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Abstract

Two-dimensional shear wave elastography (2D-SWE)
is a rapid, simple and novel noninvasive method that
has been proposed for assessing hepatic fibrosis in
patients with chronic liver diseases (CLDs) based
on measurements of liver stiffness. 2D-SWE can be
performed easily at the bedside or in an outpatient clinic
and yields immediate results with good reproducibility.
Furthermore, 2D-SWE was an efficient method for
evaluating liver fibrosis in small to moderately sized
clinical trials. However, the quality criteria for the
staging of liver fibrosis are not yet well defined. Liver
fibrosis is the main pathological basis of liver stiffness
and a key step in the progression from CLD to cirrhosis;
thus, the management of CLD largely depends on
the extent and progression of liver fibrosis. 2D-SWE
appears to be an excellent tool for the early detection
of cirrhosis and may have prognostic value in this
context. Because 2D-SWE has high patient acceptance,
it could be useful for monitoring fibrosis progression
and regression in individual cases. However, multicenter
data are needed to support its use. This study reviews
the current status and future perspectives of 2D-SWE
for assessments of liver fibrosis and discusses the
technical advantages and limitations that impact its
effective and rational clinical use.

Key words: Elastography; Shear wave; Chronic liver
disease; Liver fibrosis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There has been considerable research
in recent years dedicated to the development of
noninvasive methods of chronic liver diseases (CLDs).
These include novel elastography methods. In this
review, we outline the current state and future
perspectives of the commonly used two-dimensional
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shear wave elastography (2D-SWE) in CLDs. In par-
ticular, we discuss the applications and problems in
chronic viral hepatitis, nonalcoholic fatty liver disease,
alcoholic liver disease, liver transplantation, focal liver
lesions, and autoimmune liver disease to synthesize
existing evidence for the reader. This is the first full and
complete review to assess various CLDs using 2D-SWE.

Xie LT, Yan CH, Zhao QY, He MN, Jiang TA. Quantitative and
noninvasive assessment of chronic liver diseases using two-
dimensional shear wave elastography. World J Gastroenterol
2018; 24(9): 957-970 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i9/957.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.19.957

INTRODUCTION

Liver fibrosis results from repetitive or sustained liver
inflammation caused by chronic liver diseases (CLDs)
and has serious long-term consequences in terms of
patient morbidity and mortality due to the progression
to cirrhosis. Patients with cirrhosis are at a higher risk of
developing complications, including esophageal varices,
ascites, liver failure and hepatocellular carcinoma (HCC),
than healthy individuals™?.. Liver fibrosis is an important
factor in the development of various CLDs and is mainly
mediated by chronic liver injury, which leads to liver
fibrosis characterized by increased extracellular matrix
production by fibroblast-like cells and increased liver
stiffness (LS)™. The precise assessment of the severity
of liver fibrosis and reliable diagnosis of cirrhosis are
vital steps in the management of CLDs, as they provide
information that impacts therapeutic decisions**.

Liver biopsy remains the reference standard for
the staging of liver fibrosis, despite its limitations,
including its invasivity and the pain experienced by
patients, high cost, risk of bleeding and poor reproduci-
bility, and contraindications, such as cases of massive
ascites®”), Furthermore, the accuracy of liver biopsy
is influenced by several factors, including intra- and
interobserver variability and sampling error®®!. Given
these limitations, liver biopsy is not an ideal method for
repeated assessments of disease progression as well.

The noninvasive assessment of liver fibrosis has
recently become a research focus, leading to the
introduction of new technologies. In particular, shear
wave elastography (SWE), which is based on ultrasound
(US) technology, has been widely applied and has
gained acceptance. The latest guidelines on the clinical
use of liver US elastography of the European Federation
of Societies for Ultrasound in Medicine and Biology
(EFSUMB)™ and the guidelines on the evaluation of
liver disease severity and prognosis of the European
Association for the Study of the Liver- Asociacion
Latinoamericana para el Estudio del Higado state that
two-dimension (2D)-SWE is a valid and promising
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technique for noninvasive staging of liver fibrosis in
viral hepatitis and seems to be at least equivalent to
transient elastography (TE) and point SWE (pSWE)/
acoustic radiation force impulse (ARFI)™,

THE BASICS OF 2D-SWE

Comparison of elastography methods

Several elasticity imaging techniques have recently
been developed for assessing the mechanical pro-
perties of liver tissues and staging the fibrosis level
using different imaging modalities. In accordance with
the Guidelines for the Basic Principles and Technology
of EFSUMB!?, the available US-based elastography
techniques include strain elastography (SE) and SWE;
SWE can be further subdivided into three techniques -
TE, pSWE and 2D-SWE - in addition to radiology-based
magnetic resonance elastography (MRE).

Among these, TE is the most widely used elasto-
graphy method. However, in a study of 13369 CLD
patients over a 5-year period of using TE, unreliable
results were obtained in 15.8% of cases'*. The limi-
tations of TE, such as the difficulty in measuring obese
patients and patients with narrow intercostal spaces,
the variations in operator experience, and the fact that
it is not applicable in patients with ascites, were the
primary factors contributing to these unreliable results.
Importantly, the issue of obesity has been partially
addressed by the introduction of specially designed
XL probes that measure LS deeper than the standard
M probes. It has also been reported that TE and ARFI
elastography are inaccurate in the detection of early and
intermediate fibrosis™* ..

MRE can be used to quantitatively diagnose liver
fibrosis with high accuracy and is mainly used for the
diagnosis of advanced liver fibrosis and cirrhosis. The
diagnostic accuracy of MRE increased when the liver
fibrosis was getting serious, whereas the level of early
fibrosis detected by MRE is inaccurate!'®'”), 2D-SWE is
the latest elastography technology and can assess the
elasticity of liver tissue easily and quickly, thus reflecting
the degree of liver fibrosis. Table 1 demonstrates the
comparison of currently available noninvasive methods
in patients with CLD.

Principles of 2D-SWE

2D-SWE is a novel noninvasive method that has been
proposed for assessing LS by measuring the velocity
of elastic shear waves in the liver parenchyma™®. In
SWE, shear waves are created by US-generated pulses
of an acoustic radiation force (Figure 1). The velocity
of the shear wave is then estimated by a Doppler-like
effect over a region of interest (ROI) and is related
to the stiffness or elasticity of the medium!*®’, This
shear wave velocity can be used to calculate the tissue
stiffness by the formula E = pc?, where E is tissue
elasticity (Young’s modulus, kPa), p is tissue density
(kg/m?), and c is shear wave velocity (m/s)?%?4,
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Table 1 Comparison of currently available noninvasive methods in patients with chronic liver disease

Content Methods

TE pSWE 2D-SWE MRE
Technical TE was the first commercially ~ pSWE can be implemented ona  2D-SWE is the combination of =~ MRE enables the measurement
principle available elastography method = common ultrasound diagnostic ~ a radiation force applied to the  of liver stiffness with an MRI-

developed for measuring liver

stiffness using a dedicated device ultrasonic probe to emit a single beams and a very high frame rate

that includes an amplitude
modulation (A) mode image for
organ localization

Reference point *Young's modulus (kPa)

system. It uses a regular

impulse of acoustic radiation
force and generates a shear
wave to detect the shear wave
propagation velocity
*Shear wave speed (m/s)

tissues by focused ultrasonic  compatible generator; mechanical

shear waves are delivered to
US imaging sequence, which is the tissue and displayed as
able to capture the propagation elastograms using phase-contrast
of resulting the shear waves in image sequences
real time

*Shear wave speed (m/s) *Shear wave speed (m/s)

*Young's modulus (kPa) *Young's modulus (kPa) *Young's modulus (kPa)
Selected *FibroScan (Echosens, France) *VTQ using ARFI imaging *SWE (SuperSonic Imagine, *MR Touch (GE Healthcare,
example (Siemens Healthcare, Germany) France) United Kingdom)
=ElastPQ (Philips Healthcare, =Virtual Touch IQ (Siemens *MRE (Philips Healthcare,
Netherlands) Healthcare, Germany) Netherlands; Siemens
*Shear Wave Measurement  *Logiq E9 (GE Healthcare, United Healthcare, Germany)
(Hitachi Aloka Medical, Japan) Kingdom)
=Aplio 500 (Toshiba Medical
Systems, United Kingdom)
Advantages *Most widely used and validated ~ *Can be performed using a =Can be performed using a =Can be performed using a
technique regular US machine regular US machine regular MRI machine
*Quality criteria well defined = The ROI can be positioned = Simple and fast to use = Good stability and
= User friendly, rapid, easy to under B-mode visualization = The ROI can be positioned reproducibility
measure at the bedside *Higher applicability than TE under B-mode visualization *Scans the whole liver
*Good reproducibility (not limited by ascites or obesity) = A larger ROI than that of TE *Higher applicability than TE
*Good performance for *pSWE is equal to the and pSWE (not limited by ascites or obesity)
noninvasive assessments of liver performance of TE for significant *Good applicability (not limited  =Excellent diagnostic accuracy
fibrosis staging fibrosis and cirrhosis by ascites or obesity) for noninvasive staging of liver
Excellent diagnostic accuracy *Good stability and fibrosis and cirrhosis
for excluding liver cirrhosis reproducibility
*Prognostic value in cirrhosis *Generates a real-time
quantitative map of liver tissue
stiffness
=Can avoid large vessels and the
gallbladder
= High performance for cirrhosis
Disadvantages  =Requires a special device and =~ =ROI size is smaller than that of =Quality criteria not well defined *Time-consuming

probe
* ROl size is rather small and
cannot be chosen defined
=Lack of applicability (limited by
ascites, severe obesity)
*No B-mode orientation
= Cannot avoid large vessels or fibrosis
the gallbladder
=Unable to distinguish
between intermediate stages of

liver fibrosis

TE and cannot be modified
*Quality criteria not yet well

*Narrow range of values
*Unable to distinguish between
intermediate stages of liver

= No further prospective studies *Even more costly than SWE and
published TE
= Many factors cause failed = Failure can occur due to
measurements in clinical practice claustrophobia and iron overload
*Unable to distinguish between =Affected by respiratory
intermediate stages of liver movement
fibrosis = Hepatic MRE signal may be
so low that waves cannot be
adequately visualized with
a gradient-echo based MRE

sequence

2D-SWE: Two-dimensional shear wave elastography; MRE: Magnetic resonance elastography; MRI: Magnetic resonance imaging; pSWE: Point shear wave
elastography; ROI: Region of interest; TE: Transient elastography; US: Ultrasound; VTQ: Virtual touch tissue quantification.

Elasticity is shown on a color-coded image display-
ed on a B-mode image. Then, with the ROI on the
elasticity image, the mean, maximal and minimal LS
values within the ROI can be visualized on a screen,
along with the standard deviation (SD) of the measured
elasticity!®*?, The size and position of the ROI can be
modified by the operator based on the specific goals of
each liver assessment (Figure 2). In general, red areas
indicate larger Young’s modulus of stiffer tissues, while
blue areas indicate smaller Young’s modulus of softer
tissues.

JRaishideng®
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Examination technique

2D-SWE examination of the liver is performed by
using convex US probes with integrated technological
solutions allowing elasticity imaging and measurements,
according to the World Federation for Ultrasound in
Medicine and Biology"*>*®’ and the EFSUMB Guidelines
for the Clinical Use of US Elastography!®'¥, as well as
the Society of Radiologists in Ultrasound Consensus
Conference Statement regarding the assessment of
liver fibrosis by elastography'**. The proper examination
procedure is described in Table 2, and the precautions

March 7, 2018 | Volume 24 | Issue 9 |
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Table 2 Procedures of two-dimensional shear wave elastography

Key points Procedures
Adequate = Fast and rest before the exam
preparation = Perform in a supine position
= Train the patients on breathing
Accurate = Scan the 6/7/8 intercostal spaces of the right liver
positioning = Acquire stable and high-quality images
= Instruct the patient to hold the breath for 3-5 s
Stable = Switch to SWE mode
measurement = Freeze the image and adjust the position of the ROI

= Calculate the LS automatically
= Average the repeated measurement values

LS: Liver stiffness; ROI: Region of interest; SWE: Shear wave elastography.

hl

Acoustic radiation force

Figure 1 The principle of two-dimensional shear wave elastography.
2D-SWE is created by ultrasound-generated pulses from an acoustic radiation
force that produce plane shear waves, and the propagation of the resulting
shear waves can be captured in real time. 2D-SWE: Two-dimensional shear
wave elastography.

and techniques of 2D-SWE in Table 3.

Normal value

“Normal” LS values have recently been studied in
healthy subjects who have undergone a professional
check-up and who have no overt causes of liver
disease, with normal liver enzymes. Various results for
normal LS values are shown in Table 4.

CLINICAL APPLICATIONS OF 2D-SWE

Diagnosis of chronic viral hepatitis

Viral hepatitis is a global public health issue, with
approximately 248 million and 185 million people
worldwide suffering from chronic hepatitis B (CHB)
and hepatitis C (CHC), respectively®?”), Patients with
advanced liver fibrosis from chronic viral hepatitis
have a high risk of developing liver cancer and related
complications, including portal hypertension (PH),
esophageal and gastric variceal bleeding (EGVB), and
liver failure. In these cases, prognosis and treatment
are mainly affected by the degree of fibrosis, and the
primary aim of treatment is controlling the progression
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of liver fibrosis®*. The clinical practice guidelines for
the management of CHB and CHC of the European
Association for the Study of the Liver (EASL)?**Y, as
well as the World Health Organization Guidelines for the
Prevention, Care and Treatment of Persons with Chronic
Hepatitis B Infection™”, recommend elastography as a
routine method for clinically evaluating liver fibrosis to
avoid the need for liver biopsy in some patients.

Recent studies performed worldwide have focused
on 2D-SWE for determining the role of viral hepatitis
in liver fibrosis. In one study, 454 CHB patients were
examined by 2D-SWE and TE®?. The results showed
that 2D-SWE provided a more accurate correlation of
liver elasticity with liver fibrosis stage than TE, especially
for the identification of significant fibrosis (= F2). Bavu
et al"® examined 113 CHC patients and found that SWE
performed better diagnostically for early, intermediate
and advanced predicted levels of fibrosis than TE.
Ferraioli et al®® used biopsy as a reference to assess
the accuracy of SWE and TE in 121 CHC patients; they
found that real-time SWE was more accurate than TE
for assessing significant fibrosis (= F2). These results
were strongly supported by three meta-analyses
published by other authors®**®, In addition, a recent
large-sample meta-analysis concluded that SWE was
more accurate for advanced fibrosis (= F3) and cirrhosis
(F4)®7, What's more, Grgurevic et al*® evaluated the
performance of real-time 2D-SWE for quantitatively
assessing liver and spleen stiffness in patients with
chronic viral hepatitis. They showed that real-time
2D-SWE can accurately identify various degrees of
liver fibrosis and cirrhosis and demonstrated that liver
and spleen stiffness continue to increase even after
cirrhosis has developed. In fact, they noticed that
spleen and liver stiffness tended to converge in more
advanced stages of liver cirrhosis. This is an important
study showing that 2D-SWE can be used to study the
evolution of liver disease beyond cirrhosis.

As described above, SWE has high accuracy and
specificity for assessing liver fibrosis due to chronic
viral hepatitis, which makes it convenient for the
real-time clinical monitoring of liver fibrosis. SWE
technology is expected to replace biopsy, thereby
eliminating the invasiveness and poor reproducibility
of the latter technique. However, the quality criteria
for the staging of liver fibrosis are not yet well defined.
In addition, 2D-SWE has shown different diagnostic
accuracies for liver fibrosis in patients with CHB and
CHC. We suppose that this is probably due to the
different etiologies of hepatitis B virus (HBV) and
hepatitis C virus that lead to different tissue patterns
and distributions of fibrosis development. Specifically,
cirrhosis patients with HBV tend to produce larger
regenerative nodules, which may result in different
LS measurements if the ROI is placed in such an
area. These findings suggest that assessments of the
degree of liver fibrosis in different liver diseases cannot
be based on the same diagnostic criteria, leading to
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Table 3 Precautions and techniques of two-dimensional shear wave elastography

Key points

Precautions and techniques

Fasting and resting

Position

Breathing train

Clear 2D-US images

Scale

Depth

Sampling frame

ROI

= Patients should fast for a minimum of 2 h and rest for a minimum of 10 min before undergoing liver stiffness measurement with
SWE

* Measurement of liver stiffness by 2D-SWE should be performed in a supine position with the right arm maximally extended; this
position ensures the best possible access for assessing the right liver lobe

= The transducer is placed in a right intercostal space to visualize the right liver lobe in B mode

= Instruct the patient not to breathe in or breathe out deeply in order to eliminate unreliable measurements induced by breathing
movements

= It has been suggested that a breath hold for a few seconds during quiet breathing may lead to the best results

= Adequate B-mode liver image is a prerequisite for 2D-SWE measurements

= Must avoid the ribs, gas and other factors of routine ultrasound

= The appropriate pressure can be applied with the ultrasound probe to broaden the intercostal space and, thus, acquiring

clear images. Contrary to the ordinary suggestion, this does not increase the liver’s stiffness, as the intervening tissues prevent
distortion of the liver surface

= Generally, the Young’s modulus scale should not be less than 30 kPa and preferably not higher than 150 kPa

= Liver stiffness measured by 2D-SWE should be performed at least 10 mm under the liver capsule

* Measurements should not be performed too deep or too close, in order to avoid reverberation artifacts, insufficient penetration
and acoustic shadow, as these factors will lead to incorrect results

= The sampling frame should be placed in a well-visualized area of the right liver lobe, free of large vessels, the gallbladder, the
liver capsule, and any other hollow organs

= In addition, the sampling frame should be placed in the center of the image

= For valid measurement quality of 2D-SWE, the ROI should be placed at a minimum of 1-2 cm and a maximum of 6 cm beneath

the liver capsule

= The SWE acquisition is continued for 4-5 s once a stable SWE image is obtained

= The operator freezes the image, and the ROI should be placed in the most homogeneously colored area of the SWE ROI

Penetration mode
improve the measurement success rate

* When measuring patients with thick subcutaneous fat, fatty liver or advanced cirrhosis, SWE can be adjusted to “Pen” mode to

= In 2D-SWE, if the signal is weak or unstable, the penetration mode can be activated

2D-SWE: Two-dimensional shear wave elastography; 2D-US: Two-dimensional ultrasound; Pen: Penetration; ROI: Region of interest; SWE: Shear wave

elastography.

Depth
Diam

15.00mm

Figure 2 Example of two-dimensional shear wave elastography of the
liver implemented using the Aixplorer US system (SuperSonic Imaging,
France), which can be displayed simultaneously with the B-mode image. A
2D-SWE image from a 42-year-old male who had normal liver function with liver
biopsy-proven fibrosis at METAVIR stage FO. The rectangular box is the area
of view where the shear wave measurements were made and color-coded. The
round circle is the ROl where the measurements were obtained. The system
provides the mean, Max, Min, SD and Diam of the stiffness measurements
within the ROI. For this case, the following measurements were made: Young's
modulus: Mean = 4.8 kPa, Min = 3.3 kPa, Max = 5.8 kPa, SD = 0.4 kPa; shear
wave velocity: Mean = 1.3 m/s, Min = 1.1 m/s, Max = 5.8 m/s, SD = 0.1 m/s,
Depth = 3.6 cm, and Diam = 15.0 mm. 2D-SWE: Two-dimensional shear wave
elastography; Diam: Diameter; Max: Maximum; Min: Minimum; ROI: Region of
interest; SD: Standard deviation; US: Ultrasound.

the issue of how to establish diagnostic criteria for
patients with multiple CLDs, e.g., HBV patients with
nonalcoholic fatty liver disease (NAFLD).
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In the future, diagnosis and treatment in such situa-
tions will require personalization. The lack of specific
criteria may also be due to the paucity of studies, small
sample sizes, and diverse research areas; future
developments will require more evidence-based medical
data from large-scale, multicenter studies. Table 5
includes the cut-off values of LS assessed by 2D-SWE in
various studies. Figure 3 shows 2D-SWE of liver fibrosis
at METAVIR stages F1 through F4. Note that the LS
gradually increases, and the color of the sampling frame
gradually changes in the initial stages and incrementally
increases in the later stages of fibrosis.

Diagnosis of NAFLD

NAFLD is the most prevalent CLD, representing a
spectrum ranging from simple fatty liver (SFL) to
nonalcoholic steatohepatitis (NASH)®**”, NAFLD has
become a global health problem, with a prevalence
comparable to the rates of metabolic syndrome,
obesity, type 2 diabetes mellitus and dyslipidemia™"**.
The morbidity and mortality of patients with NAFLD
are related to the development of NASH, which may
progress to fibrosis and cirrhosis, even resulting
in an increased risk of HCC**!, A meta-analysis™**
demonstrated that even SFL may result in fibrosis
development, and fibrosis development was observed
in approximately 30% of patients with SFL, as well
as in patients with NASH. Liver fibrosis, but no other
histological features, has been demonstrated as the
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Table 4 Summary of the literature for two-dimensional shear wave elastography normal values

Ref. Year Country Number Mean age Sex, female/ Mean SWE, standard Remarks
male deviation, range
Muller et al™” 2009 France 15 NA NA 2.6-6.2 kPa No data available regarding age or
sex of normal subjects
Ferraioli et al” 2012 Italy 42 348 13/29 4.92-5.39 kPa
Sirli et al® 2013 Romania 82 26 56/26 6.0 + 1.4 kPa Female: 5.7 + 1.3 kPa
Male: 6.6 £ 1.5 kPa
BMI = 25 kg/m? 6.5 + 1.5 kPa
BMI < 25 kg/m?: 5.8 + 1.3 kPa
Hudson et al®™ 2013 Canada 15 27 5/10 5.55 + 0.74 kPa
Wang et al®™! 2014 China 30 361147  14/16 4.29 kPa
Suh et al™ 2014  South Korea 196 292+92 66,130 2.6-6.2 kPa
Huang et al'®! 2014 China 502 37.9 310/192 5.10 £ 1.02 kPa Female: 5.45 + 1.02 kPa
Male: 4.89 + 0.96 kPa
Yoon et al®®" 2014 South Korea 122 NA NA 512 +1.46 kPa (session ) No data available regarding age or
4.95 +1.40 kPa (session 1I') sex of normal subjects
Leung et al'™ 2013 China 171 406+108  103/68 55+0.7 kPa Female: 5.7 + 0.5 kPa
Male: 5.4 + 0.7 kPa
Franchi-Abella et al®™ 2016 France 51 0-15 26/25 6.53 +1.38 kPa No significant differences were

observed between male and female
patients, right and left lobes, or
different breathing conditions

NA: Not available.

S.1kPa
3.7kPa
8.0kPa
0.8kPa
1.3m/s
1.1lmis
1.6mis
0.1m/s
4.1cm
20.00 mm

11.4 kPa

8.7kPa 7 120 % b
7.4kPa 3 y 9.7kPa
12.2kPa / 15.3kPa
0.9kPa - 1.4kPa
1.7m/s 1.9m/s
1.6m/s 1.8m/s
2.0m/s - t 2.3m/s
0.1m/s 0.1m/s
XTI : 3.7¢m
20.00mm 20.00mm

Figure 3 Two-dimensional shear wave elastography (Aixplorer US system, SuperSonic Imaging, France) of the liver in chronic hepatitis B patients with
liver biopsy-proven fibrosis at METAVIR stages F1 through F4. A: F1 stage, mean Young’'s modulus = 5.1 kPa, mean shear wave velocity = 1.3 m/s; B: F2 stage,
mean Young’s modulus = 7.4 kPa, mean shear wave velocity = 1.4 m/s; C: F3 stage, mean Young’s modulus = 8.7 kPa, mean shear wave velocity = 1.7 m/s; D:
F4 stage, mean Young’s modulus = 11.4 kPa, mean shear wave velocity = 1.9 m/s. Note the liver stiffness gradually increases, and the color of the sampling frame
gradually changes in the initial stages and incrementally increases in the later stages of fibrosis. 2D-SWE: Two-dimensional shear wave elastography; US: Ultrasound.

single most crucial histological feature associated with issue for patients with NAFLD is recognizing and
the risk of liver-related complications and death in assessing the stage of liver fibrosis, which is possible
patients with NAFLD™!, Therefore, the most important by using US elastography.
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between early and advanced cirrhosis. However, the
threshold values that will allow the accurate diagnosis
of cirrhosis by SWE and obviate the need for liver
biopsy in adults with ALD remain to be determined.
Patients with advanced ALD ultimately experience
life-threatening complications, such as PH and ascites.
These may lead to EGVB, which is among the most
important causes of high mortality in patients with
cirrhosis®®?. Therefore, assessing the severity of PH
during follow-up is essential in patients with cirrhosis.
The hepatic venous pressure gradient (HVPG) has
been used to assess PH, but it is rarely used in clinical
practice because of its invasiveness. A recent study
found that LS measured by SWE is an independent
predictor of the presence of HCC and esophageal
and gastric varices in patients with CLD™. Another
study demonstrated that SWE, as a promising tool
to diagnose PH, has outstanding diagnostic accuracy,
with a specificity and sensitivity ranging around 80%,
and showed it to be superior to TE®*; however, more
than 30% of the clinically significant PH patients could
not be conclusively diagnosed or ruled disease-free
because their SWE values were between the cut-offs.
Several recent studies have reported that LS measured
by SWE in connection with HVPG is important for
predicting clinically significant PH in patients with
cirrhosis®®>*®!, Thus, although 2D-SWE has exceptional
clinical value for assessing HCC patients with PH and
EGVB, it still cannot replace digestive endoscopy™?.

Assessment of end-stage liver disease after LT

LT is the only therapy for many patients who eventually
progress to end-stage liver disease. However, LT is
associated with a high rate of complications, which
are difficult to identify in the early stages. One study
reported a right lobe liver transplant recipient who
experienced anastomotic stenosis of the right hepatic
vein. SWE was quantitatively used to evaluate stiffness.
The results suggested that SWE may be a noninvasive
tool for assessing alterations in LS secondary to hepatic
venous congestion after LT”). Another study showed
that SWE may be useful during follow-up after LT. Liver
rejection or hepatitis can be predicted at > 4 wk based
on liver grafts that are stiffer than normal®®. In a more
recent study, SWE was successfully utilized to monitor
the therapeutic effects of direct-acting antivirals in
hepatitis C recurrence after LT; the median LS values
decreased dramatically after treatment (P < 0.001).
The study suggested that SWE is a valid diagnostic tool
to follow-up hepatitis C patients undergoing LT™.

From this study, we observed that SWE aids in
the clinical diagnosis and detection of complications
after LT, which represents great progress in SWE
technology from diagnosis to monitoring. However,
few studies have examined elastography in LT. This
study represents the first step, although there is great
potential for future research opportunities. Moreover,
US elastography should be applied more for monitoring
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and predicting the complications of LT, particularly for
assessing disease progression and prognosis.

Assessment of focal liver lesions

Focal liver lesions (FLLs) represent novel lesions for
the field of US elastography and include those found in
hemangioma, HCC, focal nodular hyperplasia (FNH),
metastatic cancer and adenoma. Several studies
have reported that 2D-SWE is a useful method for
distinguishing FLLs, although it does not completely
distinguish benign from malignant lesions® ", The
stiffness of lesions in liver malignancies is significantly
higher than that of the liver parenchyma and is
also higher than that of benign lesions® ! (Figure
4 shows HCC images of 2D-SWE). In malignant
tumors, the hardness values of metastases were
significantly higher than those found in HCC and
cholangiocarcinoma™. In benign lesions, 2D-SWE has
been regarded as a practical tool for distinguishing
FNH from adenoma'™.

A recent study demonstrated the correct differ-
entiation between benign and malignant FLLs by using
real-time 2D-SWE in 96.1% of patients (area under
the curve = 0.98)Y. They used three elastography
parameters, the mean stiffness of the FLL, the ratio
between the minimal and maximum lesion stiffness,
and the ratio between the stiffness of the FLL and the
surrounding liver parenchyma to construct a new Liver
Elastography Malignancy Prediction score based on a
regression analysis. A simpler approach considering
only mean lesion stiffness in a dichotomized fashion
could be used to diagnose or rule-out malignancy with
cut-off values of 14 kPa and 32.5 kPa, respectively.

Nonetheless, conclusions based on the current
literature remain unclear. When 2D US and Doppler
US suggest that a lesion is a benign tumor but ela-
stography suggests malignancy, the lesion cannot
therefore be diagnosed as malignant. Several technical
limitations still exist. In situations in which the lesion is
smaller than the ROI or located deep or near the heart,
the shear wave propagation and imaging stability will
be affected. Furthermore, lesion areas with necrotic
liquefaction or calcification are not representative of the
true lesion stiffness, which often leads to misdiagnosis.

Assessment of autoimmune liver disease

Autoimmune liver disease (AILDs) are intricate disorders
resulting from the effects of multiple genes in association
with environmental factors. The three major AILDs are
primary biliary cirrhosis, primary sclerosing cholangitis
and autoimmune hepatitis™®’. As they progress, these
diseases may ultimately lead to chronic liver damage,
liver fibrosis and cirrhosis. Zeng et a®® used liver biopsy
as the reference standard for determining the diagnostic
accuracy of 2D-SWE for noninvasively assessing liver
fibrosis in patients with AILD. Their results indicated
that the optimal cut-off values for significant fibrosis (=
F2), severe fibrosis (= F3) and cirrhosis (F4) were 9.7
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Figure 4 Two-dimensional shear wave elastography (Aixplorer US system, SuperSonic Imaging, France) images of a 69-year-old male with hepatocellular
carcinoma based on the cirrhosis caused by hepatitis B virus. A: The mean Young's modulus is 161.8 kPa and the mean shear wave velocity is 7.3 m/s, which
is obviously higher than the benign lesion; B: The area of the tumor is 13.03 cm”. 2D-SWE: Two-dimensional shear wave elastography; HBV: Hepatitis B virus; HCC:

Hepatocellular carcinoma; US: Ultrasound.

kPa, 13.2 kPa and 16.3 kPa, respectively. Moreover, the
sensitivity and specificity ranged from 75% to 87% for
all fibrosis stages. As these data show, SWE has high
cut-off values in patients with AILD. The critical cut-
off value was obviously higher than that for CHB/CHC.
Therefore, different diseases have different thresholds,
representing different developmental processes. AILD is
relatively rare, and the current study was small; thus,
further confirmation is necessary.

These results of LT, FLLs and AILD based on SWE
cannot yet be clinically translated, as the research
published to date is insufficient to definitively establish
diagnostic criteria. However, elastography has shown
promise for use in many research and development
opportunities and future applications.

Future perspectives

Although there is evidence that 2D-SWE could become
a crucial tool in end-stage liver disease, additional
research and development are necessary. Additional
work should focus on the role of SWE not only in
cross-sectional diagnosis but also in longitudinal
studies considering disease progression, regression
and clinical outcomes™”. Priority should be given to
multicenter, large-scale verification research. Indeed,
the longitudinal monitoring of fibrosis in patients with
CLD may be a highly practical application for SWE.
Preliminary research has revealed a remarkable
decrease in LS values in patients with chronic viral
hepatitis after continued antiviral treatment®®®, Given
its high patient acceptance and good accessibility, SWE
may also become a convenient tool for identifying
patients with liver disease and a promising avenue
for future research. However, several issues warrant
further consideration.

The basic problem

1. Although alternative techniques, such as pSWE/
ARFI or 2D-SWE, seem to overcome the limitations of
TE, their quality criteria for the staging of liver fibrosis
are not yet well defined.
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a. It remains unclear whether the shear wave Young’s
modulus or shear wave velocity is more representative.
b. It remains unknown whether multiple measure-
ments in one location are necessary when satisfactory
measures of stiffness are obtained. Or, whether
measurements in more than one location are needed.

c. There is currently no agreement on objective quality
criteria regarding what constitutes a valid measurement
and what is an invalid measurement.

2. It remains unknown whether a simple semi-
quantitative fibrosis score can adequately reflect the
complexity of the pathophysiological process.

The clinical questions

1. In the era of promotion of precision medicine, can
2D-SWE accurately guide clinical work to aid in the
design of an antiviral therapy for hepatitis B patients?
2. Can 2D-SWE be a reliable measurement of the
prognosis of liver fibrosis?

3. Does a greater Young’s modulus indicate more serious
disease progression? Does a reduced Young’s modulus
indicate disease remission or effective treatment?

4. How do we diagnose the mixed types of liver disease?
5. In adult patients with NAFLD, what SWE LS cut-off
value allows us to accurately diagnose the presence of
cirrhosis and eliminate the need for liver biopsy?

6. In compensated cirrhosis of adult CLD, what 2D-SWE
liver stiffness cut-off value allows us to avoid the need
for gastroscopy?

7. Focal lesions can lead to erroneous results. How
should these be resolved?

Patient follow-up questions

1. During follow-up monitoring, are there any definite
cut-off values to weigh the progression, regression and
outcome of liver disease?

2. What is a minimal time span for measuring LS over
time? How often should measurements be performed?
3. How should elastography be used to predict the
risk for HCC in patients with cirrhosis, regardless of
etiology?
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Here, we will address the first clinical issue. On the
basis of the current study, we believe that SWE can guide
clinical work to help develop a reasonable treatment
strategy for patients with CLDs by measuring the degree
of LS, which reflects the degree of liver fibrosis, and
by monitoring the progress of the disease in real time.
According to the EASL guidelines, it is of particular
significance to identify patients with cirrhosis, as their
treatment regimen and posttreatment surveillance must
be adapted®”. The latest report” from a European,
10-center, cohort study of 1951 adult Caucasian CHB
patients found that HCC incidence distinctly dropped
after the first 5 years of therapy, particularly in those
with compensated cirrhosis. Furthermore, multivariable
analysis showed that a LS = 12 kPa at year 5 was
related to greater HCC development after year 5, which
likely represents valuable indirect markers of the severity
of liver disease. Consequently, we believe that SWE can
reflect liver fibrosis and guide therapy, thus decreasing
the risk of HCC and remarkably improving the prognosis.
This represents a major advancement in the treatment
of CLD.

2D-SWE is known to be a multifactorial technique
that factors in the anatomy of the liver, the physical
characteristics and the underlying iliness of the patient,
the experience of the examiner, and differences in
equipment. The following details include the factors
associated with SWE reliability and ways to improve its
performance in liver applications.

Anatomy of the liver

The liver is located in the upper abdomen, near
the heart, lungs and gastrointestinal tract, and is
particularly affected by respiratory movements as well
as the heartbeat and gas in the gastrointestinal tract'’*’.
Measurements of the left liver lobe yield markedly
higher values and are more variable than the right
lobe; thus, LSM in the left liver lobe should be avoided
whenever possible”?. During the examination, the
patient needs to cooperate by holding their breath
(neither in the expiratory phase nor in the aspirated
phase) to stabilize the 2D image measurement because
stable 2D imaging is the basis of successful results®*.

Physical characteristics and underlying illness of the
patient

Previous studies have reported that SWE mea-
surements are not affected by a high body mass index,
ascites or fatty liver®”!, while in clinical practice, high
measurement failure rates are due to obesity or ascites
causing poor penetration, Obese patients often have
a fatty liver with a thick layer of subcutaneous fat
and echo attenuation throughout the liver, which is
not conducive to clear 2D imaging. In some very thin
patients with a narrow intercostal space, especially
patients who have entered the end-stage of liver
cirrhosis, the right liver has been severely reduced to
the extent that it affects elasticity measurementst*,
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Using current methods, according to the patient’
s liver, the depth should be dropped, and the image
should be appropriately enlarged while the areas of the
sampling frame and ROI are adjusted to the shrinking
liver. In addition, some factors influence the LS mea-
sured by elastography, leading to an overestimation
of liver fibrosis”*7*7®, Such factors include excessive
alcohol intake, elevated central venous pressure,
cardiac failure, intra- or extrahepatic cholestasis, alanine
aminotransferase flare in acute or chronic hepatitis, and
histological necroinflammation activity.

