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Abstract

Assisted diagnosis using artificial intelligence has been a
holy grail in medical research for many years, and recent
developments in computer hardware have enabled the
narrower area of machine learning to equip clinicians with
potentially useful tools for computer assisted diagnosis
(CAD) systems. However, training and assessing a
computer’s ability to diagnose like a human are complex
tasks, and successful outcomes depend on various
factors. We have focused our work on gastrointestinal (GI)
endoscopy because it is a cornerstone for diagnosis and
treatment of diseases of the GI tract. About 2.8 million
luminal GI (esophageal, stomach, colorectal) cancers are
detected globally every year, and although substantial
technical improvements in endoscopes have been
made over the last 10-15 years, a major limitation of
endoscopic examinations remains operator variation. This
translates into a substantial inter-observer variation in the
detection and assessment of mucosal lesions, causing
among other things an average polyp miss-rate of 20%
in the colon and thus the subsequent development of
a number of post-colonoscopy colorectal cancers. CAD
systems might eliminate this variation and lead to more
accurate diagnoses. In this editorial, we point out some
of the current challenges in the development of efficient
computer-based digital assistants. We give examples of
proposed tools using various techniques, identify current
challenges, and give suggestions for the development
and assessment of future CAD systems.

Key words: Endoscopy; Artificial intelligence; Deep
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Core tip: Assisted diagnosis using artificial intelligence
and recent developments in computer hardware have
enabled the narrower area of machine learning to
equip the endoscopists with potentially powerful tools
for computer assisted diagnosis systems. The success
depends on various factors; optimizing algorithms, image
database quality and size and comparison with existing
systems.

de Lange T, Halvorsen P, Riegler M. Methodology to develop
machine learning algorithms to improve performance in
gastrointestinal endoscopy. World J Gastroenterol 2018;
24(45): 5057-5062 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i45/5057.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i145.5057

INTRODUCTION

Gastrointestinal (GI) endoscopy is a cornerstone for
diagnosis and treatment of diseases in the GI tract.
About 2.8 million luminal GI cancers (esophageal,
stomach, colorectal) are detected globally every
year, and many of these might be prevented through
improved endoscopic performance and systematic high-
quality screening in high incidence areas!"’. These cancers
represent a substantial health challenge for society with
a mortality rate of about 65%?, and colorectal cancer is
the third most common cause of cancer mortality among
both women and men™. Despite substantial technical
improvements in endoscopes over the last 10-15 years,
a major limitation of endoscopic examinations is operator
variation. This variation depends on operator skill,
perceptual factors, personality characteristics, knowledge,
and attitude™. This translates into a substantial inter-
observer variation in the detection and assessment of
mucosal lesions™®, leading to an average polyp miss-
rate of 20% in the colon”. All of these factors can to
some extent be alleviated by substantial educational
efforts, but they cannot be eliminated entirely™. Thus,
developing an automated computer-based support
system for the detection and characterization of mucosal
lesions would be an important contribution to eliminating
the current variation in endoscopists’ performance.
Artificial intelligence (AI) is the area of computer
science that aims to create intelligent machines that
mimic human behavior, and assisted diagnosis using Al
has been a holy grail in the field of medicine for many
years. Such machines have long been the realm of
fiction, but recent developments in computer hardware
have enabled the narrower field of machine learning to
develop potentially highly accurate computer assisted
diagnosis (CAD) systems. At its most basic, machine
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learning is the practice of using algorithms to parse
data, learn from the data, and then make a prediction,
and in the medical domain such systems are used to
detect or classify a disease. Research and development
of such systems is currently under way in many medical
domains like retina scans, various cancer screening
systems, and skin cancer detection®*!. However, there
exist methodological issues that need to be addressed
both for creating and improving automated diagnosis
algorithms.

MACHINE LEARNING IN ENDOSCOPY

Automated detection of anomalies in the GI tract
have been proposed for diseases such as Barrett's
esophagus, gastric cancer, angiectasia, celiac disease,
and polyp detection and characterization, and a number
of methods and algorithms have been tested in recent
years'?*®, The methods and algorithms range from
simpler traditional machine learning methods to more
recently developed deep learning approaches!**”,

An example of a simple system is a search-based
system using various global features in the imagest*!. It
extracts (complex) image features like color histograms
and textures and feeds these features into a classifier
for determining whether an object is present or not. For
example, such a system might determine the presence
of an object by calculating the distance of the feature
vector from the vectors in the model. An important
advantage of systems based on simple methods is that
they can be easier to understand and their results can
be easier to explain to medical personnel?*2*,

The current state-of-the-art and the most commonly
used methods are based on deep neural networks. These
networks work as an interconnected group of nodes, akin
to the vast network of neurons in the human brain®®..
Such networks typically consist of an input and an output
layer, as well as multiple hidden convolutional, pooling,
fully connected, and normalization layers. Typically,
each input image will pass through the layers in order to
classify an object with probabilistic values between 0 and
1. There exist several variations of deep neural networks.
For image and video analysis, convolutional neural
networks (CNNs) are the most common. CNNs can be
used to perform either segmentation (the exact marking
of a finding in the image™®®) or classification (a more
global point of view on the image, such as a general
statement like “this image contains a polyp"*>*”*%),
Another promising method for image analysis is gene-
rative adversarial networks (GANs). GANs consist of
two neural networks competing with each other in a
zero-sum game framework during the training phase.
The generator network generates new data instances
using an inverse convolutional network by upsampling
random noise to an image. The other network, the
discriminator, takes the generated image and the training
set and checks for authenticity. This means that the
discriminator decides whether the data belong to or are
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classified in the actual training dataset or not. GANs can
also be defined as conditional GANs that have an image
as input instead of random noise and that transform this
image into another image. This can be used to create,
for example, segmentation masks. An example of a
GAN-based method is described by Pogorelov et aff**,
The approach presented in their papers uses conditional
GANs with a normal image from the colon as input, and
the algorithm segments the finding in the image. This
noise segmentation is then cleaned in a post-processing
step that leads to a clear segmentation. Many of these
approaches have yielded promising results regarding
detection accuracy, with some achieving numbers
above 90%, but many run too slowly to be used in a
clinically useful system providing real-time feedback.
Some comparisons of different approaches are given by
Pogorelov et af***® and Riegler et al*®.

IMAGE DATABASE QUALITY

A sufficient amount of data is vital in machine learning,
and the creation of algorithms usually relies on large
databases. This is especially true for deep learning,
which is currently the standard for image analysis™..
However, the quality of the database is also essential,
and it is crucial that all the images and videos are
annotated correctly. The computer learns from analyzing
the given data, and thus erroneous learning will lead
to incorrect diagnoses. Therefore, when collecting data
and making a dataset the recommendations below
should be followed

There are variations between observers, and to
reduce this bias the ground truth assessment should
involve at least three observers™?, However, the
required agreement between the observers and the
degree of confidence is not known and requires further
studies. The goal regarding the diagnostic thresholds
for such a technique is to reach more than 90%
positive predictive value for correct classification of the
lesions™?,

A potential problem in machine learning is over-
fitting. Many of the datasets show obvious examples
of medical findings, and the similarity of the different
images often results in overfitting. Thus, overfitting
occurs when the learning algorithm learns the data too
well and therefore also captures the noise of the data,
e.g., when the model or the algorithm fits the data too
well, or if the model or algorithm shows low bias but
high variance. Therefore, too many similar samples
should be avoided in order to avoid such “overtraining”.
A diverse dataset is therefore recommended to better
enable correct disease detection in new data.

Many datasets are limited in size, and many assess
their systems using too few samples. Many argue
that the dataset should be as large as possible®™, but
others show that machine learning can also work on
smaller datasets using transfer learning™®*, which has
recently found frequent use in the context of medical
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image problems®®®**”), Note that there is no “one size
fits all” answer. The amount of required training data is
dependent on many different aspects of the experiment,
but a general rule of thumb is to have around 1000
images per class for deep learning applications. In the
Kvasir dataset™, at least 1000 images per class are
provided for different findings.

One general problem is that several of the existing
datasets are cumbersome to use in terms of permission,
for example, several of the listed sets in Table 1°%** are
restricted. To enable subsequent comparisons, it is best
is to use an open dataset.

The most important take-away message is that
clean and complete data are one of the most important
parts of a good detection system. This means that
spending the time to create a high-quality database is
very important and is directly connected to the quality
of the following steps.

SYSTEM ASSESSMENT

Comparing published research is challenging, and an
increasing number of research communities are targeting
this problem by creating public available datasets and
encouraging reproducible experiments. In order to enable
full comparisons, not only the same datasets should
be used, but the datasets should also be split between
training and test sets in an equal way. Furthermore,
the more information the better, and one should use as
many of the common metrics as possible as described
by Pogorelov et al®®, For detection accuracy, the raw
numbers for true positives, true negatives, false positives,
and false negatives are important, and metrics based
on these like sensitivity (recall), precision, specificity,
accuracy, Matthews correlation coefficient, and F1 score
should be calculated. Finally, a metric for processing
speed in terms of time per image or frame should be
included, and although this depends on the hardware
that is used, it gives an indication as to whether the
system can run in real time.

We must also emphasize that there is a difference
in how anomaly detection is defined. In the area of
computer science, detection per frame or image is
the standard, but in the medical domain, reporting a
detection per instance (at least once in a sequence of
frames of the same finding) is common. If possible, one
should include both definitions.

CONCLUSION

Researchers have sought for many years to develop
efficient Al tools to assist in medical diagnosis. Enabled by
recent hardware developments, several research groups
are now working on machine learning-based medical
systems and have obtained promising results. Thus, we
have observed a rapid increase in publications related
to AI in GI endoscopy over the last two years. However,
as described above, there are still large variations in the
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Table 1 Some existing image datasets for gastrointestinal endoscopy

Dataset Findings Frames Usage
CVC-356"" Polyps 1706 ©, by request
CVC-612%) Polyps 1962 ©, by request
CVC-12k*! Polyps 11954 ©, by request
Kvasir™ Polyps, esophagitis, ulcerative colitis, 8000 Open academic
Z-line, pylorus, cecum, dyed polyp,
dyed resection margins, stool
Nerthus"*! Stool - categorization of bowel 1350 Open academic
cleanliness
GIANA"17* Angiectasia 600 ©, by request
ASU-Mayo polyp database™” Polyps 18781 ©, by request
CVC-ClinicDB Polyps 612 ©, by request
ETIS-Larib Polyp DB Polyps 1500 ©, by request
KID"! Angiectasia, bleeding, inflammations, 2500 + 47 videos Open academic
polyps

tested datasets, and insufficient metrics are being used.
In order to enable full comparisons between methods,
the same datasets should be utilized, and as many of the
common metrics as possible should be used™, Another
limitation is that the lesion characterization systems
rely on advanced endoscopic functionality like narrow-
band imaging, endocytoscopy, or volumetric laser
endomicroscopy, to which most endoscopy units do not
have access, especially in low-income countriest*, Still, it
is not proven that these techniques improve endoscopy
performance, and validation in live endoscopies is still
required. Therefore, there is still a long road ahead
before such systems can be put into practice, and much
research, development, and clinical testing still needs to
be performed. To produce the best possible and the most
comparable results, the recommendations given here
should be followed.
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Abstract
Alcoholic liver disease (ALD) is a major cause of acute
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and chronic liver injury. Extensive evidence has been
accumulated on the pathological process of ALD during
the past decades. However, effective treatment options
for ALD are very limited due to the lack of suitable /n
vivo models that recapitulate the full spectrum of ALD.
Experimental animal models of ALD, particularly rodents,
have been used extensively to mimic human ALD. An
ideal animal model should recapitulate all aspects of
the ALD process, including significant steatosis, hepatic
neutrophil infiltration, and liver injury. A better strategy
against ALD depends on clear diagnostic biomarkers,
accurate predictor(s) of its progression and new thera-
peutic approaches to modulate stop or even reverse the
disease. Numerous models employing rodent animals
have been established in the last decades to investigate
the effects of acute and chronic alcohol exposure on the
initiation and progression of ALD. Although significant
progress has been made in gaining better knowledge on
the mechanisms and pathology of ALD, many features
of ALD are unknown, and require further investigation,
ideally with improved animal models that more effectively
mimic human ALD. Although differences in the degree
and stages of alcoholic liver injury inevitably exist
between animal models and human ALD, the acquisition
and translational relevance will be greatly enhanced with
the development of new and improved animal models of
ALD.

Key words: Steatohepatitis; Cirrhosis; Hepatocellular
carcinoma; Alcoholic liver disease; Reactive oxygen
species

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

Core tip: Alcoholism is now considered a global health
issue. Although significant progress has been made in
our understanding of the mechanisms and pathology
of alcoholic liver disease (ALD), many features of ALD
remain unidentified - requiring further investigation with
improved animal models that more effectively emulate
human ALD. In this Review, we provide an update on
the prevalence, current and emerging experimental
models, as well as the pathophysiology of ALD.

Lamas-Paz A, Hao F, Nelson LJ, Vazquez MT, Canals S, Gomez
del Moral M, Martinez-Naves E, Nevzorova YA, Cubero FJ.
Alcoholic liver disease: Utility of animal models. World J
Gastroenterol 2018; 24(45): 5063-5075 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i45/5063.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i45.5063

INTRODUCTION

Alcohol has been part of human culture for thousands of
years. Excessive alcohol consumption is the oldest form
of liver injury known to civilization. Currently, alcohol
abuse is an important global health problem with a

Baishidenge ~ WJG | www.wjgnet.com

significant socioeconomic burden in most societies. The
term alcoholic liver disease (ALD) comprises a range
of disorders including simple steatosis, steatohepatitis,
cirrhosis, and end-stage hepatocellular carcinoma (HCC).

Animal models are frequently used to emulate and
understand the underlying mechanisms of human
disease. However, over the last decades, a great variety
of animal models for ALD have been developed with
different outcomes. To find the “ideal” experimental
model for ALD would greatly help the study of the
pathogenesis and thus development of new therapeutic
strategies for the treatment of ALD. However, most
models do not recapitulate the full spectrum of human
ALD. A clinically-relevant model should induce certain
characteristics, including: severe steatosis, hepatocellular
damage and hepatic infiltration.

This review provides an overview of the pros and
cons of the most frequently used experimental models
of ALD, and the advances and implementation of new
animal models that show great potential. We also
discuss the recapitulation of pathological events in such
models that commonly occur in human ALD.

PATHOPHYSIOLOGY OF ALD

Alcohol abuse has a long history although it was
not until the 20™ century when it was studied with a
scientific perspective. In 1965, pioneering work by
Lieber and colleagues™ identified the hepatotoxic
function of alcohol, instead of the malnutrition effect,
previously assumed. ALD is now recognized as a
complex disease induced by alcohol abuse with a broad
spectrum of liver diseases. These range from simple
steatosis to more severe forms of injury, including
steatohepatitis, cirrhosis and HCC*?.

Following absorption in the gastrointestinal tract (GI),
only 2% to 10% of total ingested ethanol is directly
eliminated through the lung, the kidney and sweat
in an unchanged form™. Most ethanol will undergo
metabolic processing in the liver (Figure 1). First, ethanol
(C2He0) is oxidized and transformed into acetaldehyde
(C2H40) in hepatocytes. This step is mainly achieved by
the enzyme alcohol dehydrogenase (ADH); although
alternative minor pathways are involved including the
catalase enzyme pathway (which has low expression
in the liver), and the microsomal ethanol oxidation
system (MEOS) - which depends on cytochrome P450
(CYP450) enzymes, particularly cytochromes P450 2E1
(CYP2E1)™. Successive oxidation reactions take place:
Acetaldehyde loses hydrogen, and is metabolized to
acetate (C2Hs0), under the catalysis of acetaldehyde
dehydrogenase (ALDH). Major reactions in this process
require the coenzyme nicotinamide adenine dinucleotide
(NAD") for transferring hydrogen, and the amount of
reducing equivalents (NADH) is increased as a result. It
has been reported that the change in NAD*/NADH ratio
favours hepatic triglyceride accumulation and fatty acid
synthesis™,
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Figure 1 Alcohol metabolism in hepatocytes. Ethanol is oxidized to
acetaldehyde through action of the enzyme alcohol dehydrogenase and
cytochrome P450 isoenzyme 2E1 a major component of the microsomal
enzyme oxidation system. Acetaldehyde is subsequently metabolized to acetate
by acetaldehyde dehydrogenase. In this process coenzyme nicotinamide
adenine dinucleotide is reduced to coenzyme nicotinamide adenine dinucleotide
reduced. The metabolism of ethanol increases generation of reactive oxygen
species, including hydroxyethyl, superoxide anion and hydroxyl radicals, which
contribute to oxidative stress and also can react with other cellular molecules,
forming adducts (proteins, lipids or DNA). ADH: Alcohol dehydrogenase;
CYP2E1: Cytochrome P450 isoenzyme 2E1; MEOS: Microsomal enzyme
oxidation system; ALDH: Acetaldehyde dehydrogenase; NAD": Nicotinamide
adenine dinucleotide; NADH: Nicotinamide adenine dinucleotide reduced; ROS:

Reactive oxygen species.
| II CYP2E1

Fatty acid oxidation

Alcohol

Lipogenesis

Fat droplets

Hepatic steatosis

Figure 2 Alcohol induces fatty liver disease. Alcohol causes the
accumulation of fat droplets in hepatocytes increasing the lipogenesis and
decreasing the fatty acid oxidation. CYP2E1: Cytochrome P450 isoenzyme
2E1; ROS: Reactive oxygen species.

