aimed to
compare the roles of cyst fluid glucose and CEA for the diagnosis of mucinous and
nonmucinous PCLs.

IMAGING OF PANCREATIC CYSTIC LESIONS
Noninvasive cross-sectional imaging tests (CT and MRI) are usually responsible for
detecting unsuspected PCLs and represent the first diagnostic approach for these
lesions. EUS is a complementary tool when the diagnosis is undetermined by clinical
and cross-sectional imaging data, when there are worrisome features present, or if
surgery is believed to pose a high risk. Regarding the characteristics of mucinous
lesions, IPMNs are radiographically classified according to the dilation of the ductal
system as main duct-IPMN (MD-IPMN), branch duct-IPMN (BD-IPMN), or mixed
type-IPMN. MD-IPMN is characterized by focal or diffuse dilation of the MPD to > 5
mm (Figure 1), and by the frequent presentation of a patulous aspect of the ampullary
orifice with mucus secretion. Chronic pancreatitis and ductal adenocarcinoma are the
most important differential diagnoses for this type of lesion. BD-IPMN is usually a
multifocal disease with normal caliber MPD (Figure 2). Mixed type-IPMN shows a
dilation of the MPD and the presence of dilated side branches (Figure 3). The MCN is
classically a single macrocystic lesion in the body or tail of the pancreas (Figure 4). For
nonmucinous cysts, the pseudocyst is usually a thin- or thick-walled unilocular lesion
that  almost  always  occurs  in  the  setting  of  an  episode  of  acute  pancreatitis  or
pancreatic trauma, as well as in patients with chronic pancreatitis. For serous cystic
lesions,  numerous  microcystic  lesions  with  thin  septa  are  the  most  common
presentation. Central calcified fibrosis is a classic aspect of this type of lesion[13-15].

Nevertheless,  there  is  not  an  ideal  imaging  modality  to  guarantee  a  correct
diagnosis for all PCLs. There is a significant imaging overlap for different types of
PCLs, and specific cystic lesions do not always disclose their most typical imaging
features. The accuracy of CT and MRI/MR cholangiopancreatography in determining
a definitive diagnosis is approximately 50%[16-18]. For EUS morphology alone, there is
slightly  more  than  chance  interobserver  agreement  among  experienced
endosonographers for the diagnosis of the specific types of PCLs[19].

Since imaging alone is not sufficient for a definitive diagnosis of many PCLs, EUS-
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Table 1  Differential diagnosis of pancreatic cystic lesions

IPMN MCN PC SCN NET SPN

Sex M = F F > M M > F F > M M = F F > M

Age (yr) 40-80 30-70 Variable 50-70 20-50 8-40

Clinical setting Asymptomatic
Pancreatitis

Asymptomatic
Pain/mass

Pancreatitis Asymptomatic
Pain/mass

Asymptomatic
Pain/mass

Asymptomatic
Pain/mass

Appearance Dilated MPD
and/or branch-

ducts. Fish- mouth
papilla.

Well-circumscribed
macrocystic lesion

Unilocular.
Thin/thick- walled.

Acute/chronic
pancreatitis.

Microcystic with
central fibrosis/
macrocystic and
solid variants are

possible

Associated mass Mixed solid and
cystic with well-
defined borders.

Location Head Body/tail Anywhere Anywhere Body/tail Body/tail

Communication
with MPD

Yes Rare Yes/no No No No

Calcification No Peripheral Related to chronic
pancreatitis

Central In necrotic lesions. In necrotic lesions.

Fluid Clear/viscous Clear/viscous Thin/dark Clear/watery Thin Bloody

Epithelium Columnar papillary
mucinous.

Columnar/cuboidal
mucinous.

No epithelium.
Inflammatory cells.

Serous cuboidal.
Stain for glycogen.

Endocrine. Stain for
synaptophysin,
chromogranin

Stain for vimentin,
α1-antitrypsin, β-

catenin

Malignant
potential

High High None Rare Low Low

Cyst fluid CEA Usually High High Low Very low Very low Low

Cyst fluid amilase High Variable High Low Low Low

IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; PC: Pseudocyst; SCN: Serous cystic neoplasm; NET: Neuroendocrine
tumor; SPN: Solid pseudopapillary neoplasm; MPD: Main pancreatic duct; CEA: Carcinoembryonic antigen.

FNA provides additional information that can be helpful in confirming the type of
cyst. The aspirated cyst fluid allows cytological analysis, as well as assessment of
biochemical and molecular factors and tumor markers.

PANCREATIC CYST FLUID ANALYSES

Cytology
Cytologic diagnosis using cystic fluid relies on the presence of confirmed malignant
cells, mucin-containing cells, or glycogen-containing cells. The specificity of cytology
in  most  studies  is  excellent  and approaches  100%,  but  the  sensitivity  is  usually
unsatisfactory,  especially due to the paucicellular nature of  the samples and the
presence of blood and benign epithelial cells from the gastric or duodenal mucosa. In
a meta-analysis by Wang et al[20]  of 16 studies and 1024 patients, the specificity of
malignant cytology was 94%, but the sensitivity was only 51%. These data resemble
those from another meta-analysis by Thornton et al[21].

Carcinoembryonic antigen
Given the unsatisfactory sensitivity of cytology for PCLs, the value of tumor markers
in  the  aspirated  cyst  fluid  has  been  examined.  In  the  well-known  multicenter
prospective study by Brugge et al[22], a cut-off of 192 ng/mL for CEA demonstrated a
sensitivity  of  75%,  specificity  of  84%,  and  accuracy  of  79%  for  the  differential
diagnosis between mucinous and nonmucinous cystic lesions. This performance was
significantly better when compared to EUS morphology alone (51%) or cytology (59%)
(P < 0.05). These results were corroborated in a meta-analysis by Thornton et al[21].
However, a multicenter study demonstrated a misdiagnosis of 40% for mucinous and
17%  for  nonmucinous  lesions  by  using  the  same  cut-off[23].  Given  the  risk  of
misclassification, other studies have used higher CEA thresholds in an attempt to
improve the diagnostic accuracy for mucinous lesions, despite compromising the
sensitivity of the marker[23-27]. A CEA level of > 800 ng/mL had a specificity ranging
between 86% and 98% and a diagnostic accuracy between 58% and 79% for detecting
mucinous lesions, but the sensitivity was too low, ranging from 33% to 48%[23,24,26]. On
the other hand, similar results have been found with lower thresholds. Gaddam et
al[23], using a cut-off value of 105 ng/mL, yielded a sensitivity of 70% and specificity of
63%, albeit 30% of mucinous lesions were misdiagnosed. With an even lower CEA
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Figure 1

Figure 1  Main duct-intraductal papillary mucinous neoplasms. Magnetic resonance imaging of a uniform dilation
of the main pancreatic duct.

cut-off of only 48.6 ng/mL, Oh et al[28] described a sensitivity, specificity, and accuracy
for the diagnosis of mucinous cysts of 72.4%, 94.7%, and 81.3%, respectively.

Unlike the high CEA levels and the correlation with mucinous lesions, CEA levels
of < 5 ng/mL are highly suggestive of nonmucinous lesions, with sensitivity ranging
from 44% to 50%, specificity higher than 95%, and diagnostic accuracy ranging from
67% to 78%[24,26]. Most of these lesions were serous cystic neoplasms in the presence of
low levels of amylase. However, in the experiment of Gaddam et al[23], despite median
CEA levels for serous cysts having been found to be 1.7 ng/mL, 31% of serous cysts
would have been misclassified when using a cut-off of 5 ng/mL.

Thus,  cyst  fluid  CEA  alone  cannot  be  regarded  as  a  perfect  marker  for  the
differential diagnosis of PCLs at this time. CEA levels have been demonstrated to be
insufficiently accurate as a predictor of mucinous cysts, and the optimal cut-off is
controversial.  The  ranges  of  cyst  fluid  CEA  concentration  from  mucinous  and
nonmucinous cysts overlap considerably according to the CEA cut-off used[23,24]. Cysts
with viscous fluid and CEA values between 10 ng/mL and 200 ng/mL represent the
most  important  diagnostic  challenge.  Particularly  for  IPMNs,  Yoon  et  al [29]

demonstrated that cyst fluid CEA levels vary considerably by histologic type, with the
gastric and pancreatobiliary types presenting the highest median CEA concentrations
(619.8 and 270 ng/mL, respectively), and the intestinal and oncocytic types presenting
the  lowest  median  concentrations  (83  and  5.1  ng/mL,  respectively,  P  =  0.012).
Furthermore,  there  has  not  been  a  significant  correlation  between  the  risk  of
malignancy  and  cyst  fluid  CEA  levels[28,30,31].  CEA  measurement  is  a  laborious
technique that  requires  specific  laboratory capabilities  that  are  costly  and time-
consuming.  Commercially  available  methods  for  CEA  measurement  have  been
validated for the analysis of serum or plasma but not for pancreatic cyst fluid, and
there could be significant variation in the results among different methods. Moreover,
CEA thresholds are not necessarily transferable between different methods[32].

Molecular markers in pancreatic cyst fluid seem to be promising for the future,
especially with the evaluation of GNAS and KRAS[33-35]. However, molecular markers
are even more expensive than CEA, the analyses are performed using specialized
technologies offered in few referral laboratories, and their results take a long time to
be available. Additionally, molecular profiling remains under investigation and is not
widely  available.  Currently,  other  cyst  fluid  markers  are  being  sought,  and  a
combination of these markers with CEA seems to be a more reasonable alternative.

Glucose
In 2013, Park et al[10], who were looking for potential cyst fluid markers for pancreatic
mucinous cysts, published, for the first time, that glucose levels were significantly
lower in mucinous cysts when compared to nonmucinous cysts (5 vs 82 mg/dL, P =
0.002).  The  best  performance  for  glucose  was  observed by  using  a  cut-off  of  66
mg/dL, with a sensitivity, specificity, and diagnostic accuracy of 94%, 64%, and 84%,
respectively. With this threshold, glucose had an accuracy similar to that of CEA > 192
ng/mL (84% vs 77%). Particularly for serous cystic neoplasms, glucose levels were
significantly higher when compared to other cyst types (98 mg/dL vs 7 mg/dL, P =
0.0001). The diagnostic yield for the differentiation of serous cystic neoplasms at the
same  cut-off  of  66  mg/dL  had  a  sensitivity  of  88%,  a  specificity  of  89%,  and  a
diagnostic accuracy of 89%. The same group validated these findings with a larger
cohort two years later[11]. Sixty-five pancreatic cyst fluid samples with histological
correlation were analyzed. Median glucose levels were once again lower in mucinous
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Figure 2

Figure 2  Branch duct—intraductal papillary mucinous neoplasms. Magnetic resonance
cholangiopancreatography demonstrating a nondilated main pancreatic duct with multiple cystic dilated side branch
ducts.

cysts (20 mg/dL vs  78 mg/dL, P  < 0.0001). In this new study, the sensitivity and
specificity for the definition of mucinous cysts at a glucose cut-off of ≤ 50 mg/dL were
88% and 78%, respectively. The standard CEA cut-off of 192 ng/mL had a sensitivity
and specificity of  73% and 89%, respectively.  However,  the combination of  both
markers did not improve the diagnostic accuracy when compared to glucose or CEA
alone. Recently, a well-designed study conducted by Carr et al[12] compared the cyst
fluid  glucose  and  CEA levels  in  samples  from 153  patients  with  pathologically
confirmed diagnoses. Median glucose levels were lower in mucinous cysts (19 vs 96
mg/dL, P < 0.0001). With the same threshold of ≤ 50 mg/dL, glucose had a sensitivity
of 92%, a specificity of 87%, and a diagnostic accuracy of 90% in diagnosing mucinous
cysts.  All  median  glucose  levels  for  mucinous  cysts  fell  below  50  mg/dL.  In
comparison, a CEA threshold of > 192 ng/mL had a sensitivity of 58%, a specificity of
96%, and a diagnostic accuracy of 69% for mucinous cysts. Combining glucose and
CEA  for  differentiating  pancreatic  mucinous  cysts  had  a  sensitivity  of  95%,  a
specificity of 85%, and a diagnostic accuracy of 93% (P = 0.03). However, like CEA,
cyst fluid glucose was unable to diagnose malignant disease.  These studies have
demonstrated that cyst fluid glucose performs similar to or even better than CEA in
differentiating mucinous from nonmucinous cysts. Unlike CEA, glucose measurement
is simple, rapid, inexpensive, reproducible, and requires only a few drops of cyst
fluid.

In  our  initial  experiment  comparing cyst  fluid glucose  and CEA levels  in  115
patients, glucose levels were < 50 mg/dL in 33 of 36 (91.6%) samples whose CEA
levels were suggestive of mucinous pancreatic cysts at ≥ 192 ng/mL (Table 2). When
CEA levels were < 5 ng/mL, suggestive of serous cystic neoplasms, glucose levels
were ≥ 50 mg/dL in 48 of 51 (94.1%) samples (Table 3). Our median glucose levels in
cysts whose CEA levels were ≥ 192 ng/mL and < 5 ng/mL were 5.5 mg/dL, and 98
mg/dL,  respectively.  The  median  glucose  levels  were  5  mg/dL  in  two  studies
evaluating mucinous cystic lesions[10,11]. On the other hand, the median glucose levels
ranged between 86 and 103 mg/dL in studies evaluating serous cystic lesions[10-12]. Our
findings are completely in line with the literature. Regardless these findings have not
been compared to surgical  pathology,  they could demonstrate an almost  perfect
correlation between specific glucose and CEA thresholds for different types of PCLs
(data not published).

CONCLUSION
PCLs have the potential to be malignant, and imaging, cytology, and cyst fluid CEA
have demonstrated inadequate abilities for accurate diagnosis. In this context, glucose
has emerged as a useful cyst fluid marker for distinguishing between mucinous and
nonmucinous cysts with accuracy similar to or even better than CEA. Indeed, the
initial  results  are  promising,  and  more  high-quality  multicenter  studies  must
reproduce these findings to corroborate cyst  fluid glucose for  routine use in the
differential diagnosis of these lesions.
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Table 2  Comparison between cyst fluid carcinoembryonic antigen and glucose levels, using a carcinoembryonic antigen cut-off
suggestive of mucinous cystic neoplasms

Glucose levelsCEA levels < 50 mg/dL ≥ 50 mg/dL Total

≥ 192 ng/mL 33 3 36a

< 192 ng/mL 25 54 79

Total 58 57 115

CEA: Carcinoembryonic antigen;
aP < 0.0001.

Table 3  Comparison between cyst fluid carcinoembryonic antigen and glucose levels, using a carcinoembryonic antigen cut-off
suggestive of serous cystic neoplasms

Glucose levelsCEA levels < 50 mg/dL ≥ 50 mg/dL Total

≥ 5 ng/mL 55 9 64a

< 5 ng/mL 3 48 51

Total 58 57 115

CEA: Carcinoembryonic antigen;
aP < 0.0001.

Figure 3

Figure 3  Mixed-intraductal papillary mucinous neoplasms. The main pancreatic duct is markedly dilated in the pancreatic head with multiple dilated side branches
throughout the pancreas.

Figure 4

Figure 4  Mucinous cystic neoplasm. An unilocular cyst with thin walls and homogeneous content on computed tomography in the pancreatic body.
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Abstract
Hepatocellular carcinoma (HCC) is the most common primary malignancy of the
liver. It is the second leading cause of cancer-related deaths worldwide, with a
very poor prognosis. In the United States, there has been only minimal
improvement in the prognosis for HCC patients over the past 15 years. Details of
the molecular mechanisms and other mechanisms of HCC progression remain
unclear. Consequently, there is an urgent need for better understanding of these
mechanisms. HCC is often diagnosed at advanced stages, and most patients will
therefore need systemic therapy, with sorafenib being the most common at the
present time. However, sorafenib therapy only minimally enhances patient
survival. This review provides a summary of some of the known mechanisms
that either cause HCC or contribute to its progression. Included in this review are
the roles of viral hepatitis, non-viral hepatitis, chronic alcohol intake, genetic
predisposition and congenital abnormalities, toxic exposures, and autoimmune
diseases of the liver. Well-established molecular mechanisms of HCC progression
such as epithelial-mesenchymal transition, tumor-stromal interactions and the
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tumor microenvironment, cancer stem cells, and senescence bypass are also
discussed. Additionally, we discuss the roles of circulating tumor cells,
immunomodulation, and neural regulation as potential new mechanisms of HCC
progression. A better understanding of these mechanisms could have
implications for the development of novel and more effective therapeutic and
prognostic strategies, which are critically needed.

Key words: Hepatocellular carcinoma; Viral/non-viral hepatitis; Alcohol consumption;
Epithelial-mesenchymal transition; Tumor-stromal interactions; Tumor
microenvironment; Cancer stem cells; Circulating tumor cells; Immunomodulation;
Neural regulation
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Core tip: The overall prognosis for hepatocellular carcinoma patients remains poor, as
there has only been minimal improvement over the past 15 years. Details of the
mechanisms of hepatocellular carcinoma progression remain unclear. This review
discusses a summary of both well-established and newly proposed mechanisms of
hepatocellular carcinoma progression. A better understanding of these mechanisms is
critical to the development of novel and more effective therapeutic strategies likely to
improve hepatocellular carcinoma patient outcomes.

Citation: Ogunwobi OO, Harricharran T, Huaman J, Galuza A, Odumuwagun O, Tan Y, Ma
GX, Nguyen MT. Mechanisms of hepatocellular carcinoma progression. World J
Gastroenterol 2019; 25(19): 2279-2293
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2279.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2279

INTRODUCTION
Hepatocellular  carcinoma  (HCC)  is  the  most  common  primary  liver  cancer
comprising 75%-85% of cases of liver cancer[1]. It is the sixth most common cancer and
the second leading cause of cancer deaths worldwide[1]. The incidence of HCC in the
United States has been increasing over the past two decades[1-3].  While the overall
prognosis for HCC patients in the United States has improved somewhat in the past
15 years, it still remains poor. In fact, in the United States, the 2-year survival for HCC
is less than 50% and 5-year survival is only 10%[4].

In Asia, chronic hepatitis B virus (HBV) infection is the primary cause of HCC.
While in the Western world, chronic hepatitis C virus (HCV), alcoholic cirrhosis and
non-alcoholic steatohepatitis (NASH) are the main causes[5]. Other known risk factors
of  HCC  include  heavy  alcohol  consumption,  nonalcoholic  fatty  liver  disease,
consumption of aflatoxins, obesity, type 2 diabetes and tobacco smoking[6,7].

Early diagnosis and effective treatment of HCC remain a challenge. While some
patients can be symptomatic, including symptoms such as right upper abdominal
quadrant pain, anorexia, early satiety, weight loss, obstructive jaundice, fever, watery
diarrhea,  lethargy,  and  bone  pain  (from  metastases)[6,7],  most  patients  remain
asymptomatic, and clinical presentation occurs at advanced stages of the disease.

If  detected very early,  HCC can actually be cured with an excellent long-term
prognosis[7], where the principal treatment options would be surgical resection or liver
transplantation if the patient is a suitable transplant candidate[8]. However, for the
vast majority of HCC patients, their cancer is detected at an advanced stage where
surgical  cure  is  no  longer  an  option [7 ].  Most  patients  will  therefore  need
chemotherapy,  which  works  by  destroying  cancer  cells  and  inhibiting  the
proliferation of new cancer cells via the use of chemical agents. Sorafenib, a small
multi-tyrosine kinase inhibitor that blocks Raf kinase, vascular endothelial growth
factor (VEGF), and platelet-derived growth factor (PDGF) receptor activities, is the
most commonly used chemotherapeutic agent to treat HCC[4]. Although a targeted
chemotherapeutic  agent,  its  use  has  been  shown  to  minimally  enhance  patient
survival[9] by only about 7-10 months[10]. Other drugs such as sunitinib, brivanib, and
other angiogenic inhibitors are currently still under development and hold promise in
targeting the extensive angiogenic network that is present in the liver[11,12]. Additional
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multi-kinase inhibitors recently approved for HCC treatment include regorafenib (for
secondary treatment after sorafenib), as well as levatinib (another first-line drug to
treat HCC besides sorafenib). However, neither provide much more additional benefit
than sorafenib treatment[13,14]. As such, better treatment options are still needed.

To address this unmet need, researchers are trying to identify different mechanisms
that may be involved in HCC progression to find alternative therapeutic strategies[8].
There  have  been various  signaling  pathways  and molecules  implicated in  HCC
progression.  Some  of  these  will  be  discussed  in  this  review  article  and  are
summarized in Figure 1.

MECHANISMS OF ETIOLOGY
Several risk factors have been implicated in the development and progression of
HCC, notably chronic  viral  hepatitis,  non-viral  hepatitis,  chronic  alcohol  intake,
certain disease states (obesity and diabetes), and consumption of toxin-contaminated
staples[15].  The epidemiologic distribution of these risk factors varies according to
geographic location and host-specific factors.

Viral hepatitis
HBV and HCV are major causes of viral hepatitis that lead to the development of
cirrhosis and HCC. The pathogenesis of HBV-induced HCC is thought to involve
several mechanisms, including HBV-DNA integration into host genetic machinery,
DNA methylation, oxidative stress, and HBx protein[16]. The risk of developing HCC
has been shown to be proportional to HBV-DNA level in liver cells. HBV gains entry
into liver cells through a receptor mediated pathway. Chronic illness results from
persistence of the virus in the host cells via various mechanisms that include infection
of immune defense control centers, viral inhibition of antigen presentation, selective
immune suppression, down-regulation of viral gene expression, and viral mutations
that functionally incapacitate virus-specific T cells from recognizing HBV antigen[17].
Immune  response  and  inflammatory  reactions  induce  cytokine  and  chemokine
mobilization, causing oxidative stress. This, in turn, promotes constant activation of
several genes that cause cirrhosis, including TERT, MLL4, RARβ, CCNE1, Cyclin A2,
FN1, ROCK1, SENP5, ANGPT1, PDGF receptor,  calcium signaling-related genes,
ribosomal protein genes, epidermal growth factor receptor (commonly known as
EGFR), and mevalonate kinase carboxypeptidase[15].

HBV and HCV viral proteins may be involved in hijacking the cellular machinery.
Viral attack can also directly cause cirrhotic tissue development through the release of
proinflammatory cytokines (e.g., interleukin (IL)6, tumor necrosis factor (TNF)-α, IL1
and IL18)[18].

HCV hijacks host cellular machinery to increase cellular proliferation, steatosis,
inflammatory processes, mitochondrial dysfunction, insulin resistance, all leading to
oxidative stress, genetic instability and DNA damage with cirrhosis and HCC as a
likely outcome[19].

HCC  risk  drastically  increases  at  the  cirrhotic  liver  stage,  suggesting  a  close
association.

The corresponding interplay of inflammatory responses, gene activation, and viral
clearance suppression creates  a  conditioned environment that  promotes  cellular
mutations leading to HCC.

Non-viral hepatitis
Even though viral hepatitis from HBV and HCV are strongly associated with liver
cancer, there are non-viral risk factors that can induce the development of HCC[20].
Diabetes mellitus, alcohol abuse, cardiovascular disease, liver inflammation, obesity,
dyslipidemia and non-alcoholic fatty liver disease (NAFLD) are some other major
contributors to HCC development.

Accumulation of iron in the liver of NASH and HCC patients[21,22] is correlated with
progression of fibrosis and HCC[23]. In this context, a possible tumor biomarker may be
serum  ferritin  rather  than  iron.  However,  because  there  is  no  exact  correlation
between  iron  inside  the  liver  and  iron  in  the  blood,  it  is  difficult  to  clarify  the
pathological features of ferritin on the poor prognosis of non-viral HCC (nvHCC)[24].
Results of a cohort study of 93 patients with nvHCC, 62 of whom had alcohol abuse
problems, showed an increase in ferritin level in non-diabetics[24]. However, further
research needs to be done to assess the correlation between the impacts of alcohol and
ferritin on NAFLD[24].

On the other hand, HCC is associated with obesity. Obesity impairs metabolism,
induces  inflammation  and is  an  etiological  factor  for  NAFLD,  steatosis,  NASH,
hepatic fibrosis, cirrhosis, and ultimately HCC. Caused partly by a sedentary lifestyle
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Figure 1

Figure 1  Summary of the HCC progression mechanisms discussed in this review. HCC: Hepatocellular
carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

and obesity, impaired lipid metabolism and deregulation of energy equilibrium in the
liver contributes to the correlation between type 2 diabetes and NAFLD. In fact,
several studies have shown that high BMI, waist circumference, and type II diabetes
mellitus are associated with higher risks of liver cancer[25,26]. They have also suggested
that the association may vary depending on the status of viral hepatitis infection[25].
Conversely,  NAFLD  provides  the  metabolic  environment  to  induce  insulin
resistance[27], a known etiological factor for HCC.

Role of alcohol
Chronic alcohol intake is detrimental to our health. It leads to liver cirrhosis, and
subsequently HCC. Alcoholic liver disease is one of the leading causes of HCC[28].
According to case studies from all over the world, alcohol abuse is related to up to 2-
fold increased risk of HCC[29]. Moreover, studies performed on mice fed an alcohol
diet have shown exacerbation of inflammation, epithelial-mesenchymal transition
(EMT) and fibrosis, and consequent progression to HCC[28].

Pure ethanol does not directly cause inflammation and liver damage, however,
toxic by-products of alcohol catabolism such as accumulation of acetaldehyde and
free  radicals  can  influence  oxidative  stress,  apoptotic  cell  death,  necrosis  and
necroptosis[29]. Reactive oxygen species (ROS) generation is the result of increased
inflammatory cytokine secretion caused by constant inflammatory pathways[19]. ROS-
induced DNA damage,  genomic  vulnerability  of  hepatocytes  and T-lymphocyte
suppression contribute to HCC development[19].

Also, alcohol catabolism impacts several steps of lipid metabolism, which leads to
liver steatosis and inhibition of fatty acid oxidation[29].

Reversibility of gene expression via epigenetic alteration is an important biological
phenomenon that often plays a role in tumorigenesis. Epigenetic mechanisms affected
by excessive alcohol consumption lead to altered DNA methylation and acetylation.
For instance, altered acetylation is associated with hepatic steatosis alcohol-induced
HCC[29]. Overexpression of c-Met and hepatocyte growth factor is directly associated
with  promoter  hypomethylation  in  circulating  tumor  cells  (CTCs)  of  HCC  in  a
syngeneic BALB/c mouse tumor model[30].

Moreover, alcohol abuse is associated with HCC via impaired metabolism, such as
accumulation of acetaldehyde, hypomethylation, lack of antioxidants and retinoic
acid, together with inflammation, oxidative stress, hypoxia and genetic instability[28].

Other mechanisms of progression to cirrhosis and HCC
In addition to the role of viral hepatitis and alcohol in the development of HCC, other
possible risk factors include genetic predisposition and congenital abnormalities, toxic
exposures (aflatoxin or arsenic contaminated food), and autoimmune diseases of the
liver.

Several congenital abnormalities have been shown to predispose patients to liver
cirrhosis and HCC. These include hereditary tyrosinemia, Wilson’s disease, alpha-1-
antitrypsin deficiency, and hemochromatosis[31].

The  pathogenesis  of  aflatoxin  B1  (AFB1)  -  induced  HCC  includes  several
mechanisms, including the formation of mutagenic and carcinogenic intermediates
and adducts. Aflatoxins are released from food contaminated by the fungi, Aspergillus
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flavus and Aspergillus parasiticus. A series of chemical transformations occur that result
in the conversion of  AFB1 to established mutagenic or carcinogenic compounds:
aflatoxin-B1  →  aflatoxin  B1-8,9  exo-epoxide  →  8,9-dihydroxy-8-(N7)  guanyl-9-
hydroxy aflatoxin B1 adduct → aflatoxin B1 formaminopyrimidine adduct. These
adducts and intermediates can also directly induce a mutation at codon 249 of the p53
tumor suppressor gene. This replaces arginine with serine, a change that reverses the
tumor suppressing ability of the gene. There are reports that suggest that AFB1 acts
synergistically[32]  with HBV to induce HCC. Additive interactions have also been
reported[33].

In  a  systematic  review,  Tansel  et  al[34]  demonstrated  a  relationship  between
increased  risk  of  developing  HCC in  patients  with  liver  cirrhosis  as  a  result  of
autoimmune hepatitis (AIH). The risk of liver cirrhosis from AIH was found to be
lower than that of liver cirrhosis secondary to HBV and HCV infection or primary
biliary cholangitis.  Nevertheless, the risk of liver cirrhosis and HCC from AIH is
clinically significant.

ESTABLISHED BIOLOGICAL MECHANISMS OF HCC
PROGRESSION
There are several established biological mechanisms involved in the progression of
HCC. These include EMT, tumor-stromal interactions,  tumor microenvironment,
cancer  stem  cells,  and  dysregulation  of  microRNAs  and  well-known  signaling
pathways[35,36]. Some of these are discussed below.

EMT
EMT is a biological process that occurs normally during development and wound
healing, but is hijacked by cancer cells. During this process, epithelial cells, which are
normally attached to a basement membrane and closely adhered to one another, lose
their cell adhesive properties and become migratory in nature[37-39].  This endowed
mesenchymal behavior permits the successful migration of cells, which if usurped by
cancer cells, can promote their dissemination and spread throughout the body.

EMT  has  been  recognized  by  many  in  the  field  to  be  important  for  cancer
progression[40,41]. In HCC, there have been several reports of EMT effectors such as
cadherins,  fibronectin,  vimentin,  and  integrins,  being  altered  to  permit  a  more
mesenchymal  phenotype.  Furthermore,  transcription  factors  promoting  EMT,
including  Snail,  Slug,  Twist  and  Zeb,  are  also  upregulated  during  HCC
progression[42,43].  Additionally, there have been a number of studies on exosomes,
microRNAs, long noncoding RNAs, and regulatory signaling pathways that have
been associated with EMT and demonstrate consequences in HCC progression[30,41,44-49].
This is  indicative of the important role that EMT plays in HCC progression. The
molecular mechanisms of EMT may have diagnostic,  prognostic,  and therapeutic
implications in HCC.

Tumor-stromal interactions and role of the tumor microenvironment
Metastasis is the most common cause of cancer-related deaths[30,50]. Worldwide, HCC
is a leading cause of death from cancer[51]. However, the molecular mechanisms of
HCC and metastasis are still being clarified[50].

Tumor development and malignant progression can be promoted by a constantly
changing extracellular environment that is impacted by microenvironmental stimuli,
immune cell cooperation, and inflammatory signals. There is communication between
hepatic  tumor  cells  and  non-tumor  stroma.  The  non-tumor  stroma  consists  of
components of the extracellular matrix (ECM) such as non-malignant fibroblasts,
immune  and  endothelial  cells,  collectively  known  as  the  peri-tumoral
microenvironment[52]. Major alterations to the hepatic microenvironment and cells in
chronic  liver  disease  influence  cancer  development[53].  For  example,  a  hypoxic
microenvironment  in  primary HCC is  strongly associated with progression and
angiogenesis. The consequent enhanced blood supply in the tumor mediates growth
formation and metastasis[54].

According  to  previous  studies,  tumor  cells  cross-talk  with  the  abnormal
microenvironment,  ECM, inflammatory cytokines,  chemokines  and upregulated
growth factors, contributing to increased angiogenesis[55,56]. Although the molecular
mechanisms of tumor-stromal interactions are still being clarified, existing evidence
show an accumulation of hepatic stellate cells (HSCs), triggered by hypoxia-induced
platelet-derived growth factor-BB (PDGF-BB), and proliferation in the tumor stroma,
as well as an increase in VEGF-A expression in HSCs leads to HCC angiogenesis[54].

Interactions between normal tumor-suppressive microenvironment and hepatic
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stellate cells and normal liver fibroblasts have been reported[53].  One of the major
factors in liver fibrosis and cirrhosis is activated HSCs[53]. The important paracrine
interactions between activated HSCs and hepatocytes impact HCC proliferation and
metastasis[57-59]. HSCs (also known as peri-sinusoidal cells), one of the components of
the cellular tumor microenvironment in HCC, are responsible for collagen synthesis
in the liver[51]. As liver damage occurs, activated HSCs accumulate in the ECM and
induce hepatic fibrosis and hepatocarcinogenesis[51].

The  exact  molecular  mechanisms  of  interactions  between  non-tumor  stromal
constituents (specifically macrophages) and hepatic cancer cells are unclear. Studies in
mice  have  shown  induced  macrophage  infiltration  of  alternatively  activated
phenotype M2 pro-tumor monocyte-derived macrophages into tumors developed in
the chronically damaged livers of mice injected with carbon tetrachloride (CCl4) for 7
weeks[52].  Therefore,  an  inflamed liver  background is  favorably  associated  with
increased cancer development[52].

Cancer stem cells in HCC
Liver lineage studies have uncovered four maturational levels of cells that allow the
liver to strike a perfect balance between cell gain and cell loss. These include mature
hepatocytes, oval cells, bone marrow cells and hepato-pancreas stem cells[60]. These
different levels of stem cells integrate to respond to loss of liver cells in the body in
several ways, and are thus implicated in liver cirrhosis and HCC.

The cancer stem cell (CSC) theory has been proposed as an explanatory mechanism
of HCC metastasis, progression and aggressiveness. CSCs, like regular stem cells,
have self-renewing features and are capable of differentiating into tumor cells of
varying  phenotypes  and  through  several  pathways,  partly  accounting  for  the
heterogeneous clinical presentation of HCC[61].  Previous research has successfully
demonstrated that liver cells are directly involved in hepatocarcinogenesis[62], and
transformation of these cells may give rise to CSCs. Some reports also suggest that
cancer cells in HCC develop from dedifferentiation of mature hepatocytes rather than
from uncontrolled proliferation of liver stem cells[63], with intrinsic factors (genetics,
autoimmune diseases) contributing, and extrinsic factors (HBV, HCV, alcohol, AFB1)
accounting for 70%-90% of the transformation of small hepatocyte-like progenitor
cells to cancer cells of HCC[64]. Nevertheless, the correlation between stem-cell division
and cancer risk cannot distinguish the effect of intrinsic factors from that of extrinsic
factors.

Stem cells originating from the bone marrow, known as bone marrow-derived stem
cells, have been demonstrated to be involved in the progression of HCC. Yavorkovsky
et al[65] observed the biomarkers when liver trauma simulating HCC was induced with
allyl  alcohol  and demonstrated that  only  bone  marrow-derived stem cells  were
activated to respond to the trauma.

Stem cells originating from the canal of Hering (oval cells) are mobilized in chronic
liver injury[66]. Oval cell biomarkers include γ-glutamyl transpeptidase, glutathione-S-
transferase, OV6, α-fetoprotein, neural cell adhesion molecule 1, and chromogranin
A[67].  The normal compensatory mechanisms that mobilize stem cells during liver
injury are altered in HCC in such a way that promotes progression of the carcinogenic
process.

Various models are being used to explain cancer development and intra-tumoral
heterogeneity  in  HCC.  These  include CSCs,  cancer  cell  plasticity  and the  clonal
evolution model, to mention a few[68]. While the majority of heterogeneous tumor cells
stay inactive[69],  a  small  subgroup comprised of  CSCs and cancer  initiating cells,
facilitate tumor development and growth[70-72]. Phenotypic plasticity of cancer cells,
which allows conversion from cancer stem cell to non-CSC and vice versa, is one of
the proposed mechanisms that may be responsible for the intra-tumoral heterogeneity
found  in  solid  tumors[73].  According  to  previous  studies,  underlying  molecular
mechanisms of EMT and CSCs were found to be associated with a high risk for poor
prognosis of cancer patients[68].

During normal development, EMT plays a crucial role in organogenesis[74]. At the
time of early embryogenesis, through EMT, cell-cell adhesive epithelial cells undergo
trans-differentiation and become mobile mesenchymal cells that can migrate, and
invade into neighboring tissues and have increased resistance to apoptosis[73-75]. On the
other hand, mesenchymal cells can transform back to epithelial cells via the process of
mesenchymal-to-epithelial  transition,  or  MET.  These  reprogramming  processes
emphasize the epithelial cell plasticity[73] facilitating metastasis to distant and local
anatomical sites via increased invasive and migratory functions[68,73,74].

The CSC hypothesis in cancer remains controversial.  While some studies have
demonstrated the CSC hypothesis  in brain,  skin,  and colon cancers,  others  have
suggested that tumor-initiating cells (TICs, CSC-like cells) exist instead of CSCs in
other cancer types[69,76]. Some studies have demonstrated that HCC arises from either
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TICs or hepatocytes. According to previous research based on drug-treated HCC
patients,  TICs  are  the  main  trigger  of  tumor  development  and  progression[61].
However, the exact origin of TICs is still not completely understood.

Liver  CSCs  (LCSCs)  have  many  analogous  characteristics  to  normal  liver
stem/progenitor cells. In addition to self-renewal and tumorigenesis abilities, LCSCs
have been implicated in therapeutic drug resistance and relapse in patients[77]. Long-
term inflammatory microenvironment,  caused by HBV or  HCV,  chronic  alcohol
consumption  or  NASH,  and  progression  of  HCC [ 3 5 ]  highly  contribute  to
reprogramming of non-CSC into CSCs[78] and the acquisition of CSC-like properties by
non-CSCs through carcinogenic dedifferentiation[79].

Identification  of  tumor  -  specific  biomarkers  and  discovery  of  molecular
mechanisms are crucial to establish effective therapeutic and early detection strategies
for cancer[60,80]. Through the work of several investigators, we are now familiar with
some of the putative surface markers for liver CSCs, including epithelial cell adhesion
molecule (EpCAM)[81], CD90[82], CD133[83], CD44[84], and CD13[85]. However, there is still
uncertainty as to which cell surface markers best identify CSCs in different cancers.

Therapeutic approaches involving inhibitor targeting of signaling pathways, such
as Wnt, hedgehog (Hh), TGF-β and Notch signaling, have been shown to diminish
LCSC self-reprogramming, metastasis and tumor proliferation[60]. Moreover, drugs
designed  to  modulate  cross-talk  between  CSCs  and  cancer  cells  and  the  tumor
microenvironment may have success in inhibiting tumor growth[60]. Other efforts to
target LCSC markers and epigenetic modulators could produce promising results.

OTHER MECHANISMS OF HCC PROGRESSION
Another established mechanism of HCC progression is senescence bypass. The liver
cells have powerful regenerative abilities. Progenitor cells rapidly divide to restore the
balance offset by tissue loss. However, these cells reach a Hayflick limit, a point where
cell division is permanently arrested after a number of divisions. The cells are said to
exhibit replicative senescence. Replicative senescence can be due to (1) shortening of
telomeres in the absence of telomerase, thereby halting cell division; (2) telomeric-
independent oncogene activation; and (3) elevated ROS. Telomere shortening triggers
the DNA damage response, which is thought to activate several signaling pathways,
including the p53-p21pRB pathway, bringing replication to a halt.  Non-telomeric
senescence utilizes both ATM/Chk/p53 and p16-pRB pathways. Oncogene-induced
senescence is closely associated with DNA hyper-replication that succeeds oncogenic
activation.  Several  oncogenic  pathways  have  been  reported  to  be  involved  in
triggering oncogene-induced senescence, including activated Ras, c-myc or Wnt/β-
catenin[86,87]. Given the tumor suppressing tendency of cell senescence, bypassing it can
result in the proliferation of genetically mutated cells, further DNA instability and
propagation of HCC. Researchers have been exploring cell senescence induction as a
potential strategy in cancer therapeutics.

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) plays a
critical  role  in  how  cells  respond  to  stressful  stimuli,  including  infections  and
ultraviolet radiation[88].  Inflammatory responses mediated by the NF-kB signaling
pathway have been reported to be involved in perpetuating the malignant state. NF-
kB activation suppresses apoptosis[89], activates EMT[90], represses maspin (a metastasis
suppressor  gene)[91],  and targets  VEGF and other  angiogenic  factors  required in
forming new blood vessels that supply HCC[90].

There  has  been considerable  advancement  in  understanding the  fundamental
epigenetic  mechanisms  in  gene  expression,  which  is  now  allowing  for  the
development of novel insights into chronic liver disease epigenetic control[92].  For
example,  loss  of  DNA  methylation  has  been  pointed  to  as  potential  diagnostic
markers in HCC progression. Some studies have also suggested that non-coding
RNAs (ncRNAs) such as microRNAs (miRNAs), small non-coding RNAs (sncRNAs),
long non-coding RNAs (lncRNAs), RNA interference (RNAi), small interfering RNAs
(siRNAs), and piwi-interacting RNAs (piRNAs), could serve as therapeutic strategies
for  HCC[93,94].  Several  preclinical  studies  have  shown  that  significant  tumor
suppression can be achieved by modulating ncRNAs[93,94].

Other interesting factors  that  have been shown to correlate  with HCC patient
prognosis  are  molecular  stratification  and  mutational  signatures[95,96].  There  are
different  classes  of  liver  cancer  based on varying molecular  features  and cell  of
origin[96].  It  has been shown that each stratification has a different implication on
patient  prognosis[95-97].  For  example,  proliferative  subclasses  result  in  a  more
aggressive phenotype and poorer patient outcomes[97].

In terms of  mutational  signature,  there are several  genetic  alterations that  are
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promising for therapeutic interventions. For instance, approximately 15% of HCCs
harbor amplifications at 11q13 and 6p21[95]. Currently, a better understanding of how
molecular stratification and mutational signatures affect HCC progression is still
needed before they can be used as therapeutic strategies or biomarkers in a clinical
setting.

CTCs in HCC
There is increasing evidence that CTCs play an important role in HCC progression.
CTCs are considered an intermediate stage of metastasis. They are cancer cells that
have dissociated from the primary tumor, enter circulation, and may subsequently
form metastatic  lesions[98,99].  There  is  strong interest  in  studying CTC biology to
understand their molecular mechanisms and how they affect metastasis. Moreover,
CTCs have clinical applications, such as diagnostic applications circumventing the
need for invasive tissue biopsies[100].

As illustrated in Figure 2,  a  considerable amount of  data has been and can be
gathered through the study of CTCs in HCC. Through isolation, characterization and
correlation of CTCs with pathological features, as well as disease stage, researchers
have shown that a greater CTC count in patient blood is associated with poorer HCC
prognosis[53,101-106]. As there is a current lack of reliable biomarkers for the early, non-
invasive detection of HCC, a few studies have demonstrated the potential feasibility
of using CTCs as a possible diagnostic marker[104,107-110]. Although CTCs are found in
very  low  numbers  in  the  blood[110,111],  the  advent  of  new  single-cell  sequencing
technologies and methods to successfully expand CTCs in long-term cultures has
enabled their molecular profiling and characterization[104,110,112-115], hence making CTCs
promising diagnostic biomarkers in HCC.

IMMUNOMODULATORY MECHANISMS IN HCC
Additionally, several immune mechanisms have been observed to be dysregulated
during  HCC  progression[116].  For  instance,  HCC  is  a  cancer  arising  against  the
backdrop of an inflammatory state in the liver. HBV, HCV, and many of the other
etiological factors discussed earlier in this article give rise to chronic inflammation. In
turn,  this  leads  to  the  production  of  inhibitory  cytokines  such  as  IL-10  and
transforming growth factor beta (TGFβ), which dampen the immune response and
favor tumor growth[117-119]. During HCC progression, regulatory T cells and myeloid-
derived suppressor  cells  are  also  recruited to  the  tumor site  as  a  result  of  these
cytokine secretions, adding to the already immunosuppressive environment[116,118,120].
Lastly, it has been found that several checkpoint inhibitor receptors such as CTLA4
and PD-1 are commonly upregulated in immune cells in the HCC setting. With more
checkpoint inhibitor receptors being expressed on these immune cells, they are unable
to become active and counterattack tumor cells for clearance from the body[119,121,122].

Ironically, a fundamental characteristic of the liver may also permit tumorigenesis.
The liver is immunologically tolerant. This is because the liver is in constant contact
with microbiota from the gut and therefore needs to have a tolerant immune response
so  that  it  does  not  become  hyperactivated[116,119].  This,  in  conjunction  with  the
supplementary  immunosuppressive  mechanisms  that  develop  during  HCC
progression, enable tumors to grow. This irony makes exploration of immunotherapy
for HCC a challenging but potentially exciting prospect to consider.