Operator experience

LS measurements by 2D-SWE should be made by an
expert operator. It has been reported that experienced
examiners have higher reproducibility of measurements
than novice examiners”®®%. It is advised that at least
50 supervised 2D-SWE measurements should be
performed by beginners in order to acquire reliable
results”®. This issue therefore necessitates strict prejob
training for operators to reduce the error caused by
lack of experience and to improve the stability of clinical
implementations (Figure 5 shows an analysis of failed
measurements).

Differences in manufacturer equipment

There may be significant variation in the frequency of
acoustic radiation forces used across manufacturers,
although variations can even be observed across differ-
ent equipment from the same manufacturer or due to
different settings applied using the same equipment.
Large differences among the measurements provided
by different settings create obstacles to the clinical
application of SWE that need be addressed in the
future®, In summary, these techniques need to be
performed using a standardized protocol with critically
interpreted results, taking confounding factors into
account.

CONCLUSION

In conclusion, 2D-SWE appears to be a valid, simple,
rapid and reproducible method for the noninvasive
assessment of liver fibrosis, with advantages including
its low cost and widespread availability. As liver
biopsies cannot be performed frequently, SWE can be
used to regularly monitor liver fibrosis over the long
term. SWE is a promising technology with potential
clinical applications, including accurate quantification
and therapeutic monitoring. We believe that with
the popularity of US elastography, the noninvasive
assessment of liver fibrosis will be further promoted.
Most importantly, in the future, SWE may become a
routine method of screening for patients with CLDs.
Finally, large-scale, multicenter, multifield clinical
studies are needed to explore the applications of SWE,
as there may be variability in terms of demographics,
disease and liver cancer incidence predictions. We are
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Figure 5 Analysis of failed measurements. A: A 69-year-old female who had right heart failure and could not hold her breath, causing the failed liver stiffness
measurement; B: An image acquired by an inexperienced operator who did not set the standard parameters.

hopeful that SWE will continue to evolve and attain a
utility equal to that of Doppler as a new mode of US
imaging.
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Abstract

AIM

To evaluate the association between virulence factor
status and antibiotic resistance in Helicobacter pylori (H.
pyilori)-infected patients in Ireland.

METHODS

DNA was extracted from antral and corpus biopsies
obtained from 165 H. pylori-infected patients. Genoty-
ping for clarithromycin and fluoroquinolone-mediating
mutations was performed using the Genotype HelicoDR
assay. cagA and vacA genotypes were investigated
using PCR.

RESULTS

Primary, secondary and overall resistance rates for
clarithromycin were 50.5% (n = 53/105), 78.3% (n
= 47/60) and 60.6% (n = 100/165), respectively.
Primary, secondary and overall resistance rates for
fluoroquinolones were 15.2% (7 = 16/105) and 28.3%
(n = 17/60) and 20% (n = 33/165), respectively.
Resistance to both antibiotics was 12.4% (n = 13/105)
in treatment-naive patients, 25% (7 = 15/60) in those
previously treated and 17% (n = 28/165) overall. A
cagA-positive genotype was detected in 22.4% (n
= 37/165) of patient samples. The dominant vacA
genotype was S1/M2 at 44.8% (n = 74/165), followed
by S2/M2 at 26.7% (n = 44/165), S1/M1 at 23.6% (n
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= 39/165) and S2/M1 at 4.8% (n = 8/165). Primary
clarithromycin resistance was significantly lower in
cagA-positive strains than in cagA-negative strains [32%
(7 = 8/25) vs 56.3% (n = 45/80); P = 0.03]. Similarly,
in patients infected with more virulent A. pylori strains
bearing the vacA sl genotype, primary clarithromycin
resistance was significantly lower than in those
infected with less virulent strains bearing the vacA s2
genotype, [41% (n = 32/78) vs 77.8% (n = 21/27); P
= 0.0001]. No statistically significant association was
found between primary fluoroquinolone resistance and
virulence factor status.

CONCLUSION

Genotypic H. pylori clarithromycin resistance is high and
cagA-negative strains are dominant in our population.
Less virulent (cagA-negative and vac4 S2-containing)
strains of H. pylori are associated with primary clarith-
romycin resistance.

Key words: Helicobacter pylori; Antibiotic resistance;
Fluoroquinolone; Clarithromycin; Virulence factor; VacA;
CagA

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The management of Helicobacter pylori (H.
pylori) infection is challenging, largely due to the
emergence of antibiotic resistance. A greater under-
standing of local antibiotic resistance rates is important
in determining the most appropriate treatment regimen
in a given population. Furthermore, insight into the
virulence of the infecting strains and the association
between virulence and antibiotic resistance could
potentially be an avenue to explore in the effort to
improve eradication rates. This study provides and
update on the prevalence of clarithromycin and flu-
oroquinolone resistance in Ireland and demonstrates
that less virulent strains of A. pylori are predictive of
primary clarithromycin resistance.

Brennan DE, Dowd C, O’Morain C, McNamara D, Smith
SM. Can bacterial virulence factors predict antibiotic resistant
Helicobacter pylori infection? World J Gastroenterol 2018;
24(9): 971-981 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i9/971.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.19.971

consensus recommends that all symptomatic H. pylori-
infected adults are treated™., There are many different
treatment options available, however the most common
treatment for first-line eradication of H. pylori is triple
therapy, which consists of two antibiotics (clarithromycin
and amoxicillin) and a proton pump inhibitor, taken for
7-14 d. An efficacious therapy for H. pylori eradication
is one that achieves an eradication rate of over 80%"™.
However, in many countries, the eradication rate for
standard triple therapy has fallen below 80%. Indeed
in a recent study in Ireland, the eradication rates of
standard seven-day triple therapy were just 56.8% and
61% by intention-to-treat and per-protocol analysis,
respectively®®. There are several factors that impact
the efficacy of treatment for H. pylori; high bacterial
load, high gastric acidity and poor patient compliance.
However, undoubtedly the most important is the
rapid emergence of antimicrobial resistant strains of
H. pylori, particularly to clarithromycin'®, Resistance
to clarithromycin can decrease the success rate of
clarithromycin-based triple therapy by up to 70%!".
One study found that the presence of clarithromycin
resistant strains in a patient infected with H. pylori
predicted treatment failure almost perfectly™.

H. pylori is a highly heterogeneous bacterium and
its virulence varies geographically. Virulence factors not
only contribute to the pathogenicity of the bacteria but
may play a role in determining treatment outcome™.,
The most commonly studied virulence factors in H.
pylori are encoded by the cytotoxin associated gene A
(cagA) and the vacuolating associated gene A (vacA).
There are at least 4 variable regions in the vacA gene;
in the signal (s) region, of which one of two alleles can
be present: s1 or s2, and in the middle (m) region, of
which one of two alleles can be present; m1 or m2™%,
These variable regions display different levels of toxicity
to host cells, with vacA s1/m1 being most cytotoxic,
followed by s1/m2. The s2/m2 genotype has been found
to induce little or no toxicity!*". A possible relationship
between virulence factors and antimicrobial resistance
has been suggested. A study conducted in 2009 in
Ireland reported that the absence of cagA may be a risk
factor for developing metronidazole resistance!*?, This
study aimed to provide an update on the prevalence
of virulence factor genotypes and antibiotic resistance
in Irish H. pylori strains and assess the relationship
between clarithromycin and fluoroquinolone resistance
with virulence factor status.

INTRODUCTION

MATERIALS AND METHODS

Helicobacter pylori (H. pylori) infection causes acute
and chronic gastritis, gastric and duodenal ulcers,
and in rare cases gastric adenocarcinoma and MALT
(mucosa-associated lymphoid tissue) lymphoma!*.
While its prevalence in the developed world has
generally decreased, it is still high in indigenous popu-
lations and the developing world"”. The Maastricht
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Study design and ethics

A prospective study was carried out in a tertiary referral
teaching hospital (Adelaide and Meath Hospital, Dublin,
Ireland) affiliated with Trinity College Dublin. Patients
who had been referred to the endoscopy clinic were
included from August 2014 until June 2017. The study
received ethical approval from the Adelaide and Meath
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Table 1 Polymerase chain reaction primers used in this study

Primer Primer sequence Gene Product size (bp)
CAGA-F 5-GATAACAGGCAAGCTTTTGATG-3’ cagA 349
CAGA-R 5-CTGCAAAAGATTGTTTGGCAGA-3’

VA1-F 5- ATGGAAATACAACAACAAACACAC-3 vacA signal region 259/286 (s1/5s2)
VAI-R 5 - CTGCTTGAATGCGCCAAAC-3’

VAG-F 5 - CAATCTGTCCAATCAAGCGAG-3’ vacA middle region 567/642 (m1/m?2)
VAG-R 5- GCTTCAAAATAATTCCAAGG-3’

Hospital Research Ethics Committee. Informed consent (GraphPad Software Inc., CA, United States). Continuous

was obtained from all patients before enrolment. variables are presented as arithmetic mean and SD.
P values for continuous variables were calculated and
Study population compared using the two-tailed independent t-test. P

Inclusion criteria were (1) ability and willingness values for categorical variables were calculated using the
to participate in the study and to provide informed Fisher's exact test/Pearson °-test. In all cases, a P value
consent, and (2) confirmed H. pylori infection as less than 0.05 was considered significant.

indicated by a positive rapid urease test (TRI-MED
Distributors, PTY LTD, Washington, United States) at 30
min and by histology. RESULTS

Exclusion criteria were (1) age less than 18 years, Prevalence of genotypic antimicrobial resistance

(2) pregnancy or lactation, (3) severe inter-current Samples from a total of 165 H. pylori-infected patients
iliness, (4) current PPI use or recent antibiotic use were analysed in the study. Patient demographics and
(within 4 wk); and (5) bleeding problems or use of clinical characteristics are shown in Table 2. 63.6%

blood thinning drugs. (n = 105) of patients had not been treated for H.
pylori infection previously, while 36.4% (n = 60) had

Sample collection undergone at least one eradication treatment regimen

A single corpus and antrum biopsy from each patient (Table 2).

were placed into collection tubes and stored at -20 Primary resistance rates for clarithromycin and

C until processed for genomic DNA isolation using fluoroquinolones were 50.5% (n = 53/105; Table 3)
the QIAamp DNA Mini Kit (Qiagen GmbH, Hilden, and 15.2% (n = 16/105; Table 4), respectively. In those

Germany) according to manufacturer’s instructions. All previously treated for H. pylori infection, the resistance
isolated DNA was stored -20 C until genotyping was rates for both clarithromycin and fluoroquinolones
performed. were higher at 78.3% (n = 47/60; Table 3) and 28.3%

(n = 17/60; Table 4), respectively. Overall resistance
Antimicrobial susceptibility genotyping rates, regardless of treatment history, were 60.6% (n
Genotyping for clarithromycin and fluoroquinolone- = 100/165; Table 3) and 20% (n = 33/165; Table 4)

mediating mutations was performed using the Genotype for clarithromycin and fluoroquinolones, respectively.
HelicoDR assay (Hain Lifescience GmbH, Nehren, Among patients infected with a clarithromycin-resistant

Germany) according to the manufacturer’s instructions. strain, the most common point mutation was A2147G,
Briefly, multiplex amplification of DNA regions of interest at 78% (n = 78/100; Table 3). The most common
was performed using biotinylated primers supplied in point mutation conferring resistance to fluoroquinolones

the GenoType HelicoDR kit and the Hotstart Tag DNA in resistant patients was gyr91 DI1Y, at 54.5% (n =

polymerase kit (Qiagen). PCR products were reverse 18/33; Table 4).

hybridised to DNA strips containing probes for gene Dual resistance rates for clarithromycin and fluoro-

regions of interest, developed and interpreted according quinolones were 12.4% (n = 13/105) in the treatment

to the manufacturers’ instructionst™. naive, 25% (n = 15/60) in those previously treated
and 17% (n = 28/165) in all patients included (Table

Virulence factor genotyping 5). The overall rate of dual susceptibility among the
To determine virulence factor genotype, PCR was patients was 36.4% (n = 60/165; Table 5). Dual
performed as previously described by Taneike et af*? susceptibility was significantly higher in treatment-

using the primers described in Table 1. CagA and naive patients versus those previously treated (46.6%,
vacA genotypes were evaluated by performing gel n = 49/105 versus 18.3%, n = 11/60; P < 0.05;
electrophoresis on the PCR products using 1% agarose Fisher’s exact test).
gel.

Distribution of H. pylori virulence-factor genotype
Statistical analysis Table 6 illustrates the distribution of H. pylori virulence
Statistical analysis was carried out using GraphPad Prism factor genotype in infected patients. Overall, 22.4% (n
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Table 2 Demographic and clinical characteristics of Helicobacter pylori-infected patients included in the study

Number of gastric biopsy specimens n (%)

All patients 165 (100)

Treatment Naive 105 (63.6) Previously treated 60 (36.4)

Gender
Female 69 (41.8)
Male 96 (58.2)
Age
mean * SD 492+158
Histology findings
Chronic gastritis 130 (78.8)
Intestinal metaplasia 23 (13.9)
No data available 11 (6.7)
Normal mucosa 1(0.6)
Endoscopic findings
Gastritis 92 (55.8)
Normal 32 (194)
Gastric/duodenal ulcer 21 (12.7)
No data available 17 (10.3)
Atrophic mucosa 1(0.6)
Other' 2(1.2)

31 (29.5) 38 (63.3)
74 (70.5) 22 (36.7)
50.3 +16.3 474 +14.7
78 (74.3) 52 (86.7)
16 (15.2) 7 (11.7)
10 (9.5) 1(1.7)
1(1.0) 0 (0.0)
57 (54.3) 35 (58.3)
19 (18.1) 13 (21.7)
15 (14.3) 6 (10.0)
11 (10.5) 6 (10.0)
1(1.0) 0(0.0)
2(1.9) 0 (0.0)

'Other endoscopic findings: 1 intestinal metaplasia and erosion: 1 portal hypertensive gastropathy.

Table 3 Clarithromycin resistance rates and the distribution of resistance-mediating mutations

Genotype Number of gastric biopsy specimens 7 (%) P value'
All patients 165 (100) Treatment Naive 105 (63.6) Previously treated 60 (36.4)

Clarithromycin® (WT) 65 (39.4) 52 (49.5) 13 (21.7) <0.001

Clarithromycin® 100 (60.6) 53 (50.5) 47 (78.3)

Point mutations
A2147G 78 (78) 44 (83) 34 (72.3) NS
A2146G 8(8) 3(5.7) 5 (10.6) NS
A2146C 6 (6) 3(5.7) 3 (6.4) NS
A2146C + A2147G 5 (5) 3(5.7) 2 (4.3) NS
A2146G + A2147G 2(2) 0(0) 2 (4.3) NS
A2146G + A2146C 1(1) 0(0) 1(21) NS

'Treatment-naive versus previously treated patients (Fisher’s exact test). Clarithromycin®: Sensitive to clarithromycin; Clarithromycin®: Resistant to

clarithromycin.

= 37/165) of patients were infected with strains that
were cagA positive and 77.6% (n = 128/165) that
were cagA negative. The most prevalent vacA allele
was S1/M2 at 44.8% (n = 74/165), followed by S2/
M2, S1/M1 and S2/M1 at 26.7% (n = 44/165), 23.6%
(n = 39/165) and 4.8% (n = 8/165), respectively
(Table 6). Interestingly, the frequency of the vacA S1
genotype (the more virulent S region genotype) was
significantly lower in those previously treated than
the treatment-naive group [58.3% (n = 35/60) vs
74.3% (n = 78/105) respectively; P < 0.05; Fisher’
s exact test]. Additionally, the frequency of the
S2/M2 genotype (the least virulent genotype) was
significantly higher in those patients who have been
treated previously [36.7% (n = 22/60) vs 21% (n =
22/105) respectively; P < 0.05; Fisher’s exact test;
Table 6].

Less virulent strains of H. pylori are associated with
primary clarithromycin resistance

Next, the relationship between antibiotic resistance and
virulence factor genotype was assessed. Analysis of all
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recruited patients revealed that genotypic resistance
to clarithromycin was significantly lower in cagA-
positive strains than in cagA-negative strains [40.5%
(n = 15/37) vs 66.4% (n = 85/128); ;° = 8.04; P =
0.004; Pearson 4 test; Figure 1A]. When patients were
sub-grouped into treatment-naive (Figure 1B) and
those previously treated (Figure 1C), clarithromycin
resistance was also lower in cagA-positive strains
compared to cagA-negative strains, although this only
reached statistical significance in the treatment-naive
cohort [32% (n = 8/25) vs 56.3% (n = 45/80); 4°
4.5; P = 0.03; Pearson j° test; Figure 1B]. Similarly,
in patients infected with more virulent H. pylori strains
bearing the vacA s1 genotype, clarithromycin resistance
was significantly lower than in those infected with less
virulent strains bearing the vacA s2 genotype, when all
patients were included [52.2% (n = 59/113) vs 78.8%
(n = 41/52); ° = 10.6; P = 0.001; Pearson j° test;
Figure 2A] and in those that were treatment-naive [41%
(n = 32/78) vs 77.8% (n = 21/27); ° = 10.8; P =
0.0001; Pearson 4° test; Figure 2B], but not in patients
that were previously treated (Figure 2C).
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Table 4 Fluoroquinolone resistance rates and the distribution of resistance-mediating mutations

Genotype Number of gastric biopsy specimens n (%) P value'
All patients 165 (100) Treatment Naive 105 (63.6) Previously treated 60 (36.4)

Fluoroquinolone® (WT) 132 (80.0) 89 (84.8) 43 (71.7)

Fluoroquinolone® 33 (20.0) 16 (15.2) 17 (28.3) NS

Point mutations
gyr91 DI1Y 18 (54.5) 10 (62.5) 8 (47.1) NS
gyr91 DIIN 6 (18.2) 2 (12.5) 4(235) NS
qyr91 DIIG 2(6.1) 0(0.0) 2 (11.8) NS
gyr91 DIIN + gyr91 DIIG 2(6.1) 1(6.3) 1(59) NS
gyr91 DIIN +gyr91 DITY 2(6.1) 1(6.3) 1(59) NS
qyr87 N87K 1(3.0) 1(6.3) 0(0.0) NS
qyr87 N87K + gyr91 DIIN + gyr91 DIIG 1(3.0) 0(0.0) 1(59) NS
qyr87 N87K + gyr91 DIIN + gyr91 DIIG + gyr91 DITY 1(3.0) 1(6.3) 0(0.0) NS

'Treatment-naive versus previously treated patients (Fisher’s exact test). Fluoroquinolone®: Sensitive to fluoroquinolones; Fluoroquinolone®: Resistant to
fluoroquinolones.

A B
All patients Treatment naive
100 P = 0.004 100 - P =0.03
g 80 - | g 80 |-
= 85/128 £
> = 45/80
§ eo| § eof
S E=
= 15/37 =
5 < 8/25
8 40 ~ 8 40 |
8 3
5 5
& 20 £ 20
g %
[~4 [~4
0 0
Positive Negative Positive Negative
cagA status cagA status
C
Previously treated
100 -

40/80

Resistance to clarithromycin (%)

Positive Negative
cagA status

Figure 1 Prevalence of clarithromycin-resistance according to cagA genotype. A: All patients; B: Treatment naive patients; C: Previously treated patients.

The frequency of resistance to fluoroquinolones in 3B) and those previously treated (Figure 3C). While

each virulence factor genotype was also examined. there was a significant association between the
CagA status was not significantly associated with less virulent vacA s2 genotype and fluoroquinolone
fluoroquinolone resistance when all patients were resistance when all patients were included [15% (n
analysed (Figure 3A) or when the patients were sub- = 17/113) vs 30.8% (n = 16/52); ° = 5.5; P = 0.02;

divided into those with primary infections (Figure Pearson 4° test; Figure 4A], this did not reach statistical
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Table 5 Antimicrobial susceptibility results for both clarithromycin and fluoroquinolone

Genotype Number of gastric biopsy specimens 7 (%) P value'
All patients 165 (100) Treatment Naive 105 (63.6) Previously treated 60 (36.4)
Susceptible (to both) 60 (36.4) 49 (46.6) 11 (18.3) <0.05
Resistant (to at least one) 105 (63.6) 56 (53.3) 49 (81.6)
Susceptible/resistant to one 137 (83.0) 92 (87.6) 45 (75.0)
Resistant to both 28 (17.0) 13 (12.4) 15 (25.0) 0.05
'Treatment-naive versus previously treated patients (Fisher’s exact test).
A B
Treatment naive
All patients
P =0.0001
P =0.001 100 - |
100 - \
= = 21/27
s 41/52 & 80
£ 80F £
3 3
60 -
S S
£ 60 - 59/113 IS
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o o
[} =] [
o 40L I 40
8 3
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£ 20r g 20r
3 3
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0 0
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100 -
— 20/25
S a0 27/35
=
3
S 60 -
£
&
o
S 40 -
Q
2
8 20
]
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Least virulent

Most virulent
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Figure 2 Prevalence of clarithromycin resistance according to vacA genotype. A: All patients; B: Treatment naive patients; C: Previously treated patients. Most

virulent: S1/M1, S1/M2; Least virulent: S2/M1; S2/M2.

significance in treatment naive patients (Figure 4B) or
those previously treated (Figure 4C).

Taken together, these findings indicate that the
absence of cagA and the less virulent vacA genotypes
(S2/M1 and S2/M2) may be predictors of primary
clarithromycin resistance in treatment-naive patients.

DISCUSSION

This study aimed to provide an update on the prevalence
of antibiotic resistance and distribution of virulence
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factor genotypes in H. pylori strains in Ireland. In
addition we investigated whether virulence factor
genotypes are associated with antibiotic susceptibility.
Primary clarithromycin resistance among our patients
was high at 50.5% and even higher in those previously
treated at 78%. Among patients infected with a resistant
strain, the most common point mutation conferring
clarithromycin resistance was A2147G, in keeping
with other studies™* '), Our primary clarithromycin
resistance rate is high compared to rates reported in
Europe, Asia Pacific and other countries™**?!], Variations
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Table 6 Distribution of Helicobacter pylori virulence-factor genotypes among infected patients in Ireland 7 (%)

Genotype Overall (7 = 165) Treatment naive (7 = 105) Previous treatment (7 = 60) P value'
cagA status
Positive 37 (22.4) 25 (23.8) 12 (20) NS
Negative 128 (77.6) 80 (76.2 48 (80)
vacA allele
S1 113 (68.5) 78 (74.3) 35 (58.3)
s2 52 (31.5) 27 (25.7) 25 (41.7) <0.05
M1 47 (28.5) 31 (29.5) 16 (26.7)
M2 118 (71.5) 74 (70.5) 44 (73.3) NS
S1/M1 39 (23.6) 26 (24.8) 13 (21.7) NS
S1/M2 74 (44.8) 52 (49.5) 22 (36.7) NS
S2/M1 8(4.8) 5 (4.8) 3 (5.0) NS
S2/M2 44 (26.7) 22 (21.0) 22 (36.7) <0.05
'Treatment-naive versus previously treated patients (Fisher’s exact test).
A B
All patients Treatment naive
100 - 100 -
g S
§ 80 § 80 -
o o
<] <}
£ 60 £ 60}
g g
g S
= 40 L < 40 1
8 S
g 28/128 Q
§ 2L 5/37 § 20L 4/25 12/80
] ko)
0 0
Positive Negative Positive Negative
cagA status cagA status
C
Previously treated
100 -
9
% 80
(9]
c
k)
2
£ 60}t
o
<}
S
< 40 16/48
S
8
£ 20 -
7 1/12
-4
0
Positive Negative

cagA status

Figure 3 Prevalence of fluoroquinolone-resistance according to cagA genotype. A: All patients; B: Treatment naive patients; C: Previously treated patients.

in H. pylori antibiotic resistance rates among different
populations are influenced by previous antibiotic use,
with studies demonstrating that previous exposure to
macrolides increases the risk of clarithromycin resistant
H. pylori infection®??). The sharp increase in primary
clarithromycin resistance from 3.9% in 1997 to 9.3% in
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2008™, to the current rate of 50.5% in 2017 is a cause
for concern and is reflected in the poor eradication rate
(56.8% ITT) for 7 days clarithromycin-based triple
therapy recently reported from our centre®. In an effort
to address increasing antibiotic resistance and falling
eradication rates, the Irish H. pylori Working Group
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have recently highlighted the need for more widespread
antibiotic resistance surveillance and extended H. pylori
treatment durations™. It should be noted that antibiotic
resistance was determined at the genetic level in the
current study compared to culture and Etests in the
earlier Irish surveys.

The primary and secondary rates of fluoroquinolone
resistance were 15.2% and 28.3%, respectively. The
primary rate of levofloxacin resistance has only risen
slightly since the last Irish survey in 2008-2009, which
reported a rate of 12%™, and is in keeping with the
14.1% rate reported in Europe'™., The most common
point mutation conferring resistance to fluoroquinolones
in our patients was gyr91 D91Y. This contrasts with
other studies in which gyr91 D91N and gyr87 N87K
mutations were reported with highest frequency™**¢*®,

In our cohort, the overall frequency of H. pylori
infections with strains containing the cagA gene was
22.4%. This has decreased since the distribution of the
cagA genotype was last investigated in Ireland in 2009,
with a frequency of 68% reported*?.. It is also lower
than distributions reported in Cuba and Iran®**"), There
is a well-known association between cagA-positive
strains of H. pylori and peptic ulcer disease®®*!. This
relatively low frequency of cagA-positive genotype is
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not surprising given that the prevalence of peptic ulcer
disease was also low in our cohort at 12.7% (Table 2),
which is a decrease on the prevalence of peptic ulcer
disease reported in the previous Irish study (17%"%).
The most prevalent vacA genotype in our cohort was
S1/M2, followed by S2/M2, S1/M1 and S2/M1. This
pattern is similar to the pattern reported in Ireland in
2009 as well as the studies mentioned above™****),

Interestingly, the frequency of the more virulent S1
genotype was significantly lower in those previously
treated than the treatment-naive group (58.3%
vs 74.3%). Additionally, the frequency of the least
virulent S2/M2 genotype was significantly higher in
those previously treated previously (36.7% vs 21%).
This is in accordance with a hypothesis described
previously which suggests that more virulent strains
elicit a stronger inflammatory response, enabling
increased blood flow to the site of infection, therefore
enhancing delivery of antibiotics and the potential for
successful eradication®”. Another potential explanation
is that a more virulent strain of H. pylori may replicate
faster and is therefore more susceptible to antibiotics,
whose mechanisms of action are to inhibit bacterial
replication®"’,

We found an inverse relationship between the
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virulence of the infecting strain and the presence of
clarithromycin resistance: the absence of cagA, and the
less virulent vacA genotypes (S2/M1 and S2/M2), may
be indicators of clarithromycin resistance, in particular
in treatment-naive patients. The association between
virulence factors and antibiotic resistance in H. pylori
has been evaluated in other studies, with controversial
results. Absence of cagA was found to be a risk factor
for metronidazole resistance'? and other studies have
found an association between clarithromycin resistance
mutations and the less virulent vacA genotypes®*,
Another report revealed that cagE and vacA S1
correlated with clarithromycin and metronidazole resis-
tance™", while others found that neither cagA nor
vacA was associated with resistance?*>>*"), There may
be no direct causation involving the presence of less
virulent strains of H. pylori and antibiotic resistance.
Rather, the presence or absence of virulence factors
may cause physiological effects which create an
environment in which antibiotic resistant strains of H.
pylori can flourish as outlined above®!., As less virulent
strains are less immunogenic, an inadequate delivery
of antibiotics may reach infected areas in the stomach
and as a result, antimicrobial resistant strains may be
selected for in the population of less virulent strains.
It has been shown that a cagA- strain may tend to
acquire drug resistance in vitro'?. Indeed, studies
have shown that virulence factor genotype may also
influence treatment outcome. A number of studies
have reported the presence or absence of cagA and
vacA as predictors of eradication of H. pylori®®3%4%,
Wang et al® conducted a meta-analysis of 25 studies
and found that infection with cagA positive, vacA S1
strains were associated with H. pylori eradication.

In conclusion, this study found that the cagA
negative and vacA S1/M2 genotypes were the most
dominant in H. pylori strains in Ireland. A surprisingly
high rate of primary genotypic clarithromycin resistance
was observed (50.5%), with a primary genotypic
fluoroguinolone resistance rate of 15.2%. It was also
found that there is a relationship between the less
virulent strains of H. pylori (cagA-negative and vacA
S2) and primary clarithromycin resistance. It is well
known that the prevalence of antibiotic resistance is
increasing worldwide while eradication rates of H. pylori
are decreasing. The relationship between less virulent
strains of H. pylori and presence of antibiotic resistance
found herein could potentially be an avenue to explore
in the effort to improve eradication rates.

ARTICLE HIGHLIGHTS

Research background

Helicobacter pylori (H. pylori) causes chronic gastritis, gastric and duodenal
ulcers, gastric adenocarcinoma and mucosa-associated lymphoid tissue
lymphoma. Disease outcome is related to both host and bacterial factors.
Eradication is recommended in all symptomatic patients and those at risk of
gastric cancer. However, eradication rates for current therapies are falling due
to the emergence of antibiotic resistant H. pylori strains. H. pylori is a highly
heterogeneous bacterium and its virulence varies geographically. Virulence
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factors contribute to the pathogenicity of the bacteria and have been suggested
to influence treatment outcome.

Research motivation

In response to the increasing problem of H. pylori antibiotic resistance, local
antibiotic resistance surveillance is recommended to guide clinicians in their
choice of H. pylori therapy. Knowledge of local antimicrobial resistance rates
and the prevalence of virulent infections will influence strategies for optimising
the management of H. pylori infection.

Research objectives

This study aimed to provide an update on the prevalence of antibiotic resistance
in Ireland, in particular for the antibiotics clarithromycin and fluoroquinolones.
The virulence of the infecting strains was assessed by investigating cagA and
vacA status. In addition the relationship between virulence factor status and
antibiotic resistance was evaluated.

Research methods

DNA was extracted from antral and corpus biopsies obtained from H. pylori-
infected patients. Genotyping for clarithromycin and fluoroquinolone-mediating
mutations was performed using the Genotype HelicoDR assay. CagA and vacA
genotypes were investigated using PCR and agarose gel electrophoresis.

Research results

Primary resistance to clarithromycin was high at 50.5%. Primary resistance to
fluoroguinolones was 15.2%. Primary resistance to both antibiotics was 12.4%.
A cagA-positive genotype was detected in 22.4% of patient samples. The
dominant vacA genotype was S1/M2 at 44.8%, followed by S2/M2 at 26.7%,
S1/M1 at 23.6% and S2/M1 at 4.8%. Primary clarithromycin resistance was
significantly lower in cagA-positive strains than in cagA-negative strains (32% vs
56.3%). Similarly, in patients infected with more virulent H. pylori strains bearing
the vacA s1 genotype, primary clarithromycin resistance was significantly lower
than in those infected with less virulent strains bearing the vacA s2 genotype,
(41% vs 77.8%). In summary, genotypic H. pylori clarithromycin resistance is
high and cagA-negative strains are dominant in our population. Less virulent
(cagA-negative and vacA S2-containing) strains of H. pylori are associated with
primary clarithromycin resistance.

Research perspectives

Given the high rate of primary clarithromycin resistance detected in our
study, the use of alternatives to clarithromycin-based triple therapy should be
considered for first line H. pylori treatment in our cohort. In order to validate
the association between less virulent strains and clarithromycin resistance,
the influence of virulence factor genotype on treatment outcome should be
assessed.
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Abstract

AIM

To investigate the potential role of poly(ADP-ribose)
polymerase 1 (PARP1) in the development of Barrett's
esophagus (BE).

METHODS

A BE mouse model was established to examine the
esophageal morphological changes and molecular
changes. Microarray analysis was performed to compare
the gene expression profiles between BE patients and
healthy controls. gPCR was used to examine the PARP1
expression in cell lines after treatment with H202 and
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bile acids (pH 4). Immunofluorescence staining, comet
assay, and annexin V staining were used to evaluate
the impact of PARP1 activity on cell survival and DNA
damage response after oxidative stress.

RESULTS

The gene expression profile in normal and BE
esophageal epithelial cells showed that PARP1, the
major poly(ADP-ribose) polymerase, was overexpressed
in BE. In the mouse model of BE, positive staining
for NF-xB, yH2AX, and poly(ADP-ribose) (PAR) was
observed. H202 and bile acids (pH 4) increased the
PARP1 mRNA expression level in normal esophageal
epithelial cells. Using shRNA-PARP1 to suppress PARP1
activity decreased the cell viability after treatment with
H202 and bile acids (pH 4), and increased the oxidative
damage as demonstrated by an increase in the levels
of H20, intracellular reactive oxygen species (ROS),
oxidative DNA damage, double-strand breaks, and
apoptosis (P < 0.01).

CONCLUSION

The dysfunction of PARP1 in esophageal epithelial
cells increases the levels of ROS and oxidative DNA
damage, which could be common risk factors for BE
and esophageal adenocarcinoma.

Key words: PARP1; Barrett's esophagus; DNA repair;
Oxidative damage; Bile acids

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we compared the gene ex-
pression profile in normal esophagus and Barrett’s
esophagus (BE), and found that poly(ADP-ribose)
polymerase 1 (PARP1) was overexpressed in BE. In a
BE model, positive staining for NF-«xB, yH2AX, and PAR
was observed. H202 and bile acids (pH 4) increased the
PARP1 mRNA expression level in normal esophageal
epithelial cells. PARP1 inhibition could decrease the
cell viability after bile acids treatment, and increased
the oxidative damage, double-strand breaks, and
apoptosis. Thus, our study demonstrates a novel
molecular mechanism for the role of PARP1 in the
process of Barrett's metaplasia, which sheds a potential
therapeutic role for PARP1 inhibitor in BE.

Zhang C, Ma T, Luo T, Li A, Gao X, Wang ZG, Li F.
Dysregulation of PARP1 is involved in development of Barrett’s
esophagus. World J Gastroenterol 2018; 24(9): 982-991 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/19/982.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i9.982
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mucosal injury and inflammation are major risk factors
for the development of Barrett’s esophagus (BE), a
premalignant condition closely associated with the
development of esophageal adenocarcinoma. BE
is present in 10%-20% of patients with GERD!*.
Although the leading cause of BE is formerly considered
a chronic inflammation, increasing evidence suggests
that oxidative stress-induced DNA damage induces
the apoptosis of esophageal epithelial cells during
the pathogenesis of BE. However, it is unclear why
esophageal epithelial cells are sensitive to oxidative
damage.

Oxidative DNA damage is usually induced by
reactive oxygen species (ROS) primarily generated
from normal intracellular metabolism in mitochondria
and peroxisomes'®”, A number of external hazards
such as ionizing radiation, chemicals, and solar
ultraviolet light can also trigger ROS production. These
active free radicals attack double-strand DNA, inducing
various types of DNA lesions, including DNA single-
strand breaks (SSBs) and DNA double-strand breaks
(DSBs), which may lead to genomic instability!®®.
To cope with these threats, cells have evolved DNA
damage response systems to detect and repair
DNA lesions. As one of the earliest alarm systems
and regulators in DNA damage response, poly(ADP-
ribose) (PAR) participates in the repair of numerous
types of DNA damage including SSBs and DSBs™.
Thus, the cellular metabolism of PAR is critical for DNA
damage response and genomic stability. The reaction
of poly(ADP-ribosyl)ation (PARylation) is catalyzed by
a group of PAR polymerases (PARPs). Using NAD+ as
the substrate, PARPs covalently adds ADP-ribose to
the side chains of arginine, aspartic acid, and glutamic
acid residues in target proteins. After catalyzing
the first ADP-ribose onto the proteins, other ADP-
riboses can be covalently linked and the continuous
reactions produce both linear and branched polymers
known as PAR!’, The structure of PAR has been well
characterized: the ADP-ribose unit in the polymer is
linked by glycosidic ribose-ribose 1’-2’ bonds. The
chain length is heterogeneous and can reach around
200 units with 20-50 units in each branch™.