Another feature of alcohol metabolism is the ge-
neration of reactive oxygen species (ROS), which are
largely regulated (and which can be exacerbated) by
the CYP2E1 family®™. These active radicals are usually
produced by the mitochondria, endoplasmic reticulum
(ER) or Kupffer cells (KCs). They rapidly form a variety
of active metabolites which can further contribute
to oxidative stress in hepatocytes!®. Last but not
least, acetaldehyde, the major metabolite of ethanol,
is a powerful hepatotoxin. Multiple studies indicate
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acetaldehyde-induced liver injury via mechanisms that
promote glutathione depletion, ROS toxicity and lipid
peroxidation” (Figure 1).

Thus, ethanol metabolism can lead to direct bio-
chemical changes in hepatocytes, including cytotoxic
metabolites, accumulation of ROS and lipid peroxidation.
Importantly, all of these effects can further trigger
complex pathological responses that eventually cause
damage in the liver. Patterns involved in alcohol-induced
liver injury include inflammation, different types of
cell death (mainly apoptosis and necrosis), steatosis,
fibrogenesis, and even liver regeneration (Figure 2).

Statistically, only about the 35% of ALD patients go
on to develop ALD with liver fibrosis. Alcohol-induced
damage in liver significantly increases the production
of cytokines, chemokines, other soluble mediators and
components of the innate immune system™'"), This
pro-inflammatory environment causes the activation
of hepatic stellate cells (HSCs) and myofibroblasts,
increasing the production of extracellular matrix (ECM)
proteins, which can subsequently induce fibrogenesis
in the liver™, HSC is the main source of ECM proteins
but also a critical target in alcoholic liver fibrosis.
Acetaldehyde and adducts such as malondialdehyde
(MDA) or 4-hydroxynonenal (4-HNE) directly affect HSC
activation and collagen-I genes via different signalling
cascades'™. Another crucial mechanism of alcohol-
promoting liver fibrosis is associated with endotoxin and
immune responses. Studies have shown correlation
between alcohol administration, endotoxin in blood and
KCs!*". In the intestine, alcohol impairs tight junctions
(TJs) - increasing gut permeability between epithelial
cells, thus allowing the gut-derived bacterial endotoxin,
lipopolysaccharide (LPS), to enter the liver via the portal
vein™, It is common to see increased levels of serum
LPS in ALD patients. KCs, the principal immune cells in
the liver, are involved in this process. Several studies
have shown that increased LPS levels induced by alcohol
stimulate KCs to generate ROS and cytokines. These
inflammatory mediators subsequently activate HSCs via
a Toll-like receptor 4 (TLR4) signalling pathway, which
eventually results in enhanced, chronic production of
ECM proteins - and promotion of fibrogenesis!*®*",
Additionally, HSCs are also enriched with TLR4 that
directly bind, and thus activate through LPS signalling™®..
To summarize, alcohol-stimulated liver fibrosis is a result
of a robust immune response involving many types of
liver cells and different signal transduction pathways.
Fibrosis can develop into alcoholic cirrhosis, which is an
advanced stage of liver fibrosis (occurring in 8%-20%
of heavy drinkers) - this event is a significant risk factor
for HCC. Such pathophysiological transitions will certainly
reveal unique mechanisms, requiring more detailed
studies and more realistic models'**”,

HISTORY OF EXPERIMENTAL MODELS

The use of animals as models for scientific study is
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a very old practice of human civilization. Acquiring
knowledge and experience from his predecessors, Galen
of Pergamum (2™ century BC), a Roman physician,
greatly improved techniques for dissection and vivi-
section of animals, and further used them to study
cardiovascular and neural anatomy extensively'".

However, landmark findings in anatomy and physi-
ology in ancient times were largely based on observation,
inference and extrapolation of animal physiology to
humans.

A Flemish anatomist, Vesalius (1514-1564), a
physician and surgeon, was also a pioneer in animal
modelling. He compared the similarity and differences
between human body and other animal species,
overturning the work of Galen - dogma which held for
nearly 2000 years. He also recognized the value of
animal experiment in teaching and performed vivisection
of animals for medical students at his courses. Among
the list of new, animal experimentalists, were scholars
such as William Harvey (1578-1657). Using results from
elegant and sophisticated experiments on live animals,
Harvey published his revolutionary work De Motu
Cordis in 1628, in which he described the anatomic and
functional properties of the heart and vascular system
from many species with remarkable accuracy>*.

The 20™ century has witnessed unprecedented
advances in biological and medical science. Innovations
such as the invention of antibiotics, new diagnostic
methods and surgical techniques, chemo- and radio-
therapy for cancer, and improved vaccination. Saving
millions of lives and significantly increased the average
life expectancy. In the past few decades, the use of
animal modelling increased dramatically - further
supporting the development of medical science.
Currently, animal species (model organisms) frequently
used in laboratories include: rodents (mouse and
rat), zebrafish, swine, rhesus, guinea pig, rabbit, cat,
and dog. However it is mammalian rodent models
that are the most frequently used - several important
advantages: (1) Rodents are highly-resistant to
successive in-breeding, with less genetic variability
between individual animals (and generations); (2) Their
short lifespan and a fast rate of reproduction allows
more rapid accumulation of data; (3) Rodents are
small in size and easy to handle for most experimental
procedures; and (4) Costs are low per animal in terms
of initial purchase cost, housing and maintenance.
Altogether, rodents provide a model system for study of
alcohol effects on mammalian physiology, are amenable
to a tremendous array of experimental questions, and
are highly-efficient in both time and budget.

Transgenics has become an important tool for
generating animal models of human disease. Transgenics
involves the addition of foreign genetic information
(nucleic acids) to animals, often for specific inhibition
of endogenous gene expression. However, despite the
generation of several transgenic and knockout models,
the development of relevant models has theoretical
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and technical challenges. Indeed, many ALD-associated
genes of interest have not been fully identified and gene
addition or inactivation can yield inconclusive results.
Some models relevant to ALD are transgenic mice for
human CYP2E1 and p47”" NADPH oxidase-deficient
mice™,

CURRENT EXPERIMENTAL MODELS OF

ALD

Early attempts of studying ALD with animal models
began in the 1950s - using primarily rodents (mice,
rats, hamsters, guinea pigs), and primates. An early
study using six animal species in parallel was designed
to detect their voluntary consumption of alcohol”®. The
data interestingly suggested that golden hamster had
a clear preference for alcohol solution (about 88% of
their total liquid intake amount), while all other species
significantly prefer water over alcohol (with rabbits
as the only exception that consumed both drinks at
comparable levels). In another study, baboons receiving
alcohol-containing diet for 3-4 years, all developed
severe hepatic injury (liver fibrosis or cirrhosis), which
closely resembled all the pathological stages of human
ALD. Thus primates are considered an ideal animal
model of studying ALD™®. However, ethical issues, and
the now very tight regulatory controls on the use of
primates, as well as high cost and time, prevent the use
of primates for the study of ALD in most laboratories.
Thus, although rodents (mainly mice and rats), are still
the preferred animal species to mimic ALD in human,
such models fail to display the complete disease
spectrum of human ALD™?,

Various hypotheses have been proposed to explain
the disparity in liver injury between human and rodents
after ethanol exposure. Notably, most rodents have a
natural aversion to alcohol and tend to consume ethanol
only for calories rather than for craving. In addition,
the catabolic rate in rodents is 5 times faster than in
humans®®!. These characteristics lead to less damage
in rodents, after alcohol exposure, than humans. In
addition to effects of alcohol metabolism, difference in
the innate immune systems must be carefully considered
as immune responses and the pattern of inflammation all
play a critical role in the pathology of ALD. For example,
the balance between neutrophils and lymphocytes in the
blood differs greatly in mice and humans: neutrophils
account for 50%-70% of total leukocytes in human blood
(10%-25% in mice); whereas lymphocytes comprise
75%-90% of leukocytes in mouse blood, compared with
30%-50% in humans®®®. The physio-/pathophysiological
consequences of these differences remain largely
unknown. Studies have however demonstrated that mice
exhibit greater resistance against endotoxin-induced
inflammation, thus experiments usually require a higher
ethanol challenge to create the extent of damage
comparable with humans®".,

The response to alcohol and the development of
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ALD in humans varies considerably between individuals,
and ethnic groups. Besides familiar risk factors such
as age, diet, and smoking - genetic differences among
individuals or ethnic groups are also of great significance.
A genotyping study in Asian populations, showed that
approximately 50% of Chinese and Taiwanese have low
ALDH activity compared with Western nations, due to
different genetic polymorphisms in the ALDH2*2 allele™”,
Similarly, diverse outcomes after receiving alcohol
application are also seen in different rodent strains. In
one case study, mice from 14 commercially acquired
inbred strains received ethanol diet (up to 27 mg/kg
body weight per day) with an intragastric enteral feeding
model for 28 d; all strains exhibited comparable caloric
intake and blood alcohol concentration (BAC) levels after
the feeding™, Interestingly, mice from strains NZW/
Lac], C57BL/10], FVB/NJ], BALB/cBy] showed severe
liver injury compared with mice from WSB/EiJ, PWD/
PHJ, C3H/Hel, AKR/] strains. These results indicated
that the marked difference in sensitivity to alcoholic liver
injury, was strongly dependent on the mouse strain.
Thus, careful consideration of the strain/ desired traits
and experimental outcomes should be undertaken when
considering an experimental model of ALD. In another
study, rats from three different strains (Long Evans,
Sprague Dawley, Fisher 344) were fed with an isocaloric
liquid diet containing ethanol (equivalent to 37% of the
total caloric intake) for 8 wk®*., All three strains exhibited
equally increased BAC, but significantly varied in body
weight, alanine aminotransferase (ALT), triglycerides and
cholesterol levels. Notable differences were also found in
proinflammatory parameters including TNF-¢, IL-6 and
interleukin-1beta (IL-1B), indicating different degrees
of hepatic inflammation after alcohol administration
among the three strains. Moreover, dramatic variations
were detected between the three strains in some critical
enzymes of ethanol metabolism including ADH1, ADH2,
AHD3, Catalase, and CYP2E1, suggesting the inequality
of alcoholic liver damage may be partly due to different
rates of ethanol metabolism between all strains.
Numerous models employing rodent animals have
been established to investigate the effects of acute and
chronic alcohol exposure on the initiation and progression
of ALD (Table 1). To achieve the desired animal model of
alcohol disorder, consideration should be given to such
factors as amount, route and duration of ethanol given
to the animal, and, as mentioned above, the particular
animal strain. The amount and duration of ethanol
applied to the animal should be sufficient to maintain
both a consistently high level of BAC, and long enough to
create an acute or chronic injury. In addition, the route
of alcohol delivery also plays a critical role in determining
the effect of a model. Studies of alcohol administration
using vapour inhalation, intravenous, or intraperitoneal
injection have been widely reported. These approaches
can overcome the unwillingness to imbibe alcoholic
beverage in most rodents, and accurately control the
amount of ethanol absorbed. However, despite the
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high level of BAC in rats and mice, these models fail to
mimic the natural alcohol “drinking” i.e., via the oral
route, ingestion and subsequent metabolic processes in
humans. As a result, such models are more frequently
employed in the field of addiction and behavioural
studies, rather than in studies related to alcoholic-induced
liver damage®>",

Focusing on the effects of alcohol on the GI and
liver, rodent models of oral alcohol ingestion have been
developed and extensively utilized. By engaging the
rodents in “voluntary drinking”, these approaches largely
replicate the overall process of human drinking habits
as well as the general effects of alcohol on liver and
intestine. Patterns of alcohol exposure in humans include
both short-/ and long-term drinking. Whilst acute liver
injury occurs even after 4-5 acute or binge episodes,
within a period of several hours, chronic damage
accumulates over many years of continuous ethanol
consumption. In rodents, gastric intubation is commonly
used to administer ethanol dosages of 4-6 g/kg body
weight to induce acute hepatic injury. One study using
this approach, followed by LPS injection, demonstrated
that acute ethanol administration exacerbated hepatic
damage caused by endotoxin™®, Compared with acute
animal models using only one or a few gavages, chronic
models of alcohol feeding typically last 4-12 wk, usually
with a specially designed diet. As acute and chronic
alcoholic injury in the liver share remarkable overlap in
their pathology, an increasing number of studies combine
both models (chronic plus binge model), to better
emulate current drinking patterns in humans.

Lieber-DeCarli liquid diet

One of the earliest and most successful diets designed
specifically for studying the effect of alcohol consumption
in vivo is the Lieber-DeCarli liquid diet. It was first
introduced by Lieber et al*® in 1963 in response to the
need for a more accurate in vivo research model for ALD.
In a previous study, rats received a 15% (v/v) solution of
ethanol instead of drinking water for 177 d. Afterwards,
no obvious liver injury (including steatosis and fibrosis)
were found in the ethanol-only feeding groups but mainly
in groups fed also with a diet of nutritional deficiency™.
The investigators suggested that the damage to liver
after alcohol consumption was a consequence of
malnutrition. Thus, it was widely accepted that alcohol
alone has no hepatotoxic risk.

In 1960s, in a series of studies, Lieber et af"***
designed a diet containing ethanol and other nutritional
components. They demonstrated that when rats
received adequate diet, the absorption of alcohol was
insufficient to cause significant liver damage, due to
their natural aversion to ethanol. This aversion can be
overcome when rats had access only to an ethanol-
containing liquid diet formula but with no other food or
drink. In this case, the daily intake of ethanol in rats
can reach 12-18 g/kg, which was two to three times
more than that achieved from drinking the ethanol-only
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Table 1 Comparison of experimental models of alcoholic liver disease

Characteristics

Advantages and disadvantages

Models Animal model
Lieber-DeCarli liquid diet”*” Rat/mice

Rat/mice

Rat/mice
Ethanol ad libitum feeding®™*" Mice
The Tsukamoto-French model®™*! Rat/mice
The NIAA model™” Mice

Rat /mice
Ethanol + CCls treatment!"*! Mice

Chronic ethanol feeding (4-12 wk)

Chronic ethanol feeding + single/ multiple

binges (4-6 wk)

+ Second hit: DEN, LPS, CCls, APAP (4-12

Oral alcohol in drinking water (10 d/1-2 wk)

Intragastric infusion (2-3 mo)

LDE + single ethanol binge

LDE + 3 ethanol binges

4% ethanol liquid diet + 2 times IP CCls
injection per week (8 wk)

Easy to perform
Marked elevation of ALT
Short term feeding with no mortality rate
No liver fibrosis
Easy to perform
Marked elevation of ALT and marked
steatosis
Long term feeding + multiple binges with a
high mortality rate
No liver fibrosis
Easy to perform
wk) Marked elevation of ALT and marked
steatosis
Long term feeding + multiple binges +
injection with a high mortality rate
Liver fibrosis
Easy to perform
Minimal elevation of ALT and mild steatosis
Short-or long-term feeding with no mortality
rate
No liver fibrosis
Difficult to perform
Requirement for intensive medical care
Marked elevation of ALT and steatosis
Long-term feeding with a high mortality rate
Mild liver fibrosis
Cost and time efficient
High blood alcohol levels
Liver injury
Inflammation
Fatty liver
Cost and time efficient
Increased blood alcohol levels
Augmented liver injury
Increases in ERK1/2
Easy to perform
Toxic components
Elevated acetaldehyde levels
Liver fibrosis

Lieber-DeCarli liquid diet with different variants, ethanol ad libitum feeding and the Tsukamoto-French and the NIAA model. ALT: Alcoholic liver
disease; DEN: Diethylnitrosamine; LPS: Lipopolysaccharide; CCls: Carbon tetrachloride; APAP: Acetaminophen; LDE: Lieber-De Carli ethanol diet; IP:

Intraperitoneal.

solution. Notably, higher BACs were also observed (100
to 150 mg/dL)*****1, Using this approach, in seminal
work, Lieber et al**®! observed significant steatosis in the
liver and concluded that alcohol alone is a pathological
factor that can induce liver disease. In the next decade,
they further detected that this process was influenced
by other factors such as gender, dietary fat, the
essential nutrients methionine and choline, and vitamin
A. These findings opened a new era for ALD research.
The liquid diet formula in these studies later became
known as the Lieber-DeCarli ethanol (LDE) and Lieber-
DeCarli control (LDC) diets, and are now a standard
experimental model for the study of ALD"".