Indeed, several studies have shown that immune checkpoint inhibitors have had
some efficacy in preclinical and early stage clinical trials of HCC. Additionally, the
fact that sorafenib, the current first line treatment for advanced HCC, has been noted
to exhibit some immunomodulatory effects, seems to suggest the potential efficacy of
immunotherapeutic strategies in HCC[122-125].

NEURAL REGULATION OF HCC
Tumor cells  and the  cells  in  the  tumor  microenvironment  are  affected by stress
physiology[126]. Neuroeffector molecules can reach the tumor microenvironment via
the  circulatory  system  or  nerve  fibers.  During  threatening  or  stressful  life
circumstances,  there  is  an  activation  of  the  sympathetic  nervous  system,  which
mediates fightorflight stress responses. The hypothalamus-pituitary-adrenal axis is
responsible  for  mediating  withdrawal  responses  from  more  profound  and
overwhelming  threats.  The  neurotransmitter  norepinephrine  is  released  by  the
sympathetic nervous system nerve fibers, while the major stress hormone cortisol is
released into the blood by the adrenal gland upon hypothalamus-pituitary-adrenal
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Figure 2

Figure 2  Use of circulating tumor cells as a non-invasive means to study HCC progression. CTCs: Circulating
tumor cells; HCC: Hepatocellular carcinoma.

activation[126].  Cortisol is secreted by the adrenal glands. However, its secretion is
regulated by the pituitary gland. Under conditions of severe psychological stress,
corticotropin-releasing  factor  upregulates  the  secretion  of  adrenocorticotropic
hormone by the pituitary gland. The adrenocorticotropic hormone in turn upregulates
the  secretion  of  cortisol[127].  Cortisol  can  reach  the  tumor  microenvironment  via
circulating blood, while norepinephrine can do so by being released from nerve fibers
(carried by blood vessels), which are recruited in larger amounts by some tumors
when these tumors secrete nerve growth factors. Cortisol and norepinephrine binding
to  the  intracellular  glucocorticoid  receptor  (located  within  the  cell)  or  the  beta
adrenergic receptor (located on the cell surface) can trigger cellular responses[126].

It has long been recognized that psychosocial conditions affect the progression of
some  cancers[126].  In  fact,  epidemiological  studies  have  shown  that  there  is  an
accelerated progression of various cancers among patients with high stress levels or
low social support[126]. While the relationship between stress and cancer development
is not fully understood, some studies have shown that psychological stress causes
abnormal immune responses, which are associated with cancer pathogenesis[128,129].
Cortisol release has been linked to the development and progression of, and survival
from various cancers[130-134]. Cortisol inhibits immune responses, which allow cancer
cells to evade the immune system[127,134].

Prostate  cancer  patients  have  also  been  shown  to  have  high  cortisol  levels
compared to low risk individuals[131], and breast cancer patients were reported to have
high serum cortisol levels, which can be downregulated by emotional support[135].

Serum levels of cortisol have been shown to be higher in HCC patients than in
healthy individuals[134]. Studies by Wu and colleagues have shown that exposing HCC
cell cultures to cortisol represses p53 expression by upregulating expression of the p53
suppressor Bcl2L12. This suggests that cortisol is a factor that plays a role in the
development of HCC[134]. Consequently, it has been suggested that cortisol may be a
therapeutic target in HCC treatment[134].

Oxytocin is a neuropeptide hormone produced by hypothalamic neurons and has
multiple roles in the central nervous system. While oxytocin is best known for its role
in the female reproductive system (milk ejection), further research has shown that
oxytocin also plays important roles in complex social behaviors, including stress and
trust,  anxiety,  social  interaction  and  bonding,  and  parental  care,  as  well  as  in
neuropsychiatric disorders linked to such social behaviors[136,137].  Oxytocin and its
receptor have more recently been shown to play roles in some cancers[138-142].

Cortisol has also been linked to some functions of oxytocin[140]. Some studies have
shown that higher oxytocin levels and increased social support (a known prognostic
player  in  cancer)  are  associated with  diminished effects  of  stress.  In  a  study by
Mankorious and colleagues, it was shown that there is a cross-talk network between
oxytocin and cortisol at the molecular level, where the carcinogenic effect of cortisol
was reversed by oxytocin via autophagy in human ovarian cancer cells in vitro[140].

It is known that the effects of oxytocin in cancer may depend on cell type, hormone
concentration, its interactions with other hormones in the microenvironment, and the
location  of  its  receptor  on  the  cell  membrane[137].  Unpublished  work  from  our
laboratory analyzing data from sequenced HCC and pancreatic cancer cases in the
TCGA dataset showed that genetic alterations in the oxytocin and oxytocin receptor
genes were associated with lower median months of overall survival. It would be
interesting to determine whether there could be an interaction between oxytocin and
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cortisol, which could be involved in a potential neural regulation of HCC as well as
other gastrointestinal cancers.

CONCLUSION
There has been minimal improvement in the prognosis for HCC patients over the past
two  decades.  The  detailed  molecular  mechanisms  of  HCC  progression  remain
unclear, and there is an urgent need to better understand the mechanisms underlying
HCC progression so as to develop novel and effective therapeutic strategies and
reliable prognostic biomarkers. Further, a better understanding of mechanisms of
HCC  development  can  further  aid  efforts  at  developing  effective  preventative
strategies.  This  review provides a  summary of  some of  the mechanisms of  HCC
etiology,  and  some  of  the  well-established  as  well  as  a  few  recently  proposed
mechanisms of HCC progression.
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Abstract
Congenital peritoneal encapsulation (CPE) is a very rare, congenital condition
characterised by the presence of an accessory peritoneal membrane which
encases a variable extent of the small bowel. It is unclear how CPE develops,
however it is currently understood to be a result of an aberrant adhesion in the
peritoneal lining of the physiological hernia in foetal mid-gut development. The
condition was first described in 1868, and subsequently there have been only 45
case reports of the phenomenon. No formal, systematised review of CPE has yet
been performed, meaning the condition remains poorly understood,
underdiagnosed and mismanaged. Diagnosis of CPE remains clinical with
important adjuncts provided by imaging and diagnostic laparoscopy. Two thirds
of patients present with abdominal pain, likely secondary to sub-acute bowel
obstruction. A fixed, asymmetrical distension of the abdomen and differential
consistency on abdominal palpation are more specific clinical features present in
approximately 10% of cases. CPE is virtually undetectable on plain imaging, and
is only detected on 40% of patients with computed tomography scan. Most
patients will undergo diagnostic laparotomy to confirm the diagnosis.
Management of CPE includes both medical management of the critically-unstable
patient and surgical laparotomy, partial peritonectomy and adhesiolysis.
Prognosis following prompt surgical treatment is excellent, with a majority of
patients being symptom free at follow up. This review summarises the current
literature on the aetiology, diagnosis and treatment of this rare disease. We also
introduce a novel classification system for encapsulating bowel diseases, which
may distinguish CPE from the commoner, more morbid conditions of abdominal
cocoon and encapsulating peritoneal sclerosis.

Key words: Congenital; Encapsulation; Peritoneum; Cocoon; Sclerosis
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Core tip: Congenital peritoneal encapsulation (CPE) is a very rare congenital disorder
characterised by the presence of an accessory peritoneal membrane surrounding the
entirety of the small intestine. Though not fully understood, it is thought to arise due to
an aberrant peritoneal adhesion during foetal mid-gut development. It is a rare but
important cause of undifferentiated abdominal pain and sub-acute small bowel
obstruction. We present a comprehensive review of CPE including an international
epidemiological focus, diagnosis and treatment. We also describe a novel classification
system for encapsulating bowel diseases.

Citation: Dave A, McMahon J, Zahid A. Congenital peritoneal encapsulation: A review and
novel classification system. World J Gastroenterol 2019; 25(19): 2294-2307
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2294.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2294

INTRODUCTION
Congenital peritoneal encapsulation (CPE) is a very rare, congenital malformation of
the gastro-intestinal tract. It is characterised by the presence of an accessory peritoneal
membrane which covers a variable extent of the small bowel. This in turn creates an
accessory extra-peritoneal sac in which the bowel is contained. The membrane is
morphologically and histologically identical to peritoneum. The condition is often
asymptomatic, detected incidentally during routine imaging or surgery and even in
posthumous dissection. However, CPE also remains a rare but important cause of
recurrent, undifferentiated abdominal pain and sub-acute small bowel obstruction.
The condition was first described by Cleland[1] in 1868 as a ‘secondary sac bounded by
omentum and meso-colon, and communicating with the general sac by means of a
small aperture’. Since this time, it has been described in less than fifty cases. To our
knowledge,  there has been no prior definitive,  systematised review of  CPE,  and
therefore  the  condition  has  remained  poorly  understood,  underdiagnosed  and
mismanaged. This review attempts to integrate all the literature available to provide
an understanding of the aetiology, pathology, diagnosis and management of this rare
and unusual condition.  In addition,  we provide a novel classification system for
encapsulating bowel diseases, which categorises CPE and the similar phenomena of
abdominal  cocoon  and  encapsulating  peritoneal  sclerosis  (EPS)  in  a  histo-
morphological manner.

METHODS
An  electronic,  systematic  search  of  the  literature  was  performed  using  several
databases, including Medline, PubMED, Scopus and Google Scholar (Figure 1). The
search was not limited by English language restriction or by date of publication. The
following  search  terms  were  used  as  keywords:  “Peritoneal  Encapsulation”,
“Congenital  Peritoneal Encapsulation” and “Abdominal Cocoon”. The electronic
search was augmented by means of manual searches of  the reference lists  of  the
selected publications. Article titles and abstracts were reviewed independently by two
investigators for relevance to CPE. A significant volume of the literature reported
cases of the more common abdominal cocoon or EPS, and these were excluded. Most
cases of CPE could be identified and included through the abstract alone. If further
clarification was required, clinical information, histopathology and photographs were
used to  determine cases.  Full  manuscripts  of  articles  were  read thoroughly and
independently by two investigators, and information was extracted, including age,
sex,  past  medical  history,  clinical  information,  diagnostic  studies,  management,
histopathology and follow-up status. In two case reports[2,3] full articles could not be
found either by contacting the journal or the relevant authors. In these cases, the
abstracts alone were used to gather information. In total, 42 reports[1-42] describing 45
separate  cases  of  CPE  were  found  and  collated.  Table  1  demonstrates  the  key
demographic and clinical information obtained from the cases.
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Table 1  Patient demographics and key clinical characteristics

Case Ref. Year Country Age Sex Clinical
Features Tests Manage-

ment Other

1 McMahon et
al[23]

2018 Australia 20 M Intermittent
abdominal
pain,
distension

CT Surgical
resection of
sac

Symptom free
recovery

2 Wolski et al[41] 2017 Poland 12 M Abdominal
pain for 1 wk

XR, US Surgical
resection of
sac

Post-
operative
complication
of adhesion
SBO

3 Griffith et
al[13]

2017 United
Kingdom

12 M Abdominal
pain and
vomiting for 1
wk

XR, US Surgical
resection of
sac

Gangrenous
acalculous
cholecystitis

4 Arumugam et
al[6]

2017 India 22 F Small bowel
obstruction,
assymetric
distension

CT Surgical
resection of
sac

5 Zoulamoglou
et al[42]

2016 Greece 28 F Intermittent
abdominal
pain for 1 yr,
asymmetric
distension

XR, CT Surgical
resection of
sac

6 Teixeira et
al[36]

2015 Portugal 25 M Small bowel
obstruction.
Fixed,
assymetrical
distension

XR, CT Surgical
resection of
sac

7 Stewart et
al[35]

2014 Australia 16 M Intermittent,
chronic
abdominal
pain

XR, US Surgical
resection of
sac

8 Wani et al[40] 2013 India 28 M Generalised,
intermittent
abdominal
pain

XR, CT, labs Surgical
resection of
sac

9 Naidoo et
al[26]

2013 India 40 M Stab wound XR, fluoro,
CT

Surgical
resection of
sac

Stabbing
injury

10 Mitrousias et
al[24]

2012 Greece 78 F 3 d of
abdominal
pain

XR, CT, labs Surgical
resection of
sac

Helical
pattern on CT

11 Shamsuddin
et al[30]

2012 Pakistan 16 F Small bowel
obstruction

XR Failed
conservative.
Surgical
resection.

Excellent
recovery

12 Ince et al[15] 2012 Turkey 71 M Small bowel
obstruction

XR, US, CT Ileocaecal
resection

13 Al-Taan et
al[5]

2010 United
Kingdom

82 M Asympto-
matic

Surgical
resection of
tumour and
sac

Bowel cancer

14 Kumara et
al[17]

2009 Sri Lanka 44 F Cushing’s
syndrome
secondary to
right adrenal
tumour

CT Surgical
resection of
tumour and
sac

Adrenal
tumour

15 Sherigar et
al[31]

2007 United
Kingdom

85 F Small bowel
obstruction

XR, CT Surgical
resection of
sac

Patient died
from chest
sepsis

16 Basu et al[9] 2006 India 21 F Distension,
peritonism

XR, US, labs Resection of
sac, appendix,
lavage

7 yr follow up

17 Chew et al[11] 2006 Singapore 38 M Small bowel
obstruction

XR, CT Surgical
resection of
sac
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18 Shioya et al[32] 2005 Japan 34 M Small bowel
obstruction,
right inguinal
hernia

XR, labs Surgical
resection of
sac

Excellent
recovery

19 Okobia et al[2] 2001 Nigeria 15 F Abdominal
pain

20 Mordehai et
al[25]

2001 Israel 14 F Abdominal
pain,
vomiting,
weight loss

XR, US Surgical
resection of
sac

Post-
operative
ileus

21 Naraynsingh
et al[27]

2001 West Indies 64 M Abdominal
pain, fixed
asymmetrical
distension,
differential
palpation

Surgical
resection of
sac

22 Lee et al[19] 2000 South Korea 22 F Abdominal
pain,
distension

XR, CT, labs Failed
conservative
management.
Surgical
resection of
sac

Excellent
recovery

23 Kyaw et al[18] 1998 Singapore 11 M Abdominal
pain for 5 d,
soft mass left
flank

US, CT Surgical
resection of
sac

Hydrone-
phrosis

24 Casas et al[10] 1998 Spain 43 M Intermittent
abdominal
pain for 6 mo

XR, fluoro,
US, CT

Surgical
resection of
sac

Hydrone-
phrosis.
Asympto-
matic at 14
mo

25 Constantinide
s et al[12]

1998 Italy 49 F Found at
autopsy.
Intermittent,
severe
abdominal
pain during
life.

26 Adedeji et al[4] 1994 United
Kingdom

40 M Abdominal
pain,
peritonism for
1 d

XR, labs Surgical
resection of
sac

27 Tsunoda et
al[38]

1993 Japan 52 M Small bowel
obstruction,
central
abdominal
mass

XR, US, CT Surgical
resection of
sac

Asympto-
matic at 8 mo

28 Silva et al[34] 1992 Japan 29 M Intermittent
abdominal
pain,
scaphoid
abdomen

XR, fluoro,
CT, labs

Surgical
resection of
sac

Patient died
due to
gangrenous
small bowel

29 Awasthi et
al[8]

1991 India 16 F Abdominal
pain for 9 mo,
distension

XR, fluoro Surgical
resection of
sac

Discharged
day 6 with
resolution of
symptoms.

30 Arora et al[3] 1989 India F Abdominal
pain

Colorectal
cancer

31 Askew et al[7] 1988 United
Kingdom

M Incidental
finding
during
surgery

32 Walsh et al[39] 1988 Ireland 82 M Small bowel
obstruction

XR

33 Huddy et al[14] 1988 United
Kingdom

56 M Intermittent
abdominal
pain

XR Surgical
resection of
sac

34 Lifschitz et
al[22]

1987 Ciskei 66 M Abdominal
pain,
vomiting,
distension for
3 wk

XR, labs Surgical
resection of
sac
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35 Jamieson et
al[16]

1985 United
Kingdom

Incidental
finding
during
laparotomy

Surgical
resection of
sac

Colorectal
cancer

36 Sieck et al[33] 1983 Saudi Arabia 14 F Nausea,
vomiting,
distension for
3 mo

XR, fluoro,
labs

Surgical
resection of
sac

Patient had
breast cancer

37 Sieck et al[33] 1983 Saudi Arabia 65 F Intermittent
pelvic pain,
fever,
abdominal
distension for
5 yr

Surgical
resection of
sac

38 Sayfan et al[29] 1979 Israel 12 F Abdominal
pain,
vomiting for 1
d

XR, labs Surgical
resection of
sac

Excellent
recovery.
Discharged
day 7

39 Lewin et al[20] 1970 United States 66 M Post-mortem
examination.
Patient died
of acute
myocardial
infarct.

40 Thorlaksen et
al[37]

1953 Canada 57 M Diarrhoea,
abdominal
pain for
several years

XR, labs Initial
conservative
management
successful.

41 Thorlaksen et
al[37]

1953 Canada 53 M Incidental
finding in
asymptomatic
patient

XR, labs Surgical
resection of
sac

Car accident,
intra-
abdominal
haemmor-
hage

42 Thorlaksen et
al[37]

1953 Canada 64 M Epigastric
pain,
constipation
for 2 yr

XR, labs Surgical
resection of
sac

43 Papez et al[28] 1932 United States 61 M Cadaveric
dissection

44 Lickley et
al[21]

1907 United
Kingdom

52 M Autopsy.
Asympto-
matic during
life

45 Cleland et al[1] 1868 Ireland Cadaveric
dissection

XR: X-Ray; CT: Computed tomography; US: Ultrasound scan; Fluoro: Fluoroscopic imaging; Labs: Laboratory investigations.

AETIOLOGY
The cause of CPE remains poorly understood, however it likely develops at the time
the foetal mid-gut herniates into the umbilical cord at 8-10 wk gestation. The most
widely accepted aetiology is attributed to Papez[28], who postulates that it is caused by
an aberrant peritoneal adhesion between the linings of the physiological umbilical
hernia  and  the  caudal  duodenum.  Within  the  cord,  the  mid-gut  is  encased  by
peritoneum which lines the hernia walls  like a sack.  The neck of  this  sac is  thus
intimately adjacent to the caudal duodenum. If an adhesion forms between these
peritoneal layers, significant traction forces are placed on the peritoneum which lines
the mid-gut  at  the  time the hernia  is  reduced.  This  may cause it  to  peel  off  and
surround  the  small  bowel  as  an  extra-peritoneal  accessory  sac.  This  theory
successfully explains the morphological resemblance of the membrane to peritoneum
and its extra-peritoneal location.

A competing theory by Thorlakson et al[37] suggests that CPE may develop due to an
abnormality in the reduction of the physiological hernia. The proximal limb of the
hernia (which forms jejunum and ileum) is usually reduced first, naturally occupying
the lower left of the abdomen. This causes the dorsal mesentery to be pushed to the
left. Following this, the distal limb reduces and passes cranially to lie just caudal the
liver. Instead, if the distal limb were to reduce first and inappropriately occupy the
lower left quadrant, the proximal limb would be forced more caudally and toward the

WJG https://www.wjgnet.com May 21, 2019 Volume 25 Issue 19

Dave A et al. Congenital peritoneal encapsulation

2298



Figure 1

Figure 1  Literature search.

right. The distal limb would then attempt a migration toward the right iliac fossa, and
in doing so  its  dorsal  mesentery would cover  the  entirety  of  the  proximal  limb,
thereby forming the peritoneal sac over the mid-gut. However, if this were the case, it
would be expected that there would be significant mesenteric abnormalities such as
mal-position and mal-rotation, which are not always associated with CPE.

EPIDEMIOLOGY
Given the rarity of the condition, the incidence and prevalence of CPE is difficult to
quantify. However, CPE does not appear to have any predilection toward particular
ethnicities. Table 2 demonstrates the geographic distribution of cases. 42% of cases
were reported from Europe, with the most common countries being United Kingdom
(n = 8), Israel (n = 2)[25,29], Greece (n = 2)[24,42] and Ireland (n = 2)[1,39]. India has the second
highest number of cases after the United Kingdom, with six in total[3,6,8,9,26,40]. The mean
age of patients at the time of diagnosis was 40.8 (range 11-85 years). Interestingly,
there is a 5:3 male predominance. The mean age of diagnosis for males and females
was 46 and 32 respectively. This reflects a differential pattern of presentation between
genders. Females are diagnosed earlier, with a majority presenting prior to 30 years.
In  contrast,  males  display  a  bi-modal  age  distribution,  with  peak  presentations
occurring in the 20-30 years and 60-70 year period. Medical co-morbidities of patients
were documented in some reports, however it is unclear whether these are causally
linked to CPE. Three patients had a diagnosis of co-morbid cancer.  Two of these
patients had gastro-intestinal cancer[5,16] and one of the breast[33]. One patient had an
incomplete situs inversus and congenital epigastric hernia[15] and two patients had co-
morbid inguinal hernia[11,32].

CLASSIFICATION OF ENCAPSULATING BOWEL DISEASES

Classification system
CPE is one type of a collection of conditions which are characterised by encapsulation
of the bowel. We introduce a novel classification system which aims to distinguish
CPE from the similar, yet discrete, conditions of abdominal cocoon and EPS (Figure
2).  Abdominal  cocoon  and  EPS  were  first  described  over  100  years  ago  by
Owtschinnikow[43]  and  have  been  aptly  reviewed by  Danford  et  al[44].  These  are
acquired conditions which are characterised by a thick fibro-collagenous encasing of
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Table 2  Geographical distribution of cases

Country Case number

United Kingdom 8

India 6

Canada 3

Japan 3

Australia 2

Greece 2

Ireland 2

Israel 2

Saudi Arabia 2

Singapore 2

United States 2

Ciskei 1

Italy 1

South Korea 1

Nigeria 1

Pakistan 1

Poland 1

Portugal 1

Spain 1

Sri Lanka 1

Turkey 1

West Indies 1

the small and large bowel. As such, they have a different aetiology, pathogenesis, and
management to CPE. EPS describes cases of the disease that have known associations
or aetiological factors, such as abdominal trauma and peritoneal dialysis. Abdominal
cocoon, a term first used by Foo et al[45]  in 1976, describes idiopathic cases of this
disease with no known aetiological factors. We also introduce a novel, broader term,
“Fibrotic Peritoneal Encapsulation (FPE)” or FPE, to denote the entire spectrum of
these diseases, both primary and secondary. This term adequately describes both the
morphology and histopathology of this disease, differentiating it from CPE.

Fibrotic peritoneal encapsulation
A robust discussion of FPE, both primary and secondary, is outside the scope of this
review, and has been reported elsewhere[44,46-49]. However key differences between
fibrotic encapsulating bowel diseases and CPE should be noted as part of forming a
differential diagnosis. These are highlighted in Table 3. Firstly FPE is an acquired
condition which is  far  more common than CPE.  In most  cases,  there is  a  known
secondary cause for the disease[44]. The most common of these is peritoneal dialysis[50],
in which the annual incidence of FPE varies from 0.14%-2.5%[51,52]. Other causative
factors  include local  irritant  factors  (abdominal  trauma[53],  abdominal  surgery[54],
peritoneal  shunts[55],  peritoneal  tuberculosis[56],  peritoneal  foreign body[57],  intra-
peritoneal  chemotherapy [58])  and  systemic  factors  (beta  blocking  agents [59],
methotrexate [60],  cirrhosis [61],  Systemic  Lupus  Erythematosus [62],  malignancy,
sarcoidosis[63]).  FPE is  considered to be an inflammatory process,  which leads to
scarring and fibrosis of the peritoneal membranes through a process of cytokine and
cell-mediated inflammation[64].  Furthermore,  FPE tends  to  be  significantly  more
symptomatic and morbid compared to CPE. Following commencement of peritoneal
dialysis, an estimated 20% of patients will develop FPE at 8 years[50]. Patients tend to
present with bowel obstruction, and long-standing intermittent abdominal pain. 29%
of patients with FPE require emergency surgery at the time of presentation[65], and the
mortality  at  one  year  is  as  high  as  50%[66].  The  morphological  and  histological
pathology is the most definitive differentiating factor of FPE. Morphologically, FPE
appears as a thick, firm, fibrotic membrane. It is separate from the peritoneum, but
may have significant adhesions to the peritoneum and other surrounding structures.
Histologically, FPE is characterised by dense fibro-connective tissue proliferation,
chronic inflammatory cell infiltration and dilated lymphatics. This differs to CPE,
which  is  histologically  identical  to  peritoneum,  and  displays  no  inflammatory
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Figure 2

Figure 2  Classification system for encapsulating bowel diseases. SLE: Systemic lupus erythematosus.

component.

Abdominal cocoon
Abdominal Cocoon, also called idiopathic FPE, was first described by Foo et al[45] in
1978 as a form of FPE where no established cause can be identified. Foo’s case series
reported on three adolescent girls who presented with bowel obstruction and were
found to have thick, fibrotic peritoneal membranes at laparotomy. Since that time,
approximately 75 case reports of abdominal cocoon have been reported, and have
been summarised by Akbulut[67]. The disease is most prevalent in India, China and
Turkey and has no obvious gender or age distribution. Though historically abdominal
cocoon was thought to affect adolescent girls, more recent studies have shown that it
tends to occur mainly in equatorial areas and may be twice as common in males. It
has been suggested abdominal cocoon may be caused by ‘subclinical peritonitis’[45],
possibly  as  a  result  of  retrograde  menstruation,  with  a  complex  interplay  with
superimposed viral infections, salpingitis and cell mediated tissue damage[68]. This, of
course, fails to explain its preponderance in males. Other studies have suggested that
perhaps developmental disorders, vascular anomalies or omental hypoplasia[69] may
be the basis of the disease.

DIAGNOSIS

Clinical presentation
The diagnosis of CPE remains clinical, though confirmation may be obtained through
diagnostic imaging and laparotomy. There is no defining gold-standard for diagnosis
of CPE and this means the condition may be underdiagnosed. A proposed diagnostic
algorithm is provided in Figure 3, which highlights the key clinical, radiographic and
pathological features of CPE.

Symptoms  associated  with  a  presentation  of  CPE  very  likely  reflect  the
development of an acute or sub-acute small bowel obstruction, with abdominal pain,
tenderness, nausea and vomiting being the predominant clinical features. Abdominal
pain is the most common cause for presentation in CPE, with 66% (n = 30) of patients
reporting  sudden  or  chronic.  In  these  patients,  53%  (n  =  16)  reported  similar
symptoms in the preceding 12 mo, usually with decreased severity. This implies that
CPE may be a cause for undifferentiated, intermittent chronic abdominal pain, and
diagnosis is generally delayed. Hence, CPE should be suspected in patients presenting
with  these  symptoms.  Many  patients  also  described  nausea,  vomiting  and
constipation associated with the onset of abdominal pain. On abdominal examination,
abdominal tenderness was described in 58% of patients (n = 26), usually in the peri-
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Table 3  Key differences between congenital peritoneal encapsulation and fibrotic peritoneal encapsulation

Congenital peritoneal encapsulation Fibrotic peritoneal encapsulation

Aetiology

Cause Congenital Acquired

Trigger Primary/Idiopathic (abdominal cocoon) or
secondary (encapsulating peritoneal sclerosis)

Epidemiology

Incidence 45 cases Idiopathic: 184 cases Secondary: Based on cause

Age (yr, range) 40.8 (11-85) 34.7 (7-87)

Sex (M:F) 5:3 2:1

Geographical Geography Europe, Sub-continental Asia Equatorial regions

Pathology

Morphology Identical to peritoneum. Thin, semi-transparent,
vascularised, soft.

Similar to scar tissue. Thick, white, firm, fibrotic.

Histopathology Identical to peritoneum. Mesothelial lining, fibro-
connective tissue.

Dense fibro-connective tissue proliferation,
chronic inflammatory cell infiltration and dilated
lymphatics

Manage-ment

Treatment Peritonectomy, adhesiolysis Corticosteroids, tamoxifen, peritonectomy

Prognosis Excellent. Near complete resolution of symptoms. Up to 50% mortality at 1 yr following diagnosis.

umbilical area. Peritoneal irritation (defined as one or more of involuntary guarding,
rigidity or rebound tenderness) was described in 27% (n = 12) of cases. Abdominal
distension was reported in 40% (n = 18) of cases, and seven cases described bowel
sounds as being “high pitched”, “exaggerated: or “hyper-active”. One case described
acute compression of the abdominal aorta due to CPE, resulting in extensive small
bowel necrosis and death[34].

Two unique clinical features of CPE have been described, which may be more
specific and aid a more prompt diagnosis. A fixed, asymmetrical distension of the
abdomen was reported in 16% (n = 7) of cases. The distension was considered fixed if
it  was noted not  to vary with peristaltic  activity,  and likely represents  the fixed
position of the bowel which is trapped within the accessory membrane. Secondly, a
differential consistency of the abdominal wall to palpation has been described in
several cases of CPE. It is thought that areas of the bowel which are covered by the
membrane tend to  be  fixed,  flat  and firm,  whilst  areas  which are  outside  of  the
membrane are distended and soft (as in small bowel obstruction).

In  seven  cases,  CPE was  found incidentally  during  surgery  in  asymptomatic
patients.  These  patients  were  undergoing  abdominal  surgery  for  other  reasons:
namely,  colorectal  cancer[5,16],  obstructive  jaundice[7],  right  adrenal  tumour[17],
penetrating  stab  wound  injury[26],  tubo-ovarian  abscess[33]  and  intra-abdominal
haemorrhage[37]. Four cases of CPE were diagnosed at autopsy in patients who had no
reported abdominal symptoms or complaints during life[1,20,21,28].

Imaging
Though the diagnosis of CPE remains clinical, a variety of imaging modalities may be
used to aid in diagnosis. Importantly, these modalities may also screen medically
unstable patients for complications of small bowel obstruction, including perforation,
haemorrhage and ischemia. The use of plain X-ray has been reported in 30 cases. The
majority  of  films  showed  signs  of  small  bowel  obstruction,  with  56%  (n  =  17)
reporting central, dilated loops of small bowel and 33% (n = 7) reporting air fluid
levels. Two cases reported the presence of hydronephrosis[10,18]. It should be noted that
23% (n = 7) of cases reported no abnormality on plain films, and hence this modality
alone cannot be reliably used to diagnose CPE. The use of contrast with X-Ray was
used  in  10  studies  to  better  visualise  CPE.  The  majority  of  fluoroscopic  cases
demonstrated non-specific features of small bowel obstruction. However, three cases
demonstrated a concertina or serpentiform pattern of small bowel arrangement[26,33,36].
This sign occurs when the small bowel is packed tightly on to itself in layers within
the accessory sac, such that is resembles a coiled snake or concertina. This sign is more
specific to CPE, and if found it should warrant further imaging.

Fifteen reports documented the use of computed tomography (CT). Only 40% (n =
6)  of  these  cases  reported  radiological  evidence  of  a  membranous  capsule
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Figure 3

Figure 3  Diagnostic algorithm for congenital peritoneal encapsulation. XR: X-ray; CT: Computed tomography;
US: Ultrasound scan; CPE: Congenital peritoneal encapsulation.

surrounding the bowel, as seen in Figure 4. Hence, CT scanning may not have the
resolution to visualise  the accessory sac in all  cases,  and should remain only an
adjunct to a clinical diagnosis. Other features commonly reported in CT scans include
dilated loops of bowel in 46% of cases (n = 7), and fluid collection in 12% of cases (n =
2).  Mitrousias et  al[24]  described a novel helical  pattern of small  bowel within the
membranous sac on 3D volume rendered imaging. Ultrasonography has also been
used in nine cases, of which four reported no significant abnormalities. Other findings
included  small  bowel  dilation,  ascites[25],  hydronephrosis[10]  and  gall  bladder
distension[9].

It is clear that imaging is neither sensitive nor specific in identifying cases of CPE. It
should therefore be used only as an adjunct to aid in the diagnosis of CPE. Imaging
does, however, maintain an important role in determining the presence and severity
of  complications  in  medically  unwell  patients,  such as  acute  bowel  obstruction,
perforation, ischaemia and bleeding.

Laboratory investigations
No specific laboratory studies exist for aiding in the diagnosis of CPE. Routine blood
tests were reported in 13 studies. In six of these, leucocytosis or raised inflammatory
markers were noted. In the remaining seven cases, all blood tests were within normal
ranges.

ANATOMICAL PATHOLOGY
A majority of CPE cases are diagnosed at the time of direct visual inspection during
diagnostic  laparotomy or laparoscopy, as seen in Figure 5.  69% (n  = 31)  of  cases
described the accessory sac in CPE as morphologically similar to that of peritoneum.
This is consistent with Papez’s theory of CPE as an accessory peritoneal membrane
derived from the umbilical  hernia.  The membrane is  typically  semi-transparent,
vascularised and thin. This contrasts markedly with the thick, white, fibrotic capsule
in FPE. The extent of encapsulation of the small bowel in CPE was reported in most
cases.  25 cases reported the sac encasing the entirety of the small bowel.  The sac
typically starts at the duodeno-jujenal junction, to a point within approximately 10-40
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Figure 4

Figure 4  Computed tomography scan (coronal view) of patient with congenital peritoneal encapsulation.

cm of the ileo-caecal junction. Four cases described the accessory sac as covering only
a small part of the ileum. In cases of small bowel obstruction, the transition point was
typically found at the proximal opening of the accessory membrane.

HISTOPATHOLOGY
Histopathology was reported in only 14 of the 42 cases. Four of these cases reported
histopathological findings consistent with normal peritoneal tissue. In two of these
reports, there were features suggestive of active inflammation. Fibrosis (n = 2), fibrous
tissue (n  = 3), fibro-connective tissue (n  = 1) and fibrovascular tissue (n  = 1) were
reported in 7 cases. Two of these cases also reported the presence of mesothelial cells.
The remaining histopathological reports included non-specific chronic inflammatory
changes, membranous and elastic bundles and an isolated report of mesothelium.

MANAGEMENT AND PROGNOSIS
Treatment of CPE can be conservative, medical or surgical. Conservative management
has  only  been  described  in  a  single  case  of  CPE,  which  was  asymptomatic  and
diagnosed incidentally on routine imaging. The patient remained well and required
no  further  medical  management.  Medical  management  generally  involves  the
resuscitation, stabilisation and treatment of the unstable patient with CPE. This is
likely due to acute small bowel obstruction and the potential complications associated
with this, including perforation, ischaemia, necrosis and haemorrhage. A majority of
patients  that  were  hospitalised  with  CPE  were  fasted  and  received  nasogastric
decompression, intravenous fluid therapy, intravenous anti-biotics and intravenous
proton pump inhibitors.

Surgical  management  consists  of  exploratory  laparotomy,  peritonectomy,
adhesiolysis and enterolysis. Excision of the sac is usually performed from along its
attachments  proximally  and  distally.  This  has  generally  been  described  as  a
straightforward procedure, devoid of major intra-operative hazards, likely because
the accessory sac is extra-peritoneal. Most importantly, adhesions at the neck of the
sac must be carefully resected to ensure complete release of the bowel and prevent
bowel obstruction and ischaemia post-operatively. In our experience[23],  the most
difficult part of the procedure is at the time of releasing the proximal neck of the sac.
It may lie adjacent to the duodeno-jejunal flexure, and is hence in close proximity to
the superior mesenteric vasculature. Care should be taken in this step to ensure the
vessels remain undamaged, whilst ensuring complete resection o the sac and any
associated adhesions.

Prognosis following prompt surgical management of CPE is excellent. 14 cases
reported excellent post-operative recovery with no complications. Length of hospital
stay was recorded in 8 cases, with an average of 13 d, and a range of 6-33 d. Very few
papers have reported on long term follow up of patients, with the longest being 7
years  of  symptom free  survival[9].  Two patients  died  during  the  initial  hospital
admission: One patient died due to sepsis secondary to a chest infection[31], and the
other died due to extensive bowel necrosis[34]. This latter patient was noted to have
extensive gangrenous small bowel at the time of initial laparotomy, presumably due
to acute  bowel  obstruction and compression of  the abdominal  aorta.  On re-look
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Figure 5

Figure 5  Accessory peritoneal membrane, with attachment to posterior body wall (arrow).

laparotomy  after  24  h,  the  patient  went  into  cardiac  arrest  and  died.  Other
complications that have been reported with CPE include post-operative ileus[25], bowel
obstruction secondary to  adhesions[41],  biliary  fistula[37]  and duodenal  ulceration
requiring resection[37].

CONCLUSION
CPE is a very rare, congenital condition which has been described in less than fifty
cases in the literature. For this reason, it remains poorly understood, underdiagnosed
and mismanaged. It is an important consideration in patients with long-standing,
undifferentiated,  intermittent  abdominal  pain,  and  these  patients  should  be
investigated appropriately. More rarely, patients can develop acute bowel obstruction
due to CPE, and warrant hospitalisation, medical stabilisation and emergency surgical
procedures. The diagnosis remains clinical, with several unique clinical findings of
CPE including a fixed, asymmetrical abdomen being specific indicators of the disease.
Adjuncts such as plain imaging, fluoroscopy, CT scanning and ultrasound may also
be  used  in  conjunction  to  aid  in  diagnosis.  Ultimately,  most  patients  undergo
diagnostic laparotomy and excision of the accessory peritoneal layer, which results in
an excellent prognosis. It is yet unclear what causes CPE, and further work is required
to elucidate this as it may provide insights in better identifying patients at risk, and
treating them accordingly.
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Abstract
IgG4-related disease (IgG4-RD) is a chronic-fibroinflammatory disorder affecting
a wide range of organs. Elevation of serum IgG4 concentrations and abundant
infiltration of IgG4-expressing plasma cells are key diagnostic features of this
autoimmune disease. Although common organ involvement of IgG4-RD includes
the salivary glands, pancreas, and bile duct, hepatic involvement is less well
established. Recently, five studies identified a subtype of autoimmune hepatitis
(AIH), called IgG4-associated AIH (IgG4-AIH). IgG4-AIH is diagnosed based on
significant accumulation of IgG4-expressing plasmacytes in the liver in patients
who met the diagnostic criteria for classical AIH. Although four of the five
reports regarded IgG4-AIH based on hepatic accumulation of IgG4-positive cells
alone, one report diagnosed IgG4-AIH based on both hepatic accumulation of
IgG4-positive cells and elevated serum concentrations of IgG4. IgG4-AIH
diagnosed based on the latter criteria may be a hepatic manifestation of IgG4-RD
whereas IgG4-AIH diagnosed based on the former criteria may be a subtype of
AIH. In this review article, we summarize and discuss clinicopathological
features of IgG4-AIH.

Key words: Autoimmune hepatitis; IgG4; IgG4-related disease; IgG4-associated
autoimmune hepatitis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: IgG4-associated autoimmune hepatitis (IgG4-AIH) is a new disease entity
characterized by the accumulation of IgG4-expressing plasma cells in the liver. Recent
studies diagnosed IgG4-AIH based on hepatic accumulation of IgG4+ cells alone or in
combination with elevated serum concentrations of IgG4. Further studies are required to
determine whether IgG4-AIH is a subtype of AIH or a hepatic manifestation of IgG4-
related disease.
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INTRODUCTION
Emergence and establishment of IgG4-related disease (IgG4-RD) has dramatically
changed our  view of  autoimmune disorders  involving  the  pancreas  and biliary
tract[1,2]. Autoimmune pancreatitis (AIP) is classified into type 1 AIP and type 2 AIP,
with the former type being regarded as a pancreatic manifestation of systemic IgG4-
RD[3]. Moreover, a subtype of IgG4-RD preferentially affecting the biliary tract is now
called as IgG4-related sclerosing cholangitis (IgG4-SC)[4]. IgG4-RD is a new disease
entity characterized by elevated concentrations of serum IgG4 and infiltration of
IgG4-expressing plasma cells in the affected organs. In addition to enhanced IgG4
antibody  responses,  many  patients  with  IgG4-RD  exhibit  multiple  organ
involvement[5]. Clinicopathological analysis showed that IgG4-RD can occur in almost
all the organs in the body, however, this disorder preferentially affects the pancreas,
salivary glands, biliary tract, kidney, and lung[5].

Although type 1 AIP and IgG4-SC are recognized as pancreatic and biliary tract
manifestations of systemic IgG4-RD[1-4], the hepatic involvement of this autoimmune
disorder remains poorly understood[6]. Five studies including ours, have proposed a
novel disease entity called IgG4-associated autoimmune hepatitis (IgG4-AIH)[7-11]. In
this review article, we try to clarify clinical characteristics of IgG4-AIH by comparison
with the characteristics of classical AIH. Furthermore, we discuss whether IgG4-AIH
should be considered as a subtype of AIH or as hepatic involvement of systemic IgG4-
RD.

HEPATIC INVOLVEMENT OF IGG4-RELATED DISEASE
Umemura et al[12]  were the first to perform clinicopathological analysis of hepatic
manifestations in IgG4-RD. They examined liver biopsy specimens obtained from 17
patients with AIP. Elevation of serum aspartate aminotransaminase (AST) and/or
alanine  aminotransaminase  (ALT)  was  noted  in  59%  of  AIP  patients,  whereas
elevation of serum alkaline phosphatase (ALP) and/or gamma-glutamyl transferase
(γGTP) was noted in 100%. Elevation of serum concentrations of IgG4, IgG, and anti-
nuclear antibody (ANA) were seen in 94%, 65%, and 47%, respectively. Thus, AIP
patients analyzed in this study shared biochemical and immunological abnormalities
with AIH patients in terms of elevations of liver enzymes, IgG, and ANA[13-15]. A wide
variety  of  histological  findings,  including  portal  inflammation  (35%),  interface
hepatitis  (24%),  lobular hepatitis  (29%),  bile  duct damage (59%),  and canalicular
cholestasis  (53%)  were  observed  in  the  livers  of  patients  with  AIP[12].  These
pathological findings strongly indicate that around 20-30% patients with AIP exhibit
pathological findings similar to classical AIH since portal inflammation, interface
hepatitis, and lobular hepatitis are detected in most cases of AIH[13-15].

Infiltration of IgG4-expressing plasma cells in the liver was confirmed in 47% of
patients with AIP, but not in those with classical AIH, primary biliary cholangitis
(PBC), or primary sclerosing cholangitis (PSC) when more than 5 positive cells [/high
powered field,  (HPF)]  was defined as  positive[12].  The numbers  of  hepatic  IgG4-
expressing plasma cells were positively correlated to serum concentrations of IgG4
and the presence of bile duct thickness, suggesting that, in this study, patients with
IgG4-RD involving both the pancreas (AIP) and the biliary tract (IgG4-SC) exhibit
accumulation of IgG4-expressing plasma cells in the liver. These seminal studies by
Umemura et al[12] provide evidence that a significant proportion of patients with AIP
exhibit  laboratory and pathological  findings akin to classical  AIH. At present,  it
remains unknown whether AIH-like liver lesions observed in patients with AIP are
regarded as hepatic manifestation of IgG4-RD.

Another  type  of  hepatic  manifestation  of  IgG4-RD  is  hepatic  inflammatory
pseudotumor. Hepatic pseudotumors are classified into two types; fibrohistiocytic
and lymphoplasmacytic[16].  Massive  infiltration  of  IgG4-expressing  plasma cells
accompanied by obliterative phlebitis, one of the characteristic pathological findings
in IgG4-RD[1,2],  was seen in the lymphoplasmacytic type of hepatic pseudotumor.
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Based  on  these  pathological  findings,  Zen  et  al [16]  proposed  that  the  lym-
phoplasmacytic type of hepatic pseudotumor is a hepatic manifestation of IgG4-RD.
However,  detailed examinations of clinical characteristics,  including serum IgG4
concentrations are lacking in this study in which 16 cases of hepatic pseudotumors
were enrolled. Taken together, recent studies provide evidence that AIH-like lesions
and hepatic pseudotumors might occur as hepatic involvement of systemic IgG4-RD.