Although PARylation has been examined both in
vivo and in vitro, the function of PARP1 in esophageal
epithelial cells remains elusive. In this study, we
hypothesized that PARP1 may be involved in the
oxidative damage in the development of BE. We
aimed to investigate the potential role of PARP1 and
PARylation-related DNA damage in the process of BE
in GERD through using a BE mouse model and BE cell
lines. Elucidating the role of PARP1 in BE will provide a
novel therapeutic strategy for this condition.

INTRODUCTION

MATERIALS AND METHODS

Gastro-esophageal reflux disease (GERD) is known
as reflux of gastric acid, usually mixed with bile acids,
into the lower esophagus!*®!. GERD-associated chronic
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GERD model preparation and BE verification
Experiments in 20 male C57BI/6 mice with a mean
weight of 29 g (27-31 g) were performed. All
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Table 1 Baseline patient characteristics

Patient characteristic n = 20
Age (mean * SD), yr 56.0 £12.5
Gender, male, (%) 16 (80)
Body mass index (mean + SD), kg/m’ 265+3.1
Barrett’s length (median, IQR), cm 4.7 (3.8-5.5)

Circumferential extent (C) 100%

mice adapted to the environment 7 d to 10 d after
purchase, and then water was banned for 24 h before
the operation. Chloral hydrate (10%; 3 mL/kg) was
administered intraperitoneally for anesthesia. The
lower end of the esophagus was separated and a
longitudinal cut (about 1-1.5 cm) was performed
at the gastroesophageal junction without vascular
region. The anti-reflux barrier of the gastroesophageal
junction was damaged by the operation.

Hematoxylin and eosin staining and
immunohistochemical staining

Animals were sacrificed 3 mo after surgery. Samples
were taken in the operating room of the animal facility
immediately after the animal sacrifice. The entire
stomach and esophagus were removed and immediately
fixed in formalin for at least 24 h. Subsequently,
samples were processed for paraffin embedding and
7 umol/L sections were obtained through a microtome
and put on positive charged slides. Sections of the
lower esophagus were then stained with HE following
a standardized protocol and observed under a light
microscope. The same samples were subjected for im-
munohistochemistry. For immunohistochemical staining,
sections were placed on polylysine-coated slides. After
deparaffinization in xylene and rehydration through
graded alcohol, each section was treated with 1%
hydrogen peroxide for 20 min, and then blocking serum
was applied for 20 min. The slides were incubated
overnight with the primary antibody (yH2AX and NF-xB
at 1:300 and PAR at 1:500) at 4 °C in a closed chamber.
Immunohistochemical staining was performed by the
streptoavidin-biotin-peroxidase complex technique
(Histofine SAB-PO(M) Kit; Nichirei Corp., Tokyo,
Japan). Staining was done with 3,3’-diaminobenzidine
followed by light counterstaining with methyl green and
dehydration.

Cell isolation and culture

Immortalised BE cell lines BAR-T and CP-A (American
Type Culture Collection, ATCC, Manassas, VA, United
States) were cultured with epithelial cell medium 2
(ScienCell, Carlsbad, CA, United States), supplemented
with 5% fetal bovine serum and antibiotics on primaria
plates and flasks (BD Biosciences, Bedford, MA, United
States). The immortalised human esophageal epithelia
cell lines HET1A and EPC2 were obtained from ATCC.
HET1A cell line was cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal
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bovine serum and antibiotics (Invitrogen). EPC2 cells
were grown in keratinocyte SFM medium supplemented
with 40 mg/mL bovine pituitary extract and 1.0 ng/
mL epidermal growth factor (Invitrogen, Carlsbad,
California, United States). All cell lines were grown at
37 °C in 5% carbon dioxide.

Patients

Tissue samples of the lower esophagus from 39
individuals, consisting of esophageal squamous epithelia
from 19 healthy subjects and 20 specimens from
patients with BE, were obtained from the pathological
center of the Xuanwu Hospital or the Second Artillery
General Hospital of Chinese People’s Liberation Army
in China. The baseline characteristics of patients are
shown in Table 1. Gene expression was examined by
whole-human-genome microarrays (Affymetrix, Santa
Clara, CA, United States). Normal healthy esophageal
biopsies were collected from patients with esophageal
pain but diagnosed with normal squamous epithelia
without pathological changes.

All samples were snap-frozen in liquid nitrogen and
stored at -80 C. We obtained tissue specimens from all
subjects with informed written consent (approved by
the local ethics committees of the Xuanwu Hospital and
the Second Artillery General Hospital of Chinese People’
s Liberation Army. Each single specimen included in
this study was histopathologically approved according
to grading and staging results by an experienced
pathologist.

Microarray

Preparation of labeled cRNA and hybridization were
done using the gene chip hybridization, wash, and
stain kit (Affymetrix, Santa Clara, CA, United States).
Two cycle labeling was applied to all samples. In
total, 28 chip data were collected using Gene Chip
Operation Software (GCOS, Affymetrix, United
States). The 39 specimens analyzed consisted of 20
BE and 19 normal esophageal samples. To obtain the
relative gene expression measurements, probe set-
level data extraction was performed with the GCRMA
(Robust Multiarray Average) normalization algorithm
implemented in GeneSpring GX10.2 (Agilent). All data
were log2 transformed.

RNA extraction and qRT-PCR
RNA extraction was carried out using the RNeasy Mini
Kit (Qiagen, Valencia, CA, United States). Total RNA
quality and yield were assessed using a bioanalyzer
system (Agilent 2100 Bioanalyzer; Agilent Technologies,
CA, United States) and a spectrophotometer (NanoDrop
ND-1000; NanoDrop Technologies, DE, United States).
Only RNA with an RNA integrity number > 9.0 was used
for microarray analysis.

For quantification of mRNA expression, qRT-PCR
was performed for three genes plus one control, using
pre-designed gene-specific TagMan probes and primer
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sets purchased from Applied Biosystems.

Comet assays

Single-cell gel electrophoretic comet assays were
performed under alkaline conditions. Briefly, cells were
treated with 100 umol/L H20:2 at 37 °C. For cellular lysis,
the slides were immersed in the alkaline lysis solution
overnight in the dark. Next, the slides were subjected
to electrophoresis at 20 V (0.6 V/cm) for 25 min and
stained in 2.5 mg/mL propidium iodide for 20 min. All
images were taken with a fluorescence microscope and
analyzed with Comet Assay IV software.

Immunofluorescence staining

After treatment with H202, cells were fixed in 3%
paraformaldehyde and permeabilized in 0.5% Triton
X-100 for 30 min at room temperature. Samples were
blocked with 5% goat serum and then incubated in
primary antibody for 1 h. Samples were then washed
with PBS three times and incubated with secondary
antibody for 30 min. After PBS washing, the nuclei
were stained with Hoechst 33258. The signals were
visualized by fluorescence microscopy. We calculated
the number of yH2AX foci per nucleus, and for
quantitative analysis, 15 nuclear foci were selected
to count in each group. For the immunofluorescence
assay of anti-8-oxoguanine (8-OX0G), cells were
exposed to bile acids cocktail (0.1 mmol/L; pH 4)
for 60 min. Cells were then incubated with primary
antibody against 8-OXOG (mouse, 1:200; Millipore)
overnight at 48 °C, followed by incubation with
secondary goat anti-mouse antibody conjugated with
TRITC (1:1000) at room temperature for 45 min.
The slides were mounted using Vectashield with DAPI
(Vector Laboratories, Burlingame, CA, United States)
and viewed under a fluorescence microscope.

Western blot analysis

Cells were harvested and lysed with 100 uL of NETN
300 lysis buffer unless otherwise specified. Soluble
fractions were subjected to Western blot analysis.

Statistical analysis

All experiments were performed in triplicate unless
indicated otherwise. Student’s t-test was used for
statistical analyses, and P < 0.05 was considered
statistically significant.

RESULTS

Increased DNA damage response and inflammation in
the mouse BE model

During the surgical operation, the mortality rate of mice
was 10%, the perioperative mortality rate was 15%,
and 1 wk later, the mortality rate was 10%. The lower
esophagus from the BE mouse model was processed
for staining for yH2AX, NF-«xB, and PAR. In the mouse
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BE model, esophagitis with esophageal erosions and
squamous epithelial thickening with basal cell layer
hyperplasia were seen. Esophagitis was accompanied
by the development of papillary hyperplasia of the
squamous epithelia (Figure 1A). Columnar intestinal-
type metaplasia resembling that of human BE was
seen with erosive esophagitis. No adenocarcinoma or
squamous cell carcinoma was seen. In the immunohi-
stochemistry staining, more positive staining for yH2AX,
NF-xB, and PAR was observed, suggesting the DNA
damage response and inflammation in the BE epithelium.

PARP1 expression is upregulated in the esophageal
epithelial cells of BE

To investigate the gene expression changes during
the development of BE, samples from BE patients
and normal esophagus controls were subjected to
microarray analysis. 20 BE lesions for microarray
analysis were resected from 20 patients with a
mean age of 56 + 12 years between February 2013
and January 2016. Main patient characteristics are
presented in Table 1.

As shown in Figure 2A, PARP1 was one of the up-
regulated genes. Representative expression profile of
PARP1 between the BE patients and normal controls
was also showed in Figure 2B. Besides, PARP1 expre-
ssion in normal esophageal epithelial cell lines (HET1A
and EPC2) and BE epithelial cell lines (CP-A and BAR-T)
was also examined. PAPR1 was increased in CP-A and
BAR-T cell lines.

To investigate whether PARP1 expression levels
can be upregulated by exposure to H202 and acidic
bile acids, we exposed HET1A cells to H202 (100
umol/L) and bile acids (0.1 mmol/L; pH 4) for 30 min.
Following this exposure, cells were washed in PBS and
cultured in regular medium for 30 min, 1 h, 2 h, 4 h,
or 8 h, and mRNA levels were measured by RT-PCR.
In response to this treatment, significant upregulation
of the mRNA levels of PARP1 was observed at 2 h for
H20:2 and at 4 h and 8 h for both H202 and bile acids
(Figure 2C).

PARP1 protects the epithelial cells of BE from H:0:-
induced oxidative stress

We next tested the protective effect of PARP1 against
H202-induced oxidative stress. The knockdown of PARP1
in BAR-T cells (Figure 3A) led to a significantly lower
cell viability following exposure to H202, compared
with controls (P < 0.01 for 100 umol/L, 200 umol/L,
and 400 pmol/L H202; Figure 3B), suggesting that the
downregulation of endogenous PARP1 sensitized the
BAR-T cells to H202-induced oxidative stress. To further
examine the oxidative DNA damage effect after H202
treatment, we performed comet assay analysis. As
shown in Figure 3C, BAR-T cells with PARP1 knockdown
displayed a significantly severe DNA damage signal
upon exposure to 200 pmol/L H202 for 2 h (4.3 £ 0.8 vs
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Control

Barrett's esophagus model

x40

%200

x40
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Anti-NF-kB

Control
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Anti-yH2AX

Control Barrett's esophagus model

Anti-PAR

Figure 1 Establishment of a Barrett’s esophagus mouse model. A: HE staining; B: yH2AX staining; C: NF-kB staining; D: Poly(ADP-ribose) staining.

8.6 + 1.4, P < 0.01).

PARP1 knockdown leads to increased acidic bile acid-
induced H:0: level

We exposed BE epithelial cells to a bile acids cocktail
adjusted to pH 4 and performed the Amplex UltraRed
H20: assay to measure H20: levels. BAR-T cells
with knockdown of endogenous PARP1 displayed
higher H20: levels than control cells transfected with
scrambled shRNA (Figure 4A).

PARP1 protects the epithelial cells of BE from acidic bile
acid-induced oxidative DNA damage

We used immunofluorescence staining for 8-OXO0G,
one of the most identified oxidative DNA damage sites.
On exposure of BAR-T cells with PARP1 knockdown to
bile acids (pH 4), more oxidative DNA damage was
observed than control cells exposed to acidic bile acids
(Figure 4B).

JBaishideng®
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PARP1 protects esophageal epithelial cells from acidic
bile acid-induced DNA damage

Gastric acid, particularly in combination with bile
acids, has been shown to induce DSBs in esophageal
epithelial cells. The immunocytochemical staining for
yH2AX, a reliable marker for DSBs, demonstrated
significantly high levels of positive yH2AX sites
following knockdown of PARP1 in BAR-T cells (19.8%
+ 0.3% vs 42.6% % 7.2%, P < 0.01, Figure 4C) than
in control cells.

PARP1 protects esophageal epithelial cells from acidic
bile acid-induced apoptosis

Because PARP1 expression protected cells from acidic
bile acid-induced DNA damage, it may protect the
epithelial cells of BE from acidic bile acid-induced
apoptosis. BAR-T cells were treated with bile acids (pH
4) for 10 min or 30 min, followed by replacement with
a regular culture medium for 24 h. The ATP-Glo cell
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increased PARP1 expression.

viability assay was then used to determine cell viability
at this 24 h time point. As shown in Figure 4D, the
short-term exposure (10 min) did not change the cell
viability at 24 h. However, the exposure for 30 min
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demonstrated a significant reduction in cell viability in
BAR-T cells lacking PARP1 (82.5% = 2.2% vs 63.0% =+
1.6%, P < 0.05). Consistent with this finding, the cells
with PARP1 knockdown displayed significantly more
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apoptosis after acidic bile acid exposure as indicated
by annexin V assay (P < 0.05, 10 min: 2.1 £ 0.2 vs 6.3
+ 0.8; 30 min: 2.3 £ 0.1 vs 8.5 £+ 1.2, Figure 4E).

DISCUSSION

During pathological events such as excessive and
unrepairable oxidant DNA damage, highly activated
PARPs synthesize large amounts of PAR in a few
seconds. Our results showed that excessive PARP1
expression may probably a resistance factor of BE
epithelial cells to H20: or bile acid-induced oxidative
damage and cell death. In recent years, PARP1
inhibitors have shown promising therapeutic effects
on ovarian cancer, breast cancer™, and neurological
diseases™, and this effect is mainly associated with
the induction of DSBs. Interestingly, pharmacological
inhibition of PARP1 provides significant benefits in
animal models of cardiovascular disorders™. It is
also reported that PARP1 was identified as a direct
target gene of miR-223, which is overexpressed in
BE-associated esophageal adenocarcinoma®. Here,
we demonstrated that PARP1 contributes to genomic
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stability and oxidative stress injury, and positively
regulates the viability of esophageal epithelial cells,
which reveals a potential therapeutic strategy for BE.

GERD is a chronic inflammation of the esophagus
stimulated by repeated acid/bile acids. Esophagitis, of
course, is clinically the major pathological manifestation
as the result from GERD, which is also characterized
with BEM®), It is known that metaplasia is a pathologi-
cal condition that commonly occurs in the presence
of chronic inflammation™”}, including typical Barrett’s
metaplasia™®. In our mouse BE model, esophagitis
and papillary hyperplasia of the squamous epithelia
was observed, suggesting that the manifestation of
GERD occurred. Furthermore, chronic inflammation is
likely to carry an increased risk of cancer via oxidative
damage pathways!*?!, Thus, there is a strong association
between GERD-induced ROS accumulation, chronic
inflammatory infiltration, and BE formation.

Moreover, the BE mouse model also showed
increased positivity for NF-xB, which is a transcription
factor that has been established to play an active
role in inflammation™®®, and there is evidence that it
serves as a key determinant of mucosal inflammation
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and protection™. In particular, NF-xB expression adenocarcinomas, but in only 13% of reflux-injured
has been found in 40%-60% of biopsy specimens  squamous epithelia®*?*!, The level of NF-xB activation
of Barrett metaplasia and in 61%-80% of Barrett’s is correlated with the process from Barrett's mucosal
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metaplasia to carcinogenesis, and indirectly proves
that an inflammatory response might contribute to
carcinogenesis'™. This suggests the possibility that
inflammation-mediated activation of the NF-xB pathway
in a portion of cells, which may regulate the expression
of NF-xB downstream proteins to replace the normal
squamous cells for metaplasia and carcinogenesis.

Both the immunohistochemistry staining results and
cell line results demonstrated that elevated expression
of PARP1 is involved in the pathogenesis of BE. More
importantly, PARP1 is known to be a co-activator of NF-
kB and play a key role in pro-inflammation to contribute
to inflammatory processes through the regulation
of transcription factors®**!: NF-xB is one of the first
mediators of inflammation to be identified as a target
for PARP activity, which was proved to be a binding
partner and also to be PARylated by PARP1. Further,
NF-xB activity was greatly abrogated independent
of upstream activation of NF-xB in PARP-/- mice and
cell lines®”, and PARP1 inhibition reduced the extent
of inflammation by modulating oxidative stress and
impairing the activation of NF-xB and activator protein-1
in an inflammation model®”’, Both PAR and NF-«B
staining increased in the BE mouse model, indicating
the possible correlation between PARP1 activity and NF-
kB. Further molecular mechanistic study in cells could
clarify whether PARP1 regulates NF-xB activity in the
oxidative damage-induced BE.

In conclusion, our study suggests that a high level
of endogenous PARP1 in esophageal epithelial cells
impairs oxidative DNA damage repair, inducing the
death of esophageal epithelial cells during the process
of BE formation. PARP inhibition treatment suppresses
PARP activity and facilitates DNA damage repair in
esophageal epithelial cells by prolonging PARylation.
Thus, PARP1 acts as a mediator of esophageal disease,
and PARylation may play a pivotal protective role as
an antioxidant defense mechanism by maintaining
esophageal epithelial cell function under pathological
conditions of oxidative stress. Hence, PARP inhibitors
may provide a novel clinical treatment for suppressing
BE caused by oxidative damage.

ARTICLE HIGHLIGHTS

Research background

Barrett's esophagus is a major complication of gastro-esophageal reflux disease
(GERD) and an important precursor lesion for the development of esophageal
adenocarcinoma. However, the cellular and molecular mechanisms of Barrett’
s metaplasia remain unclear. It has been demonstrated that poly(ADP-ribose)
polymerases (PARPs)-associated ADP-ribosylation plays an important role in
DNA damage and inflammatory response. Although PARP1-associated ADP-
ribosylation has been examined both in vivo and in vitro, the function of PARP1
in esophageal epithelial cells and Barrett's esophagus has not been illustrated.

Research motivation
In this study, the potential role of PARP1 and PARP1-related oxidative damage
in Barrett's esophagus was investigated.
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Research objectives

The study investigated the potential role of PARP1 in oxidative damage in
Barrett's esophagus, which is urgent and essential for developing therapeutic
targets.

Research methods

Expression of PARP1 gene was analyzed using microarray analysis in
patient esophageal tissue samples. A Barrett’s esophagus mouse model was
established to examine the esophageal morphological changes and molecular
changes. gPCR was used to examine the PARP1 expression in cell lines after
treatment with H202 and bile acids (pH 4). To evaluate the impact of PARP1
activity on cell survival and DNA damage response after oxidative stress,
immunofluorescence staining, comet assay, and annexin V staining were used.

Research results

High expression of PARP1 was associated with Barrett's esophagus. Positive
staining for NF-icB, yH2AX, and poly(ADP-ribose) was observed in the mouse
model of Barrett's esophagus. Knockdown of PARP1 decreased the cell viability
following treatment with H202 and bile acids (pH 4). We further demonstrated
that PARP1 inhibition could increase the oxidative damage as demonstrated
by an increase in the levels of Hz20:, intracellular reactive oxygen species,
oxidative DNA damage, double-strand breaks, and apoptosis.

Research conclusions

The dysfunction of PARP1 in esophageal epithelial cells increases the levels
of reactive oxygen species and oxidative DNA damage, and downregulation of
PARP1 or PARP1 inhibitor may be a potential therapeutic strategy for Barrett's
esophagus.

Research perspectives

This study will provide an example for investigating the relationship between the
oxidative DNA damage and Barrett's metaplasia, and the underlying role of the
PARP1 in Barrett's esophagus. The direction of the future research is to provide
more evidence for developing novel strategies by targeting PARP1 in Barrett’
s esophagus. In our future research, the PARP1-related downstream signaling
pathway (inflammation or DNA damage) will be tested in Barrett's esophagus
epithelial cells or animal models to observe the inhibitory effect of PARP1.
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Abstract

AIM

To elucidate the potential role of autophagy and
the protective effects of Jiang Zhi Granule (JZG) in
metabolic stress-induced hepatocyte injury.

METHODS

An /n vitro and in vivo approach was used in this
study. HepG2 cells were incubated in culture medium
containing palmitate (PA; 0, 0.1, 0.2, 0.3, 0.4 or 0.5
mmol/L) and treated with or without JZG (100 ug/mL)
for 24 h or 48 h, and the progression of autophagy was
visualized by stable fluorescence-expressing cell lines
LC3 and p62. Western blot analyses were performed
to examine the expression of LC3-11/LC3-1, p62,
mTOR and PI3K, while mitochondrial integrity and
oxidative stress were observed by fluorescence staining
of JC-1 and reactive oxygen species. C57BL/6 mice

March 7, 2018 | Volume 24 | Issue9 |



Zheng YY et a/. Autophagy protects against hepatocyte injury

were divided into three groups: control group (n
10), high fat (HF) group (7 = 13) and JZG group (7 =
13); and, histological staining was carried out to detect
inflammation and lipid content in the liver.

RESULTS

The cell trauma induced by PA was aggravated in
a dose- and time-dependent manner, and hepatic
function was improved by JZG. PA had dual effects
on autophagy by activating autophagy induction
and blocking autophagic flux. The PI3K-AKT-mTOR
signaling pathway and the fusion of isolated hepatic
autophagosomes and lysosomes were critically involved
in this process. JZG activated autophagy progression by
either induction of autophagosomes or co-localization of
autophagosomes and lysosomes as well as degradation
of autolysosomes to protect against PA-induced
hepatocyte injury, and protected mitochondrial integrity
against oxidative stress in PA-induced mitochondrial
dysfunction. In addition, JZG ameliorated lipid droplets
and inflammation induced by HF diet /» vivo, leading to
improved metabolic disorder and associated liver injury
in @ mouse model of non-alcoholic fatty liver disease
(NAFLD).

CONCLUSION

Metabolic stress-induced hepatocyte injury exhibited
dual effects on autophagy and JZG activated the entire
process, resulting in beneficial effects in NAFLD.

Key words: Autophagy; PI3K-AKT-mTOR signaling
pathway; Autophagic flux; Oxidative stress; Hepatocyte
injury; Non-alcoholic fatty liver disease

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD),
which is mainly characterized by the accumulation of
lipids and energy metabolism dysfunction, is how one
of the most common risk factors worldwide. As studies
have demonstrated that autophagy is important in the
maintenance of normal hepatocyte function and in the
response to pathogenic changes, we examined the
potential role of autophagy in metabolic stress-induced
hepatocyte injury. The results showed that metabolic
stress had dual effects on autophagy, resulting in
autophagy induction and autophagic flux inhibition. The
Chinese herbal formula Jiang Zhi Granule activated the
autophagy process to protect against metabolic stress-
induced hepatocyte injury in NAFLD.

Zheng YY, Wang M, Shu XB, Zheng PY, Ji G. Autophagy
activation by Jiang Zhi Granule protects against metabolic
stress-induced hepatocyte injury. World J Gastroenterol 2018;
24(9): 992-1003 Available from: URL: http://www.wjgnet.
com/1007-9327/tull/v24/i9/992.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.19.992
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INTRODUCTION

Fatty liver disease (FLD), which is mainly characterized
by the accumulation of lipids in hepatocytes and
energy metabolism dysfunction, is clinically classified
into two broad categories: alcoholic (A)FLD and non-
alcoholic (NA)FLD™. NAFLD is currently much more
prevalent than AFLD, which accounts for 75% of all
chronic liver diseases, and is increasingly recognized
as one of the most common risk factors worldwide!..
NAFLD has a wide clinical pathological spectrum,
ranging from simple steatosis non-alcoholic fatty liver
to non-alcoholic steatohepatitis, which includes fibrosis
and cirrhosis®®. And, in the meantime, it often occurs
with other metabolic diseases, such as obesity and
diabetes!.

The pathogenesis of NAFLD is still unknown;
however, the “two hits” hypothesis is now widely
accepted®!. A disturbance in metabolic homeostasis is
one of the key events during the occurrence of NAFLD
and typical pathological features, including steatosis,
inflammation, fibrosis and cirrhosis, are considered
to be related to oxidative stress resulting from lipid
accumulation and reactive oxygen species (ROS)
generation'®.

Oxidative stress is a stimulus for autophagy, which
is important for metabolic homeostasis in the liver”,
as it can prompt nutrient recycling, remove abnormal
organelles and toxic protein aggregates and alter the
level of metabolic factors, thus contributing to the
maintenance of normal hepatocyte function and the
response to pathogenic changes in the liver®?!, Hepatic
autophagy occurs at a basal level and can be elevated
under stress conditions*”, such as oxidative stress.

Studies have shown that autophagy is a highly
selective process and can modulate cellular energy
stores, such as carbohydrates and lipids'***¥, and
recent research has demonstrated that autophagy
assists in the degradation of triglycerides in the
liver™, Autophagy regulators, such as rapamycin and
carbamazepine, have been proven effective to improve
hepatic function'*. However, no effective therapeutic
approach has been accepted as the standard option for
NAFLD and its complications. Thus, new treatments are
still urgently needed to prevent or delay the onset as
well as the progression of NAFLD.

Jiang Zhi Granule (JZG), which is composed of
Herba gynostemmatis, Radix salviae, Rhizoma polygoni
cuspidati, Herba artemisiae scopariae and Folium
nelumbinis, is a clinically used herbal formula designed
to treat patients with NAFLD™', JZG had a positive drug
safety evaluation and has been approved for clinical
trials by the State Food and Drug Administration (SFDA;
Authorization Number: Z210960082). Our preliminary
studies indicated that JZG had beneficial effects in
improving hepatic fat accumulation in both cell lines
and animals™!, and the efficacy of JZG in patients with
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NAFLD was also confirmed™”. As previous studies on
JZG have indicated its antisteatotic effect, we conducted
this study to determine the underlying mechanism of
JZG.

MATERIALS AND METHODS

Animal models

Male C57BL/6 mice aged 6 wk were purchased from
SLAC Animal Laboratories (Shanghai, China). After
1-wk acclimatization, the mice were divided into three
groups: the control group (n = 10) received a 12-wk
standard diet (STD); the high fat (HF) group (n = 13)
received a HF diet (HFD; consisting of 10% lard oil,
2% cholesterol and 88% STD) supplemented with
1% DSS (MP Biomedicals, Solon, OH, United States)
in drinking water; and, the JZG group (n = 13) also
received a HF-DSS diet, but were also given JZG which
had been dissolved in saline and was administered
daily by oral gavage at a dose of 994 mg/kg daily
(approximately 12 times that of the standard dose
used in clinical practice). DSS was given in cycles; each
cycle consisted of 7 d DSS administration followed by
a 10-d interval with normal drinking water®. At the
end of the experimental period, blood samples were
drawn from the heart, while the mice were under
anesthesia, livers were excised, and samples were
either immediately snap-frozen in liquid nitrogen or
fixed in 4% PFA.

Cell culture

HepG2 cells were obtained from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China), and
were cultured in DMEM supplemented with 10% fetal
bovine serum, 100 U/mL penicillin and 100 ug/mL
streptomycin. Saturated palmitic acid (PA) and JZG
were used in this study. HepG2 cells were incubated
in culture medium containing PA (0, 0.1, 0.2, 0.3, 0.4
or 0.5 mmol/L) and treated with or without JZG (100
pg/mL) for 24 h or 48 h, as described previously™®'.

Western blot

Western blot analyses were performed as described
previously'®!, Rabbit antibodies against LC3 (monoclonal
ab192890), SQSTM1/p62 (monoclonal ab109012),
p-mTOR (phosphor-S2481) (monoclonal ab137133),
mTOR (monoclonal ab87540), p-PI3K (phosphor-Y607)
(polyclonal ab182651), PI3K (monoclonal ab40755) and
actin (polyclonal ab8227) were purchased from Abcam
(Cambridge, MA, United States).

Establishment of stable fluorescence-expressing cell
lines

HepG2 cells were cultured according to the above
protocol and infected with mRFP-GFP-LC3 lentivirus at
an MOI of 10 for 48 h to establish a stable mRFP-GFP-
LC3-expressing HepG2 cell line, and then infected with
mCherry-p62 lentivirus at an MOI of 10 for 48 h to
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establish a stable mCherry-p62-expressing HepG2 cell
line.

Fluorescence staining

Mitochondria and lysosomes were detected using the
MitoTracker Green FM and LysoTracker Deep Red staining
kit, respectively (Thermo Fisher Scientific, Waltham,
MA, United States). Intracellular ROS generation
was detected using the DCFH-DA fluorescent probe.
Mitochondrial membrane potential was determined by
the mitochondrial membrane potential assay kit (JC-1).
Pretreated cells in 6-well plates were processed following
the protocols and were observed immediately under a
fluorescence microscope at an excitation wavelength of
488 nm and emission wavelength of 525 nm.

Histological staining

Histological staining was performed as described
previously™. Liver samples were fixed, processed, and
embedded in paraffin blocks, and then hematoxylin
and eosin (H&E) staining was performed. Frozen liver
sections were fixed and stained with oil Red O. Images
were acquired on an Olympus BX-50 microscope.

Statistical analysis

All data were expressed as the mean = SEM. Statisti-
cal analyses were performed using GraphPad Prism
(GraphPad Software, La Jolla, CA, United States).
The differences between groups were analyzed by
Student’s t-test or ANOVA, as appropriate, and P <
0.05 was considered statistically significant.

RESULTS

Autophagy was activated by JZG to protect against
injury in PA-treated cells

To determine whether autophagy was involved in the
progression of NAFLD, HepG2 cells were treated with
PA - a main type of saturated free fatty acid which is
elevated in obese subjects and can induce NAFLD™!
- at various concentrations and for different time
periods. Results showed that the expression of alanine
aminotransferase (ALT) increased in a dose- and time-
dependent manner and JZG significantly reduced
high ALT levels (Figure 1A and B), suggesting that cell
trauma was induced by PA and JZG improved hepatic
function. These results also indicated that the dose of
0.4 mmol/L may be an appropriate concentration in
subsequent experiments and the time points should
include 24 h and 48 h.

Western blot analyses showed that PA increased
LC3-1I/actin expression (Figure 1C), indicating the
activation of autophagy. However, the expression of
LC3-1I/LC3-1 was not increased accordingly after long-
term PA stimulation (Figure 1C). In the meantime,
the expression of p62 was also increased (Figure 1C),
suggesting the restriction of autophagic flux. Thus,
it was proposed that PA exhibited dual effects on
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Figure 1 Autophagy was activated by JZG to protect against injury in palmitate-treated cells. A: The expression of ALT in the supernatants of cell cultures was
determined by ELISA. HepG2 cells were incubated in culture medium containing PA (0, 0.1, 0.2, 0.3, 0.4 or 0.5 mmol/L); B: The expression of ALT in the supernatants
of cell cultures was determined by ELISA. HepG2 cells were treated with 0.4 mmol/L PA with or without JZG (100 pg/mL) for different time periods (0, 6, 12, 24 or 48 h);
C: HepG2 cells were treated with 0.4 mmol/L PA for different time periods (0, 12, 24 or 48 h); D: HepG2 cells were treated with 0.4 mmol/L PA and rapamycin (2 umol/L)
or JZG (100 pg/mL) for 24 h; E: HepG2 cells were treated with 0.4 mmol/L PA and rapamycin (2 umol/L) or JZG (100 ug/mL) for 48 h. Data are expressed as mean *
SEM. °P < 0.05, "P < 0.01, °P < 0.001. ALT: Alanine aminotransferase; ELISA: Enzyme-linked immunosorbent assay; JZG: Jiang Zhi Granule; PA: Palmitate.

autophagy. An increase in LC3-1I/LC3-1 expression and a
A recent study showed that mitochondrial dys- reduction in p62 expression were observed following

function caused by elevated mitochondrial stress may treatment with JZG for two different time periods (Figure

block autophagic flux™*®; thus, rapamycin was used in 1D and E), indicating that JZG activated autophagy to

the present study to enhance autophagy at different protect against PA-induced cell injury.

time points. The outcomes displayed that the expression

of LC3-1I/actin and p62 were both increased but the  PI3K-AKT-mTOR pathway was involved in autophagy in

expression of LC3-1I/LC3-1 was not, confirming the JZG-treated cells

dual effects of PA on autophagy (Figure 1D and E). As the activation of autophagy can occur due to an
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Figure 2 PI3K-AKT-mTOR pathway was involved in autophagy in Jiang Zhi Granule-treated cells. A: HepG2 cells were treated with 0.4 mmol/L PA and
rapamycin (2 umol/L) or JZG (100 ug/mL) for 24 h; B: HepG2 cells were treated with 0.4 mmol/L PA and rapamycin (2 pmol/L) or JZG (100 pg/mL) for 48 h; C:
HepG2 cells stably expressing mRFP-GFP-LC3 were pretreated with 0.4 mmol/L PA and rapamycin (2 umol/L) or JZG (100 ug/mL) for 24 h and 48 h, and then
analyzed by fluorescence microscopy. Data are expressed as mean + SEM. °P < 0.05, °P < 0.01, °P < 0.001. JZG: Jiang Zhi Granule; PA: Palmitate.

increase in autophagy induction and autophagic flux,
we first investigated the pathway involved in autophagy
induction in JZG-treated cells. The PI3K-AKT-mTOR
pathway, a classic signaling pathway that has been
identified to be important in autophagy induction, was
examined in this study. Western blot analyses reve-
aled that the phosphorylation signaling processes of
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mTOR and PI3K were inhibited in PA-treated cells, and
these results were further confirmed by the addition of
rapamycin (Figure 2A and B). As an inhibitor of mTOR,
rapamycin did not further depress the phosphorylation
of PI3K. Conversely, an additional restraint on both
phosphorylation signaling processes was observed in
JZG-treated cells (Figure 2A and B), suggesting that

March 7, 2018 | Volume 24 | Issue 9 |



Zheng YY et a/. Autophagy protects against hepatocyte injury

RAP JZ2G
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Figure 3 Effects of Jiang Zhi Granule on autophagic flux in palmitate-treated cells. A: HepG2 cells stably expressing mCherry-p62 were pretreated with 0.4
mmol/L PA and rapamycin (2 umol/L) or JZG (100 ug/mL) for 24 h and 48 h, and then analyzed by fluorescence microscopy; B: HepG2 cells were treated with 0.4
mmol/L PA and rapamycin (2 umol/L) or JZG (100 pg/mL) for 48 h, and then analyzed by fluorescence microscopy. JZG: Jiang Zhi Granule; PA: Palmitate.

the PI3K-AKT-mTOR pathway is critically involved in
autophagy induction in response to PA challenge.