The Lieber-DeCarli diet is an isocalorically-controlled
liquid diet in that the total caloric content (0.6-1.0
cal/mL) in the diet remains unchanged, while specific
components vary to serve different groups and experi-
mental objectives. The LDC diet, often used for pair-fed
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control groups, is formulated from several key parts of
nutrition: Casein (consisting of methionine and cystine),
contributes 18% of total calories; fat, derived from olive
and corn oils, makes up 35% of total calories; fat-soluble
vitamins (A, D, E, K) and water-soluble vitamin Biz,
minerals and fiber; the remaining formula (dextrin and
maltose mixture) provided the majority of energy (47%
of the total calories)*****), In the ethanol-containing
formula (LDE diet), an amount equal to 36% of total
calories of the dextrin and maltose mixture is removed
and replaced by isocalorically measured alcoholt****%1,
Of note, when applying the LDE diet, the amount of
ethanol in the diet should be increased gradually during
a primer period of approximate five days, in which the
concentration of ethanol increases from zero to the
final concentration (in most studies 50 g/L). This short
priming period allows the animal to adapt to the ethanol-
contained diet gradually, thus ensuring the effect of
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subsequent formal feeding.

The feeding period using the LDE model usually varies
from 4 wk to 12 wk in mouse and 1-9 mo in ratt**®, In
most studies, there was a marked elevation of serum
ALT and aspartate aminotransferase (AST), with a 6-fold
average increase in hepatic triglycerides™®. Moreover,
varying degrees of hepatic steatosis was widely observed
in the experimental group. However, no other major
hepatic pathological changes, particularly severe forms
such as fibrosis, have been reported with the LDE diet
feeding model, including long feeding periods of up
to nine months in rat®®. A possible explanation for
this limitation is that the LDE diet can only maintain
a relatively low BAC in animals, compared with other
feeding models such as patients with advanced stage
ALD™",

Many attempts have since been made to elevate the
effect of LDE diet - to induce more sever forms of liver
injury, in order to overcome its limitations. The general
aim would be better mimicking the pathogenesis of
ALD in human, in particular its advanced forms. It is not
rare for physicians to observe that advanced alcoholic
hepatitis (AH) occurs in patients who have a long
history of chronic drinking, but also have one or several
more recent heavy binge drinking experiences™*®”. In
this context, the chronic-binge ethanol feeding rodents
model, which combines a chronic feeding period using
LDC diet and one or multiple binges has been introduced
and widely accepted®. To perform this model, the LDE
diet (5% v/v) is given for four weeks to create chronic
liver injury as described above. In addition, single or
multiple binges are applied by intragastric gavage twice
a week during the chronic feeding phase. For gavage,
absolute ethanol is diluted to 32% (v/v) in tap water
and the recommended dosage of alcohol is calculated at
5 g/kg body weight™®". It has been reported that in this
model, the BAC in rodents can reach 200 to 500 mg/dL,
with remarkable elevation of transaminases in serum
and significant steatosis in liver®

Besides binge drinking, other hepatotoxins can
subsequently be added during the chronic feeding phase
of the LDE diet to provide a “second hit” and increase
liver damage, such as: diethylnitrosamine (DEN),
LPS, carbon tetrachloride (CCls), or acetaminophen
(APAP)®*®®1 These studies have expanded the use of the
LDC diet and provided useful insight into the effects of
ethanol on the initiation and progression of severe liver
injuries such as cirrhosis or HCC.

Ethanol ad libitum feeding

The ad libitum alcohol feeding model was one of the
earliest animal models used for ALD study in rodents™*”..
Alcohol is administrated in tap water serving as the only
source of drinking water for animals, whilst animals
have free access to a standard rodent chow diet. The
ad libitum feeding model is simple to perform, and easy
to manipulate the precise concentration of ethanol in
the water. The “voluntary” consumption of alcohol with
the normal diet mimics the typical drinking pattern in
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humans; i.e., intermittent alcohol use with ordinary
food intake. Partly due to its great flexibility, protocols
used in different studies have varied considerably. The
concentration of ethanol solution varied from 10%-40%
(v/v), and the period of alcohol administration used in
different groups can range from 8 wk, and up to 70
wk, without significant mortality™ ", In most studies,
the ad libitum feeding model is sufficient to induce liver
damage with clear steatosis and elevation of ALT and
AST, but without more advanced lesions of fibrosis or
cirrhosist® 7%,

Despite its convenience, ad libitum feeding method
has limitations compared to other ALD animal models.
Noticeably, rodents show strong natural aversion
to alcohol, as they tend to drink less ethanol than
expected®; whilst the rate of alcohol metabolism in
rodents is much faster than in humans. These factors
prevent the rats or mice from achieving high BAC
consistently after chronic ethanol ad libitum feeding.
The relatively low levels of BAC may be one of the main
reasons for some misconceptions of early ALD studies*”.
Mice receiving ethanol ad libitum of 20% (v/v) alcohol
solution for eight weeks reached BACs between 50-70
mg/dL"®”). Whereas only moderate increase in serum
ethanol (to 90 mg/dL) was reported in an early study,
where rats were given 40% ethanol solution daily, up to
29 wk™®®, High BAC (up to 150 mg/dL) was also reported
indicating wide variations of BAC after ethanol ad libitum
application”., Unlike the LDC diet, which is a nutrition-
balanced diet ensuring equal calories in the presence
or absence of alcohol content, it is very challenging to
evaluate the nutritional status when applying ad libiturm
feeding.

Although the ethanol ad libitum feeding model is
useful as a “standalone” model of mild alcoholic liver
injury, an increasing number of studies combined it with
other stressors to stimulate inflammation, fibrosis or
HCC in liver. Noticeably, consistent long-term feeding
can be substituted by ad libitum feeding for long-term
periods of time due to its low mortality rate. In one study,
15 different mouse strains were tested with ethanol ad
libitum from 8 wk to 78 wk™®. More recently, secondary
factors have been introduced including other dietary
models such as the high-fat diet and high-fructose diet,
to evaluate whether such dietary factors potentiate
chronic alcohol-induced liver injury””®”?. Other studies
combining ethanol ad libitum feeding model with well-
known hepatic stressors like DEN, diallyl disulphide
(DADS), phenobarbital, and CCls - typically induced
advanced liver injury, including inflammation, fibrosis and
HCC®727%73] In summary, ethanol ad libitum feeding is
a simple and reproducible approach to introduce alcohol
in rodents, is amenable to the introduction of secondary
hits - and is thus widely used by many laboratories for
ALD study.

The Tsukamoto-French intragastric infusion model
Although oral alcohol administration including ad libitum
feeding and ethanol-containing LDC diet has proved a
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convenient and effective way to apply alcohol in rodents,
it has several limitations. Generally, the average BAC of
rodents received oral alcohol administration is usually
observed below 150 mg/dL, compared with human
levels. Moreover, liver steatosis is the major pathological
change in studies conducting oral ethanol application
(without a second stressor), where no fibrosis or cirrhosis
is found. To overcome these limitations, a new feeding
model of direct infusion through a surgically implanted
intragastric cannula was developed in 1984, also known
as Tsukamoto-French (TF) model”®"",

Compared with other feeding models of oral
administration, the TF infusion model has several distinct
advantages. By circumventing the natural aversion to
alcohol that generally exists in rodent animals, the TF
model removes the barrier on the amount of alcohol that
is consumed by the animals. An early study employed
liquid diet with alcohol (reaching as high as 49% of
total calories) with 30-d infusion. Rats developed severe
hepatic steatosis and focal necrosis with a high average
BAC (216 mg/dL), and highly elevated ALT and AST
levels”®, More importantly, the TF model also allows
easy manipulation of the food content in order to create
the desired model of liver damage. When progressively
increased ethanol intake (32%-47% of total calories),
combined with high fat diet (25% of total calories as
fat), fibrosis started to develop in rats within 30 d of
feeding, and was observed in all animals after 120 d of
feeding'®. Furthermore, this group also showed that
by adding carbonyl iron (0.25% w/v) into the high fat/
ethanol-containing diet - by the end of 16 wk most mice
developed fibrosis, to different extents, whilst 2 out of
the 20 mice developed liver cirrhosis®”.

Even after only 4 wk of intragastric infusion, the
average BAC in mouse experiment can reach as
high as 300-350 mg/dL, and peak BACs above 400
mg/dL can occur. This reflects a substantially greater
level of alcoholic intoxication, achieved by the TF
infusion model, over other alcohol feeding regimes'®"..
Altogether, in rodents the TF model produces a
sequence of liver damage that closely resembles human
ALD, i.e., progressive steatosis, fibrosis, cirrhosis with
focal necrosis and immune cell infiltration™.

There are however several potential drawbacks of
the TF model. First, the implantation of intragastric
tube requires high technical and surgical competences
in small animal handling and surgery. Extensive and
stringent post-operative care is also essential as early
contamination can increase mortality. In addition, the
post-operative maintenance work can be a challenge,
as the infusion cannula is usually kept in situ often
for 2-3 mo. The open access nature of the cannula
increases the possibility of infection and irritation that
may affect the results or result in death. Therefore,
animal health and welfare, physiological signs and
any pathological changes demand close monitoring.
These stringencies make the TF an expensive model
that cannot be performed by all laboratories. However,
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rats with implanted cannula (TF model) and daily food
infusion have been kept and maintained for as long
as 6 months, indicating once achieved successfully,
the intragastric infusion can be a reliable model for
investigating experimental dietary conditions in ALD™?.

As a feeding model initially designed for studying
ethanol intake in rodents, the TF model has actually
produced results with more severe alcoholic liver
injury than in other alcohol administration methods.
Additionally, the TF model has also been employed in
studies focusing on obesity-associated disorders such as
non-alcoholic fatty liver disease (NAFLD)®". To sum up,
the TF rodent model is an effective and reliable approach
for ALD study as well as studies related to other
metabolic complications associated with diet.

The National Institute on Alcohol Abuse and Alcoholism
NIAA model

The group of Gao et al*® developed a chronic-plus-
binge alcohol feeding mouse model in 2013 (Table 1).
This model mimics acute-on-chronic alcoholic liver injury
in patients. The model consists of 5 d of adaptation
to the liquid diet. Subsequently, mice are fed a LDE
containing 5% (v/v) ethanol for 10 d. A single dose of
ethanol (5 g/kg body weight) is given at day 11 and 9
h later animals are euthanased. This model specifically
triggers high levels of alcohol in blood, liver injury, fatty
liver and inflammation.

The NIAA model has since then been modified: A
single binge (5 g/kg) or repeated intragastric infusions of
alcohol (5 g/kg, 32% v/v, 3 doses, 12-h intervals) were
added following chronic feeding with the LDE diet (5% v/v,
4-7 wk). The advantage of this modification is that the
binge increases the neutrophil infiltration in mice™”.

COMPARISON OF HUMAN AND MURINE
ALD

Although there are several mouse models of ALD,
differences exist between human and mouse in mild
and early forms of ALD.

In human ALD, serum liver function tests and
liver histology analyses reveal high concentrations of
the enzymes ALT and AST, steatosis, ballooning of
hepatocytes, neutrophil infiltration and Mallory-Denk
hyaline inclusions in the liver®, Nevertheless, mouse
models of mild and early ALD do not reflect the observed
human pathology at each stage.

The model of ad libitum feeding with the LDC
ethanol diet in mice for 4 wk, results in only mild
steatosis and minor elevation of serum ALT, with low-
level inflammation®>®!, Twelve weeks of stepwise
feeding with the LDC diet containing ethanol shows fatty
liver, but mild elevation of ALT in serum.

The TK model induces severe steatosis, mild liver
inflammation and mild fibrosis through continuous
intragastric feeding. This model is very useful for
the study of ALD pathogenesis (Figure 2), but, as

December 7, 2018 | Volume 24 | Issue 45 |



mentioned, it is expensive, has technical limitations and
requires intensive medical caret””7%%%%",

Acute gavage of a single dose or multiple doses’
of ethanol induces only hepatic steatosis with a slight
elevation in serum ALT and AST enzymes!®°*°%4,
Administration of various concentrations of ethanol
in drinking water given as the only water source for
longer-term periods has been shown to cause immune
abnormalities and mild steatosis, but has little effect on
serum ALT/ AST levels and liver inflammation!®”4,

STRATEGIES FOR THE FUTURE:
HUMANIZED RODENT MODELS

The development of animal models of ALD has led to
remarkable progress in the study of ALD over the last
6 decades. However, many of the models described
have intrinsic weaknesses and do not fully recapitulate
each stage and facet of human ALD. Following
ingestion, ethanol is processed through the classical
drug disposition routes: Absorption, Distribution,
Metabolism and Excretion (ADME). Multiple factors and
systems participate in this complex process and can
affect, directly and indirectly, the pathogenesis and final
outcome of ALD. Due to obvious species differences in
physiology and pathology between rodents and humans,
translation of results from rats or mice to humans is
problematic. However, next generation experimental
animals having certain features of human physiology are
being developed that can better resemble the effects of
disease in the human body.

The concept of “humanized rodent models” refers
to mice or rats engrafted with functional human cells
and tissues. Human cell and tissue types used in the
development of humanized rodents include: Immune
cells, hepatocytes, skin tissue, pancreatic islets, uterine
endometrium, and neural cells®!. Humanized liver in
experimental animals has become an attractive target
due to the high regenerative potential of the liver. Early
attempts using isolated hepatocytes in rodent models in
the 1970s. shifted gradually from ectopic transplantation
to in-liver engraftment®*'®!, However, one major difficulty
preventing these models from becoming effective
therapies, is that numbers of functional repopulated
hepatocytes after transplantation are still insufficient!**!.
In the 1990s, breakthroughs came with the introduction
of several transgenic mouse lines. The first model was
developed by Sandgren et af*® with exclusive expression
of a protease, urokinase plasminogen activator (uPA)
in hepatocytes. Overturf et a*® developed a mouse
model which targeted disruption of fumarylacetoacetate
hydrolase (Fah) - regulated by 2-cyclohexane-1,3-dione
(NTBC). With their extraordinary capacity for repopulation
of hepatocytes, the engraftment efficiency of transplanted
hepatocytes in transgenic models was substantially
enhanced compared with normal mice!*".

Humanized animal models offer a novel approach,
with tremendous opportunity to explore ALD, and
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to produce more reliable and robust data, that will
ultimately be easier to translate from bench to bedside.
For example, Cederbaum et a'® employed humanized
CYP2E1 knock-in mice and discovered significantly
elevated liver damage in this group after 3 wk of ethanol
feeding, suggesting a major role of CYP2E1 in alcoholic
steatosis and oxidant stress. However, there is still a long
way before humanized rodent models can become a
single, standard model for ALD study. Major challenges
include the residual host innate immune system, as well
as impaired differentiation and maturation of the human
immune cell population due to, for example, differences
between human and mouse cytokines. However, these
drawbacks will not prevent humanized animal model
from being viewed as a promising strategy for the future.

CONCLUSION

Alcoholism is now recognized as a major global health
issue. Health and socio-economic consequences of
alcohol consumption represent a heavy burden world-
wide. Although significant progress has been made
in gaining better knowledge on the mechanisms and
pathology of ALD, many features of ALD are unknown,
and require further investigation, ideally with animal
models that more effectively mimic human ALD.

Nonetheless, the development of ALD models in
rodent has also undergone a significant evolution in
terms of representing different stages of human ALD.
The early ad libitum model revealed liver damage after
alcohol administration but have the major limitation
of natural aversion in rodent. By adding isocaloric
ethanol into the diet to keep nutritional balance, the
development of the LDC diet successfully overcame the
aversion issue and brought the study of ALD into a new
era. The TF model then allowed more control of ethanol
intake - effectively increasing liver damage following
large amount of alcohol infusion. However, current ALD
animal models fail to replicate the all-round spectrum
of ALD in patients, particularly ALD in advanced stages.
As mentioned, 20%-40% of heavy drinkers tend
to develop ALD with severe alcoholic hepatitis, liver
fibrosis and cirrhosis or even HCC - after 10 years of
excessive alcohol consumption. In contrast, the major
change in rodent after ethanol-only application with
all models is restricted to hepatic steatosis, even with
long-term feeding. Importantly, fibrosis or cirrhosis only
appears when secondary insults to the liver have been
employed.