IGG4-AIH AND CLASSICAL AUTOIMMUNE HEPATITIS
The first case of IgG4-AIH was reported by Umemura et al[17] in 2007. Serum levels of
ALT,  ALP,  γGTP,  IgG,  and IgG4 were  markedly  elevated  in  this  case.  Interface
hepatitis,  lobular  hepatitis,  and rosette  formation  were  seen  in  the  liver  biopsy
specimens. This case met the diagnostic criteria for AIH proposed by the International
Autoimmune Hepatitis Group (IAIHG)[18] and was diagnosed as AIH. On the other
hand, this case was atypical with regard to classical AIH in that abundant infiltration
of IgG4-expressing plasma cells in the portal tract and a marked elevation of serum
IgG4 concentrations were observed. Based on enhanced IgG4 antibody responses, the
authors proposed a new disease entity called IgG4-AIH[17]. Following this case report,
five groups, including ours, tried to identify and characterize IgG4-AIH in patients
who met the diagnostic criteria for AIH (Table 1)[7-11].

CLINICAL CHARACTERISTICS OF IGG4-AIH
We reviewed five reports  addressing the incidence,  laboratory and pathological
findings, and efficacy of glucocorticoid treatment in IgG4-AIH[7-11] (Table 1).

Diagnostic criteria and proportion of IgG4-AIH
Chung et al[7] were the first to examine the incidence of IgG4-AIH in patients with
classical  AIH.  They  examined  26  AIH  patients  who  met  the  diagnostic  criteria
proposed by the IAIHG. They defined IgG4-AIH when more than 5 IgG4-expressing
plasma cells (/HPF) were detected in the portal tracts. According to this criteria, 9 of
the 26 AIH patients were diagnosed with IgG4-AIH[7]. In another study conducted in
India, 10 of the 40 AIH patients were diagnosed as IgG4-AIH based on the Chung’s
criteria[7,9]. In subsequent three studies, IgG4-AIH was defined when more than 10
IgG4-expressing  plasma cells  were  detected  in  the  liver[8,10,11].  In  one  study,  the
presence of the overlap syndrome with IgG4-AIH in combination with PSC or PBC
was reported[10]. Although the proportion of IgG4-AIH was highly variable (from 3.3
% to 34.6%) probably due to the difference of the diagnostic criteria[7-11], it was clear
that a unique type of AIH characterized by significant infiltration of IgG4-expressing
plasma cells exists in patients with formerly diagnosed AIH. Moreover, Aydemir et
al[11]  reported  that  6  out  of  40  children  with  AIH  were  regarded  as  IgG4-AIH.
Collectively, these five reports successfully identified a subtype of AIH, called IgG4-
AIH, based on significant infiltration of IgG4-expressing plasma cells in the liver.

Nakanuma et al[19,20] proposed new diagnostic criteria for IgG4-AIH with reference
to  systemic  IgG4-RD.  According  to  the  Nakanuma’s  criteria,  IgG4-AIH  is
characterized by elevated concentrations of serum IgG4 and infiltration of IgG4-
expressing plasma cells in the liver (> or = 10 cells /HPF). Although Umemura’s
study  fully  meets  this  strict  criteria[8],  the  other  four  studies  do  not  satisfy  this
criteria[7,9-11]. Application of this new criteria for the diagnosis might make IgG4-AIH
an extremely rare disease entity since only three cases have met this criteria[19]. Given
the fact the Nakanuma’s criteria is proposed based on the well-established criteria for
IgG4-RD, application of this criteria might be useful for the diagnosis of IgG4-AIH as
hepatic involvement of systemic IgG4-RD. However, it remains to be determined
whether IgG4-AIH occurs as a subtype of classical AIH or hepatic involvement of
IgG4-RD.

Liver enzyme abnormality
Regarding liver enzyme abnormality, one study described that mean AST level in the
IgG4-AIH group was significantly higher than in the classical AIH group whereas the
differences of mean ALT, ALP and total bilirubin levels were not significant between
the two groups[9]. In the remaining four reports[7,8,10,11], serum levels of hepatobiliary
enzymes such as AST, ALT, ALP, and γGTP were comparable between IgG4-AIH and
classical AIH (IgG4-non-associated AIH). Thus, blood biochemical examinations do
not distinguish IgG4-AIH and IgG4-non-associated AIH in most cases.
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Table 1  Autoimmune hepatitis and IgG4-associated autoimmune hepatitis

Ref. Chunget al[7] Umemuraet al[8] Amarapurkar et al[9] Canivetet al[10] Aydemir et al[11]

Country Japan Japan India France Turkey

Number of AIH 26 adults 60 adults 40 adults 28 adults 40 children

Number of IgG4-AIH 9 (34.6%) 2 (3.3 %) 10 (25.0%) 7 (25.0%) 6 (15.0%)

Diagnostic criteria for
IgG4-AIH

> 5 IgG4+ cells/HPF > 10 IgG4+ cells/HPF > 5 IgG4+ cells/HPF > 10 IgG4+ cells/HPF > 10 IgG4+ cells/HPF

Laboratory findings vs
cAIH

ALT No difference No difference No difference No difference No difference

ALP No difference No difference No difference No difference NA

γGTP No difference NA NA No difference No difference

IgG Higher No difference NA Higher No difference

IgG4 No difference Higher Higher NA NA

Presence of ANA No difference No difference NA No difference NA

Detection rate of
pathological findings
vs cAIH

Portal inflammation No difference No difference NA NA No difference

Interface hepatitis No difference Higher NA NA No difference

Lobular hepatitis Higher Higher NA NA NA

Plasma cell infiltration Higher Higher NA NA No difference

Eosinophil infiltration Not detected No difference NA NA No difference

Rosette formation Higher Higher NA No difference No difference

Bile duct damage No difference Lower NA NA NA

Degree of Fibrosis vs
cAIH

No difference NA No difference No difference No difference

IAIHG score vs cAIH Higher No difference No difference NA No difference

ALT normalization
time after PSL therapy
vs cAIH

Shorter NA NA NA Shorter

cAIH: Classical autoimmune hepatitis; HPF: High-powered field; NA: Not available; IAIHG: International autoimmune hepatitis group; PSL: Prednisolone.

Serum immunological findings
HLA DR-3 and DR-4 serotypes are associated with classical AIH[13-15]. Umemura et al.
showed that one of two patients with IgG4-AIH was positive for HLA-DR4[8]. The
HLA  status  was  not  examined  in  the  other  four  studies[7,9-11].  Thus,  it  remains
unknown whether  HLA typing is  useful  to  differentiate  between IgG4-AIH and
classical AIH.

Elevated  levels  of  serum  IgG  and  ANA  titers  are  hallmarks  of  AIH[13-15].  No
difference was seen in serum levels of ANA titers in these two types of AIH[7,8,10]. In
contrast, serum concentrations of IgG were significantly higher in patients with IgG4-
associated AIH than in those with IgG4-non-associated AIH in two studies[7,10].

Serum  concentrations  of  IgG4  were  measured  in  three  studies [7-9].  Serum
concentrations of IgG4 were comparable between the two types of AIH in one study[7]

whereas patients with IgG4-AIH exhibited a marked elevation of this Ig subtype as
compared with those with IgG4-non-associated AIH in the other two studies[8,9]. At
present, the reasons accounting for the discrepancy between Chung’s and Umemura’s
studies remain unknown. One plausible explanation is that IgG4-AIH defined by
Chung et  al[7]  might  be  a  different  disease  to  that  identified by Umemura et  al[8]

Considering the fact that Umemura’s cases of IgG4-AIH meet the strict diagnostic
criteria[19], IgG4-AIH defined by Umemura et al[8] might be a hepatic manifestation of
systemic IgG4-RD rather than a subtype of AIH. On the contrary, IgG4-AIH defined
by Chung et al. might be a subtype of AIH characterized by moderately increased
IgG4 responses in the liver, but not in the serum.

Pathological findings
In  Umemura’s  study[8],  both  of  the  patients  with  IgG4-AIH  exhibited  portal
inflammation, interface hepatitis, lobular hepatitis, plasma cell infiltration, and rosette
formation whereas neither presented with bile duct damage. Consistent with this
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report,  the  incidence  of  lobular  hepatitis,  plasma  cell  infiltration,  and  rosette
formation  was  higher  in  patients  with  IgG4-AIH  than  in  those  with  IgG4-non-
associated AIH[7]. Moreover, the degree of portal inflammation was more severe in
patients with IgG4-AIH than in those with IgG4-non-associated AIH[7]. Thus, adult
patients with IgG4-AIH appear to exhibit a more severe pathology than those with
IgG4-non-associated AIH although the degree of fibrosis was comparable between the
two disorders. In contrast to these studies in adult AIH patients, the degree of chronic
inflammation  in  children  did  not  show  a  significant  difference  between  IgG4-
associated  AIH  and  IgG4-non-associated  AIH  as  judged  by  the  grade  of  portal
inflammation, interface hepatitis, rosette formation, and fibrosis[11].

As for the type of immune cells characterizing IgG4-AIH, a marked infiltration of
CD3+ T cells, CD20+ B cells, IgG+ cells and CD38+ plasma cells was seen in the liver of
patients with IgG4-AIH as compared with that of patients with IgG4-non-associated
AIH[7]. Abundant infiltration of these adaptive immune cells, especially plasma cells,
leads  us  to  speculate  that  enhanced  IgG4  antibody  responses  can  be  partially
explained  by  an  increased  accumulation  of  plasma  cells  in  the  liver  and  that
moderately  increased  IgG4  antibody  responses  (5-10  cells/HPF)  may  be  an
epiphenomenon associated with increased accumulation of plasma cells[7,19]. However,
infiltration of IgG1-expressing plasma cells was comparable in the liver between
IgG4-AIH and IgG4-non-associated AIH in Chung’s study[7].  Therefore,  selective
enhancement  of  IgG4  antibody  responses  might  be  also  induced  even  in  cases
exhibiting normal serum IgG4 concentrations and moderately increased accumulation
of IgG4-expressing plasma cells in the liver. In this regard, there is no doubt that
selective enhancement in IgG4 antibody responses are actually induced in IgG4-AIH
patients who met the strict criteria proposed by Nakanuma et al[8,19].

Sensitivity to glucocorticoid and azathioprine
Glucocorticoid treatment is the first line of treatment for both AIH[13-15]  and IgG4-
RD[1-4]. Sensitivity to glucocorticoids was investigated in IgG4-AIH and IgG4-non-
associated AIH through assessment of ALT normalization time. The proportions of
patients showing normalization of ALT were comparable between IgG4-AIH and
IgG4-non-associated  AIH  at  1  or  2  years  after  the  initiation  of  glucocorticoid
treatment[9,10].  In  contrast,  the  ALT  normalization  time  after  the  glucocorticoid
treatment  was  shorter  in  patients  with  IgG4-AIH than  in  those  with  IgG4-non-
associated AIH in two studies[7,11]. Thus, accumulation of IgG4-expressing plasma cells
in the liver might be a surrogate marker for the prediction of glucocorticoid treatment.
Patients  with  IgG4-AIH  were  treated  with  glucocorticoid  followed  by  the
maintenance therapy with azathioprine[9-11]. The response rates to azathioprine at the
maintenance phase were comparable between IgG4-AIH and IgG4-non-associated
AIH.

IGG4-AIH AS A SUBTYPE OF AIH OR AS A HEPATIC
MANIFESTATION OF IGG4-RD
One major  question  arising  from the  previous  studies  summarized  above[7-11]  is
whether IgG4-AIH is a subtype of classical AIH or a hepatic manifestation of systemic
IgG4-RD. Since all of these studies identified and characterized IgG4-AIH among
patients with classical AIH, AIH is likely to be classified into IgG4-AIH and IgG4-non-
associated AIH. Given the fact that IgG4-AIH is diagnosed based on the presence of
IgG4-expressing  plasma  cells  in  the  liver,  it  is  possible  that  immune  responses
necessary  for  IgG4  antibody  class  switch  recombination  underlie  the  immuno-
pathogenesis of IgG4-AIH. Extensive immuno-histochemical analysis by Chung et al.
showed that the numbers of CD3+ T cells, CD20+ B cells, and CD38+ plasma cells in the
liver were greater in patients with IgG4-AIH than in those with IgG4-non-associated
AIH[7]. The results of this study strongly suggest that adaptive immune responses
might be involved in the immuno-pathogenesis of IgG4-AIH and that enhanced IgG4
responses in the liver might be secondary and as a result of activation of adaptive
immune cells. However, hepatic immune cell populations or profiles of cytokines
leading to enhanced IgG4 antibody responses have been poorly clarified.

IgG4-RD is characterized by multiple organ involvement and a unique form of
fibrosis called storiform fibrosis[1,2]. Although systemic IgG4-RD preferentially affects
the salivary glands, pancreas, biliary tract, and kidneys [1,2], hepatic involvement is less
well  characterized[6].  Neither  multiple  organ  involvement  nor  the  presence  of
storiform fibrosis had been examined in patients with IgG4-AIH when these five
studies were published[7-11]. Lack of multiple organ involvement as well as storiform
fibrosis supports the idea that IgG4-AIH is a subtype of classical AIH rather than
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hepatic manifestation of IgG4-RD. However, it is too early to recognize IgG4-AIH as a
subtype of classical AIH as a case with co-occurrence of IgG4-SC and IgG4-AIH has
been reported[21]. Moreover, metachronous development of IgG4-SC and IgG4-related
AIP was observed in two cases that had been formerly diagnosed as IgG4-AIH[19].
These two cases of IgG4-AIH bearing other organ involvement and elevated serum
concentrations of IgG4 are considered to exhibit AIH lesions as hepatic involvement
of systemic IgG4-RD. Thus, IgG4-AIH can occur as hepatic involvement of systemic
IgG4-RD if accumulation of IgG4-expressing plasma cells in the liver is accompanied
by  a  marked  elevation  of  serum  IgG4  concentrations.  Therefore,  it  is  strongly
suggested that IgG4-AIH identified in the previous five studies is categorized into
two  types[7-11];  a  subtype  of  AIH  characterized  by  moderately  enhanced  IgG4
responses  in  the  liver  alone[7]  and  a  hepatic  manifestation  of  IgG4-RD  sharing
pathological finding with AIH and exhibiting systemic enhanced IgG4 responses[8,19].

Another important question that needs to be addressed is the clinicopathological
difference between IgG4-AIH and IgG4-hepatopathy, both of which can arise from
systemic  IgG4-RD[8,12,19].  Although  IgG4-hepatopathy  and  IgG4-AIH  share  key
pathological findings such as portal inflammation, interface hepatitis, and lobular
hepatitis,  the  former  disease  frequently  presents  with  bile  duct  damage  and
eosinophilic  infiltration,  compared to  the  latter[8,12,19].  Thus,  careful  pathological
examinations might be useful in discriminating between these two disorders.

Much progress has been made in the immuno-pathogenesis of IgG4-RD in terms of
autoantigens and pathogenic cell types. Laminin 511, Annexin A11, and galectin 3 are
identified as target autoantigens in IgG4-RD[22-24]. Plasmacytoid dendritic cells (pDCs)
producing both IFN-α and IL-33 play crucial roles in murine experimental AIP and
human IgG4-related AIP[2,25,26].  Examination of  serum antibody titers  against  the
autoantigens listed above and analysis of pDC activation in the liver may be useful in
determining whether IgG4-AIH occurs as a hepatic manifestation of IgG4-RD.

CONCLUSION
Recent  clinicopathological  analysis  identified  IgG4-AIH  as  a  subtype  of  AIH.
Confirmation of hepatic accumulation of IgG4-expressing plasma cells is absolutely
required for the diagnosis of IgG4-AIH on the condition that the patient meets the
diagnostic criteria for AIH. IgG4-AIH can occur not only in adults but also in children.
Previous studies with a limited number of patients have indicated that IgG4-AIH and
IgG4-non-associated  AIH  share  laboratory  findings,  pathological  findings,  and
sensitivity to glucocorticoids. However, accumulation of IgG4-expressing plasma cells
was only detected in IgG4-AIH. It should be noted, however, that ALT normalization
time after the glucocorticoid treatment might be shorter in IgG4-AIH than in IgG4-
non-associated AIH[7,11]. Thus, significant infiltration of IgG4-expressing plasma cells
in  the  liver  may  be  useful  as  a  biomarker  for  the  prediction  of  the  efficacy  of
glucocorticoid in AIH. One important issue that needs to be addressed in future
studies is whether IgG4-AIH is a subtype of AIH or a hepatic manifestation of IgG4-
RD. Establishment of IgG4-AIH as a new disease entity awaits characterization of
clinicopathological findings and immune responses in accumulated cases with IgG4-
AIH.
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Abstract
BACKGROUND
Electroacupuncture (EA) at ST36 can significantly improve gastrointestinal
symptoms, especially in promoting gastrointestinal motility. The automatic
nervous system plays a main role in EA, but few studies exist on how vagovagal
and sympathetic reflexes affect EA to regulate gastrointestinal motility.

AIM
To study the role of vagovagal and sympathetic reflexes in EA at ST36, as well as
the associated receptor subtypes that are involved.

METHODS
Gastric motility was measured with a manometric balloon placed in the gastric
antrum area in anesthetized animals. The peripheral nervous discharge was
measured using a platinum electrode hooking the vagus or greater splanchnic
nerve, and the central nervous discharge was measured with a glass
microelectrode in the dorsal motor nucleus of the vagus (DMV). The effects and
mechanisms of EA at ST36 were explored in male Sprague-Dawley rats which
were divided in to a control group, vagotomy group, sympathectomy group, and
microinjection group [including an artificial cerebrospinal fluid group, glutamate
(L-Glu) group, and γ-aminobutyric acid (GABA) group] and in genetically
modified male mice [β1β2 receptor-knockout (β1β2-/-) mice, M2M3 receptor-
knockout (M2M3-/-) mice, and wild-type control mice].

RESULTS
EA at ST36 promoted gastric motility during 30-120 s. During EA, both vagus and
sympathetic nerve discharges increased, with a much higher frequency of vagus
nerve discharge than sympathetic discharge. The gastric motility mediated by EA
at ST36 was interdicted by vagotomy. However, gastric motility mediated by EA
at ST36 was increased during 0-120 s by sympathectomy, which eliminated the
delay effect of EA during 0-30 s, but it was lower than the control group during
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30-120 s. Using gene knockout mice and their wild-type controls to explore the
receptor mechanisms, we found that EA at ST36 decreased gastric motility in
M2/3-/- mice, and promoted gastric motility in β1/2-/- mice. Extracellular
recordings showed that EA at ST36 increased spikes of the DMV. Microinjection
of L-Glu into the DMV increased gastric motility, while EA at ST36 decreased
gastric motility during 0-60 s, and promoted gastric motility during 60-120 s.
Injection of GABA reduced or increased gastric motility, and reduced the
promoting gastric motility effect of EA at ST36.

CONCLUSION
These data suggest that EA at ST36 modulates gastric motility via vagovagal and
sympathetic reflexes mediated through M2/3 and β1/2 receptors, respectively.
Sympathetic nerve activity mediated through β1/2 receptors is associated with
an early delay in modulation of gastric motility by EA at ST36.

Key words: Gastric motility; Electroacupuncture; Vagovagal reflex; Sympathetic nerve;
Rats
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Core tip: In this study, we measured intragastric pressure to observe the effect of
electroacupuncture (EA) at ST36 on gastric motility at different time intervals. The role
of the peripheral autonomic nervous system in EA was determined using the vagus nerve
and splanchnic nerve severance model, as well as by detecting peripheral autonomic
nerve discharge. M2/3 and β1/2 receptor knockout mouse models were further used to
identify autonomic receptor subtypes specifically involved in the regulation of gastric
motility. Finally, we studied the role of brainstem neurocircuits during EA at ST36 by
detecting the dorsal motor nucleus of the vagus (DMV) neuron discharge and the effect
of microinjection of γ-aminobutyric acid and glutamate to the DMV. Using these
approaches, the role of vagovagal and sympathetic reflexes in regulating gastric motility
by EA at ST36 was determined.
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INTRODUCTION
Extrinsic  neural  inputs  originating in the central  nervous system (CNS) provide
modulation  of  gastric  motility,  especially  in  the  upper  gastrointestinal  tract.  In
particular,  brainstem  vagovagal  parasympathetic  neurocircuits  have  the  most
prominent role in the CNS-mediated control of upper gastrointestinal tract motility[1].
Vagovagal neurocircuits comprise the nucleus tractus solitarius (NTS), the dorsal
motor nucleus of the vagus (DMV), and the nucleus ambiguous. The DMV is the
nuclei of origin of vagal motor fibers. The efferent fibers from the DMV form synaptic
contacts with postganglionic neurons located in the target organ which modulate
gastric motility.

Gastric dysmotility is  a common symptom of gastrointestinal diseases such as
functional  dyspepsia  and  diabetic  gastroparesis.  Although  cisapride  and
domperidone  can  promote  gastric  motility  in  patients  with  insufficient  gastric
motility,  adverse  cardiac  reactions  are  often  reported  in  the  clinic[2-5].  Electro-
acupuncture (EA) is widely used in clinical practice due to its safety, high efficacy,
and low toxicity.  Studies have shown that  EA at  ST36 can significantly improve
gastrointestinal  symptoms,  especially  in  promoting  gastrointestinal  motility[6-9].
However, the mechanism underlying its efficacy remain exploring. Most studies have
shown that EA at ST36 is closely related to vagus nerve activity, especially the dorsal
vagal complex of the neural pathway[10-13].

In this study, we measured intragastric pressure to observe the effect of EA at ST36
on gastric motility at different time intervals. The role of the peripheral autonomic
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nervous system in EA was determined using the vagus nerve and splanchnic nerve
severance model, as well as by detecting peripheral autonomic nerve discharge. M2/3
and β1/2 receptor knockout mouse models were further used to identify autonomic
receptor subtypes specifically involved in the regulation of gastric motility. Finally,
we studied the role of brainstem neurocircuits during EA at ST36 by detecting DMV
neuron discharge and the effect of microinjection of γ-aminobutyric acid (GABA) and
glutamate (L-Glu) to the DMV. Using these approaches, the role of vagovagal and
sympathetic reflexes in regulating gastric motility by EA at ST36 was determined.

MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats weighing 250-300 g (Model Animal Research Center of
Nanjing Medical University, China) were divided into a control group, sham surgery
group, vagotomy group, sympathectomy group, and microinjection group (including
an artificial cerebrospinal fluid group, GABA group, and L-Glu group). M2/3-/- mice
(M2/3 -/-,  D2;  129-Chrm2 tml  Chrm3 tml,  D0407,  Kumamoto  University,  Japan),
β1/2-/-mice  (β1/2-/-;  Adrb1tmlBkkAdrb2tmlBkk/J,  J003810,  donated  by  the  Jackson
Laboratory, United States), and their wild-type mice (male, 20-25 g; Model Animal
Research Center of Nanjing Medical University, China) were applied. Gene knockout
in mice was verified by PCR.

All animals were housed under controlled environmental conditions (22 °C, 40%-
60% relative humidity, 12/12 h light/dark cycle) and were given free access to water
and food. All animals were allowed 1 week of feeding adaptation. All experimental
manipulations were undertaken in accordance with the Principles of  Laboratory
Animal Care and the Guide for the Care and Use of Laboratory Animals, published
by the National Science Council, China.

Drugs
Animals were anaesthetized with urethane (U2500; Sigma, St.  Louis, MO, United
States).  L-Glu  (G1251-100G;  Sigma),  GABA  (A2129-10G;  Sigma),  artificial
cerebrospinal fluid (R22153;  Yuan Ye Biological  Co.,  Ltd.,  Shanghai,  China),  and
Pontamine sky blue (24410; Sigma) were administered via  microinjection prior to
surgery. Penicillin (2011; Shandong Shengwang Pharmaceutical Co., Ltd., Shandong,
China) was administered after surgery. The concentrations and doses of the drugs
were as follows: urethane (20%; 0.8 g/kg for rats and 5 mL/kg for mice), L-Glu (0.1
mol/L,  0.2 μL),  GABA (0.1 mol/L,  0.2 μL),  artificial  cerebrospinal  fluid (0.2 μL),
penicillin (0.2 mL/d of 800 IU penicillin in 5 mL saline per rat, intramuscular), and
Pontamine sky blue (1% dissolved in 0.5 mol/L sodium acetate).

Assessment of gastric motility
Experimental  animals  were fasted for  12 h and were free  to  drink.  A small  skin
incision  (length:  5-8  mm in  rats,  2-3  mm in  mice)  was  made  below the  xiphoid
process, then a small balloon made of flexible rubber (about 2 mm in diameter for rats
and 1 mm in diameter for mice) was inserted into the duodenum and placed in the
antrum of the stomach. The small balloon was connected to a polyethylene tube filled
with 0.05-0.1 mL of warm water. The pressure in the balloon was further analyzed
using a transducer (YP201; Chengdu Instrument Factory) and a physiological signal
collection  system (RM6240;  Chengdu Instrument  Factory).  Baseline  intragastric
pressure was maintained at 0.1 Kpa, and the experimental animals were maintained
at a temperature of 37 ± 0.5 °C with an electric heating pad.

Surgery
For  vagotomy,  rats  were  fasted  for  24  h  before  surgery  and  anesthetized  with
urethane. The skin was prepared with iodophor disinfection. A small skin incision
was introduced along the midline of the abdomen, and the stomach and subphrenic
surface of the animal were exposed. The distal and proximal ventral gastric vagus
branches were separated and cut. After surgery, penicillin was injected for 3 d to
prevent infection. The rats were fed liquid food within 3 d after surgery. After 5 d, the
rats were used in the experiment. For sympathectomy, preoperative preparation was
the same as for vagotomy. Between the left iliac horn and the lumbar muscle, the left
greater splanchnic nerve was separated and cut. Postoperative treatment was the
same as that for vagotomy.

Parasympathetic and sympathetic nerve discharge
Vagus nerve discharge: Rats were anesthetized with urethane, a small skin incision
was made in the midline of the abdomen, and the left vagus nerve was separated as
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for vagotomy. The nerve was hooked with the positive electrode, and the surrounding
tissue was hooked with the reference electrode.

Sympathetic nerve discharge: Rats were anesthetized with urethane, a small skin
incision was made in the midline of the abdomen, and the left greater splanchnic
nerve was separated as for sympathectomy. The nerve was hooked with the positive
electrode, and the surrounding tissue was hooked with the reference electrode. Nerve
discharge was recorded using a preamplifier (NL100, CED, United Kindom) and a
Micro1401-3 bioelectric module (NL125NL126, CED, United Kindom) connected to a
biosignal acquisition and analysis system (Microl 1401-3, CED, United Kindom). The
signal filtering was 10-1000 Hz, sampling frequency was 20000Hz, and amplification
was 1000 times. The data were recorded with Spike2 software.

Localization, microinjection, and nerve discharge of the dorsal motor nucleus of the
vagus nerve
Rats were anesthetized with 20% urethane (8 mL/kg) and placed in a prone position
on a brain stereotaxic instrument maintained at a temperature of 37 °C using an
electric heating pad. The head was fixed with an ear rod and rat head clip. After
removing the cranial fur, a longitudinal incision was made in the middle of the head,
the subcutaneous tissue was separated and the skull was clearly exposed, and the
anterior fontanelle and posterior fontanelle were adjusted to the same horizontal line.
The vagus dorsal motor nucleus was determined according to the brain localization
map of Paxinos and Watson for rats (coordinate: AP 13.2 mm, RL 0.5 mm, H 8 mm)[14].

For microinjection of the rostral part DMV, a small hole (about 2 mm diameter) was
drilled into the skull using an electric bone drill. A customized injection cannula (a
stainless steel catheter with an outer diameter of 0.7 mm, inner diameter of 0.4 mm,
and length of 10 mm) was inserted through the hole, and zinc phosphate cement was
used to seal the hole. After surgery, penicillin was injected for 3 d to prevent infection.
The rats were fed liquid food within 3 d after surgery. After 5 d, the rats were used in
the experiment. Thereafter, the rats received artificial cerebrospinal fluid (0.1 mol/L,
0.2  μL),  L-Glu  (0.1  mol/L,  0.2  μL),  and  GABA  (0.1  mol/L,  0.2  μL)  via  the  mi-
croinjection catheter. The rats were divided into three groups depending on the drug
they received.

To measure nerve discharge of the DMV, a glass microelectrode (0.5 mol/L sodium
acetate  electrolyte  filled  with  1%  Pontamine  sky  blue)  was  passed  through  a
microinjection thruster to reach the DMV nerve (coordinate: AP 13.2 mm, RL 0.5 mm,
H 8 mm), and its extracellular nerve discharge was recorded. When spontaneous
neuronal discharge appeared, neuronal discharge before EA (1 min), during EA (2
min), and after EA (1 min) was recorded. After completion of the recording, the next
intervention was performed after the baseline returned to the pre-EA level.

The tissue recording site was localized after each recording of nerve discharge. A
digital DC stabilized power stimulator was used to pass reverse direct current (10 μA,
20 min)  to  the  microelectrode,  and Pontamine sky blue was passed through the
microelectrophoresis mode to the tip of the electrode.

Dissected brains were soaked in 4% paraformaldehyde solution. Thick sections (40-
60 μm) of brain tissue were used to observe the location of the Pontamine sky blue
marker under a light microscope. The location of the dye marker was compared with
the position of the vagus nerve dorsal motor nucleus based on Paxinos and Watson
rat brain location to determine the accuracy of vagus dorsal motor nucleus recording
localization.

EA stimulation
ST36 (Zusanli) is located in the posterolateral aspect of the knee joint, about 5 mm
below the capitulum fibulae; the stimulation method was EA stimulation, and the
needle was connected to Han’s EA instrument (LH402A; Beijing Huawei Technologies
Co.,  Ltd.).  The  stimulating  intensity  was  2  mA,  frequency  was  2/15  Hz,  and
stimulation time was 2 min.

Statistical analysis
Discharge data were collected using the amplifier and biosignal acquisition device,
and recorded and analyzed using the Spike2 software.  The recorded intragastric
pressure  data  were  analyzed with  a  physiological  signal  collection  system.  The
change in discharge frequency or percentage change in gastric motility was compared
between during and before EA. An absolute value of change in discharge frequency ≥
20% was regarded as an effective excitation or inhibition effect, and an absolute value
of gastric motility change ≥ 5% was regarded as effective excitation or inhibition. The
following effect formula (1) was used to indicate the change in percentage:

Percentage change = [ (DreEA-PreEA)/PreEA] × 100% (1)
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Data were analyzed with SPSS 23.0 software and GraphPad Prism 6.0. All data are
expressed as the mean ± standard deviation. Any two groups were compared using
independent sample t-tests, and one-way analysis of variance was used for more than
two groups. P < 0.05 indicated statistical significance.

RESULTS

Effect of EA at ST36 on gastric movement and peripheral autonomic discharge
In order to understand the effect of EA at ST36 on gastric motility, we monitored
changes in intragastric pressure during EA for 120 s. We observed that there was no
significant change in intragastric pressure at 0-30 s during EA (P  > 0.05), and the
intragastric pressure was significantly increased from 30-60 s (P < 0.05, Figure 1A).
Simultaneously, we examined discharge of the vagus nerve and the greater visceral
nerve during EA. The discharge frequency during EA was significantly increased
compared to the pre-EA frequency, and the vagus nerve discharge frequency was
significantly higher than that of the greater visceral nerve (P < 0.05, Figure 1C). These
findings suggest that the vagus nerve and the greater visceral nerve are both affected
by EA at ST36, with the vagus nerve affected to a greater degree.

Effect of EA at ST36 on gastric motility in different nerve transection groups
In order to further understand the role of the vagus nerve and the greater visceral
nerve in gastric movement related to EA at ST36, we observed changes in intragastric
pressure in different neurotomy groups. Compared with the normal control group,
the  intragastric  pressure  during  EA  in  the  vagus  nerve  transection  group  was
significantly reduced. During EA at 0-30 s, the intragastric pressure of the greater
visceral nerve transection group was significantly increased (P < 0.05, Figure 2). These
results suggest that the promotion of gastric motility caused by EA at ST36 is related
to vagus nerve activation, and the delayed aspect of this effect (no significant change
in intragastric pressure at 0-30 s) depends mainly on activation of the greater visceral
nerve.

Effect of EA at ST36 on gastric motility in M2/3-/- and β1/2-/- mice
To further study the effects of different receptor subtypes of the vagus nerve and the
greater visceral nerve on gastric movement induced by EA at ST36, we measured
associated changes in intragastric pressure in different receptor knockout mouse
models. Compared with wild-type B6 mice, EA at ST36 inhibited gastric movement in
M2/3-/-  mice. At 0-30 s, the intragastric pressure of β1/2-/-  mice was significantly
increased by EA at ST36 (P < 0.05, Figure 3). These results suggest that the effect of EA
at ST36 on gastric motility depends on the vagus nerve M2/3 receptor. The delayed
function of this effect is mainly dependent on activation of the greater visceral nerve
β1/2 receptor.

Effect of EA at ST36 on the discharge of neurons in the dorsal motor nucleus of the
vagus nerve
In order to further understand the mechanism of the vagus nerve circuit in EA at
ST36, we measured neuronal discharge in the DMV nerve during EA at ST36. Seventy
percent of the 47 neurons recorded showed excitatory responses to EA at ST36, and
the frequency of neuronal discharge during EA was significantly higher than that
before EA (P < 0.05, Figure 4).

Effect of microinjection of L-Glu and GABA into the DMV on gastric motility
Studies have shown that L-Glu and GABA play an important role in the brainstem
vagus nerve circuit.  In  order  to  clarify  the effect  of  L-Glu and GABA on gastric
motility regulation in the DMV, we microinjected L-Glu and GABA into the DMV to
detect changes in intragastric pressure between 60 s before injection and 60 s after
injection. Microinjection of L-Glu significantly increased intragastric pressure in the
DMV  compared  with  the  artificial  cerebrospinal  fluid  control  group,  while
microinjection of GABA produced both excitatory and inhibitory effects (P  < 0.05,
Figure 5).

Effect of EA at ST36 on gastric movement after microinjection of L-Glu and GABA
in the DMV
In order to clarify transmitter regulation during EA at ST36 in the brainstem vagus
nerve  circuit,  we  measured  the  effect  of  EA  at  ST36  on  gastric  motility  after
microinjection of L-Glu and GABA into the DMV. Compared with the control group,
the effect of EA at ST36 was significantly reduced after injection of GABA. During EA
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Figure 1

Figure 1  Effect of electroacupuncture at ST36 on gastric motility and vagus and sympathetic discharge. A: Effect of electroacupuncture (EA) at ST36 on
intragastric pressure; aP < 0.05 compared with pre-EA intragastric pressure; B: Waveform of gastric motility by EA at ST36; C: Percent change in discharge of the
vagus nerve and greater splanchnic nerve induced by EA at ST36; aP < 0.05 compared with sympathetic nerve discharge during the same time interval; D: Waveform
of vagus nerve discharge (upper panel) and greater splanchnic nerve discharge (lower panel). EA: Electroacupuncture.

0-60 s, the gastric motility was inhibited after injection of L-Glu (P < 0.05, Figure 6).
These results suggest that both GABA and L-Glu are involved in the brainstem vagus
nerve circuit of EA at ST36.

DISCUSSION
Along with the rapid pace of life and changes in dietary habits,  the incidence of
gastrointestinal dysfunction is increasing, with abdominal distension, abdominal
pain, nausea, and vomiting being the main symptoms. Many patients also experience
these symptoms due to gastric dysmotility. Acupuncture therapy is widely used to
treat gastrointestinal diseases because of its low side effect profile and good curative
effect,  and  ST36  is  the  most  frequently  used  acupoint  for  the  treatment  of
gastrointestinal dysfunction. Previous studies have shown that acupuncture at ST36
regulates gastrointestinal  motility mainly via  the autonomic nervous system[15-17].
However, there is no clear study on how the vagus nerve and sympathetic nerves
participate in regulation, and what role the brainstem neural circuit plays.

Current  research  has  found  that  acupuncture  of  the  lower  limbs  can  cause
excitability of the vagus nerve, thereby increasing gastric motility[18,19]. However, the
vagus  nerve  is  not  exclusively  involved in  regulation of  gastric  motility  during
acupuncture at ST36. Our study found that the time period during which EA at ST36
started to take effect was 30 s after stimulation onset, and that gastric movement did
not change significantly during the first 0-30 s (Figure 1). We also examined vagus
nerve and greater splanchnic nerve activity during EA. Neuronal discharge of the
vagus nerve and the splanchnic nerve was significantly increased compared with the
time period before EA (Figure 2), while the frequency of vagus nerve discharge was
significantly higher than that of the greater splanchnic nerve (Figure 3). These data
suggest that the vagus nerve and sympathetic nerve are involved in EA regulation,
and that the vagus nerve may play a major role in increasing gastric motility.

To further clarify the autonomic nervous system mechanisms involved in gastric
motility regulation, we observed changes in gastric motility after transecting the
vagus nerve and greater splanchnic nerve. We found that after the vagus nerve was
transected,  the  gastric  motility-promoting  effect  of  EA  at  ST36  was  essentially
abolished. When the greater splanchnic nerve was transected, the delayed effect of EA
at ST36 disappeared (Figure 2). Therefore, EA at ST36 can increase gastric movement
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Figure 2

Figure 2  Effect of electroacupuncture at ST36 on gastric motility in different surgical model groups. A: Percentage change of gastric motility in the control
group, vagus nerve transection group, and splanchnic nerve transection group; aP < 0.05 compared with the control group during the same time period, bP < 0.05
compared with the vagus nerve transection group during the same time period; B: Waveforms of gastric motility in the control group, vagus nerve transection group,
and splanchnic nerve transection group. EA: Electroacupuncture.

via  the vagus nerve, and this effect is delayed due to involvement of sympathetic
nerves.

The  vagus  nerve  and  sympathetic  nervous  system  regulate  gastric  motility
together[20]. The vagus nerve neural circuit involves the brainstem vagus nerve neural
circuit  and  the  vagus  nerve  efferent  fibers,  which  are  transmitted  via  posterior
membrane receptors of the gastric wall,  with different receptors having different
regulatory  roles[21].  Studies  have  shown that  when the  vagus  nerve  releases  the
excitatory neurotransmitter acetylcholine, it mainly acts through two major receptor
systems of the postsynaptic membrane, the nicotinic receptor (N) and muscarinic
receptor (M), to promote gastric motility[22]. When the vagus nerve releases inhibitory
neuronal NANC transmitter, it inhibits gastric motility. Five subtypes of M receptors
exist[23], with M2M3 being the primary receptors distributed in the gastrointestinal
smooth muscle[24]. Sympathetic nerves release norepinephrine and adrenaline through
the  branch  of  the  spinal  cord  that  innervates  the  gastric  segment  via  the  com-
municating branch, anterior ganglia, and the posterior ganglia. These transmitters act
on postsynaptic β and α2 receptors, thereby inhibiting smooth muscle contraction and
decreasing gastric motility.

As stated, EA regulates gastrointestinal motility via  the vagus and sympathetic
nerves. Studies have shown that injection of the M receptor blocker atropine can
inhibit the gastric motility-promoting effect of EA at LI11 (Quchi)[25], and the injection
of  the beta blocker propranolol  can abrogate the inhibition of  jejunal  motility[26].
However, due to a poor specificity of the blockers, the specific receptor subtype(s)
through which these effects are mediated is not clearly known. Our study found that
compared with wild-type mice,  the delayed effect  of  EA at  ST36 disappeared in
β1/2-/- mice, and gastric motility increased significantly during the 0-30 s period. EA
at ST36 in M2/3-/- mice decreased gastric motility. These observations demonstrate
that EA at ST36 acts through efferent vagus nerve activation of postsynaptic M2M3
receptors to promote gastric motility, while sympathetic activation of β1β2 receptors
underlies  the  early  delayed gastric  motility  response.  Interestingly,  EA at  ST36
inhibited gastric motility in M2M3 receptor knockout mice.

Since the vagus nerve plays an important role in promoting gastric motility by EA
at ST36, we focused on the effect of EA at ST36 on the vagus nerve neural circuit. We
found that  the  brainstem vagus  nerve  neural  circuit  plays  an  important  role  in
regulating gastric motility, including the solitary tract nucleus, the vagus nerve dorsal
motor  nucleus,  and  the  nucleus  ambiguus.  The  sensory  afferent  transmits  the
mechanical and chemical signals of the stomach to the solitary tract nucleus[27] through
L-Glu; these signals are then transmitted to the DMV or the high-grade center via L-
Glu,  GABA, and catecholamines,  and the DMV transmits  the signal  through the
efferent vagus nerve. The main neurotransmitters involved are L-Glu and GABA[28]. L-
Glu is a common excitatory neurotransmitter in the brain and its receptors include
both ionotropic L-Glu receptors and metabotropic L-Glu receptors.  Studies have
found that microinjection of L-Glu into the DMV produces different effects. Sun et al[29]

injected L-Glu into the right DMV and NTS to induce inhibition of gastric motility;
Cruz et al[30] found that injecting L-Glu into the rostrum of the DMV promoted gastric
motility, while injecting L-Glu into the tail of the DMV induced inhibition of gastric
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Figure 3

Figure 3  Effect of electroacupuncture at ST36 on gastric motility in mouse receptor knockout models. A: Effect of electroacupuncture (EA) at ST36 on gastric
motility in wild-type mice, β1/β2 knockout mice, and M2/M3 knockout mice; aP < 0.05 compared with the control group during the same time period, bP < 0.05
compared with the β1/2-/- group during the same time period; B: Waveform of gastric movement induced by EA at ST36 in wild-type mice, β1/2 knockout mice, and
M2/3 knockout mice. EA: Electroacupuncture.

motility. These effects can be blocked by transecting the vagus nerve.
GABA is the major inhibitory amino acid in the brain, with three major receptor

types and multiple receptor subtypes. Browning et al[31] believe that glutamatergic
neurons between the NTS and DMV do not affect the regulation of gastric motility.
On the contrary,  GABAergic  neurons are important  for  the regulation of  gastric
motility; Pearson et al[32] found that the brainstem neural circuit that regulates the
gastric antrum involves GABAergic transmission. Multiple studies have shown that
GABAergic synaptic input in the solitary tract nucleus inhibits the efferent vagus
nerve which regulates the upper digestive tract, thereby affecting gastric function[33].

Studies have shown that EA can affect the brainstem, as supported by imaging and
c-fos immunopositive expression[34,35], and have also shown that the solitary nucleus is
involved in acupuncture regulation of the gastrointestinal tract[36,37]. Our study found
that injecting L-Glu into the rostrum of the DMV promotes gastric motility, while
injecting  GABA  produces  both  inhibitory  and  stimulatory  effects.  To  examine
whether  EA  at  ST36  involves  the  brainstem  vagus  nerve  neuronal  circuit,  we
examined the neuronal discharge of the DMV. Compared to baseline spontaneous
discharge,  EA  at  ST36  can  significantly  excite  DMV  neurons.  To  study  the
involvement of L-Glu and GABA in the EA process, we performed EA at ST36 along
with the injection of L-Glu and GABA, respectively, into the DMV. Gastric motility
decreased during the first 0-60 s after injecting L-Glu followed by EA; the motility-
promoting effect of EA showed a significant decline after the injection of GABA.
These observations suggest that both L-Glu and GABA are involved in the brainstem
nerve  circuit  of  EA  at  ST36  that  regulates  gastric  motility.  GABA  in  the  DMV
antagonized the effect of EA at ST36.

In  conclusion,  our  findings  show  that  EA  at  ST36  mainly  regulates  gastric
movement through the DMV vagovagal reflex circuit by L-Glu and GABA. While
M2M3 receptors play a major role in mediating the vagus nerve efferent effect on
gastric  motility,  the  involvement  of  the  sympathetic  nervous  system  and  β1β2
receptors  may be  the  cause  of  delayed initiation  of  gastric  motility.  The  vagus-
sympathetic circuit is involved in the neural circuit that regulates gastric movement
by EA at ST36.
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Figure 4

Figure 4  Effect of electroacupuncture at ST36 on neurons in the dorsal motor nucleus of the vagus nerve. A: Number of dorsal motor nucleus of the vagus
nerve (DMV) neuron responses during electroacupuncture (EA) at ST36; B: Discharge frequency of DMV neurons; aP < 0.05 compared with pre-EA; C: Waveform of
DMV neuron discharge by EA at ST36; D: Location of the DMV (D1-D2, location of the DMV; D2, location of injected Pontamine sky blue in the DMV). EA:
Electroacupuncture; DMV: Dorsal motor nucleus of the vagus nerve.