As LC3 is the major constituent of autophagosomes,
a stable mRFP-GFP-LC3-expressing HepG2 cell
line was established to visualize the progression of
autophagosome formation in real time in liver cells.
Diffuse cytoplasmic localization of mRFP-GFP-LC3
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was observed in the control group, whereas punctate
fluorescence was observed in PA-treated cells (Figure
20), indicating that cytoplasmic LC3 was processed
and recruited to autophagosomes. Rapamycin and JZG
advanced this process, indicating increased autophagy
induction, which confirmed that JZG induced the for-
mation of autophagosomes.
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Figure 4 Jiang Zhi Granule protected mitochondrial integrity against oxidative stress. A: The ROS-sensitive fluorescent probe DCFH-DA was used to monitor
mitochondrial membrane potential in HepG2 cells pretreated with 0.4 mmol/L PA and rapamycin (2 pmol/L) or JZG (100 ug/mL) for 24 h and 48 h, and the cells
were then analyzed by fluorescence microscopy; B: JC-1 was used to monitor mitochondrial membrane potential in HepG2 cells pretreated with 0.4 mmol/L PA and
rapamycin (2 umol/L) or JZG (100 pg/mL) for 24 h and 48 h, and the cells were then analyzed by fluorescence microscopy. JZG: Jiang Zhi Granule; PA: Palmitate;

ROS: Reactive oxygen species.

Effects of JZG on autophagic flux in PA-treated cells

To determine the effect of JZG on autophagic flux in
PA-treated cells, we first observed this effect in mRFP-
GFP-LC3-expressing HepG2 cells. We found that yellow
fluorescence - indicating that GFP was not degraded by
lysosomal enzymes - was largely seen in HepG2 cells
treated with PA for 48 h, whereas red fluorescence
was very rare (Figure 2C). These results led us to
propose that the colocalization of autophagosomes and
lysosomes was prevented and the autophagosomal
degradation was blocked. Yellow punctate fluorescence
was reduced in JZG-treated cells and red diffuse
fluorescence was increased (Figure 2C), suggesting
that JZG promoted colocalization.

To confirm these findings, we established another
stable mCherry-p62-expressing HepG2 cell line to
visualize the cellular expression levels of p62, which
inversely correlated with autophagic flux via selective
incorporation into autophagosomes to be efficiently
degraded by autophagy. We found that punctate
fluorescence was enhanced in HepG2 cells treated with
PA for 48 h and was weak in JZG-treated cells (Figure
3A), confirming the previous findings.

As it has been shown that mitochondrial dysfunction
may block autophagic flux®*, we next examined
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whether the mitochondrial integrity was affected in PA-
treated cells. MitoTracker and LysoTracker were used
to stain the mitochondria and lysosomes, respectively.
The results showed that mitochondrial dysfunction
was much more serious in PA-treated cells than in
control cells (Figure 3B). A protective effect of JZG
on mitochondrial integrity was demonstrated and the
colocalization of mitochondria and lysosomes in JZG-
treated cells showed that the mitochondrial integrity
was related to activation of autophagic flux. Together,
these findings suggested that JZG increased the
formation of both autophagosomes and autolysosomes
and protected against PA-induced mitochondrial
dysfunction by activating autophagy.

JZG protected mitochondrial integrity against oxidative
stress

As the protective effect of JZG on mitochondrial inte-
grity was demonstrated, we then examined whether
oxidative stress was involved in this process. The ROS-
sensitive fluorescent probe DCFH-DA was used to
monitor cellular oxidative stress. We found that the
accumulation of intracellular ROS was considerably
increased in PA-treated cells, and JZG significantly
reduced the PA-induced increase in ROS production
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Figure 5 Autophagy was activated by Jiang Zhi Granule to improve non-alcoholic fatty liver disease in vivo. A: Autophagy of liver tissue was examined by
western blot analyses; B: Biochemical analysis of TG, TC, ALT, AST and FBG using an automatic blood chemistry analyzer; C: Inflammation and lipid content in the
liver was detected by HE staining and oil Red O staining. Data are expressed as mean = SEM. °P < 0.05, °P < 0.01, °P < 0.001. ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; HE: Hematoxylin and eosin; JZG: Jiang Zhi Granule; PA: Palmitate; TC: Total cholesterol; TG: Triglycerides.

(Figure 4A), indicating the potential role of oxidative
stress in mitochondrial dysfunction. We also monitored
mitochondrial membrane potential with JC-1 to
evaluate oxidative damage, and the results revealed
a reduction in mitochondrial membrane potential in
PA-treated cells, and JZG prevented this PA-induced
reduction (Figure 4B), confirming that JZG protected
mitochondrial integrity against oxidative stress in PA-
induced mitochondrial dysfunction.

Autophagy was activated by JZG to improve NAFLD in
vivo

A murine model of NAFLD induced by HFD was
employed to assess the potential role of autophagy in
metabolic stress-induced liver injury and inflammation.
As expected, the HFD increased both the expression
of LC3-1I/actin and p62 (Figure 5A), suggesting the
activation of autophagy induction and inhibition of
autophagic flux. JZG treatment induced an increase in
LC3-I/LC3-1 expression and led to a decrease in p62
expression (Figure 5A), indicating up-regulation of the
autophagy pathway in JZG-treated mice.

Biochemical analyses showed that HFD elevated
the expression of circulating ALT, aspartate amino-
transferase, total cholesterol, triglycerides and fasting
blood glucose as well as hepatic triglycerides, and
JZG improved the metabolic disorder and associated
liver injury (Figure 5B). The results of HE and oil
red O staining demonstrated that lipid droplets and
inflammation were induced by HFD and JZG ameliorated
these conditions (Figure 5C). Together, these findings
suggested that JZG had beneficial effects in improving
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NAFLD in vivo.

DISCUSSION

NAFLD, as the leading cause of chronic liver disease,
could result in serious liver-related complications and
an increase in overall mortality. In previous research,
we demonstrated that the Chinese herbal formula,
JZG, had beneficial effects in improving hepatic fat
accumulation, and in this study, we showed that auto-
phagy is critically involved in this process.

Autophagy occurs when autophagosomes are formed
and autophagy induction is attributed to various origins,
such as the endoplasmic reticulum, the Golgi apparatus,
the mitochondria or the plasma membrane!®*?*, The
autophagosomes then become autolysosomes by fusing
with lysosomes and degrading the components in
cytosols™*®!, Thus, the upstream event of autophagy
induction was presented by LC3-1II/actin expression in
this study, and the downstream event of autophagic
flux was presented by the expression of LC3-1I/LC3-
1. Stable fluorescence-expressing cell lines of LC3
were established to visualize the whole progression
of autophagic flux. Results showed that metabolic
stress-induced hepatocyte injury exhibited dual effects
on autophagy by activating autophagy induction and
blocking autophagic flux.

A series of signaling pathways and regulators which
regulate autophagy have been identified in the past
decade. In this research, a classic signaling pathway, the
PI3K-AKT-mTOR signaling pathway™”, was confirmed
to be important in response to PA challenge. As the
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Figure 6 The potential role of autophagy in metabolic stress-induced hepatocyte injury and the protective mechanism of JZG in this process. JZG: Jiang

Zhi Granule.

core target in this signaling pathway, mTOR, a master
regulator of cellular metabolism, can be stimulated by
multiple stimulants, such as nutritional status, hormonal
factors and oxygen concentrations™. Under these
conditions, mMTOR complex 1 (mTORC1) will inhibit the
ULK complex by phosphorylating Atg13 and ULK1/2,
which results in autophagy suppression™, However,
restraints on both phosphorylation signaling processes
of PI3K and mTOR were observed in JZG-treated
cells, indicating that the PI3K-AKT-mTOR pathway was
involved in autophagy in the JZG-treated cells.

Subsequent studies have shown that SQSTM1/p62
accumulation is correlated with NAFLD and the fusion
of isolated hepatic autophagosomes and lysosomes is
different in NAFLD patients™”, which suggests that an
excessive amount of lipids may contribute to SQSTM1/
p62 accumulation by suppressing autophagosomes/
lysosome fusion®??, Thus, we examined the SQSTM1/
p62 accumulation and the results confirmed previous
findings.

Fluorescence staining was performed to connect the
mitochondrial integrity with oxidative stress induced by
PA. We also found that JZG could activate the autophagy
process by either induction of autophagosomes or
colocalization of autophagosomes and lysosomes as
well as degradation of autolysosomes to protect against
metabolic stress-induced hepatocyte injury in NAFLD
(Figure 6).
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Limitations should be acknowledged. The complex
compounds contained in this prescription may have led
to multitarget effects, and a series of signaling pathways
and regulators were not examined. Beyond that, as
p62 could also be degraded by proteasome, further
studies on this aspect should be continually conducted
to confirm the findings in the future. However, as the
current epidemic of obesity and obesity-related NAFLD
continues to increase, new approaches for prevention
and treatment are urgently needed, and traditional
Chinese medicine, as an alternative and complementary
medicine, may be an effective addition to the current
standardized intervention strategy.

ARTICLE HIGHLIGHTS

Research background

Non-alcoholic fatty liver disease (NAFLD), as the leading cause of chronic liver
disease, can result in serious liver-related complications and an increase in
overall mortality. However, the pathogenesis of NAFLD is still unknown and no
effective therapeutic strategy has been accepted as the standard treatment
option. In previous studies, the authors found that JZG had beneficial effects
in improving hepatic fat accumulation, metabolic disorder and associated liver
injury, and its efficacy in patients with NAFLD was also confirmed.

Research motivation

Autophagy is important in liver diseases, and research has demonstrated that
autophagy regulators can improve hepatic function. However, no effective
therapeutic strategy has been accepted as the standard option for NAFLD and
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its complications. Thus, novel treatments are still urgently needed to prevent or
delay the onset as well as the progression of NAFLD.

Research objectives

NAFLD, as the leading cause of chronic liver disease, could result in serious
liver-related complications and an increase in overall mortality. And traditional
Chinese medicine, as an alternative and complementary medicine, may be an
effective addition to the current standardized intervention strategy.

Research methods

The process of autophagy was detected by the expressions of LC3 and
SQSTM1/p62. The upstream event of autophagy induction was presented by
LC3- II /actin expression and the downstream event of autophagic flux was
presented by the expressions of LC3- I /LC3- I and SQSTM1/p62. Stable
fluorescence-expressing cell lines were established with mRFP-GFP-LC3 and
mCherry-p62 lentivirus to visualize the whole progression of autophagic flux.

Research results

In previous research, the authors had demonstrated that the Chinese herbal
formula JZG had beneficial effects in improving hepatic fat accumulation. In this
study, autophagy was demonstrated to be critically involved in this process.

Research conclusions

The authors confirmed that metabolic stress-induced hepatocyte injury
exhibited dual effects on autophagy, while JZG activated the whole process to
provide beneficial effects in NAFLD.

Research perspectives

The exact compounds contained in this prescription are still unknown and
the complex compounds might have led to multitarget effects. A systems
pharmacology approach to determine the active compounds and action
mechanisms might be a good method for the future research.
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Abstract

AIM
To investigate the role of long noncoding RNA (IncRNA)
RP4 in colorectal cancer.
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METHODS

Lentivirus-mediated IncRNA RP4 overexpression and
knockdown were performed in the colorectal cancer
cell line SW480. Cell proliferation, tumor growth, and
early apoptosis were evaluated by a cell counting kit-8
assay, an /n vivo xenograft tumor model, and annexin
V/propidium iodide staining, respectively. Analysis
of the IncRNA RP4 mechanism involved assessment
of the association of its expression with miR-7-5p
and the SH3GLBI gene. Western blot analysis was
also performed to assess the effect of InCcRNA RP4
on the autophagy-mediated cell death pathway and
phosphatidylinositol-3-kinase (PI3K)/Akt signaling.

RESULTS

Cell proliferation, tumor growth, and early apoptosis
in SW480 cells were negatively regulated by IncRNA
RP4. Functional experiments indicated that IncRNA RP4
directly upregulated SH3GLB1 expression by acting as a
competing endogenous RNA (ceRNA) for miR-7-5p. This
interaction led to activation of the autophagy-mediated
cell death pathway and de-repression of PI3K and Akt
phosphorylation in colorectal cancer cells i vivo.

CONCLUSION

Our results demonstrated that INcRNA RP4 is a ceRNA
that plays an important role in the pathogenesis of
colorectal cancer, and could be a potential therapeutic
target for colorectal cancer treatment.

Key words: Colorectal cancer; Long noncoding RNA
RP4; SH3GLB1; miR-7-5p; Competing endogenous RNA

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we investigated the role
of long noncoding RNA (IncRNA) RP4 in colorectal cancer
using an /n vivo cell model and an /7 vivo xenograft
model. Mechanistic analysis suggested that IncRNA
RP4 functions in colorectal cancer pathogenesis as a
competing endogenous RNA that regulates SH3GLB1
expression by acting as a sponge for miR-7-5p. It could
also serve as a potential therapeutic target for colorectal
cancer treatment.

Liu ML, Zhang Q, Yuan X, Jin L, Wang LL, Fang TT, Wang WB.
Long noncoding RNA RP4 functions as a competing endogenous
RNA through miR-7-5p sponge activity in colorectal cancer.
World J Gastroenterol 2018; 24(9): 1004-1012 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i9/1004.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.19.1004

INTRODUCTION

Colorectal cancer is the fourth most common cancer
and the fifth most common cause of cancer-related
death in China, with an estimated 331300 newly
diagnosed patients and 159300 deaths in 2012,
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Surgical resection followed by adjuvant chemotherapy
is the most commonly used strategy for colorectal
cancer management. However, although the overall
5-year survival rate of colorectal cancer has improved to
65%, the 5-year survival rate was only 15% in patients
presenting with distant metastasis™™, reflecting the poor
treatment response in some patients. Therefore, it is
necessary to identify effective therapeutic targets to
improve treatment and prognosis.

Long noncoding RNAs (IncRNAs), > 200 nucleotides
in length, are a recently discovered novel class of genes
with regulatory functions but lacking protein-coding
ability. Several studies have identified important roles for
IncRNAs in a wide range of cellular processes, including X
chromosome inactivation, splicing, imprinting, epigenetic
control, and gene transcription regulation™*!. Moreover,
the dysregulated expression of IncCRNAs is present in
various human diseases, especially in cancers including
breast cancer, lung cancer, gastric cancer, and colorectal
cancer’®®, Indeed, several recent pieces of evidence
suggest that IncRNAs are involved in the development
and progression of human colorectal cancer and may
serve as novel therapeutic targets”®*!. However, the role
of IncRNAs in colorectal cancer is largely unknown.

The dysregulation of INncRNA RP4 has previously
been shown by expression profile analysis of a tran-
scriptome microarray. Therefore, the present study
investigated the role of INcRNA RP4 in colorectal cancer
using an in vitro cell model and an in vivo xenograft
model. Mechanistic analysis suggested that IncRNA
RP4 functions in colorectal cancer pathogenesis as a
competing endogenous RNA (ceRNA) that regulates
SH3GLB1 expression by acting as a sponge for the
microRNA (miRNA) miR-7-5p. It could also serve as
a potential therapeutic target for colorectal cancer
treatment.

MATERIALS AND METHODS

Ethics statement

This study was conducted in accordance with the ethical
standards, the Declaration of Helsinki, and national
and international guidelines, and was approved by the
authors’ institutional review board, which adheres to
generally accepted international guidelines for animal
experimentation.

Cell culture

The human colorectal cancer cell line SW480 was
obtained from the American Type Culture Collection.
Cells were maintained as monolayers in cell culture
flasks with RPMI1640 medium containing 10% (v/v)
fetal bovine serum and 1% antibiotics. They were
cultured at 37 C in a humidified atmosphere with 5%
COs2. All cell culture media and additives were purchased
from Invitrogen (CA, United States).

Lentiviral short hairpin (sh)RNA particles
Recombinant lentiviral particles expressing INncRNA RP4
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Table 1 Sequences of the primers used

Gene Forward primer (5’-3”) Reverse primer (57-3)
ENST00000565575 ATCCGTTCCAAATCCTGTCGT TTCAAGCAGAGGCTGTATCGTG
SH3GLB1 CGCTGTCTGAATGACTTTGT CCTTTCTGCTGCCACTACAC
P-actin GTGGCCGAGGACTTTGATTG CCTGTAACAACGCATCTCATATT

or IncRNA RP4 small interfering (si)RNA were obtained
from GenePharm Co., Ltd. (Shanghai, China). Cells
were grown to approximately 40% confluence and
infected with lentiviral particles in complete medium for
48 h. To increase the infection efficiency, cells were co-
treated with the cationic polymer polybrene (8 pg/mL
in water). Neither shRNA nor polybrene affected cell
viability. SiRNA and shRNA had no off-target effects, and
did not affect cell adherence, shape, or viability at the
indicated multiplicity of infection.

Real-time quantitative reverse transcription polymerase
chain reaction

Total RNA was extracted from SW480 cells using TRIzol
reagent (Invitrogen). RT-PCR was carried out using a
One Step SYBR PrimeScript RT-PCR kit (Takara, Dalian,
China) and an iQ5 Real-time PCR Detection system
(Bio-Rad, Hercules, CA, United States) for evaluation
of the expression of INcRNA RP4. The miRNA miR-7-
5p was obtained using the PureLink miRNA Isolation Kit
(Invitrogen), and the quantification of miRNA expression
was performed with a TagMan MicroRNA Assay Kit
(Applied Biosystems, Foster City, CA, United States). The
expression of B-actin and U6 snRNA genes was assessed
simultaneously in all samples as an internal control for
INcRNA/mRNA and miRNA expression, respectively.
Relative gene expression was determined by the 272
method™?. Oligonucleotide primers specific for INcRNA
RP4, SH3GLB1, and B-actin are listed in Table 1.

Western blot analysis

Cells were lysed in RIPA buffer, centrifuged at high
speed, and then underwent protein quantification
using a bicinchoninic acid assay. Cellular proteins were
separated by sodium dodecyl! sulfate polyacrylamide
gel electrophoresis and transferred onto polyvinylidene
difluoride membranes. After blocking, the membranes
were incubated with anti-total- or -phosphor-PI3K,
phospho-Akt, LC3A/B, Bax, and caspase 3 monoclonal
primary antibodies (Cell Signaling Technology,
Cambridge, MA, United States). p-actin (Santa Cruz
Biotechnology, Santa Cruz, CA, United States) was
used as the loading control. Appropriate horseradish
peroxidase-conjugated secondary antibodies were
applied to detect labeled proteins. The protein
bands were developed with SuperSignal Ultra
Chemiluminescent Substrate (Pierce, Rockford, IL,
United States) on X-ray films (Kodak, Tokyo, Japan).

Cell proliferation

SW480 cells (3 x 10° cells) were seeded in 96-well
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plates in complete medium and infected with IncRNA
RP4, IncRNA RP4 siRNA, or control lentivirus particles.
Two days later, cell proliferation was evaluated by
the cell counting kit-8 method according to the
manufacturer’s instructions using a microplate reader
(Molecular Devices, Sunnyvale, CA, United States) to
measure the absorbance.

Nude mouse model of ectopic tumors

Athymic nude (nu/nu) mice at 6 wk old were purchased
from Shanghai SLAC Laboratory Animal Co., Ltd.
Tumors were generated by the subcutaneous injection
of 2 x 10° SW480 cells infected with INcRNA RP4,
INcRNA RP4 siRNA, or control lentivirus particles and
suspended in 50 uL of PBS into the dorsal region near
the thigh. Mice were then weighed and assessed for
tumor size every 7 wk by measuring the tumor length
and width.

Cell apoptosis analysis

SW480 cells (3 x 10’ cells) were seeded in 6-well
plates in complete medium and infected with IncRNA
RP4, IncRNA RP4 siRNA, or control lentivirus particles.
Two days later, cell proliferation was evaluated by flow
cytometry (FACScalibur; BD Biosciences, CA, United
States) after annexin V/propidium iodide staining
(Beyotime institution, Nantong, China).

Statistical analysis

All statistical analyses were carried out using SPSS v18
software (SPSS, Chicago, IL, United States). Data are
presented as the mean + SD. The Student’s t-test or
one-way analysis of variance were used to examine
differences between two or multiple groups. Correlation
analyses of the expression levels of IncRNA RP4,
SH3GLB1, and miR-7-5p were performed using Pearson’
s correlation coefficient. A P-value < 0.05 was considered
statistically significant.

RESULTS

IncRNA RP4 regulates proliferation, tumor growth, and
early apoptosis in colorectal cancer cells

To investigate the role of IncRNA RP4 in the patho-
genesis of colorectal cancer, we performed lentivirus-
mediated overexpression and knockdown. As shown
in Figure 1A, SW480 cell proliferation was negatively
regulated by IncRNA RP4, while early apoptosis was
positively regulated by IncRNA RP4 (Figure 1C and
D). These results suggested that INncRNA RP4 exerts
a negative regulatory role in colorectal cancer cell
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Figure 1 IncRNA RP4 regulates proliferation, tumor growth, and early apoptosis in colorectal cancer cells. Lentivirus-mediated INcRNA RP4 overexpression
and knockdown were performed in the colorectal cancer line SW480, and cell proliferation, tumor growth, and early apoptosis were examined. A: Cell proliferation was
examined by the CCK-8 assay. INcRNA RP4 overexpression and knockdown were shown to decrease and increase cell proliferation, respectively. B: Tumor growth
was evaluated by tumor volume change. IncRNA RP4 overexpression and knockdown were shown to significantly decrease and increase tumor volume, respectively,
at weeks 14, 21, and 28. C: Flow cytometry assessment of early apoptosis. INcRNA RP4 overexpression and knockdown increased and decreased early apoptosis,
respectively, in colorectal cancer. D: Early apoptosis quantification. °P < 0.001 for between-group comparisons.

proliferation and a positive regulatory role in early
apoptosis of colorectal cancer cells.

IncRNA RP4 inhibits the growth of colorectal cancer on
mice

Compared with the control group, colorectal cancer
with IncRNA RP4 siRNA showed a bigger volume, while
there was a smaller volume in the group with IncRNA
RP4 overexpression (Figure 1B). Consistent with the
results in cell line, the results in vivo also suggested
that IncRNA RP4 plays an inhibitory role in colorectal cell
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1007

growth.

IncRNA RP4 inhibits the growth of colorectal cancer
cells by regulating SH3GLB1

To explore the mechanism of IncRNA RP4-mediated
effects in colorectal cancer cells, we examined
SH3GLB1 expression in SW480 cells following IncRNA
RP4 overexpression and knockdown. INncCRNA RP4 was
found to positively regulate SH3GLB1 expression, and
correlation analyses further confirmed the existence
of a significant correlation between IncRNA RP4 and
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Figure 3 IncRNA RP4 functions as an miR-7-5p decoy in colorectal cancer cells. A: The predicted miR-7-5p binding sites on the SH3GLB7 and IncRNA RP4
transcript. B: LncRNA RP4 overexpression and knockdown, respectively, decreased and increased the expression of miR-7-5p in SW480 cells. C: Correlation
analyses revealed a linear association between the expression of IncRNA RP4 and miR-7-5p, with an /* value of 0.482. D: SW480 cells were transfected with an
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Figure 4 Involvement of the autophagy-mediated cell death pathway and PI3K/Akt signaling pathway in IncRNA RP4-mediated effects in colorectal
cancer cells. A: LncRNA RP4 overexpression and knockdown, respectively, decreased and increased expression of the autophagy marker LC3, and apoptosis-
related proteins Bax and caspase 3 in SW480 cells, suggesting that it positively regulates autophagy-mediated cell death in colorectal cancer cells. B: LncRNA RP4
overexpression and knockdown, respectively, decreased and increased PI3K and Akt phosphorylation in SW480 cells, indicating that it negatively regulates PI3K/Akt
in colorectal cancer cells. C: Schematic of INcRNA RP4 functioning as a decoy by competitively binding miR-7-5p, upregulating the specific repressor SH3GLB1,
activating autophagy-mediated cell death, and inhibiting the PI3K/Akt signaling pathway, thereby suppressing colorectal carcinogenesis. °P < 0.05, °P < 0.01, and °P <

0.001 for between-group comparisons.
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SH3GLB1 expression (Figure 2).

IncRNA RP4 functions as an miR-7-5p decoy in the
regulation of SH3GLB1

Because no direct interaction exists between IncRNA
RP4 and SH3GLB1, we further analyzed the potential
functional mechanism by the introduction of miRNA.
IncRNAs were recently reported to act as decoys that
sequester miRNAs and prevent them from binding
to targets, hence modulating many functional mRNA
targets through translation. Bioinformatics analysis
(webserver InCeDB; http://gyanxet-beta.com/Incedb/)
predicted potential interactions between IncRNA RP4
and miR-7-5p (Figure 3A), which was confirmed
by correlation analysis (Figure 3B and C). We also
observed a positive regulatory effect of miR-7-5p on
cell proliferation via the negative regulation of SH3GLB1
(Figure 3D and E). These results suggested that INncRNA
RP4 functions as an miR-7-5p decoy in colorectal cancer
cells.

Involvement of the autophagy-mediated cell death
pathway and PI3K/Akt signaling pathway in IncRNA-RP4
mediated effects in colorectal cancer cells

According to previous findings**'*, autophagy-mediated
cell death is involved in the early apoptosis of cancer,
while the PI3K/Akt signaling pathway plays a role in
cancer cell proliferation and growth!>'®, Analysis of the
effects of INcCRNA-RP4 on intracellular signaling revealed
that IncRNA-RP4 overexpression and knockdown,
respectively, upregulated and downregulated expression
levels of the autophagy marker LC3 and apoptosis-
related molecules Bax and caspase 3 (Figure 4A). We
also observed the negative regulation of PI3K and Akt
phosphorylation by INncRNA-RP4 in colorectal cancer cells
(Figure 4B). Taken together, we propose a schematic
whereby IncRNA RP4 functions as a decoy that
competitively binds miR-7-5p, upregulating the specific
repressor SH3GLB1, activating autophagy-mediated
cell death, and inhibiting PI3K/Akt signaling, thereby
suppressing colorectal carcinogenesis (Figure 4C).

DISCUSSION

Noncoding regions account for more than 90% of the
entire human genome, and are thought to play a critical
role in the regulation of physiological function given
that only 9% of human genes are protein-coding. As
a representative of noncoding regions, approximately
18% of IncRNAs are associated with human tumors
and have been shown to act as major contributors in
the development and progression of human cancers™”.
Multiple mechanisms have been suggested for the
regulatory role of IncRNAs in physiological functions,
including trans- and cis-regulatory mechanisms. In
a trans-regulatory mechanism, IncRNAs (such as
HOTAIR) could affect the transcription of specific genes
through their interaction with chromatin-remodeling
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complexes and complex recruitment to genomic DNA
sequences'®. Some IncRNAs (such as lincRNA-21)
also act as cis-regulators by exerting their function on
nearby transcripts™*®. Growing evidence has shown that
IncRNAs may act as ceRNAs via their miRNA response
elements for specific miRNA targets, thus blocking
the target binding ability of a single miRNA or multiple
miRNAs*>*"), Several IncRNAs have been suggested to
function as ceRNAs, including PTENP1%?!, H19"*, and
CCAT1%4,

In the present study, we investigated the potential
role of IncRNA RP4 as a ceRNA of SH3GLB1 that
competes for miRNA-7-5p binding sites, thereby
regulating the expression of SH3GLB1 mRNA targeted
by miRNA-7-5p. The overexpression of IncRNA RP4
inhibited colorectal cancer cell proliferation and tumor
growth both in vitro and in vivo, and increased early
apoptosis. These findings suggest that IncRNA RP4
plays a critical role in the modulation of colorectal
cancer progression.

To further elucidate the role of IncRNA RP4 in
colorectal cancer, we analyzed its regulatory mechanism
as a ceRNA by bioinformatics analysis and experimental
verification. gRT-PCR analysis showed that IncRNA RP4
overexpression downregulated miR-7-5p expression in
colorectal cancer cells, while an inverse correlation was
detected between IncRNA RP4 and miR-7-5p expression.
Additional functional experiments confirmed that miR-7-
5p overexpression promoted cell proliferation, while an
inverse correlation was detected between miR-7-5p and
SH3GLB1 expression. Consistent with these findings,
miR-7-5p has been found to affect cell proliferation,
anchorage-independent growth, migration and invasion,
apoptosis, and chemosensitivity by targeting specific
oncogenic genes in various types of tumor®?7,

SH3GLB1, a membrane curvature-inducing protein,
interacts with BECN1 though UVRAG and regulates
the post-Golgi trafficking of membrane-integrated
ATGOYA during autophagy™®. In the present study, we
found that IncRNA RP4 overexpression upregulated
autophagy. Recently, Takahashi et al* reported that
SH3GLB1 is a haploinsufficient tumor suppressor
that functions to prevent the acquisition of apoptosis
resistance and malignant transformation during Myc-
driven lymphomagenesis. Our data supported the
tumor suppressor role of SH3GLB1 in colorectal cancer.
During tumor development and progression, protein
interactions between SH3GLB1 and BAX resulted in the
activation of caspase 3, thereby inducing apoptosis®®®..
Similarly, we showed that IncRP4-induced SH3GLB1
upregulation increased levels of BAX and caspase 3 in
colorectal cancer cells.

Previous studies observed that dysregulated PI3K/
Akt signaling in human colorectal cancer is associated
with the growth and proliferation pattern of cancer
cells!*® while the PI3K/Akt pathway negatively
regulates autophagy™*?!. Consistent with this, we
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detected reduced PI3K and Akt phosphorylation in
IncRP4-overexpressing colorectal cancer cells.

The present study has a number of limitations.
First, because of a lack of colorectal cancer tissue, we
could not evaluate the expression pattern of IncRNA
RP4, miR-7-5p, or SH3GLB1 in carcinoma tissues and
were thus unable to elucidate the clinical significance
of IncRP4 in colorectal cancer. The collection of more
colorectal cancer tissue will be necessary to overcome
this. Second, we did not use small inhibitors of different
signaling pathways, yet it is conceivable that the
mechanism of IncRNA RP4 involves multiple modalities.

Taken together, our results demonstrate that IncRNA
RP4 plays an important role in the progression of
human colorectal cancer by functioning as a ceRNA to
regulate the expression of SH3GLB1 through miR-7-5p
sponge activity. The pleiotropic effects of INncRNA RP4 on
colorectal cancer pathogenesis suggest that is has the
potential to be a therapeutic target for colorectal cancer.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer is the fourth most common cancer and the fifth most
common cause of cancer-related death in China. Surgical resection followed
by adjuvant chemotherapy, the most commonly used strategy for colorectal
cancer management, has poor treatment response in some patients. Therefore,
it is necessary to identify effective therapeutic targets to improve treatment and
prognosis.

Research motivation

Long noncoding RNAs (IncRNAs), which may serve as novel therapeutic
targets, are involved in the development and progression of human colorectal
cancer. In our previous study, INcRNA RP4 was found to be dysregulated in
colorectal cancer via microarray analysis. This indicated that this INcCRNA may
play an important role in colorectal cancer. Thus, in the present study, INcRNA
RP4 was investigated to find out its role in colorectal cancer progression
through an in vitro cell model and an in vivo xenograft model. Besides, the
possible mechanisms in the regulation of IncRNA RP4 had not been well
described.

Research objectives
To investigate the role of long noncoding (Inc)RNA RP4 in colorectal cancer,
and to find out the possible mechanisms of the regulation.

Research methods

Cell counting kit-8 assay in vitro and xenograft tumor model in vivo were
performed to evaluate the role of IncRNA RP4 in the regulation of proliferation.
Annexin V/propidium iodide staining was performed to detect the role of IncRNA
RP4 in apoptosis. qPCR and Western blot were performed to identify the
relationship between IncRNA RP4 and SH3GLB1. And then, Western blot was
done to analyse PI3K/Akt signaling pathway and autophagy pathway in the
regulation.

Research results

Both cell counting kit-8 assay in vitro and xenograft tumor model in vivo showed
that IncRNA RP4 could inhibit the proliferation and growth of colorectal cancer
cells. IncRNA RP4 could promote early apoptosis. IncRNA RP4 was found
to positively regulate SH3GLB1 expression, and correlation analyses further
confirmed the existence of a significant correlation between IncRNA RP4 and
SH3GLB1 expression. We also observed a positive regulatory effect of miR-7-
5p on cell proliferation via the negative regulation of SH3GLB1.
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Research conclusions

Our results demonstrate that IncRNA RP4 plays an important role in the
progression of human colorectal cancer by functioning as a ceRNA to regulate
the expression of SH3GLB1 through miR-7-5p sponge activity. The pleiotropic
effects of INcRNA RP4 on colorectal cancer pathogenesis suggest that is has
the potential to be a therapeutic target for colorectal cancer.

Research perspectives

This study suggests that the IncRNA intervention may be a promising treatment
strategy for colorectal cancer. The future study might focus on the specific
regulatory role of IncRNA RP4 in colorectal cancer in vivo, and the therapeutic
effect of IncRNA RP4 needs to be validated in clinical practice.
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Abstract

AIM

To study implications of measuring quality indicators
on training and trainees’ performance in pediatric
colonoscopy in a low-volume training center.

METHODS

We reviewed retrospectively the performance of pediatric
colonoscopies in a training center in Malaysia over 5
years (January 2010-December 2015), benchmarked
against five quality indicators: appropriateness of
indications, bowel preparations, cecum and ileal
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examination rates, and complications. The European
Society of Gastrointestinal Endoscopy guideline for
pediatric endoscopy and North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition
training guidelines were used as benchmarks.

RESULTS

Median (£ SD) age of 121 children [males = 74
(61.2%)] who had 177 colonoscopies was 7.0 (+ 4.6)
years. On average, 30 colonoscopies were performed
each year (range: 19-58). Except for investigations of
abdominal pain (21/177, 17%), indications for colono-
scopies were appropriate in the remaining 83%. Bowel
preparation was good in 87%. One patient (0.6%) with
severe Crohn’s disease had bowel perforation. Cecum
examination and ileal intubation rate was 95% and
68.1%. Ileal intubation rate was significantly higher in
diagnosing or assessing inflammatory bowel disease
(IBD) than non-IBD (72.9% vs 50.0%; P = 0.016).
Performance of four trainees was consistent throughout
the study period. Average cecum and ileal examination
rate among trainees were 97% and 77%.

CONCLUSION

Benchmarking against established guidelines helps
units with a low-volume of colonoscopies to identify
area for further improvement.

Key words: Pediatric colonoscopies; Quality indicators;
Performance

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Competency in colonoscopy is an essential
component in the training for pediatric gastroenterology
worldwide. We measured the performance of pediatric
colonoscopy from a low-volume training center on
quality indicators against established guidelines. The
unit, which performed an average of 30 colonoscopies
each year, performed well in clear indication for
colonoscopy, good bowel preparation, safety and high
rate of cecal examination (95%) but needs improvement
for ileal intubation (at 68%). Benchmarking against
established guidelines helps units with a low volume of
colonoscopies to identify area for improvement.

Lee WS, Tee CW, Koay ZL, Wong TS, Zahraq F, Foo HW, Ong
SY, Wong SY, Ng RT. Quality indicators in pediatric colonoscopy
in a low-volume center: Implications for training. World J
Gastroenterol 2018; 24(9): 1013-1021 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i9/1013.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.19.1013

pathologies in children'™. Major indications for colono-
scopy in children include rectal bleeding, investigation
of diarrhea, failure to thrive and perianal lesions, and
as initial diagnostic evaluation for inflammatory bowel
disease (IBD)*,

Approximately 20%-30% of IBD patients have
onset of disease in childhood™". A study from Australia
showed that IBD was the diagnosis in 58% of children
who had initial diagnostic colonoscopy™. The percentage
is much lower in Asia, ranging from 10.9% in Taiwanese
children™ to 19.6% in Korean children”. The incidence
of IBD is increasing worldwide™*"*. The incidence in
Asia, including Malaysia, is increasing as well, although
it is still relatively uncommon as compared to North
America and Western Europe!***.