In the future, an ideal model of ALD in rodent would
effectively mimic, step-wise, each stage of how alcohol
adversely affects the liver in humans. Key facets of such
a model would address processes such as: Ethanol
metabolism/ ADME, oxidative stress, ROS production
and immune system activation. These are crucial
events particularly in advanced fibrotic liver disease.
Presently, rodent models remain useful tools for us to
improve our knowledge of ALD. Although differences
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in the degree and stages of alcoholic liver injury exist
among rats, mice and humans’ - data acquisition and
translational relevance will be greatly enhanced with the
development of new and improved animal models of
ALD.
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Abstract

One-hundred years have passed since the original
description of the commonly described phenomenon of
persistent abdominal symptoms being triggered by an
acute enteric infection. This first account was generated
out of astute observations by Sir Arthur Hurst in World
War I. Additional descriptions followed from military and
non-military practitioners adding the evidence which has
transitioned this recognized condition from association
to causation. While mechanistic understanding is an
area of active pursuit, this historical accounting of a
centuries progress highlights important advances and
contributions of military medicine and scientists to
advances benefiting global populations.
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Core tip: There are several reviews in the literature
describing the clinical phenomenon of post-infectious
irritable bowel syndrome including its history. However,
this is the first review to consider the earliest description
dating back nearly 100 years ago and describe the role
of the individuals and context of discoveries that were
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made, and the important contributions that military
medicine has lended towards further understanding.
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INTRODUCTION

"It takes good guts to be a good soldier”
-Anonymous Civil War Observer

This reflection, though lost in attribution, transcends
centuries where it was likely first remarked to describe
the necessary qualities of nerve and grit required for
military service in the 19™ century!™. However, it is
possible the original intent was due to the fact that in
the Civil War (and conflicts immemorial) the success in
battle may well have depended on one’s gastrointestinal
constitution as much as bravery. Wars were once lost by
the frequent alimentary casualties which rendered mass
numbers of troops ineffectual and, before the advent of
antibiotics and intravenous and oral rehydration, would
kill by the thousands™,

But an even more transcendent meaning emerged
decades later in 1918 where Sir Arthur Hurst first
described the condition of frequently unexplainable
chronic bowel problems well after a soldier’s acute bout
of dysentery had resolved™., Hurst, a British Physician
and co-founder of the British Gastrointestinal Society,
is recognized as a transformative and leading physician
of the 20" century with an early career specializing in
neurology where he made substantial contributions
in understanding the etiology of War Neuroses during
his appointment to the Royal Army Medical Corps in
support of the Crimean War'®\. During duty assignments
in Lemnos and Salonika, Hurst diagnosed and treated
the broad range of ailments of ill and injured service
members returning from the Gallipoli and Macedonia
World War I battle fronts and methodically catalogued
these observations in first and second editions of
Medical Diseases of War'. In a section on Colitis and
Irritability of the Colon following Dysentery of Chapter
XII in the second edition, he recounts (p. 167):

“Patients who have recovered from an acute attack
of dysentery frequently remain unfit for a considerable
period, which may even extend to years. The symptoms
are due to the chronic colitis, which may follow either
amoebic or bacillary dysentery after the specific
infection has died out...In most cases the patient suffers
from alternating attacks of constipation and diarrhoea,
the latter often being brought on by aperients taken for
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the relief of the former, or it may follow an indiscretion
in diet or exposure to cold...The diarrhoea may only
last for a few hours, or it may continue for two or three
days, the attacks being separated by intervals of several
weeks or months...Sometimes the attacks of diarrhoea
cease to occur, but intractable constipation remains and
the general symptoms persist, though in a lessened
degree.”

One can imagine that he thought these observations
of persistent abdominal symptoms after an acute bout
of dysentery were unusual and shared such accounts
with his colleagues who were treating similar patients.
Dr. Hurst goes on further to relay accounts from his
colleague, Thomas G Morehead of the Royal College of
Physicians of Ireland who was treating patients in Egypt
from the Gallipoli front and made similar observations
as follows:

“...severe abdominal distension developed from
four to eight months after the patient had appa-
rently recovered from an attack of dysentery. They
complained of a feeling of fullness in the abdomen, with
dyspnea and general dyspeptic symptoms. The bowels
were regular, and nothing abnormal was found except
enourmous tympanitic distension of the abdomen...”

These descriptions of non-ulcerative persistent
abdominal symptoms spanning complaints of diarrhea,
constipation, dyspepsia and bloating following an acute
gastrointestinal infection are most likely the earliest
written description of what we now regard to be post-
infectious functional gastrointestinal disorders (FGD).
This now expansively described phenomenon of incident
FGDs after acute enteric infection has been detailed in a
number of systematic reviews'®®. While there may have
been alternative differential diagnoses including essential
nutrient deficiencies, unmasking of organic bowel disease
or chronic intestinal infections, the historical accounts
from World War I indicate that patients with these
symptoms were relatively common, had adequate intake
of fresh fruits and vegetables (at least after returning
home), lacked features of inflammatory bowel disease,
and had cleared chronic infections (at least of amoeba).
While the lack of detailed microbiological and endoscopic
description leaves open the question of patho-etiology
and association in Sir Arthur Hurst's account, the distinct
characteristics of the “Post-dysenteric Irritable Colon
Syndrome” describes features strikingly similar to the
symptoms of PI FGD described today.

Following this earliest description of chronic gas-
trointestinal consequences of the Great War, a young
Surgeon-Lieutenant physician epidemiologist in the Royal
Navy, Gordon T. Stewart, detailed nearly 500 cases of
hospital admitted acute and chronic amoebic and bacillary
dysentery in service members serving in World War 11",
In Stewart’s 1950 paper in the British Medical Journal
acute and chronic diarrheal and dysentery cases were
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characterized with specific etiologies identified, treatment
recorded, and follow-up at three months and beyond with
repeated assessments for infectious etiologies associated
with recurrent symptoms. An important contribution of
this report was the thorough culture and microscopic
work-ups for infections in addition to sigmoidoscopy for
those with persistent infections. Twenty-nine of the 228
(12.7%) admitted to the Combined Services Hospital
and 49 of the 246 (19.9%) patients treated at the
Liverpool Tropical Diseases Centre were identified as
having persistent colitis symptoms despite appropriate
treatment and no evidence of persistent infection. Among
the 49 persistent diarrheal cases followed in Liverpool,
sigmoidoscopy was conducted with 27 showing no
signs of overt inflammation and these were classified as
“Functional Post-Dysenteric Colitis”. The remaining 22
had evidence of inflammation (some with ulceration and
bleeding) and evidence of persistent infection mucosal
scrapings and were labeled “Ulcerative Post-Dysenteric
Colitis”. Treatments, including large doses of soluble
and insoluble sulphonamides, penicillin, and chiniofon
retention enemas yielded eventual improvement in all
but 4 patients, who persisted with “idiopathic ulcerative
colitis”. Among the functional cases, the authors noted
that the patients had a tendency towards concomitant
neurotic and anxiety features and generally resolved over
time but continued to persist indefinitely in a few.

In the intervening years, while the “functional
irritable colon” patient was recognized as not-infrequent
diagnosis, little original research was conducted until
1962, when Chaudhary and Truelove reported on a
large case series of 130 patients with the “Irritable
Colon Syndrome” being cared for at the Radcliff
Infirmary at Oxford"®. They observed that the condition
was more predominant in women and first diagnosis
occurred between 20 and 59 years of age, and over
60% reported symptoms being present for over a year
(and more than 10 years in 24%). From their detailed
description of quality, quantity and location of pain
and associated bowel movement patterns they further
classified these patients into two distinct groups: (1)
A spastic colon group characterized by colonic pain
and variable bowel habits with periodic constipation or
diarrhea or both alternating, and (2) a painless diarrhea
group defined by patients without pain but who had
chronic diarrhea. While lacking adequate study design,
the authors did comment upon possible predisposing
causes based on extensive patient histories. Most
notable was the observation that in 26% of patients’
symptoms clearly started after a proven or presumptive
episode of dysentery. Among those with “post-infective”
irritable colon syndrome, a majority (63%) had resolved
compared to only 29% of those cases which were
not ascribed to follow a bout of infectious dysentery,
suggesting a more favorable prognosis. Psychological
co-morbidities were important factors in both post-
dysentery and “idiopathic” cases.

Interestingly, it would be another three decades
before the first study on post-infectious irritable bowel
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syndrome (PI-IBS) was published where an adequate
control group was utilized to explore disease incidence
and risk. In 1999, Rodriguez and Ruigémez utilized
medical encounter data from the United Kingdom
General Practice Research Database to conduct a
retrospective cohort study among a population with
a bacteriologically-confirmed gastroenteritis episode
and a comparator population subsequently followed for
incident irritable bowel syndrome'!, Medical encounter
data were augmented with practitioner case-diagnosis
validation surveys. IBS was identified in 4% of subjects
with bacterial gastroenteritis, 12-fold higher than the
rate in the comparative population with no history of
gastroenteritis in the preceding year.

In just the past 20 years, the scientific literature has
greatly expanded with more than 30 independent studies
in which exposed subjects with infectious gastroenteritis
consistently demonstrate a 4-fold increase in the risk
of IBS compared to unexposed subjects with the
highest rates observed after protozoal infection (41.9%)
compared to bacterial (13.9%) or viral etiologies (6.4%)™.
Similar risk estimates have been reported after travelers’
diarrhea”, and the first modern epidemiological study
defining PI-IBS among military travelers was reported in
2011 following acute infectious diarrhea episodes among
United States troops deployed to Egypt and Turkey!*?.,
Features which appear to increase the risk include
more severe disease, longer disease, female gender
and psychological comorbidities, though not entirely
consistently across the multiple studies’®. Additionally, the
syndrome tends to be more commonly associated with
the diarrhea-predominant IBS phenotype.

Though the historical readings behind the centenary
description of the origins of PI-IBS and studies of
recent times may be of interest, we focus on the
nature and challenges remaining in developing our
understanding of etiology in the “functional” diseases
as well as the sometimes limiting paradigm of Koch’s
postulates in ascertaining disease causality. Traditionally,
Koch’s postulates proved effective at establishing
disease-pathogen relationships for acute illness but
often falls short with more complex associations
beyond one-pathogen, one-disease models'*'*. An
alternative paradigm is considered in Hill’s criteria
which includes strength of association, consistency
of effect, specificity of effect, temporality, biological
gradient or dose response, and biological plausibility
to form the basis of an argument for causation*”\. For
PI-IBS, strength, consistency, specificity, temporality
and biological gradient are clearly evident. Where the
field is focused and uncertainty remains, is in the area
of biological plausibility. While intensive studies have
explored the patho-etiological underpinning post-
infectious IBS, unfortunately a unifying mechanism
has not emerged. Rather there appears to be multiple
mechanisms to disease progression including low-grade
inflammation!*®'”!, microbiome dysbiosis!'®, epithelial
barrier dysfunction'®, and auto-immunity®®, bringing
added complexity to potential treatment and preventive
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solutions. Thus, while much as been learned over the
100 years since Hurst made his first observations, we
are presently improved only in our ability to provide
symptomatic therapies and an ability to put a name to
the symptoms of an often frustrated patient. We remain
without a diagnostic test, preventative or cure.

Finally, the appending of another contribution to the
list of important discoveries and medical advancements
by military medicine and science is noteworthy. Whether
it be through the contributions of British Navy Captain
James Lind in treating and preventing scurvy™", advance-
ments of anesthesia during the Civil War*®”, development
and use of mobile X-ray diagnostics in World War I by
Marie Curie®, use of intramedullary nails to help heal
fractures by the German military medical services during
World War I, pioneering contributions by Robert
Phillips in the advancement of oral rehydration therapy
after World War II'*, advances in use of frozen blood
products® during the Viet Nam war which are currently
used today in saving countless lives around the world,
or the early aggressive use of trauma management
techniques in Iraq and Afghanistan®”’, many lives
have been and continue to be saved throughout the
world from these military lead medical advances. While
the incalculable wastage of life and well-being that is
attributed to armed conflict cannot be compared to the
value of innovation that is often born out of necessity
to retain dominance, the efforts to save and preserve
life and limb by the many dedicated clinicians and
researchers to their uniformed patients are laudable. Sir
Arthur Hurst’s astute inquiry and tireless dedication to
his patients is also recognized and clearly led to further
interest, investigation and advancement of understanding
by those he mentored and taught.

CONCLUSION

As legend would tell, Montezuma II, was the 9" Aztec
Emperor between 1502 to 1520 when the Spanish,
led by Hernan Cortés, began the conquest of modern
day Mexico in the early 16™ century®®®. Montezuma,
who had perhaps observed the powerful Spanish forces
with guns and cannons and crossbows and knew
that his forces would be a poor match, attempted
strategic diplomacy and appeasement to the invading
Conquistadors and invited them into the city-capitol,
Tenochtitlan, to negotiate. However, relations would
quickly sour with skirmishes between arriving Spanish
reinforcements and accusations of betrayal eventually
led to Cortés taking Montezuma prisoner. Plunder and
chaos in Tenochtitlan ensued and in an effort by to
quell the masses, Cortés had Montezuma address the
crowds from the palace roof to which he was met with
hurled stones and spears from his own people and died
three days later of his wounds (though some claim
that Cortés had him strangled). Reinforcements would
arrive, and smallpox disease spread throughout the
susceptible native population assuring the fall of the
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Aztec Empire in a few short months.

According to the tenets of Aztec religion, the soul
went to one of three places after death: the sun, the
underworld, or the lower sky"®®.. Interestingly, souls of
fallen warriors and women that died in childbirth would
transform into hummingbirds that followed the sun on
its journey through the sky. Aztec religion ascribed the
emperors (called tlatoani, translated “Great Speaker”)
unique supernatural powers such as shape shifting,
foreseeing the future, and even immortality where
they were thought to take up life in the afterworld with
abilities to have impact of the world they left. While there
is no written documentation of any edict of revenge,
a belief is held by some that Montezuma lives on and
awaits the opportunity to come back to life to banish the
invaders and rescue his loyal people®®®. Others attribute
the persistent scourge of acute travelers’ diarrhea among
those visiting the lands of the Aztec as an enduring
message sent by Montezuma to those visiting from
other countries to think twice about ideas of colonization
of foreign lands. While previously ascribed to the acute
watery diarrhea so frequently encountered, perhaps
Montezuma'’s full plan for revenge was designed to have
some such visitors develop an enduring reminder that
might live in their bowels for years after. Then again, this
could all be a myth.
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Abstract

A large number of liver transplants have been performed
for hepatocellular carcinoma (HCC), and recurrence is
increasingly encountered. The recurrence of HCC after
liver transplantation is notoriously difficult to manage.
We hereby propose multi-disciplinary management with
a systematic approach. The patient is jointly managed
by the transplant surgeon, physician, oncologist and
radiologist. Immunosuppressants should be tapered to
the lowest effective dose to protect against rejection. The
combination of a mammalian target of rapamycin inhibitor
with a reduced calcineurin inhibitor could be considered
with close monitoring of graft function and toxicity.
Comprehensive staging can be performed by dual-tracer
positron emission tomography-computed tomography or
the combination of contrast computed tomography and
a bone scan. In patients with disseminated recurrence,
sorafenib confers survival benefits but is associated with
significant drug toxicity. Oligo-recurrence encompasses
recurrent disease that is limited in number and location
so that loco-regional treatments convey disease control
and survival benefits. Intra-hepatic recurrence can be
managed with graft resection, but significant operative
morbidity is expected. Radiofrequency ablation and
stereotactic body radiation therapy (SBRT) are effective
alternative strategies. In patients with more advanced
hepatic disease, regional treatment with trans-arterial
chemoembolization or intra-arterial Yttrium-90 can
be considered. For patients with extra-hepatic oligo-
recurrence, loco-regional treatment can be considered if
practical. Patients with more than one site of recurrence
are not always contraindicated for curative treatments.
Surgical resection is effective for patients with pulmonary
oligo-recurrence, but adequate lung function is a pre-
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requisite. SBRT is a non-invasive and effective modality
that conveys local control to pulmonary and skeletal
oligo-recurrences.