Figure 5

Figure 5  Gastric motility changes after dorsal motor nucleus of the vagus nerve microinjection of different amino acids. A: Percentage change of gastric
motility after microinjection of artificial cerebrospinal fluid, glutamic acid, or γ-aminobutyric acid (GABA) into dorsal motor nucleus of the vagus nerve (DMV) (GABA-I is
the inhibitory effect group, and GABA-E is the excitatory effect group); aP < 0.05 compared with the control group; B: Waveform of gastric movement changes after
microinjection of artificial cerebrospinal fluid, glutamic acid, and GABA into the DMV. GABA: γ-aminobutyric acid; DMV: Dorsal motor nucleus of the vagus nerve; L-
Glu: Glutamate.
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Figure 6

Figure 6  Effect of electroacupuncture at ST36 on gastric motility after microinjection of different amino acids. A: Percentage change of gastric movement by
electroacupuncture (EA) at ST36 after microinjection of artificial cerebrospinal fluid, GABA, or glutamic acid to the dorsal motor nucleus of the vagus nerve; aP < 0.05
compared with the control group; B: Waveform of gastric motility induced by EA at ST36 after microinjection of artificial cerebrospinal fluid, γ-aminobutyric acid, or
glutamic acid into the DMV. EA: Electroacupuncture; GABA: γ-aminobutyric acid; DMV: Dorsal motor nucleus of the vagus nerve; L-Glu: Glutamate.

ARTICLE HIGHLIGHTS
Research background
Electroacupuncture (EA) at ST36 can significantly improve gastrointestinal symptoms, especially
in promoting gastrointestinal motility. The automatic nervous system plays a main role in EA at
ST36, but few studies exist on how vagovagal and sympathetic reflexes affect EA in regulating
gastrointestinal motility.

Research motivation
This study aimed to investigate the mechanism of the automatic nervous system in promoting
gastrointestinal  motility  by  EA at  ST36.  The  results  obtained  may  be  used  to  explain  the
mechanism of EA in regulating gastrointestinal motility. Furthermore, it may provide a reference
to neurostimulation therapy.

Research objectives
The objective of this study was to determine the role of vagovagal and sympathetic reflexes in
EA at ST36, as well as the associated receptor subtypes that are involved. The results obtained
may  be  used  to  explain  the  mechanism  of  EA  in  regulating  gastrointestinal  motility.
Furthermore, it may provide a reference to neurostimulation therapy.

Research methods
Gastric  motility  was  measured  with  a  manometric  balloon  in  anesthetized  animals.  The
peripheral nervous activity was measured with a platinum electrode hooking the vagus or
greater  splanchnic  nerve,  and  the  central  nervous  activity  was  measured  with  a  glass
microelectrode in the DMV. The effects and mechanisms of EA at ST36 were explored in male
Sprague-Dawley  rats  which  were  divided  into  a  control  group,  vagotomy  group,
sympathectomy group, and microinjection group [including an artificial cerebrospinal fluid
group, glutamate (L-Glu) group, and γ-aminobutyric acid (GABA) group] and in genetically
modified male mice [β1β2 receptor-knockout (β1β2-/-) mice, M2M3 receptor-knockout (M2M3-/-)
mice, and wild-type control mice].

Research results
EA at ST36 promoted gastric motility during 30-120 s. During EA, the vagus nerve activity was
much higher  than sympathetic  activity.  The  gastric  motility  mediated by  EA at  ST36  was
interdicted by vagotomy. However, the delay effect of EA during 0-30 s was eliminated by
sympathectomy. EA at ST36 decreased gastric motility in M2/3-/- mice and promoted gastric
motility in β1/2-/- mice. Extracellular recordings showed that EA at ST36 increased spikes of the
dorsal motor nucleus of the vagus (DMV). Microinjection of L-Glu into the DMV increased
gastric motility, while EA at ST36 decreased gastric motility during 0-60s, and promoted gastric
motility during 60-120 s. Injection of GABA reduced or increased gastric motility, and reduced
the gastric motility-promoting effect of EA at ST36.

Research conclusions
EA at ST36 modulates gastric motility via vagovagal and sympathetic reflexes mediated through
M2/3 and β1/2 receptors,  respectively. Sympathetic nerve activity mediated through β1/2
receptors is associated with an early delay in the modulation of gastric motility by EA at ST36.
GABA and L-Glu in the DMV are involved in regulating gastric motility by EA at ST36.

Research perspectives
The results prove that both vagal and sympathetic reflexes are involved in regulating gastric

WJG https://www.wjgnet.com May 21, 2019 Volume 25 Issue 19

Lu MJ et al. The neurocircuits of EA at ST36

2324



motility by EA at ST36. Future studies should investigate specific transcutaneous stimulation
which can regulate gastric motility accurately.
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Abstract
BACKGROUND
Acute exacerbation in patients with chronic hepatitis B virus (HBV) infection
results in different severities of liver injury. The risk factors related to progression
to hepatic decompensation (HD) and acute-on-chronic liver failure (ACLF) in
patients with severe acute exacerbation (SAE) of chronic HBV infection remain
unknown.

AIM
To identify risk factors related to progression to HD and ACLF in compensated
patients with SAE of chronic HBV infection.

METHODS
The baseline characteristics of 164 patients with SAE of chronic HBV infection
were retrospectively reviewed. Independent risk factors associated with
progression to HD and ACLF were identified. The predictive values of our
previously established prediction model in patients with acute exacerbation (AE
model) and the model for end-stage liver disease (MELD) score in predicting the
development of ACLF were evaluated.

RESULTS
Among 164 patients with SAE, 83 (50.6%) had compensated liver cirrhosis (LC),
43 had progression to HD without ACLF, and 29 had progression to ACLF within
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28 d after admission. Independent risk factors associated with progression to HD
were LC and low alanine aminotransferase. Independent risk factors for
progression to ACLF were LC, high MELD score, high aspartate
aminotransferase (AST) levels, and low prothrombin activity (PTA). The area
under the receiver operating characteristic of the AE model [0.844, 95%
confidence interval (CI): 0.779-0.896] was significantly higher than that of MELD
score (0.690, 95%CI: 0.613-0.760, P < 0.05) in predicting the development of ACLF.

CONCLUSION
In patients with SAE of chronic HBV infection, LC is an independent risk factor
for progression to both HD and ACLF. High MELD score, high AST, and low
PTA are associated with progression to ACLF. The AE model is a better predictor
of ACLF development in patients with SAE than MELD score.

Key words: Acute-on-chronic liver failure; Chronic hepatitis B; Hepatic decompensation;
Liver cirrhosis; Risk factors; Severe acute exacerbation

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The risk factors related to progression in patients with severe acute exacerbation
(SAE) of chronic hepatitis B virus (HBV) infection remain unknown. This is the largest
study to identify the risk factors related to progression to hepatic decompensation (HD)
and acute-on-chronic liver failure (ACLF) in compensated patients with SAE of chronic
HBV infection. We found that liver cirrhosis is an independent risk factor for
progression to both HD and ACLF. High model for end-stage liver disease score, high
aspartate aminotransferase, and low prothrombin activity are associated with progression
to ACLF.

Citation: Yuan L, Zeng BM, Liu LL, Ren Y, Yang YQ, Chu J, Li Y, Yang FW, He YH, Lin
SD. Risk factors for progression to acute-on-chronic liver failure during severe acute
exacerbation of chronic hepatitis B virus infection. World J Gastroenterol 2019; 25(19):
2327-2337
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2327.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2327

INTRODUCTION
In China, the majority of patients with end-stage liver diseases and liver disease-
related death are caused by chronic hepatitis B virus (HBV) infection[1]. There are five
phases in the natural history of chronic HBV infection, including hepatitis B e-antigen
(HBeAg)-positive chronic HBV infection, HBeAg-positive chronic hepatitis B (CHB),
HBeAg-negative  chronic  HBV  infection,  HBeAg-negative  CHB,  and  hepatitis  B
surface antigen (HBsAg)-negative phase[2]. Hepatitis flares with different degrees of
liver injury mostly occur in the HBeAg-positive CHB and HBeAg-negative CHB
phases[3-5].  Acute exacerbation (AE) and severe AE (SAE) refer to the severe liver
injury occurring in patients with chronic HBV infection during hepatitis flare[6,7]. AE of
chronic HBV infection occurs in 40%-50% of HBeAg–positive patients and in 15%-30%
of HBeAg-negative CHB patients[8-10]. Patients with AE or SAE eventually progress to
hepatic decompensation (HD) and acute-on-chronic liver failure (ACLF) if their liver
injury deteriorates further.

In patients with chronic HBV infection, HD manifesting as ascites, esophagogastric
variceal  bleeding (EVB),  or  hepatic  encephalopathy is  a  significant  stage during
progression from AE to liver failure[11,12]. Once progressed to HD, the liver function of
patients  with  AE  or  SAE  becomes  more  unstable  and  undergoes  more  rapid
deterioration to ACLF following intrahepatic or extrahepatic insults[13,14].  Despite
improved clinical management, the mortality of patients with ACLF ranges from 50%-
80% without liver transplantation[15]. It has been recognized that early diagnosis and
treatment play an important role in survival of patients with ACLF; in earlier stages,
intensive treatment may be effective in impeding disease progression[15,16]. Therefore, it
is  imperative to find the risk factors related to deterioration of HD and ACLF in
patients with AE and SAE.
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Several studies have been conducted to determine these risk factors. However,
most of these studies have included patients with diverse etiologies and degrees of
liver injury, with understandably inconsistent results[8,17-18]. It is therefore challenging
to  identify  common factors  related to  disease  progression in  patients  with  high
heterogeneity in terms of severity and cause. In a previous study, we assessed risk
factors in patients with AE of chronic HBV infection, wherein AE was defined as
alanine transaminase (ALT) > 5 × upper limits of normal (ULN), total bilirubin (TBil)
≥ 5 × ULN, and prothrombin time activity (PTA) of 40%-60%. We found that baseline
age, HBV DNA, and international normalized ratio (INR) levels were independent
factors related to the development of ACLF[19]. Based on this study, we established an
AE model to predict the progression to ACLF in patients with AE. Although patients
with AE or SAE of chronic HBV infection show different degrees of liver injury, it
remains to be elucidated whether the risk factors in progression to ACLF are similar
among these patients. Therefore, in this study, we included patients with SAE as ALT
> 10 × ULN, TBil ≥ 3 × ULN, and PTA of 40%-60% and aimed to identify the baseline
risk factors associated with post-admission progression to HD or ACLF.

MATERIALS AND METHODS

Study cohort
The study subjects were patients with SAE admitted to the Department of Infectious
Diseases, Affiliated Hospital of Zunyi Medical University between January 2011 and
August 2018. Figure 1 shows the flow chart for the patient selection process. In all, 164
patients with SAE of chronic HBV infection were included. The remaining 42 patients
were excluded from the study by the exclusion criteria, which included coexistence
with drug-induced hepatitis, alcoholic liver disease, hyperthyroidism, pregnancy,
hepatocellular  carcinoma,  or  acute  hepatitis  A,  C,  or  E.  Patients  who  had  de-
compensated liver cirrhosis (LC) or were previously diagnosed with decompensated
LC were also excluded.

Diagnostic criteria for SAE and ACLF
SAE of chronic HBV infection was diagnosed on the basis of the criteria proposed by
Tsubota et al[20] and Wong et al[21]. The criteria for SAE of chronic HBV infection were
as follows: (1) Presence of HBsAg and HBV DNA for > 6 mo before hospitalization; (2)
ALT > 10 × ULN (400 IU/L) and TBil ≥ 3 × ULN (51 μmol/L); and (3) PTA of 40%-
60%. Further, ACLF was diagnosed as the recent development of jaundice (TBil ≥ 5 ×
ULN) and coagulopathy (PTA < 40% or INR ≥ 1.5), complicated within four weeks by
ascites  and/or  encephalopathy  in  a  patient  with  previously  diagnosed  or
undiagnosed chronic liver disease[12]. Cirrhosis was diagnosed based on previous liver
biopsy findings  or  a  composite  of  clinical  signs  and laboratory  test,  endoscopy,
radiology, and FibroScan (Echosens, Paris, France) results. HD was defined as the
presence of  one of  the following:  new onset  of  hepatic  encephalopathy,  EVB,  or
ascites[22].

Treatment schedule
After admission, all patients received standard conservative therapy. None of them
received liver transplantation. The standard conservative therapy included bed rest,
liver-protective treatment (glutathione, adenosylmethionine, and branched-chain
amino acids), nutritional and energy supplements, intravenous plasma and albumin
(ALB)  infusions,  water-electrolyte  and  acid-base  equilibrium maintenance,  and
prevention and treatment of complications. All patients received antiviral therapy
including lamivudine, entecavir, or telbivudine within 3 days of admission according
to  their  HBV  replication  levels  and  patient  willingness.  Plasma  exchange  was
administered to patients who had progression to ACLF.

Candidate predictor variables
Patient demographics, clinical and laboratory parameters, and imaging findings were
retrospectively collected from computerized and paper medical records. Laboratory
variables  including  aspartate  transaminase  (AST),  ALT,  TBil,  ALB,  prealbumin,
cholinesterase (CHE), gamma-glutamyl transpeptidase, PTA, INR, white blood cell
count, platelet (PLT), serum sodium (Na+), blood urea nitrogen (BUN), creatinine
(Cr),  and  HBV DNA levels  were  obtained  within  24  h  of  the  first  diagnosis.  In
addition,  the  model  for  end-stage  liver  disease  (MELD)  score  was  calculated
according to the following formula: MELD score = 3.78 × ln[TBil (mg/dL)] + 11.2 ×
ln(INR) + 9.57 × ln[Cr (mg/dL)] + 6.43 × (constant for liver disease etiology = 0, if
cholestatic or alcoholic, otherwise = 1). The AE model was calculated as R = -13.323 +
0.553 × log HBV DNA (copies/mL) + 3.631 × INR + 0.053 × age (years)[19].
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Figure 1

Figure 1  Outline of the screening and case selection protocol. ACLF: Acute-on-chronic liver failure; ALT: Alanine
aminotransferase; CHB: Chronic hepatitis B; HAV: Hepatitis A virus; HBsAg: Hepatitis B surface antigen; HCV:
Hepatitis C virus; HD: Hepatic decompensation; HEV: Hepatitis E virus; LC: Liver cirrhosis; PTA: Prothrombin activity;
SAE: Severe acute exacerbation; TBil: Total bilirubin; ULN: Upper limit of normal.

Ethics statement
The protocol conformed to the provisions of the Declaration of Helsinki and was
approved by  the  Human Ethical  Committee  of  the  Affiliated  Hospital  of  Zunyi
Medical University. All patients were informed of the use of their data in writing for
clinical research purposes and accepted.

Statistical analysis
Statistical analyses were performed using SPSS version 19.0 (IBM Corp., Armonk, NY,
United  States)  and MedCalc®  15.8  (MedCalc  Software  BVBA,  Ostend,  Belgium).
Patient characteristics were compared between patients with and without HD or
ACLF. χ2 tests, t-tests, and Mann–Whitney U tests were used for categorical variables,
variables with normal distribution, and variables with a non-normal distribution,
respectively. Univariate and multivariate analyses were performed using logistic
regression analysis. The predictive values of our previously established AE model in
patients with SAE and the MELD score were evaluated by the receiver operating
characteristic (ROC) curve and the area under the ROC curve (AUROC). To identify
the optimal cut-off point for each model, the Youden index was used. The cut-off
sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) were calculated. P < 0.05 was considered statistically significant.

RESULTS

Patient characteristics
A total of 164 patients (mean age: 39.8 ± 11.1 years, 143 men and 21 women) were
enrolled in the study. In all, 101 (61.6%) patients were HBeAg-positive and 83 (50.6%)
had LC. Further,  43 (26.2%) patients had progression to HD without developing
ACLF, and 29 (17.7%) patients had progression to ACLF within 28 d of admission.
After admission of patients with SAE, the mean duration for development of HD and
ACLF was 9.6 d (1-18 d) and 10.5 d (2-21 d), respectively. Thirteen (44.8%) patients
with ACLF died during the 3 mo of follow-up. The other 92 patients (mean age: 36.6 ±
9.4 years, 82 men and 10 women) did not progress to HD or ACLF.

Difference in baseline characteristics between patients with and without post-
admission progression to HD or ACLF
By comparing the baseline clinical characteristics and laboratory findings in patients
with  and  without  post-admission  progression  to  HD,  we  found  that  among  43
patients who had progression to HD, 42 (97.7%) had LC on admission. However,
among  the  92  patients  without  progression  to  HD,  only  20  (21.7%)  had  LC  on
admission. Further details on comparisons between baseline characteristics of patients
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with and without post-admission progression to HD and ACLF can be found in
Tables 1 and 2, respectively.

Risk factors related to the progression of HD in patients with SAE
Among 135 patients without progression to ACLF, 43 had progression to HD. Forty-
two patients developed ascites and one patient developed EVB. As shown in Table 3,
older age of patients; LC; lower serum levels of ALB, ALT, AST, CHE, PLT; and a
higher  serum level  of  BUN were  found as  the  risk  factors  associated with  post-
admission HD in univariate logistic regression analysis. The independent risk factors
associated with progressing to HD were LC and lower ALT level.

Risk factors related to the development of ACLF in patients with SAE
In the 29 patients who had progression to ACLF within 28 d after admission, 21 had
LC on admission. As shown in Table 4, the risk factors associated with post-admission
progression to ACLF were being complicated with LC, higher MELD score, higher
serum levels of HBV DNA and AST, and lower serum level of PTA. The independent
risk factors associated with progression to ACLF included higher MELD score, higher
AST level, and lower PTA level.

Prediction of progression to ACLF in patients with SAE
To test the predictive value of the AE model in patients with SAE, we compared the
ROC curve and AUROC of the AE model with those of the MELD score. As shown in
Figure 2, the performance of the AE model [AUROC = 0.844, 95% confidence interval
(CI): 0.779-0.896] was significantly better than that of the MELD score (AUROC =
0.690, 95%CI: 0.613-0.760, P < 0.05) in predicting the post-admission progression to
ACLF. With a cut-off of -2.085, the AE model had a higher sensitivity (89.6%) and
NPV (99.6%) than the MELD score at the cut-off value of 19.92 (55.2% and 89.3%,
respectively). However, the specificity (62.2%) and PPV (33.8%) of the AE model were
lower than those of the MELD score (80.2% and 38.1%, respectively).

DISCUSSION
The precipitating factors and pathogenesis of AE or SAE are different in patients with
compensated liver diseases and decompensated LC[23,24].  Worsening of underlying
chronic  liver  disease  is  the  most  common precipitating  factor  for  AE or  SAE in
patients with compensated liver diseases[13].  However, in decompensated LC, the
occurrence of AE or SAE and progression to liver failure are mostly triggered by
complications  including  bacterial  infection,  renal  function  impairment,  and
gastrointestinal bleeding[25,26]. In this study, we excluded patients with SAE induced by
other hepadnavirus infection and bacterial infection. We also excluded patients with
decompensated LC; therefore, SAE in patients of this study mostly resulted from HBV
reactivation.  This  group of  patients  exhibited similar  clinical  characteristics  and
pathogenesis  of  SAE[3],  thus  enabling  the  identification  of  common  risk  factors
associated with progression to HD and ACLF. As far as we know, this is the largest
study cohort in an investigation of this condition.

We included patients with SAE of chronic HBV infection with ALT > 10 × ULN,
TBil ≥ 3 × ULN, and PTA of 40%-60%%. Forty-three (26.2%) patients had progression
to HD and 29 (17.7%) patients had progression to ACLF within 28 d of admission.
Therefore, the patients in this study had more serious liver injury than patients with
AE as previously reported (only 7.59% of patients had progression to ACLF)[19]. We
found that LC was an independent risk factor associated with progression to both HD
and ACLF, while high MELD score, high AST, and low PTA were independent risk
factors associated with progression to ACLF.

Several risk factors for post-admission development of ACLF in patients with SAE
were different from those in patients with AE. In our previous study, LC was not an
independent factor associated with the development of ACLF in patients with AE[19].
In  this  study,  however,  LC  was  an  independent  risk  factor  for  post-admission
progression of both HD and ACLF in patients with SAE. It is generally considered
that in patients with chronic HBV infection, total liver injury consists of acute and
chronic liver injury during AE or SAE[6,15]. Therefore, when the degree of acute liver
injury reaches a certain limit, LC may be the determining factor for the outcomes
during hepatitis flare. However, it is still unclear at what degree of acute liver injury
the compensated LC may have a significant effect on the outcome of patients with
chronic HBV infection. Contradictory results have been reported in previous studies,
likely attributable to high heterogeneity in the degrees of liver injury and etiologies of
study subjects[20,27-29]. Our results are the first to demonstrate that in patients with SAE
of  chronic  HBV  infection,  compensated  LC  plays  a  determining  role  in  the
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Table 1  Baseline characteristics of patients with and without post-admission progression to hepatic decompensation

Variable Total (n = 135)
Patients

P-value
Without progression to HD (n = 92) With progression

to HD (n = 43)

Males 120 (88.9) 82 (88.2) 38 (90.5) 0.7771

Age (yr) 39.1 ± 10.6 36.6 ± 9.4 44.6 ± 11.2 0.0002

LC 62 (45.9) 20 (21.7) 42 (97.7) 0.0001

HBeAg–positive 53 (39.3) 38 (40.9) 15 (35.7) 0.3551

log HBV DNA (copies/mL) 6.7 (5.6, 7.5) 6.9 (5.9, 7.5) 6.3 (4.2, 7.2) 0.0443

Na+ (mmol/L) 137.0 ± 2.9 136.9 ± 3.0 136.9 ± 2.8 0.9272

ALT (IU/L) 680.0 (421.0, 1191.0) 838.0 (495.5, 1333.5) 469.0 (265.5, 725.5) 0.0003

AST (IU/L) 592.0 (313.0, 980.0) 636.0 (369.0, 1212.5) 502.5 (268.5, 760.0) 0.0223

GGT (IU/L) 145.0 (108.0, 223.0) 145.0 (110.5, 221.5) 145.5 (94.5, 225.0) 0.8453

CHE (IU/L) 3.9 ± 1.5 4.3 ± 1.4 3.2 ± 1.4 0.0002

TBil (μmol/L) 174.1 (96.1, 288.7) 153.7 (93.9, 283.5) 160.7 (88.8, 250.5) 0.9323

ALB (g/L) 33.6 ± 4.9 34.4 ± 4.2 31.6 ± 5.2 0.0012

PA (mg/L) 48.0 (35.0, 69.0) 54.4 ± 25.4 49.4 ± 30.5 0.3293

BUN (mmol/L) 3.9 (3.0, 4.6) 3.8 (2.9, 4.4) 4.5(3.3, 4.4) 0.0103

Cr (μmol/L) 74.0 (67.0, 83.0) 74.0 (67.0, 84.0) 73.0 (66.3, 82.0) 0.5573

INR 1.46 ± 0.18 1.45 ± 0.18 1.47 ± 0.16 0.5102

PTA (%) 51.9 ± 5.5 51.6 ± 5.5 52.9 ± 5.5 0.2082

WBC (109/L) 5.2 (3.18, 6.7) 5.4 (3.9, 6.5) 4.7 (3.8, 7.5) 0.6133

PLT (109/L) 120.2 ± 49.1 128.9 ± 49.5 100.9 ± 42.8 0.0022

MELD 17.5 ± 3.8 17.5 ± 3.9 17.3 ± 3.7 0.8302

Data are presented as the mean ± SD, n (%), or median (interquartile range).
1Chi-square test results;
2t-test results;
3U test results. P-value: Patients with post-admission progression to hepatic decompensation vs patients without post-admission progression. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; Cr: Creatinine; GGT: Glutamine transpeptidase; HBeAg:
Hepatitis B e-antigen; HD: Hepatic decompensation; INR: International standardization ratio; LC: Liver cirrhosis; MELD: Model for end-stage liver disease;
Na+: Sodium; PA: Prealbumin; PLT: Platelet; PTA: Prothrombin activity; TBil: Total bilirubin; WBC: White blood cell.

development of both HD and ACLF.
Another differing result from our previous study in patients with AE was that HBV

DNA was not an independent risk factor for progression to ACLF in patients with
SAE of chronic HBV infection, although high HBV DNA level was one of the risk
factors for progression to ACLF in the univariate analysis. Numerous studies have
found that the occurrence of HCC and LC is closely correlated with high HBV DNA
levels in patients with chronic HBV infection[30]. However, whether the short-term
outcomes in patients with AE of chronic HBV infection are also influenced by HBV
DNA levels remains unclear[20,21,31]. In patients with AE, it has been suggested that high
HBV  DNA  levels  might  indicate  an  active  immune  attack  of  hepatocytes  and
ineffective inhibition of HBV DNA replication, resulting in prolonged liver injury, and
patients may eventually progress to ACLF[3,32,33]. In a previous study, we found that
HBV DNA was an independent risk factor for post-admission progression to ACLF in
patients with AE[19]. Jeng et al[34] also found that in patients with AE, while TBil, PTA,
and HBV DNA levels were risk factors, HBV DNA level was the only independent
risk factor for HD. A high HBV DNA level of 1.55 × 109 copies/mL was predictive of
HD. However, other studies found no relationship between baseline HBV DNA and
AE severity or mortality of patients with AE[20,32,35,36]. Our results showing that HBV
DNA played differing roles in the outcomes of patients with AE and SAE suggest that
the influence of HBV DNA is dependent on the degree or stage of hepatitis flare.
Patients with more severe liver injury are usually at a later stage during AE or SAE, as
at this stage the deleterious role of HBV DNA may be masked by other risk factors.
Hsu et al also found that in patients with SAE (defined as TBil level > 2 mg/dL and PT
prolongation by more than 3 s, or with ascites/hepatic encephalopathy) of chronic
HBV infection, the mortality of patients was mainly determined by the pronounced
coagulopathy; only in patients with INR ≤ 1.7, HBV DNA level was the risk factor for
mortality[17].
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Table 2  Baseline characteristics of patients with and without post-admission progression to acute-on-chronic liver failure

Variable Total (n = 164)
Patients

P-valueWithout progression to ACLF 
(n = 135)

With progression
to ACLF (n = 29)

Males 143 (87.2) 120 (88.9) 23 (79.3) 0.2161

Age (yr) 39.8 ± 10.1 39.1 ± 10.6 43.1 ± 11.1 0.0662

LC 83 (50.6) 62 (45.9) 21 (72.4) 0.0131

HBeAg–positive 101 (61.6) 82 (60.7) 19 (65.5) 0.6791

log HBV DNA
(copies/mL)

6.7 (5.6, 7.5) 6.7 (5.5, 7.5) 7.1 (6.4, 7.7) 0.0383

Na+ (mmol/L) 137.0 ± 2.9 137.1 ± 2.7 137.7 ± 2.9 0.8282

ALT (IU/L) 724.5 (441.5, 1227.6) 680.0 (421.0, 1191.0) 833.0 (532.0, 1770.0) 0.0563

AST (IU/L) 628.0 (330.3, 1101.0) 592.0 (313.0, 980.0) 779.0 (426.5, 1411.0) 0.0413

GGT (IU/L) 139.5 (99.0, 210.8) 145.0 (108.0, 223.0) 111.0 (84.5, 162.5) 0.0493

CHE (IU/L) 4.0 ± 1.5 3.9 ± 1.5 4.1 ± 1.5 0.5332

TBil (μmol/L) 174.1 (96.1, 288.7) 155.1 (93.6, 272.9) 211.7 (147.3, 340.9) 0.0383

ALB (g/L) 33.5 ± 4.8 33.6 ± 4.8 33.3 ± 5.5 0.7852

PA (mg/L) 46.0 (31.3, 67.0) 48.0 (35.0, 69.0) 42.0 (26.5, 51.5) 0.0413

BUN (mmol/) 3.9 (3.0, 4.6) 3.9 (3.0, 4.6) 3.8 (3.2, 4.4) 0.9233

Cr (μmol/L) 73.0 (66.0, 82.0) 74.0 (67.0, 83.0) 71.0 (63.0, 77.5) 0.0773

INR 1.50 ± 0.21 1.46 ± 0.18 1.72 ± 0.24 0.0002

PTA (%) 51.1 (45.8, 55.8) 52.5 (48.1, 57.0) 44.0 (41.0, 47.8) 0.0003

WBC (109/L) 5.4 (3.9, 6.8) 5.2 (3.18, 6.7) 5.7 (4.4, 6.8) 0.2073

PLT (109/L) 118.9 ± 47.8 120.2 ± 49.1 112.5 ± 41.5 0.4332

MELD 17.9 ± 3.8 17.5 ± 3.8 19.8 ± 3.1 0.0032

Data are presented as the mean ± SD, n (%), or median (interquartile range).
1Chi-square test results;
2t-test results;
3U test results. P-value: Patients with post-admission progression to acute-on-chronic liver failure vs patients without post-admission progression. ACLF:
Acute-on-chronic liver failure; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; Cr: Creatinine;
GGT: Glutamine transpeptidase; INR: International standardization ratio; LC: Liver cirrhosis; MELD: Model for end-stage liver disease; Na+: Sodium; PA:
Prealbumin; PLT: Platelet; PTA: Prothrombin activity; TBil: Total bilirubin; WBC: White blood cell.

Contrary to a higher HBV DNA level in patients who showed progression to ACLF,
patients with progression of HD had a lower baseline HBV DNA level than those
without progression to HD. Given that almost all patients with progression to HD had
LC at baseline and previous studies have found that patients with LC had a lower
HBV DNA level than those without[22], we considered that the high proportion of LC
in patients with progression to HD resulted in a lower HBV DNA level than in those
without progression to HD. Another interesting finding was that low ALT level was
an independent risk factor for progression to HD. It is difficult to explain this result.
ALT level  reflects  the degree of  hepatocyte necrosis  resulting from acute injury;
further, we defined patients with SAE as having PTA between 40% and 60%, which
reflects the total degree of liver injury. Therefore, low ALT levels in a patient may
indicate a high degree of liver fibrosis. Our results suggest that the degree of liver
fibrosis determines the development of HD in patients with compensated LC.

There  is  currently  no  predictive  model  for  predicting  the  post-admission
progression of ACLF in patients with SAE of chronic HBV infection. The MELD score
is commonly used to assess liver disease severity[37]. It remains unknown whether the
MELD score and AE model can predict the post-admission progression of ACLF in
patients  with  SAE.  In  our  study,  although  MELD  score  was  a  risk  factor  for
progression to ACLF, the AUROC of MELD was < 0.7, indicating that the predictive
value of MELD was low in patients with SAE. On the other hand, the AE model
which  did  not  include  MELD  score  performed  satisfactorily  in  predicting  the
occurrence of ACLF in patients with SAE of CHB. This result is difficult to explain.
Because  the  AE  model  was  established  from  patients  with  AE  of  chronic  HBV
infection,  our  result  suggested  that  patients  with  AE  and  SAE  had  similar
pathogenesis of progression to ACLF.

Our study was a retrospective, single-center study and has several limitations. First,
we  only  studied  patients’  baseline  clinical  characteristics.  We  were  not  able  to
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Table 3  Univariate and multivariate analyses of risk factors associated with post-admission
progression to hepatic decompensation

Variable
Univariate analysis Multivariate analysis

Β OR 95%CI P-value β OR 95%CI P-value

Age 0.077 1.080 1.038-1.123 0.000

HBV DNA -0.276 0.759 0.587-0.981 0.035

ALT -0.002 0.998 0.997-0.999 0.000 -0.003 0.997 0.995-1.000 0.038

AST -0.001 0.999 0.998-1.000 0.015

CHE -0.599 0.549 0.405-0.744 0.000

ALB -0.140 0.869 0.796-0.948 0.002

BUN 0.238 1.268 1.029-1.563 0.026

PLT -0.014 0.986 0.977-0.995 0.003

LC 5.019 151.2 19.6-1167.6 0.000 5.040 154.5 16.2-1469.0 0.000

CI: Confidence interval; OR: Odds ratio; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; HD: Hepatic decompensation; MELD: Model
for end-stage liver disease; PLT: Platelet.

evaluate  the predictive role  of  dynamic changes in HBV DNA as the short  term
changes in HBV DNA were not routinely measured in clinical practice. Although a
few studies found that viral kinetics can predict the severity of AE in patients with
CHB[32], a recent study showed that in patients with spontaneous SAE of CHB, either
lamivudine or entecavir could induce a rapid decline of HBV viral load[38]. Second, the
patients in this study were admitted from January 2011 to August 2018; although all
patients  received standard conservative  therapy upon admission,  the  treatment
methods may be different among the patients with SAE before admission. In addition,
we  did  not  detect  HBV  genotypes  and  HBV  DNA  mutation  in  most  patients;
therefore, we did not include these indicators in our study. To further elucidate the
risk factors related to the development of ACLF in patients with SAE of chronic HBV
infection, a prospective study involving more patients is needed.
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Table 4  Univariate and multivariate analyses of risk factors associated with post-admission progression to acute-on-chronic liver failure

Variable
Univariate analysis Multivariate analysis

Β OR 95%CI P-value β OR 95%CI P-value

MELD 0.161 1.175 1.049-1.315 0.005 0.184 1.202 1.033-1.398 0.017

HBV DNA 0.380 1.463 1.018-2.101 0.040

AST 0.001 1.001 1.000-1.002 0.013 0.001 1.001 1.000-1.002 0.021

PTA -0.252 0.777 0.704-0.858 0.000 -0.257 0.758 0.672-855 0.000

LC 1.128 3.091 1.280-7.465 0.012 2.125 8.369 2.389-29.322 0.001

ACLF: Acute-on-chronic liver failure; CI: Confidence interval; OR: Odds ratio; AST: Aspartate aminotransferase; LC: Liver cirrhosis; MELD: Model for end-
stage liver disease; PTA: Prothrombin activity.

Figure 2

Figure 2  The area under the receiver operating characteristic curves of the AE model and model for end-stage liver disease for patients with severe acute
exacerbation. AE model: The predictive model in the patients with acute exacerbation; MELD: Model for end-stage liver disease.

ARTICLE HIGHLIGHTS
Research background
The prognosis of patients with acute-on-chronic liver failure (ACLF) largely depends on early
diagnosis and treatment. Patients with acute exacerbation (AE) or severe AE (SAE) of chronic
hepatitis  B  virus  (HBV)  infection  have  a  high  tendency  to  further  progress  to  hepatic
decompensation (HD) and ACLF.  Therefore,  it  is  important  to  identify the risk factors  for
progression to HD and ACLF in patients with SAE of chronic HBV infection.

Research motivation
In a previous study, we have found that baseline age, HBV DNA, and international normalized
ratio levels were independent factors associated with the development of ACLF in patients with
AE of chronic HBV infection. Patients with AE or SAE have different degrees of liver injury, and
it remains to be elucidated whether the risk factors for progression to ACLF are similar among
these patients.

Research objectives
To identify risk factors related to progression to HD and ACLF in compensated patients with
SAE of chronic HBV infection.

Research methods
The  baseline  characteristics  of  164  patients  with  SAE  of  chronic  HBV  infection  were
retrospectively reviewed. Independent risk factors associated with progression to HD and ACLF
were identified.

Research results
Independent risk factors associated with progression to HD were liver cirrhosis (LC) and low
alanine aminotransferase (ALT). Independent risk factors for progression to ACLF were LC, high
MELD score, high aspartate aminotransferase (AST) levels, and low prothrombin activity (PTA).
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Research conclusions
Our results are the first to demonstrate that in patients with SAE of chronic HBV infection,
compensated LC plays a determining role in the development of both HD and ACLF. High
MELD score, high AST, and low PTA are associated with progression to ACLF.

Research perspectives
We found that liver cirrhosis is an independent risk factor for progression to both HD and ACLF.
High  model  for  end-stage  liver  disease  score,  high  aspartate  aminotransferase,  and  low
prothrombin activity are associated with progression to ACLF.
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Abstract
BACKGROUND
Owing to the technical difficulty of pathological diagnosis, imaging is still the
most commonly used method for clinical diagnosis of para-aortic lymph node
metastasis (PALM) and evaluation of therapeutic effects in gastric cancer, which
leads to inevitable false-positive findings in imaging. Patients with clinical PALM
may have entirely different pathological stages (stage IV or not), which require
completely different treatment strategies. There is no consensus on whether
surgical intervention should be implemented for this group of patients. In
particular, the value of D2 gastrectomy in a multidisciplinary treatment (MDT)
approach for advanced gastric cancer with clinical PALM remains unknown.

AIM
To investigate the value of D2 gastrectomy in a MDT approach for gastric cancer
patients with clinical PALM.

METHODS
In this real-world study, clinico-pathological data of all gastric cancer patients
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treated at the Cancer Hospital, Chinese Academy of Medical Sciences between
2011 and 2016 were reviewed to identify those with clinically enlarged PALM. All
the clinico-pathological data were prospectively documented in the patient
medical record. For all the gastric cancer patients with advanced stage disease,
especially those with suspicious distant metastasis, the treatment methods were
determined by a multidisciplinary team.

RESULTS
In total, 48 of 7077 primary gastric cancer patients were diagnosed as having
clinical PALM without other distant metastases. All 48 patients received
chemotherapy as the initial treatment. Complete or partial response was
observed in 39.6% (19/48) of patients in overall and 52.1% (25/48) of patients in
the primary tumor. Complete response of PALM was observed in 50.0% (24/48)
of patients. After chemotherapy, 45.8% (22/48) of patients received D2
gastrectomy, and 12.5% (6/48) of patients received additional radiotherapy. The
postoperative major complication rate and mortality were 27.3% (6/22) and 4.5%
(1/22), respectively. The median overall survival and progression-free survival of
all the patients were 18.9 and 12.1 mo, respectively. The median overall survival
of patients who underwent surgical resection or not was 50.7 and 12.8 mo,
respectively. The 3-year and 5-year survival rates were 56.8% and 47.3%,
respectively, for patients who underwent D2 resection. Limited PALM and
complete response of PALM after chemotherapy were identified as favorable
factors for D2 gastrectomy.

CONCLUSION
For gastric cancer patients with radiologically suspicious PALM that responds
well to chemotherapy, D2 gastrectomy could be a safe and effective treatment
and should be adopted in a MDT approach for gastric cancer with clinical PALM.

Key words: Gastric cancer; Para-aortic lymph node; Multidisciplinary; Gastrectomy;
Conversion; Neoadjuvant

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The value of surgical resection in gastric cancer with radiologically overt para-
aortic lymph node metastasis (PALM) is still not clear. Current controversial issues
include the extent of resection (D1, D2, D2 + para-aortic lymph node metastasis
dissection, or D3), surgical timing, and identification of optimal surgical candidates. This
study confirmed the benefit of D2 gastrectomy after chemotherapy in select patients.
Limited PALM at baseline and complete response of PALM after chemotherapy were
proposed as criteria for selecting patients who will potentially benefit from D2
gastrectomy, which should be useful for future clinical trials.

Citation: Zheng XH, Zhang W, Yang L, Du CX, Li N, Xing GS, Tian YT, Xie YB. Role of
D2 gastrectomy in gastric cancer with clinical para-aortic lymph node metastasis. World J
Gastroenterol 2019; 25(19): 2338-2353
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2338.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2338

INTRODUCTION
Gastric  cancer  is  the  fifth  most  common  cancer  and  the  third  leading  cause  of
mortality among all cancers worldwide. Gastric cancer with para-aortic lymph node
metastasis (PALM) is considered a metastatic disease, and its prognosis remains poor
after isolated surgical treatment. However, pathological diagnosis of enlarged para-
aortic  lymph  nodes  (PAN)  is  difficult.  Certain  methods,  such  as  endoscopic
ultrasound,  B-ultrasound,  or  computed  tomography  (CT)  guided  fine  needle
aspiration, are theoretically feasible for pathological diagnosis of suspicious PALM.
PAN biopsy is an invasive and technically difficult manipulation and thus is not
typically used for clinical diagnosis of PALM in most institutes. In addition, positive

WJG https://www.wjgnet.com May 21, 2019 Volume 25 Issue 19

Zheng XH et al. D2 gastrectomy in GC with PALM

2339

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


lymph nodes will disappear or shrink after preoperative treatment, which makes it
difficult to re-biopsy the original nodes during follow-up. Despite the inevitable false-
positive findings, imaging is still the most commonly used noninvasive method for
clinical diagnosis of PALM and preoperative evaluation of therapeutic effects.

However, due to the fact that suspicious lymph node enlargement can be the result
of inflammatory lymphadenopathy or malignancy, patients with radiologically overt
PALM may have entirely different pathological stages (stage IV or not), which will
require completely different treatment strategies. And the best clinical practice for
patients  with clinical  PALM remains controversial  for  over  ten years.  Early this
century, Sasako et al[1] conducted prophylactic D3 resection in advanced stage gastric
cancer patients without radiologically overt PALM, and according to their results
published in 2008, extended resection is not necessary. At the same time, through
retrospective studies, other researchers have shown that D2 gastrectomy plus para-
aortic  lymph node dissection (PAND) might result  in satisfactory outcomes in a
highly select group of patients with PAN enlargement. Results reported by Tokunaga
et al[2] and Roviello et al[3] in 2010 further complicate this issue. Both studies showed
that  even after  extended D3 resection,  the  5-year  survival  rates  of  patients  with
pathologically positive PAN were as low as 13.0% and 17.0%, respectively, not to
mention the extremely high complication rate. Moreover, the phase III clinical trial
REGATTA,  in  which  patients  with  clinical  PALM  were  enrolled,  showed  that
chemotherapy alone was better than D1 gastrectomy followed by chemotherapy[4].
The  above  studies  indicate  that  D1,  D2  plus  PAND,  or  D3  with  adjuvant  che-
motherapy all failed to prolong the survival of patients with pathological PALM.

Recently,  as  preoperative  chemotherapy  was  adopted  into  studies,  Japanese
oncologists reported an encouraging 5-year survival rate of 53% in gastric cancer with
PALM treated by D2 gastrectomy with PAND after  neoadjuvant  chemotherapy.
However,  developing  a  safe  and  standard  D2  plus  PAND  protocol  after  che-
motherapy was challenging, and to date, only a few surgeons worldwide can perform
it expertly. In addition, only 10% of patients who underwent D2 plus PAND had a
pathologically positive PAN. Therefore, whether their method is the best solution for
radiologically evident PALM is up for debate. Wang et al[5] considered patients with a
good response to chemotherapy and PAN shrinkage to < 1.0 cm for D2 gastrectomy
without PAND, and the surgery group had a non-inferior outcome compared with
the Japanese results. More recently, several small studies have also reported improved
survival through resection without metastasectomy after conversional chemotherapy.
These results indicate that extensive resection might not be the only way to improve
prognosis and D2 gastrectomy can provide a choice for select patients[6,7].

In our center, management of suspicious stage IV gastric cancer is determined by a
multidisciplinary team. After conversional chemotherapy, the subsequent treatment
method for patients with enlarged PAN prior to treatment is decided according to the
response to chemotherapy. However, D3 or D2 resection plus PAND is not routinely
recommended due to high morbidity and mortality. For those with enlarged PALM
that cannot be controlled by chemotherapy, additional radiotherapy is recommended.
In  this  study,  we  sought  to  determine  the  value  of  D2  gastrectomy  in  a  mul-
tidisciplinary treatment approach for patients with clinical PALM based on data from
this single center.