Competency in colonoscopy has become an ess-
ential component in the training syllabus for both
adult and pediatric gastroenterology worldwide™>®!,
In adult colonoscopy, cecal intubation and detection
for adenoma are considered as standard quality
measures'*®.. In children, however, routine screening
for adenomas is generally not recommended™>’. On
the other hand, ileal intubation is essential for accurate
diagnosis of IBD, particularly Crohn’s disease (CD)!”..
Thus, appropriate indication for colonoscopy, complete
examination including inspection of cecum and terminal
ileum, adequate bowel preparation and free of complica-
tions are all important quality indicators in pediatric
colonoscopy™®,

In areas where the prevalence of IBD is low, such
as Malaysia, the volume of pediatric colonoscopies
performed may be limited”**®), The reported cecum
examination and ileal intubation rates vary. In Hong
Kong, the cecal and ileal intubation rates were 97.6%
and 75.6%"%, In Taiwan, the ileal intubation rate was
77.5%", In Australia, where the incidence of IBD is
high, Singh et al reported that the cecal and ileal
intubation rates were 96.3% and 92.4%, respectively.

A study on quality indicators published previously
showed that performance benchmarked against quality
indicators varies in different centers!®. To the best of
our knowledge, however, no study on performance
benchmarked against quality indicators from low-
volume centers has been published previously.

We aimed to ascertain the performance of our
unit when benchmarked against established quality
indicators in pediatric colonoscopy covering the following
areas: indications, quality of bowel preparation, safety
and complications, cecal examination and terminal ileum
intubation rates. We also assessed the implications
of our performance to ascertain opportunities for
improvements to the training program in this training
center.

INTRODUCTION

MATERIALS AND METHODS

Colonoscopy is an essential diagnostic procedure for
the evaluation and treatment of lower gastrointestinal

JRaishideng®
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This was a retrospective review on all pediatric
colonoscopies performed between January 2010 and
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December 2015 at the Paediatric Gastroenterology
Unit, University Malaya Medical Centre (UMMC),
Malaysia. The present study was approved by the
institutional ethics review committee (MEC reference:
902.15). During the study period, the unit was staffed
by one full-time consultant and a part-time visiting
consultant. They were assisted by fellows-in-training,
who spent the first 18 mo of a 3-year fellowship
training program in the unit.

Data collection

Cases were retrieved from hospital and the unit data-
base. The following data were collected: demographics
and dlinical features; indications for colonoscopy; labo-
ratory data; degree of bowel preparation; extent of
colonoscopic examination; and complications. Colono-
scopic and pathological diagnoses were ascertained.
Cases were excluded if the data were incomplete.

Quality indicators

The following areas were used as quality indicators:
(1) appropriateness of indications; (2) quality of bowel
preparation and extent of colonoscopic examination,
including (3) cecum examination and (4) ileal intubation;
and (5) safety (including anesthesia and sedation) and
complications. Factors affecting extent of examination
and the performances of trainees were also analyzed.

Indications and preparations for colonoscopy

In our unit, each referral for colonoscopy was sc-
reened and decided by a consultant. Generally, the
indications for colonoscopy followed the established
guidelines®, and has been reported previously''®.. For
the purpose of the present study, the European Society
of Gastrointestinal Endoscopy (ESGE) guideline for
pediatric endoscopy was used as a benchmark!.

Sedation and anesthesia

In our unit, colonoscopies were usually performed under
general anesthesia. In adolescents, sedation (generally
a combination of midazolam and pethidine) was used
occasionally at the discretion of the anesthetist.

Bowel preparation

Bowel preparation has been standardized throughout
the study period. Two days prior to colonoscopy, each
patient was allowed a low residue diet. On the night
before the procedure, each patient had bowel cleansing
with polyethylene glycol solution and glycerin rectal
enema. The degree of bowel preparation observed
during colonoscopy was not standardized. It was judged
by the endoscopist as poor, fair, good or excellent™.

Extent of colonoscopy

The extent of the colonoscopy was confirmed by visual
identification of the colonic wall appearance, and the
anatomy the cecum and terminal ileum. The biopsy
of the terminal ileum was also used as an additional
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confirmation. The recommendation by North American
Society for Pediatric Gastroenterology, Hepatology and
Nutrition (NASPGHAN) guidelines for training in pediatric
gastroenterology was used as a benchmark!®, The
NASPGHAN guidelines recommends a cecum and ileal
examination rate of between 90%-95%".

Performance

For the purpose of the present study, analysis on
performance was confined to colonoscopies where an
inspection of ileum was intended. This included cases
where intubation of terminal ileum was indicated (i.e.,
in diagnosing or assessing IBD), feasible (acceptable
quality of bowel preparation where full examination was
feasible) or safe (benefit of ileal intubation outweighs
the risk of full examination, such as bowel perforation).

Performance by trainees

Analysis on the performance by trainees was confined
to trainees who had completed a minimum of 12 mo
training in the unit during the study period. Number of
colonoscopies performed, cecum examination and ileal
intubation rates were noted. In colonoscopies where
trainees encountered technical difficulties during the
procedure and were subsequently taken over by the
consultant, the procedures were logged as performed
by the consultant.

Statistical analysis

Data were collected and managed by using a statistical
software program (SPSS version 20.0; SPSS Inc., IBM
Corp., Armonk, NY, United States). Descriptive data
were described in percentage, mean and median.
Categorical data were analyzed using a two-tailed 4°
test.

RESULTS

During the 6-year study period, 194 colonoscopies
were performed in the unit. Data on 17 procedures
were incomplete and were excluded from analysis. Of
the remaining 177 colonoscopies, 56 were repeated
procedures. Thus, 121 patients who had 177 colono-
scopies were analyzed. The results are presented in
two parts: (1) indications, colonoscopic findings and
diagnosis of 121 patients who had first colonoscopy;
and (2) quality indicators of 177 colonoscopies
performed.

Volume of procedures

There was a steady increase in the number of colo-
noscopies performed each year during the study
period (Figure 1). On average, 30 colonoscopies were
performed each year during the study period, ranging
from 19 procedures per year in the first 2 years to
58 procedures in 2015. Among the procedures, 15%
(27/177) were logged as performed by consultants,
while the remaining 85% (150/177) were performed
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Figure 1 Number of colonoscopies performed each year during the study period.

by trainees supervised by a consultant.

Epidemiology, demographic features in 121 patients
There was a male preponderance (males = 74, 61%)
in the 121 patients who had first colonoscopy (Table 1).
The median (+ SD) age was 7.5 (£ 4.5) years. Eighty-
one (67%) patients also had concomitant esophago-
gastro-duodenoscopy (EGDS).

Indications for first colonoscopy in 121 patients

The most common indication was confirming the
diagnosis of IBD (36/121, 30%; Table 1). Others were
investigation of anemia or rectal bleeding (25/121,
219%). Investigation of abdominal pain was the indication
in 17% (21/121). Most of the repeat colonoscopies were
for disease assessment in IBD.

Colonoscopic findings in 121 patients

A positive finding was noted in 68 (56.2%) colono-
scopies, while the remaining 53 (43.8%) had a normal
colonoscopic finding. Indications for colonoscopy for
the 53 patients with a negative finding were: excluding
IBD (n = 18); disease assessment of pre-existing
IBD (n = 4); assessment of abdominal pain (n = 8);
ascertainment of lower gastrointestinal bleeding (n =
10); and, miscellaneous (n = 13).

Diagnosis in 121 patients
In addition to 16 patients who had colonoscopic
assessment of preexisting IBD, a new clinical diagnosis
or institution of new therapeutic measures was made
in another 87 patients following colonoscopy. Thus,
a total of 103 patients had a positive diagnosis. The
diagnostic yield was 85%.

The colonoscopic diagnoses are shown in Table
1. Overall, 50 (41%) patients had a diagnosis of
IBD (newly diagnosed, n = 34; diagnosis confirmed
elsewhere, n = 16; Figure 2). Of these, 30 patients
had CD and 20 had ulcerative colitis, respectively.
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Another 22 (18%) patients had focal inflammation of
the rectum (IBD-unclassified) or solitary rectal ulcer
syndrome.

Trend for diagnosis of IBD in 121 patients

The number of new cases of IBD seen in the unit
during the study period is shown in Figure 2. There
was an increasing trend in the number of new IBD
cases, especially for CD.

Sedation and anesthesia in 177 colonoscopies

Vast majority (165/177, 93.2%) of the procedures were
performed under general anesthesia. The remaining
12 procedures (6.8%) were performed under sedation,
being administered by anesthetist. No major events
related to anesthesia or sedation were observed during
the study period.

Bowel preparation in 177 colonoscopies

Bowel preparation was judged to be good by the
endoscopist in 87% (155/177) of the patients,
moderate in 0.6% (1/177) and bad in 12% (21/177)
patients.

Cecum and terminal ileum intubation in 177
colonoscopies

Information on the extent of colonoscopy was
available in all 177 procedures (Table 1). The overall
ileal intubation rate was 54.2% (96/177). Cecum was
examined in an additional 22.0% (39/177). Thus, the
cecum was reached in 76.3% (135/177) of patients.
The extents of colonoscopy of the remaining 42
procedures are shown in Table 1.

In 36 patients, full colonoscopic examination and
ileal intubation were not intended. They were not
indicated in 18 cases, including those for confirmation
or surveillance of graft-versus-host disease (n = 10),
confirmation of rectal metastasis (n = 2), tissue biopsy
for malabsorption (1 each for food protein-induced
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Table 1 Indications, diagnoses and quality indicators in 121 children who had 177 colonoscopies

n %
Sex, males 74 61
Age in yr, median + SD 75+45
Concomitant esophagogastroduodenoscopy 81 67
Indications, n = 121"
Suspected of inflammatory bowel disease, new patients 36 30
Per rectal bleeding/investigations of anemia 25 21
Investigation of gastrointestinal symptoms 21 17
Assessment of inflammatory bowel disease, diagnosed elsewhere 16 13
Suspected of colonic polyps 7 6
Exclusion of graft-versus-host disease or colonic malignancies 7 6
Assessment of failure to thrive/malabsorption 4 3.3
Others 10 8
Colonoscopic diagnosis, n = 121
Crohn’s disease 30 25
Ulcerative colitis 20 17
Non-specific colitis or solitary rectal ulcer syndrome 22 18
Infective colitis 9 7
Colonic polyps 8 7
Graft-versus-host disease 5 4
Malabsorption 2 2
Allergic colitis 2 2
Miscellaneous diagnosis 5 4
No diagnosis 18 15
Extent of colonoscopic examination, 177 colonoscopies
Terminal ileum 96 54
Cecum 38 21
Ascending colon 9 5
Transverse colon 13 7
Descending colon 12 7
Sigmoid colon 7 4
Rectum 1 0.6
Reached cecum but no terminal ileum intubation 134 76
Ileal intubation not intended, 177 colonoscopies2 36
Not indicated 18
Distorted anatomy due to previous surgery 1
External stricture 2
Previous colostomy in Crohn’s disease 4
Large polyp at rectum 2
Risk of perforation outweighs benefit of full examination due to 5
Severe colitis
Poor bowel preparation 4
Full colonoscopic examination intended, 177 colonoscopies” 141
Ileal intubation 96 68
Cecum examination 134 95

'Some patients had more than one indication; °Not intended include not indicated, not feasible or the risks of full examination outweigh the benefit of full

examination.

enterocolitis syndrome and autoimmune enteropathy),
trichuriasis (n = 2), and assessment of previously
confirmed solitary rectal ulcer syndrome (n = 2). Risk
of perforation was judged to outweigh benefit of full
examination in 5 patients. All had IBD with severe
colitis and friable mucosal wall (ulcerative colitis, n
= 3; CD, n = 2). Poor bowel preparation prevented
a complete examination in 4 patients. A large rectal
polyp obstructing the lumen (n = 1) and excessive
bleeding in a patient with a large rectal polyp (n = 1)
prevented a complete colonoscopy in 2 patients.

Of the remaining 141 patients in whom inspec-
tion of the terminal ileum was intended, the cecum
examination and ileal intubation rates were 95.0%
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(134/141) and 68.1% (96/141), respectively. Overall,
45.8% of colonoscopies did not include an inspection
of terminal ileum, and 31.9% did not reach terminal
ileum when it was intended. Similarly, 24.3% of the
procedures did not reach the cecum, and 5.0% failed to
reach cecum when it was intended.

Factors affecting complete examination

Rate of complete examination was not significantly
affected by the age of patients [ileal intubation rate; <
5 years (35/141) vs = 5 years (106/141) = 62.9% vs
69.8%; P = 0.44]. However, the ileal intubation rate
was significantly higher when the indication for the
colonoscopy was for the diagnosis or assessment of
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Table 2 Colonoscopic performance by trainees

Trainee A Trainee Trainee C Trainee D Average
Duration of training in mo 18 18 24 18 19.5
Number of colonoscopies performed during training period 19 17 44 36 29
Number of colonoscopies where intubation of terminal ileum was intended 16 13 39 28 24
Intubation of terminal ileum 12 (75) 10 (77) 34 (87) 18 (64) 77%
Examination of cecum and terminal ileum 16 (100) 13 (100) 38 (97) 26 (93) 97%

Data are presented as 1 or 1 (%), unless otherwise indicated. Note: In colonoscopies where trainees encountered technical difficulties during the procedure

and were subsequently taken over by the consultant, the procedures were logged as performed by the consultant.

Number of new cases of IBD seen in the unit; 2010-2015

18- UcC mcD

16 -

12 -

10 |-

07

2010 2011 2012 2013
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Figure 2 Number of new cases of pediatric inflammatory bowel disease seen in the unit during the study period. CD: Crohn’s disease; IBD: Inflammatory

bowel disease; UC: Ulcerative colitis.

IBD (73.0% vs 50%; P = 0.016).

Performance by trainees

During the study period, four trainees completed a
minimum of 12-mo training in pediatric colonoscopy in
the unit (Table 2). Part of the training period of another
three trainees fell outside the study period and were
not included in the analysis. The average number of
colonoscopies performed was 29. The overall cecum
examination rate was 97%, while the overall ileal
intubation rate was 77%. There was a consistent
performance by the trainees (Table 2).

Complications in 177 colonoscopies.

A 7-year-old boy with CD who had gross delay in
referral, severe malnutrition and severe mucosal
ulcerations had iatrogenic perforation of the colon
during the procedure. The patient had an uneventful
recovery after colostomy and repair. Another patient
with rectal polyp developed bleeding while it was
removed during colonoscopy. The bleeding stopped
after cauterization. No blood transfusion was required.
No other complications were noted in the remaining
175 procedures, either associated with the procedure,
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anesthesia or sedation.

DISCUSSION

To the best of our knowledge, the present study is the
first of its kind on performance benchmarked against
established quality indicators in pediatric colonoscopy
from a center where the volume of colonoscopy is low.
During the study period, the number of colonoscopies
performed in the center each year ranged from 19
to 58, with an average of 30. It was conducted in a
setting with a low but rapidly increasing incidence of
IBD.

Our results reveal that of the five quality indicators
which were benchmarked against, the performance
was high in four indicators. Most of the indications for
colonoscopy performed in the unit were appropriate,
following the recommendations of ESGE guidelines.
Performances were good in bowel preparation, patient
safety and complications. The cecum examination rate
reached the expected rate at 95% by NASPGHAN, but
was somewhat limited in ileal intubation rate at 68.1%.
The performance of all trainees was consistently good
in cecum examination but variable in ileal intubation.
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There are several important implications on the
results of the present study. Firstly, the indications
for colonoscopies in the present study were mostly
appropriate according to established guidelines!™.
The overall diagnostic yield was 85%. Previously, we
observed that 99.7% of all EGDS and colonoscopies
performed in the unit were appropriate™®. The most
common indications for colonoscopy were diagnosing
or assessing IBD and ascertaining the cause of
anemia. There was an increasing trend in the number
of newly-diagnosed IBD cases during the study
period. Investigation of abdominal symptoms, mainly
abdominal pain, was the indication in only 17% of the
patients'™,

In adult colonoscopy, screening for colon cancer is
the main quality indicator™™. Surrogate measures, such
as colonic adenoma detection and complete examination
of the colon, have been found to correlate with high-
quality colonoscopy™. Pediatric colonoscopy, on the
other hand, is fundamentally a different procedure
with different indications, technical requirement, and
different quality indicators™'!. The most important
difference between adult and pediatric colonoscopies
are the size of the patients and indications®*"’.

Screening for IBD is an important indication in
pediatric colonoscopy. Differentiating between ulcerative
colitis and CD is important in the diagnosis of IBD.
Thus, examination of the cecum and terminal ileum are
important quality indicators in pediatric colonoscopy*®*.
In particular, intubation of the terminal ileum and
sampling biopsy is essential for confirming the diagnosis
of CD™**Y, Pediatric endoscopy training guidelines
suggest the cecal intubation rate to be at least 90%
to 95%, with a comparable terminal ileum intubation
ratel**,

Based on these quality indicators, the performances
of centers vary. In Australia where screening for IBD
was the major indication for colonoscopy, the reported
cecum and ileal examination rates were 96.3% and
92.4%, respectively’®. In Taiwan, the reported ileal
intubation rate was 77.5%, while in China it was
81.7%°!, The ileal intubation rates in the multicenter
consortium review from the United States ranged from
30% to 90%"°.

After excluding procedures where either complete
colonoscopy was not indicated, unsafe or not feasible,
the cecum examination and ileal intubation rates in the
present study were 95% and 68.1%, respectively. The
cecum examination was comparable to the NASPGHAN
pediatric gastroenterology training guidelines*®!, but the
ileal intubation rate was somewhat lower. Nevertheless,
these figures were comparable with those reported in
the region and the United States multicenter consortium
study™®*¢l,

Bowel preparation was noted to be good in the
majority of the cases (87%). Colonic perforation was
observed in 1 patient who had severe long-standing
CD prior to referral. The perforation rate was 0.5%.
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We reported two perforations in 66 colonoscopies
previously™®.

The present study showed that all the trainees
have a satisfactory cecum intubation rate, although the
ileal intubation rate needs to be improved. To achieve
cecal intubation examination and ileal intubation
rate of 90%-95%, NASPGHAN guidelines for training
in pediatric gastroenterology recommended 120
colonoscopies for pediatric trainees™®. In this center,
each trainee performed about 12-20 colonoscopies in
children each year during their training. Before starting
pediatric colonoscopy under supervision, the trainees
were required to undergo training in adult colonoscopy,
performing at least 50 colonoscopies in adult patients.

The implication of this is that the trainees would
not have adequate training opportunity of reaching
the recommended 120 colonoscopies in pediatric
colonoscopy if the entire training was spent in this
unit alone. Trainees spent between 18 mo to 24 mo
of training in this center. The trainees usually start
the training in endoscopic procedures with the adult
gastroenterologists before being allowed to perform
pediatric colonoscopy. The final year of the training is
usually spent in a center of excellence for training in
Australia or United Kingdom, where there is abundant
opportunity for pediatric colonoscopy. Thus, even
though the ileal intubation rate of the trainees noted
in the present study did not reach the intended goal
suggested by the NASPGHAN training guidelines!'?, it
is expected that their performance will be enhanced
further once the oversea training is completed.

Another potential way to enhance colonoscopic skills
is simulated colonoscopy training™. Studies involving
trainees in adult colonoscopy showed improved
performances during patient-based colonoscopy!®®.
However, to date, no such study has been published
involving training in pediatric colonoscopy.

Other important quality indicators which were not
included in the present study were documentation of
American Society of Anesthesiologist Physical Status
Classification System (ASA) risk assessment and
procedure duration. ASA risk assessment was routinely
checked by the anesthetist. It was documented
separately but was not captured in the present study.
Additional potential measures of high-quality pediatric
colonoscopy which have been mentioned but not
included in this study are minimization of air insufflation,
ease of patient sedation, duration of procedure, perfor-
mance of mucosal biopsy sampling, patient recovery
time and ongoing procedural competency assessment?.

An obvious limitation to this study is its retrospective
nature. The data was only collected from one center.
However, our center is the only training center for
pediatric gastroenterology in the whole country; we
are unable to benchmark our performance against
other centers. Nevertheless, with the exception of a
somewhat lower ileal intubation rate, the performance
in other quality indicators is excellent.
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In conclusion, there is an increasing trend in the
number of colonoscopies performed each year in this
center. This is due to the increasing number of newly-
diagnosed IBD cases during the study period. The
performance of pediatric colonoscopy in this center
was excellent in four of the five quality indicators
benchmarked. The ileal intubation rate needs to be
improved. A period of training in a center with a large
volume of IBD will enhance the skills and performance
of colonoscopy among the trainees of pediatric gastro-
enterology in Malaysia.

ARTICLE HIGHLIGHTS

Research background

The incidence of inflammatory bowel disease is on the rise worldwide, including
in Asia. The gold standard for the diagnosis of inflammatory bowel disease
is histologic confirmation from tissue biopsies obtained during esophago-
gastro-duodenoscopy and colonoscopy. In particular, differentiating Crohn’
s disease from ulcerative colitis is dependent upon inspection and biopsy of
the terminal ileum. Thus, intubation of the terminal ileum is considered as an
important quality indicator in pediatric colonoscopy. Current guidelines by the
North American Society of Pediatric Gastroenterology, Hepatology and Nutrition
recommend the cecum examination and terminal ileum of 95%. This target
should be used by pediatric gastroenterology centers worldwide to benchmark
their performance.

Research motivation

Current literature showed that reported ileal intubation rate in pediatric
colonoscopy from centers around Asia ranged from 75.6% to 77.5%. The
performance of our unit, from an area where the incidence of inflammatory
bowel disease is currently low but is on the rise, is unknown. Thus, we were
motivated to benchmark our performance against current recommendation to
identify areas for improvement to enhance the quality of our training program.

Research objectives

The main objective was to benchmark the performance of our unit, in particular
the completeness of colonoscopic examination, i.e. cecal examination and ileal
intubation, against current recommended guidelines. We also evaluated other
indicators such as appropriateness of indications, level of bowel preparation, as
well as safety and complications of the procedures encountered.

Research methods

We conducted a retrospective analysis on all the pediatric colonoscopies
performed in a pediatric gastroenterology training center in Malaysia over a
period of 6 years. We included the following indicators: appropriateness of
indications; quality of bowel preparation; safety and complications; as well as
cecal examination and terminal ileum intubation rates. The performances of
trainees in the cecal and ileal examination rates were ascertained separately.

Research results

We found that of the 177 colonoscopies performed, the diagnostic yield
was 85%, quality of bowel preparation was good in 87%, while one of 177
procedures was complicated by perforation during the procedure. The overall
cecum examination rate was 76.3% and ileal intubation rate was 54.2%. After
excluding colonoscopy where full colonoscopic examination was either not
indicated, not feasible because of poor bowel preparation or unsafe (severe
colitis), the cecum examination rate was 95.0% and ileal intubation rate was
68.1%. Among four trainees who completed a minimum of 12 mo training, the
overall cecum rate was 97% while the overall ileal intubation rate was 77%.
The performance of all trainees was consistent. Thus, the cecum examination
rate of our unit was satisfactory but the rate of terminal ileum intubation needs
further improvement. To improve the rate of ileal intubation, the trainees would
spend part of their training program in a center of excellence with adequate
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volume of pediatric colonoscopy.

Research conclusions

The present study was the first attempt by a pediatric gastroenterology unit in
Asia to benchmark its performance in pediatric colonoscopy against established
international guidelines. Our study suggests that such a benchmark is both
applicable and desirable. The study allows our unit to identify areas for further
improvement. Trainees from our unit now routinely spend part of their training in
a center of excellence to enhance their skills in colonoscopy.

Research perspectives

Benchmarking against established guidelines has been adopted as part of
quality assurance of our unit. We plan to conduct a prospective study to include
other indicators of good practice not included in this retrospective review. These
include anesthetic risk assessment, duration of procedure, ease of sedation,
quality of mucosal biopsy sampling and patient recovery time.
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Abstract

AIM

To evaluate the prognostic value of the number of
retrieved lymph nodes (LNs) and other prognostic
factors for patients with distal cholangiocarcinomas,
and to determine the optimal retrieved LNs cut-off
number.

METHODS

The Surveillance, Epidemiology and End Results
database was used to screen for patients with distal
cholangiocarcinoma. Patients with different numbers
of retrieved LNs were divided into three groups by the
X-tile program. X-tile from Yale University is a useful
tool for outcome-based cut-point optimization. The
Kaplan-Meier method and Cox regression analysis were
utilized for survival analysis.
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RESULTS

A total of 449 patients with distal cholangiocarcinoma
met the inclusion criteria. The Kaplan-Meier survival
analysis for all patients and for N1 patients revealed
no significant differences among patients with different
retrieved LN counts in terms of overall and cancer-
specific survival. In patients with node-negative distal
cholangiocarcinoma, patients with four to nine retrieved
LNs had a significantly better overall (¢ = 0.026) and
cancer-specific survival (P = 0.039) than others. In
the subsequent multivariate analysis, the number
of retrieved LNs was evaluated to be independently
associated with survival. Additionally, patients with
four to nine retrieved LNs had a significantly lower
overall mortality risk [hazard ratio (HR) = 0.39; 95%
confidence interval (CI): 0.20-0.74] and cancer cause-
specific mortality risk (HR = 0.32; 95%CI: 0.15-0.66)
than other patients. Additionally, stratified survival
analyses showed persistently better overall and cancer-
specific survival when retrieving four to nine LNs in
patients with any T stage of tumor, a tumor between
20 and 50 mm in diameter, or a poorly differentiated
or undifferentiated tumor, and in patients who were <
70-years-old.

CONCLUSION

The number of retrieved LNs was an important
independent prognostic factor for patients with node-
negative distal cholangiocarcinoma. Additionally,
patients with four to nine retrieved LNs had better
overall and cancer-specific survival rates than others,
but the reason and mechanism were unclear. This
conclusion should be validated in future studies.

Key words: Distal cholangiocarcinomas; Lymph node
count; Survival analysis; SEER

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prognostic value of retrieved lymph node
(LN) counts is still under debate for patients with distal
cholangiocarcinomas. The aim of the present study
was to evaluate the prognostic value of the number
of retrieved lymph nodes and other prognostic factors
for patients with distal cholangiocarcinomas and to
determine the optimal retrieved LNs cut-off number.
A total of 449 patients with distal cholangiocarcinoma
were included in this study. The univariate and
multivariate analyses revealed that the number of
retrieved LNs was independently associated with
survival. And, patients with four to nine retrieved LNs
had a better overall and cancer-specific survival rate
than others.
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INTRODUCTION

Cholangiocarcinoma constitutes approximately 15% of
hepatobiliary tumors and 3% of gastrointestinal tumors™.
According to its anatomic location, cholangiocarcinoma is
classified as intrahepatic, perihilar or distal malignancy.
Distal cholangiocarcinoma comprise approximately
30% of all cholangiocarcinoma; it is a relatively uncom-
mon disease. The only optimal treatment for distal
cholangiocarcinoma is surgical resection, as a result
of the insensitivity of cholangiocarcinoma to radiation
and chemotherapy'”. Additionally, complete tumor
resection of distal cholangiocarcinoma always relies
on pancreaticoduodenectomy, which is a complicated
operation with high morbidity and mortality”®. Hence,
the postoperative prognosis of patients with distal
cholangiocarcinoma has attracted great interest in
several studies®. Lymph node (LN) status was de-
termined to be a strong predictor for the prognosis
of patients with distal cholangiocarcinoma. Patients
without LN metastasis had a better prognosis than
those with LN involvement. Thus, an adequate number
of retrieved LNs is vital to distinguish NO patients from
N1 ones. The appropriate cut-off of retrieved LNs counts
should be determined.

Currently, the number of LNs that should be re-
trieved is still under debate. Several studies evaluated
the prognostic value of retrieved LN counts and tried
to determine the benchmark number of examined
LNs™®. Nevertheless, most of them were designed
retrospectively with a small sample size, and cases that
met their inclusion criteria comprised both perihilar
and distal cholangiocarcinomas. The differences in
biological and pathological features, as well as surgical
strategies and prognoses, between perihilar and distal
cholangiocarcinomas lead to a different influence of
retrieving LN counts on survival.

The American Joint Committee on Cancer (AJCC)
staging system suggested a different appropriate
number of retrieved LNs for perihilar and distal
cholangiocarcinomas. For distal cholangiocarcinoma,
the number that AJCC suggested was 12. However,
this suggestion lacks verification because the retrieved
LN counts in most previous studies did not reach 12.
Additionally, in the study of Kawai et al'”, patients with
more than 12 retrieved LNs only had a moderately
better survival rate than patients with a smaller
number of retrieved LNs in a univariate analysis, not
a multivariate analysis. A subgroup study of Kiriyama
et af*!l, using a cohort of NO patients, found that patients
with more than 10 retrieved LNs had a better survival.
This subgroup analysis was based on a small sample
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size with a univariate analysis, and the cancers of the
involved cases were all stages 1 and II. Therefore,
the appropriate cut-off number of retrieved LNs is still
unconfirmed.

Our study was performed to evaluate the interactions
between the number of retrieved LNs and the prognosis
of patients with distal cholangiocarcinoma; additionally,
this study determined the appropriate retrieved LN
cut-off number. To obtain a larger sample size, the
Surveillance, Epidemiology and End Results (SEER)
database was used for the selection of patients with at
least one retrieved LN.

MATERIALS AND METHODS

Data source

SEER is a public dataset that collects survival and
incidence data of various types of cancers and covers
more than 25% of the United States’ population. SEER
data include tumor characteristics such as primary
tumor site, TNM staging of tumor, tumor size, type
of treatment and cause of death, and demographic
characteristics such as race of patients, age of diagnosis,
sex, etc. Our study used the latest 11 years’ data from
SEER (from 2004-2014). We downloaded the data from
SEER with SEER*Stat Software (version 8.3.4; https://
seer.cancer.gov/seerstat/).

Patients

Our study was designed to be a retrospective study.
The inclusion criteria were (1) patients greater
than 20 years in age; (2) patients diagnosed with
distal cholangiocarcinoma according to the term
“006-BileDuctsDistal” of "CS SCHEMA v0204+"; (3)
patients with histology code of 8010, 8020, 8070, 8140,
8144, 8160, 8162, 8163, 8260, 8480, 8490 or 8560;
(4) patients with diagnoses that were not confirmed by
a death certificate or autopsy; (5) patients with active
follow-up; (6) patients from a time span of 2004 to
2014 according to the term “year of diagnosis”; (7)
patients with only one tumor who had survived more
than 1 mo; (8) patients without distant metastasis (the
MO patients); (9) patients who received intent surgery
in terms of the combination of “Surg Prim Site” and
“Reason no cancer-directed surgery”; (10) patients who
did not receive preoperative radiotherapy according to
the terms of “Radiation” and “Surg/Rad Seq”; and (11)
patients with at least one retrieved LN according to
the terms “Regional Nodes Examined”. Demographics
of patients such as race, age at diagnosis and marital
status, and tumor characteristics such as tumor size,
laterality of tumor, grade and stage of tumor were all
extracted for subsequent analysis. The terms “SEER
cause-specific death classification” and “SEER other
cause of death classification” were used to distinguish
our two endpoints: all-cause mortality and cancer
cause-specific mortality.
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Statistical analysis

Statistical analyses were conducted with SPSS (version
23.0; IBM Corp., Armonk, NY, United States). The
demographic data of patients were compared by t
tests (for continuous variables) and chi-square tests
(for proportion variables). A P-value of < 0.05 was
defined to be statistically significant. Patients with
different numbers of retrieved LNs were divided into
three groups.

The cut-off number of retrieved LNs for grouping
was determined by the X-tile program (http://www.
tissuearray.org/rimmlab/). X-tile from Yale University is
a useful tool for outcome-based cut-point optimization.
The strategies of the X-tile program for grouping
included that it would try each number between the
range of the retrieved LN counts as the cut-off; then,
the 4 score and P-value were calculated with this
number as the cut-off****, Eventually, the number with
a maximum ,° score and a minimum P-value would be
suggested to be the final cut-off.

The Kaplan-Meier method (univariate analysis) with
log-rank tests and Cox regression analysis (multivariate
analysis) were utilized for survival analysis. The overall
survival and cancer-specific survival were compared
between patients with the different categories of
retrieved LNs counts. Then, we performed stratified
survival analyses for the number of retrieved LNs, in
terms of the confounders that were evaluated to be
independently associated with survival in the multivariate
analysis.

RESULTS

Patient and demographics details

A total of 449 patients with distal cholangiocarcinoma
(2004-2014) met the inclusion criteria for this
research. The majority of them were white and male.
The distributions of age and the diagnosis year were
averaged. Nearly 70% of the patients were married.
The size of the tumor was less than 50 mm in most
patients. Patient and tumor characteristics are shown
in Table 1.

The retrieved LN counts ranged from one to
sixty-three. More than half of the patients had > 10
LNs retrieved, and 22.7% of patients had > 20 LNs
retrieved. There were 226 NO patients and 223 N1
patients. Most patients underwent extensive surgery
and postoperative chemotherapy; the number of
patients who received adjuvant radiotherapy was less.

Impact of the number of retrieved LNs on survival rates

We divided patients with different numbers of retrieved
LNs into three groups, by use of the X-tile program.
Then, the retrieved LN count was converted from
continuous variables into categorical variables to study
its impact on survival. As shown in Figure 1, the cut-off
numbers for grouping in all patients were 3 and 6, the
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Table 1 Characteristics of patients and tumors

Variable No. of patients, n (%) of n = 449
Race

White 321 (71.5)

Black 35 (7.8)

Other 93 (20.7)
Sex

Male 286 (63.7)

Female 163 (36.3)
Age at diagnosis, in yr

< 60 128 (28.5)

60-70 171 (38.1)

>70 150 (33.4)
Marital status

Married 302 (67.3)

Divorced 33 (7.3)

Separated or single 58 (12.9)

Widowed 40 (8.9)

Unknown 16 (3.6)
Year of diagnosis

2004-2010 110 (24.5)

2011-2012 160 (35.6)

2013-2014 179 (39.9)
Tumor size, in mm

<20 203 (45.2)

20-50 191(42.5)

> 50 15 (3.3)

Unknown 40 (8.9)
Grade

Well differentiated 54 (12.0)

Moderately differentiated 204 (45.4)

Poorly differentiated 158 (35.2)

Undifferentiated 3(0.7)

Unknown 30 (6.7)
Stage

IA 44 (9.8)

1B 60 (13.7)

TA 89 (19.8)

B 161 (35.9)

I 95 (21.2)
T stage

T1 49 (10.9)

T2 85 (18.9)

T3 220 (49.0)

T4 95 (21.2)
pN stage

pNO 226 (50.3)

pN1 223 (49.7)
Surgery type

Local excision 102 (22.7)

Extensive surgery 347 (77.3)
Adjuvant radiotherapy

No/Unknown radiotherapy 298 (66.3)

Beam radiation 151 (33.7)
Adjuvant chemotherapy

No/Unknown chemotherapy 204 (45.4)

Chemotherapy performed 245 (54.6)
No. of LNs retrieved

1-10 196 (43.7)

11-20 151 (33.6)

>20 102 (22.7)

LNs: Lymph nodes.

cut-off numbers for NO patients were 4 and 9, and the
cut-off numbers for N1 patients were 4 and 16.
In the Kaplan-Meier survival analysis, no significant
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difference was observed among the three categories of
retrieved LN counts for all and N1 patients with distal
cholangiocarcinomas. For patients with node-negative
distal cholangiocarcinomas, there was a significantly
better overall and cancer-specific survival in patients
with 4-9 retrieved LNs than in patients with 1-3 or
> 9 retrieved LNs. Additionally, we compared overall
and cancer-specific survival among each number of
retrieved LNs. Because of space limitations, we could
only put part of the results into the table (Table 2).

There was a similar trend of survival rate as the
retrieved LN count increased in all, NO and N1 patients;
patients with seven retrieved LNs had the best survival
rate compared with the others. In NO patients, patients
with seven or nine retrieved LNs had a significantly
higher survival rate compared with other patients; this
result was confirmed in analysis regarding retrieved LN
counts as categorical variables.