Key words: Hepatocellular carcinoma; Recurrence; Liver
transplantation

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

Core tip: We propose a multi-disciplinary management
algorithm for recurrent hepatocellular carcinoma after
liver transplantation. The combination of a mammalian
target of rapamycin inhibitor with a reduced calcineurin
inhibitor can be considered. Staging is performed to
differentiate between disseminated recurrence and oligo-
recurrence. In patients with disseminated recurrence,
sorafenib may confer survival benefits but is associated
with significant toxicity. Oligo-recurrence encompasses
recurrent disease that is limited in number and location so
that loco-regional treatments convey disease control and
survival benefits. Intra-hepatic and extra-hepatic oligo-
recurrences can be managed with surgical resection,
ablative therapy or regional treatments depending on the
disease status.

Au KP, Chok KSH. Multidisciplinary approach for post-
liver transplant recurrence of hepatocellular carcinoma: A
proposed management algorithm. World J Gastroenterol 2018;
24(45): 5081-5094 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i45/5081.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.145.5081

INTRODUCTION

Despite stringent selection criteria, recurrence occurs
in 6%-18% of patients transplanted for hepatocellular
carcinoma (HCC)™™. Since the implementation of the
Model for End-Stage Liver Disease (MELD) system,
patients waitlisted for HCC have been given increased
priority for cadaveric grafts™. More liver transplants
have been performed for HCC, and recurrence is more
frequently encountered™. The recurrence of HCC after
liver transplantation is notoriously difficult to manage.
Experience is limited in the literature, and there is
considerable debate concerning various systemic and
local treatments. The objective of the present narrative
review is to summarize the current available literature
and propose a management algorithm for recurrence
after liver transplantation.

A literature search was performed on PubMed (United
States National Library of Medicine, National Institutes
of Health, United States) for relevant English articles
with a combination of keywords: “liver transplantation”
with “hepatocellular carcinoma recurrence” or “"HCC
recurrence” and/or “immunosuppression” and/or “targeted
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therapy” and/or “immunotherapy” and/or “resection”
and/or “ablation” and/or “stereotactic body radiotherapy”
or “"SBRT". The references of the selected papers were
reviewed for additional relevant articles.

UNIQUE PERSPECTIVES OF POST-
TRANSPLANT RECURRENCE

Systemic disease

After liver transplantation, any recurrence is, by defi-
nition, metastasis from the native liver. The culprit is
either the presence of undiagnosed distant metastasis
before transplantation or spillage of tumour cells during
transplantation. Even an isolated recurrence implicates
solitary metastasis and represents a local phenomenon
of the systemic event, which highlights the importance of
systemic therapy and the input of oncology as a critical
component of the therapeutic strategy.

Immuno-compromised state

Immunity is the primary defence against cancer’”’. The
adaptive immune system recognizes and eliminates
tumour cells based on their expression of tumour-
specific antigens™. Termed concomitant immunity,
the immune response induced by the primary tumour
inhibits the growth of secondaries’. However, after liver
transplantation, concomitant immunity is suppressed
pharmacologically. Any microscopic tumour in vitro can
progress without immune surveillance. It was observed
that post-transplant HCC recurrence progresses
significantly faster than in patients treated with hepatic
resection™”’,

Calcineurin inhibitors, e.g., tacrolimus and cyclo-
sporine, form the cornerstones of maintenance immu-
nosuppression in liver transplantation. In addition
to host immune suppression, they promote tumour
progression via non-immune-mediated pathways related
to augmented transforming growth factor expressiont*",
From a retrospective series of 70 HCC patients treated
with liver transplantation, quantified cyclosporine exposure
was identified as an independent risk factor for HCC
recurrence™. Subsequently, Vivarelli et a*"! confirmed
that high tacrolimus exposure independently predicted
HCC recurrence. Immunosuppressive therapy affects the
course of tumours in transplant patients and must be
fully addressed in the comprehensive management of a
recurrence.

Immuno-maintenance phase of the transplant

Throughout the course of treatment, the liver graft
must be maintained. Reduction of immunosuppre-
ssion increases the risk of graft rejection. Medical
therapies potentially affect liver function. The use of
immunotherapy is particularly concerned with immune-
mediated graft injury. While formulating the treatment
strategy, the benefits of the treatment must be balanced
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with the potential toxicities towards the liver graft.

PROPOSED TREATMENT ALGORITHM

The patient is jointly managed by the transplant
surgeon, physician, oncologist and radiologist under a
multidisciplinary approach.

IMMUNOSUPPRESSION

Whenever a recurrence is diagnosed, the immuno-
suppressant should be reviewed. Considering that
immune failure contributes to cancer progression,
immunosuppression should be tapered to the lowest
effective dose protecting against rejection. Moreover, the
regimen of immunosuppression warrants reconsideration.

Mammalian target of rapamycin inhibitor

Mammalian target of rapamycin (mTOR) is a protein
involved in a signalling pathway that controls cellular
growth and proliferation™. Rapamycin, more commonly
known as sirolimus, inhibits the mTOR pathway to
restrain regulatory T-cell proliferation'®, Apart from
immune modulation, mTOR is also involved in HCC
pathogenesis and is associated with poor tumour
biology"”*?'. Sirolimus has been investigated in a phase
IT trial showing promising efficacy against advanced
HCC™®. With the theoretical advantage over tumour
control, sirolimus has been extensively investigated as
immunosuppression therapy for patients engrafted for
HCC**?"(Table 1).

The highest level of evidence came from a prospective
trial conducted by Geissler et af*", where 525 patients
were randomized to receive either a sirolimus-based or
an mTOR inhibitor-free regimen. In the study group,
sirolimus was incorporated 4-6 wk after transplantation,
with or without a concomitant calcineurin inhibitor. The
overall and recurrence free survival rates were improved
up to 5 years (overall survival: 79.4% vs 70.3%; P =
0.048) and 3 years (disease-free survival: 80.6% vs
72.3%; P = 0.0499). The proportion of patients with
acute rejection appeared to be higher in the sirolimus
group (23.4% vs 17.0%, respectively; P = 0.07), but
the difference did not reach statistical significance. The
results were in concordance with an updated meta-
analysis that demonstrated a survival benefit in patients
receiving sirolimus-based immunosuppression therapy
(OR = 1.68; CI = 1.21-2.33)®, From the pooled results
of 11 studies, the risk of graft rejection or hepatic artery
thrombosis was not increased. Sirolimus was generally
well tolerated. In a small proportion of patients (0-8.3%),
sirolimus was discontinued for drug toxicity, mostly due
to oral ulcers®®.

Everolimus is a derivative of sirolimus with a shorter
elimination half-life (30 h vs 60 h) and a quicker time to
steady state (4 d vs 6 d)®°. The dinical advantage is
easier dose adjustment. Everolimus received evaluation
in a phase III trial for its role in advanced primary HCC
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that progressed despite sorafenib therapy™". However,
no further survival benefit was observed upon switching
to everolimus (overall survival: 7.6 mo vs 7.3 mo).
Everolimus has been evaluated in prospective trials for
its efficacy in liver transplantation, although they were
not focused on oncological outcomes. In a prospective
multicentre study, everolimus with a reduced dose of
tacrolimus was associated with better preserved renal
function (estimated glomerular filtration rate decline
over 36 mo: 7.0 mL/min/1.73 m’? vs 15.5 mL/min/1.73
m?; P = 0.005) compared with the standard dose of
tacrolimus®. A similar regimen was studied in another
prospective trial with a composite primary endpoint
comprising rejection and graft loss™*. Notably, in patients
transplanted for HCC, recurrence was only observed in
the control arm with a standard dose of tacrolimus (5/62
vs 0/62) after 12 mo of follow up. A direct comparison
between everolimus and sirolimus was made in a meta-
analysis™*.. Patients on everolimus had significantly
fewer recurrences than those on sirolimus or calcineurin
inhibitors (4.1% vs 10.5% vs 13.8%, respectively; P
< 0.05). However, everolimus-treated recipients had a
shorter follow-up time (13 mo vs 30 mo vs 43.2 mo,
respectively) and fewer advanced tumours (HCC within
Milan criteria: 84% vs 60.5% vs 74%, respectively; P
< 0.05). The study did not compare survival, and no
definite conclusions were drawn.

The data on mTOR inhibitor therapy for established
recurrence after liver transplantation remain scarce.
However, a combination of either sirolimus or everolimus
with reduced-dose tacrolimus has been proven to be
safe and effective in reducing recurrence®****, There
is inadequate evidence to recommend the optimal
serum level of tacrolimus in this combination. In our
experience, a sub-therapeutic level of tacrolimus might
suffix. From Geissler’s prospective trial it appears that
Siroliums monotherapy might be adequate for some
patients'*). From a registry database comprising 2491
patients transplanted for HCC, sirolimus was the only
maintenance immunosuppressant affecting survival
(5-year survival: 83.1% vs 68.7%, P < 0.05)*”. Based
on these findings, it appears sensible to incorporate an
mTOR inhibitor with a reduced calcineurin inhibitor upon
the diagnosis of recurrence. Overall, immunosuppression
should be individualized and tapered to spare the
remaining anti-tumour immunity. Patients should be
closely monitored for liver function throughout the course
of cancer treatment.

STAGING

Because post-transplant recurrence is essentially
metastatic disease, complete staging is essential to
guide subsequent management. Dual tracer positron
emission tomography-computed tomography (PET-
CT) has been validated for pre-transplant staging for
HCC patients™. During the examination, a whole-body
survey, both functional and structural, is performed for
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Table 1 Mammalian target of rapamycin inhibitors for patients engrafted for hepatocellular carcinoma

Discontinuation

No. (SRL/non-SRL) 5-year OS (%) 5-year DFS (%) HAT (%) ACR (%) for toxicity (%)

Prospective controlled trial

Geissler et al™, 2016 261/264 79.4/70.3° 72.6/68.4 23.4/17.0 =
Meta-analysis

Liang et al®, 2012 332/2615 OR: 2.47° 1yr: OR 2.41° OR: 1.32 = -

Zhang et al™, 2018 7695 OR: 1.68° 1yr: OR 2.13 - - -
Case-control

Vivarelli et al®,2010 31/31 3 yr 86/56° 0/0 3.2/3.2 =
Retrospective cohort

Zimmerman et al*,2007 45/52 80/62 78.8/54 2.4/1.9 20/19.6 -

Zhou et al™, 2008 27/46 19.8+1.2/16.0+14> 173+14/159+1.6 0/0 30.4/19.6 8.3

Chinnakotla et al®, 2009 121/106 80/50° = 1.9/2 62.8/54.7 0

Toso et al™”, 2010 109/2382 83.1/68.7° - =

'All tumours were beyond Milan criteria; *Median survival in months; *Statistically significant. SRL: Sirolimus; OS: Overall survival; DFS: Disease-free

survival; HAT: Hepatic artery thrombosis; ACR: Acute cellular rejection.

comprehensive staging. The two radioisotopes, namely
Cl1l-acetate and fludeoxyglucose (FDG), complement
each other. Cl1-acetate is sensitive for well-differentiated
HCC, but tumours with more unfavourable biology may
have a predilection towards FDGP®. Combining two
tracers enhances sensitivity to detect occult metastasis.
Dual tracer PET-CT is especially advantageous over
computed tomography (CT) to diagnose bone metastasis
(sensitivity 97% vs 72%, respectively; P < 0.05) and
is not uncommon in patients with recurrence after liver
transplantation®”.

Albeit effective, dual-tracer PET-CT may not be
widely available. When contrast CT is performed as an
alternative, it is better coupled with a skeletal survey
using bone scan. Bone is the third most common site
of recurrence after the lung and liver, affecting 20% of
patients with recurrence’®®. The objective of radiological
staging is to determine whether the recurrence is
disseminated or limited, i.e., oligo-recurrence. While
disseminated recurrence is managed primarily with
systemic therapy, limited recurrence may be better
controlled with additional loco-regional treatment.
It has been observed that RO resection conferred a
survival benefit in selected candidates with isolated and
resectable metastasis’™.

DISSEMINATED RECURRENCE

Disseminated recurrence is primarily managed with
systemic treatment with the intention to prolong survival
rather than to pursue cure.

Targeted therapy

Sorafenib is a multi-tyrosine kinase inhibitor with
activity against vascular endothelial growth factor-2
and -3, platelet-derived growth factor receptor
and Ras ligand™. It inhibits tumour signalling and
angiogenesis pathways involved in HCC pathogenesis.
In a randomised controlled trial, sorafenib was shown to
prolong the median survival of patients with advanced
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HCC for 3 mo (10.7 mo vs 7.9 mo, P < 0.001)"*", The
major drawback was a poorly tolerated side effects
profile. Hand-foot skin reaction and gastrointestinal
disturbances were reported in 21% and 39% of the
patients, respectively. Although mostly graded as 1 and
2 in severity, drug-related adverse events have led to
discontinuation of sorafenib in 29% of the patients.

The efficacy of sorafenib in post-transplant HCC
recurrence has been studied in numerous retrospective
series, mostly in combination with an mTOR inhibitor
(Table 2)*?*4, Sorafenib and mTOR inhibition had
synergistic effects on tumour growth in xenograft mice™.
Ras blockade silenced the feedback signalling of mTOR
inhibition, leading to upregulation of its anti-tumour
activity™". A retrospective cohort reported by De’Angelis
et al*! provided insights into the use of sorafenib in
patients with advanced recurrence. The outcomes of 15
patients treated with sorafenib were compared with those
of 24 patients receiving best supportive care. Sorafenib
was stared at 400 mg twice daily. More patients in the
sorafenib group received an mTOR inhibitor due to the
time effect, but the difference did not reach statistical
significance (46.7% vs 16.7%, P = 0.13). Sorafenib
conferred disease control (partial response or stable
disease) in 11 of the 15 patients (73.4%), translating into
a survival benefit (median OS: 41.4 mo vs 19.1 mo; P =
0.013). Notably, there was a high proportion of patients
requiring dose reduction (53.3%) or discontinuation of
treatment (13.3%) due to drug toxicity.

Gomez-Martin et al®® addressed the safety of
combining sorafenib with an mTOR inhibitor in a post-
transplant setting. In the multicentre cohort consisting of
31 patients with recurrent HCC, the immunosuppression
was shifted to mTOR inhibitor therapy with initiation of
sorafenib as systemic treatment. Most toxicities were
grade 1 or 2. However, 2 episodes of gastric bleeding
and 1 episode of cerebral haemorrhage were reported.
The gastric bleedings were diffuse mucosal oozing
unrelated to portal hypertension or ulcer disease.
Thus, sorafenib appears to be effective to prolong

December 7, 2018 | Volume 24 | Issue 45 |



Au KP et a/. Post-liver transplant HCC recurrence

Table 2 Sorafenib for recurrent hepatocellular carcinoma after liver transplantation

No. (SFN/ Duration after mTOR inhibitor 5;"”““ rate \jodian 0§ Iime to RS 36
BSC) LT (mo) (yes/no) o complete/ (mo) Progression  pose reduction Discontinuation
partial/stable) (mo) (% patient) (% patient)

Meta-analysis

Mancuso et al*?,2015 113 13.6 = 0/4.8/44.4 105 5.6 428 319
Retrospective cohort

Sposito et al™”, 2013 15/24 38.1/15.7° 7/8 = 21.3/11.8 8.8/10.2 53.3 41

De' Angelis et al*”, 2016 15/18 18 7/8 0/26.6/46.8  41.4/19.1% = 53.3 133

Pinero et al™, 2016 10/10 - 7/3 = 20/12.5 5/3? 90 20
Case series

Yoon et al”, 2010 13 12.3 1/12 0/0/46 5.4 29 30.7 0

Kim et al** 2010 9 124 7/2 11/0/44 = - - 0

Vitale et al™, 2012 10 7 10/0 0/20/60 18 8 40 30

Gomez-Martin et al®™, 2012 31 226 31/0 0/3.8/50 193 6.77 25.8 =

Weinmann et al®", 2012 11 37.5 9/2 0/0/36 20.1 41 73 18

Sotiropoulos et al®, 2012 14 8 14/0 = 25 - 33 17

Zavaglia et al*, 2013 11 12 7/4 0/18/9 5 17 90 =

'Median survival not reached; *Statistically significant. SEN: Sorafenib; BSC: Best supportive care; LT: Liver transplant; mTOR: Mammalian target of

rapamycin; OS: Overall survival.

survival after recurrence but at the cost of significant
toxicity. Combination treatment with an mTOR inhibitor
should be avoided in patients with potential bleeding
complications.