MATERIALS AND METHODS

Patients
In total, 7077 patients were diagnosed with gastric adenocarcinoma at the Cancer
Hospital,  Chinese Academy of Medical Sciences, from January 2011 to December
2016.  We  searched  the  clinico-pathological  database  for  primary  gastric  ade-
nocarcinoma patients with suspiciously enlarged lymph nodes in the para-aortic
region documented in medical records prospectively. The inclusion criteria for this
study were as follows: pathologically confirmed gastric adenocarcinoma with PAN
enlargement; clinical T3-4 disease; no evidence of concurrent metastasis other than
that  in  PAN,  including  distant  hematogenous  metastasis,  distant  lymph  node
metastasis,  peritoneal  metastasis  and so on;  esophageal  invasion less  than 3  cm;
ECOG performance status of 0 or 1; sufficient oral intake and adequate organ function
according to  records  at  first  visit;  no previous malignancies;  and pathologically
confirmed  HER2-negative  gastric  adenocarcinoma.  In  addition,  patients  who
underwent reduction surgery or had positive lavage cytology were excluded, while
palliative  surgery  to  address  severe  uncontrollable  complications  during
chemotherapy was allowed. This retrospective study was approved by the Ethics
Committee of Cancer Institute and Hospital, Chinese Academy of Medical Sciences,
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and the need for informed consent was waived.

Baseline evaluation
Contrast-enhanced  thoracic/abdominal/pelvic  CT,  upper  gastrointestinal  tract
endoscopy, and endoscopic ultrasonography (EUS) with or without positron emission
tomography and CT (PET-CT) were conducted as the pretreatment workup. Both the
clinical tumor stage (cT) and the clinical nodal stage (cN) were diagnosed via EUS and
enhanced CT. Classification of TNM stage was defined according to the 8th edition of
the American Joint Committee on Cancer Staging Manual.  The clinical stage was
evaluated by a multidisciplinary team based on all the radiological results.

The major criterion for clinical positive nodes on CT and EUS was solitary nodes ≥
8 mm in minor diameter. The supplementary criteria for clinical PALM on EUS were
as  follows:  echo-poor,  roundish,  or  well-demarcated nodes.  The  supplementary
criteria for clinical PALM on CT were as follows: Marked enhancement in the portal
venous  phase;  cluster  nodes  regardless  of  the  enhancement  pattern;  certain
metastasis-associated  enhancement  patterns,  such  as  central  necrosis  and
heterogeneous enhancement; and highly clinically suspicious lymph nodes that did
not satisfy the above criteria. The nodal size and anatomic location (station numbers)
of  all  the  suspicious  lymph nodes  were  recorded.  The  lymph node  station  was
classified  using  the  fifteenth  edition  of  the  Japanese  Classification  of  Gastric
Carcinoma.

Chemotherapy and radiotherapy schedule
The chemotherapy regimens for this cohort of patients included S-1 plus oxaliplatin
(SOX), docetaxel/oxaliplatin/S-1 (DOS), docetaxel/capecitabine/oxaliplatin (DOX),
docetaxel/cisplatin/S-1  (DCS),  capecitabine  and  oxaliplatin  (XELOX),  S-1
monotherapy,  paclitaxel  monotherapy,  5-fluorouracil  (5-FU)/leucovorin
(LV)/oxaliplatin  (FOLFOX),  irinotecan/5-FU/LV/oxaliplatin  (FOLFOXIRI),  and
taxane/oxaliplatin.

Patients began receiving four cycles of adjuvant chemotherapy within 45 d after D2
gastrectomy, under the same regimen used preoperatively. For patients who were not
suitable or unwilling to receive surgical  resection, chemotherapy was continued.
Second-line chemotherapy was administered when disease progression or recurrence
was  observed.  Radiotherapy  was  not  routinely  recommended  by  the  mul-
tidisciplinary  team unless  the  presence  of  acute  symptoms indicated a  need for
radiotherapy during chemotherapy or patients had an incomplete response (CR) of
PALM after perioperative chemotherapy.

Tumor response and toxicity criteria
All the enrolled patients were treated with chemotherapy initially and then subjected
to CT after every two cycles of chemotherapy for the first six cycles and every 2 mo
thereafter.  Patients  were  reevaluated  by  the  multidisciplinary  team,  and  after
evaluation, D2 gastrectomy was recommended to patients who had responded well to
treatment. Clinical response was evaluated using the Response Evaluation Criteria in
Solid Tumors (RECIST)  version 1.1,  and the response of  the primary tumor was
assessed according to the fifteenth edition of the Japanese Classification of Gastric
Carcinoma[8,9]. After chemotherapy, PAN disappearance or shrinkage to < 8 mm on
CT was regarded as CR of PALM. Unless otherwise specified, all the diameters in this
study refer to the short-axis diameter. The largest PAN was recorded as the index
node, and the index nodes in the short axis is recorded as the index diameter. If all the
enlarged lymph nodes disappeared in imaging, the index diameter was documented
as a default value (5 mm) according to the RECIST 1.1. Two experienced radiologists
were asked to evaluate the CT scans to document the overall response, response of the
primary tumor, and the metastatic sites. Adverse events were assessed according to
the National Cancer Institute's Common Terminology Criteria for Adverse Events v
4.0.

Follow-up
All the patients were followed via contrast-enhanced thoracic/abdominal/pelvic CT
and blood testing every 3 mo for the first 3 years and every 6 mo thereafter.

Surgical procedure
Exploration and lavage cytology examination were carried out to exclude patients
with  other  non-curable  factors  before  gastrectomy.  Distal,  proximal,  or  total
gastrectomy with D2 dissection was performed based on the tumor location. The PAN
were not removed intentionally. The pathological response grading was based on the
Mandard tumor grading system (TRG). Tumor staging and dissection range were in
accordance  with  the  eighth  edition  of  the  AJCC  Cancer  Staging  Manual [10].
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Postoperative  complications  were  recorded  according  to  the  Clavien-Dindo
classification.

Statistical analysis
The primary outcome was overall survival (OS, survival time from diagnosis to death
from any cause), and the secondary outcome was progression-free survival (PFS, time
from diagnosis to disease progression). Categorical data are presented as absolute and
relative frequencies calculated using a chi-square test. Differences were determined
by a Wilcoxon rank-sum test for non-normally distributed continuous variable (the
short axis diameter of lymph nodes). We constructed violin plots of index diameter to
analyze the index diameter distribution according to clinical factors. The Kaplan-
Meier method was used to generate survival curves. All statistical tests were two-
sided, and a P-value less than 0.05 was considered statistically significant. Analyses
were performed using SAS software, version 9.4 (SAS Institute, Cary, NC, United
States).

RESULTS

Patient characteristics
Between January 2011 and December 2016, 301 of 7077 gastric cancer patients were
identified  with  PALM based  on  their  medical  history  and  were  reevaluated  by
radiologists (Figure 1). A total of 209 patients were excluded because of a lack of
concurrent  PALM as the single  non-curable  factor.  In  addition,  19 patients  with
incomplete  baseline  information  and  25  patients  incompatible  with  the  clinical
inclusion criteria were also excluded. Finally, 48 patients with PALM as the single
non-curable  factor  were  included  in  this  real-world  study  (Figure  1).  Baseline
information is shown in Table 1. The mean age at diagnosis was 57.2 years (range, 27-
76  years),  and  male  patients  comprised  the  majority  (81.3%).  The  common
characteristics of the patients with radiological PAN enlargement were poor tumor
differentiation and late tumor and nodal stage. In addition, major clinico-pathological
characteristics  were not  significantly different  between patients  receiving or not
receiving D2 gastrectomy.

Chemotherapy and adverse events
Of the 48 patients included, 17 were treated with SOX, 8 with DOS, 6 with DOX, 6
with DCS, 4 with XELOX, 2 with FOLFOX, 2 with taxane/oxaliplatin, and 3 with
other regimens (S-1, paclitaxel monotherapy, or FOLFOXIRI). Among the 22 patients
who underwent D2 gastrectomy after perioperative chemotherapy, 5 received DOS, 4
received  SOX,  4  received  DCS,  3  received  XELOX,  2  received  DOX,  2  received
taxane/oxaliplatin, 1 received FOLFOX, and 1 received S-1 monotherapy. Following
resection, 18 patients received adjuvant chemotherapy using the same regimen that
was  used  preoperatively,  and  the  other  4  patients  did  not  receive  adjuvant
chemotherapy. Respectively, 6 and 8 patients among the patients who underwent D2
gastrectomy or not received less than six cycles of chemotherapy in total (Figure 1).

Adverse events  associated with chemotherapy are  listed in  Table  2.  The most
frequent adverse events were anorexia (68.8%) and nausea (68.8%), most of which
occurred at grade 1 or 2. Neutropenia was observed, with the most frequent adverse
events being grade 3 or higher. One treatment-related death was reported in a patient
who died of acute pulmonary embolism during the first cycle of initial chemotherapy.

Lymph node information and response assessment
Details related to lymph nodes at the first visit and at the time of best response during
chemotherapy are listed in Table 3. The most common PAN station was No. 16b1 in
34 of 48 patients, followed by No. 16a2 (24/48). Overall, 27.1% (13/48) of patients had
more than two para-aortic  node stations  involved.  According to  the RECIST 1.1
criteria, 26 patients had target lesions at baseline, while the other 22 patients had non-
target lesions. The objective overall response rate in this group was 39.6% (19 of 48,
Table 3). Response of the primary tumor was observed in 25 (52.1%) patients, and CR
of metastatic sites was observed in 24 (50.0%) patients.

Surgical decision making
Violin  plots  of  the  distribution  of  the  short  axis  diameter  of  the  largest  PAN
distributed by whether the patient underwent D2 resection or not are shown in Figure
2A  (baseline)  and  Figure  2C  (after  initial  chemotherapy).  Violin  plots  of  the
distribution of the short axis diameter of the largest PAN distributed by whether more
than 2 PAN stations were involved or not are shown in Figure 2B (baseline) and
Figure 2D (after initial chemotherapy). The distributions in both treatment groups and
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Table 1  Characteristics of the patients at baseline

Variable ≥ 60 yr old < 60 yr old

Gender

Male 21 (91.3) 18 (72.0)

Female 2 (8.7) 7 (28.0)

Tumor location

Lower 2 (8.7) 4 (16.0)

Middle 9 (39.1) 12 (48.0)

Upper 12 (52.2) 9 (36.0)

Clinical tumor stage

T4 22 (95.7) 23 (92.0)

T3 1 (4.3) 2 (8.0)

Clinical nodal stage

N2-3 18 (78.3) 21 (84.0)

N0-1 5 (21.7) 4 (16.0)

Macroscopic type

4 4 (17.4) 3 (12.0)

1-3 or 5 19 (82.6) 22 (88.0)

Differentiation

Poorly differentiated 18 (78.3) 23 (92.0)

Well differentiated 5 (21.7) 2 (8.0)

Performance status

0 6 (26.1) 11 (44.0)

1 17 (73.9) 14 (56.0)

PAN stations significantly varied at baseline (chemotherapy vs chemotherapy plus D2
gastrectomy, P = 0.01, Figure 2A; PAN stations 1-2 vs 3-4, P = 0.001, Figure 2B) but
were not significantly different after chemotherapy (chemotherapy vs chemotherapy
plus D2 gastrectomy, P = 0.29, Figure 2C; PAN stations 1-2 vs 3-4, P = 0.06, Figure 2D).
The  correlation  between  CR  of  all  clinical  PALM  and  clinical  characteristics  is
displayed in Table 4. The largest PAN in the short axis at baseline (≥15 mm vs < 15
mm), overall response (RECIST), and response of the primary lesion (JGCA) were
correlated with CR of PALM. Considering the diameter of the index nodes, a CR was
observed in 3 of 12 patients with PAN ≥ 15 mm (25%) and in 10 of 26 patients with
PAN ≥ 10 mm (38.5%).

Of the 24 patients with CR of PALM, only 66.7% (16/24) achieved CR or partial
response (PR) in the primary tumor. All 24 patients were recommended to receive
surgical resection, and 14 patients with CR of PALM underwent D2 gastrectomy,
while 8 patients with well-responded PALM also received D2 gastrectomy at the
request  of  the  patient.  Among  the  22  patients  who  received  D2  gastrectomy,  2
exhibited CR, 5 exhibited PR, 2 exhibited stable disease (SD), 1 exhibited progressive
disease (PD), and 12 were not evaluable considering the overall response; 2 exhibited
CR, 12 exhibited PR, 7 exhibited SD, and 1 exhibited PD considering the response of
the primary tumor. Among patients with an index node larger than 15 mm at the first
visit, only 1 of 12 underwent D2 gastrectomy, and among patients with more than two
PAN stations involved at baseline, only 1 of 13 underwent D2 gastrectomy.

In  addition,  six  patients  received  radiotherapy  as  recommended  by  the
multidisciplinary team in total.  Among them, two patients received preoperative
radiotherapy,  three  received adjuvant  radiotherapy,  and one received palliative
radiotherapy.

Surgical outcomes
Lavage  cytology  was  routinely  performed,  and  positive  lavage  cytology  was
considered  an  incurable  factor.  Therefore,  patients  with  positive  cytology  were
excluded. For the 22 patients who ultimately underwent D2 gastrectomy, the median
number of preoperative chemotherapy cycles was 4 [interquartile range (IQR), 3-5].
The median blood loss was 150 mL (IQR, 100-200 mL), and the median surgery time
was 195 min (IQR, 170-214 min). Surgical and pathological data are listed in Table 5.
Postoperative  complications  occurred  in  27.3%  (6/22)  of  patients,  including
abdominal infection (2/22), lymphatic fistula (1/22), pneumonia (1/22), anastomotic
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Figure 1

Figure 1  Flow chart. CT: Computed tomography; SOX: S-1 plus oxaliplatin; DOS: Docetaxel/oxaliplatin/S-1; DOX: Docetaxel/capecitabine/oxaliplatin; DCS:
Docetaxel/cisplatin/S-1; XELOX: Capecitabine/oxaliplatin; FOLFOX: 5-fluorouracil/leucovorin/oxaliplatin; FOLFOXIRI: Irinotecan/5-fluorouracil/leucovorin/oxaliplatin.

leakage (1/22), and sudden cardiac death (1/22). One patient with a history of heart
disease died of sudden cardiac death on postoperative day 28. Patients without CR of
PALM were regarded as having an R1/R2 resection,  and thus,  R0 resection was
achieved in 63.6% of patients. Three patients presented a pathological CR, and the
pathological response rate was 68.2%.

Survival
Overall, 9 patients experienced recurrence after surgery during the follow-up period,
with 7 patients experiencing recurrence within 1 year. The progressive sites included
four cases of PAN recurrence, one case of hepatic metastasis, one case of peritoneal
metastasis,  and one case of malignant ascites. Two patients relapsed after 1 year,
including one with lung recurrence and one with mediastinal lymph node metastasis.
Distant lymph node metastasis was the most common site of recurrence and occurred
in 55.6% (5/9) of cases.

Survival plots are presented in Figure 3. The median follow-up period was 16.2
months (range,  2.8-72.4  mo).  The 3-year  OS rate  for  all  patients  was 36.9% [95%
confidence interval  (CI):  21.2-52.6],  the 3-year PFS rate of  all  patients  was 27.6%
(95%CI: 13.5-41.6), and the median OS and PFS were 18.9 and 12.1 mo, respectively
(Figure 3A).  The survival  time of those who received D2 gastrectomy was much
longer than that of patients who did not undergo gastrectomy (median OS: 50.7 mo vs
12.8 mo, P = 0.0003, Figure 3B; median PFS: 27.4 mo vs 7.8 mo, P = 0.0002, Figure 3C;
3-year survival rate: 56.8% (95%CI: 33.2-80.4) vs 19.0% (95%CI: 0.02-35.9)). The 5-year
survival rate for the D2 gastrectomy patients reached 47.3% (95%CI: 21.4-73.3). The
survival difference according to overall response was not significant (Figure 4D).
However, according to the response of the primary tumor, the median OS of patients
who responded well was significantly better than that of those who responded poorly
(50.7 mo vs 11.5 mo, P < 0.0001, Figure 3E), and according to the response of PALM,
the median OS of patients with CR of PALM was much better than that of patients
without CR of  PALM (50.7 mo vs  14.0 mo,  P  = 0.0051,  Figure 3F).  Differences in
survival according to the index diameter (≥ 15 mm vs  < 15 mm) and the stations
involved (total PAN stations involved: > 2 vs 1-2) at baseline and the pathological
response (Mandard TRG: 1-3 vs 4-5) were not significant in univariate analyses (data
not shown).

Data of patients who survived more than 3 years are listed in Table 6. Among them,
two underwent chemotherapy alone, while the other six received interventions via D2
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Table 2  Adverse events of preoperative chemotherapy

Grade
Total

Grade
≥ 3
(%)Toxicity 1 2 3 4 5

Diarrhea 4 2 2 0 0 8 4.2

Malaise 9 1 0 0 0 10 0.0

Anorexia 22 10 1 0 0 33 2.1

Nausea 20 11 2 0 0 33 4.2

Vomiting 6 4 0 0 0 10 0.0

Peripheral sensory neuropathy 13 4 0 0 0 17 0.0

Rash 1 0 1 0 0 2 2.1

Thromboembolic event 0 0 0 0 1 1 2.1

Anemia 11 2 3 0 0 16 6.3

Thrombocytopenia 7 6 4 1 0 18 10.4

Leukopenia 11 14 3 1 0 29 8.3

Neutropenia 7 5 9 4 0 25 27.1

Febrile neutropenia 4 0 0 0 0 4 0.0

gastrectomy. The surgical groups were characterized as having non-target PAN (short
diameter < 15 mm), no more than two PAN stations involved at baseline, and CR of
PALM after chemotherapy (range, 2-11 cycles) with or without the aid of radiotherapy
(Table  6).  One  patient  underwent  D2 gastrectomy with  an  11  mm left  PAN (R1
resection) and received adjuvant radiotherapy to control the enlarged PAN. As a
result, the suspicious PAN diminished dramatically, and the patient has been alive for
68 months after surgery without recurrence (Figure 4).

DISCUSSION
Chemotherapy is considered the primary choice for treatment of stage IV gastric
cancer,  but  the  prognosis  remains  poor.  Surgery is  not  routinely  recommended,
except for palliative reasons. Under some conditions, treatment of clinical stage IV
gastric cancer with a single incurable factor, such as PALM, positive lavage cytology,
and sole liver metastasis, can be controversial. Unlike other incurable factors, PAN
lesions are difficult for a biopsy, and the diagnosis and follow-up primarily depend
on CT or PET-CT scanning. Thus, there is confusion concerning clinico-pathological
issues in gastric cancer with suspicious PALM.

Currently,  except PET-CT, clinical  PALM is primarily diagnosed based on the
enlarged diameter  in  the  short  axis  of  PAN[8,9].  In  previously  published studies,
different  enrollment  criteria  and  distribution  bias  have  compromised  the  com-
parability of results[11-15]. Although the current criteria for clinically positive lymph
nodes on imaging examination, such as CT or EUS, are mainly based on lymph node
measurement  in  the  short  axis[16-20],  the  cut-off  value  varies  dramatically  across
different studies[12,21]. In this study, we selected a minimal axial diameter of 8 mm or
greater as the main criterion for diagnosis of clinical lymph node metastasis, which is
widely accepted in several studies and has shown a sensitivity and specificity of up to
85% and 95%, respectively[13-15,22]. In addition, the diameter of index nodes (equal to the
largest clinically positive lymph nodes) was used to help us determine clinically
positive PALM during treatment, because a change in the short diameter has been
shown to be significantly correlated with pathological outcomes[23].

The incidence of metastases in the PAN was found to be only 8.5% in the JCOG
9501 trial, and thus, for the majority of gastric cancer patients without radiologically
positive PALM, curative D2 surgery is adequate[1]. However, whether this method is
suitable for patients with CR of PALM after chemotherapy remains unknown. In the
present study, we defined PALM disappearance or shrinkage to < 8 mm in the short
axis as clinical  CR. Moreover,  the survival  of  patients with clinical  CR of PALM
exhibited better survival than patients with positive PALM after chemotherapy. These
results confirmed that CR of PALM was associated with a good prognosis and was a
favorable factor for D2 resection. In addition, according to our results, a short axis < 8
mm  can  be  chosen  as  the  cut-off  value  for  clinically  negative  PAN  after  che-
motherapy, which is a stricter criterion than that in previous studies[5,8].
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Table 3  Lymph node information at baseline and after chemotherapy

Variable No. of patients (%)

At baselinePAN station involved number

1-2 35 (72.9)

3-4 13 (27.1)

PAN station involved

n16a1 8 (16.7)

n16a2 24 (50.0)

n16b1 34 (70.8)

n16b2 9 (18.8)

Clinical response after chemotherapy

Overall (RECIST)

Target lesions

CR 2 (4.2)

PR 16 (33.3)

SD 6 (12.5)

PD 2 (4.2)

Non-target lesions only

CR 1 (2.1)

Non-CR/Non-PD 19 (39.6)

PD 2 (4.2)

Primary lesions (JGCA)

CR 3 (6.3)

PR 22 (45.8)

SD 19 (39.6)

PD 4 (8.3)

Metastatic lesions

CR 24 (50.0)

Non-CR 24 (50.0)

PAN: Para-aortic node; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive
disease; NE: Not evaluable; RECIST: Response Evaluation Criteria in Solid Tumors (version 1.1); JGCA:
Japanese Gastric Cancer Association.

Current response evaluation criteria also lead to difficulties in response evaluation
of gastric cancer patients with isolated PALM. In this study, 26 advanced gastric
cancer patients with isolated PALM were absent from the classification of target
lesions in RECIST 1.1, which regards primary tumors and lymph nodes < 15 mm as
non-measurable[8].  After  chemotherapy,  19 patients  were considered inevaluable
leading  to  a  response  rate  of  only  39.6%.  We  further  analyzed  the  response  by
stratifying the primary tumor and PALM separately. The response of primary tumor
was evaluated based on the 15th edition of the Japanese Classification of Gastric
Carcinoma. While for PALM, we considered lymph node disappearance or shrinkage
to < 8 mm as clinical CR after chemotherapy. Under the adjusted response evaluation
system, we found that a good response of the primary tumor or CR of PALM was
significantly correlated with better survival (Figure 3E and F).

Whether  surgical  resection  is  needed  for  stage  IV  gastric  cancer  remains
controversial. PALM is classified as a relatively early type in stage IV gastric cancer, is
associated with a lower tumor burden than other organ and peritoneal metastases[24],
and could be considered as the most suitable type for surgery among all the types of
stage IV gastric cancer[25,26]. In this group, the long-term OS of those who underwent
D2 resection was much better than that of those who did not. The main reason was
attributed to R0 resection and the difference in response to chemotherapy. Patients
with a lower tumor burden or incurability de novo,  which was characterized as a
smaller tumor size, fewer metastatic lymph nodes, or fewer metastatic lymph node
stations  in  gastric  cancer  with  clinical  PALM,  are  more  prone  to  achieve  CR of
metastasis (Table 4); therefore, D2 gastrectomy was performed, resulting in a better
prognosis. Kaito et al[27] found that involvement of a greater number of PAN stations
was  associated  with  a  poorer  prognosis.  To  date,  most  studies  on  surgical  in-
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Figure 2

Figure 2  Violin plots of index diameter distribution of all patients. A: Violin plots of index diameter distribution at
baseline of patients who underwent D2 resection or not; B: Violin plots of index diameter distribution at baseline of
patients with involvement of more than two para-aortic lymph node stations or not; C: Violin plots of index diameter
distribution of patients who underwent D2 resection or not after initial chemotherapy; D: Violin plots of index diameter
distribution after initial chemotherapy of patients with involvement of more than two para-aortic lymph node stations or
not. CA: Chemotherapy alone; C+D2G: Chemotherapy plus D2 gastrectomy; PAN: Para-aortic lymph node.

terventions in gastric cancer with clinical PALM have been limited to no more than
two PAN stations (No. 16a2/16b1)[2,5,24,27-33]. Lymph node size was also found to be an
independent prognostic factor for gastric cancer[21]. In the present study, we found
that 58.3% (21/36) of patients with an index diameter less than 15 mm achieved CR
after chemotherapy and then received surgical resection. We found confounding
factors in both the station number and baseline lymph node size. Although patients
with a higher metastatic burden, characterized as having a greater number of PAN
stations involved and larger PAN size, did not show a significant impact on OS, they
showed fewer chances of  CR of  PALM and fewer surgical  decision made by the
multidisciplinary team.

The extent of lymph node resection has long been a debated question. Japanese
researchers tend to perform D2 resection plus PAND for advanced stage gastric
cancer  with  overt  PALM  after  chemotherapy;  however,  their  results  were  not
significantly  better  than  those  of  the  study  that  chose  D2  gastrectomy.  Many
retrospective studies have reported a clinical benefit of curative D2 gastrectomy for
patients with stage IV gastric cancer, who exhibited a CR of distant metastasis after
chemotherapy without extensive resection[28,34,35].

We chose D2 resection as the surgical method for three reasons. First, no more than
10% of patients have radiologically occult metastasis in the para-aortic region, which
indicates  that  D2  resection  is  adequate  for  most  patients.  Meanwhile,  the  most
common recurrence site is para-aortic region even after PAND [27,30].  In this study,
patients who underwent D2 surgery had a 22.7% lymph node recurrence rate, which
is  comparable  to  the  24.6%-30.0%  lymph  node  recurrence  rate  of  patients  who
underwent D2 gastrectomy plus PAND in previous studies. More importantly, the
prognosis of pathologically positive patients was poor, therefore we did not think that
PAND was necessary. Second, D3 or D2 plus PAND after chemotherapy has not been
fully  demonstrated  in  clinical  studies,  and  is  accompanied  by  a  higher  rate  of
morbidity and mortality even in the Japanese studies. Only a few gastrointestinal
surgeons worldwide are experts at this complicated procedure[36-39]. Finally, with the
development of radiotherapy, new techniques can provide excellent local control rates
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Table 4  Demographic characteristics and response of para-aortic nodes

Variable n
Response of PAN

P-value
Treatment

P-value
Complete response Residual

tumor
With D2

resection Without D2 resection

Tumor location 0.5647 0.0931

Upper 21 10 (41.7) 11 (45.8) 7 (31.8) 14 (53.8)

Middle 21 12 (50.0) 9 (37.5) 10 (45.5) 11 (42.3)

Lower 6 2 (8.3) 4 (16.7) 5 (22.7) 1 (3.8)

Clinical tumor stage 0.5510 0.4545

T3 3 2 (8.3) 1 (4.2) 2 (9.1) 1 (3.8)

T4 45 22 (91.7) 23 (95.8) 20 (90.9) 25 (96.2)

Clinical nodal stage 0.2673 0.1640

N0-1 9 6 (25.0) 3 (12.5) 6 (27.3) 3 (11.5)

N2-3 39 18 (75.0) 21 (87.5) 16 (72.7) 23 (88.5)

Macroscopic type 0.2199 0.5158

1-3 or 5 41 22 (91.7) 19 (79.2) 18 (81.8) 23 (88.5)

4 7 2 (8.3) 5 (20.8) 4 (18.2) 3 (11.5)

No. of PAN stations involved 0.1044 0.0012

1-2 35 20 (83.3) 15 (62.5) 21 (95.5) 14 (53.8)

3-4 13 4 (16.7) 9 (37.5) 1 (4.5) 12 (46.2)

Largest PAN in short-axis 0.0822 0.0899

< 10 mm 22 14 (58.3) 8 (33.3) 13 (59.1) 9 (34.6)

≥ 10 mm 26 10 (41.7) 16 (66.7) 9 (40.9) 17 (65.4)

Largest PAN in short-axis 0.0455 0.0026

< 15 mm 36 21 (87.5) 15 (62.5) 21 (95.5) 15 (57.7)

≥ 15 mm 12 3 (12.5) 9 (37.5) 1 (4.5) 11 (42.3)

Overall (RECIST) 0.0109 0.1405

CR + PR 19 10 (41.7) 9 (37.5) 7 (31.8) 12 (46.2)

SD + PD 10 1 (4.2) 9 (37.5) 3 (13.6) 7 (26.9)

NE 19 13 (54.2) 6 (25.0) 12 (54.5) 7 (26.9)

Primary lesions (JGCA) 0.0431 0.1405

CR + PR 25 16 (66.7) 9 (37.5) 14 (63.6) 11 (42.3)

SD + PD 23 8 (33.3) 15 (62.5) 8 (36.4) 15 (57.7)

PAN: Para-aortic node; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; NE: Not evaluable; RECIST: Response
Evaluation Criteria in Solid Tumors (version 1.1); JGCA: Japanese Gastric Cancer Association.

to limit lymph node metastasis.
A similar phase II study conducted by Wang et al[5] also chose D2 resection as the

surgical method and achieved an encouraging 1-year PFS rate of 47.8%, indicating
non-inferior survival compared with neoadjuvant therapy plus extended dissection[31].
However, in our real-world study, the survival outcome was much more aggressive.
The 3- and 5-year survival rates for patients who underwent D2 resection were 56.8%
and 47.3%, respectively. In this study, the chemotherapy regimens and the compliance
of  perioperative  chemotherapy  varied.  We  think  that  the  individualized  che-
motherapy regimens and the necessary radiotherapy targeted to each individual also
contributed to the remarkable survival outcomes. In contrast, in some clinical trials, it
is compulsory for patients to receive two or four cycles of chemotherapy regardless of
whether it is the best timing[31,33,40,41].
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Table 5  Surgical and pathological findings

Variable Chemotherapy plus surgery

Residual tumor

R0 14 (63.6)

R1-R2 8 (36.4)

Surgery approach

Laparoscopy 8 (36.4)

Open 14 (63.6)

Extent of gastric resection

Distal 11 (50.0)

Proximal 3 (13.6)

Total 7 (31.8)

Multiple organ resection 1 (4.5)

Macroscopic type

1-3 or 5 18 (81.8)

4 4 (18.2)

Histological type

Intestinal or mixed 11 (50.0)

Diffuse 11 (50.0)

Mandard grade

1-2 2 (9.1)

3 13 (59.1)

4-5 7 (31.8)

Tumor depth

ypT0 2 (9.1)

ypT1a 1 (4.5)

ypT1b 1 (4.5)

ypT2 1 (4.5)

ypT3 6 (27.3)

ypT4a 10 (45.5)

ypT4b 1 (4.5)

Lymph node metastases

ypN0 7 (31.8)

ypN1 5 (22.7)

ypN2 2 (9.1)

ypN3a 5 (22.7)

ypN3b 3 (13.6)

Table 6  Long-term survivors (more than 3 years)

Therapy PAN Response Survival

Target SN Overall Primary PAN SR OS PFS Status

C+S+C NT 1 NE PR CR 65.1 65.1 Alive

C+S+C NT 1 PR PR CR 72.4 72.4 Alive

C+S+C NT 1 NE PR CR 62.1 62.1 Alive

C+S+C NT 2 CR CR CR L 52.8 16.8 Alive

C+S+CRT NT 2 NE SD NN 70.1 70.1 Alive

C+S+CRT NT 2 PR PR CR PAN 50.7 16.2 Dead

C T 3 CR CR CR NA 37.8 20.9 Alive

C T 3 PR PR NN NA 36.3 36.3 Alive

C: Chemotherapy; S: D2 gastrectomy; CRT: Chemoradiotherapy; PAN: Para-aortic node; NT: Non-target lesions; SN: Para-aortic node station involved
number; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; NE: Not evaluable; NC: Non-complete response; SR:
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Sites of recurrence; L: Lung; OS: Overall survival; PFS: Progression-free survival.

Figure 3

Figure 3  Kaplan-Meier curves for survival of the gastric cancer patients with clinically positive para-aortic node metastasis. A: Overall survival and
progression-free survival of all patients; B: Overall survival of patients who underwent chemotherapy with or without D2 resection; C: Progression-free survival of
patients who underwent chemotherapy with or without D2 resection; D: Overall survival of all patients assessed by overall response; E: Overall survival of all patients
assessed by chemotherapy response of the primary tumor; F: Overall survival of all patients assessed by chemotherapy response of the metastatic para-aortic lymph
node. CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; NE: Not evaluable.
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Figure 4

Figure 4  Computed tomography images of a gastric cancer patient with clinically positive para-aortic node metastasis who has survived for more than
70.1 mo. A: At baseline; B: Incomplete response of para-aortic lymph nodes after two cycles of preoperative chemotherapy (1.5 mo after initial treatment); C: After D2
gastrectomy (2.2 mo after initial treatment); D: Follow-up after adjuvant chemoradiotherapy (70.1 months after initial treatment).

ARTICLE HIGHLIGHTS
Research background
Para-aortic lymph node metastasis (PALM) is classified as stage IV gastric cancer with a dismal
outcome after isolated surgical  treatment.  However,  the treatment issues for patients with
clinical  para-aortic  lymph node (PAN) enlargement are complex,  as PAN enlargement can
represent either inflammatory lymphadenopathy or malignant metastasis. In recent years, the
role of surgery in multidisciplinary treatment (MDT) of gastric cancer with clinical PALM has
been recognized. Nevertheless, the effect of D2 gastrectomy treatment has not yet been fully
studied.

Research motivation
The benefit of addition of D2 gastrectomy to MDT and the unsettled clinico-pathological issues
in gastric cancer with clinical PALM need to be discussed.

Research objectives
The present study aimed to determine whether D2 resection can be adopted for gastric cancer
with radiologically overt PALM and to identify criteria of enrollment and response evaluation
and find a best treatment strategy for this group of patients.

Research methods
We collected clinical and pathological data of gastric cancer patients with clinically positive
PALM, including detailed information on PAN and clinical response. The short axis diameter of
the largest PAN in every individual patient was recorded, and clinical response in the primary
tumor and the metastatic sites was evaluated separately. Surgical decision making in accordance
with the status of PALM after chemotherapy and survival data were documented.

Research results
D2 gastrectomy improved the prognosis  of  select  patients,  especially  those with complete
response (CR) of PALM. Patients with long-term survival were characterized as having limited
PALM at baseline and CR of PALM after chemotherapy. For patients without CR of clinical
PALM, radiotherapy may be considered as an option to complement D2 resection.

Research conclusions
Chemotherapy followed by D2 gastrectomy may be a promising strategy for treating select
gastric cancer patients with radiologically suspicious PALM. Patients with limited PALM at
baseline and CR of PALM after chemotherapy may be good candidates for D2 gastrectomy.
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Large-scale, multicenter, randomized studies are needed to confirm the feasibility of addition of
D2 gastrectomy to a practical MDT plan for patients with clinical PALM.

Research perspectives
Although we confirmed the benefit of D2 gastrectomy in gastric cancer patients with enlarged
PALM,  the  problem  of  whether  dissection  of  the  para-aortic  region  is  necessary  remains
unresolved.  D2 gastrectomy has limitations as  it  greatly depends on good response of  the
metastatic lesions. Currently, a surgical strategy seems promising for gastric cancer with clinical
PALM, but the best clinical practice should be identified in future research.
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Abstract
BACKGROUND
The individual performances and the complementarity of Crohn’s disease (CD)
activity index (CDAI), C-reactive protein (CRP) and faecal calprotectin (Fcal) to
monitor patients with CD remain poorly inves-tigated in the era of “tight control”
and “treat to target” strategies.

AIM
To assess CDAI, CRP and Fcal variation, alone or combined, after 12 wk (W12) of
anti-tumor necrosis factor (TNF) therapy to predict corticosteroids-free remission
(CFREM = CDAI < 150, CRP < 2.9 mg/L and Fcal < 250 μg/g with no therapeutic
intensification and no surgery) at W52.

METHODS
CD adult patients needing anti-TNF therapy with CDAI > 150 and either CRP >
2.9 mg/L or Fcal > 250 μg/g were prospectively enrolled.
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RESULTS
Among the 40 included patients, 13 patients (32.5%) achieved CFREM at W52. In
univariable analysis, CDAI < 150 at W12 (P = 0.012), CRP level < 2.9 mg/L at
W12 (P = 0.001) and Fcal improvement at W12 (Fcal < 300 μg/g; or, for patients
with initial Fcal < 300 μg/g, at least 50% decrease of Fcal or normalization of Fcal
(< 100 μg/g) (P = 0.001) were predictive of CFREM at W52. Combined endpoint
(CDAI < 150 and CRP ≤ 2.9 mg/L and FCal improvement) at W12 was the best
predictor of CFREM at W52 with positive predictive value = 100.0% (100.0-100.0)
and negative predictive value = 87.1% (75.3-98.9). In multivariable analysis, Fcal
improvement at W12 [odd ratio (OR) = 45.1 (2.96-687.9); P = 0.03] was a better
predictor of CFREM at W52 than CDAI < 150 [OR = 9.3 (0.36-237.1); P = 0.145]
and CRP < 2.9 mg/L (0.77-278.0; P = 0.073).

CONCLUSION
The combined monitoring of CDAI, CRP and Fcal after anti-TNF induction
therapy is able to predict favorable outcome within one year in patients with CD.

Key words: Biomarkers; Crohn’s disease; Faecal calprotectin; Crohn’s disease activity
index; C-reactive protein; Tight control; Anti-tumor necrosis factor

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The CALM trial reported that a tight control of inflammation achieved better
outcomes than conventional monitoring, but did not explore specifically the value of
each biomarker. In this multicentre study, we investigated the performances of Crohn’s
disease (CD) activity index (CDAI), C-reactive protein (CRP) and faecal calprotectin
(Fcal) variation, alone or combined, after 12 wk of anti-tumor necrosis factor (TNF)
therapy to predict corticosteroids-free remission (CFREM) at one year, in CD patients
treated with anti-TNF. We showed the complementarity of the variation of CDAI, CRP
and Fcal after anti-TNF induction therapy, to predict CFREM at one year, and confirmed
that Fcal was the most effective predictor among these three markers.

Citation: Sollelis E, Quinard RM, Bouguen G, Goutte M, Goutorbe F, Bouvier D, Pereira B,
Bommelaer G, Buisson A. Combined evaluation of biomarkers as predictor of maintained
remission in Crohn’s disease. World J Gastroenterol 2019; 25(19): 2354-2364
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2354.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2354

INTRODUCTION
Crohn’s disease (CD) is a chronic and disabling disorder that can highly affect quality
of life[1].  The natural history of CD can lead to cumulative bowel damage such as
stricture,  fistula  or  intestinal  resection[2,3].  In  this  context,  mucosal  healing  is
recognized hitherto as the best therapeutic endpoint in patients with CD, as it  is
associated  with  sustained  clinical  remission,  reduced  rates  of  subsequent
hospitalization  and  surgery[4].  In  daily  practice,  this  endpoint  is  limited  by  the
potential risks[5] and the need of repeated endoscopic procedures, which is felt as a
burden by patients with CD[6].

Faecal calprotectin (Fcal) is a well-accepted monitoring tool and a surrogate marker
of  mucosal  healing[6-8]  and  could  then  be  an  alternative.  However,  the  STRIDE
guidelines considered that Fcal was not a target because of insufficient evidence to
recommend treatment optimization using biomarkers alone[4]. Recently, the CALM
trial compared two ways of monitoring patients with inflammatory bowel disease
(IBD) treated with adalimumab[9]. In the first arm (conventional care), the patients had
a therapeutic intensification if the CD activity index (CDAI) did not decrease of at
least 70 points. In the second group so-called “tight control group”, the therapies were
upgraded in cases of CDAI > 150 or C-reactive protein (CRP) > 5 mg/L or Fcal > 250
µg/g[9].  The  authors  reported  that  the  group monitored using  a  tight  control  of
inflammation with objective markers of disease activity and clinical symptoms to
drive treatment decisions (second group), achieved better endoscopic and clinical
outcomes than conventional monitoring[9]. In a post-hoc analysis of this study, the
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authors reported that most of the therapeutic intensification were related to increased
level of Fcal in the tight control group. However, even though the conclusion of this
landmark trial encourages IBD physicians to use Fcal testing in daily practice, the
authors did not explore specifically the value of each marker, i.e., CDAI, CRP and
Fcal.

In this study, we aimed to investigate the performances of CDAI, CRP and Fcal
variation, alone or combined, after 12 wk of anti-tumor necrosis factor (TNF) therapy
to predict corticosteroids-free remission (CFREM) at one year, in CD patients treated
with anti-TNF.

MATERIALS AND METHODS

Ethical considerations
The study was performed in accordance with the Declaration of  Helsinki,  Good
Clinical Practice and applicable regulatory requirements. The study was approved by
local Ethics Committee (#2014/CE 72).

Design of the study
We conducted an observational multicenter study in three French IBD centers. All the
patients with CD older than 18 years-old requiring anti-TNF therapy according to the
physician’s judgement with CDAI > 150, and CRP > 5 mg/L or Fcal > 250 µg/g were
consecutively and prospectively enrolled. Patients who presented with usual contra-
indications to anti-TNF or who received anti-TNF therapy to prevent endoscopic
postoperative recurrence or to treat isolated perianal lesions were excluded. The
patients were treated with infusion of infliximab (5 mg/kg at W0, W2 and W6 and
then every 8 wk) or subcutaneous injection of adalimumab (160 mg at W0, 80 mg at
W2 and 40 mg every other week) according to the usual guidelines. The choice of the
type of  anti-TNF agent  and the use of  concomitant  immunosuppressive therapy
(azathioprine from 2 to 2.5 mg/kg or methotrexate from 15 mg to 25 mg SC) were free
and based on the physician’s judgment. No systematic drug level monitoring was
performed during the study as routinely in our centers.

Clinical parameters including the CDAI are detailed in Table 1 and were collected
before starting anti-TNF therapy (W0), at W12 and W52. Blood samples were taken
and used to measure high-  sensitive serum CRP level  by immunonephelemetric
method (Vista; Siemens, Berlin, Germany) at W0, W12 and W52.

Fcal measurement
Stools samples were collected at W0, W12 and W52, in the morning to reduce intra-
individual variation, and immediately stored at 4 °C. Patients were instructed to
transport the stool samples in a dedicated container at 4 °C. Faecal samples were
immediately transferred,  upon patient  arrival,  to  the Clermont-Ferrand hospital
Biochemistry Laboratory. Stool cultures were performed on all samples to exclude
gastrointestinal infection. Calprotectin was measured, as routinely performed in our
IBD centre, using quantitative immunochromatographic test Quantum Blue High
Range (Bühlmann Laboratories AG, Schönenbuch, Switzerland), according to the
manufacturer’s  instructions.  Laboratory  personnel,  who  were  blinded  from the
current clinical disease activity of the patients, performed the analyses. The lower and
the upper limits of detection for calprotectin were 100 and 1800 μg/g, respectively.
Consequently, all calprotectin levels < 100 and > 1800 μg/g were considered as equal
to 100 and 1800 μg/g, respectively. Results were given in μg/g.

Definitions and endpoints
CFREM at W52 was defined as:  CDAI < 150 and CRP < 2.9 mg/L (normal value
according to the manufacturer’s instruction) and faecal calprotectin < 250 μg/g, with
no switch or swap of  biologics  and no bowel resection,  and with no therapeutic
intensification between W12 and W52. Therapeutic intensification was defined as an
increase of anti-TNF dose or a decrease of interval between two infusions/injections
or as an addition of another CD-specific medication (steroids or immunosuppressant
therapy). Therapeutic intensification was based on clinical activity (CDAI > 150) and
not on CRP or Fcal level.

Sample size calculation
Sample size estimation has been performed in order to assess our primary endpoint.
Overall, 40 patients were necessary for a type I error at 5% and a statistical power
greater  than 80% to detect  a  true absolute difference higher than 50% to predict
CFREM at week 52 using CDAI, CRP, or Fcal, alone or in combination. Consequently,
we planned to include 40 patients.
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Table 1  Baseline characteristics of the 40 patients with Crohn’s disease included in this study

n = 40 patients

Age at the time of inclusion, mean ± SD (yr) 34 .0 ± 13.6

Disease duration, median (IQR) (yr) 4 (0.8-11.3)

Female gender, n (%) 21 (52.5)

Current smokers, n (%) 15 (37.5)

Prior bowel resection, n (%) 7 (17.5)

Montreal classification

Location

L1, n (%) 18 (45.0)

L2, n (%) 3 (7.5)

L3, n (%) 19 (47.5)

Behaviour

B1, n (%) 13 (32.5)

B2, n (%) 16 (40.0)

B3, n (%) 11 (27.5)

Perianal lesions, n (%) 7 (17.5)

Anti-TNF-naïve patients, n (%) 24 (60.0)

Type of anti-TNF

Infliximab, n (%) 16 (40.0)

Adalimumab, n (%) 24 (60.0)

Concomitant medications

Immunosuppressive therapies, n (%) 21 (52.5)

Steroids, n (%) 7 (17.5)

Faecal calprotectin level at baseline, median (IQR) (µg/g) 1010.5 (357.8-1800.0)

CRP level at baseline, median (IQR) (mg/L) 13.2 (5.2-25.9)

SD: Standard deviation; IQR: Interquartile range; TNF: Tumor necrosis factor.