Survival analyses in all patients and patients with node-
negative distal cholangiocarcinoma

The results of survival analysis for all patients in the
present study were similar to previous studies. As
shown in Figure 1 and Table 3, retrieved LN counts
were not associated with survival in all patients (P
= 0.233). Factors such as tumor size and T and N
stages that were significant in univariate analysis were
entered into a multivariate model. N stage was shown
to be independently associated with overall survival
[hazard ratio (HR) = 1.40; 95% confidence interval
(CI): 1.05-1.86]. In terms of cancer-specific survival,
T stage [(HR = 1.45; 95%CI: 1.02-2.07)] was shown
to be an independent risk factor of survival, along with
N stage (HR = 1.42; 95%CI: 1.05-1.92).

For NO patients, univariate analysis showed that
retrieved LN counts, age at diagnosis, and grade of
tumor were associated with overall survival. After those
factors were entered into multivariate analysis, retrieved
LN counts and grade of tumor were determined to be
independent risk factors of overall survival. Patients with
four to nine retrieved LNs had a significantly lower all-
cause mortality risk than other patients (HR = 0.39;
95%CI: 0.20-0.74). In terms of cancer-specific survival,
tumor size, grade of tumor, T stage and retrieved LN
counts were evaluated to be associated with survival in
both univariate and multivariate analyses. There was a
significant decrease in terms of cancer cause-specific
mortality risk (HR = 0.32; 95%CI: 0.15-0.66) for
patients with four to nine retrieved LNs (Table 4).

Stratified analyses for the number of retrieved LNs in
patients with node-negative distal cholangiocarcinoma
To further study the interactions between retrieved LN
counts and prognoses of patients with node-negative
distal cholangiocarcinoma, we performed survival
analysis stratified by size, grade, T stage of tumor
and age of patients. For patients < 70-years-old,
retrieving four to nine LNs resulted in a significantly
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Figure 1 Kaplan-Meier survival curves of all patients in terms of (A) overall survival and (B) cancer-specific survival. There was no significant difference in
terms of overall survival (P = 0.233) and cancer-specific survival (P = 0.141) among the three groups. Kaplan-Meier survival curves of patients with node-negative
distal cholangiocarcinoma in terms of (C) overall survival and (D) cancer-specific survival. Patients with four to nine retrieved LNs had a better overall (P = 0.026) and
cancer-specific (P = 0.008) survival than patients with one to three retrieved LNs and patients with more than nine retrieved LNs. Kaplan-Meier survival curves of N1
patients in terms of (E) overall survival and (F) cancer-specific survival. There was no significant difference in terms of overall survival (P = 0.053) and cancer-specific
survival (P = 0.0564) among the three groups. LNs: Lymph nodes.

better survival rate than retrieving one to three LNs
in terms of overall survival (Figure 2A) and cancer-
specific survival (Figure 3A). Additionally, no significant
difference between patients with one to three retrieved
LNs and > 9 retrieved LNs in terms of overall and
cancer-specific survival was observed.

Subsequently, the above results were confirmed
in multivariate survival analyses after adjusting for
all confounders (Table 5). As shown in Figures 2 and
3 and Table 5, similar results were found for patients
with any T stage of tumor, tumor size between 20
and 50 mm, and tumors that were poorly defined or
undifferentiated. The prognostic effect of retrieved LN

counts was not present when analyses were limited to
well or moderately differentiated tumors, tumors < 20
mm, and patients greater than 70 years in age.

DISCUSSION

Nodal status is a well-studied indicator for the
prognosis of patients with distal cholangiocarcinoma.
In addition to the stage of LNs, the prognostic value of
positive node counts and lymph node ratios has been
evaluated in several studies®'®*!, While the prognostic
value of the number of retrieved LNs is still under
debate, the optimal cut-off number of retrieved LNs
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Table 2 Impact of the number of retrieved LNs on survival rates

Retrieved LNs counts No. 3-yr OS 95%CI 3-yr CSS 95%Cl
For all patients
1 26 29.51% 10.90-51.07 29.51% 10.90-51.07
3 23 35.33% 13.50-58.23 43.64% 18.10-66.88
5 18 46.55% 16.40-72.36 51.20% 17.95-77.03
7 22 63.31% 35.24-81.81 63.31% 35.24-81.84
9 16 57.29% 27.94-78.40 66.20% 32.37-86.00
11 16 37.09% 11.27-63.72 40.46% 12.19-67.77
13 11 28.41% 4.52-59.96 28.41% 4.52-59.96
15 13 16.46% 0.90-50.11 16.46% 0.90-50.11
17 15 15.80% 0.82-49.22 17.01% 0.84-51.90
19 9 34.29% 4.81-68.55 34.29% 4.81-68.55
21 12 47.62% 19.35-71.52 47.62% 19.35-71.52
23 5) 33.86% 5.73-66.35 33.86% 5.73-66.35
25 15 37.50% 9.37-66.61 37.50% 9.37-66.61
For NO patients
1 17 40.38% 14.15-65.68 40.38% 14.15-65.68
3 18 43.65% 17.20-67.68 47.01% 18.51-71.34
5 11 30.00% 1.23-71.92 37.50% 1.10-80.80
7 16 76.15% 42.67-91.65 76.15% 42.67-91.65
9 5 66.67% 5.41-94.52 66.67% 5.41-94.52
11 9 50.79% 15.67-78.07 59.26% 18.59-84.95
13 4 37.50% 1.10-80.80 37.50% 1.10-80.80
15 6 26.67 % 0.97-68.61 26.67% 0.97-68.61
17 4 - - - -
19 2 - - - -
21 6 55.56% 7.34-87.61 55.56% 7.34-87.61
23 1 - - - -
25 7 42.00% 7.01-75.34 52.50% 8.42-84.55
For N1 patients
1 9 14.29% 0.71-46.49 14.29% 0.71-46.49
3 5 33.33% 0.90-77.41 33.33% 0.90-77.41
5 7 53.57% 13.20-82.50 53.57% 13.20-82.50
7 6 55.56% 7.34-87.61 55.56% 7.34-87.61
9 11 45.00% 13.88-72.41 58.33% 18.02-84.41
11 7 25.00% 1.23-64.59 25.00% 1.23-64.59
13 7 41.67% 5.60-76.65 41.67% 5.60-76.65
15 7 35.71% 1.41-77.98 35.71% 1.41-77.98
17 11 17.05% 0.84-51.92 18.94% 0.87-55.82
19 7 26.67% 0.97-68.61 26.67% 0.97-68.61
21 6 43.64% 11.29-72.96 43.64% 11.29-72.96
23 4 - - - -
25 8 28.57% 4.11-61.15 28.57% 4.11-61.15

CI: Confidence interval; CSS: Cancer-specific survival; LNs: Lymph nodes; OS: Overall survival.

is also unconfirmed. Several studies of other diseases
revealed the difference in retrieved LNs’ influence
on survival between NO and N1 patients®'*'*,
Nevertheless, for NO patients, more LNs retrieved
significantly improved survival. Therefore, studies
of distal cholangiocarcinoma on retrieved LN counts
should be performed in a cohort of NO patients for
whom the prognostic value of retrieved LN counts has
never been systematically studied.

Our study screened 449 patients with distal ch-
olangiocarcinoma in a population-based database;
a total of 226 patients with node-negative distal
cholangiocarcinoma were among them. Retrieved LN
counts did not show its prognostic value in the whole
cohort and N1 patients. However, in patients with
node-negative distal cholangiocarcinoma, patients with
four to nine retrieved LNs were determined to have a
significantly better prognosis than patients with < 3
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retrieved LNs in terms of overall and cancer-specific
survivals. Additionally, tumor size, grade and T stage
of tumor were evaluated to be independent risk factors
of cancer-specific survival. Therefore, retrieving at
least four LNs would be optimal for patients with node-
negative distal cholangiocarcinoma.

More retrieved LNs could promote the accuracy
of LNs staging to avoid the under-staging effect, thus
to improve survival of patients with distal cholangio-
carcinoma. Studies on cholangiocarcinoma demonstrated
there were micrometastases in approximately 5% of
LNs which were diagnosed as negative nodes®. The
more LNs that were resected and retrieved meant
less micrometastases were left, therefore the survival
of patients with more retrieved LNs counts could be
improved. Additionally, more retrieved LNs represented
adequate surgical, pathological and institutional care!”’.
What's more, anatomic studies determined that more
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Figure 2 Kaplan-Meier survival curves of stratified analyses in (A) patients < 70-years-old, (B) > 70-years-old, (C) with tumors of < 20 mm, (D) with
tumors of 20 to 50 mm, (E) with tumors defined as well or moderately differentiated, (F) with tumors defined as poorly or undifferentiated, (G) with tumors
of T1/T2 stage, and (H) with tumors of T3/T4 stage in terms of overall survival. Patients with four to nine retrieved LNs had a significantly better overall survival
than patients with one to three retrieved LNs and patients with more than nine retrieved LNs in the group of patients < 70-years-old (P = 0.029), with tumors of 20 to
50 mm (P = 0.018), with tumors defined as poorly or undifferentiated (P = 0.030), and with tumors of T3/T4 stage (P = 0.041). LNs: Lymph nodes.

Roishidenge ~ WJG | www.wjgnet.com 1028 March 7, 2018 | Volume 24 | Issue9 |



Lin HP et a/. Prognostic value of retrieved LNs

A B
100 - - Retrieved_LNs 100 Retrieved_LNs
—— > 9 retrieved LNs 90 —— > 9 retrieved LNs
= N —— 1-3 retrieved LNs 5 80 —— 1-3 retrieved LNs
% 80 - 4-9 retrieved LNs E 70 4-9 retrieved LNs
3 3
§ 70 ‘1 ; 60
B 60 £ 50
2 g 40
E 50+ E
s |_\_\_ 3 30
40 I~ 20
30 1 1 1 1 | | | | | 10 7\ 1 1 1 1 1 | |
0 10 20 30 40 50 60 70 80 0 20 40 60 80 100 120 140
t/mo t/mo
Cc D
100 | Retrieved_LNs 100 |- Retrieved_LNs
90 I —— > 9 retrieved LNs 90 - —— > 9 retrieved LNs
IS —— 1-3 retrieved LNs T 80 ——1-3 retrieved LNs
g 80 4-9 retrieved LNs ; 70 - 4-9 retrieved LNs
& 70t o 60|
2 3
B 60 B 50
2 2 40
E 50l £ |
3 3 30+
40 I~ 20 -
30 Cu I I I I I I I 10 [, | | ! 1 1 I
0 20 40 60 80 100 120 140 0 10 20 30 40 50 60
t/mo t/mo
E F
100 F Retrieved_LNs 100 L Retrieved_LNs
—— > 9 retrieved LNs 90 L —— > 9 retrieved LNs
= 0r —— 1-3 retrieved LNs s 80l —— 1-3 retrieved LNs
2 80 L 4-9 retrieved LNs 2 20k 4-9 retrieved LNs
@ a 60 -
2 70- 2
B B 50 +
3
g 60 |- g 40 -
S 5L 3 30}
20
40 L1 I I I I I | | 10 O | | I | | |
0 20 40 60 80 100 120 140 0 10 20 30 40 50 60
t/mo t/mo
G H
100 Retrieved_LNs 100 |epge——qy Retrieved_LNs
90 —— > 9 retrieved LNs 90 L = 1 —— > 9 retrieved LNs
= —— 1-3 retrieved LNs = —— 1-3 retrieved LNs
g % _4-9 retrieved LNs g 80 4-9 retrieved LNs
2 70 2 70r
2 60 2 601
3 50 S 50}
£ IS
3 4 3 40
30 30 +
20 1 1 1 1 1 1 1 1 20 O 1 1 1 1 1 1
0 20 40 60 80 100 120 140 0 10 20 30 40 50 60
t/mo t/mo

Figure 3 Kaplan-Meier survival curves of stratified analyses in (A) patients < 70-years-old, (B) > 70-years-old, (C) with tumors of < 20 mm, (D) with
tumors of 20 to 50 mm, (E) with tumors defined as well or moderately differentiated, (F) with tumors defined as poorly or undifferentiated, (G) with tumors
of T1/T2 stage, and (H) with tumors of T3/T4 stage in terms of cancer-specific survival. Patients with four to nine retrieved LNs had a significantly better cancer-
specific survival than patients with one to three retrieved LNs and patients with more than nine retrieved LNs in the group of patients < 70-years-old (P = 0.025), with
tumors of 20 to 50 mm (P = 0.0.006), with tumors defined as poorly or undifferentiated (P = 0.049), and with tumors of T3/T4 stage (P = 0.041). LNs: Lymph nodes.
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Table 3 Univariate and multivariate survival analyses of factors associated with overall and cancer-specific survival of all patients

with distal cholangiocarcinoma

Variables Overall survival Cancer-specific survival
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
39r0s  ,? Pvalue HR (95%CI) Pvalue 3-yr OS 7 Pvalue HR (95%CI) P value

Race 2.22 0.329 1.95 0.377
White 33.3% 36.1%

Black 34.8% 36.9%
Other 38.9% 42.1%

Sex 0.44 0.507 0.54 0.463
Male 35.3% 38.3%

Female 37.7% 40.9%

Age at diagnosis, in yr 1.89 0.387 0.48 0.783
< 60 31.2% 35.8%

60-70 39.1% 41.4%
> 70 30.7% 36.8%

Marital status 5.02 0.285 5.98 0.201

Married 37.3% 39.6%
Divorced - -
Separated or single 31.4% 35.3%
Widowed 34.1% -

Unknown -

Year of diagnosis 1.82 0.402 3.25 0.197
2004-2010 37.3% 41.4%

2011-2012 30.9% 33.2%
2013-2014 - -

Tumor size, in mm 8.04 0.045 0.230 8.76 0.032 0.249
<20 40.8% Reference 44.0% Reference
20-50 29.9% 1.25 (0.94-1.67) 33.2% 1.23 (0.91-1.68)
> 50 0.0% 1.67 (0.86-3.23) 0.0% 1.76 (0.91-3.43)
Unknown 37.7% 0.95 (0.57-1.58) 46.3% 0.96 (0.56-1.65)

Grade 6.77 0.079 6.92 0.074
Well differentiated 48.6% 52.4%

Moderately differentiated 32.6% 38.9%
Poorly or undifferentiated 30.3% 32.6%
Unknown 43.2% 43.2%

T stage 5.57 0.018 0.270 11.16 <0.001 0.037
T1/T2 44.3% Reference 51.6% Reference
T3/T4 29.6% 1.19 (0.87-1.64) 32.6% 1.45 (1.02-2.07)

N stage 10.64 0.001 0.020 12.27 <0.001 0.022
NO 44.5% Reference 47.4% Reference
N1 26.9% 1.40 (1.05-1.86) 30.3% 1.42 (1.05-1.92)

Surgery type 1.20 0.272 0.73 0.393
Local excision 44.0% 45.3%

Extensive surgery 34.4% 37.9%

Adjuvant radiotherapy 0.16 0.683 0.79 0.372
No/Unknown radiotherapy 39.9% 44.3%

Beam radiation 29.5% 30.5%

Adjuvant chemotherapy 1.10 0.293 2.92 0.087
No/Unknown chemotherapy  41.2% 47.5%

Chemotherapy performed 32.2% 33.3%

No. of LNs retrieved 291 0.233 3.90 0.141
1-2 23.6% 29.9%

3-6 35.6% 39.4%
>6 36.0% 39.0%

CI: Confidence interval; HR: Hazard ratio; LNs: Lymph nodes; OS: Overall survival.

resected LNs could improve the underlying tumor-host
interactions and reset the immunological balance to
improve survival™®,

The AJCC system suggested the optimal number
of retrieved LNs of patients with distal cholangio-
carcinoma should be 12. Whereas study of Sasaki
et al® demonstrated there was no difference between
patients with = 12 retrieved LNs and < 12 retrieved

Raishidenge ~ WJG | www.wjgnet.com 1030

LNs in terms of overall survival. A subgroup analysis
in the study of Kiriyama et al™" revealed that patients
with stage I or II tumors who had more than 10 LNs
retrieved had a better survival rate than others. While
83.2% of patients in their study retrieved more than
12 LNs, the number of patients with < 10 retrieved
LNs was very small (n = 22), and their results were
based on a univariate analysis. Therefore, selection
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Table 4 Univariate and multivariate survival analyses of factors associated with overall and cancer-specific survival of patients with

node-negative distal cholangiocarcinoma

Variable Overall survival Cancer-specific survival
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
3-yr OS Ve Pvalue HR (95%CI) Pvalue 3-yr OS 7 Pvalue HR (95%CI) P value

Race 0.82 0.663 0.13 0.939
White 44.3% 46.8%

Black 49.4% 49.4%
Other 40.4% 44.0%

Sex 1.32 0.250 0.77 0.377
Male 39.5% 46.0%

Female 47.0% 49.8%

Age at diagnosis, in yr 3.85 0.049 0.056 2.73 0.097
<70 49.8% Reference 51.8%
>70 31.4% 1.51 (0.98-2.33) 35.7%

Marital status 6.30 0.177 6.52 0.163
Married 42.9% 48.5%

Divorced - -
Separated or single 31.8% 39.6%
Widowed 46.9% 46.9%
Unknown - -

Year of diagnosis 3.41 0.181 4.05 0.131
2004-2010 50.0% 52.1%

2011-2012 36.5% 41.4%
2013-2014 48.8% 54.0%

Tumor size, in mm 7.47 0.058 9.11 0.027 0.036
<20 47.3% 49.6% Reference
20-50 36.9% 40.0% 1.57 (0.98-2.53)
> 50 0.0% 0.0% 3.08 (1.16-8.21)
Unknown 46.8% 60.8% 0.72 (0.30-1.71)

Grade 9.65 0.021 0.014 12.56 0.005 0.003
Well differentiated 56.8% Reference 63.3% Reference
Moderately differentiated 43.5% 1.59 (0.84-2.99) 51.8% 1.44 (0.70-2.97)

Poorly or undifferentiated 26.0% 2.35 (1.24-4.46) 30.5% 2.90 (1.43-5.88)
Unknown 57.0% 0.76 (0.27-2.16) 57.0% 1.14 (0.37-3.50)

T stage 1.35 0.244 4.63 0.031 0.030
T1/T2 48.7% 58.4% Reference
T3/T4 37.1% 38.7% 1.69 (1.05-2.71)

Surgery type 0.10 0.748 0.23 0.631
Local excision 45.7% 48.2%

Extensive surgery 44.1% 47.0%

Adjuvant radiotherapy 1.64 0.199 1.53 0.215
No/Unknown radiotherapy 48.2% 53.2%

Beam radiation 35.5% 37.2%

Adjuvant chemotherapy 1.31 0.251 1.48 0.222
No/Unknown chemotherapy  46.3% 53.8%

Chemotherapy performed 38.5% 42.1%

No. of LN retrieved 7.24 0.026 0.013 6.47 0.039 0.008
1-3 35.1% Reference 40.9% Reference
49 52.3% 0.39 (0.20-0.74) 60.0% 0.32 (0.15-0.66)
>9 39.3% 0.85 (0.53-1.36) 44.9% 0.62 (0.36-1.07)

CI: Confidence interval; CSS: Cancer-specific survival; HR: Hazard ratio; LNs: Lymph nodes; OS: Overall survival.

bias should be kept in mind when interpreting their
results. The fact that retrieving more than 10 or 12 LNs
is an indicator of better prognosis is still disputable.
The present study denoted that retrieving more than
nine LNs did not indicate a better prognosis in patients
with node-negative distal cholangiocarcinoma, but an
increase in terms of all-cause mortality risk and cancer
cause-specific mortality risk was observed compared
with retrieving four to nine LNs. For patients with distal
cholangiocarcinoma, retrieving too many LNs did not
obtain better outcomes. This result was contrary to the
prevailing dogma that a better prognosis was always
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associated with higher retrieved LN counts.

There were several hypotheses for the reason why
more retrieved LNs represented a worse prognosis.
Necrosis represented an aggressive biology of tumor
and a decreased survival rate; it had a close association
with LN hyperplasia. LN hyperplasia always resulted
in increases in the size and number of detectable
LNs; therefore, more retrieved LNs (detectable LNs)
were related to a worse prognosis*®2!!, The other
hypothesis was that there might be a difference at the
molecular level between tumors with more and less
detectable LNs. Tumors with more detectable LNs, i.e.
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Table 5 Stratified analyses of overall and cancer-specific survival according to the number of retrieved LNs for NO patients

Variable 4-9 retrieved LNs (1-3 retrieved LNs as the reference) > 9 retrieved LNs (1-3 retrieved LNs as the reference)
Overall survival Cancer-specific survival Overall survival Cancer-specific survival
HR (95%CI) Pvalue HR (95%CI) P value HR (95%CI) Pvalue HR (95%CI) P value
Age, in yr
<70 0.33 (0.13-0.86) 0.023 0.34 (0.13-0.89) 0.030 1.02 (0.49-2.14) 0.940 0.93 (0.46-1.88) 0.848
>70 0.32 (0.11-0.98) 0.047 0.33 (0.11-1.04) 0.059 0.63 (0.26-1.49) 0.294 0.40 (1.55-1.04) 0.059
Tumor size, in mm
<20 0.55 (0.21-1.46) 0.232 0.61 (0.22-1.68) 0.340 1.34 (0.60-2.97) 0.472 0.96 (0.41-2.23) 0.921
20-50 0.22 (0.07-0.69) 0.010 0.12 (0.03-0.55) 0.007 0.54 (0.24-1.21) 0.134 0.48 (0.21-1.12) 0.090
> 50 - - - - - - -
Grade

Well or moderately differentiated 0.56 (0.24-1.30) 0.180
Poorly or undifferentiated 0.23 (0.07-0.79) 0.020

T stage
T1/T2 0.30 (0.11-0.85)  0.024
T3/T4 0.34 (0.13-0.85)  0.022

0.47 (0.18-1.20) 0.114
0.26 (0.07-0.89) 0.032

0.30 (0.09-0.94) 0.039
0.31 (0.12-0.79) 0.016

0.99 (0.49-2.01) 0.994
0.69 (0.31-1.58) 0.389

0.74 (0.34-1.62) 0.454
0.75 (0.32-1.78) 0.514

0.79 (0.39-1.59) 0.501
0.66 (0.31-1.41) 0.285

0.76 (0.36-1.59) 0.467
0.65 (0.30-1.39) 0.267

CI: Confidence interval; HR: Hazard ratio; LNs: Lymph nodes.

more retrieved LNs, might belong to another subset of
distal cholangiocarcinoma that acts biologically more
aggressively!'?. Additionally, routine histologic techniques
for retrieving LNs may ignore the micrometastases,
leading to the under-staging of LNs. Hence, without
the application of immunohistochemical techniques
that was determined to increase the detection rate
of micrometastases, more retrieved LNs could not
promote the accuracy of LN staging or improve patient
survival. And, we wanted to know if more retrieved LNs
reflected extended lymphadenectomy that may result
in increasing postoperative complications. However,
because of the limitation of the SEER database, we could
not compare the background data in the > 9 retrieved
LNs group with that in four to nine retrieved LN groups.
There were several limitations in our study. First,
although a population-based database was utilized to
screen patients, the total number of patients involved
in our study was still not large enough compared with
congener studies for other diseases. Second, information
for adjuvant chemotherapy and radiotherapy in survival
analysis did not contain the details of the protocols, and
the SEER database did not provide data. Third, disease-
free survival could not be calculated because of the
lack of information about local recurrence in the SEER.
Fourth, patients who received preoperative radiation
were excluded. There might be patients who received
radiation in some other centers that were not recorded
in the SEER, so the down-staging effect of radiation
could not be entirely ruled out. Fifth, the number of
lymph nodes retrieved may depend upon the type
of surgical procedures. And, the lymph nodes distant
from the lesion (for example, nodes from Whipple's
procedure) may not have the same predicting value as
these from local or limited resection specimen. However,
the detailed operation methods were unknown because
of the limitation of the SEER, i.e. we could not know
how many patients underwent pancreatoduodenectomy
or segmental bile duct resection. Sixth, the number
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of lymph nodes retrieved may rely on lymph node
dissection skill in each individual institution (grossing
by resident vs practicing pathologists or pathologist
assistant). But, the SEER database only provided the
information of the region where the patients were from,
and the classes of hospital were unknown. Therefore,
such institution bias should be taken into consideration
when interpreting our results. Seventh, we could only
compare survival among the groups of patients with
four to nine lymph nodes and others based upon
pathological stage and not clinical stage due to the
limitation of SEER (the SEER database only provided
the information of pathological stage for patients with
resectable distal cholangiocarcinomas). Eighth, the
AJCC staging system utilized in the present study was
the 6™ edition, which was not the most commonly used
one nowadays (due to limitations of SEER). Finally, we
could not get the data referring to the surgical margin
status in SEER; surgical margin status was an important
prognostic factor in patients with resected distal
cholangiocarcinoma.

In conclusion, the number of retrieved LNs did
not show its prognostic value in the whole group of
patients (a mixture of NO and N1 patients) and N1
patients. However, the number of retrieved LNs was an
independent prognostic factor of overall and cancer-
specific survival for patients with node-negative distal
cholangiocarcinoma. Patients with four to nine retrieved
LNs had better overall and cancer-specific survival
rates than others, but the reason and mechanism
were unclear. The future studies should consider more
operation- and adjuvant therapy-related parameters
into their analysis to evaluate our results.

ARTICLE HIGHLIGHTS

Research background
Lymph node (LN) status was determined to be a strong predictor for the
prognosis of patients with distal cholangiocarcinoma. However, the prognostic
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value of the retrieved LNs counts in distal cholangiocarcinoma is still under
debate.

Research motivation

The benchmark number of retrieved LNs has been determined in many
gastrointestinal carcinomas, in addition to the distal cholangiocarcinomas.
Previous studies regarding the retrieved LNs counts in distal cholangiocarcinomas
were limited by their small sample size, and the patients in those studies
comprised both perihilar and distal cholangiocarcinomas. The present study
tried to determine the interactions between the retrieved LNs counts and the
prognosis in patients with only distal cholangiocarcinomas, and a population-
based database was used for patients’ selection that provided a sufficient
sample size.

Research objectives

We aimed to evaluate the prognostic value of the number of retrieved LNs for
patients with distal cholangiocarcinomas and to determine the optimal retrieved
LNs cut-off number.

Research methods

The Surveillance, Epidemiology and End Results (SEER) database was used
to screen for patients with distal cholangiocarcinoma. The retrieved LNs counts
were transformed from continuous variables to categorical variables, and the
cut-off was defined by the X-tile program. The overall and cancer-specific
survival was compared between the different categories of retrieved LNs counts
by the means of the Kaplan-Meier method and Cox regression analysis. Then,
we performed stratified analyses by the clinical factors that were evaluated
to be independently associated with survival in the Cox regression analysis,
among patients within the different LNs groups.

Research results

A total of 449 patients with distal cholangiocarcinoma were included in the
present study. The Kaplan-Meier survival analysis for all patients and for N1
patients revealed no significant differences among patients with different
retrieved LN counts in terms of overall and cancer-specific survivals. In patients
with node-negative distal cholangiocarcinoma, patients with four to nine
retrieved LNs had a significantly better overall (P = 0.026) and cancer-specific
(P = 0.039) survival than others. In the subsequent multivariate analysis, the
number of retrieved LNs was evaluated to be independently associated with
survival. Additionally, patients with four to nine retrieved LNs had a significantly
lower overall mortality risk (hazard ratio (HR): 0.39; 95% confidence interval (Cl):
0.20-0.74) and cancer cause-specific mortality risk (HR: 0.32; 95%Cl: 0.15-0.66)
than other patients. Additionally, stratified survival analyses showed persistent
better overall and cancer-specific survival when retrieving four to nine LNs in
patients with any T stage of tumor, a tumor between 20 and 50 mm in diameter,
or a poorly differentiated or undifferentiated tumor and in patients who were <
70-years-old.

Research conclusions

The number of retrieved LNs was an important independent prognostic factor
for patients with node-negative distal cholangiocarcinoma. Additionally, patients
with four to nine retrieved LNs had a better overall and cancer-specific survival
rate than patients with less than four or more than nine retrieved LNs.

Research perspectives

Although our study revealed retrieving four to nine LNs in patients with node-
negative distal cholangiocarcinoma had better overall and cancer-specific
survival rates than others, the reason and mechanism for that were unclear.
The future studies should consider more operation- and adjuvant therapy-
related parameters into their analysis to evaluate our results.
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Abstract

AIM

To analyze clinical differences between monogenic and
nonmonogenic very-early-onset inflammatory bowel
disease (VEO-IBD) and to characterize monogenic IBD
phenotypically and genotypically via genetic testing.

METHODS

A retrospective analysis of children aged 0 to 6 years
diagnosed with VEO-IBD in a tertiary hospital in
southern China from 2005 to 2017 was performed.
Clinical data for VEO-IBD patients were collected, and
genetic characteristics were analyzed using whole
exome sequencing or target gene panel sequencing.

RESULTS

A total of 54 VEO-IBD patients were included in this
study. A diagnosis of Crohn’s disease (CD) or CD-
like intestinal manifestations accounted for 72.2%
of the VEO-IBD cases. Nine patients (16.7%) were
identified by genetic testing as having monogenic
IBD. The median age of diagnosis in the monogenic
group was younger than that of the nonmonogenic
IBD group, at 18 mo (interquartile range (IQR): 4 to
78) and 43.5 mo (IQR: 3 to 173), respectively; the
P-value was 0.021. The incidence of perianal disease
in the monogenic group was higher than that in the
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nonmonogenic group (P = 0.001). However, there
were no significant differences between weight-for-
age and height-for-age Z-scores between the two
groups, and similar laboratory results were obtained
for the two groups. Five patients were found to have
IL10 receptor mutation, two patients had chronic
granulomatous disease, one patient had common
variable immunodeficiency disease, and one patient
had X-linked inhibitor of apoptosis protein deficiency.

CONCLUSION

A high proportion of monogenic IBD was observed
in the VEO-IBD group, especially with disease
onset before the age of 6 mo. Monogenic IBD and
nonmonogenic IBD exhibited similar clinical features.
Furthermore, next-generation sequencing played an
important role in the diagnosis of monogenic IBD, and
1L 10 receptor mutation was predominant in this cohort.

Key words: Monogenic; Very-early-onset inflammatory
bowel disease; Primary immunodeficiency diseases;
1110; IL10R

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the largest study to analyze
clinical differences between monogenic and non-
monogenic very-early-onset inflammatory bowel
disease (VEO-IBD) in China. Moreover, we characterized
monogenic IBD phenotypically and genotypically
through genetic testing (whole exome sequencing
and targeted gene panel sequencing). We found a
high proportion of monogenic IBD in the VEO-IBD
group, with the most common monogenic IBD being
I/ 10R mutation. Monogenic IBD and nonmonogenic
IBD showed similar clinical features. Next-generation
sequencing played an important role in the diagnosis of
monogenic IBD.

Fang YH, Luo YY, Yu JD, Lou JG, Chen J. Phenotypic and
genotypic characterization of inflammatory bowel disease in
children under six years of age in China. World J Gastroenterol
2018; 24(9): 1035-1045 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/19/1035.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.19.1035

INTRODUCTION

Very-early-onset inflammatory bowel disease (VEO-
IBD) refers to an IBD diagnosis established before
the 6™ year of life, including a subset of patients with
disease onset before the age of 2 years, known as
infantile-onset IBD (IO-IBD)™. VEO-IBD is rare, with
an estimated incidence of 4.37 and a prevalence of
14 per 100000 children™ . These patients present
with abdominal pain, intestinal bleeding, diarrhea and
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malnutrition, similar to adults with IBD. In addition,
growth failure is often observed™®. However, VEO-
IBD is considered to be a unique entity, and compared
to adults with IBD, VEO-IBD children are more likely
to present with extensive and treatment-resistant
disease.

These patients may require the combined use of
immunosuppressant and biologic agents and even
early intestinal surgery. Although the IBD classification
was recently modified to address the younger age
group, this step may not be sufficient to accommodate
the heterogeneous phenotypes of VEO-IBD'!. The
etiology of IBD is related to genetic and environmen-
tal factors as well as to the intestinal microbiome.
Furthermore, VEO-IBD, especially I0-IBD, presents
with IBD-like intestinal inflammation and shows a close
association with primary immunodeficiency diseases
(PIDs), defined as monogenic IBD™.

More than 50 VEO-IBD-related genes have been
reported to date, including those associated with IL10
and IL10 receptor mutation, immune dysregulation,
polyendocrinopathy, enteropathy X-linked (IPEX)
syndrome and X-linked inhibitor of apoptosis (XIAP)
deficiency™. Nonetheless, the exact incidence of
monogenic IBD remains unknown™ due to variations
in the genetic background of this disease. Most
reports regarding monogenic IBD are based on small
populations or case reports, with only a small number of
genes investigated. To the best of our knowledge, this
study reports the largest cohort of genetically screened
patients with VEO-IBD from China.

MATERIALS AND METHODS

Study subjects
This study was approved by the Ethics Committee of
the Children’s Hospital of Zhejiang University School
of Medicine. A total of 54 pediatric patients diagnosed
with VEO-IBD in the Gastroenterology Department
of Children’s Hospital of Zhejiang University School of
Medicine from October 2005 to May 2017 were included
in this study. According to Porto criteria®, Crohn’s disease
(CD) and CD-like intestinal inflammation present as
noncontiguous aphthous or linear ulcers, primarily
in the ileum or colon. Histologically, the disease is
characterized by chronic focal inflammation with or
without granulomas and perianal or fistulating disease.
Ulcerative colitis (UC) or UC-like intestinal inflammation
presents as continuous mucosal inflammation of the
colon starting from the rectum, without small bowel
involvement and without CD features. Patients with a
definitive diagnosis of IBD with inflammation limited to
the colon but without the typical features of UC and CD
are classified as IBD of an unclassified type (IBDU).

The clinical characteristics of the pediatric patients,
including sex, first symptom(s), time of onset of symp-
tom(s), clinical features, surgical history, medication
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history and family history, were collected from medical
records.

The following were criteria for genetic testing: (1)
patients with disease onset before 6 mo of age; (2)
patients with disease onset beyond 6 mo accompanied
with severe perianal disease, severe malnutrition or
growth failure, or resistance to treatment.

Whole exome sequencing and targeted gene panel
sequencing

Genomic DNA was isolated from peripheral blood of the
patients. For whole exome sequencing (WES), whole
exome library preparation was based on modifications
of a protocol using the Agilent SureSelect XT Human All
Exon Kit. Sequencing was performed using the Illumina
HiSeq 2500 platform.

For targeted gene panel sequencing (TGPS), target
sequences were enriched using customized capture
probe chips (SureSelect Inherited Disease Panel; Agilent
Technologies), which included 4,503 genes known to
cause inherited disorders. DNA probes were designed
for exons and flanking 10 bp intronic sequences. Briefly,
1 pg of genomic DNA was fragmented into 200-300
bp lengths by the Covaris Acoustics system. The DNA
fragments were subsequently processed by end-
repairing, A-tailing and adaptor ligation, 4-cycle pre-
capture polymerase chain reaction (PCR) amplification,
and targeted sequence capture. The captured DNA
fragments were eluted and amplified by 15-cycle
postcapture PCR. The final products were sequenced
with 150-bp paired-end reads using the Illumina HiSeq
X Ten platform according to the standard manual.