Immunotherapy

Immunotherapy directs the host immunity towards
the tumour®. The physiological immune response is
regulated by immune checkpoints®®. Immunotherapy
consists of antibodies directed against these immune
checkpoints on the T-cell surface to prompt reactions
against tumour antigens. Examples include ipilimumab
that targets cytotoxic T-lymphocyte-associated antigen
4 (CTLA-4) and nivolumab and pembrolizumab that
target programmed cell death protein 1 (PD-1).
Nivolumab has been validated in a large phase II trial
for its safety and efficacy against primary HCCP).
Nivolumab 3 mg/kg was given every 2 wk to 214
patients with advanced HCC. Disease control was
achieved in 64% of all patients, including 61% of
patients who had previously failed sorafenib treatment.
The overall survival was 83% at 6 mo. There was
a favourable side effect profile compared with that
of sorafenib. Only 2%-4% of patients discontinued
nivolumab due to drug toxicity.

However, immune checkpoint modulation of cell-
mediated immunity is implicated in transplant organ
tolerance™***!, Downregulation of these pathways may
inadvertently lead to transplant rejection'®. In fact,
clinical trials for immune checkpoint inhibitors often
exclude solid organ transplant recipients due to the fear
of graft injury™®®?, Current experience in immunotherapy
after liver transplantation is confined to case reports
and small series!®**®! (Table 3). Limited survival (0.3 mo
to 3 mo) was observed among the 10 patients treated
with anti-PD-1. The salvage nature of immunotherapy
must be considered while interpreting the results.
Most patients had developed disease progression with
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sorafenib. Moreover, the clinical decision to employ
immunotherapy for transplant patients is usually much
delayed until treatment failure is evident. Although the
therapeutic effect is considered rapid for immunotherapy,
a 3-m interval is usually necessary before the treatment
response can be evaluated”’. In the reports, the rather
limited survival interval after immunotherapy might not
allow the efficacy of immunotherapy to be assessed.

Acute rejection occurred in 3 of the 10 reported
cases receiving anti-PD-1 treatment. Although a
limited number of events precludes risk factor analysis,
a hypothesis could be proposed. Two patients with
rejection were relatively young, aged 14 and 20 years,
respectively. A young age is a recognized risk factor
for acute rejection after liver transplantation, and more
aggressive immunosuppression is usually employed®”., A
long duration after transplantation is usually protective of
acute rejection. However, the trend is not obvious from
this series of observations. Practically, most recurrence
occurs early after transplantation as well.

The differential effect of PD-1 and CTLA-4 blockade
on rejection may also have implications™®. Among
the 5 reported liver transplant patients treated with
immunotherapy for melanoma, rejection was observed
only in patients receiving a PD-1 inhibitor®®*®7*! (Table
3). These clinical observations concurred with the
findings from in vitro studies. Using a murine model it
was demonstrated that the PD-1 pathway may play a
stronger role in allograft tolerance than CTLA-4 and that
PD-1 blockade could be associated with a higher risk of
transplant rejection”?). However, the effect of CTLA-4
blockade on HCC control has not been systematically
investigated. The role of immunotherapy in treating
HCC recurrence after liver transplantation remains
largely unknown. The potential efficacy should not be
overlooked but has to be balanced with its safety!”.
Further study in a large patient cohort is warranted to
elucidate optimal patient selection.
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Table 3 Immunotherapy for recurrent hepatocellular carcinoma after liver transplantation

Patient Age Ref. Tumour Agent Years after LT Immunosuppression so':;:;ib Response OS (mo) Rejection
De Toni et al™,
1 41 ¢ 021(1)11‘; ? HCC Nivolumab 1 Low dose tacrolimus Yes No - No
2! 20  Friend et al®, 2017 HCC Nivolumab 4 Sirolimus - - 1 Yes
3! 14  Friend etal®, 2017  HCC Nivolumab 3 Tacrolimus = = 1 Yes
Varkaris et al'®,
4 70 ar a2r(1)51; ? HCC Pembrolizumab 8 Low dose tacrolimus Yes No 3 No
DeLeon et al*”,
5 57 N e;)(r;lz; ? HCC Nivolumab 27 Tacrolimus Yes No 1.2 No
DeLeon et al*”,
6 56 ¢ e;’gl; ? HCC Nivolumab 7.8 MMEF/sirolimus Yes No 11 No
DeLeon et al®,
7 35 ¢ e;gl‘; “ HCC Nivolumab 37 Tacrolimus Yes No 13 No
DeLeon et al*”,
8 64 ¢ e;(r);‘; ? HCC Nivolumab 1.2 Tacrolimus Yes 2 0.3 No
DeLeon et al"*",
9 68 ¢ e;’gl; ? HCC Nivolumab 11 Sirolimus Yes - 07 Yes
Varkaris et al,
10 70 ar a2r(1)s1; ¢ HCC Pembrolizumab 6 Low dose tacrolimus Yes No 3 No
R th et al®”,
11 59 angar;?) 158 ? Melanoma  Ipilimumab 8 Tacrolimus - - - No
Morales et al””,
12 67 oraze;sl; ! Melanoma  Ipilimumab 8 Sirolimus - - - No
Del. ),
13 55 ¢ e;glegt al Melanoma Pembrolizumab 5.5 MME/ everolimus - - - No
DeLeon et al*”,
14 63 € eg(r;lt; . Melanoma Pembrolizumab 3.1 MME/ prednisolone - - - Yes
Ipili b and
15 62 Kuo et al”,2018 Melanoma primumaban 6 Sirolimus - - - Yes

pembrolizumab

'Fibrolamella hepatocellular carcinoma; ZMul‘ciorgan failure, unrelated to immunotherapy. HCC: Hepatocellular carcinoma; LT: Liver transplant; OS:

Overall survival.

MANAGEMENT OF OLIGO-RECURRENCE

Historically, distant recurrence is considered to be
terminal. Post-transplant recurrence is, by definition,
distant metastasis from the native liver and has been
managed with palliative intent. However, the new notions
of oligo-recurrence have led to a paradigm shift in the
management of cancer recurrence or metastasis. First
introduced by Hellman and Weichselbaum in 1995, the
term described recurrent disease that was limited in
number and location so that loco-regional treatments
improved survival”*. Oligo-recurrence represents a
therapeutic opportunity that allows the patient to be
treated with a curative strategy. Due to the improvement
in systemic therapy, a durable cure is no longer a remote
possibility in patients with limited disease. The concept
has gained substantial popularity, and oligo-recurrences
have been managed with a combination of systemic and
loco-regional treatments with promising results””!, A
stringent definition for oligo-recurrence in terms of the
number, size, or distribution of tumour is impractical. A
pragmatic view to the concept is a rational use of loco-
regional therapy in patients for whom disease burden is
limited.

Role of surgery
The results for surgical resection have been retro-
spectively reported for patients with intra-hepatic or
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extrahepatic oligo-recurrence (Table 4)***7¢7%, patients
eligible for surgical treatment ranged from 25% to 50%.
The lung and liver were common sites for resection
(Table 4). Survival benefits have been consistently
demonstrated in patients treated with surgery, with a
median survival of 28 mo to 65 mo observed for patients
receiving surgery, compared with 5 mo to 15 mo in those
receiving systemic treatment only™>%7674],

Selection bias was inevitable because surgical can-
didates were invariably patients with localized disease
and a better prognosis. In the most recent series, patient
selection was further refined with an additional criterion
being the absence of progression while on systemic
treatment””®. The genuine benefit conveyed by surgery
could be questioned because the selected patients had
a limited disease burden and more favourable tumour
biology. However, a prospective randomized trial is unlikely
under the current setting to be given ethical concern. A
matched retrospective comparison is also difficult due to
the intrinsic differences between the patients with oligo-
and disseminated recurrence.

Reviewing the current literature, long-term survival
after post-transplant recurrence has been achieved with
surgical resection. Across numerous reported series,
surgical treatment remained an independent predictor
of superior survival after recurrence®’®””’?, Surgery is
supported as the treatment of choice in patients with
resectable recurrence, especially when the tumour
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Table 4 Surgery for recurrent hepatocellular carcinoma after liver transplantation

No. resection/total Median OS in months Resection:
: (%) Site of resection : Selection criteria Independent
Overall Resecthn/ no predictor of survival
resection
Comparative study
. Liver (n =8), lung (n =
R tal,
20 O(;ayale e 18/57 (31.6) 7), adrenal (n = 2), chest 8.7 - Technical feasibility Yes
wall (n=1)'
Kornberg et al™, Liver (n = 2), lung (n = 5
7/16 (43.8 10.5 65/5 - Y
2010 /16 (438) 2), others (1 = 3) / e
Liver (n =2), lung (n
Valdivieso et al® =2), adrenal (1 = 2) 323+215/11.9+
! 11/23 (47. § g - Technical feasibili -
2010 /23 (478) abdominal lymph node 6.9%° echnical feasibility
(n=2)
Sapisochin et al”,
2 E_)plsoc meta 38/121 (31.4) - - 31/12/5% Technical feasibility Yes
lung (n = 8), bone (n =
Bodzin et al™ 6), intra-abdominal (1 = 5
! 25/106 (23.6 g 10.6 27.8/10.6/3.7% - -
2017 /106 (23.6) 4), liver (n = 3), brain (n /106/
=2)
Technical feasibility.
F -Sevill
ernandez-Sevilla 22/70 (31.4)* - 19 35/15° No progression with Yes

et al”™, 2017

systemic treatment

'Include radiofrequency ablation of liver lesion (11 = 2); *R0 resection vs no R0 resection; *Resection vs non-surgical treatment vs best supportive care; “R0/1

resection vs no R0/ 1 resection; *Statistically significant. OS: Overall survival.

biology is favourable.

HEPATIC OLIGO-RECURRENCE

At this point, a differentiation must be made between
intra-hepatic recurrence of the primary tumour and
development of de novo hepatocellular carcinoma. The
former occurs early after transplantation, usually within
the first 2 years and represents metastatic deposits of the
primary HCC into the liver graft. The latter develops late,
years after transplantation, when the liver graft becomes
cirrhotic secondary to chronic injury. Common culprits are
the recurrence of primary liver diseases, diffuse ischaemic
biliary injury (DIBI) or chronic rejection. De novo HCC
resembles the usual situation in a non-transplant recipient
where the disease could be presumed to be localized in
the liver. Local treatments offer the opportunity of disease
control before systemic dissemination. However, the graft
function status must be considered when selecting the
optimal therapeutic strategy.

Graft resection

This review focuses on genuine intra-hepatic recurrence.
In the setting of primary HCC, surgical resection with
partial hepatectomy confers favourable oncological
outcomes™!. Surgical resection is therefore given
full consideration here when macroscopic disease is
confined within the liver. Because recurrence usually
occurs early, graft function is preserved and rarely
precludes hepatectomy. Resectability is more determined
by disease burden. A tumour-free future remnant
with adequate volume is the prerequisite for graft
hepatectomy. The main concern for graft resection is
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morbidity. Graft resection is technically challenging due to
extensive hilar adhesions. Immunosuppressed patients
are susceptible to infective complications. Graft resection
for recurrence has been reported in several retrospective
series in small numbers (Table 5)®%, High morbidity
(60%-80%), but no mortality, was reported. In the first
series, infective complications occurred in 63% patients,
including 5 Gram-negative bacteraemia requiring
intravenous antibiotics™. Two series reported oncological
outcomes®®! with 3-year overall survival rates ranging
from 50% to 70%. Graft resection appears to be a
feasible treatment for recurrent HCC, offering the chance
of long-term survival. However, high morbidity, especially
infection complications, is expected.

Radiofrequency ablation
Due to the significant morbidity associated with graft
resection, the role of ablative treatments has been
investigated. Radiofrequency ablation (RFA) is a thermal
ablative technique delivered via a needle electrode.
For primary HCC, RFA offers equivalent local control as
resection for small tumours less than 3 cm in size®. The
advantage is that it can be performed percutaneously
under radiological guidance. A favourable location would
be away from the major vasculature and adjacent
organs. RFA becomes more appealing when a small
tumour is situated in the deep parenchyma, where major
hepatectomy is necessitated for resection. In the setting
of post-transplant recurrence, the additional benefit is the
avoidance of morbidities associated with re-laparotomy
in an immunocompromised patient.

One retrospective cohort compared RFA with
resection for post-transplant HCC recurrence®®. In the

December 7, 2018 | Volume 24 | Issue 45 |



Au KP et a/. Post-liver transplant HCC recurrence

Table 5 Graft resection for recurrent hepatocellular carcinoma after liver transplantation

No. Morbidity (%) Mortality (%) 3-yr OS (%)
Case series
Marangoni et al™! 2008 11" 0
Sommacale et al®, 2013 8’ 0 -
Chok"*, 2015 3 0 66.7

"Hepatocellular carcinoma (HCC) (1 = 4), ischaemic cholangiopathy (1 = 2), segmental hepatic artery thrombosis (HAT) (1 = 2), others (1 = 5); Small bowel

perforation (1 = 1), bile leak (n = 1), intra-abdominal collection (1 = 1), wound infection (1 = 1), sepsis (n = 5); ’HCC (1 = 3), bile leak (n = 1), recurrent
segmental cholangitis (1 = 1), hydatid cyst (1 = 1), segmental HAT (1 = 1), biliary cyst (n = 1); ‘Statistically significant. OS: Overall survival.

reported series, 15 patients were treated with surgery
while 11 received RFA. The author reported similar 3-year
(51% vs 51%, P = 0.88) and 5-year (35% vs 28%, P
= 0.88) overall survivals in two groups. However, both
hepatic and extra-hepatic recurrences were included, and
the results represented the outcomes of heterogeneous
procedures. Morbidity and mortality after graft resection
were not reported.

Stereotactic body radiation therapy

Stereotactic body radiation therapy (SBRT) is a precise
method of delivering ablative radiation by tomographic
modulation. Intense and focused doses of radiation
are given in a few or single fractions. SBRT for post-
transplant HCC recurrence has several theoretical
advantages. The radiation beam is focused on the
tumour, sparing the adjacent normal liver parenchyma.
A higher dose of radiation is delivered while the risk of
collateral damage is minimized™®. Moreover, SBRT is
delivered over fewer treatment days than the 10-20 d
for conventional radiotherapy, during which systemic
therapy is usually deferred. SBRT is usually completed
in 1-5 fractions, allowing systemic treatment to be
commenced early.

Moreover, it is now established in pre-clinical
models that stereotactic radiation upregulates anti-
tumour immunity® %9, High-dose radiation stimulate
antigen-presenting cells, leading to the activation and
proliferation of tumour-specific cytotoxic T cells’®. The
abscopal response (from “ab scopus”, meaning away
from target) denotes this systemic effect leading to the
regression of metastatic lesions outside the irradiation
field®?, Interestingly, abscopal effect is synergistically
enhanced when combined with immunotherapy-
mediated PD-1 blockade™, which potentially confers
a further clinical advantage to SBRT for recurrent HCC
because the role of systemic therapy is crucial.

SBRT has been investigated in several prospective
studies for primary HCCP®®4, In these series, the
tumour size ranged from 2 cm to 7 cm. At 2 years after
ablation, local control was achieved in 80% to 95%
of patients. The figure compares favourably with that
reported for RFA of small tumours®*, In contrast to
RFA, vascular invasion is not a contraindication®”?®!,
In direct retrospective comparison, local control was
found to be superior in the SBRT group for tumours
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more than 2 cm in size (HR: 3.35; P = 0.025). Grade
IIT or above morbidity was similar (SBRT vs RFA: 5%
vs 11%; P = 0.31). While RFA loses efficacy with
increasing tumour size®®'®, SBRT seems to be as
effective when treating larger tumours. To date, the role
of SBRT for post-transplant HCC recurrence has yet to
be systematically evaluated. While systemic control is
of utmost importance, the potential of the SBRT and
immunotherapy combination should be conscientiously
explored.

Trans-arterial chemoembolization

In patients with multifocal intra-hepatic recurrence, trans-
arterial chemoembolization (TACE) offers the opportunity
of regional control. Ko et af*®"! first reported the results
of TACE for recurrent HCC after liver transplantation
with 1- and 3-year survival rates of 47.9% and 6.0%,
respectively. However; in their series, 64.3% of patients
developed concomitant extra-hepatic metastasis, which
could have affected the oncological outcome as well.
Zhou et al*® prospectively compared TACE versus
systemic therapy in patients with unresectable intra-
hepatic recurrence. Survival benefits were achieved
in the TACE arm (P = 0.013), indicating that regional
control could have contributed to the improvement in
overall survival. Notably, both studies reported no major
morbidity after graft liver TACE. In Zhou et al**?s series
of 14 patients, no biliary complications were observed
over a median follow up of 14.5 mo.