Statistical analysis
Study data were collected and managed using Research Electronic Data Capture
(REDCap)  electronic  data  capture  tools  hosted  at  Clermont-Ferrand  University
Hospital[10].  REDCap is a secure, web-based application designed to support data
capture for research studies, providing (1) an intuitive interface for validated data
entry;  (2)  audit  trails  for  tracking data  manipulation and export  procedures;  (3)
automated export procedures for seamless data downloads to common statistical
packages; and (4) procedures for importing data from external sources.

Statistical analysis was performed using Stata software (version 13, StataCorp LP,
College Station, TX, United States). The tests were two-sided, with a type I error set at
α = 0.05. Continuous data were presented as mean ± standard-deviation or median
(interquartile range) according to statistical distribution (assumption of normality
assessed using the Shapiro-Wilk test).  Categorical  parameters were presented as
frequencies and associated percentages. To assess the factors associated with CFREM
at W52, univariable analyses were realized using usual statistical tests: for continuous
outcomes Student t-test or Mann-Whitney test when assumptions of t-test were not
met  (normality,  homoscedasticity  assessed  by  the  Fisher-Snedecor  test)  and for
categorical  data  chi-squared  or  Fisher’s  exact  tests.  Regarding  Fcal,  ROC curve
analyses were performed to determine the best thresholds to predict CFREM. The
optimal threshold was determined according to clinical relevance and usual indexes
reported in medical literature (Youden, Liu and efficiency). According to univariable
results, a multivariable analysis (logistic regression) was carried out considering an
adjustment on relevant clinical parameters. The results were expressed as odds-ratios
and 95% confidence intervals.

RESULTS

Baseline characteristics of the patients
Overall, 40 patients with CD were enrolled in this study. Their baseline characteristics
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are detailed in Table 1.
Among them, 16 patients (40%) and 24 patients (60%) were treated with IFX and

ADA, respectively. Twenty-one patients received concomitant thiopurines therapy
(52.5%). At baseline the median CDAI was 215 (166-282) and the median levels of Fcal
and CRP were 1010.5 (357.8-1800.0)  µg/g and 13.2 (5.2-25.9)  mg/L, respectively.
Among the 40 patients treated with anti-TNF, the levels of CDAI [111 (55-198) vs 215
(166-282); P < 0.0001], CRP [3.0 (1.0-17.0) mg/L vs 13.2 (5.2-25.9) mg/L; p=0.011] and
Fcal [374.0 (103.0-969.0) vs 1010.5 (357.8-1800.0) µg/g; p = 0.001] were significantly
diminished after 12 wk of anti-TNF agents.

Early variation of CDAI, CRP and Fcal after anti-TNF induction therapy (W12) as
predictor of CFREM at W52 in patients with CD
Overall,  13 patients (32.5%) achieved CFREM at W52. The proportion of patients
achieving the different therapeutic endpoints at W12 is reported in Figure 1.

The median CDAI at  W12 was significantly lower in patients  presenting with
CFREM at one year[46 (14-64)] compared to those who did not [165 (83-265)] (P <
0.001).  In  univariable  analysis,  CDAI  <  150  at  W12  was  associated  with  higher
likelihood of CFREM at W52 (47.9% vs 11.8%, P = 0.012). Clinical remission at W12
(CDAI < 150) predicted CFREM at W52 with the following performances: sensitivity =
84.6% (56.3-96.6), specificity = 55.6% (37.3-72.4), positive predictive value (PPV) =
47.8%  (27.4-68.2),  negative  positive  value  (NPV)  =  88.2%  (72.9-100.0),  positive
likelihood ratio (LR+) = 1.904 (1.177-3.081) and negative likelihood ratio (LR-) = 0.277
(0.074-1.035) (Table 2).

The level of CRP dropped at W12 in patients with CFREM at one year [1.0 mg/L
(1.0-2.9) vs 8.4 mg/L (2.9-29.5); P = 0.001]. In univariable analysis, a CRP level < 2.9
mg/L (normalized CRP) at W12 was associated with higher rate of CFREM at W52
(61.2% vs 4.8%, P < 0.001). CRP level below 2.9 mg/L at W12 predicted CFREM at
W52 with the following performances: sensitivity = 92.3% (64.2-100.0), specificity =
74.1% (55.0-86.9), PPV = 63.2% (41.5-84.8), NPV = 95.2% (86.1-100.0), LR+ = 3.560
(1.846-6.865), LR- = 0.104 (0.016-0.692) (Table 2).

The combined performances of both CDAI < 150 and CRP ≤ 2.9 mg/L at W12 to
predict CFREM at W52 were sensitivity = 76.9% (48.9-92.2), specificity = 85.2% (66.7-
94.6), PPV = 71.4% (47.8-95.1), NPV = 88.5% (76.2-100.0), LR+ = 5.192 (2.004-13.456),
LR- = 0.271 (0.099-0.740) (Table 2).

In patient with CFREM at one year, the median Fcal level at W12 was significantly
lower [100.0 μg/g (100.0-193.0)]  vs  compared to those who were not [646.0 μg/g
(315.0-1567.0)] (P < 0.001) (Figure 2).

We also observed that the relative decrease of  Fcal  between W0 and W12 was
higher [83.3% (33.6%-83.3%) vs 0.0% (0.0%-33.2%), P = 0.001] in the patients achieving
CFREM at W52 compared to the patients who failed to obtain CFREM at W52. Based
on ROC curve analyses, we determined that the best threshold of Fcal after anti-TNF
induction therapy (W12) to predict CFREM at one year was 300 μg/g [area under the
curve (AUC) = 0.848]. The performances of this cut-off value were: sensitivity = 84.6%
(56.3-96.6), specificity = 77.8% (58.8-89.6), PPV = 64.7% (42.0-87.4), NPV = 91.3% (79.8-
100%), LR+ = 3.808 (1.812-8.003), LR- = 0.198 (0.054-0.719) (Table 2).

Using a ROC curve (AUC = 0.82), a decreased > 50% of Fcal was also predictive of
CFREM at one year with sensitivity = 61.5% (35.4-82.2), specificity = 85.2% (66.7-94.6),
PPV = 66.7% (40.0-93.3), NPV = 82.1% (68.0-96.3), LR+ = 4.154 (1.526-11.307), LR- =
0.452 (0.223-0.914).

We  also  studied  the  complementary  of  these  two  thresholds  by  creating  a
composite criterion so-called Fcal  improvement [Fcal  < 300 μg/g at  W12;  or,  for
patients with initial Fcal < 300 μg/g, at least 50% decrease of Fcal or normalization of
Fcal (< 100 μg/g)]. Fcal improvement predicted CFREM at 1 year with the following
performances: sensitivity = 76.9% (48.9-92.2), specificity = 92.6% (75.3-98.9), PPV =
83.3% (62.2-100.0), NPV = 89.3% (77.8-100.0), LR+ = 10.385 (2.648-40.721), LR- = 0.249
(0.092-0.676) (Table 2).

Concomitant CDAI < 150 and FCal improvement at W12 was predictive of CFREM
at W52 with the following performances: sensitivity = 69.2% (42.0-87.4), specificity =
96.3% (79.9-100.0), PPV = 90.0% (71.4-100.0), NPV = 86.7% (74.5-98.8), LR+ = 18.692
(2.640-132.328), LR- = 0.320 (0.141-0.725) (Table 2).

Combined  endpoints  such  as  CDAI  <  150  and  CRP  ≤  2.9  mg/L  and  FCal
improvement at W12 predicted CFREM at W52 with the following performances
sensitivity = 69.2% (42.0-87.4), specificity = 100.0% (84.9-100.0), PPV = 100.0% (100.0-
100.0), NPV = 87.1% (75.3-98.9), LR+ = not applicable, LR- = 0.308 (0.136-0.695) (Table
2).

In univariable analysis, we did not observe any additional factors associated with
CFREM. In multivariable analysis including disease duration, smoking status, CDAI
and  CRP values,  Fcal  improvement  at  W12  was  independently  associated  with
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Figure 1

Figure 1  Rate of patients achieving the different therapeutic endpoints after 12 wk of anti-tumor necrosis
factor therapy in 40 patients with Crohn’s disease. CDAI: Crohn’s disease activity index; CRP: C-reactive protein;
Fcal: Faecal calprotectin; TNF: Tumor necrosis factor.

CFREM at W52 [odd ratio (OR) = 45.1 (2.96-687.9); P = 0.03] and was a better predictor
than CDAI < 150 [9.3 (0.36-237.1); P = 0.145] and CRP < 2.9 mg/L (0.77-278.0; P =
0.073) (Figure 3).

DISCUSSION
In this prospective study, we showed the complementarity of the variation of CDAI,
CRP and Fcal after anti-TNF induction therapy, to predict CFREM at one year, and
confirmed that Fcal was the most effective predictor among these three markers.

According to the results of the CALM trial, we decided to use the same composite
endpoint at  W52 i.e.,  CDAI < 150 and CRP normalization (< 2.9 mg/L using our
assay) and Fcal < 250 µg/g, so-called CFREM, which has been shown to be associated
with  clinical  and  endoscopic  remission[9].  We  added  the  absence  of  therapeutic
intensification including the absence of CD-related surgery to assess the impact of
these biomarkers on CD outcomes and also to avoid a complete overlap between the
criteria assessed at W12 and the composite primary endpoint at W52. We aimed to
investigate what was the best predictor among CDAI, CRP, FCal, or combination of
these biomarkers assessed at W12 to predict CFREM at W52.

In this study, we confirmed that CDAI alone is not suitable to monitor CD patients
as we found a low PPV (47.3%) of clinical remission (CDAI < 150) at W12 to predict
CFREM at W52. The lack of correlation between clinical symptoms and objective
markers of activity is now well admitted. A post-hoc analysis from the SONIC trial
showed  that  almost  one  half  of  the  patients  with  CDAI  <  150  presented  with
significant endoscopic lesions[11]. The STRIDE guidelines considered that resolution of
symptoms  alone  is  not  a  sufficient  target  and  that  objective  evidence  of  bowel
inflammation is necessary when making clinical decisions[4].  As expected, we also
found that the patients, who did not achieve clinical remission (CDAI < 150) at W12,
had a very high likelihood of treatment failure (with NPV of 88.2%) reminding that
clinical remission is a necessary but not sufficient therapeutic goal in patients with
CD.

We also investigated the measurement of CRP value at W12 in patients receiving
anti-TNF agents as predictor of mid-term CFREM (W52). While CRP normalization
after 12 wk demonstrated moderate performances (PPV = 63.2%) to predict CFREM at
W52, the absence of CRP normalization at W12 was highly predictive of treatment
failure (NPV = 95.2%). Our data seems slightly different from two studies dedicated
to CRP normalization as predictor of remission. Reinisch et al[12] reported in a post-hoc
analysis of the landmark ACCENT 1 trial that normalisation of CRP at week 14 led to
a  higher  probability  of  maintained  response  or  remission  during  one-year  of
infliximab maintenance therapy (P < 0.001) with PPV of 51.8% and NPV of 68.0%. Kiss
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Table 2  Performances of Crohn’s disease activity index, C-reactive protein, and faecal calprotectin after 12 wk of anti-tumor necrosis
factor to predict steroids-free remission at week 52

Endpoints Sensitivity Specificity PPV NPV LR+ LR- Accuracy

CDAI < 150 84.6% (56.3-96.6) 55.6% (37.3-72.4) 47.8% (27.4-68.2) 88.2% (72.9-100.0) 1.904 (1.177-3.081) 0.277 (0.074-1.035) 60.5% (50.2-79.8)

CRP ≤ 2.9 mg/L 92.3% (64.2-100.0) 74.1% (55.0-86.9) 63.2% (41.5-84.8) 95.2% (86.1-100.0) 3.560 (1.846-6.865) 0.104 (0.016-0.692) 80.0% (67.6-92.4)

CDAI < 150 and
CRP ≤ 2.9 mg/L

76.9% (48.9-92.2) 85.2% (66.7-94.6) 71.4% (47.8-95.1) 88.5% (76.2-100.0) 5.192 (2.004-
13.456)

0.271 (0.099-0.740) 82.5% (70.7-94.3)

Fcal < 300 µg/g 84.6% (56.3-96.6) 77.8% (58.8-89.6) 64.7% (42.0-87.4) 91.3% (79.8-100%) 3.808 (1.812-8.003) 0.198 (0.054-0.719) 80.0% (67.6-92.4)

Fcal
improvement

76.9% (48.9-92.2) 92.6% (75.3-98.9) 83.3% (62.2-100.0) 89.3% (77.8-100.0) 10.385 (2.648-
40.721)

0.249 (0.092-0.676) 87.5% (77.3-97.7)

CDAI < 150 and
Fcal
improvement

69.2% (42.0-87.4) 96.3% (79.9-100.0) 90.0% (71.4-100.0) 86.7% (74.5-98.8) 18.692 (2.640-
132.328)

0.320 (0.141-0.725) 87.5% (77.3-97.7)

CDAI < 150 and
CRP ≤ 2.9 mg/L
and Fcal
improvement

69.2% (42.0-87.4) 100.0% (84.9-
100.0)

100.0% (100.0-
100.0)

87.1% (75.3-98.9) NA 0.308 (0.136-0.695) 90.0% (80.7-99.3)

CDAI: Crohn’s disease activity index; CRP: C-reactive protein; Fcal: Faecal calprotectin; PPV: Positive predictive valu; NPV: Negative positive value; LR+:
Positive likelihood ratio; LR-: Negative likelihood ratio.

et al[13] showed that CD patients who had normalised CRP at week 12 were associated
with clinical efficacy at 12 mo with PPV ranging from 67% to 79% and NPV from 73%
to 80%. This discrepancy could be partly explained by our sample size but also by the
choice of our combined endpoint, which is probably more stringent than the two
former studies and could have improve the NPV.

As  the  capability  of  Fcal  to  change  under  treatment  remains  poorly  inve-
stigated[14-16], the STRIDE guidelines did not consider Fcal as a therapeutic target[4].
Our results highlighted the performances of Fcal improvement [defined as Fcal < 300
μg/g at W12 or, for patients with baseline Fcal < 300 μg/g, at least 50% decrease or
normalization of Fcal (< 100 μg/g)] to predict CFREM at 1 year: PPV = 83.3% and
NPV = 89.3%. We chose to also enroll patients with moderate elevation of Fcal (100-
300 µg/g) as it reflects some real-life clinical situations in daily practice. Our data are
in line with the three studies available to date on this topic. In a French prospective
study including 32 patients with CD receiving anti-TNF therapy, Fcal level above 82
µg/g at W14 demonstrated PPV = 85% and NPV = 87% to predict clinical remission
within  one  year  using  quantitative  monoclonal  antibody-based  enzyme-linked
immunosorbent assay (Bühlmann, Schönenbuch, Switzerland). Guidi and colleagues
(n  = 44 patients with CD), post-induction level of Fcal ≤ 168 µg/g using enzyme-
linked immunosorbent assay (ELISA, Calprest, Eurospitals.p.a., Trieste, Italy) was
predictive  of  sustained  clinical  response  with  PPV  =  81%  and  NPV  =  77%[15].
Eventually, Molander et al[16]  found that a post-induction level of Fcal < 139 µg/g
[measured  by  a  quantitative  enzyme  immunoassay  (PhiCal  Test,  Calpro,  Oslo,
Norway)] predicted the risk of relapse in 34 patients with CD treated with anti-TNF
agents. The heterogeneity of these thresholds is explained by the difference of assays
used across the studies. IBD physicians have to be aware of these variations between
the different assays to measure FCal when they make a decision based on Fcal cut-off
values. We strongly encourage IBD physicians to use the same assays when assessing
the  variation  of  Fcal  under  treatment  in  a  same patient.  A study comparing six
commercially available assays underlined that Fcal level may vary with up to 5-fold
quantitative differences between assays[17].

The  CALM  trial  was  designed  considering  that  the  use  of  biomarkers  could
improve patients’ outcomes without real evidence of it. Since the publication of this
study, the authors insisted on the role of FCal to monitor patients with CD. However,
what is the part of Fcal, CRP and CDAI remains questionable. It is why we decided to
investigate  the  specific  role  and  the  potential  complementarity  of  these  three
biomarkers. In our study, we observed that achieving CDAI < 150, CRP normalization
and Fcal  improvement was the best  combination and led to a PPV of 100% with
substantial NPV (87.1%) for the prediction of CFREM at W52. This result could mean
that  the  surveillance  scheduled every  three  months  in  the  CALM trial  could  be
slightly lightened in patients achieving this endpoint after induction therapy and
extended to every 6 mo.

The main limitations of our study are the lack of endoscopic evaluation at W52 and
the relative small number of patients even though our sample size calculation showed
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Figure 2

Figure 2  Level of faecal calprotectin at baseline and after 12 wk of anti-tumor necrosis factor therapy in
patients with Crohn’s disease achieving steroids-free remission (Crohn’s disease activity index < 150 and C-
reactive protein < 2.9 mg/L and faecal calprotectin < 250 µg/g with no therapeutic intensification and no
surgery) or not at week 52. CFREM: Corticosteroids-free remission.

that  it  was appropriate.  However,  we investigated prospectively with a suitable
power the performances of each item of the CALM criteria and their combinations to
predict favorable outcomes in patients with CD.

In conclusion, the combined monitoring of CDAI, CRP and FCal after anti-TNF
induction therapy is able to predict favorable outcome within one year in patients
with CD. The most impactful biomarker was Fcal among these three biomarkers. Our
results should lead IBD physicians to monitor patients with CD using a tight control
strategy based on CDAI, CRP and Fcal in daily practice.
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Figure 3

Figure 3  Positive and negative predictive values of Crohn’s disease activity index, C-reactive protein and faecal calprotectin, alone or combined, after 12
wk of anti-tumor necrosis factor to predict corticosteroids-free remission at week 52. Faecal calprotectin (Fcal) improvement (Fcal < 300 μg/g at W12; or, for
patients with initial Fcal < 300 μg/g, at least 50% decrease of Fcal or normalization of Fcal (< 100 μg/g). CDAI: Crohn’s disease activity index; CRP: C-reactive protein;
Fcal: Faecal calprotectin.

ARTICLE HIGHLIGHTS
Research background
Crohn’s disease (CD) is a chronic and disabling disorder that can highly affect quality of life.
Faecal calprotectin (Fcal) is a well-accepted monitoring tool and a surrogate marker of mucosal
healing and could then be an alternative to endoscopy. Recently, the CALM trial compared two
ways of monitoring patients with inflammatory bowel disease (IBD) treated with adalimumab.
The authors reported that the group monitored using a tight control  of  inflammation with
objective  markers  of  disease  activity  and  clinical  symptoms  to  drive  treatment  decisions,
achieved better endoscopic and clinical outcomes than conventional monitoring. In a post-hoc
analysis of this study, the authors reported that most of the therapeutic intensification were
related to increased level of Fcal in the tight control group. However, even though the conclusion
of this landmark trial encourages IBD physicians to use Fcal testing in daily practice, the authors
did not explore specifically the value of each marker, i.e., CD activity index (CDAI), C-reactive
protein (CRP) and Fcal.

Research motivation
Understanding the value of each monitoring biomarker to guide physicians to manage patients
with inflammatory bowel disease is a key point.

Research objectives
In this study, we aimed to investigate the performances of CDAI, CRP and Fcal variation, alone
or combined, after 12 wk of anti-tumor necrosis factor (TNF) therapy to predict corticosteroids-
free remission (CFREM) at one year, in CD patients treated with anti-TNF.

Research methods
It was a multicentre prospective observational study.

Research results
Among the 40 included patients, 13 patients (32.5%) achieved CFREM at W52. In univariable
analysis, CDAI < 150 at W12 (P  = 0.012), CRP level < 2.9 mg/L at W12 (P  = 0.001) and Fcal
improvement at W12 [Fcal < 300 μg/g; or, for patients with initial Fcal < 300 μg/g, at least 50%
decrease of Fcal or normalization of Fcal (<100 μg/g)] (P = 0.001) were predictive of CFREM at
W52. Combined endpoint (CDAI < 150 and CRP ≤ 2.9 mg/L and FCal improvement) at W12 was
the best predictor of CFREM at W52 with PPV = 100.0% (100.0-100.0) and NPV = 87.1% (75.3-
98.9). In multivariable analysis, Fcal improvement at W12 [odd ratio (OR) = 45.1 (2.96-687.9); P =
0.03] was a better predictor of CFREM at W52 than CDAI < 150 [OR = 9.3 (0.36-237.1); P = 0.145]
and CRP < 2.9 mg/L (0.77-278.0; P = 0.073).

Research conclusions
The combined monitoring of CDAI, CRP and FCal after anti-TNF induction therapy is able to
predict favorable outcome within one year in patients with CD. The most impactful biomarker
was Fcal among these three biomarkers. Our results should lead IBD physicians to monitor
patients with CD using a tight control strategy based on CDAI, CRP and Fcal in daily practice.
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Research perspectives
Additional studies from independent cohorts should be conducted to confirm these data.
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Abstract
BACKGROUND
Lenvatinib is one of the first-line tyrosine kinase inhibitors used for unresectable
hepatocellular carcinoma (HCC). In the present study, we evaluated the potential
of early changes in the time-intensity curve (TIC) of arterial phase on contrast-
enhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy.

AIM
To evaluate the potential of the early changes in the TIC of CEUS as early
imaging biomarkers of lenvatinib efficacy in patients with unresectable HCC.

METHODS
We analyzed 20 consecutive patients with unresectable HCC treated with
lenvatinib from March to November 2018. Tumor response at 8 wk was assessed
by computed tomography using the modified Response Evaluation Criteria in
Solid Tumors (mRECIST). CEUS was performed at baseline before treatment
(Day 0) and on day 7 (Day 7), and the images were analyzed in the arterial phase
for 20 seconds after the contrast agent arrived at the target tumor. Three
perfusion parameters were extracted from the TICs: the slope of wash-in (Slope),
time to peak (TTP) intensity, and the total area under the curve (AUC) during
wash-in. The rate of change in the TIC parameters between Day 0 and Day 7 was
compared between treatment responders and non-responders based on
mRECIST.

RESULTS
The rate of change for all TIC parameters showed significant differences between
the responders (n = 9) and non-responders (n = 11) (Slope, P = 0.025; TTP, P =

WJG https://www.wjgnet.com May 21, 2019 Volume 25 Issue 192365

https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v25.i19.2365
http://orcid.org/0000-0002-1471-1087
http://orcid.org/0000-0001-8314-7187
http://orcid.org/0000-0002-8436-5108
http://orcid.org/0000-0002-8764-3951
http://orcid.org/0000-0002-7509-7172
http://orcid.org/0000-0002-0258-5503
http://orcid.org/0000-0003-1020-7884
http://orcid.org/0000-0002-1100-6980
http://orcid.org/0000-0003-4608-277X
http://orcid.org/0000-0002-1729-1540
mailto:hikuro@iwate-med.ac.jp


reviewed and approved by the
local Ethics Committee of the Iwate
Medical University (MH2018-533).

Clinical trial registration statement:
The clinical trial is registered at
clinical hospital center Iwate
medical trial registry. The
registration identification number
is MH2018-533.

Informed consent statement: All
study participants, or their legal
guardian, provided written
consent prior to study enrollment.

Conflict-of-interest statement: The
authors of this manuscript having
no conflicts of interest to disclose.

Data sharing statement: There is no
additional data available.

CONSORT 2010 statement: The
manuscript was prepared
according to CONSORT 2010
Checklist.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: February 10, 2019
Peer-review started:  February 12,
2019
First decision: March 20, 2019
Revised: April 12, 2019
Accepted: April 29, 2019
Article in press: April 29, 2019
Published online: May 21, 2019

P-Reviewer: Ho HK, Vradelis S,
Yarmohammadi H
S-Editor: Ma RY
L-Editor: A
E-Editor: Ma YJ

0.004; and AUC, P = 0.0003). The area under the receiver operating curve values
for slope, TTP, and AUC for the prediction of responders were 0.805, 0.869, and
0.939, respectively.

CONCLUSION
CEUS may be useful for the early prediction of tumor response to lenvatinib
therapy in patients with unresectable HCC.

Key words: Hepatocellular carcinoma; Lenvatinib; Contrast-enhanced ultrasound; Time-
intensity curve
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Core tip: Lenvatinib is one of the first-line tyrosine kinase inhibitors used for
unresectable hepatocellular carcinoma (HCC). In the present study, we evaluated the
potential of early changes in the time-intensity curve (TIC) of arterial phase on contrast-
enhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy. The
rate of change for TIC parameters showed precisely reflect the therapeutic effects. CEUS
may be useful for the early prediction of tumor response to lenvatinib therapy in patients
with unresectable HCC.

Citation: Kuorda H, Abe T, Fujiwara Y, Okamoto T, Yonezawa M, Sato H, Endo K, Oikawa
T, Sawara K, Takikawa Y. Change in arterial tumor perfusion is an early biomarker of
lenvatinib efficacy in patients with unresectable hepatocellular carcinoma. World J
Gastroenterol 2019; 25(19): 2365-2372
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2365.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2365

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the
liver [1]. Unfortunately, the overall prognosis for patients with HCC is poor, and more
than half of the patients are diagnosed at a stage when the tumor is unresectable. The
treatment  options  for  unresectable  HCC are  limited,  and oral  administration  of
sorafenib,  a  receptor  tyrosine  kinase  inhibitor,  has  been the  only  treatment  that
substantially prolongs survival[2,3].  In the SHARP study, compared to the placebo
group, the sorafenib group had an improved overall survival (OS) (median OS, 7.9 mo
vs 10.7 mo)[4]. However, the clinical benefits of sorafenib are modest, and the survival
rates in patients with unresectable HCC remain low. Lenvatinib is an oral multikinase
inhibitor targeting the vascular endothelial growth factor receptor (VEGFR), fibroblast
growth factor receptor (FGFR), platelet-derived growth factor (PDGF) receptor α,
RET, and KIT[5]. The phase III REFLECT trial including 954 patients with previously
untreated unresectable HCC demonstrated that lenvatinib had a treatment effect on
OS by statistical confirmation of non-inferiority when compared to sorafenib, the
standard of care[6]. Furthermore, lenvatinib also demonstrated a significantly higher
overall response rate (ORR) compared to sorafenib [24.1% vs 9.2%; odds ratio, 3.13;
95% confidence interval (CI): 2.15-4.56; P < 0.0001]. In recent years, lenvatinib has
become  available  as  a  single  agent  for  the  first-line  treatment  of  patients  with
advanced or unresectable HCC[7].

There is a critical need for effective early methods for evaluating targeted therapies
to enable individualized medicine in a clinical setting. Contrast-enhanced ultrasound
(CEUS) is considered to be a useful technique for evaluating microvascularization,
which is essential for tumorigenesis since angiogenesis is the basis for neoplastic
growth. Lassau et al. have reported that the time-intensity curve (TIC) parameters
obtained  from  CEUS  of  tumors  correlated  well  with  prognosis[8].  Furthermore,
Frampas et  al.  showed that  CEUS may be a potential  surrogate marker of  tumor
response during targeted therapy, and the area under the curve (AUC), one of the TIC
parameters,  was useful for assessing blood flow[9].  However,  there have been no
reports designed to assess the usefulness of CEUS for early prediction of the efficacy
of lenvatinib therapy.

This study investigated whether early changes in the TIC parameters of CEUS are
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useful indicators of the therapeutic effects of lenvatinib therapy.

MATERIALS AND METHODS

Patients
HCC was diagnosed on the basis of an increasing course of α-fetoprotein, dynamic
computed tomography (CT), contrast-enhanced magnetic resonance imaging (MRI),
and pathological findings. Between March and November 2018, 22 consecutive HCC
patients with (1) an Eastern Cooperative Oncology Group (ECOG) performance status
score of 2 or less, (2) Child-Pugh liver function class A, and (3) Barcelona Clinic Liver
Cancer stage B or C were enrolled in this prospective study to assess the potential of
CEUS findings as early imaging biomarkers of lenvatinib efficacy. Two patients were
excluded from the analysis owing to data corruption, and so a total of 20 patients
were finally included in this study. One target tumor per patient was studied. The
baseline characteristics of the patients are summarized in Table 1.

The  study was  approved by the  local  Ethics  Committee  of  the  Iwate  Medical
University (MH2018-533). The patients provided written informed consent prior to
the study, in accordance with the principles of the Declaration of Helsinki (revision of
Fortaleza, 2013).

Lenvatinib treatment protocol and evaluation of therapeutic response
Lenvatinib (Eisai, Tokyo, Japan) was administered at an initial dose of 8 or 12 mg/d
based on the patient's  body weight.  If  grade 3  or  4  adverse  events  judged to  be
clinically significant were observed, either the dose was adjusted, or treatment was
interrupted according to the guidelines for the administration of lenvatinib. Baseline
dynamic CT or MRI was performed within a week before treatment initiation. The
target tumor was evaluated using dynamic CT at 8 wk after administering lenvatinib,
based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST)[10].
Treatment responders were defined as patients who showed a complete response
(CR) or partial response (PR). Non-responders were defined as patients who had
stable disease (SD) or progressive disease (PD).

CEUS imaging
CEUS was performed at baseline before the initiation of treatment, and then on Day 7,
for  evaluation.  We selected Day 7 for  reference in previous studies on sorafenib
therapy[11-15].  Ultrasonography  was  performed  using  a  LOGIQ  E9  XDclear  2.0
ultrasound scanner  (GE Healthcare,  Wauwatosa,  WI,  United States)  and C1-6-D
convex array probe (frequency, 4 MHz). Prior to CEUS, B-mode ultrasonography was
performed to  examine  the  slices  of  target  images,  and the  slice  with  the  largest
diameter was selected. All ultrasound images were analyzed by one radiologist who
was blinded from the treatment information. CEUS imaging was recorded for 2 min
immediately after injection of a bolus (0.0075 mL/kg) of Sonazoid (Daiichi Sankyo,
Tokyo, Japan) using the amplitude modulation mode. The acoustic power of the
contrast harmonic sonography was set at the default setting with a mechanical index
of 0.2-0.3, a rate of 17 frames per second, and a dynamic range of 66 dB. The gain,
image  depth  and  transmit  focus  were  optimized  for  each  patient  at  baseline
examination, and the same settings were used at follow up. The cine sequences were
saved in the DICOM file format for subsequent analyses.

TIC analysis
A specific calibration file provided by the vendor for the GE Logiq E9 was used in the
analysis software to convert ultrasound images to linearized data for TIC analysis. A
circular region of interest was established within the demarcated margins of the target
tumor as illustrated in Figure 1, which was automatically positioned by the software
to adjust for respiratory motion on the following images of the sequence. We analyzed
the CEUS images in the arterial phase for 20 s after the contrast agent arrived at the
target tumor. Three perfusion parameters were extracted from the TICs: the slope of
wash-in (Slope), time to peak (TTP) intensity, and the total area under the TIC (AUC)
during wash-in. For each parameter, the rate of change was calculated as follows:
{[values  after  administration  of  lenvatinib  (Day  7)  minus  baseline  values  (Day
0)]/baseline values (Day 0) × 100(%)}[16]. The resultant values were compared between
the responders and non-responders based on mRECIST.

Statistical analysis
Statistical analyses were performed using the SPSS software program (version 23,
IBM, Armonk, NY, United States). The values are shown as the means ± standard
deviation or as the medians (range) according to the distribution of the values. The
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Table 1  The baseline characteristics of patients

Variables All (n = 20)

Age, yr 68.6 ± 8.4

Gender, male : female 19:1

BMI, kg/m2 22.2 ± 4.2

ECOG PS, 0:1: 18:2

Etiology, HBV:HCV:alcohol:others 7:7:3:3

AST, IU/L 52.2 ± 38.1

ALT, IU/L 45.1 ± 26.3

T.Bil, mg/dL 0.7 ± 0.4

Alb, g/dL 3.4 ± 0.5

PT, % 82.2 ± 15.2

Plt, × 104/μL 19.7 ± 6.1

Child–Pugh score, 5:6 points 8:12

Median AFP, ng/mL (range) 268 (4.5-53000)

Intrahepatic tumor size, cm 6.6 ± 6.3

Number of intrahepatic tumors, single : multiple 3:17

Portal vein invasion, n (%) 9 (45.0)

Extrahepatic metastasis, n (%) 15 (75.0)

Previous treatment, n (%) 19 (95.0)

Initial dose of lenvatinib, 8:12 mg/d 16:4

The  values  represent  the  mean  ±  SD  or  the  median  (range).  BMI:  Body  mass  index;  ECOG:  Eastern
Cooperative  Oncology  Group;  PS:  Performance  Status;  T.Bil:  Total  bilirubin;  AST:  Aspartate
aminotransferase; ALT: Alanine aminotransferase; Alb: Albumin; PT: Prothrombin time; Plt: Platelet count;
AFP: Alpha-fetoprotein.

Mann-Whitney U test was used to compare differences between responders and non-
responders. Receiver operating characteristic (ROC) curves were constructed, and
area  under  the  ROC curve  (AUROC)  was  calculated  using  the  trapezoidal  rule.
Optimal cut-off values for prediction of responders were identified from the highest
Youden index. The sensitivity, specificity, positive predictive value, and negative
predictive value were calculated using cut-offs obtained from the ROC curves. P-
values < 0.05 were considered to be statistically significant.

RESULTS
All 20 patients were evaluated based on the imaging findings obtained by enhanced
CT at 8 wk after starting lenvatinib therapy. On the basis of mRECIST, 0, 9, 8, and 3
patients were found to have CR, PR, SD, and PD, respectively [ORR, 45.0%; disease
control rate (DCR), 85.0%]. Thus, 9 and 11 patients were classified as responders and
non-responders,  respectively,  after  8  wk  of  lenvatinib  therapy.  There  were  no
statistically  significant  differences  in  the  ORR  and  DCR  from  those  in  patients
receiving the initial dose of lenvatinib.

In responders, the TIC parameters were as follows: median slope Day 0/Day 7: 1.51
dB/s/1.09 dB/s,  P  = 0.018;  median TTP Day 0/Day 7:  10.56 s/12.43 s,  P  = 0.003;
median AUC Day 0/Day 7: 266.51/156.44, P = 0.001. In contrast, the TIC parameters
in non-responders were as follows: median slope Day 0/Day 7: 1.52 dB/s/1.33 dB/s,
P = 0.511; median TTP Day 0/Day 7: 11.02 s/11.84 s, P = 0.247; median AUC Day
0/Day 7: 258.14/229.65, P = 0.322 (Table 2). There were no significant differences in
any TIC parameters between patients with SD and PD.

The rate of change for all TIC parameters showed significant differences between
the responders and non-responders (Slope, P = 0.022; TTP, P = 0.019; AUC, P = 0.003)
(Figure 2). The AUROC values for the rate of change of slope, TTP, and AUC for
prediction of responders were 0.818, 0.869, and 0.939, respectively (Table 3).

DISCUSSION
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Figure 1

Figure 1  Representative case of a 69-year-old man with unresectable hepatocellular carcinoma treated with lenvatinib (12 mg/d). A: Contrast-enhanced
ultrasound (CEUS) imaging in the arterial phase at Day 0 and time-intensity curve (TIC) analysis. The region of interest was established within the demarcation
margins of the target tumor. B: CEUS imaging at Day 7 and TIC analysis. The slope became gentle, and indicated a delay in TTP and a decrease in the area under
the curve. C: Computed tomography (CT) image at Day 0. D: CT image at 8 wk. Therapeutic response was evaluated as partial response using the modified
Response Evaluation Criteria in Solid Tumors. TTP: Time to peak; AUC: Area under the curve.

In this study, we enrolled 20 patients with unresectable HCC and used CEUS to make
an early prediction of the efficacy of lenvatinib therapy. The results of the study
confirm that real-time observation of the perfusion within HCC is possible by CEUS,
and responders to lenvatinib show a change in perfusion in the arterial phase on
CEUS within a few days of starting the therapy. In our study, the rate of change in the
slope, TTP, and AUC on Day 7 was significantly different in the responders and non-
responders. The findings of CEUS performed at the earliest stage of therapy reflected
the results of the CT evaluation performed 8 weeks after starting lenvatinib therapy,
thereby suggesting that CEUS can predict the clinical outcomes at an early stage of
therapy. To the best of our knowledge, this is the first prospective study to assess the
potential  of  CEUS  for  making  early  predictions  of  clinical  outcomes  following
lenvatinib therapy.

Besides its antitumor effects, lenvatinib is also known to be antiangiogenic based on
its interaction with VEGFR2[5]. Since angiogenesis is necessary for tumor growth, the
changes in tumor perfusion seem to reflect changes in tumor vitality. Therefore, CEUS
is relevant as a modality for monitoring biologically essential changes in response to
lenvatinib  therapy.  Several  studies  have  reported that  the  changes  in  perfusion
measured by CEUS may predict treatment responses in patients with HCC receiving
sorafenib[11-15]. Sugimoto et al[14] showed that the AUC during wash-in on day 14 of
sorafenib therapy was useful for the early prediction of tumor response. We observed
a similar trend; the rate of change of the AUC during wash-in on day 7 of lenvatinib
therapy was significantly different between the responders and non-responders. In
the  REFLECT  trial,  lenvatinib  demonstrated  a  significantly  higher  ORR  than
sorafenib[6], which was potentially due to its stronger effect on tumor perfusion.

The evaluation of tumor perfusion by CEUS is a simple, non-invasive test that can
be done in real time. Such a prediction tool is also cost-effective since it helps avoid
adverse events and may enable individualized treatment for unresectable HCC in the
future.

This study has some limitations. First,  the sample size was small.  Larger-scale
prospective clinical studies will be needed to confirm these findings. Second, unlike
dynamic CT and MRI, which are commonly used to assess tumor angiogenesis, CEUS
is an operator-dependent examination.

In conclusion,  this  study demonstrates  that  with contrast  enhancement  in  the
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Table 2  Distribution of changes in time-intensity curve parameters in tumors from day 0 to day 7
for 20 hepatocellular carcinoma patients according to modified Response Evaluation Criteria in
Solid Tumors response at 2 mo

Responders (n = 9) Non-responders (n = 11)

Day 0 Day 7 Day 0 Day 7

Slope 1.51 [1.31, 1.68] 1.09 [0.84, 1.23] 1.52 [1.22, 1.62] 1.33 [0.86, 1.71]

P value 0.018 0.511

TTP 10.56 [9.33, 12.13] 12.43 [11.94, 13.94] 11.02 [8.53, 12.51] 11.84 [10.15, 13.82]

P value 0.003 0.247

AUC 266.51 [225.38, 296.67] 156.44 [123.05, 178.91] 258.14 [191.61, 299.51] 229.65 [176.10, 269.50]

P value 0.001 0.322

The values represent the median [25th-75th percentile]. HCC: Hepatocellular carcinoma; TTP: Time to peak;
AUC: Area under the curve.

arterial phase, the differences in the TIC before and after lenvatinib therapy may serve
as useful indicators of therapeutic outcomes for patients with unresectable HCC. In
particular,  the rate of change for AUC appear to precisely reflect the therapeutic
effects.  Therefore,  TIC analysis  could help in  the early  prediction of  the  clinical
outcomes of lenvatinib therapy.
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Table 3  The performance characteristics of the rate of change of time-intensity curve parameters for the prediction of responders

Slope (95%CI) TTP (95%CI) AUC (95%CI)

AUROC 0.818 (0.602-0.944) 0.869 (0.728-0.975) 0.939 (0.812-0995)

Cut-off value (%) -11.765 +9.495 -25.714

Sensitivity 0.889 (0.540-0.978) 0.889 (0.540-0.978) 0.896 (0.616-0.989)

Specificity 0.545 (0.304-0.786) 0.818 (0.510-0.917) 0.909 (0.648-0.995)

PPV 0.615 (0.583-0.793) 0.800 (0.611-0.907) 0.833 (0.727-0.918)

NPV 0.857 (0.731-0.922) 0.878 (0.741-0.962) 0.900 (0.747-0.992)

TIC: Time-intensity curve; CI: Confidence interval; TTP: Time to peak; AUC: Area under the curve; AUROC: Area under receiver operating curve; PPV:
Positive predictive value; NPV: Negative predictive value.

Figure 2

Figure 2  The rates of change of time-intensity curve parameters in responders and non-responders. A: Slope, B: time to peak, C: area under the curve. The
rates of change of all time-intensity curve parameters were significantly different in responders and non-responders. TTP: Time to peak; AUC: Area under the curve.

ARTICLE HIGHLIGHTS
Research background
Lenvatinib is one of the first-line tyrosine kinase inhibitors used for unresectable hepatocellular
carcinoma (HCC).

Research motivation
The overall prognosis for patients with HCC is poor, and more than half of the patients are
diagnosed at a stage when the tumor is unresectable. The treatment options for unresectable
HCC are limited, and oral administration of sorafenib, a receptor tyrosine kinase inhibitor, has
been the only treatment that substantially prolongs survival.

Research objectives
To evaluate the potential of the early changes in the time-intensity curve (TIC) of contrast-
enhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy in patients with
unresectable HCC.

Research methods
We analyzed 20 consecutive patients with unresectable HCC treated with lenvatinib from March
to November 2018. Tumor response at 8 wk was assessed by computed tomography using the
modified Response Evaluation Criteria in Solid Tumors (mRECIST). CEUS was performed at
baseline before treatment (Day 0) and on day 7 (Day 7), and the images were analyzed in the
arterial phase for 20 seconds after the contrast agent arrived at the target tumor. Three perfusion
parameters were extracted from the TICs:  the slope of wash-in (Slope),  time to peak (TTP)
intensity, and the total area under the curve (AUC) during wash-in. The rate of change in the TIC
parameters between Day 0 and Day 7 was compared between treatment responders and non-
responders based on mRECIST.

Research results
The rate of change for all TIC parameters showed significant differences between the responders
(n = 9) and non-responders (n = 11) (Slope, P = 0.025; TTP, P = 0.004; and AUC, P = 0.0003). The
area under the receiver operating curve values for slope, TTP, and AUC for the prediction of
responders were 0.805, 0.869, and 0.939, respectively.

Research conclusions

WJG https://www.wjgnet.com May 21, 2019 Volume 25 Issue 19

Kuorda H et al. CEUS for response to lenvatinib in HCC

2371



To the best of our knowledge, this is the first prospective study to assess the potential of CEUS
for  making early  predictions  of  outcomes  following lenvatinib  therapy,  which  makes  it  a
significant contribution to the literature.

Research perspectives
Further, we believe that this paper will be of interest to the readership especially hepatologists
and oncologists because we demonstrate that CEUS may be useful for the early prediction of
tumor response in patients with unresectable HCC treated with lenvatinib.

ACKNOWLEDGEMENTS
The authors thank Ms. Yuriko Mikami and Ms. Kouko Motodate for their excellent
technical assistance.

REFERENCES
1 Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 2012; 379: 1245-1255 [PMID: 22353262

DOI: 10.1016/S0140-6736(11)61347-0]
2 Gauthier A, Ho M. Role of sorafenib in the treatment of advanced hepatocellular carcinoma: An update.