Raw data were processed by the Illumina pipeline
(version 1.3.4) for image analysis, error estimation,
base calling and generating the primary sequence data.
For quality control, Cutadapt (https://pypi.python.org/
pypi/cutadapt) and FastQC (https://www.bioinformatics.
babraham.ac.uk/projects/fastqc/) were used to remove
3’-/5’- adapters and low-quality reads, respectively.
Clean short reads were mapped to the human genome
(hg19) using Burrows Wheeler Aligner software (http://
sourceforge.net/projects/bio-bwa/). SOAPsnp software
(http: //soap.genomics.org.cn/) and SAM tools Pileup
software (http://sourceforge.net/projects/samtools/)
were used to detect single-nucleotide polymorphisms
and small insertions and deletions.

Variants were annotated using ANNOVAR software
(http://www.openbioinformatics.org/annovar/), which
includes function implications (gene region, functional
effect, mRNA GenBank accession number, amino acid
change, cytoband) and allele frequencies in dbSNP,
1000 genomes (http://www.1000genomes.org),
ESP6500 (http://evs.gs.washington.edu/EVS/) and
ExAc (http://exac.broadinstitute.org/). Damaging
missense mutations were predicted by SIFT (http://sift.
bii.a-star.edu.sg/), PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph2/) and MutationTaster (http://www.
mutationtaster.org/). Interpretation of variants was
based on recommended standards from the American
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College of Medical Genetics and Genomics!**, and
all variants were categorized as pathogenic, likely
pathogenic, variants of unknown significance, likely
benign or benign.

To validate the variants based on next-generation
sequencing (NGS) and WES, PCR amplification and
Sanger sequencing were performed for the sequence
centers on variant genes.

Statistical analysis

The categorical variables were presented as number
(percentage). The continuous variables of normal
distribution were presented as mean £ SD, otherwise
as median * interquartile range (IQR). The normality
test was performed by Shapiro-Wilk test. The difference
in variables with normal/abnormal distribution between
nonmonogenic and monogenic IBD were estimated by
Student’s t-test and Mann-Whitney test, respectively.
The differences in categorical variables between non-
monogenic and monogenic IBD were assessed using
the chi-square test; however, if total sample size was
less than 40 or the number in one cell was less than 5,
Fisher’s exact test was used for testing the difference.
P < 0.05 was considered to be a statistically significant
difference. All statistical analyses were conducted with
SPSS 22.0 statistical software (SPSS Inc., IBM Corp.,
Armonk, NY, United States).

RESULTS

General characteristics of VEO-IBD patients

From October 2005 to May 2017, 136 pediatric patients
were diagnosed with IBD at our hospital, among which
54 were diagnosed with VEO-IBD; thus, VEO-IBD
patients accounted for 39.7% of pediatric IBD patients
in our cohort. Among the 54 VEO-IBD patients, 37
were males and 17 females, for a male to female ratio
of 2.18:1. Thirty-one VEO-IBD patients (57.4%) had
disease onset before the age of 2 years.

Of the 54 patients with VEO-IBD, 72.2% had a
diagnosis of CD or CD-like intestinal manifestations,
7.4% had a diagnosis of UC or UC-like intestinal manife-
stations, and 20.4% had a diagnosis of IBDU. Only
one patient was the offspring of a consanguineous
union, and his older sister also had similar symptoms
during the neonatal period, though without a definitive
diagnosis. None of the remaining patients had a positive
family history of IBD or PID.

The median age of disease onset was 14 mo (IQR: 0
to 72 mo), and the median age of diagnosis was 35.5 mo
(IQR: 3 to 173 mo). The median time to diagnosis was
9 mo (IQR: 0.4 to 104 mo). The Z-scores for median
weight-for-age, height-for-age and body mass index -for-
age were -1.69 (IQR: -4.69 to 2.2), -1.41 (IQR: -6.43 to
2.51) (n = 51) and 14 (IQR: 0 to 72) respectively.

Mortality
The overall mortality rate was 11.1% (6/54). The
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Table 1 Clinical features of dead very-early-onset inflammatory bowel disease patients

Patient Sex Age of disease Chief complaints Perianal diseases EIMs Colonoscopy features Disease cause Genetic
onset death diagnosis
1 M Neonate Diarrhea Perianal abscess Arthritis, oral Pancolitis, ulcers and Lymphoma NA
and fistula ulcers hyperplasia
2 M 2 mo Diarrhea, bloody None None Proctitis, linear and aphthous ~ Suspension of NA
stools ulcers treatment
3 M lyr5mo  Diarrhea, bloody Perianal abscess None Pancolitis and terminal ilium  Suspension of NA
stools ulcers and hyperplasia treatment
4 F 3yr10mo Abdominal pain None None Pancolitis, ulcers and cobble  Sepsis, multiple NA
stone appearance of colon organ failure
5 M 4yr11mo Diarrhea, bloody None Rash, oral Pancolitis, erosion, ulcers and Intestinal NA
stools, fever, erosion multiple hyperplasia lesions bleeding
malnutrition
6 M 2mo13d Diarrhea, fever  Perianal abscess None Proctitis, longitudinal ulcer ~ Sepsis and shock CGD

EIMs: Extraintestinal manifestations.

Table 2 General data of very-early-onset inflammatory bowel disease patients

Monogenic IBD Nonmonogenic IBD P value
Patients 9 45
Sex, M/F 8/1 28/17
Median age of disease onset, in mo 1(0,72) 19.5 (0, 72) 0.008°
Median age of disease diagnosis, in mo 18 (4, 78) 435 (3,173) 0.021*
Duration before diagnosis, in mo 6(2,29) 9 (0, 104) 0.668

P < 0.05. IBD: Inflammatory bowel disease.

clinical conditions of these 6 patients are listed in Table
1. Among the 6 patients, 4 had a diagnosis of CD and
2 a diagnosis of IBDU. Moreover, 2 of the patients had
disease onset before 2 years of age.

Clinical characteristics

Nine patients (16.7%) were diagnosed with monogenic
IBD; among them, 6 were diagnosed with CD and 3
with IBDU. We also compared the clinical manifestations
of monogenic and nonmonogenic IBD patients. The
monogenic group was predominately male, with a male
to female ratio of 8:1. Four patients had disease onset
during the neonatal period, and two patients presented
with symptoms before 1 year of age. The median age
of disease onset for the monogenic patients was earlier
than that for the nonmonogenic patients at 1 mo (IQR:
0 to 72) and 19.5 mo (IQR: 0 to 72) respectively (P
= 0.008). Similarly, the median age of diagnosis for
the monogenic group was earlier than that for the
nonmonogenic group, at 18 mo (IQR: 4 to 78) and 43.5
mo (IQR: 3 to 17) respectively (P = 0.021). However,
there was no significant difference in the median time
from disease onset to diagnosis between the two groups
(P = 0.668; Table 2).

The incidence of perianal disease in the monogenic
group was higher than that in the nonmonogenic group (P
= 0.001); when comparing weight-for-age and height-
for-age Z-scores, no significant differences between the
two groups were found. Moreover, laboratory findings
were similar between the two groups. Mesalazine was
more commonly used in the monogenic than in the
nonmonogenic group (P = 0.009). A greater number of
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patients underwent intestinal surgery in the monogenic
group than in the nonmonogenic group; however, this
difference was not statistically significant at P = 0.050.
To date, more patients in the nonmonogenic group have
died compared to the monogenic group (P = 0.000;
Table 3).

Genetics

A total of 16 patients underwent WES or TGPS, 6 and
12 respectively (2 patients were tested by both WES
and TGPS). Two patients underwent genetic testing
(IL10RA) at another hospital. Nine patients were
diagnosed with monogenic IBD. Seven of these patients
were diagnosed by TGPS, and two were diagnosed by
both methods. Five patients were diagnosed with IL10R
mutation, two patients were diagnosed with chronic
granulomatous disease (CGD) with CYBB mutation, and
one patient was diagnosed with XIAP deficiency. One
patient was diagnosed with common variable immune
deficiency (CVID) with TNFRSF13B mutation. The
clinical information for the 9 monogenic patients are
listed in Table 4, and the genetic phenotypes of the 18
patients are provided in Table 5.

IL10 and IL10R mutations

Patient 1 was a male offspring from a consanguineous
union, with disease onset during the neonatal period.
The first manifestation was a perianal abscess followed
by recurrent fever, bloody stools, anal fistula and anal
abscess formation, and skin infections. Colonoscopic
findings included strictures of the colon near the splenic
flexure, extensive polypoid hyperplasia, irregular ulcers,
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Table 3 Comparison of clinical features of monogenic and nonmonogenic inflammatory bowel disease groups

Nonmonogenic IBD Monogenic IBD P value
Diagnosis
CD, % 75.0 50.0
IBD-U, % 18.2 40.0
UG, % 6.8 10.0
Abdominal pain, 25 2 0.142
Diarrhea, n 36 8 1.000
Bloody stools, n 26 8 0.131
Malnutrition, n 19 5 0.489
Growth failure, n 14 4 0.461
Oral ulcers, n 3 1 0.529
Persistent fever, n 3 0 1.000
Perianal diseases, n 9 7 0.001°
Body weight Z-score -1.54 (-4.69, 2.20) -2.04 (-3.66, 0.96) 0.303
Height Z-score -1.38 (-6.43, 2.51) -1.76 (-4.92, 0.46) 0.597
WBC, as 10’ 15.04+1.72 12.53+1.72 0.382
HGB, ing/L 103.02 + 2.57 106.67 + 5.00 0.496
PLT, as “10" 454.60 + 28.40 421.89 + 54.97 0.632
CRP, in mg/L 51.16 £ 8.43 20.22 +2.43 0.668
ESR, in mm/h 29.22+4.70 21.00 + 4.56 0.923
ALB, ing/L 33.80£1.10 36.60 +1.77 0.283
Steroid, n 36 6 0.399
Antibiotics, n 29 7 0.484
Mesalazine, n 32 2 0.009°
Immunosuppressants, 1 25 8 0.075
Nutrition, n 33 5] 0.425
Infliximab, n 14 4 0.461
Surgery, n 6 4 0.050
Death, n 5 1 0.000"

°P < 0.05. IBD: Inflammatory bowel disease.

and inflammatory tags. Esophagogastroduodenoscopy
was normal. Preliminary immune tests and the serum
IL10 level were normal. The patient underwent a
colostomy at the age of 1 year and 1 mo due to
recurrent diarrhea and perianal abscesses. At 2 years
and 5 mo of age, he underwent transverse partial
colectomy, small bowel internal fistula resection and
anastomosis. The pathological evaluation revealed
transmural inflammatory infiltrate and linear serpentine
ulcerations. The patient also underwent incision,
drainage and seton placement for multiple abscesses.
He was resistant to treatment with antibiotics, steroids,
total parenteral nutrition (TPN), enteral nutrition (EN)
and infliximab. At the time of writing this manuscript,
he is in clinical remission on a combination treatment
of azathioprine and thalidomide. Genetic testing by
both TGS and WES revealed the following homozygous
IL10RB mutation: Chr21:34660499: c.737G>A,
p.W246X. This mutation has not been reported in
HGMDpro.

Patient 2 was a female with VEO-IBD of neonatal
onset, with first symptoms of recurrent watery diarrhea
and blood and mucous in stools followed by a perianal
abscess, fistula formation and recurrent fever. The
patient was initially treated with elemental formula
due to suspected cow’s milk allergy. She had her first
colostomy at 1 year and 11 mo of age. Colonoscopy
showed a cobble stone appearance and linear ulcerations
in the colon. The pathological evaluation revealed
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classic CD features (strictures, transmural inflammatory
infiltrate, linear serpentine ulcerations and noncaseating
granulomas). Preliminary immune tests were normal,
and the serum IL10 level was slightly elevated. She
was resistant to treatment with steroids, mesalazine,
antibiotics, immunosuppressants and infliximab. At 3
years and 1 mo of age, she underwent repair for a small
bowel perforation, pancolectomy and ileal pouch-anal
anastomosis. TGPS revealed the following compound
heterozygous IL10RA mutations: Chr11:117864125:
¢.537G>A, p.T179T and Chr11:117860269: ¢.301C>T,
p.R101W. The two mutations were derived from the
mother and father, respectively. Both mutations are
reported in HGMDpro™***,

Patient 3 was a male with disease onset at 1 mo of
age. The patient had symptoms of recurrent diarrhea
with mucous and blood, oral ulcers, anal fistula, obvious
malnutrition and growth failure. Initial immune tests
were normal, and the IL10 level was elevated at
85.5 pg/mL (normal range from 2.6 to 4.9 pg/mL).
Colonoscopy showed deep ulcers in the rectum. The
pathology evaluation showed nonspecific inflammation
of the colon. The traditional treatments of antibiotics,
TPN, EN and steroids were unsuccessful. Genetic testing
at an outside hospital detected the following compound
heterozygous IL10RA mutations: Chr11:117860269,
¢.301C>T, p.R101W, Chr11:117993268: c.470A>G,
p.Y157C. The two mutations were from his mother and
father, respectively. His older sister is a hereditary carrier.
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revealed the following hemizygotic mutation of CYBB:
ChrX:37642741: c.142-2A>G splicing. The mutation is
reported as pathogenic in HGMDprot*.

CVvIiD

Patient 8 was a male who presented with jaundice and
recurrent respiratory infections during the neonatal
period. Immunoglobulin (Ig)G and IgM levels were
below normal. He was treated with antibiotics and
intravenous immunoglobulin. He gradually developed
splenomegaly. At the age of 9 mo, this patient presented
with recurrent bloody stools. Colonoscopy showed ulcers
and polypoid hyperplasia, which eventually spread to
involve the entire colon. Pathological examination of
the intestinal biopsy showed nonspecific inflammatory
changes. The patient underwent laparotomy, which
revealed intestinal swelling and with fissure ulcers, and
ulcers involving the tunica muscularis. Treatments with
steroids, TPN, EN, mesalazine, infliximab and multiple
immunosuppressants were unsuccessful. Both WES and
TGPS showed the following compound heterozygous
mutations in TNFRSF13B: Chrl17:16843819: c.452C>T,
p.P151L and Chr17:16852132:¢c.365G>A, p.R122Q.
These mutations are reported to be associated with
CVID, though they have not been reported in HGMDpro.
Further tests are required to determine the effects of
these mutations.

XIAP deficiency

Patient 9 was a male, aged 5 years and 11 mo,
who presented with recurrent bloody stools, fever
and abdominal pain. He had been diagnosed with
hemophagocytic syndrome at 4 years of age. Colono-
scopy showed blunting and flattening of villi at the
terminal ileum. The entire colon showed irregular deep
ulcers and aphthous ulcers. Capsule endoscopy revealed
sporadic jejunal ulcers. Immune tests were normal. He
did not respond to exclusive enteral nutrition therapy
and oral steroids. He was treated with infliximab and
6-Mercaptopurine and is currently in clinical remission.
His colonoscopy findings have also improved. TGPS
revealed the following mutation associated with XIAP
deficiency: ChrX:123022501: ¢.910G>T, p.G304X.
The mutation was not acquired from his parents. This
mutation has not been reported in HGMDpro.

DISCUSSION

VEO-IBD children are generally recognized as having
more severe clinical symptoms, more extensive intestinal
inflammation, higher rates of treatment resistances
and rapid disease progression compared to patients
with adolescence- or adult-onset IBD™>"”), In contrast,
several studies have reported that VEO-IBD patients are
not prone to a more severe clinical course compared
to those with adolescence-onset IBD™®!. However,
geographic and/or ethnic differences can affect genetic
background and therefore cause conflicting results
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among studies. Monogenic IBD typically presents
early, with severe clinical features and is resistant to
traditional therapy; a portion of VEO-IBD patients even
require HSCT™,

In the study by Jochen Kammermeier et al''®!, a high
rate of IBDU (71%) in patients younger than 2-years-
old was observed, among whom 29% were offspring
from consanguineous unions, 18% had a positive family
history of IBD in a first-degree relative, and 31% were
diagnosed with monogenic IBD. In that study, high
rates of consanguineous unions and positive family
history of IBD resulted in high rates of monogenic IBD,
exhibiting a more severe clinical course than traditional
IBD!®. Abdulrahman Al-Hussaini et a*® analyzed 352
IBD patients in Saudi Arabia and found that 21.6%
were diagnosed with IBD before the age of 6 years and
9% before the age of 3 years, and the consanguinity
rate was significantly higher in the infantile or toddler-
onset CD subgroup (57.1%).

In our study, the percentage of VEO-IBD patients
among cases of pediatric IBD was similar to that
reported by Oren Ledder et af'”. Monogenic IBD patients
showed earlier disease onset than nonmonogenic IBD
patients, and CD was the predominant diagnosis in
both groups. Nonetheless, IBDU was more common in
the monogenic group, which suggests that most of the
monogenic IBD patients had disease limited to the colon.
The results of laboratory tests were similar between the
two groups. Moreover, patients in the monogenic group
did not show a propensity to be prescribed infliximab
and immunosuppressants earlier than those in the
nonmonogenic group.

According to the diagnostic guidelines for pediatric IBD
by the European Society of Paediatric Gastroenterology,
Hepatology and Nutrition®, CD is likely to be the
diagnosis when colonoscopy shows classic or nonclassic
CD features with small bowel involvement or the
presence of fistula/perianal disease. IBDU classification
is reserved for patients with inflammation limited to the
colon, in the absence of features suggestive of either
UC or CD. If the initial immune work-up is normal,
further investigation may be considered by physicians
to be unnecessary. However, monogenic IBD, including
IL10/R and XIAP deficiencies, CGD, and IPEX syndrome,
presents with such features as perianal/fistulating
disease, linear serpentine ulcerations, and even non-
caseating granulomas'****, and these patients are likely
to be diagnosed with IBDU or CD. It is recognized that
onset of disease before 6 mo of age, growth stunting
(height-for-age Z-score < 3), extensive disease and
epithelial abnormalities are significantly more prevalent
in monogenic IBD™®, which may indicate the need for
immune tests and even genetic screening in this group
of patients™.

PID can present as IBD-like symptoms with
intestinal manifestations and can be diagnosed by
immune tests. CGD is characterized by genetic defects
in components of the phagocyte reduced nicotinamide
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adenine dinucleotide phosphate (NADPH) oxidase (phox)
complex, which can be detected by the neutrophil
oxidative burst assay. High levels of IgG may indicate
FOXP3 deficiency*®**. However, Wiskott-Aldrich
syndrome, hyper-IgE syndrome and IL10 or IL10R
mutations are not detected by basic immunodeficiency
screening tests and require specific functional analyses.
Defects in gene IL10RA and IL10RB can be detected
by assays that determine whether exogenous IL10 will
suppress lipopolysaccharide-induced peripheral blood
mononuclear cell cytokine secretion or IL10-induced
STAT3 phosphorylation. Flow cytometry can detect
functional defects in muramyl dipeptide signaling in
patients with XIAP deficiency™.

Given the large number of potential candidate genes
and overlapping phenotypes, single-gene sequencing
and immune tests are becoming less appropriate in
children with suspected monogenic IBD. NGS techniques
have significantly improved in recent years, with lower
cost and diagnosis time. Although WES is suitable
for novel gene discovery, it offers less reliable gene
coverage in the diagnostic setting compared to TGPS™®.,
TGPS and WES were both used in our study, with 16
VEO-IBD patients with suspected immune deficiency
undergoing WES and/or TGPS, which revealed 9 cases
of monogenic IBD (IL10RA, IL10RB, XIAP and CYBB).
Among the 9 patients, 4 had disease onset during the
neonatal period, and 4 had symptoms within 1 year of
age. The phenotypes of the patients were in accordance
with the genotypes. SIFT, Polyphen2 and MutationTaster
were used to predict the innocuousness of the mutated
genes.

There were limitations in this study. First, we did
not perform functional analyses of novel mutations,
and such studies should be performed to confirm
the results. However, the novel mutations were all
predicted to be pathogenic and likely pathogenic by
SIFT, PolyPhen-2 and MutationTaster. Second, not all
of the VEO-IBD patients were assessed by genetic
testing. In cases in which immune deficiency disease
was strongly suspected but could not be diagnosed by
initial immune tests, genetic testing was recommended.
At our hospital, the identification of monogenic IBD
and genetic testing in VEO-IBD patients have only
been performed during the last 5 years. Several 10-
IBD patients diagnosed in early years who met the
criteria for genetic testing had died, and their blood
samples were not collected. For this reason, more cases
of monogenetic IBD might have been present in our
cohort.

In the present study, we identified monogenic IBD
in 9 patients, predominantly with IL10R mutation; five
patients were diagnosed with IL10R mutation. Among
them, 1 patient was the offspring of a consanguineous
union, with a homozygous mutation of IL10R which
has not been reported in the literature. All remaining
patients had compound heterozygous mutations of
IL10R. IL10 and IL10R mutations have been reported
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previously. Patients with IL10 signaling defects primarily
present with IBD symptoms within 3 mo of life, with
severe perianal disease (abscess, fistula formation,
fissure, tags) and susceptibility to infections. In addition,
they are usually resistant to traditional therapies,
though HSCT can induce sustained remission of
intestinal inflammation™®**?”), Defects in IL10 signaling
are associated with extraintestinal inflammation, such
as folliculitis and arthritis, as well as a predisposition
toward B-cell lymphoma™®,

In the report of Zhiheng Huang et al*”, 42 10-IBD
patients among the Han population in China had IL10R
mutations, 41 patients had IL10RA mutations, and only
1 patient had an IL10RB mutation; thus, IL10RA was
predominant in the Han population. In another report
from China, Xiao et al'™® described 4 patients with
IL10RA mutation and 1 with IL10RB mutation among
13 VEO-IBD patients. In the present study and in other
studies from Asia®!, monogenic IBD is predominately
due to mutations in IL10R and XIAP and CGD, whereas
mutations in EPCAM, TTC37, SKIV2LLRBA and TTC7A
have been reported in Western countries!®!. These
findings suggest that IL10R mutation is the most
common cause of monogenic IBD in the Han population.
Further multicenter studies are warranted.

The genetic background of VEO-IBD patients is not
clear, especially among different ethnicities. Due to the
heterogeneity of VEO-IBD with overlapping phenotypes
between different genotypes, TGSP is appropriate for
rapid recognition of monogenic IBD in VEO-IBD patients
with the signs and features of monogenic IBD. This
approach may help guide a more appropriate treatment
strategy. For example, sustained remission after HSCT
can be achieved with IL10R/IL10 mutation™, XIAP
deficiency™’ and FOXP3 deficiency™.

In conclusion, using WES and TGPS, we identified
underlying PID gene mutations in pediatric patients
with VEO-IBD in a Chinese population. There was a
high proportion of monogenic IBD in the VEO-IBD
group, especially with disease onset before 6 mo of
age. IL10R mutation was predominant in our cohort.

ARTICLE HIGHLIGHTS

Research background

Very-early-onset inflammatory bowel disease (VEO-IBD) patients show a close
association with primary immunodeficiency diseases, defined as monogenic
IBD. More than 50 VEO-IBD related genes have been reported to date.
Nonetheless, the incidence of monogenic IBD in Chinese population remains
unknown.

Research motivation

Most reports regarding monogenic IBD were based on small population or case
report, with only a small number of genes investigated. This study reports the
largest cohort of genetically screened patients with VEO-IBD from China.

Research objectives
The objective of this research is to characterize monogenic IBD phenotypically
and genotypically via genetic testing and to analyze clinical differences between
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monogenic and nonmonogenic VEO-IBD patients.

Research methods

A retrospective analysis of children aged 0 to 6 years diagnosed with VEO-
IBD in a tertiary hospital in southern China from 2005 to 2017 was performed.
Clinical data for VEO-IBD patients were collected, and their genetic
characteristics were analyzed using whole exome sequencing or target gene
panel sequencing.

Research results

Nine patients (16.7%) were identified to have monogenic IBD by genetic testing.
Five patients were shown to have IL10R mutation, two patients had chronic
granulomatous disease, one patient had common variable immunodeficiency
disease, and one patient had X-linked inhibitor of apoptosis deficiency.

Research conclusions

A high proportion of monogenic IBD was observed among the VEO-IBD
group, especially with disease onset before the age of 6 mo. IL10RA was the
predominant mutation in this cohort. Monogenic IBD and nonmonogenic IBD
demonstrated similar clinical features. Next-generation sequencing played an
important role in the diagnosis of monogenic IBD.

Research perspectives

Next-generation sequencing revealed a high proportion of monogenic IBD in
our VEO-IBD cohort. Multicenter prospective studies are expected to determine
the incidence of monogenic IBD in the Chinese VEO-IBD population and to
investigate the genetic characteristics of monogenic IBD in China.
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Abstract

AIM

To assess the effect of polyglycolic acid (PGA) plus stent
placement compared with stent placement alone in the
prevention of post-endoscopic submucosal dissection
(ESD) esophageal stricture in early-stage esophageal
cancer (EC) patients.

METHODS

Seventy EC patients undergoing ESD were enrolled
in this randomized, controlled study. Patients were
allocated randomly at a 1:1 ratio into two groups as
follows: (1) PGA plus stent group (PGA sheet-coated
stent placement was performed); and (2) Stent group
(only stent placement was performed). This study was
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registered on http://www.chictr.org.cn (No. chictr-
inr-16008709).

RESULTS

The occurrence rate of esophageal stricture in the PGA
plus stent group was 20.5% (7 = 7), which was lower
than that in the stent group (46.9%, n = 15) (P =
0.024). The mean value of esophageal stricture time
was 59.6 + 16.1 d and 70.7 + 28.6 d in the PGA plus
stent group and stent group (P = 0.174), respectively.
Times of balloon dilatation in the PGA plus stent group
were less than those in the stent group [4 (2-5) vs
6 (1-14), P = 0.007]. The length (P = 0.080) and
diameter (P = 0.061) of esophageal strictures were
numerically decreased in the PGA plus stent group,
whereas no difference in location (P = 0.232) between
the two groups was found. Multivariate logistic analysis
suggested that PGA plus stent placement (P = 0.026)
was an independent predictive factor for a lower risk of
esophageal stricture, while location in the middle third
(P = 0.034) and circumferential range = 1/1 (P = 0.028)
could independently predict a higher risk of esophageal
stricture in EC patients after ESD.

CONCLUSION
PGA plus stent placement is more effective in
preventing post-ESD esophageal stricture compared
with stent placement alone in EC patients with early-
stage disease.

Key words: Esophageal cancer; Endoscopic submucosal
dissection; Polyglycolic acid plus stent placement;
Esophageal stricture

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study determines the effect of polyglycolic
acid (PGA) plus stent placement compared with stent
placement alone in the prevention of post-endoscopic
submucosal dissection (ESD) esophageal stricture
in early-stage esophageal cancer (EC) patients. Our
findings confirm that PGA plus stent placement is more
effective in preventing post-ESD esophageal stricture
compared with stent placement alone in EC patients
with early-stage disease.

Chai NL, Feng J, Li LS, Liu SZ, Du C, Zhang Q, Linghu
EQ. Effect of polyglycolic acid sheet plus esophageal stent
placement in preventing esophageal stricture after endoscopic
submucosal dissection in patients with early-stage esophageal
cancer: A randomized, controlled trial. World J Gastroenterol
2018; 24(9): 1046-1055 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i9/1046.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.19.1046

INTRODUCTION

Esophageal cancer (EC) is one of the most common
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carcinomas with high mortality and has been identified
as the sixth leading cause of cancer-related death
worldwide!!l, Based on 2015 global cancer statistics, an
estimated 455800 new EC cases and 400200 deaths
occurred in 2012. In the United States, approximately
16940 new EC cases and 15690 deaths will be seen
in 2017*?!. Endoscopic submucosal dissection (ESD),
performed as an endoscopic resection technique, has
been widely utilized in the treatment of EC patients with
early-stage disease, due to its minimal invasiveness
and high rate of en bloc resection'**'. However, more
than 30% of EC patients after ESD still experience
postoperative esophageal stricture, which is chara-
cterized by dysphagia, dramatically decreasing the
quality of life'”.

To prevent post-ESD esophageal stricture, va-
rious treatments have been implemented, such as
polyglycolic acid (PGA) sheet, stent placement, and
esophageal balloon dilatation™®. Among these, PGA
sheet, a biodegradable suture material, could be used
to prevent post-ESD esophageal stricture because
of its advantages of reinforcing suture and minimal
scar contracture, although the limitation of instability
between the PGA sheet and wound surface after long-
term pasting still exists'®**). Another popular method is
stent placement, which is frequently used with covered
self-expandable metal material, and has been verified
to have curative effects on refractory stricture to some
extent, although its complications, such as translocation
and promotion of granulation tissue proliferation, still
affect its clinical outcomes in EC patientst*>*,

Although some studies on the applications of combi-
nations of two or three treatments in the prevention of
esophageal stricture after ESD have been performed,
no study has explored the effect of the combination
of PGA and stent placement in the prevention of post-
ESD esophageal stricture®**, Therefore, the aim of
this study was to assess the effect of PGA plus stent
placement compared with stent placement alone in the
prevention of post-ESD esophageal stricture in early-
stage EC patients.

MATERIALS AND METHODS

Patients

A total of 70 early-stage EC patients receiving ESD
at Department of Gastroenterology, China PLA
General Hospital from July 2016 to May 2017 were
consecutively enrolled in this randomized controlled
study. The inclusion criteria were as follows: (1)
Circumferential range above 3/4; (2) Longitudinal
length above 3 cm; (3) Lesion depth no more than M2;
and (4) Tumor lesion could be completely removed.
The exclusion criteria were as follows: (1) Patients with
coagulative dysfunction, hepatic failure, renal failure, or
cardiopulmonary dysfunction; (2) Patients complicated
with malignant hematological disease or other solid
tumors; (3) Patients who had a previous history of
esophagectomy or radiation therapy; (4) Patients
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who were unable to complete the ESD operation; (5)
Pregnant or lactating women; (6) Patients who could
not be followed regularly; and (7) Patients who refused
to participate in this study.

This study was approved by the Ethics Committee
of China PLA General Hospital (approval No.
S2016-059-01), and all participants provided written
informed consent. This study was registered on http://
www.chictr.org.cn (Chinese Clinical Trial Registry
conducted by World Health Organization; registration
No. chictr-inr-16008709).

Randomization

The randomization code was generated by a statistician
using the blocked randomization method with block
length set as four because of the need for allocation
balance between the two groups (1:1 ratio). The
documents were subsequently sent and kept in
Shanghai Qeejen Bio-tech Company (a medical and
statistical service company). After screening, when a
patient was eligible for the study, a call was made to the
Qeejen Company, and a unique subject identification
number was provided from the randomized module.

Treatment

After the randomization, patients were allocated to the
PGA plus stent treatment group or stent treatment
group at a 1:1 ratio. In the PGA plus stent group, the
patients received PGA sheet-coated stent placement
to prevent esophageal stricture post ESD operation;
in the stent group, the patients received only stent
placement to prevent esophageal stricture post ESD
operation.

ESD procedure

After intravenous anesthesia, patients with tracheal
intubation and oropharyngeal tube placement underwent
endoscope (Olympus, Japan) insertion to the area of
the tumor lesion. Subsequently, the lesion margins were
stained with iodine, and the submucosa was labeled.
Then, the lesion dissections were performed, and
endoscopic submucosal tunnel dissection was used for
lesion stripping, followed by hemostasis.

Combination of PGA membrane and stent

According to the ESD wound length (Figure 1A), the
length of stent (Derman Science, China, 1.7 cm of
diameter, stainless steel, silicone rubber membrane)
was selected (Figure 1B), followed by PGA sheet
selection (NEOVEIL, Japan, 100 mm x 100 mm x 0.15
mm) (Figure 1C). Subsequently, the stent was coated
with the PGA sheet (Figure 1D), and the covered
place was designed to the ESD wound site after stent
release. Then, this stent covered with a PGA sheet was
mounted on the conveyer for the esophageal stent
ring supporter (Figure 1E and F) and inserted under
endoscopic observation (Figure 1G).
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Stent placement

The length of the ESD wound was measured, and
then the appropriate length of metal coated stent was
selected (Derman Science, China, 1.7 cm of diameter,
stainless steel, silicone rubber membrane), which
was beyond the top and bottom edge of the lesion by
more than 2 cm. Subsequently, the guide wire was
placed under the endoscope, and then the endoscope
was pulled out and the conveyer was inserted for the
esophageal stent ring supporter along with the guide
wire for the stent placement. After stent placement,
the endoscope was inserted again to observe the stent
position. A chest X-ray was performed after the stent
placement, and the stent position was recorded.

Stent removal

In the PGA plus stent group, the stent was removed
by endoscopy at 4 wk, whereas in the stent group, the
stent was removed at 8 wk after operation. Endoscopic
evaluation of the ESD wound was performed (Figure
2A-C). The time to remove the stent between the two
groups was different because PGA is a biodegradable
suture material, which would be degraded after a
period of time. According to a preliminary study with a
small sample size, we found that when PGA plus stent
placement was used to prevent post-ESD esophageal
stricture in early-stage EC patients, the PGA was
degraded at approximately 3 or 4 wk after ESD, and
therefore, the previous clinical experiences suggested
that removing PGA plus stent placement at 4 wk might
be a good choice in EC patients.

Assessment

The primary endpoint was esophageal stricture
occurrence after ESD operation, which was defined as
diameter of stricture section below 1 cm (endoscopy
could not pass through) under endoscopy. The secondary
endpoints were as follows: time to esophageal stricture;
location, length, and diameter of esophageal stricture;
and balloon dilatation times for the esophageal stricture.

Follow-up

All patients were followed through clinic visits or
telephone interviews. Each patient was asked if
dysphagia or other symptoms occurred at each visit
or call, and if distinct dysphagia was determined,
endoscopy was performed to examine the esophageal
stricture. Chest X-ray examination was performed
every 2 wk to monitor the position of esophageal stent,
and if a stent shifted more than 2 cm, endoscopy was
performed to adjust the stent to the original place.

Balloon dilatation

All patients with esophageal stricture received en-
doscopic balloon dilation treatment (balloon diameter:
8 mm/10 mm/12 mm/15 mm, Boston Scientific, United
States). The esophageal stricture section was repeatedly
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Figure 1 Combination of polyglycolic acid sheet and stent. A: Measurement of endoscopic submucosal dissection wound length; B: Adjustment of stent length; C:
Polyglycolic acid sheet selection based on lesion length; D: Stent coating with polyglycolic acid (PGA) sheet; E-F: Stent covered with PGA sheet mounted on the stent

support; G: Insertion of stent covered with PGA sheet under endoscopic observation.

Figure 2 The management of one of the study patients. A: Stent covered with polyglycolic acid sheet inserted after 1 wk; B: Stent removed after 4 wk with a
portion of wound not healed; C: No formation of esophageal stricture observed after 2 mo.

dilated until the endoscope could successfully pass
through at each endoscopic examination, and balloon
dilation was performed every week until the endoscope
could pass through the section before dilation.

Statistical analysis

Statistical analyses were performed using SPSS 22.0
(IBM, United States) and OFFICE 2010 (Microsoft,
United States). Data are mainly presented as mean value
+ SD, median value (range), or count (percentage).
The comparison between two groups was determined
by t-test, Chi-square test, or Wilcoxon rank sum test.
Factors affecting esophageal stricture occurrence were
evaluated by univariate logistic regression analysis,
and all factors with a P-value below 0.1 were further
detected by multivariate logistic regression analysis. P <
0.05 was considered significant.

RESULTS

Study flow
In the current study, 109 EC patients were screened
for eligibility, while 39 cases were excluded as follows:
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21 patients for exclusions and 10 patients who refused
to participate in this study (Figure 3). Subsequently,
the remaining 70 patients were randomized at a 1:1
ratio into two groups as follows: PGA plus stent group
and stent group. In the PGA plus stent group, one case
withdrew during the study due to a lesion depth > M2
post-ESD operation, and 34 (97%) cases completed
the entire study. In the stent group, there were three
total withdrawals; three patients with lesion depth more
than M2 after ESD operation withdrew, and 32 (91%)
cases completed the entire study. Ultimately, a total of
66 EC patients completed the final analysis. After the
operation, the stent was removed by endoscopy at 4
wk in the PGA plus stent group, and it was removed
at 8 wk in the stent group. During the study, stent
displacement was adjusted by endoscopy. Chest X-ray
examination was performed every 2 wk. Endoscopy
was performed to check the esophageal stricture. All
patients with esophageal stricture received endoscopic
balloon dilation treatment.