Trans-arterial radioembolization

Intra-arterial irradiation with Yttrium-90 (Y-90) micro-
spheres has gained popularity in recent years to treat
unresectable HCC. Injected through the feeding vessels,
these microspheres emit high-dose radiation after
entrapment at the pre-capillary level. In a large-scale
longitudinal cohort comprising 291 patients, Y-90 achieved
a 40%-60% response rate™®, The median survival was
17.2 mo in patients with Child’s A cirrhosis. In contrast
to TACE, portal vein thrombosis is not a contraindication.
Considering the potential synergistic effect of irradiation
and immunotherapy, clinical studies are ongoing to
investigate the benefit of combining Y-90 and anti-PD1
therapy for primary HCC. Their results will shed light
on further applications concerning post-transplant HCC
recurrence.
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Figure 1 Multidisciplinary approach to manage post-transplant hepatocellular carcinoma recurrence. HCC: Hepatocellular carcinoma; PET-CT: Positron
emission tomography-computed tomography; SBRT: Stereotactic body radiation therapy.

EXTRA-HEPATIC OLIGO-RECURRENCE

The lung is the most common site for extra-hepatic
recurrence, followed by the bone™**'®, In the literature,
the largest series of pulmonary metastatectomy after
liver transplantation was reported by Hwang et a/f*®".
Among 43 patients with lung recurrence, 23 were
selected for surgery based on the feasibility of complete
resection with sufficient pulmonary function after surgery.
Patients were resected for up to 3 tumours, regardless
of laterality. Over a mean follow up of 33 mo, 4 patients
(17.4%) remained disease-free. The resection group
had a significantly greater 5-year survival rate (44.7%
vs 12.8%; P = 0.017). There was no operative mortality
or morbidity. The results from this retrospective study
indicate that pulmonary resection for oligo-recurrence is
safe and offers the chance for long-term survival.

Five patients in the resection group had prior extra-
pulmonary recurrence successfully treated with loco-
regional treatments (3 intrahepatic recurrences ablated
with RFA, 1 adrenal and 1 diaphragmatic recurrence
excised). Among the 19 patients who developed
recurrences after pulmonary resection, 13 received
further loco-regional therapy (pulmonary and extra-
pulmonary) to enhance disease control. From this series,
the notion of oligo-recurrence management was well
demonstrated.
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When pulmonary metastatectomy is precluded
by inadequate lung function, SBRT is considered
an alternative!’®™!. In a German multicentre cohort,
700 patients were treated with SBRT for inoperable
pulmonary oligometastasis. The two-year local control
and overall survival rates were reported as 82.1% and
54.4%, respectively. Grade 2 or higher pneumonitis
occurred in 4.5%-6.5% of patients. SBRT has also been
used to treat skeletal oligometastasis from visceral
malignancies™®®'*!, The 1-year local control rates
were 83% and 91% in patients with and without prior
radiotherapy, respectively™™. Stereotactic irradiation was
well tolerated with the most common toxicity reported
as a transient pain flare!™®, SBRT has been evaluated to
treat skeletal metastasis from HCC with a local control
rate up to 79% to 88%'*''!l. With these promising
results, the role of SBRT for skeletal oligo-recurrence
after transplantation should be further explored.

CONCLUSION

To date, experience in managing post-transplant
recurrence remains limited. Paucity of high level evidence
renders a systematic review or meta-analysis difficult.
We hereby propose a multi-disciplinary management
algorithm with a systematic approach based on centre
experience and best available evidence (Figure 1). The
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patient is jointly managed by the transplant surgeon,
physician, oncologist and radiologist. Following a
diagnosis of recurrence, immunosuppression is reviewed.
Immunosuppressants should be tapered to the lowest
effective dose protecting against rejection. mTOR
inhibitors are associated with anti-tumour effects and are
potentially beneficial to tumour control. The combination
of an mTOR inhibitor with a reduced calcineurin inhibitor
can be considered with close monitoring of graft function
and toxicity.

Comprehensive staging is mandatory due to the
systemic disease nature. Dual-tracer PET-CT is an
effective modality for staging. When contrast CT is
used, it is better coupled with a bone scan. The essence
of staging is to delineate the extent of disease. In
patients presenting with disseminated recurrence,
sorafenib may confer survival benefits but is associated
with significant drug toxicity and is generally poorly
tolerated. Dose reduction is frequently required. Patients
at risk of bleeding complications should be avoided
for the mTOR and sorafenib combination. In patients
with poor tolerance to sorafenib, enrolment into a
clinical trial may be beneficial. Disease progression is
monitored biochemically with the serum level of AFP
and radiologically with reassessment scans. Whenever
disease regression is evident, the patients should be
reviewed for the feasibility of loco-regional treatment.
Additional local control may be beneficial to overall
disease progression.

Oligo-recurrence encompasses recurrent disease
limited in number and location so that loco-regional
treatments convey disease control and survival benefits.
Intra-hepatic recurrence can be managed with graft
resection, but significant operative morbidity is expected.
RFA and SBRT are effective alternative strategies. In
patients with more advanced hepatic disease, regional
treatment with TACE or intra-arterial Yttrium-90 can
be considered. For patients with extra-hepatic oligo-
recurrence, loco-regional treatment can be considered if
practical. Patients with more than one site of recurrence
are not always contraindicated for curative treatments.
Surgical resection is effective for patients with pulmonary
oligo-recurrence, but adequate lung function is a pre-
requisite. SBRT is a non-invasive and effective modality
that conveys local control to pulmonary and skeletal
oligo-recurrences.

Recurrence of HCC after liver transplantation remains
a deadly disease with rapid progression. However, with
improved treatment modalities, long-term surviving
patients are more frequently observed. More aggressive
therapeutic strategies in selected patients with a limited
disease burden appear to provide more favourable
results than palliative measures. A multidisciplinary
team is a comprehensive and coordinated approach to
manage patients with post-transplant HCC recurrence.
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Abstract

AIM

To identify the effect of hydrogen-rich water (HRW) and
electrolyzed-alkaline water (EAW) on high-fat-induced
non-alcoholic fatty acid disease in mice.

METHODS

Mice were divided into four groups: (1) Regular diet
(RD)/regular water (RW); (2) high-fat diet (HFD)/RW;
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(3) RD/EAW; and (4) HFD/EAW. Weight and body
composition were measured. After twelve weeks,
animals were sacrificed, and livers were processed for
histology and reverse-transcriptase polymerase chain
reaction. A similar experiment was performed using
HRW to determine the influence and importance of
molecular hydrogen (Hz) in EAW. Finally, we compared
the response of hepatocytes isolated from mice drinking
HRW or RW to palmitate overload.

RESULTS

EAW had several properties important to the study: (1)
pH = 11; (2) oxidation-reduction potential of -495 mV;
and (3) H2 = 0.2 mg/L. However, in contrast to other
studies, there were no differences between the groups
drinking EAW or RW in either the RD or HFD groups.
We hypothesized that the null result was due to low H:
concentrations. Therefore, we evaluated the effects of
RW and low and high HRW concentrations (L-HRW = 0.3
mg Hz/L and H-HRW = 0.8 mg Hz/L, respectively) in
mice fed an HFD. Compared to RW and L-HRW, H-HRW
resulted in a lower increase in fat mass (46% vs 61%),
an increase in lean body mass (42% vs 28%), and
a decrease in hepatic lipid accumulation (P < 0.01).
Lastly, exposure of hepatocytes isolated from mice
drinking H-HRW to palmitate overload demonstrated a
protective effect from H2 by reducing hepatocyte lipid
accumulation in comparison to mice drinking regular
water.

CONCLUSION

H: is the therapeutic agent in electrolyzed-alkaline
water and attenuates HFD-induced nonalcoholic fatty
liver disease in mice.

Key words: Hydrogen-rich-water; Nonalcoholic fatty
liver disease; Alkaline water; Metabolic syndrome;
Molecular hydrogen; High-fat diet

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

Core tip: In this work, we compared the effects of
two functional waters: Electrolyzed alkaline water
and Hydrogen-rich water in a high-fat-diet-induced
nonalcoholic fatty liver disease (NAFLD) mouse model.
Hydrogen-rich water (HRW) has potential for NAFLD
treatment by attenuating hepatic lipid accumulation,
inflammation, and CD36 expression. However, neither
electrolyzed-alkaline water (EAW) nor HRW with a
low H2 concentration had protective effects on NAFLD.
Additionally, we demonstrated that H: pretreatment has
a protective effect by modifying gene expression. The
results demonstrate that H2 has a surprisingly positive
impact in preventing NAFLD in mice and is also the key
agent responsible in EAW for these benefits.

Jackson K, Dressler N, Ben-Shushan RS, Meerson A, LeBaron
TW, Tamir S. Effects of alkaline-electrolyzed and hydrogen-
rich water, in a high-fat-diet nonalcoholic fatty liver disease
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is considered
the hepatic expression of metabolic syndrome, and in
most cases, it is associated with obesity, dyslipidemia,
diabetes, and insulin resistance™. At present, NAFLD
is considered the most common liver disease affecting
20%-30% of the Western World’s population!. The
spectrum of NAFLD ranges from simple, apparently
benign, hepatic lipid accumulation (simple steatosis)
to nonalcoholic steatohepatitis (NASH)!?, NASH is
characterized by inflammation and collagen deposition
(fibrosis)™®! and may progress to hepatic tissue
damage (cirrhosis). Generally, the disease remains
in the steatotic stage, characterized by an excessive
accumulation of triglycerides in the hepatocytes.
However, in about 5% to 10% of cases, the disease
will progress to NASH, and from there, 10%-25%
will develop cirrhosis with about 1% of those patients
progressing to hepatocellular carcinoma'. The disease’s
pathogenesis is complex and multifactorial and involves
genetic and environmental factors, including altered
gut microbiome as part of the multistep pathogenic
NAFLD model™. Insulin resistance is a key factor in the
disease onset resulting in increased hepatic de novo
lipogenesis (DNL), adipose tissue lipolysis, and inhibition
of free fatty acid (FFA) B-oxidation. The reaction of the
liver to intracellular lipid buildup results in a cascade of
events, including oxidative stress, mitochondrial and
endoplasmic reticulum dysfunction, and inflammation®.,
Lifestyle changes that promote weight loss improve
disease status; however, this is often difficult to maintain
in the long term®’. At present, there is no specific
pharmacological treatment for this disease as most
drugs indicated for NAFLD target secondary features of
the disease such as obesity, dyslipidemia, and insulin
resistance'”’. Due to the high prevalence and increasing
NAFLD incidence coupled with the current treatment’s
ineffectiveness and health risks, the need for a simple
and safe alternative is warranted. Regardless of the
factors, NAFLD pathogenesis and progression are linked
to excessive oxidative stress and inflammation, the
attenuation of which may be a viable approach®.
Hydrogen-rich and electrolyzed alkaline waters
(HRW and EAW, respectively) have been reported as
types of functional waters that may ameliorate various
disease conditions. EAW is produced via electrolysis of
water. At the cathode (equation 1), water is reduced to
hydrogen gas/molecular hydrogen (H2) and hydroxide
ions (OH’). The OH" ions cause an increase in the
resulting water’s pH making it more alkaline. At the
anode (equation 2), water is oxidized to oxygen gas
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(02) and protons (H*). The increased hydrogen ion (H")
concentration makes the water acidic. EAW units have
a membrane that separates the cathode and anode
compartments, without which the resulting pH would be
neutral (equation 3).

Cathode reaction: 4H20 (1) + 4e — 2H2 (g) + 40H (aq)
Equation 1

Anode reaction: 6H20 () + 4e — + 02 (g) + 4H30" (aq)
Equation 2

Overall reaction: 2H20 (1) —» 2H2 (g) + Oz (g) Equation 3

EAW has been reported to have anti-obesity, anti-
oxidant, anti-diabetic, and hepatoprotective effects!'®*?,
However, the properties of EAW associated with
these beneficial effects have been debated™'*. EAW
exhibits a negative oxidation-reduction potential (ORP)
due to the dissolved hydrogen gas and high pH™!,
which is expected according to the Nernst equation.
Nevertheless, H: is not recognized by some researchers/
commercial companies as the principal therapeutic
agent in EAW™,

H2 has recently been demonstrated to exert thera-
peutic benefits in animal and human clinical studies
in ameliorating excessive inflammation and oxidative
stress™®l, It was first confirmed to have therapeutic
potential in animals for cancer (hyperbaric chamber)™”]
and ischemia-reperfusion (inhalation)"® in studies publi-
shed in Science and Nature Medicine, respectively. Hz's
potential therapeutic effects have now been confirmed
in over 170 different human and animal-disease models
and in essentially every organ of the human body™. H:
is nonpolar, hydrophobic, and the smallest molecule, thus
allowing it to quickly diffuse through cell membranes and
reach the mitochondria, nucleus, endoplasmic reticulum,
and other subcellular compartments®®., These properties
make it an attractive molecule for NAFLD treatment™".
Although more research is needed to elucidate the
molecular mechanism(s) and optimal dosing for Hz,
preliminary animal and human studies are promising.
Clinical studies of drinking hydrogen-rich water (HRW)
have demonstrated beneficial effects in several diseases
such as Parkinson’s disease, type II diabetes, rheumatoid
arthritis, mitochondrial myopathies, muscle fatigue,
metabolic syndrome, hyperlipidemia, liver inflammation
(hepatitis B) and others reviewed previously™*#?", Clinical
studies involving metabolic and liver conditions further
support the potential benefits of hydrogen on NAFLD.

Several animal and cells studies concerning NAFLD
and hydrogen therapy have been reported using
different models. For example, one study™"! using
hydrogen-rich saline in a NAFLD rat model induced
with hyperglycemia and hyperlipidemia, found H:
significantly lowered levels of oxidative stress and
inflammation™. In another study using a methionine-
choline-deficient diet-induced NASH model, ingestion of
HRW significantly attenuated steatohepatitis to a degree
comparable to the drug pioglitazone and suppressed
hepatic tumorigenesis in a streptozotocin-induced
NASH-related hepatocarcinogenic mouse model®?,
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Similar positive effects of H2 have also been reported
in other studies™>". In the present study, we used a
different NAFLD animal model induced by a high-fat diet
(HFD) which is more relevant to human physiology.

We aimed to determine the influence of both
types of functional waters, EAW and HRW, on an HFD-
induced-NAFLD model, and the importance of H2 as a
therapeutic factor in EAW. Furthermore, we investigated
if pretreatment with HRW could protect cells from
further exposure to a high-fat environment.

MATERIALS AND METHODS

Animal and animal care

Animal protocols were approved by the Israeli National
Committee for Animal Ethics and Welfare. In all
experiments, animals had ad libitum access to food and
water.

Electrolyzed water on NAFLD

Forty-eight C57bl/6] young male mice (three weeks
old, approximately 20 g) were obtained from Harlan
Laboratories (Israel). The mice were randomly
separated into conventional polycarbonate rodent cages
(six animals per cage) and fed a regular diet (RD),
which was a commercial purified control diet composed
of 17% calories from fat, 23% calories from protein,
and 60% calories from carbohydrates (TD 120455,
Harlan Laboratories, United States). Conventional
polycarbonate bottles with a stainless-steel cap were
put on the top of each cage. Cages were maintained at
23°C £ 1°C and 40%-60% humidity under a 12:12 h
light:dark cycle. During this time, animals were weighed
twice a week to check that there were no differences in
the initial growth rate.

After a 2-week acclimation period, mice were
divided into four groups (n = 12) according to the type
of diet and water: (1) RD/ Regular Water (RW); (2)
RD/EAW; (3) HFD/RW; and (4) HFD/EAW. Mice were
individually identified by ear punching. The HFD was
a purified commercial diet for inducing obesity (TD
06414, Harlan Laboratories, United States) and was
composed of 60.3% calories from fat, 21.3% from
carbohydrates, and 18.4% from protein. Formula and
specific components of both the RD and HFD are shown
in Table 1.

EAW was prepared with a Water Ionizer Batch
System (BTM-3000, BionTech, Korea). Commercial
mineral water (initial pH 7.8) was electrolyzed conti-
nuously for 3 h, and the water at the cathode was
collected (pH 11 £ 0.48, ORP of -495 +£ 27 mV, H2 = 0.2
mg/L). The water was transferred to feeding bottles and
added to the mice’s cages. Fresh electrolyzed water was
prepared twice a week.