Hepatol Res 2013; 43: 147-154 [PMID: 23145926 DOI: 10.1111/j.1872-034X.2012.01113.x]
3 Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo R, Feng J, Ye S, Yang TS, Xu J, Sun Y,

Liang H, Liu J, Wang J, Tak WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and safety of
sorafenib in patients in the Asia-Pacific region with advanced hepatocellular carcinoma: a phase III
randomised, double-blind, placebo-controlled trial. Lancet Oncol 2009; 10: 25-34 [PMID: 19095497 DOI:
10.1016/S1470-2045(08)70285-7]

4 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de Oliveira AC, Santoro A, Raoul JL,
Forner A, Schwartz M, Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath I,
Häussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D, Bruix J; SHARP Investigators Study
Group. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med 2008; 359: 378-390 [PMID:
18650514 DOI: 10.1056/NEJMoa0708857]

5 Tohyama O, Matsui J, Kodama K, Hata-Sugi N, Kimura T, Okamoto K, Minoshima Y, Iwata M,
Funahashi Y. Antitumor activity of lenvatinib (e7080): an angiogenesis inhibitor that targets multiple
receptor tyrosine kinases in preclinical human thyroid cancer models. J Thyroid Res 2014; 2014: 638747
[PMID: 25295214 DOI: 10.1155/2014/638747]

6 Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, Baron A, Park JW, Han G, Jassem J, Blanc JF,
Vogel A, Komov D, Evans TRJ, Lopez C, Dutcus C, Guo M, Saito K, Kraljevic S, Tamai T, Ren M,
Cheng AL. Lenvatinib versus sorafenib in first-line treatment of patients with unresectable hepatocellular
carcinoma: a randomised phase 3 non-inferiority trial. Lancet 2018; 391: 1163-1173 [PMID: 29433850
DOI: 10.1016/S0140-6736(18)30207-1]

7 Kudo M. Systemic Therapy for Hepatocellular Carcinoma: Latest Advances. Cancers (Basel) 2018; 10
[PMID: 30380773 DOI: 10.3390/cancers10110412]

8 Lassau N, Bonastre J, Kind M, Vilgrain V, Lacroix J, Cuinet M, Taieb S, Aziza R, Sarran A, Labbe-
Devilliers C, Gallix B, Lucidarme O, Ptak Y, Rocher L, Caquot LM, Chagnon S, Marion D, Luciani A,
Feutray S, Uzan-Augui J, Coiffier B, Benastou B, Koscielny S. Validation of dynamic contrast-enhanced
ultrasound in predicting outcomes of antiangiogenic therapy for solid tumors: the French multicenter
support for innovative and expensive techniques study. Invest Radiol 2014; 49: 794-800 [PMID: 24991866
DOI: 10.1097/RLI.0000000000000085]

9 Frampas E, Lassau N, Zappa M, Vullierme MP, Koscielny S, Vilgrain V. Advanced Hepatocellular
Carcinoma: early evaluation of response to targeted therapy and prognostic value of Perfusion CT and
Dynamic Contrast Enhanced-Ultrasound. Preliminary results. Eur J Radiol 2013; 82: e205-e211 [PMID:
23273822 DOI: 10.1016/j.ejrad.2012.12.004]

10 Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin
Liver Dis 2010; 30: 52-60 [PMID: 20175033 DOI: 10.1055/s-0030-1247132]

11 Shiozawa K, Watanabe M, Ikehara T, Shimizu R, Shinohara M, Igarashi Y, Sumino Y. Evaluation of
sorafenib for advanced hepatocellular carcinoma with low α-fetoprotein in arrival time parametric imaging
using contrast-enhanced ultrasonography. J Med Ultrason (2001) 2017; 44: 101-107 [PMID: 27837395
DOI: 10.1007/s10396-016-0757-2]

12 Knieling F, Waldner MJ, Goertz RS, Strobel D. Quantification of dynamic contrast-enhanced ultrasound
in HCC: prediction of response to a new combination therapy of sorafenib and panobinostat in advanced
hepatocellular carcinoma. BMJ Case Rep 2012; 2012 [PMID: 23257272 DOI: 10.1136/bcr-2012-007576]

13 Shiozawa K, Watanabe M, Ikehara T, Kogame M, Kikuchi Y, Igarashi Y, Sumino Y. Therapeutic
evaluation of sorafenib for hepatocellular carcinoma using contrast-enhanced ultrasonography: Preliminary
result. Oncol Lett 2016; 12: 579-584 [PMID: 27347183 DOI: 10.3892/ol.2016.4669]

14 Sugimoto K, Moriyasu F, Saito K, Rognin N, Kamiyama N, Furuichi Y, Imai Y. Hepatocellular
carcinoma treated with sorafenib: early detection of treatment response and major adverse events by
contrast-enhanced US. Liver Int 2013; 33: 605-615 [PMID: 23305331 DOI: 10.1111/liv.12098]

15 Lamuraglia M, Escudier B, Chami L, Schwartz B, Leclère J, Roche A, Lassau N. To predict progression-
free survival and overall survival in metastatic renal cancer treated with sorafenib: pilot study using
dynamic contrast-enhanced Doppler ultrasound. Eur J Cancer 2006; 42: 2472-2479 [PMID: 16965911
DOI: 10.1016/j.ejca.2006.04.023]

16 Ueda N, Nagira H, Sannomiya N, Ikunishi S, Hattori Y, Kamida A, Koyanagi Y, Shimabayashi K, Sato K,
Saito H, Hirooka Y. Contrast-Enhanced Ultrasonography in Evaluation of the Therapeutic Effect of
Chemotherapy for Patients with Liver Metastases. Yonago Acta Med 2016; 59: 255-261 [PMID:
28070162]

WJG https://www.wjgnet.com May 21, 2019 Volume 25 Issue 19

Kuorda H et al. CEUS for response to lenvatinib in HCC

2372

http://www.ncbi.nlm.nih.gov/pubmed/22353262
https://dx.doi.org/10.1016/S0140-6736(11)61347-0
http://www.ncbi.nlm.nih.gov/pubmed/23145926
https://dx.doi.org/10.1111/j.1872-034X.2012.01113.x
http://www.ncbi.nlm.nih.gov/pubmed/19095497
https://dx.doi.org/10.1016/S1470-2045(08)70285-7
http://www.ncbi.nlm.nih.gov/pubmed/18650514
https://dx.doi.org/10.1056/NEJMoa0708857
http://www.ncbi.nlm.nih.gov/pubmed/25295214
https://dx.doi.org/10.1155/2014/638747
http://www.ncbi.nlm.nih.gov/pubmed/29433850
https://dx.doi.org/10.1016/S0140-6736(18)30207-1
http://www.ncbi.nlm.nih.gov/pubmed/30380773
https://dx.doi.org/10.3390/cancers10110412
http://www.ncbi.nlm.nih.gov/pubmed/24991866
https://dx.doi.org/10.1097/RLI.0000000000000085
http://www.ncbi.nlm.nih.gov/pubmed/23273822
https://dx.doi.org/10.1016/j.ejrad.2012.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20175033
https://dx.doi.org/10.1055/s-0030-1247132
http://www.ncbi.nlm.nih.gov/pubmed/27837395
https://dx.doi.org/10.1007/s10396-016-0757-2
http://www.ncbi.nlm.nih.gov/pubmed/23257272
https://dx.doi.org/10.1136/bcr-2012-007576
http://www.ncbi.nlm.nih.gov/pubmed/27347183
https://dx.doi.org/10.3892/ol.2016.4669
http://www.ncbi.nlm.nih.gov/pubmed/23305331
https://dx.doi.org/10.1111/liv.12098
http://www.ncbi.nlm.nih.gov/pubmed/16965911
https://dx.doi.org/10.1016/j.ejca.2006.04.023
http://www.ncbi.nlm.nih.gov/pubmed/28070162


W J G World Journal of
Gastroenterology

Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol  2019 May 21; 25(19): 2373-2382

DOI: 10.3748/wjg.v25.i19.2373 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Randomized Controlled Trial

New antireflux plastic stent for patients with distal malignant biliary
obstruction

Xiang-Lei Yuan, Bin Wei, Lian-Song Ye, Chun-Cheng Wu, Qing-Hua Tan, Ming-Hong Yao, Yu-Hang Zhang,
Xian-Hui Zeng, Yan Li, Yu-Yan Zhang, Bing Hu

ORCID number: Xiang-Lei Yuan
(0000-0003-2281-5094); Bin Wei
(0000-0003-4898-8348); Lian-Song
Ye (0000-0001-5542-2508); Chun-
Cheng Wu (0000-0002-8390-4202);
Qing-hua Tan
(0000-0001-5032-9849); Ming-Hong
Yao (0000-0001-8151-6014); Yu-
Hang Zhang (0000-0003-2268-6149);
Xian-Hui Zeng
(0000-0002-2865-7560); Yan Li
(0000-0003-1731-7031); Yu-Yan
Zhang (0000-0002-9094-5045); Bing
Hu (0000-0002-9898-8656).

Author contributions: Hu B, Yuan
XL and Ye LS designed this study;
Hu B, Yuan XL, Wu CC, and Tan
QH recruited the patients,
performed the clinical
investigations, and treated the
patients; Yuan XL, Wei B, Ye LS,
Zhang YH, Zeng XH, Li Y, and
Zhang YY participated in trial
coordination and monitoring; Yuan
XL and Wu CC performed data
collection and management; Yuan
XL and Yao MH contributed to the
statistical analyses; Hu B, Wu CC,
and Tan QH analyzed and
interpreted the data; Yuan XL and
Wei B drafted the manuscript; Hu
B, Ye LS, Tan QH, Zhang YH, Zeng
XH, Li Y, and Zhang YY critically
revised the manuscript; all authors
approved the final version of the
manuscript for publication.

Supported by the Sichuan Province
Science and Technology
Department, China, No.
2017SZ0009.

Institutional review board
statement: The study protocol was
approved by the China Ethics

Xiang-Lei Yuan, Lian-Song Ye, Chun-Cheng Wu, Qing-Hua Tan, Yu-Hang Zhang, Xian-Hui Zeng,
Yan Li, Yu-Yan Zhang, Bing Hu, Department of Gastroenterology, West China Hospital, Sichuan
University, Chengdu 610041, Sichuan Province, China

Bin Wei, Department of Gastroenterology, the First Hospital of Xi’an City, Xi’an 710002,
Shaanxi Province, China

Ming-Hong Yao, Department of Epidemiology and Health Statistics, West China School of
Public Health, Sichuan University, Chengdu 610041, Sichuan Province, China

Corresponding author: Bing Hu, MD, Professor, Department of Gastroenterology, West China
Hospital, Sichuan University, No. 37, Guo Xue Xiang, Wuhou District, Chengdu 610041,
Sichuan Province, China. hubingnj@163.com
Telephone: +86-18980601278

Abstract
BACKGROUND
Endoscopic biliary stenting is a well-established palliative treatment for patients
with unresectable distal malignant biliary obstruction (MBO). However, the main
problem with stent placement is the relatively short duration of stent patency.
Although self-expanding metal stents (SEMSs) have a longer patency period than
plastic stents (PSs), the higher costs limit the wide use of SEMSs. A PS with an
antireflux valve is an attractive idea to prolong stent patency, but no ideal design
for an antireflux PS (ARPS) has been proposed. We developed a new ARPS with
a “duckbilled” valve attached to the duodenal end of the stent.

AIM
To compare the patency of ARPSs with that of traditional PSs (TPSs) in patients
with unresectable distal MBO.

METHODS
We conducted a single-center, prospective, randomized, controlled, double-blind
study. This study was conducted at the West China Hospital of Sichuan
University. Consecutive patients with extrahepatic MBO were enrolled
prospectively. Eligible patients were randomly assigned to receive either an
ARPS or a TPS. Patients were followed by clinic visits or telephone interviews
every 1-2 mo until stent exchange, death, or the final study follow-up in October
2018. The primary outcome was the duration of stent patency. Secondary
outcomes included the rate of technical success, the rate of clinical success,
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adverse events, and patient survival.

RESULTS
Between February 2016 and December 2017, 38 patients were randomly assigned
to two groups, with 19 patients in each group, to receive ARPSs or TPSs. Stent
insertion was technically successful in all patients. There were no significant
differences between the two groups in the rates of clinical success or the rates of
early or late adverse events (P = 0.660, 1.000, and 1.000, respectively). The median
duration of stent patency in the ARPS group was 285 d [interquartile range (IQR),
170], which was significantly longer than that in the TPS group (median, 130 d;
IQR, 90, P = 0.005). No significant difference in patient survival was noted
between the two groups (P = 0.900).

CONCLUSION
The new ARPS is safe and effective for the palliation of unresectable distal MBO,
and has a significantly longer stent patency than a TPS.

Key words: Antireflux valve; Plastic biliary stent; Distal malignant biliary obstruction;
Stent patency; Endoscopic retrograde cholangiopancreatography

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: There is no ideal design for an antireflux plastic stent for prolonging stent
patency. In this study, a newly designed antireflux plastic stent with a “duckbilled” valve
was successfully deployed in patients with unresectable distal malignant biliary
obstruction. The median duration of stent patency in the antireflux plastic stent group
was 285 d, which was significantly longer than that in the traditional plastic stent group
(130 d).

Citation: Yuan XL, Wei B, Ye LS, Wu CC, Tan QH, Yao MH, Zhang YH, Zeng XH, Li Y,
Zhang YY, Hu B. New antireflux plastic stent for patients with distal malignant biliary
obstruction. World J Gastroenterol 2019; 25(19): 2373-2382
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2373.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2373

INTRODUCTION
Distal malignant biliary obstruction (MBO) is mainly caused by cholangiocarcinoma,
pancreatic cancer, and ampullary cancer. Since many of these tumors progress slowly
and are usually detected at an advanced stage, curative surgical resection may not be
feasible[1].  Endoscopic  biliary  stenting  has  become  a  well-established  palliative
treatment for patients with unresectable distal MBO[2,3]. However, the main problem
with  stent  placement  is  the  relatively  short  duration  of  stent  patency[4,5].  Self-
expanding metal stents (SEMSs) have longer patency periods than plastic stents (PSs).
However, uncovered SEMSs are limited by their inability to be removed, and covered
SEMSs are prone to migration[6-8]. Moreover, due to the problems of health insurance
in China, the higher costs restrict the wide use of SEMSs[1].  PSs are still  the main
choice for patients in China because of their relatively low cost and easy replacement
after stent dysfunction.

The actual mechanisms of PS occlusion remain largely unclear. Duodenobiliary
reflux may be a major cause of stent occlusion[9,10]. In recent years, the design of PS
with an antireflux valve at the duodenal end has been an attractive idea to eliminate
retrograde  flow  from  the  duodenum,  thereby  prolonging  stent  patency.  Some
investigators  have reported the effectiveness  of  these  modified PSs[1,11,12],  but  no
excellent results have been reported; thus, modified PSs have not been widely used in
clinical practice. We developed a new antireflux PS (ARPS) with a “duckbilled” valve
attached to  the duodenal  end of  the stent  (Figure 1).  In  this  study,  we aimed to
compare the patency of this new ARPS with that of a traditional PS (TPS) in patients
with unresectable distal MBO.
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Figure 1

Figure 1  The new antireflux plastic biliary stent. A: The newly designed antireflux plastic stent with a “duckbilled” valve attached to the duodenal end of the stent;
B: The valve remains open and allows the antegrade flow of bile; C: The valve closes as the intestinal pressure increases, preventing the reflux of the duodenal
contents.

MATERIALS AND METHODS
The study was a single-center, prospective, randomized, controlled, double-blind
trial. The study protocol was approved by the China Ethics Committee of Registering
Clinical Trials (Number: ChiECRCT-20150069; date of approval: December 13, 2015),
and  registered  with  the  Chinese  Clinical  Trial  Registry  (Number:  ChiCTR-IIR-
16007869; date of registration: February 1, 2016). This study was conducted at West
China Hospital of Sichuan University, a tertiary hospital. Informed consent for ARPS
placement and use of clinical data was obtained from all patients involved in this
study.

Design of the ARPS
The ARPS (Micro-Tech (Nanjing) Co. Ltd., Nanjing, China) used in this study was
made of polytetrafluoroethylene, the same material as a TPS, and had similar design
(Tannenbaum design) as a TPS (Cook Ireland Ltd., Limerick, Ireland). The difference
was that a 1.5 cm-long antireflux valve made of silicone rubber material was attached
to the duodenal end of the ARPS. The bile flowed out when the valve was opened by
increased common bile duct (CBD) pressure. Otherwise, the valve remained closed to
prevent intestinal content regurgitation into the CBD when the duodenal pressure
increased. The outer diameters of both types of stents were 10 Fr, and neither stent
had any side holes. The length of both types of stents ranged from 5 cm to 9 cm, and
the optimal length for each patient was determined by an endoscopist during the
procedure.

Patients
Consecutive patients with extrahepatic MBO were prospectively enrolled. All patients
were hospitalized for obstructive jaundice or elevated liver enzymes resulting from
MBO. All of the patient lesions were surgically unresectable based on the stage of the
tumors, the general condition of the patients, and consultations with the surgeons and
anesthesiologists. Patients aged younger than 18 years old and those with a resectable
tumor, hilar biliary stricture, or previous surgical drainage procedure were excluded.
Patients with any contraindication to endoscopic procedures or who refused informed
consent were also excluded.
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Randomization and blinding
Eligible patients were randomly assigned to receive either an ARPS or a TPS during
the  endoscopic  procedure.  Group  allocation  schemes  generated  randomly  by  a
computer  program  at  a  ratio  of  1:1  were  placed  into  serially  numbered  sealed
envelopes. After the biliary stricture was confirmed on cholangiography, an envelope
was selected in sequence to determine the group allocation.

Patients were blinded to the stent assignment until a study endpoint was reached.
Although blinding of the endoscopists was not possible, the endoscopists were not
involved  in  the  assessment  of  outcomes.  The  assessments  were  performed  by
reviewing physicians blinded to the randomization process. The data manager and
statistician were not blinded.

Procedures
All  endoscopic  retrograde  cholangiopancreatography  (ERCP)  procedures  were
performed  by  one  of  four  experienced  endoscopists  (≥300  ERCPs  per  year).
Preoperative  preparation  was  similar  to  that  for  general  ERCPs.  Prophylactic
antibiotics  and  nonsteroidal  anti-inflammatory  drugs  were  not  used  before  the
procedure. All patients were placed in the prone position with conscious sedation,
and a standard duodenoscope (TJF-260 V; Olympus Medical systems, Tokyo, Japan)
was used. The endoscopist determined if sphincterotomy was necessary. Under the
guidance of  a  guidewire (Jagwire;  Boston Scientific,  Natick,  MA, United States),
according to the group allocation, a single 10 Fr ARPS or TPS with an appropriate
length was advanced into the bile duct approximately 1-2 cm above the proximal end
of the stricture, leaving the distal end of the stent approximately 1 cm outside of the
duodenal  papilla.  The  flow  of  bile  was  confirmed  before  withdrawal  of  the
duodenoscope (Video 1, Supplementary material).

Follow-up and outcomes
Clinical evaluation and liver function tests were performed for all patients within one
month after stent insertion. Subsequently, patients were followed by clinic visits or
telephone interviews every 1-2 mo until stent exchange, death, or the final study
follow-up period ended in October 2018. Patients lost to follow-up were excluded
from the analysis.

The primary outcome was the duration of stent patency, which was recorded in
days from stent placement to stent dysfunction requiring exchange. Stent dysfunction
was  considered  present  if  recurrent  obstructive  jaundice  and/or  symptoms  of
cholangitis were observed along with biliary dilation on imaging studies or re-ERCP
findings,  and  these  abnormalities  were  resolved  after  insertion  of  a  new  stent.
Secondary outcomes included the rate of technical success, the rate of clinical success,
adverse events, and patient survival. Technical success was defined as successful
insertion of the stent into the bile duct above the proximal end of the stricture and in
an appropriate position based on fluoroscopic confirmation. Clinical success was
defined  as  the  resolution  of  obstructive  symptoms and normalization  of  serum
bilirubin within one month after stent placement. Adverse events were categorized as
early (within 30 d) and late (after 30 d). Patient survival was measured as the duration
from stent placement to death.

Statistical analysis
The sample size calculation was based on a previous study[11]. Under the assumption
of a relative difference of 40% with an assumed standard deviation (SD) of 40 d in
stent patency between the ARPS and TPS groups and an attrition rate of 10% for
patients lost to follow-up, a sample size of 19 patients in each group would result in a
power of 80% for a targeted significance level of 5% with a two-tailed test.

Continuous variables are characterized as the mean and SD or the median and
interquartile  range (IQR).  Categorical  variables  are  expressed as  a  frequency or
proportion. Student’s t-test, Fisher’s exact test, Mann-Whitney U-test, and log-rank
test  were  used  whenever  appropriate.  Stent  patency  and  patient  survival  were
analyzed using the Kaplan-Meier method. A P-value < 0.05 was considered to be
significant. Statistical analyses were performed using SPSS Statistics v. 23.0 (IBM
Corp, Armonk, NY, United States).

RESULTS
Between February 2016 and December 2017, 89 patients were screened for eligibility.
Of these, 51 patients were excluded due to surgical treatment (n = 9), hilar biliary
stricture (n = 13), and declined participation (n = 29). Finally, a total of 38 patients
were randomized to receive an ARPS or a TPS (Figure 2). One patient in the TPS
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group was lost to follow-up after discharge. Thus, clinical information was available
for 19 patients [mean (SD) age, 70.3 (13.1) years; male/female, 12/7] in the ARPS
group and 18 patients [mean (SD) age, 73.8 (14.6) years; male/female, 14/4] in the TPS
group. Table 1 shows the baseline patient characteristics and clinical information of
the patients for each group. There was no significant difference between the two
groups.

Early clinical outcomes and adverse events
Stent insertion was technically successful with a single attempt in 37 patients. Clinical
success was achieved in 32 patients, and no significant difference was noted between
the ARPS group (n = 17) and the TPS group (n = 15) (89.5% vs 83.3%, P = 0.660). Early
adverse events were observed in four patients, including two cases of post-ERCP
cholangitis and two cases of post-ERCP mild pancreatitis. Adverse events were all
successfully controlled with conservative management.  One patient in the ARPS
group presented a late adverse event, mild pancreatitis, on day 94; she responded
well to the conservative treatment. There were no significant differences in the rates of
early or late adverse events between the two groups (Table 2).

Stent patency and patient survival
During the follow-up period, stent dysfunction was noted in 12 (63.2%) patients in the
ARPS group and 15 (83.3%) patients in the TPS group. All dysfunctional stents were
successfully removed endoscopically using a snare or biopsy forceps, and a new TPS
or SEMS was inserted. Although there was no significant difference in the duration
between stent placement and the occurrence of stent dysfunction between the two
groups, a trend of later occurrence of stent dysfunction was observed in the ARPS
group (median, 183 vs 119 d, P = 0.102). In the remaining patients, stent patency was
maintained until death or the final study follow-up in October 2018. The median
patency period in the ARPS group was 285 d (IQR, 170), which was significantly
longer than that in the TPS group (median, 130 d; IQR, 90, P = 0.005) (Table 2, Figure
3). By the time of analysis, 33 patients had died, namely, 17 in the ARPS group (89.5%)
with a median (IQR) survival time of 195 d (297) and 16 in the TPS group (88.9%) with
a median (IQR) survival time of 182 d (229). There was no significant difference in
patient survival (P = 0.900) (Table 2, Figure 4).

DISCUSSION
Although endoscopic placement of SEMS is considered the recommended treatment
for palliative drainage of unresectable distal MBO[13,14], PSs were used more frequently
than SEMSs in our center.  The factors for our preference for PSs in patients with
unresectable distal MBO are as follows: First, tumor ingrowth via metal mesh may
result in the uncovered SEMSs being embedded into the bile duct wall, making them
impossible to remove even if stent dysfunction occurs[6,7]. Second, covered SEMSs are
prone to migration, leading to stent dysfunction[6-8]. Third, Sawas et al[15] observed that
the incidence of ascending cholangitis was similar between patients with distal MBO
who received TPSs and SEMSs. However, SEMSs have a larger lumen than TPSs, and
duodenobiliary reflux and cholangitis are more likely to occur in patients treated with
SEMSs[16]. Finally, the most important point is the higher costs of SEMSs due to health
insurance  problems  in  China.  Thus,  many  patients  choose  TPSs,  and  many
endoscopists also tend to insert TPSs in such patients, especially those with a life
expectancy of shorter than 6 months[1]. The major problem with TPSs is the relatively
short duration of stent patency; therefore, prolonging stent patency was the focus of
the current study.

The  exact  mechanisms  of  TPS  occlusion  remain  largely  unclear.  Previous
studies[17-19] have indicated that the initial TPS occlusion event is caused by biofilm
formation by the adherence of proteins and bacteria to the inner wall of the stent.
Then, β−glucuronidase and phospholipase that are secreted by bacteria act on biliary
components. Bacterial products, calcium bilirubinate, and calcium fatty acid soaps
precipitate,  leading  to  biliary  sludge  formation  and  stent  occlusion.  Several
studies[20-23] have compared PSs of different materials or special coatings that may
prevent bacterial adherence and biofilm formation. However, a discrepancy in the
results between the in vitro and clinical studies was noted[19]. Although hydrophilic-
coated stents or sliver-coated stents prevented biofilm formation on the surface of the
stent, this ability was not be maintained for a long time duration[20,22,23]. Therefore,
there was no definite conclusion on the superiority of one material or special coating
over another in terms of stent patency.

Prior  studies[9,10]  have  also  revealed  that  large  plant  fibers  refluxed  from  the
duodenum have been found in occluded TPSs. This provided further evidence that
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Table 1  Baseline patient characteristics and clinical information of the antireflux plastic stent
group and traditional plastic stent group

ARPS group (n = 19) TPS group (n = 18) P-value

Age, mean (SD), years 70.3 (13.1) 73.8 (14.6) 0.452a

Sex, male/female, n 12/7 14/4 0.476b

Diagnosis, n (%)

Pancreatic cancer 9 (47.4) 6 (33.3) 0.753b

Cholangiocarcinoma 7 (36.8) 9 (50)

Ampullary cancer 3 (15.8) 3 (16.7)

Distant metastasis, n (%) 9 (47.4) 7 (38.9) 0.743b

Comorbidity, n (%)d 12 (63.2) 14 (77.8) 0.476b

Adjuvant therapy, n (%) 6 (31.6) 7 (38.9)

Chemotherapy 3 (50.0) 2 (28.6) 0.790b

Radiotherapy 1 (16.7) 3 (42.9)

Radiochemotherapy 2 (33.3) 2 (28.6)

Initial laboratory results

Total bilirubin, median (IQR), µmol/L 234.6 (284.4) 206.7 (215.9) 0.761c

Direct bilirubin, median (IQR), µmol/L 210.2 (232.6) 191.30 (192.1) 0.671c

Length of stricture, median (IQR), cm 3 (2) 3 (2) 0.975c

Length of stent, median (IQR), cm 7 (2) 7 (3) 0.585c

Sphincterotomy, yes, n (%) 10 (52.6) 5 (27.8) 0.184b

Lost to follow–up, n (%) 0 1 (5.6) 1.000b

aStudent’s t-test;
bFisher’s exact test;
cMann-Whitney U-test;
dHypertension, coronary artery disease, diabetes mellitus, chronic obstructive pulmonary disease, liver
cirrhosis, rheumatoid arthritis, and other neoplastic diseases. ARPS: Antireflux plastic stent; TPS: Traditional
plastic stent; SD: Standard deviation; IQR: Interquartile range.

duodenobiliary reflux may play another important role in stent occlusion. To our
knowledge, only three studies[1,11,12] in the published English literature have focused on
changing  the  design  of  PSs  to  eliminate  retrograde  flow  from  the  duodenum,
prolonging the duration of stent patency. Dua et al[11]  in 2007 initially reported an
ARPS  with  a  4  cm  windsock-shaped  tubular  valve  made  of  expanded
polytetrafluoroethylene material attached to the duodenal end. Their results showed
that the median stent patency was prolonged from 101 d to 145 d when using this
specialized stent.  However,  the clinical  relevance of  an increase in median stent
patency of 44 d could be questioned[24]. Vihervaara et al[12] also conducted a clinical
study using the same ARPS; however, their study was prematurely terminated owing
to early  stent  occlusion in  the ARPS group.  An unplanned interim analysis  was
performed and showed that the median stent patency in the ARPS group was 34 d,
which  was  significantly  shorter  than  that  in  the  TPS  group  (167  d).  Thus,  they
suggested that this ARPS should not be used in clinical practice. In a study by Leong
et al[1], an ARPS with a collapsible antireflux sleeve made of polytetrafluoroethylene
was analyzed; however, a trend of early ARPS malfunction or failure was noted. All
their ARPSs were occluded within 30 d, which may be attributed to the collapse or
fold of the antireflux valve.

To date, there is no ideal design for an ARPS. In this study, we developed a new
ARPS with a “duckbilled” valve. We presumed that this valve could simulate the
opening and closing function of a duck’s bill. When bile drainage does not impair the
antegrade  flow,  the  valve  closes  as  the  intestinal  pressure  increases,  thereby
preventing the reflux of the duodenal contents. This hypothesis was preliminarily
confirmed by our study comparing stent patency between the ARPS group and the
TPS group. In patients with stent dysfunction, the median stent patency in the ARPS
group was 64 d longer than that in the TPS group. Although the difference was not
statistically significant due to the limited sample size, the difference was impressive.
In all patients enrolled in this study, the median patency of this new ARPS was 285 d,
which  was  significantly  longer  than  130  d  observed for  the  TPS.  Moreover,  the
median patency was also better than previously reported median ARPS patency
times[1,11,12].  There  were  no  side  holes  in  either  ARPS  or  TPS;  this  avoided  the
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Figure 2

Figure 2  Flowchart of patients involved in the trial. ARPS: Antireflux plastic stent; TPS: Traditional plastic stent.

possibility of duodenal contents entering the bile duct to bypass the valve. Malignant
ingrowth rarely played a role in PS occlusion[10] and sludge was noted in occluded
ARPSs; thus, in this study, ARPS dysfunction may have been due to sludge occlusion,
but  the  exact  causes  were  not  clear.  Further  studies  are  needed  to  address  the
mechanisms of occlusion.

In the present study, a similar delivery system was used to deploy ARPSs or TPSs.
Although ARPSs had a valve, there was no additional difficulty in placing such a
stent. All patients presented technical success with a single placement attempt. After
ARPS placement, bile flowed easily through the valve. No significant difference was
noted in clinical success between the two groups, suggesting that the ARPS had good
efficacy for palliation of jaundice caused by extrahepatic MBO. Some studies[11,16] have
reported that duodenal contents may enter the bile duct from the side of the stent in
patients with sphincterotomy; thus, no routine sphincterotomy was performed in
these studies.  In our experience,  the placement of  a  10 Fr  stent  in some patients
without  sphincterotomy is  technically  challenging;  therefore,  in  this  study,  the
endoscopist determined if sphincterotomy was necessary. No significant difference
was noted between the two groups.

There were several limitations to our study. The main limitation was the small
sample size. The calculation of sample size was based on a previous study. Although
the sample size was small, the patency of ARPS was significantly longer than that of
TPS. Another limitation was that microscopic examination of dysfunctional stents was
not performed, and the exact causes of ARPS dysfunction were unclear. In addition,
many cases were censored due to patient death without stent dysfunction, or patient
survival with stent patency until the day of last follow-up. The accurate duration of
stent patency might be underestimated. Although this new stent showed good and
promising results in this study, further studies with larger samples are required to
evaluate its safety and efficacy.

In conclusion, this new ARPS is safe and effective for the palliation of unresectable
distal MBO, and has the potential advantage of prolonging stent patency markedly.
Additional multicenter studies involving larger samples are needed to confirm and
strengthen our results.
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Table 2  Outcomes of the antireflux plastic stent group and the traditional plastic stent group

ARPS group(n = 19) TPS group(n = 18) P-value

Technical success, n (%) 19 (100) 18 (100) -

Clinical success, n (%) 17 (89.5) 15 (83.3) 0.660a

Early adverse events, n (%) 2 (10.5) 2 (11.1)

Cholangitis 1 1 1.000a

Mild pancreatitis 1 1

Late adverse event, n (%)

Mild pancreatitis 1 (5.3) 0 1.000a

Stent dysfunction, n (%) 12 (63.2) 15 (83.3) 0.269a

Stent patency, median (IQR), d 285 (170) 130 (90) 0.005b

Mortality, n (%) 17 (89.5) 16 (88.9) 0.677a

Patient survival, median (IQR), d 195 (297) 182 (229) 0.900b

aFisher exact test;
bLog-rank test. ARPS: Antireflux plastic stent; TPS: Traditional plastic stent; IQR: Interquartile range.

Figure 3

Figure 3  Kaplan-Meier curve comparing the cumulative patency of stent between the antireflux plastic stent group and the traditional plastic stent group
(P = 0.005, log-rank test). ARPS: Antireflux plastic stent; TPS: Traditional plastic stent.

Figure 4

Figure 4  Kaplan-Meier curve comparing the cumulative survival of patients between the antireflux plastic stent group and the traditional plastic stent
group (P = 0.900, log-rank test). ARPS: Antireflux plastic stent; TPS: Traditional plastic stent.
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Endoscopic biliary stenting has become an established palliative treatment for patients with
unresectable malignant biliary obstruction (MBO). However, stent occlusion is considered to be
the most frequent delayed adverse event of stent placement. Since duodenobiliary reflux is
discussed to be a major risk factor of stent occlusion, in recent years, the design of plastic stents
with an anti-reflux valve has been an attractive idea for prolonging stent patency, unfortunately
without convincing results and therefore limiting their use in clinical practice.

Research motivation
To reduce duodenobiliary reflux and thereby prolonging stent patency, we developed a new
antireflux plastic stent (ARPS) with a “duckbilled” valve attached to the duodenal end of the
stent. We presumed that this valve could simulate the opening and closing function of the duck’s
bill. This geometry allows unimpaired antegrade bile flow into the duodenum, while it closes
instantly when the intestinal pressure increases, thereby preventing the reflux of duodenal
contents.

Research objectives
In this study, we compared the patency of ARPSs with that of traditional plastic stents (TPSs) in
patients with unresectable distal MBO. The results of the study will guide the treatment of
unresectable distal MBO in the future.

Research methods
From February 2016 to  December  2017,  consecutive  patients  with extrahepatic  MBO were
recruited in our randomized clinical trial. Eligible patients were assigned to receive either an
ARPS or a TPS in a randomized manner. Patients were followed by clinic visits or telephone
interviews every 1-2 mo until stent exchange, death, or the final study follow-up in October 2018.
The duration of stent patency, the rates of technical and clinical success, adverse events, and
patient survival were documented. All data were analyzed statistically to evaluate the efficacy
and safety of this new ARPS.

Research results
During the study period, 89 patients were screened for eligibility. Of these, 51 patients were
excluded; thus, 38 patients were randomized to receive ARPSs or TPSs (19 per group). Stent
insertion was technically successful in all patients. No significant differences were noted in the
rates of clinical success, the rates of early or late adverse events, or patient survival. There was a
significant difference when comparing the duration of stent patency, which was significantly
longer in the ARPS group than in the TPS group.

Research conclusions
This new ARPS is safe and effective for the palliation of unresectable distal MBO, and has a
significantly longer stent patency compared with TPS. This ARPS may be an alternative option
for the treatment of unresectable distal MBO.

Research perspectives
Multiple center studies with larger samples are expected in the future to confirm and strengthen
our results.
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Abstract
BACKGROUND
The quantitative faecal immunochemical test for haemoglobin (FIT) has been
revealed to be highly accurate for colorectal cancer (CRC) detection not only in a
screening setting, but also in the assessment of patients presenting lower bowel
symptoms. Therefore, the National Institute for Health and Care Excellence has
recommended the adoption of FIT in primary care to guide referral for suspected
CRC in low-risk symptomatic patients using a 10 µg Hb/g faeces threshold.
Nevertheless, it is unknown whether FIT´s accuracy remains stable throughout
the broad spectrum of possible symptoms.

AIM
To perform a systematic review and meta-analysis to assess FIT accuracy for CRC
detection in different clinical settings.

METHODS
A systematic literature search was performed using MEDLINE and EMBASE
databases from inception to May 2018 to conduct a meta-analysis of prospective
studies including symptomatic patients that evaluated the diagnostic accuracy of
quantitative FIT for CRC detection. Studies were classified on the basis of brand,
threshold of faecal haemoglobin concentration for a positive test result,
percentage of reported symptoms (solely symptomatic, mixed cohorts) and CRC
prevalence (< 2.5%, ≥ 2.5%) to limit heterogeneity and perform subgroup analysis
to assess the influence of clinical spectrum on FIT´s accuracy to detect CRC.

RESULTS
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Fifteen cohorts including 13073 patients (CRC prevalence 0.4% to 16.8%) were
identified. Pooled estimates of sensitivity for studies using OC-Sensor at 10 µg
Hb/g faeces threshold (n = 10400) was 89.6% [95% confidence interval (CI): 82.7%
to 94.0%). However, pooled estimates of sensitivity for studies formed solely by
symptomatic patients (n = 4035) and mixed cohorts (n = 6365) were 94.1%
(95%CI: 90.0% to 96.6%) and 85.5% (95%CI: 76.5% to 91.4%) respectively (P <
0.01), while there were no statistically significant differences between pooled
sensitivity of studies with CRC prevalence < 2.5% (84.9%, 95%CI: 73.4% to 92.0%)
and ≥ 2.5% (91.7%, 95%CI: 83.3% to 96.1%) (P = 0.25). At the same threshold, OC-
Sensor® sensitivity to rule out any significant colonic lesion was 78.6% (95%CI:
75.6% to 81.4%). We found substantial heterogeneity especially when assessing
specificity.

CONCLUSION
The results of this meta-analysis confirm that, regardless of CRC prevalence,
quantitative FIT is highly sensitive for CRC detection. However, FIT ability to
rule out CRC is higher in studies solely including symptomatic patients.

Key words: Bowel disease; Colorectal cancer; Diagnostic accuracy; Faecal haemoglobin;
Faecal immunochemical test; Faecal occult blood test; Inflammatory bowel disease;
Significant colonic lesion
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Core tip: The quantitative faecal immunochemical test for haemoglobin (FIT) has been
recommended to guide referral for suspected colorectal cancer (CRC) in people with
unexplained symptoms without rectal bleeding. However, the information regarding its
accuracy in different settings is scarce. Our meta-analysis reveals that sensitivity for
CRC may change across populations with differences in clinical symptoms, irrespective
of CRC prevalence. On the other hand, we should not use this to rule out CRC if its
prevalence is high. In addition, FIT is not sensitive enough to exclude other significant
colonic diseases.

Citation: Pin Vieito N, Zarraquiños S, Cubiella J. High-risk symptoms and quantitative faecal
immunochemical test accuracy: Systematic review and meta-analysis. World J Gastroenterol
2019; 25(19): 2383-2401
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2383.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2383

INTRODUCTION
The quantitative faecal immunochemical test for haemoglobin (hereinafter referred to
as ‘FIT’) has been revealed to be highly accurate for colorectal cancer (CRC) detection
not only in a screening setting, but also in the assessment of patients presenting lower
bowel symptoms[1,2]. Therefore, the National Institute for Health and Care Excellence
(NICE) has recently recommended adoption of FIT in primary care to guide referral
for  suspected  CRC  in  people  without  rectal  bleeding  who  have  unexplained
symptoms but  do not  meet  the  criteria  for  a  suspected cancer  pathway referral.
Results should be reported using a threshold of 10 micrograms of haemoglobin per
gram of faeces (μg Hb/g faeces)[3,4].

However, a clinical concern has been highlighted on transference of research results
to clinical practice[5]. The NICE recommendation applies only to patients who present
low-risk symptoms. In contrast,  most available studies include patients who had
symptoms (e.g., rectal bleeding) associated with higher probability of CRC and most
were performed in a secondary care setting. Although other population variables
could be involved, this difference in the clinical spectrum could account for the high
CRC prevalence shown in the meta-analysis used to support this recommendation
(range 2.15% to 5.4%), compared to the estimated 1.5% for the relevant symptomatic
group used in NICE guidance ‘NG12’[3].

Thus,  since the prevalence of  the target  condition may affect  estimates of  test
performance  by  means  of  mechanisms  other  than  patient  spectrum[6],  there  is
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insufficient information to elucidate whether the presence of high-risk symptoms or
another clinical difference involving a higher CRC prevalence in the studies that fitted
this meta-analysis inclusion criteria, will affect the expected performance of FIT in
primary care. With the aim of assessing the stability of FIT´s accuracy across the broad
spectrum of  situations we could face  outside a  screening setting,  we decided to
perform an additional systematic review expanding upon previous inclusion criteria.

MATERIALS AND METHODS
We  designed  a  systematic  review  and  meta-analysis  following  the  Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement to
conduct and report our systematic review[7].

Data sources and searches
We included all studies identified by a sensitive search of “FIT for CRC” in MEDLINE
(via PubMed) and EMBASE (via Ovid) databases from inception to 21 May 2018. Data
sources were also extended to the reference lists of all articles extracted from the
search strategy detailed in Appendix 1.

Study selection
Two authors (NP and SZ) independently reviewed and screened titles and abstracts of
articles retrieved and determined final eligibility by means of examination of full
texts. Any disagreement was resolved through discussion or by consulting a third
author  (JC).  We  regarded  studies  as  suitable  for  our  review  if  they  met  all  the
following inclusion criteria:

Population, setting and study design
We included all prospective cohort studies performed on adult patients out of CRC
screening  programme  setting  either  including  patients:  (1)  Consulting  with  a
physician for non-acute lower abdominal symptoms; or (2) consecutively scheduled
for  elective  colonoscopy,  when  at  least  a  fraction  of  symptomatic  patients  was
included. No language restriction was applied.

Index test
Studies  that  evaluated  the  diagnostic  accuracy  of  the  quantitative  FIT  for  CRC
detection either reporting absolute numbers of true-positive, false-negative, true-
negative,  and  false-positive  observations,  or  data  from  which  sensitivity  and
specificity could be extrapolated. In the case of studies reporting more than one FIT
specimen, we only included the results of the first determination.

Reference test
We included studies that reported an appropriate reference standard (colonoscopy or
≥ 2-year longitudinal follow-up of the controls).

Endpoints
Our main objective was to estimate the diagnostic accuracy of FIT for CRC detection.
Secondary goals included assessing the usefulness of FIT to detect advanced neoplasia
(AN) and significant colonic lesions (SCLs) in symptomatic patients. The definitions
of AN and SCL differ from country to country, which should be considered when
interpreting data. This issue will be subsequently outlined in detail for each study.

Data extraction and risk of bias
One reviewer (NP) extracted data and extractions were checked by a second reviewer
(JC); any disagreements were resolved by means of discussion and consensus. In each
study,  potential  risks  of  bias  were  calculated  using  the  Quality  Assessment  of
Diagnostic Accuracy Studies 2 tool (QUADAS-2)[8]. An inverted funnel or “Christmas
tree” scatterplot was used to detect publication bias.

Data synthesis and statistical analysis
We classified studies on the basis of brand and threshold of faecal haemoglobin (f-Hb)
concentration for a positive test result to limit heterogeneity. When four or more
studies on a specific subgroup were available, bivariate analyses were applied to
calculate pooled estimates of sensitivity, specificity and likelihood ratios using the
statistical  software  package  STATA  (v14)[9,10].  A  hierarchical  summary  receiver
operating  characteristic  (HSROC)  curve  was  generated to  present  the  summary
estimates  of  sensitivities  and  specificities  along  with  their  corresponding  95%
confidence interval  (CI)  and prediction region.  An area under the HSROC curve
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(AUC) between 0.9 and 1.0 indicated that diagnostic accuracy was good[11].
When a bivariate random-effects approach was not possible due to limited number

of studies, we applied a random effects model following DerSimonian’s method using
MetaDisc  software[12].  In  that  case  a  summary receiver  operating  characteristics
(sROC) curve was plotted using DerSimonian and Lair’s model to present summary
sensitivity and specificity estimates through the AUC or Q* index[13-15].

Subgroup analysis
To determine whether FIT´s accuracy to detect CRC out of screening setting was
influenced by high-risk symptoms, studies were classified by percentage of reported
symptoms and CRC prevalence. Cohorts formed solely by patients who consult for
abdominal  symptoms  represent  a  population  with  a  better  chance  of  high-risk
symptoms of CRC (e.g., rectal bleeding). Prespecified CRC prevalence values (< 2.5%
and ≥ 2.5%) were used to ensure an adequate number of data sets for each analysis. A
bivariate model was fitted for each subgroup; direct comparison between them was
performed using STATA (xtmelogit command)[16].