Baseline characteristics
As shown in Table 1, no difference in patients’
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Table 1 Baseline characteristics 7 (%)

Parameter PGA + stent group (7 = 34) Stent group (7 = 32) P value
Patients characteristic
Age (yr) 62.74 + 8.38 59.91 + 8.80 0.186
Gender (Male/Female) 22/12 18/14 0.482
Tumor lesion feature
Location 0.145
Upper third 0(0) 0 (0)
Middle third 12 (35) 17 (53)
Lower third 22 (65) 15 (47)
Tissue depth 0.331
M1 20 (59) 15 (47)
M2 14 (41) 17 (53)
Longitudinal length (cm) 5.97 £2.68 6.06 £2.12 0.878
Circumferential range 0.684
3/4 12 (35) 14 (44)
4/5 8 (24) 8 (25)
1/1 14 (41) 10 (31)

Data are presented as mean # SD or count (with or without percentage). Comparison was performed by t-test or Chi-square test. P < 0.05 was considered

significant. PGA: Polyglycolic acid.

Table 2 Comparison of esophageal stricture features in polyglycolic acid + stent and stent groups

Parameter PGA + stent group (7 = 7) Stent group (7 = 15) P value
Length (cm) 0.97 +0.59 1.47 +0.59 0.080
Diameter (cm) 0.37 +0.17 0.51 +0.14 0.061
Location (distance from the incisors, cm) 31.71 +3.20 29.07 +5.20 0.232
Balloon dilatation times 4 (2-5) 6 (1-14) 0.007

Data are presented as mean + SD or median (range). Comparison was performed by t-test or Wilcoxon rank sum test. P < 0.05 was considered significant.

PGA: Polyglycolic acid.

characteristics and tumor lesion features between the
PGA plus stent group and stent group were observed
(P > 0.05 for all). The numbers of patients with tumor
location at the upper, middle, and lower third were 0
(0%), 12 (35%), and 22 (65%), respectively, in the
PGA plus stent group, while 0 (0%), 17 (53%), and
15 (47%) in the stent group (P = 0.145). In terms
of tissue depth (P = 0.331), there were 20 (59%)
patients with M1 and 14 (41%) patients with M2 in
the PGA plus stent group and 15 (47%) patients with
M1 and 17 (53%) patients with M2 were in the stent
group. The mean value of longitudinal length was 5.97
+ 2.68 cm in the PGA plus stent group and 6.06 +
2.12 cm in the stent group (P = 0.878). Other baseline
characteristics are presented in Table 1.

Comparison of post-ESD stricture in the two groups

The occurrence rate of patients with esophageal
stricture in the PGA plus stent group was 20.5% (n
= 7), which was lower than that in the stent group
(46.9%, n = 15) (P = 0.024, Figure 4A). Regarding
time to esophageal stricture, the mean value was
59.6 £ 16.1 d and 70.7 £ 28.6 d in the PGA plus
stent group and stent groups, respectively (P = 0.174,
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Figure 4B).

Comparison of esophageal stricture features in the two
groups

T-test or Wilcoxon rank sum test was used to compare
esophageal stricture features between the PGA plus
stent and stent groups (Table 2). The balloon dilatation
times for esophageal stricture in the PGA plus stent
group were less than those in the stent group [4 (2-5)
vs 6 (1-14), P = 0.007]. Length (P = 0.080) and
diameter (P = 0.061) of esophageal stricture were
numerically decreased in the PGA plus stent group
compared with the stent group, whereas there was
no difference in location (P = 0.232) between the two
groups (Table 2).

Comparison of tumor lesion features in patients with
esophageal stricture

As presented Table 3, comparison of tumor lesion
features in patients with esophageal stricture between
the PGA plus stent and stent groups was performed. No
difference was observed in location (P = 0.899), tissue
depth (P = 0.823), longitudinal length (P = 0.360),
or circumferential range (P = 0.181) in patients with
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Table 3 Comparison of tumor lesion features in patients with esophageal stricture 7 (%)

Parameter PGA + stent group (7 = 7) Stent group (7 = 15) P value
Location 0.899
Upper third 0(0) 0(0)
Middle third 4 (57) 9 (60)
Lower third 3 (43) 6 (40)
Tissue depth 0.823
M1 2(29) 5(33)
M2 5(71) 10 (67)
Longitudinal length (cm) 7.71 +3.50 6.60 +2.10 0.360
Circumferential range 0.181
3/4 0(0) 4(27)
4/5 1(14) 4(27)
1/1 6 (86) 7 (47)

Data are presented as mean * SD or count (percentage). Comparison was determined by #-test or Chi-square test. P < 0.05 was considered significant. PGA:

Polyglycolic acid.

109 participants screened

39 excluded
21 exclusions

10 disagreed to participate

‘ 70 randomized as 1:1 ratio ‘

v

35 PGA + stent group

1 total withdrawals
1 depth > m2 post ESD operation

i

Adjusted stent if displacement

Chest radiograph in the outpatient every 2 wk

Stent was removed at 4 wk

Dysphagia and esophageal stricture confirmed by endoscopy
Balloon dilatation if stricture

34 completed the study (97%)

Figure 3 Study flow. ESD: Endoscopic submucosal dissection.

esophageal stricture between the two groups (Table 3).

Analysis of factors affecting esophageal stricture
occurrence

Factors affecting esophageal stricture occurrence were
determined by univariate logistic regression analysis
(Table 4). PGA plus stent placement (P = 0.027)
was correlated with a lower possibility of esophageal
stricture occurrence, whereas circumferential range =
1/1 (P = 0.008) and tissue depth M2 (P = 0.017) were
associated with a higher probability of esophageal
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35 stent group

l

3 total withdrawals

3 depth > m2 post ESD operation

|

Adjusted stent if displacement

Chest radiograph in the outpatient every 2 wk

Stent was removed at 8 wk

Dysphagia and esophageal stricture confirmed by endoscopy
Balloon dilatation if stricture

l

32 completed the study (91%)
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stricture occurrence. Location in the middle third (P
= 0.083) and longitudinal length = 6 cm (P = 0.059)
were two factors that appeared to be correlated with
a higher risk of esophageal stricture but without
statistical significance. All factors with a P-value not
above 0.1 were further detected by multivariate
logistic regression analysis. PGA plus stent placement
(P = 0.026) was an independent predictive factor for
a lower risk of esophageal stricture, whereas location
in the middle third (P = 0.034) and circumferential
range = 1/1 (P = 0.028) could independently predict a
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Table 4 Logistic analysis of factors affecting esophageal stricture occurrence

Parameter Univariate logistic regression Multivariate logistic regression
P value OR 95%Cl P value OR 95%Cl

Lower Higher Lower Higher
PGA + stent (vs stent alone) 0.027 0.294 0.099 0.868 0.026 0.197 0.047 0.820
Age = 62 yr 0.298 1.733 0.615 4.887 - - - -
Location - middle third (vs lower third) 0.083 2.528 0.886 7.214 0.034 5.148 1.135 23.344
Longitudinal length = 6 cm 0.059 2.779 0.963 8.019 0.092 3.826 0.801 18.270
Circumferential range = 1/1 (vs others) 0.008 4.333 1.457 12.888 0.028 5113 1.194 21.892
Tissue depth M2 (vs M1) 0.017 3.750 1.264 11.123 0.069 3.284 0.912 11.822

Data are presented as P-value, OR (odds ratio), and 95%CI. Factors affecting esophageal stricture occurrence were determined by univariate logistic

regression analysis, while all factors with a P-value less than 0.1 were further detected by multivariate logistic regression analysis. P-value < 0.05 was

considered significant. PGA: Polyglycolic acid.
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esophageal stricture (%)
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Figure 4 Comparison of post-endoscopic submucosal dissection stricture in polyglycolic acid plus stent and stent groups. A: Patients in the polyglycolic
acid (PGA) plus stent group had a lower occurrence rate of esophageal stricture than that in the stent group; B: No difference in time to esophageal stricture was
observed between the PGA plus stent and stent groups. Comparison of post-endoscopic submucosal dissection stricture in the PGA plus stent and stent groups was

performed by t-test. P < 0.05 was considered significant.

higher risk of esophageal stricture in EC patients after
ESD.

DISCUSSION

In the current study, we found that: (1) the occurrence
rate of esophageal stricture in the PGA plus stent
group was lower compared with the stent group, and
the balloon dilatation times of esophageal stricture
in the PGA plus stent group were less compared with
the stent group; and (2) PGA plus stent placement
could independently predict a lower occurrence rate of
esophageal stricture, while location in the middle third
and circumferential range 1/1 were independent
predictive factors for a higher possibility of post-ESD
esophageal stricture occurrence in EC patients.

ESD, which is considered an effective method to
completely resect mucosal lesions, has been popularly
applied in EC patients with early-stage disease,
although due to the physiological characteristics of
the esophageal cavity, esophageal stricture frequently
occurs after ESD™*>'*l, Recent data indicate that the
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appearance of several fibroblasts and the shrinking of
the natural muscle layer are present in the formation
of post-ESD esophageal stricture, which suggests
that fiber proliferation, scar formation, and wound
contracture might contribute to the formation of post-
ESD esophageal stricture!'”.,

Stenting has been regarded as a useful way to
prevent post-ESD esophageal stricture, although a
high recurrence rate still exists in most patients after
removing the stent, and some patients with long-term
stent placement experience several complications, such
as displacement and granulation tissue hyperplasia™®*..
In clinical practice, stent insertion has been reported to
decrease the dysphagia score and the mean diameter
of esophageal stricture®®. PGA sheet, a polymer with
a fiber mesh structure, could: (1) provide abundant
cytoskeletons to support cell crawling during the repair
process, and inhibit rejection reaction by its strong
degradative function, thereby leading to a decreased
risk of scar germination and stricture formation; and
(2) carry cells and medicines to promote cell repair
and wound healing. An interesting study revealed that
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Figure 5 The endoscopic submucosal dissection wound before and after
the polyglycolic acid sheet plus stent placement. A: The esophageal lesion
before endoscopic submucosal dissection (ESD); B: The mucosal defect after
ESD; C: The ESD wound after the PGA sheet plus stent placement; D: The
PGA sheet plus stent placement was inserted after 3 wk.

Post ESD

PGA + stent

3 wk post ESD

PGA sheets could shield mucosal defects and prevent
scarring, reducing postoperative adverse events
in patients with colorectal ESD™!. However, some
limitations of PGA sheets still exist, which are easy to
fall off for long-term utilization®*®, Therefore, both
stents and PGA can decrease the risk of esophageal
stricture to some extent. However, there remain several
limitations. No study on the effects of the combined
application of PGA and stent has been reported. Our
study compared the occurrence rate of post-ESD
esophageal stricture between the PGA plus stent and
stent groups and indicated that the percentage of post-
ESD esophageal stricture in the PGA plus stent group
was lower compared with the stent group. Balloon
dilatation, which is one of the most common treatments
for esophageal stricture, has been identified to have
good short-term efficacy, whereas the long-term
curative effect is still far from satisfactory. A previous
study suggested that the average usage rate of balloon
dilatation is estimated to be 16 times for post-ESD
esophageal stricture®!. The results of our study also
found that the balloon dilatation times for esophageal
stricture in the PGA plus stent group were less than
those in the stent group [4 (2-5) vs 6 (1-14) times].
Therefore, these findings indicated that PGA plus
stent placement could decrease the risk of esophageal
stricture and the balloon dilatation times for esophageal
stricture compared with stent placement alone. Possible
explanations might be as follows: (1) The stent could
provide radial force to fix the PGA sheet, thereby
preventing the defluvium of the PGA sheet'*'”'; and (2)
The PGA sheet could increase the friction between the
stent and wound surface, reducing stent displacement,
and also provide cytoskeleton and carry medicine to
accelerate cell repair and wound healing. Therefore,
the interaction of the PGA sheet with the stent could
decrease the occurrence rate of post-ESD esophageal
stricture’®*, However, seven patients still reported
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the formation of esophageal stricture in the PGA plus
stent group. This occurrence might be explained by the
fact that during the process of wound repair, epithelial
cells usually crawl from the edge of the wound to the
central area. Because of the long-term repair, the PGA
sheet might be degraded to result in frameless support,
leading to its defluvium and increasing the occurrence
rate of esophageal stricture in the central area (Figure
5A-D). As to the predictive value, the results of the
present study showed that PGA plus stent placement
could be an independent factor to predict a lower
possibility of esophageal stricture occurrence. The
possible reasons are that the stent contributes to fixing
the PGA sheet and the PGA sheet increases the friction
to reduce stent displacement, thereby preventing the
occurrence of post-ESD esophageal stricture!®**&1,
Although there is no report on the effects of PGA
plus stent in the prevention of post-ESD esophageal
stricture in EC patients, further studies investigating
other combined treatments, such as PGA plus stent
plus corticosteroids, are greatly needed. Furthermore,
the results of our study also found that shorter length
(P = 0.080) and diameter (P = 0.061) were observed
in the PGA plus stent group compared with the stent
group, which suggests that the interaction of PGA and
stent might decrease the severity of the degree of
esophageal stricture.

In clinical practice, glucocorticoids have established
their value in inhibiting the inflammatory response,
repressing collagen synthesis, and promoting collagen
decomposition, thereby preventing the formation of
post-ESD esophageal stricture!***4, Although glucocor-
ticoid injection is a good way to decrease the occurrence
of systemic adverse reactions, it still leads to several
complications in EC patients after ESD, including
perforation, bleeding, and mediastinal abscess'***,
Therefore, a PGA sheet infiltrated with a glucocorticoid
(triamcinolone acetonide) might decrease the occurrence
of post-ESD esophageal stricture while reducing adverse
reactions. Furthermore, to optimize the methods to
prevent esophageal stricture, we explored the combined
application of PGA, stent, and glucocorticoid in three EC
patients after ESD (Figure 6A-C). After stent removal,
no formation of esophageal stricture occurred and good
effectiveness was achieved during a 3 mo follow-up
(Figure 6D and E). However, further study with a larger
sample size and a longer follow-up period is necessary.

One limitation in the present study was that the total
number of recruited EC patients was relatively small,
which might cause lower statistical efficiency compared
with a study with a large sample size. Therefore, a
study with a larger sample size is needed to further
confirm the efficacy of PGA plus stent placement in
preventing esophageal stricture.

In conclusion, PGA plus stent placement is more
effective in preventing post-ESD esophageal stricture
compared with stent placement alone in EC patients
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Figure 6 The management of one of the study patients. A: Stent covered with polyglycolic acid (PGA) sheet was injected with glucocorticoid before insertion; B:
The mucosal defect after endoscopic submucosal dissection (ESD); C: The combination of PGA, stent, and glucocorticoid was applied after 1 wk; D: The endoscopic
appearance of the esophagus 4 wk after ESD; E: The endoscopic appearance of the esophagus 3 mo after ESD.

with early-stage disease.

ARTICLE HIGHLIGHTS

Research background

Esophageal cancer (EC) is one of the most common carcinomas with high
mortality, and more than 30% of EC patients after endoscopic submucosal
dissection (ESD) still experience postoperative esophageal stricture, which
dramatically decreases the quality of life.

Research motivation

The applications of combinations of two or three treatments in the prevention
of esophageal stricture after ESD have been investigated in some studies.
However, no study explored the effect of the combination of PGA and stent
placement in the prevention of post-ESD esophageal stricture.

Research objectives

This study aimed to assess the effect of PGA plus stent placement vs stent
placement alone in the prevention of post-ESD esophageal stricture in early-
stage EC patients.

Research methods

About 70 EC patients undergoing ESD were enrolled in this study. Patients
were allocated randomly at a 1:1 ratio into a PGA plus stent group (PGA sheet-
coated stent placement was performed) and a stent group (only stent placement
was performed). All patients were followed, and if dysphagia or other symptoms
occurred, endoscopy was performed to examine the esophageal stricture.

Research results

The occurrence rate of esophageal stricture in the PGA plus stent group was
lower than that in the stent group. Times of balloon dilatation in the PGA plus
stent group were less than those in the stent group. Multivariate logistic analysis
suggested that PGA plus stent placement was an independent predictive
factor for a lower risk of esophageal stricture, while location in the middle third
and circumferential range = 1/1 could independently predict a higher risk of
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esophageal stricture in EC patients after ESD.

Research conclusions
PGA plus stent placement is more effective in preventing post-ESD esophageal
stricture vs stent placement alone in early-stage EC patients.

Research perspectives

The total number of recruited EC patients in the present study was relatively
small. And a study with a larger sample size is needed to further confirm the
efficacy of PGA plus stent placement in preventing esophageal stricture.
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Abstract

Esophageal atresia (EA) is one of the most common
congenital digestive malformations and requires
surgical correction early in life. Dedicated centers
have reported survival rates up to 95%. The most
frequent comorbidities after EA repair are dysphagia
(72%) and gastroesophageal reflux (GER) (67%).
Chronic GER after EA repair might lead to mucosal
damage, esophageal stricturing, Barrett’s esophagus
and eventually esophageal adenocarcinoma. Several
long-term follow-up studies found an increased risk of
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Barrett’s esophagus and esophageal carcinoma in EA
patients, both at a relatively young age. Given these
findings, the recent ESPGHAN-NASPGHAN guideline
recommends routine endoscopy in adults born with EA.
We report a series of four EA patients who developed
a carcinoma of the gastrointestinal tract: three
esophageal carcinoma and one colorectal carcinoma
in a colonic interposition. These cases emphasize
the importance of lifelong screening of the upper
gastrointestinal tract in EA patients.

Key words: Adenocarcinoma; Esophageal atresia;
Esophageal cancer; Screening; Barrett’s esophagus;
Squamous cell carcinoma

© The Author(s) 2018. Published by Baishideng Publishing
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Core tip: Esophageal atresia (EA) is a common con-
genital malformation that requires surgical correc-
tion early in life. Improved perioperative care and
surgical techniques have increased the survival rate.
Gastroesophageal reflux and stasis are common after
surgical repair and may be associated with an increased
esophageal cancer risk. However, data on incidence
and risk factors for esophageal carcinogenesis after
EA repair are scarce. The recent ESPGHAN-NASPGHAN
guideline recommends routine endoscopy in adults
born with EA. Here we report four cancer cases at a
relatively young age after EA repair: three esophageal
carcinoma and one colorectal carcinoma in a colonic
interposition.

Vergouwe FW, Gottrand M, Wijnhoven BP, IJsselstijn H,
Piessen G, Bruno MJ, Wijnen RM, Spaander MC. Four cancer
cases after esophageal atresia repair: Time to start screening
the upper gastrointestinal tract. World J Gastroenterol 2018;
24(9): 1056-1062 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i9/1056.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.19.1056

INTRODUCTION

With a prevalence of 2.43 per 10000 births, esophageal
atresia (EA) with or without a tracheoesophageal
fistula (TEF) is one of the most common congenital
digestive malformations'". Surgical correction needs
to be performed shortly after birth. Due to advanced
surgical techniques and improved perioperative care,
survival rate has increased up to 95% in dedicated
centers*?®!. Follow-up studies have shown that most
EA patients have a favourable long-term outcome
despite persistant digestive and respiratory problems.
Common gastrointestinal symptoms after EA repair
are dysphagia and gastroesophageal reflux (GER) in
up to 72% and 67% of the patients, respectively!*..
Chronic GER after EA repair might lead to mucosal
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damage, esophageal stricturing, Barrett's esophagus
and eventually esophageal adenocarcinoma (EAC)®®.
Data on incidence and risk factors for esophageal
carcinogenesis after EA repair are scarce®® . The
recent ESPGHAN-NASPGHAN guideline recommends
routine endoscopy in adults born with EA™. Until now,
eight cases of esophageal cancer in young EA patients
have been described: five esophageal squamous cell
carcinoma (ESCC) and three EAC!'***™), Here we
report four EA patients who developed a carcinoma of
the gastrointestinal tract: three esophageal carcinoma
and one colorectal carcinoma in a colonic interposition.
These cases emphasize the importance of lifelong
screening and surveillance of the upper gastrointestinal
tract in EA patients.

CASE REPORT

Case 1

Patient A presented for the first time with esophageal
carcinoma at age 45 years. He was born with EA Gross
type C (with a distal TEF) which was surgically repaired
with closing of the fistula and end-to-end anastomosis
of the esophagus. In childhood he had undergone a
number of esophageal dilations to treat an anastomotic
stricture.

At the age of 37 years he developed progressive
dysphagia. Upper endoscopy showed proximal
esophagitis and a stenotic anastomosis, which then
was dilated. No biopsies were taken. Eight years later,
dysphagia for solid foods reoccurred with complaints of
heartburn and weight loss of 6 kg in six months (BMI
21.6 kg/m?). He was a tobacco smoker (at least 27
pack years) and used 3-4 alcoholic beverages per day.
Upper endoscopy showed a non-stenotic anastomosis
at 30 cm from the incisors with a 34 circular growing
easily bleeding lesion from 33-42 cm from the incisors.
Biopsies showed chronic inflammation. A chest CT
scan revealed a stenotic esophagus extending from the
aortic arch to the cardia with a malignant appearance
and mediastinal lymph nodes (pre- and subcarinal).
Due to the strong suspicion of esophageal cancer an
esophageal resection with gastric tube reconstruction
was performed. Pathology results confirmed the
diagnosis of a squamous cell carcinoma (SCC) of
the distal esophagus (pT2NOMO) which did not need
further treatment.

Fifteen years later, at the age of 60 years, he again
developed dysphagia and odynophagia with 7 kg weight
loss (BMI 23.2 kg/m?). Endoscopy revealed a circular
tumor (17-21 cm from incisors) in the remaining
cervical native esophagus eroding the constructed
gastric tube and trachea. Biopsies showed a well-
differentiated SCC. One suspicious supraclavicular and
two mediastinal FDG-positive lymph nodes were seen
on PET-CT scan images and tumor invasion in the left
thyroid gland was suspected (Figure 1). Given the
long interval between the two malignancies, this new
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Figure 1 Chest computed tomography scan (CT scan) (case 1, tumor
2) demonstrating a tumor mass in the cervical native esophagus with
suspected tumor invasion in the left thyroid gland.

tumor (T4bN2MO0) was most likely a second primary
tumor in the remaining cervical esophagus. In a
multidisciplinary team discussion it was decided to treat
with induction chemotherapy (carboplatin/paclitaxel).
Initially the tumor responded well, but four months
later he suffered from progressive disease with fistula
formation to the trachea which was a contraindication
for additional radiotherapy. An esophageal stent was
placed to manage progressive dysphagia and palliative
radiotherapy (13 X 3 Gy) was started to manage
neuropathic pain caused by tumor invasion with
imminent spinal cord compression. He died two days
later.

Case 2
Patient B was a 42-year old man born with VACTERL
association (acronym: vertebral anomalies, anal
atresia, cardiac anomalies, TEF, renal anomalies, and
limb defects)!® including EA Gross type A (long gap
without TEF), anorectal malformation, coccyx agenesis
and vertebral anomalies. Continuity of the esophagus
was restored with a delayed end-to-end anastomosis.
At 37 years of age he presented with dysphagia.
Upper endoscopy revealed a stenotic anastomosis
at 30 cm from the incisors, which could be easily
dilated. In the next two years he underwent another
three esophageal dilation procedures because of
recurrent dysphagia. Biopsies revealed chronic and
active inflammation with presence of hyphae. At
the age of 42 years he presented with progressive
dysphagia, without weight loss (BMI 17.6 kg/m?). He
smoked tobacco and drank alcoholic beverages only
in the weekend. This time upper endoscopy revealed
a circular stenotic ulcerative ESCC in the proximal
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esophagus (22-29 cm, anastomosis not visible) (Figure
2A). Endoscopic ultrasound findings were suspicious
for tumor invasion in the trachea and several
potentially malignant regional lymph nodes (T4N2MO).
The tumor was considered unresectable due to
invasion of surrounding vital structures (cT4b) (Figure
2B), lymph node metastases, previous thoracotomies
(both sides) and intra-mediastinal surgery. Induction
chemotherapy (paclitaxel/carboplatin) was started to
which the tumor evidently had responded after 2 mo.
Concomitant chemoradiotherapy was given (28 x 1.8
Gy) with curative intent. Six years after treatment he
shows no signs of recurrent or metastatic disease.

Case3

Patient C presented at the age of 36 years. She was born
with an EA Gross type A which was surgically repaired
with an end-to-end anastomosis using Livaditis elongation
procedure at one month of age. At one year of age she
underwent a Nissen fundoplication for severe GER. At the
age of 3 years, an anastomotic stricture developed which
was treated with repeated esophageal dilations. At the
age of 22 years she presented with chronic respiratory
symptoms, severe pneumonia, persistent GER, and
dysphagia complaints. Upper endoscopy with esoph-
ageal biopsies showed no abnormality. In view of the
respiratory and gastrointestinal symptoms a duodenal
diversion procedure (partial antrectomy with Roux-en-Y
gastrojejunal anastomosis) was performed at the age of
23 years.

At 36 years of age she presented with food
impaction and weight loss of 4 kg (BMI 14.9 kg/m?).
She did not smoke tobacco and did not drink alcoholic
beverages. Upper endoscopy revealed a stenotic
ulcerative tumor in the distal esophagus with proximal
dilation of the esophagus (25-32 cm from the incisors,
gastroesophageal junction at 34 cm, anastomosis
not visible). Biopsies revealed a well differentiated
SCC. PET-CT scan (Figure 3) and bronchoscopy did
not reveal any metastasis. She underwent a subtotal
esophagectomy with total gastrectomy and a colonic
interposition (pT1bNOMO0). Within the following month
she required reoperation for a cervical fistula and
mediastinitis and underwent two endoscopic dilations
of an anastomotic stricture without any evidence of
tumor recurrence. Twelve months after surgery she
was diagnosed with pleural and bone metastases for
which she recently has started palliative chemotherapy.

Case 4

Patient D presented at the age of 47 years. He was
born with VACTERL association**(EA Gross type C,
anorectal malformation, congenital urethral valves
with bilateral vesicoureteral reflux and hydronephrosis
left kidney). At day 5 after birth a thoracotomy
was performed with TEF closure, gastrostomy and
cervical esophagostomy placement. In addition the
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Figure 2 Findings at upper endoscopy and chest computed tomography scan (CT scan) (case 2). A: Upper endoscopy revealing a stenotic ulcerative tumor in
the proximal esophagus, 22-29 cm from incisors. Histological examination of esophageal biopsies confirmed the diagnosis esophageal squamous cell carcinoma. B:
Chest CT scan showing a tumor mass in the proximal esophagus with suspected tumor invasion in the trachea.

Figure 3 Initial findings at positron emission tomography-computed
tomography scan (PET-CT scan) (case 3), showing PET-positive lesion in
the distal esophagus without metastasis.

anorectal malformation was corrected. Nine days
later a recurrent TEF was ligated. At day 29 the distal
esophagus was ligated directly above the stomach and
after 7 mo a colonic interposition was constructed.
The spleen was congested and therefore resected
during this surgery. Revision was needed because of
leakage of the proximal anastomosis 19 days later.
At 2.5 year of age the gastrostomy was closed. Other
medical history included asthmatic bronchitis, bilateral
orchidopexy, transurethral resection of urethral valves
and nephrectomy of an afunctional infected left kidney.
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At presentation the patient suffered from pneumonia
with a density in the lower lobe of the right lung.
Subsequent PET-scan revealed a PET-positive thickening
in the colonic interposition for which he had been
referred to our center. He complained about progressive
dysphagia without any weight loss (BMI 18.6 kg/m?). He
was a cannabis smoker (2 joints/wk), had quit tobacco
smoking just before presentation (a few cigarettes per
day) and only sporadically drank alcoholic beverages.
Upper endoscopy revealed the proximal and distal
anastomosis of the colonic interposition at, respectively,
21 and 47 cm from incisors. From 26-30 cm from
incisors a tumor was visible in the colon interposition
which could be easily passed with the scope. Histology
revealed a moderately differentiated adenocarcinoma.
No abnormalities were found at colonoscopy. PET-
CT scan showed circumferential thickening of the
colonic interposition over a length of 10 cm, not clearly
separated from the thyroid and left brachiocephalic vein,
a small lesion in the lower right lobe of the lung (PET-
negative) and a few locoregional lymph nodes (< 1 cm,
PET-negative) (Figure 4 A and B).

Patient D was treated with induction chemotherapy
(capecitabine/oxaliplatin) to enable maximum tumor
regression. After six treatments, the colonic interposition
was resected and an esophagostomy and jejunal fistula
for feeding were created. Pathological examination
confirmed the diagnosis of colonic adenocarcinoma with
a maximum diameter of 4.1 cm, tumor free resection
margins (= 1 cm) and one of 19 lymph nodes positive
for metastasis (ypT2N1). Family history was negative
for Lynch Syndrome. Both pentaplex microsatellite
instability testing and mismatch repair gene expression
analysis for MLH1, MSH2, MSH6 and PMS2 were
normal.

After 4 mo continuity was restored by a sub-
cutaneous gastric tube pull-up. At oncological follow-
up one year after resection of the colonic interposition
patient D did not experience any dysphagia, weight was
stable (BMI 19.7 kg/m?) and ultrasound of the liver and
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P

Figure 4 Initial findings at positron emission tomography-computed tomography scan (PET-CT scan) (case 4). A: Chest CT scan image with a circumferential
wall thickening of the thoracic colonic interposition over a length of 10 cm, not clearly separated from the thyroid and left brachiocephalic vein. Locoregional suspected
lymph nodes (< 1 cm). B: PET-CT scan showing a PET-positive lesion in the thoracic colonic interposition. No PET-positive lesions or lymph nodes.

CEA were normal (2.72 pg/L).

DISCUSSION

We presented four cases of gastrointestinal cancer
that have developed more than 30 years after surgical
treatment of EA: three esophageal carcinoma and
one unusual presentation of colorectal carcinoma
in a colonic interposition. These patients’ relatively
young age, the fact that only few carcinogenic factors
were identified and the high incidence of cancer
development in a low prevalence disease suggest that
EA carries an increased risk for esophageal cancer
development and therefore screening and surveillance
may be warranted, as recommended in the ESPGHAN-
NASPGHAN guideline!*!.

Esophageal cancer is the 8th most common cancer
worldwide, with an incidence rate of 6.4 and 1.2 per
100000 males and females respectively in developed
countries and 10.1 and 4.1 per 100000 males and
females, respectively, in less developed countries!”.
ESCC and EAC have different etiologies. ESCC arrises
from dysplastic squamous epithelium and is associated
with a low socioeconomic status, use of tobacco or
alcohol, several dietary factors, and human papilloma
virus™®*1, The main risk factors for EAC are GER,
use of tobacco, obesity, and hiatal hernia™®. Chronic
GER might lead to gastric and intestinal metaplasia
of the squamous epithelium in the esophagus,
known as Barrett’s esophagus, which predisposes
to dysplasia and EAC. GER is present in up to 67%
of the adult EA patients and is likely to contribute
to EAC development!™. However, in literature - and
also in our case series - ESCC is more common
than EAC in EA patients'®'**, The reason for this
high risk of ESCC development has not yet been
established. The pathogenesis might be the same as
in achalasia, where ESCC is thought to result from
stasis, causing bacterial overgrowth with nitrosamine
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production and subsequent esophageal inflammation,
dysplasia and cancer®>*", Most of the ESCC in EA
patients were found near or at the anastomosis (mid-
distal esophagus). It has been suggested, therefore,
that frequent dilation procedures with associated
mucosal tears, scarring and inflammation may lead
to development of ESCC in this patient group™®*?.
Mitomycin-C, an antifibrotic applicant used to prevent
recurrence of strictures, may be an additional risk
factor for ESCC, but this was not used in any of the
patients in present case series’®”. Moreover, genetic
predisposition may contribute to esophageal cancer in
EA patients and is subject to future studies.

Endoscopic surveillance of EA patients is advocated
to detect lesions at an early stage™'. Those treated
with a colonic interposition should not be excluded from
surveillance, as carcinoma could arise in the cervical
native esophagus or thoracic colon. More data on the
actual incidence of esophageal cancer development
in adulthood will hopefully become available soon
when surveillance programs have been implemented.
Together with the identification of risk factors this will
help to optimize surveillance strategies in EA patients.
Until then, pediatric surgeons and gastroenterologists
who are involved in treatment of EA patients should
be made aware of the cancer risk and be encouraged
to reach consensus on optimal surveillance. When EA
patients reach adulthood, they should be transferred
to a gastroenterologist for endoscopic surveillance.

ARTICLE HIGHLIGHTS

Case characteristics
At presentation (age 36-47 years) all four patients born with esophageal atresia
(EA) complained of progressive dysphagia, and two of them had lost weight.

Clinical diagnosis

Clinical diagnosis was made by upper endoscopy, revealing a for potentially
malignant circular stenotic lesion in the esophagus in three cases and a tumor
in the colonic interposition in one case.
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Differential diagnosis
The differential diagnosis included severe ulcerative esophagitis, benign
stenotic anastomosis, and motility disorder.

Laboratory diagnosis
Carcinoembryonic antigen (CEA) was measured (normal) in the patient with a
colonic adenocarcinoma in the colonic interposition.

Imaging diagnosis

In addition to upper endoscopy a positron emission tomography-computed
tomography scan (PET-CT scan) - in combination with endoscopic ultrasound in
one case - was performed, which revealed a stenotic esophagus in three cases;
a circumferential thickening of the colonic interposition in one case; potentially
malignant lymph nodes in three cases; and suspected tumor invasion in two
cases.

Pathological diagnosis

Histology and immunohistochemistry results confirmed the diagnosis of
squamous cell carcinoma of the esophagus in three cases and adenocarcinoma
of the colonic interposition in one case, in the latter case pentaplex
microsatellite instability testing and mismatch repair gene expression analysis
for MLH1, MSH2, MSH6 and PMS2 were normal.

Treatment

The esophageal cancer patients underwent (sub)total esophagectomy with
reconstruction (curative intent); received induction chemotherapy (paclitaxel/
carboplatin) followed by chemoradiotherapy (curative intent); or received
palliative radiotherapy or chemotherapy. The patient with colon cancer was
treated with induction chemotherapy (capecitabine/oxaliplatin) followed by
resection of the colonic interposition with construction of an esophagostoma
and jejunal fistula for feeding.

Related reports

Up to two-thirds of EA patients suffer from gastroesophageal reflux, which in
the long-term might lead to mucosal damage including Barrett’s esophagus
and esophageal adenocarcinoma. As dysphagia is common (up to 72%) after
EA repair, this symptom may be neglected as an early warning symptom of
esophageal cancer in these patients. Up till now, eight esophageal cancer
cases have been described in young EA patients.

Term explanation
EA with or without tracheoesophageal fistula (TEF) is a common congenital
malformation and requires surgical correction early in life. The Gross
classification divides five types of EA: type A (isolated EA), type B (EA with
proximal TEF), type C (EA with distal TEF), type D (EA with dual TEF’s) or type
E (isolated TEF).

VACTERL is an acronym that describes a nonrandom association of birth
defects: Vertebral anomalies, Anal atresia, Cardiac anomalies, TEF, Renal
anomalies, and Limb defects.

Experiences and lessons

These patients’ relatively young age, the fact that only few carcinogenic
factors were identified and the high incidence of cancer development in a low
prevalence disease suggest that EA carries an increased risk for esophageal
cancer development. This emphasizes the importance of lifelong screening and
surveillance of the upper gastrointestinal tract in EA patients.
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