Threshold effect and other sources of heterogeneity
Threshold effect was examined by calculating Spearman’s rank correlation (P < 0.1
was considered to be statistically significant),  and ROC space plots were used to
represent the sensitivity against 1-specificity of each study. In addition to the visual
inspection of the forest plots of accuracy estimates, statistical tests, including Chi-
square and Cochran’s Q tests, were used to ascertain whether inter-study differences
were greater than expected based on chance alone (P < 0.1 suggested heterogeneity);
the  inconsistency  index  (I2)  was  used  as  a  measure  to  quantify  the  degree  of
heterogeneity. The statistical methods of this study were reviewed by Noel Pin Vieito
from Complexo Hospitalario Universitario de Ourense.

RESULTS

Literature search and study characteristics
Our initial literature search yielded a total of 12657 references. After abstract review,
we identified 342 complete papers retrieved for manual searching, yielding 5919
additional potential sources of information; of these, 81 articles were selected for full-
text  review and 14 studies  were ultimately  considered relevant  for  our  purpose
(Figure  1)[17-30].  Inter-rater  reliability  was  moderate  (kappa  0.58).  Individual
unpublished  data  from  derivation[29]  and  validation[31]  cohorts  included  in  the
COLONPREDICT study were also used as these patients fitted the inclusion criteria.
In total, 15 cohorts (13073 patients) were selected for qualitative synthesis. Full details
of these studies are shown in Tables 1 and 2, and Appendix 2.

Quality assessment
The QUADAS-2 instrument  highlighted an important  risk  of  bias  in  the  patient
selection  domain  (Figure  2).  Some  patients  could  have  been  enrolled  in  a  non-
consecutive manner[17], and another five studies also evaluated diseases or situations
that could compete with CRC as a cause of a positive FIT as exclusion criteria[18,21,22,24,25].
The greatest applicability concern arose from the patient selection category, as none of
the  samples  analysed  was  fully  representative  of  patients  with  low  risk  ga-
strointestinal symptoms reported in NG12[3].

Diagnostic performance for colorectal cancer
Table 3 and Figure 3 present summary sensitivity and specificity estimates calculated
with a random effects model following the approach of DerSimonian’s method for
each  screening  modality  using  OC-Sensor®.  Figure  4  shows the  sROC curves  at
different thresholds. The highest AUC was obtained at a 20 µg Hb/g faeces threshold
(AUC = 0.93, 95%CI 0.90-0.96). Furthermore, studies using OC-Sensor® with various
thresholds  higher  than  20  µg  Hb/g  faeces[17,18,23],  and  also  studies  using  HM-
JACK®[19,24], HM-JACKarc®[28] and FOB Gold®[30] have been published but their data
could  not  be  pooled  due  to  the  scarce  number  of  studies  in  those  thresholds.
Individual data are shown in Table 4.

Heterogeneity assessment
We found substantial heterogeneity between studies when calculating the pooled
sensitivity for almost every threshold analysed in the studies evaluating OC-Sensor®

(Table 3). Spearman’s rank correlation coefficient was higher than 0.1, suggesting an
absence of threshold effect in all cases. The scarce number of studies limited our intent
to determine the existence of publication bias using funnel plots. However, when
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Table 1  Characteristics of the studies included in the meta-analysis

Test Study, Year

Demographic
characteristics CRC AN SC

-L
Exclusion

criteria Symptoms, %

N
Age Sex

Area IBD OB AD AnS WeL AbPa Hem ChBo Co Di An(m/
-md)

(W%
) % % %

Mixed cohorts

OC-S Rozen, 2010[17] 1682 63.7 49.6 IL 1.2 8.9 0 yes yes yes 23 NA NA 0 NA NA NA NA

OC-S Mc Donald, 2012[20] 280 631 59.6 UK (S) 2.1 NA 21.4 NA no no NA NA NA NA NA NA NA NA

OC-S Ou, 2013[21] 694 59.51 55.9 CN 0.4 6.1 NA yes yes no NA NA NA NA NA NA NA NA

OC-S van Turenhout, 2014[18] 3022 59.7 55.0 NL 2.3 12.3 NA yes yes no 44 2.9 11.7 0 18.1 3 4.2 0

OC-S Symonds, 2016[23] 1381 64.11 50.6 AU 4.8 17.2 NA no no no 34.8 NA NA NA NA NA NA NA

HM-J Woo, 2005[19] 85 561 52.9 KR 7.1 NA NA NA no no 49.4 0 15.3 4.7 1.2 0 17.6 4.7

HM-Ja Auge, 2016[22] 208 631 55.8 ES 1.0 14.0 NA yes yes yes NA NA NA 0 NA NA NA NA

FOB
Gold®

Auge, 2018[30] 487 62 51.2 ES 2.5 14.6 NA no no yes 54.2 NA NA NA NA NA NA NA

100% Symptomatic cohorts

OC-S Mowat, 2016[26] 750 641 54.7 UK (S) 3.7 NA 13.6 no no no 100 0.9 11 34.2 42.8 NA 16.8 8.9

OC-S Rodriguez-Alonso,
2015[25]

1003 NA 46.8 ES 3.0 13.3 23.4 yes no no 100 19 36.4 34.2 NA 12.1 23.5 8.8

OC-S Cubiella, 2014 (DC)[29] 1567 66.9 48.6 ES 13.7 26.7 29.5 no no no 100 24.5 43.8 59.9 57.2 14.5 22.2 34.8

OC-S Cubiella, 2017 (VC)[31] 715 64.4 53.3 ES 9.4 21.1 25.3 no no no 100 NA NA 54 47.9 NA NA NA

HM-J Parente, 2012[24] 280 67 43.9 IT 16.8 47.2 0 yes no no 100 11.1 17.9 26.1 23.9 NA NA 15

HM-Ja Godber, 2016[27] 484 591 60.1 UK (S) 2.3 NA 9.3 no no no 100 1.7 18.8 15.9 39.7 NA NA 4.8

HM-Ja Widlack, 2017[28] 430 671 51.0 UK (E) 5.6 NA NA no no no 100 15.8 30 43 64.2 NA NA 17.2

1Age is expressed as median; AbPa: Abdominal pain; AD: Antithrombotic discontinuity; An: Anaemia; AN: advanced neoplasia; AnS: Any symptom; AU:
Australia; CN: China; Co: Constipation; CRC: Colorectal cancer; ChBo: Change in bowel habit; DC: Derivation cohort; Di: Diarrhoea; ES: Spain; HM-J: HM-
JACK®; HM-Ja: HM-JACKarc®; Hem: Haematochezia; IBD: Inflammatory bowel disease; IL: Israel; IT: Italy; KR: South Korea; m: mean; md: median; NA:
Non-available; NL: Netherlands; OC-S: OC-Sensor®; OB: Overt bleeding; SCL: Significant colonic lesion; UK (E): United Kingdom (England); UK (S):
United Kingdom (Scotland); VC: Validation cohort; W%: Women%; WeL: Weight loss.

plotting each study’s diagnostic odds ratio (dOR) in a logarithmic scale against its
sample size,  we did not identify any trends towards asymmetry around the axis
traced by the pooled dOR value for  any analysed threshold,  which suggests  the
absence of this possibility (Figure 5).

Subgroup and bivariate analysis
Although the number of  studies limited our ability to use bivariate and HSROC
models for most subgroups, the number of available studies performed with the OC-
Sensor® enabled us to perform a subgroup analysis based on CRC prevalence and
percentage of symptoms at the 10 µg Hb/g faeces threshold (10400 patients). Pooled
estimates of sensitivity for studies comprised solely by symptomatic patients (n  =
4035) and mixed cohorts (n = 6365) were 94.1% (95%CI: 90.0% to 96.6%) and 85.5%
(95%CI:  76.5% to 91.4%) respectively (P  < 0.01),  while there were no statistically
significant differences between pooled sensitivity of studies with CRC prevalence <
2.5% (84.9%, 95%CI: 73.4% to 92.0%) and ≥ 2.5% (91.7%, 95%CI: 83.3% to 96.1%) (P =
0.25). FIT sensitivity was equal or higher than 90% for almost every situation analysed
(Table 3 and Figure 6).

Conversely,  pooled  specificities  were  significantly  different  when comparing
studies both by percentage of symptoms (solely symptomatic = 66.0%; 95%CI: 47.1%
to 80.9% vs lesser percentage of reported symptoms = 89.3%; 95%CI: 84.1% to 93.0%, P
= 0.01) as by CRC prevalence (CRC prevalence < 2.5% = 90.5%; 95%CI: 89.0% to 91.9%
vs CRC prevalence ≥ 2.5% = 69.3%; 95%CI: 53.5% to 81.6%, P < 0.01).

A comparison between summary sensitivity and specificity estimates calculated
with both methods is shown in Table 5 and generated HSROC curves in Figure 7. OC-
Sensor® accuracy parameters (threshold 10 µgHb/g faeces) estimated by bivariate
model from both ‘100% symptomatic’ and ´mixed cohort´ subgroups, were used to
calculate different post-test probabilities through Fagan nomograms on the basis of
various CRC prevalence (Figures 8 and 9).
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Figure 1

Figure 1  Summary of evidence search and selection.

Secondary endpoints: diagnostic performance for AN and SCL
Besides the COLONPREDICT study cohorts[29,31], nine[17,19-22,24-26,30] and four[20,26-28] studies
provided information on the FIT’s accuracy for AN and SCL detection, respectively,
with heterogeneous definitions. Furthermore, Terhaar sive Droste et al[32] published
data on FIT´s accuracy for AN detection in 2145 patients included in van Turenhout´s
study[18]. AN was defined as CRC plus high-risk[19-21,26]vs advanced[17,22,24,25,30-32] adenoma.
This variability was greater for the definition of SCL. Some studies defined SCL as
cancer plus high-risk adenoma plus inflammatory bowel disease[20,26], whereas Godber
et al[27] expanded that definition to include other types of colitis. A broader definition
was used by Cubiella et al[29,31] including CRC, advanced adenoma, polyposis, colitis,
polyps  ≥  10  mm,  complicated  diverticular  disease,  colonic  ulcer  and  bleeding
angiodysplasia. Auge et al[30] provided data about FOB Gold®  accuracy for colonic
lesion detection regardless of its importance. Finally, as long as Widlack et al[28] added
a single case of high-grade dysplasia to 24 cases of CRC, we decided to include their
study within the CRC group.

Summary sensitivity and specificity estimates for AN and SCL detection are shown
in  Table  6.  Once  again,  studies  evaluating  OC-Sensor®  with  different
thresholds[17,21,29,31,32],  HM-JACK®[24],  HM-JACKarc®[22,27]  or FOB Gold®[30]  have been
published but  their  number was insufficient  to  enable  pooling of  data in homo-
geneous groups. Individual data are shown in Tables 7 and 8.

DISCUSSION

Statement of principal findings
This meta-analysis confirms that FIT is useful for triaging referrals in people with
lower abdominal symptoms. Most studies have been performed using OC-Sensor®

assay; using this brand, the high pooled estimates of sensitivity for CRC shown at f-
Hb thresholds from limit of detection (LoD) to 20 µg Hb/g faeces, demonstrates this
brand’s ability to stratify which symptomatic patients are more likely to have CRC.

Furthermore, the optimal OC-Sensor® performance (maximising both sensitivity
and specificity) appeared to occur with f-Hb thresholds between 10 and 20 μg Hb/g
faeces as FIT specificity is too low at a LoD f-Hb threshold. Since fewer cases of CRC
will be missed with the former, 10 μg Hb/g faeces may be the most suitable threshold
for CRC assessment of patients with symptoms (sROC AUC 0.92). In fact, subgroup
analysis at this threshold demonstrates that regardless of CRC prevalence, summary
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Table 2  Possibility of data extraction on the accuracy of quantitative faecal immunochemical test for haemoglobin for detecting
colorectal cancer, advanced neoplasia and significant colonic lesion

Study

CRC AN SCL

Threshold (U)
SxD SD

Threshold (U)
SxD

Threshold (U) SxD

0 10 15 20 Other 0 10 15 20 Other 0 10 15 20 Other

Rozen, 2010[17] x x x 25; 30; 40                          x x   x 25; 30; 40 

Van Turenhout,
2014[18]

x x x 40 x

Mc Donald, 2012[20] x HRA x

Ou, 2013[21] 5 5; HRA

Symonds, 2016[23] x 60; 80 x

Auge, 2016[22] x x x 30; 40 x

Woo, 2005[19] 33 3; HRA

Auge, 2018[30] x x 30; 40; 50;
60

x x x 30; 40; 50;
60

x x 30; 40; 50;
60

Cubiella, 2014
(DC)[29]

x x x x x x x x x x x x x x x

Cubiella, 2016
(VC)[31]

x x x x x x x x x x x x x x x

Rodríguez-Alonso
2015[25]

x x x x x x x x

Mowat, 2016[26] x x HRA HRA x x

Parente, 2012[24] x x

Godber, 2016[27] x x x 25; 30; 35;
40

Widlack, 2017[28] 7; HGD

AN: Advanced neoplasia; CRC: Colorectal cancer; DC: Derivation cohort; HDG: High-grade dysplasia; HRA: High risk adenoma; SCL: Significant colonic
lesion; SxD and SD: Differences between sex and stage respectively can be calculated VC: Validation cohort; (U): Threshold units: μgrams of haemoglobin
per gram of faeces.

estimates of sensitivity are higher when calculated from studies where all patients are
overtly symptomatic than from mixed cohorts. Moreover, if we aim to rule out not
only  CRC  but  also  other  SCL  using  the  same  threshold,  OC-Sensor®  accuracy
decreases showing lower sensitivities without improving specificity.

Finally, although information related to FIT accuracy to detect different targets
have been reported using other brands and thresholds (HM-JACK, HM-JACKarc and
FOB Gold), we could not pool their data due to the scarce number of homogeneous
studies. Consequently, we could not assume the same degree of evidence for them.

Strengths and weaknesses
The  limited  number  of  studies  did  not  enable  us  to  tackle  the  high  expected
heterogeneity for all the different thresholds and assays available. Several factors
could  account  for  the  heterogeneity  detected:  CRC  prevalence[33],  demographic
characteristics [34],  tumour  location  and  stage [35],  sample  contamination  (e.g.,
haemorrhoids)[36],  or FITs[37].  As reported in Table 1, there were many inter-study
differences, but the low number of studies included in our review did not enable us to
perform a subgroup analysis for most of them. This also limited our ability to conduct
statistical  pooling using bivariate and HSROC models,  which offer the strongest
conclusions regarding diagnostic performance. In contrast, random effects methods
incorporate a slight degree of heterogeneity among study results[38]. Where possible,
we applied both models  to calculate pooled estimates of  accuracy showing very
similar  results.  Despite  this,  the  strategy  to  include  both  studies  performed on
different  percentages  of  symptomatic  patients  and  the  individual  data  of  the
COLONPREDICT study[31], enabled us to determine the diagnostic accuracy of the FIT
at different thresholds and check the test’s diagnostic accuracy at different patient
spectra with a different percentage of symptomatic patients and CRC prevalence.

An additional focal point of our review was to ascertain whether all FIT brands
shared  similar  accuracy  values.  Only  four  studies  with  varying  thresholds  and
settings reported the accuracy parameters of the HM-JACK®[19,24] HM-JACKarc®[28] and
FOB Gold®[30] systems to detect CRC and no study to date has directly compared the
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Figure 2

Figure 2  Quality Assessment of Diagnostic Accuracy Studies.

performance of different FITs. Finally, we evaluated the diagnostic performance of the
FIT in detecting SCLs. However, we must highlight that the main limitations of our
analysis were the varying definitions and diagnostic criteria for both advanced (or
high-risk) adenoma and SCL among the studies.

Strengths and weaknesses in relation to other studies
A prior systematic review assessed the value of symptoms and additional diagnostic
tests for CRC assessing, including FIT, in symptomatic primary care patients[39]. This
review was completed in 2008 and included only three studies involving quantitative
FITs. Another systematic review[2] was recently performed to provide information on
the new NICE DG30 diagnostic guidelines[4]. We expanded previous inclusion criteria
to assess the performance of FIT on samples with different percentage of symptoms
and CRC prevalence, since the population included in that meta-analysis was not
representative of the criteria reported in NG12[3]. In fact, the studies included had
major variability in terms of CRC prevalence[6].

Moreover,  to  ascertain  whether  FIT´s  accuracy  to  detect  CRC  changes  in
symptomatic patients may be challenging. There are few studies on heterogeneous
populations outside a screening setting and categorising those studies according to
the presence and type of symptoms is difficult due to unspecific abdominal symptoms
commonly associated with bowel cancer (such as abdominal pain or changing bowel
habit) are common and sometimes unreported among apparently healthy people[40].
This not only diminishes the value of symptoms as a diagnostic tool as previously
reported[39,41,42], but means that even a significant proportion of individuals taking part
in CRC screening programmes could suffer from unreported lower gastrointestinal
symptoms. This could also explain why in some studies SCL prevalence has been
revealed  to  be  similar  between  patients  suffering  from  nonspecific  abdominal
symptoms and supposedly ‘asymptomatic’ symptoms, unlike what is expected[43,44].

Our results suggest that although FIT may play a key role in the evaluation of
symptomatic patients, it should not be used alone to rule out CRC. In fact, FIT should
be interpreted considering the whole clinical spectrum including variables such as sex
and age[34]. Moreover, high-risk symptoms like rectal bleeding or diarrhoea may affect
the amount of f-Hb detected. FIT accuracy could be higher in this setting than in
unspecific low-risk symptoms which are also more in line with the NG12 scenario
reported[3].

This clinical concern may affect the expected number of missed CRC as previously
discussed elsewhere[5].  Therefore, we checked the performance of FIT in different
theoretical situations defined in Figure 8 by means of what we try to represent as the
sources of uncertainty of actual decision-making. For example, if we ‘erroneously’
assumed that FIT sensitivity to rule out CRC is 94.1% for any symptomatic patient
after being estimated by pooling ‘100% symptomatic’  studies which have higher
percentages of high-risk symptoms such as rectal bleeding, but the ‘true value’ were
85.5%  (estimated  by  ‘mixed  cohorts’)  we  would  miss  1,  2  and  10  unexpected
additional  CRCs  in  populations  with  a  CRC  prevalence  of  1%,  3%  and  13%,
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Table 3  Colorectal cancer detection: Diagnostic accuracy parameters based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand (DerSimonian´s method)"

Variable Studies
(n) Sensitivity1 I22 Specificity1 I22 Positive LR3 I22

Negative
LR3

I22
Diagnostic

OR3
I22 Pa

OC-Sensor, > LoD µg Hb/g faeces

All studies 4 98.2 (96.2-
99.3)

0.0 35.8 (34.2-
37.3)

96.1 1.55 (1.37-
1.75)

94.2 0.07 (0.03-
0.14)

0.0 21.41 (10.07-
45.5)

0.0 0.6

OC-Sensor, ≥ 10 µg Hb/g faeces

All studies 8 90.8 (87.9-
93.2)

69.7 79.9 (79.1-
80.7)

99.4 4.79 (2.96-
7.76)

99.1 0.15 (0.09-
0.23)

52.7 31.44 (19.50-
50.68)

44.7 0.0
9

100%
Symptomatic

4 94.4 (91.4-
96.6)

0.0 65.9 (64.4-
67.4)

99.3 2.97 (1.78-
4.95)

99.0 0.10 (0.06-
0.15)

0.0 28.49 (17.77-
45.67)

0.0 0.6

Mixed patients 4 83.2 (76.5-
88.6)

44.5 88.2 (87.4-
89.0)

96.7 7.78 (4.72-
12.82)

95.1 0.21 (0.13-
0.33)

30.7 35.36 (14.19-
88.10)

71.0 0.6

CRC prevalence ≥
2.5%

5 91.9 (88.7-
94.3)

76.0 69.7 (68.5-
71.0)

99.2 3.16 (1.99-5.0) 98.8 0.13 (0.07-
0.25)

66.5 23.20 (14.76-
36.47)

20.0 0.2

CRC prevalence <
2.5%

3 86.3 (77.7-
92.5)

48.0 90.2 (89.4-
91.1)

72.6 9.21 (7.23-
11.74)

55.1 0.17 (0.09-
0.33)

26.4 52.33 (27.23-
100.58)

10.0 0.7

OC-Sensor, ≥ 15 µg Hb/g faeces

All studies 5 91.0 (87.8-
93.6)

73.3 81.8 (80.9-
82.7)

99.7 4.77 (2.34-
9.71)

99.4 0.15 (0.09-
0.25)

57.3 36.64 (20.43-
65.71)

49.7 0.0
4

100%
Symptomatic4

3 93.6 (90.2-
96.0)

32.6 65.8 (64.1-
67.5)

99.5 2.91 (1.46-
5.78)

99.3 0.11 (0.07-
0.16)

0.0 29.10 (12.74-
66.46)

35.5 0.6
7

OC-Sensor, ≥ 20 µg Hb/g faeces

All studies 5 90.3 (86.9-
93.0)

75.6(86.9-
93.0)

83.4 (82.5-
84.2)

99.7 5.30 (2.47-
11.34)

99.4 0.15 (0.09-
0.27)

67.2 39.02 (21.48-
70.88)

56.1 0.0
4

100%
Symptomatic4

3 92.9 (89.5-
95.5)

26.1 68.0 (66.3-
69.7)

99.5 3.14 (1.52-
6.50)

99.3 0.11 (0.07-
0.17)

0.0 29.81 (15.05-
59.04)

29.2 0.6
7

1Values are expressed as percentages and its 95% confidence interval;
2Values are expressed as percentages;
3Values are expressed as absolute numbers and its 95% confidence interval;
4The studies that comprise the 100% symptomatic subgroup also have colorectal cancer prevalence ≥ 2.5%; Pa: Significance of the threshold effect using the
Spearman rank correlation (P < 0.01 is considered statistically significant). I2: Inconsistency index; LoD: Limit of detection; LR: Likelihood ratio; OR: Odds
ratio; CRC: Colorectal cancer.

respectively, for each 1000 symptomatic patients with CRC assessed.
Nevertheless,  it  is  important  to  note  that  the  aim  of  performing  a  FIT  in  a

symptomatic patient is not only to rule out CRC as long as other conditions, such as
IBD, may also present the same symptoms. Unfortunately, we could only estimate the
pooled accuracy parameters of three studies performed with the OC-Sensor® at LoD
and 10 µg Hb/g faeces thresholds respectively, with sensitivity estimates ranging
from 91.7% to 80.4%. Despite the weakness previously discussed, these results are
consistent with the results of Hogberg et al’s study[45],  which demonstrated that a
qualitative FIT with a LoD f-Hb threshold could identify 87.5% and 90% of cases of
CRC and IBD in unselected primary care patients, respectively.

Unanswered questions and future research
Although our results  support the use of  FIT in optimising the number of  urgent
referrals and helping to define a patient cohort with a negligible risk of CRC that
would not require any referral, caution is recommended when using it outside the
screening setting for symptomatic patients. FIT´s accuracy for detecting SCL appears
to be not equally reliable in every patient subgroup. Finally, whether to exclude the
use of further diagnostic tests in symptomatic patients with high CRC prevalence is
doubtful,  especially  if  symptoms  persist.  Thus,  existing  FIT-based  prediction
models[25,31,46]  and recently published results[47,48]  should also be validated directly,
comparing different FIT brands and stratifying by clinical spectrum, while future
biomarkers[49,50] should also be evaluated and compared with the FIT to incorporate
objective criteria that can safely rule out CRC diagnosis.

In conclusion, our meta-analysis reveals that sensitivity for CRC may change across
populations with differences in clinical symptoms, irrespective of CRC prevalence. In
addition, FIT is not sensitive enough to exclude other significant colonic diseases.
Future studies solely concerned with patients consulting for low risk symptoms are
needed to better assess the role of FIT in ruling out CRC in this subgroup. Meanwhile,
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Figure 3

Figure 3  Pooled sensitivity and specificity of faecal immunochemical tests for colorectal cancer detection based on threshold and branch (DerSimonian´s
method). CI: Confidence interval; DC: Derivation cohort; VC: Validation cohort.

a single f-Hb cut-off of 10 mg Hb/g faeces could be used in this population to identify
which patients may benefit from a “watching and waiting” strategy without this
involving to avoid further workup, irrespective of FIT result, if there is no response to
treatment.
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Table 4  Diagnostic accuracy parameters for colorectal cancer detection based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand

Brand Threshold(µg/g faeces) Author, year Sensitivity1 Specificity1

Mixed cohorts

OC-Sensor® 25 Rozen, 2010[17] 60.0 (36.1-80.9) 95.2 (94.0-96.2)

OC-Sensor® 30 Rozen, 2010[17] 55.0 (31.5-76.9) 95.8 (94.7-96.7)

OC-Sensor® 40 Rozen, 2010[17] 55.0 (31.5-76.9) 96.3 (95.3-97.2)

OC-Sensor® 40 van Turenhout, 2014[18] 75.4 (63.5-84.9) 94.8 (93.9-95.6)

OC-Sensor® 60 Symonds 2016[23] 63.6 (50.9-75.1) 91.9 (90.3-93.3)

OC-Sensor® 80 Symonds 2016[23] 59.1 (46.3-71.0) 93.4 (91.9-94.7)

HM-JACK® 33 Woo, 2005[19] 50.0 (11.8-88.2) 83.5 (73.5-90.9)

FOB Gold® 10 Auge, 2018[30] 91.7 (71.5-98.5) 82.2 (79.6-84.5)

FOB Gold® 20 Auge, 2018[30] 87.5 (66.5-96.7) 86.0 (83.6-88.1)

FOB Gold® 30 Auge, 2018[30] 83.3 (61.8-94.5) 89.2 (87.0-91.1)

FOB Gold® 40 Auge, 2018[30] 83.3 (61.8-94.5) 90.3 (88.2-92.1)

FOB Gold® 50 Auge, 2018[30] 83.3 (61.8-94.5) 91.4 (89.4-93.1)

FOB Gold® 60 Auge, 2018[30] 83.3 (61.8-94.5) 91.8 (89.9-93.5)

100% Symptomatic

HM-JACK® 20 Parente, 2012[24] 61.7 (46.4-75.5) 88.8 (84.1-92.6)

HM-JACKarc® 7 Widlak, 2017[28] 84.0 (63.9-95.5) 93.1 (90.2-95.4)

1Values are expressed as percentages and its 95% confidence interval.

Table 5  OC-Sensor® diagnostic accuracy parameters for colorectal cancer detection (Threshold 10 µg Hb/g faeces) estimated with
DerSimonian vs Bivariate methods

Variable Studies (n) Sensitivity1 Specificity1 Positive LR2 Negative LR2 Diagnostic OR2

All studies (DS) 8 90.8 (87.9-93.2) 79.9 (79.1-80.7) 4.79 (2.96-7.76) 0.15 (0.09-0.23) 31.44 (19.50-50.68)

All studies (Bv) 8 89.6 (82.7-94.0) 80.2 (67.2-88.9) 4.52 (2.73-7.50) 0.13 (0.08-0.20) 34.85 (20.74-58.57)

100% Symptomatic (DS) 4 94.4 (91.4-96.6) 65.9 (64.4-67.4) 2.97 (1.78-4.95) 0.10 (0.06-0.15) 28.49 (17.77-45.67)

100% Symptomatic (Bv) 4 94.1 (90.0-96.6) 66.0 (47.1-80.9) 2.77 (1.69-4.55) 0.09 (0.06-0.14) 30.93 (16.09-59.45)

Mixed patients (DS) 4 83.2 (76.5-88.6) 88.2 (87.4-89.0) 7.78 (4.72-12.82) 0.21 (0.13-0.33) 35.36 (14.19-88.10)

Mixed patients (Bv) 4 85.5 (76.5-91.4) 89.3 (84.1-93.0) 8.01 (5.07-12.65) 0.16 (0.10-0.28) 49.35 (19.88-122.5)

CRC prevalence ≥ 2.5% (DS) 5 91.9 (88.7-94.3) 69.7 (68.5-71.0) 3.16 (1.99-5.0 ) 0.13 (0.07-0.25) 23.20 (14.76-36.47)

CRC prevalence ≥ 2.5% (Bv) 5 91.7 (83.3-96.1) 69.3 (53.5-81.6) 2.99 (1.97-4.53) 0.12 (0.07-0.21) 24.95 (16.02-38.86)

CRC prevalence < 2.5% (DS) 3 86.3 (77.7-92.5) 90.2 (89.4-91.1) 9.21 (7.23-11.74) 0.17 (0.09-0.33) 52.33 (27.23-100.58)

CRC prevalence < 2.5% (Bv) 3 84.9 (73.4-92.0) 90.5 (89.0-91.9) 8.96 (7.63-10.53) 0.17 (0.09-0.30) 53.77 (26.99-107.11)

1Values are expressed as percentages and its 95% confidence interval;
2Values are expressed as absolute numbers and its 95% confidence interval. Bv: Bivariate; CRC: Colorectal cancer; D: DerSimonian; LR: Likelihood ratio;
OR: Odds ratio.

Table 6  Advanced neoplasia and significant colonic lesion detection: Diagnostic accuracy parameters based on quantitative faecal
immunochemical test threshold concentration and brand (DerSimonian´s method)

Variable Studies(n
) Sensitivity1 I22 Specificity1 I22 Positive LR3 I22 Negative LR3 I22

Diagnostic
OR3

I22 Pa

Advanced neoplasia

OC-Sensor, > LoD µg Hb/g faeces

All studies 3 91.0 (88.7-
93.0)

87.9 36.9 (35.0-
38.8)

95.2 1.40 (1.35-
1.45)

0.0 0.26 (0.16-
0.44)

76.6 5.44 (3.48-8.48) 58 < 0.001

OC-Sensor, ≥ 10 µg Hb/g faeces

All studies 5 67.9 (65.1-
70.5)

97.4 81.0 (80.0-
82.0)

99.5 3.42 (1.97-
5.94)

98.8 0.41 (0.30-
0.57)

93.4 9.43 (8.10-10.98) 0.0 < 0.001
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100% Symptomatic 3 79.7 (76.5-
82.6)

94.6 67.3 (65.5-
69.1)

99.4 2.43 (1.41-
4.17)

98.5 0.32 (0.21-
0.49)

86.5 8.67 (6.96-10.80) 5.8 < 0.001

Prevalence CRC ≥
2.5%

4 71.7 (68.8-
74.5)

97.1 76.7 (75.4-
77.9)

99.5 2.96 (1.65-
5.30)

98.9 0.36 (0.25-
0.53)

91.8 9.29 (7.79-11.09) 9.3 < 0.001

OC-Sensor, ≥ 15 µg Hb/g faeces

All studies 5 65.0 (62.2-
67.8)

97.6 83.5 (82.5-
84.4)

99.6 3.90 (2.04-
7.47)

99.0 0.43 (0.31-
0.60)

94.2 10.06 (8.14-
12.44)

42.4 < 0.001

100% Symptomatic 3 76.8 (73.5-
79.9)

95.6 70.3 (68.5-
72.1)

99.4 2.63 (1.39-
4.97)

98.8 0.34 (0.22-
0.52)

88.4 8.88 (7.23-10.91) 0.0 < 0.001

Prevalence CRC ≥
2.5%

4 69.3 (66.3-
72.1)

97.1 79.4 (78.2-
80.6)

99.6 3.33 (1.67-
6.66)

99.1 0.38 (0.27-
0.54)

91.1 9.72 (7.46-12.66) 55.4 < 0.001

OC-Sensor, ≥ 20 µg Hb/g faeces

All studies 5 62.9 (60.1-
65.7)

97.8 85.1 (84.2-
86.0)

99.6 4.34 (2.16-
8.73)

99.0 0.45 (0.32-
0.62)

95.3 10.62 (8.24-
13.67)

57.4 < 0.001

100% Symptomatic 3 75.1 (71.7-
78.3)

96.1 72.4 (70.7-
74.1)

99.5 2.85 (1.43-
5.65)

98.8 0.35 (0.23-
0.55)

90.4 9.19 (7.47-11.32) 1.8 < 0.001

Prevalence CRC ≥
2.5%

4 67.5 (64.5-
70.4)

97.3 81.2 (80.0-
82.3)

99.6 3.66 (1.74-
7.71)

99.1 0.40 (0.29-
0.55)

91.7 10.19 (7.49-
13.86)

66.5 < 0.001

Significant colonic lesion

OC-Sensor, LoD µg Hb/g faeces

All studies 3 91.7 (89.5-
93.6)

0.0 36.9 (35.0-
39.0)

94.2 1.45 (1.32-
1.59)

80.4 0.24 (0.19-
0.30)

0.0 6.01 (4.57-7.92) 0.0 < 0.001

OC-Sensor, ≥ 10 µg Hb/g faeces

All studies 4 78.6 (75.6-
81.4)

91.5 69.8 (67.9-
71.6)

99.2 3.75 (2.08-
6.76)

98.3 0.34 (0.27-
0.42)

59.6 11.72 (6.41-
21.45)

82.8 < 0.001

100% Symptomatic4 3 80.4 (77.4-
83.2)

89.6 67.0 (65.0-
68.9)

99.2 2.54 (1.45-
4.46)

98.5 0.31 (0.26-
0.37)

23.7 8.56 (6.18-11.86) 49.8 < 0.001

1Values are expressed as percentages and its 95% confidence interval;
2Values are expressed as percentages;
3Values are expressed as absolute numbers and its 95% confidence interval;
4The studies that comprise the 100% symptomatic subgroup also have CRC prevalence ≥ 2.5%; Pa: Significance of the threshold effect using the Spearman
rank correlation (P < 0.01 is considered statistically significant). I2: Inconsistency index; LoD: Limit of detection; LR: Likelihood ratio; OR: Odds ratio; CRC:
Colorectal cancer.

Table 7  Diagnostic accuracy parameters for advanced neoplasia detection based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand

Brand Threshold(µg/g faeces) Author, year Sensitivity1 Specificity1

Mixed cohorts

OC-Sensor® 5 Ou, 2013[21] 56.8 (39.5-72.9) 88.7 (85.7-91.2)

OC-Sensor® 25 Rozen, 2010[17] 27.5 (20.3-34.7) 96.7 (95.8-97.6)

OC-Sensor® 25 Terhaar sive Droste, 2010[32] 48.3 (42.6-53.9) 94.3 (93.2-95.3)

OC-Sensor® 30 Rozen, 2010[17] 26.8 (19.9-34.7) 97.3 (96.5-98.1)

OC-Sensor® 30 Terhaar sive Droste, 2010[32] 46.0 (40.4-51.7) 95.1 (94.1-96.1)

OC-Sensor® 40 Rozen, 2010[17] 26.2 (19.1-33.2) 97.8 (97.0-98.5)

OC-Sensor® 40 Terhaar sive Droste, 2010[32] 43.2 (37.6-48.9) 95.8 (94.8-96.7)

HM-JACKarc® LoD Auge, 2016[22] 96.6 (82.8-93.4) 10.6 (6.9-15.9)

HM-JACKarc® 10 Auge, 2016[22] 34.5 (19.9-52.7) 87.2 (81.6-91.3)

HM-JACKarc® 20 Auge, 2016[22] 31.0 (17.3-49.2) 92.8 (88.0-95.7)

HM-JACKarc® 30 Auge, 2016[22] 31.0 (17.3-49.2) 93.3 (88.7-96.1)

HM-JACKarc® 40 Auge, 2016[22] 27.6 (14.7-45.7) 93.9 (89.4-96.6)

FOB Gold® 10 Auge, 2018[30] 45.7 (33.7-58.1) 84.7 (80.8-88.0)

FOB Gold® 20 Auge, 2018[30] 37.1 (26.1-49.6) 87.9 (84.2-90.8)

FOB Gold® 30 Auge, 2018[30] 35.7 (24.6-48.1) 90.3 (87.0-93.1)

FOB Gold® 40 Auge, 2018[30] 32.9 (22.4-45.2) 91.1 (87.8-93.6)

FOB Gold® 50 Auge, 2018[30] 31.4 (20.9-43.6) 92.3 (89.3-94.7)

FOB Gold® 60 Auge, 2018[30] 30.0 (19.9-42.3) 92.3 (89.2-94.6)

100% symptomatic
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HM-JACK® 20 Parente, 2012[24] 35.6 (27.9-44.1) 94.5 (89.7-97.2)

1Values are expressed as percentages and its 95% confidence interval.

Table 8  Diagnostic accuracy parameters for significant colonic lesion detection based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand

Brand Threshold(µg/g faeces) Author, year Sensitivity1 Specificity1

Significant colonic lesion (100% symptomatic)

OC-Sensor® 15 Cubiella (DC), 2014[29] 76.2 (72.0-80.0) 74.4 (71.7-76.9)

OC-Sensor® 15 Cubiella (VC), 2017[31] 89.5 (84.1-93.6) 40.6 (36.4-44.9)

OC-Sensor® 20 Cubiella (DC), 2014[29] 74.7 (70.5-78.6) 76.1 (73.5-78.6)

OC-Sensor® 20 Cubiella (VC), 2017[31] 87.8 (82.2-92.2) 42.1 (37.9-46.5)

HM-JACKarc® 10 Godber, 2016[27] 68.9 (53.2-81.4) 80.2 (76.1-83.7)

HM-JACKarc® 15 Godber, 2016[27] 66.7 (50.9-79.6) 83.1 (79.2-86.5)

HM-JACKarc® 20 Godber, 2016[27] 64.4 (48.7-77.7) 85.7 (81.9-88.7)

HM-JACKarc® 25 Godber, 2016[27] 64.4 (48.7-77.7) 87.5 (83.9-90.3)

HM-JACKarc® 30 Godber, 2016[27] 64.4 (48.7-77.7) 88.6 (85.2-91.4)

HM-JACKarc® 35 Godber, 2016[27] 64.4 (48.7-77.7) 89.2 (85.9-92.0)

HM-JACKarc® 40 Godber, 2016[27] 64.4 (48.7-77.7) 90.0 (86.7-92.5)

1Values are expressed as percentages and their 95% confidence interval. DC: Derivation cohort; VC: Validation cohort.

Figure 4

Figure 4  Summary receiver operating characteristic curve for colorectal cancer detection at different thresholds and branches (DerSimmonian and Lair´s
model). LoD: Limit of detection; AUC: Area under the curve; SROC: Summary receiver operating characteristic.
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Figure 5

Figure 5  Funnel scatterplot to evaluate publication bias for studies using OC-Sensor® with different thresholds to detect colorectal cancer. Each point in the
plot represents a study with its diagnostic odds ratio (dOR) and sample size. A symmetric image around an axis traced by the pooled dOR value suggests absence of
publication bias. Asymmetry with study concentration on the right side (the side with higher diagnostic odds ratio values) suggests publication bias with less negative
studies published. dOR: Diagnostic odds ratio.

Figure 6

Figure 6  OC-Sensor® pooled sensitivity estimates for colorectal cancer detection (subgroup analysis using DerSimonian´s method). CRC: Colorectal
cancer.
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Figure 7

Figure 7  Hierarchical summary receiver-operating characteristic curves for colorectal cancer detection generated using different subgroups of studies. A:
All studies; B: 100% symptomatic; C: Mixed cohorts. HSROC: Hierarchical summary receiver operating characteristic.

Figure 8

Figure 8  Relationship between colorectal cancer prevalence, clinical spectrum and accuracy of faecal immunochemical test for haemoglobin to rule out
colorectal cancer. A: There is no correlation between colorectal cancer (CRC) prevalence and faecal immunochemical test for haemoglobin (FIT) sensitivity; B:
Pooled FIT sensitivity to detect CRC cancer estimated from studies with ‘Mixed cohorts’ is significantly lower than estimated with ‘100% symptomatic’ cohorts; C:
Number of missed CRC per 1000 assessed symptomatic patients with colorectal cancer calculated through Fagan nomograms under various assumptions (FIT
accuracy parameters estimated with mixed cohorts or 100% symptomatic cohorts) and CRC prevalence. CRC: Colorectal cancer; FIT: Faecal immunochemical test for
haemoglobin.
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Figure 9

Figure 9  Fagan nomograms used to calculate post-test probabilities based on different scenarios defined by colorectal cancer prevalence and supposed
accuracy of OC-Sensor (Threshold 10 µg Hb/g faeces). A-C; These scenarios are defined by colorectal cancer (CRC) prevalence of 1%, 3% and 13% respectively
and faecal immunochemical test for haemoglobin (FIT) accuracy parameters used were the pooled estimates calculated with ‘mixed cohorts’ studies; D-F; These
scenarios are defined by CRC prevalence of 1%, 3% and 13% respectively and FIT accuracy parameters used were the pooled estimates calculated with ‘100%
symptomatic’ studies. CRC: Colorectal cancer; FIT: Faecal immunochemical test for haemoglobin.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most common cancer worldwide and the fourth leading
cause of cancer-related death. The majority of cancers are still diagnosed after symptomatic
presentation, and the quantitative faecal immunochemical test for haemoglobin (FIT) has been
revealed to be more accurate for the detection of CRC than multiple clinical referral criteria in
symptomatic patients referred for colonoscopy. Hence, The National Institute for Health and
Care Excellence (NICE) has recently issued referral guidance for suspected CCR in which FIT is
recommended for certain low risk symptomatic patients using a 10 µg Hb/g faeces threshold.

Research motivation
Although NICE recommendation applies only to patients with low risk symptoms in primary
care,  the studies done to date were mainly concerned with patients who had already been
referred to secondary care and were not only concerned with patients with low risk symptoms.
Thus, further work is required to find out if FIT´s ability to rule out CRC may change through
the broad spectrum of symptomatic patients.
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Research objectives
We aimed to systematically review the literature for published studies out of CRC screening
programme setting, to compare FIT accuracy for CRC detection in different clinical spectrum
through a meta-analysis.  Secondary goal included assessing the usefulness of FIT to detect
significant colonic lesions (SCLs) in symptomatic patients.

Research methods
We performed an  electronic  search  in  MEDLINE and  EMBASE databases  (from database
inception to May 2018)  using a sensitive search of  “FIT for CRC” narrowing our search to
prospective cohort studies performed on adult patients when at least a fraction of symptomatic
patients was included. To identify further relevant studies, we checked the reference lists of all
articles  extracted.  We  classified  studies  on  the  basis  of  brand  and  threshold  of  faecal
haemoglobin (f-Hb) concentration for a positive test result to limit heterogeneity. Finally, a
bivariate  model  was  fitted  for  subgroups  defined  by  CRC  prevalence  and  percentage  of
symptoms, for direct comparison between them.

Research results
We identified fourteen studies that matched the search criteria, and individual unpublished data
from cohorts included in the COLONPREDICT study were also used enrolling 10400 patients
using OC-Sensor® at the f-Hb cut-off of 10 mg Hb/g faeces. Pooled estimates of sensitivity for
studies formed solely by symptomatic patients (94.1%) were significantly higher than for mixed
cohorts  (85.5%),  while  there  were  no  statistically  significant  differences  between  pooled
sensitivity of studies with different CRC prevalence (< 2.5% and ≥ 2.5%). At the same threshold,
OC-Sensor® sensitivity to rule out any SCL was 78.6%.

Research conclusions
This  meta-analysis  suggests  that  FIT  sensitivity  to  detect  CRC is  higher  in  studies  solely
including symptomatic patients irrespective of CRC prevalence, but may not be sensitive enough
to rule out all SCLs. We hypothesize that differences between both groups could be justified due
to cohorts solely including symptomatic patients could present a higher percentage of symptoms
related to higher amounts of f-Hb as rectal bleeding or diarrhoea, but the study design is not
suitable to prove this hypothesis.

Research perspectives
More data are warranted in order to compare FIT accuracy for CRC detection in patients with
different clinical spectrum, to identify a subgroup of symptomatic patients where FIT can safely
rule out CRC. Future prospective cohort studies solely concerned with patients consulting for
low risk symptoms and stratifying by sex and age could help to get this aim.
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