Body weight was measured weekly at 9 AM before
the morning feeding using an Ohaus Scout Pro 200
g scale (Nanikon Switzerland). Body composition: fat

December 7, 2018 | Volume 24 | Issue 45 |



Jackson K et a/. Preventive effects of molecular hydrogen on NAFLD

Table 1 Composition of the regular and high-fat diet

Ingredients Ingredient concentration (g/kg)

Regular diet High fat diet
Casein 210.0 265.0
L-cystine 3.0 4.0
High amylose corn starch 500.0 -
Maltodextrin 100.0 160.0
Sucrose 39.14 90.0
Anhydrous milkfat 20.0 -
Lard 20.0 310.0
Soybean oil 20.0 30.0
Cellulose 35.0 65.5
Mineral mix, AIN-93G-MX (94046) (g/kg) 35.0 48.0
Calcium phosphate, dibasic - 34
Vitamin mix, AIN-93-VX (94047) 15.0 21.0
Choline bitartrate 2.75 3.0
TBHQ, antioxidant 0.01 -
Protein (% by weight) 18.6 23.5
Carbohydrate (% by weight) 50.6 27.3
Fat (% by weight) 6.2 34.3

mass (FM), fat-free mass (FFM), and extracellular fluid
were measured using time-domain nuclear magnetic
resonance (Minispec Analyst AD; Bruker Optics,
Silberstreifen, Germany) following a 12 h fast at the end
of the acclimation phase and during the experiment at
six and 12 wk.

At the end of the experimental period, animals were
sacrificed using inhaled isofluorane, and livers were
processed for histology and real-time polymerase chain
reaction (RT-PCR).

Hydrogen-rich water on NAFLD

Twenty-Four C57bl/6] males (three weeks old, appro-
ximately 20 g) were obtained from Harlan Laboratories
(Israel). Mice were separated into appropriate cages
and fed a RD for two weeks. After this acclimation
period, all animals were fed a HFD ad libitum. Mice
were then divided into three groups according to the
type of water: (1) Group 1 (control group) received
regular water; (2) the second group received hydrogen-
rich water at low concentration (L-HRW); and (3)
the third group received hydrogen-rich water at high
concentration (H-HRW). Mice were individually identified
by ear punching. Body weight, food consumption, and
fluid intake were measured weekly, and at the end of
the experiment, livers were processed for histology, RT-
PCR and quantification of total fat were done following
the protocol by Roopchand et a/*.

Preparation and chemical properties of hydrogen-rich
water

HRW was prepared using a sachet made of a net cloth
containing metallic magnesium (Sigma, St. Louis, United
States; 98% turnings) and small natural stones. The
sachet was immersed in closed glass bottles containing
cold water (4 C) that was previously acidified to pH 2.0
with 37% hydrochloride acid (Sigma). The water was
vortexed for 1 h, during which time H2 was produced

Baishidenge ~ WJG | www.wjgnet.com

according to the reaction: Mg + 2H20 — Mg(OH)2 +
H2. The final pH of the solution reached = 11.0 and
contained dissolved hydrogen at a concentration of
1.2 mg/L. The solution was then diluted with regular
water to make high (0.8 mg/L) and low (0.3 mg/L)
concentrations of HRW each at a pH of approximately
8.0.

Each solution was transferred to mice-feeding
bottles in which a new magnesium sachet was added.
Due to the alkaline pH of the water, the amount of H:
produced via the above reaction was minimal (the rate
of escape = rate of production) but was enough to
maintain the low and high H2 concentration for 24 h.
Fresh HRW was produced every other day. The sachets
kept in the feeding bottles were rinsed with 5% acetic
acid followed by RW every time the water was changed.
The Hz concentration in water was measured daily.

Determination of hydrogen concentration in water

The hydrogen concentration in water was determined
with Hz2Blue (H2Sciences Inc., United States), which is
a redox titration reagent composed of methylene blue
and a colloidal platinum catalyst™®.

Liver histology

After dissection, the liver was cut into small pieces,
immersed in 4% paraformaldehyde at room temperature
for 24 h, and then stored at 4 °C for 24 h. Samples were
dehydrated with ethanol and cleared with xylene and
embedded in paraffin. Five-micrometer sections were cut
and stained with Hematoxylin and Eosin (HE). Pictures
of 4-6 different fields per sample were taken under an
Axiovert40-CFL (Zeiss, Germany) microscope equipped
with a digital camera (AxioCam MRC, Germany).

Real-time polymerase chain reaction
Total RNA was extracted using Tri-Reagent (T-9424,
SIGMA). One microgram of RNA from each sample was
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Table 2 Primers used in this study

Gene marker Full name Primer sequence (5'-3")
B-Actin Beta-actin GCCCTGGACTTCGAGCAAGA
TGCCAGGGTACATGGTGGTG
B-2m Beta-2 microglobulin TGCTTGTCTCAC TGACCGGCC
TGGGGGTGAATTCAGTGTGAGCC
SOD2 Super oxide dismutase 2 ACAACAGGCCTTATTCCGCT
CCCCAGTCATAGTGCTGCAA
SREBP-1c Sterol regulatory element Binding protein CACCCTGTAGGTCACCGTTT
AGAACTCCCTGTCTCCGTCA
ACC1 Acetyl-CoA GACAGAGGAAGATGGCGTCC
Carboxylase TACAACTTCTGCTCGCTGGG
TNF-o Tumor necrosis CGTCGTAGCAAACCACCAAG
Factor-alpha AGCAAATCGGCTGACGGTG
CRP C-Reactive Protein ACTGTGGGGCCAGATGCAAGC
GGGGCTGAGTGTCCCACCAAC
CAT Catalase TCACTCAGGTGCGGACATTC
TAGTCAGGGTGGACGTCAGT
IL-6 Interleukin-6 TCTATACCACTTCACAAGTCGGA
GAATTGCCATTGCACAACTCTTT
Adipo Adiponectin GACGACACCAAAAGGGCTCA
GAGGCCATCTCTGCCATCA
AdipoR2 Adiponectin CTCTGACAGGATTTGGGGTCAA
Receptor 2 GTGCCCTTTTCTGAGCCGTA

reverse transcribed into cDNA using the Verso cDNA
Synthesis Kit (Thermo Fisher Scientific). Quantitative
RT-PCR was performed in quadruplicate in 384-well
plates using the ABI Prism® 7900HT sequence detection
system (Applied Biosystems). Each well contained 2 uL
of cDNA template (diluted X 20 after the RT reaction),
2.5 uL SYBR green (Bio-Rad, United States), and 0.25
uL each of both forward and reverse gene-specific
primers at 10 umol/L (primers are listed in Table 2).
Beta-2 microglobulin (B2m) and B-Actin were used
as endogenous reference genes for normalization.
The thermal profile was 95 C for 1 min followed by
40 amplification cycles of 95 ‘C for 15 s and 60 ‘C for
30 s. After that melting curve analysis was done. The
resulting Ct values were used to determine the relative
gene expression.

In vitro experiments

Hepatocytes from mice that drank H-HRW or RW were
isolated by perfusion to test if consumption of H-HRW
had a long-term effect.

Twelve C57bl/6] male mice (three weeks old) were
obtained from Harlan Laboratories (Israel). Mice were
divided into two groups: (1) One that drank HRW (0.8
mg/L) and (2) the second that drank RW; both groups
were fed a regular diet. After four weeks, hepatocytes
(one mouse from each group) were isolated using
perfusion under anesthesia through the portal vein
according to Zhang et al**”.,

The primary hepatocytes were isolated through a
two-step collagenase perfusion system as described in
a previous report®®®, Isolated hepatocytes from each
mouse were seeded in 6-well plates (10° cells/wells)
for measuring gene expression, and in 12-well plates
(200000 cells/well) for the steatosis assay in William'’s
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E medium (Sigma, St. Louis, United States) containing
10% fetal bovine serum (FBS) (Invitrogen, Carlsbad,
United States). Cells obtained from each mouse were
seeded in a different plate. After 3 h, the medium was
replaced with fresh medium without FBS, and the plates
were prepared for further processing.

Steatosis assay

Cells were exposed overnight to 0.3 mmol/L palmitate-
BSA conjugate or BSA as a control (in quadruplicate).
Preparation of the palmitate stock solution was carried
out as described previously™. Briefly, 20-mM palmitate
(Sodium Palmitate, SIGMA) stock solution was prepared
in 0.01 mol/L NaOH by heating at 80 C. A 2 mmol/L
FFA-free BSA (Sigma) solution was prepared in ddH20
and maintained at 37 °C in a water bath. A 4 mmol/L
FFA/1% BSA (5:1) solution was obtained by complexing
the appropriate amount of palmitate stock solution to
the BSA at 50 °C for another 15 min.

After overnight incubation with BSA-palmitate, the
medium was removed, and cells were stained with
Oil-Red-O to examine fat accumulation (steatosis)™”,
Plates were washed with cold phosphate-buffered saline
and fixed in 4% paraformaldehyde for 1 h. After two
changes of 70% ethanol, plates were rinsed in distilled
water and stained for 30 min by Qil-Red-O and then
placed to dry at room temperature. The stain collected
by the cells was then extracted with 100% isopropanol.
Steatosis was estimated according to the extracted
oil red concentration (determined by measuring the
absorbance at 520 nm). The steatosis percentage
was determined by dividing the average OD value of
experimental wells (treated with palmitate) by the
average OD value of control cells (treated with BSA
only) x 100. In each assay, two plates (HRW or RW)
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Figure 1 Effect of electrolyzed-alkaline water on body weight and composition. A: Body weight (n = 12, mean + SD) “shows significant diference between
high-fat and regular diets. Mann Whitney and Kruskal-Wallis °P < 0.001); B and C: Ventral view of dissected mice after 12 wk of the experiment. Black arrow:
Retroperitoneal fat pads; white arrow epididymal fat pad. Insert: Fresh dissected liver. RW: Regular water; EAW: Electrolysed alkaline water; RD: Regular diet; HFD:

High fat diet.

were processed in parallel.

Gene expression

Six-well plates containing 1 x 10° cells were used.
The cells were exposed to 0.3 mmol/L bovine serum
albumin-palmitate conjugate for 4 h, after which RNA
was extracted from cells as described above.

Statistical analysis

Data are expressed as mean values £ SD. Data were
analyzed by Kruskal-Wallis nonparametric test followed
by a Mann-Whitney nonparametric test. A P-value
< 5% is considered statistically significant. The data
were analyzed using the SPSS version 24 (SPSS Inc.,
Chicago, IL, United States). The statistical methods of
this study were reviewed by Ms. Adi Sharabi-Nov of Tel
-Hai Academic College.

RESULTS

Effect of EAW on body weight and composition

Water and food intake were measured for the entire
group (n = 12) and calculated for each mouse once per
week. As expected, mice fed an HFD showed a high-
calorie intake when compared to mice fed chow (10.65
kcal/mouse/d vs 8.30 kcal/mouse/d, P < 0.01). Daily
water intake was similar in mice drinking RW and EAW
(2.49 mL/ mouse).

Mice fed an HFD had higher body weights compared
to RD mice. Significant body weight differences were
observed from the fifth week until the end of the
experiment (Figure 1). At the end of 12 wk, the weight
was 72% greater in HFD mice than in RD mice (P <
0.001). The differences in final body weight were due
to an increase in fat mass. Larger retroperitoneal and
epidydimal fat pads were detected in HFD mice. The
HFD also affected liver morphology. Livers from mice
maintained on a regular diet were dark red/brown
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and showed a clear and homogeneous texture. Livers
from mice fed an HFD were light brown and showed a
heterogenic flocculent texture. There was no difference
in the weight of mice drinking RW or EAW in either
group.

Body composition measurements based on NMR
are shown in Figure 2. After 12 wk on different diets,
the mice fed a HFD contained more fat (21.7 g £ 2.5
g) than RD mice (8.1 g = 1.7 g. (P < 0.001). However,
FFM was similar in both groups (16.5 g £ 0.8 g and
15.1 g £ 1.2 g in RD and HFD, respectively). EAW did
not affect body composition of mice in either the RD or
the HFD group.

EAW water effects on liver histology

The HE stained sections from livers are shown in Figure
3. Most of the liver parenchyma of HFD mice (Figure
3C and D) was steatotic with many enlarged cells,
which were distributed among the remaining normal
parenchyma. The enlarged hepatocytes showed micro-
and macrovesicular steatosis. RD-fed mice presented
liver parenchyma with no signs of steatosis (Figure 3A
and B). EAW water did not affect the liver histology in
the RD group or the HFD group.

Effect of HRW on NAFLD development

To evaluate the impact of HRW on NAFLD, we used
mice fed an HFD only. Mice were separated into three
groups according to the type of water. Control group
received RW, and experimental groups received HRW
at either low (HRW-L, 0.3 mg/L) or high (HRW-H,
0.8 mg/L) concentration. After 12 wk, mice were
sacrificed, and liver histology and gene expression were
analyzed. Body weight and composition were measured
throughout the experiment.

Water and food consumption
Average water consumption was significantly higher
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Figure 2 Body mass composition fat, free fatty mass and fluids of mice at different groups (n = 12) before the beginning of the experiment (up) and after
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water.

for H-HRW group (8.83 mL/mouse/d) than for L-HRW
group (3.66 mL/mouse/d), and control group (3.34
mL/mouse/d, P = 0.012). However, the differences
in water consumption did not affect appetite and food
consumption. All three groups had the same caloric
intake consisting of 9.99 kcal/mouse/day for the control
group, 9.38 kcal/mouse/day for L-HRW group, and 10.5
kcal/mouse/day H-HRW group (P = 0.505).

Body weight and body composition
All three groups gained weight during the experiment;
however, the H-HRW gained less weight compared to
the two other groups (P = 0.0567).

Body composition was significantly affected by HFD.
As expected, the total body mass of the three groups
increased, mainly due to the addition of fat mass.
However, mice in the H-HRW group showed a smaller
increase in fat tissue when compared to the other two
groups (p = 0.002). At the end of the experiment, mice
in the H-HRW group showed a body composition of
46% fat mass and 42% lean body mass, compared to
61% fat mass and 28% lean body mass of the control
group. There were also no differences in body water
content among the three groups (Figure 4). Since the
body mass composition of mice in the L-HRW group
was similar to the control group, no further analysis of
the L-HRW group was performed.

Liver fat content and histology:

Mice that drank H-HRW water accumulated significantly
(P < 0.01) less hepatic lipids (30.49 mg = 4.3 mg/300
mg tissue) in comparison to mice that drank RW
(48.24 mg * 6.0 mg/300 mg tissue). This result is
corroborated by the histological sections.

Figure 5 shows liver H&E sections of the control
group and H-HRW group (two mice from each group,
the heaviest and lightest). Each pair of pictures shows
the livers of mice of the two different groups that
reached a similar total weight. Figure 5A and B show
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livers of mice in the H-HRW group and control group
that achieved final weights of 35.5 g and 35.9 g,
respectively. The liver in the control group has visible
steatosis, mainly at the periphery of the lobule. In
contrast, the liver sections of the H-HRW group hardly
developed fat inclusions. Figure 5C and D shows mice
livers in the H-HRW group and control group weighing
40.0 g and 40.9 g, respectively. Although both livers
are steatotic, the steatosis of the control group is visibly
more pronounced. The hepatocytes show microvesicular
steatosis at acinar zones 2 and 3; macrovesicular
steatosis is most concentrated at zone 1. In contrast,
the liver of H-HRW group is characterized by only
mild steatosis, mainly at zone 1, and the beginning of
microvesicular steatosis at zones 2 and 3.

NAFLD-related genes expression
The effect of HRW on the expression of several genes
involved in NAFLD development compared to control
is shown in Table 3. Acetyl CoA oxidase (ACOX), a
gene related to lipid metabolism, was significantly
up-regulated (P < 0.05), while others (such as
carnitine palmitoyltransferase 1 (CPT1) and acetyl-
CoA carboxylase), did not change significantly. HRW
consumption did not alter the expression of the lipogenic
enzymes SREBP1-c, fatty acid synthase (FAS) or acetyl-
CoA carboxylase (ACC1). The most significant change
was in the expression of CD36, which was markedly
reduced in the H-HRW group (P = 0.028). Additionally,
while the expression of adiponectin receptor 2 (AdipoR2)
did not change significantly, a significant increase in
adiponectin expression was detected (P = 0.022).
Genes related to oxidative stress [such as catalase
(CAT) and superoxide dismutase (SOD)] did not change
significantly; however, the inflammatory gene tumor
necrosis factor (TNF)-o, but not interleukin (IL)-6 was
significantly down-regulated. However, when the gene
expression was measured after overloading with 0.3
mmol/L BSA-palmitate for 4 h, TNF-a. and IL-6 were

December 7, 2018 | Volume 24 | Issue 45 |



Jackson K et a/. Preventive effects of molecular hydrogen on NAFLD

Table 3 Expression of genes relevant to nonalcoholic fatty liver disease

Gene RW HRW P value
M Sd M Sd
IL-6 1.10 0.46 117 0.26 0.26
TNF-a 119" 0.36 0.68° 0.22 0.02
SREBP-1c 1.04 0.19 1.02 0.30 0.87
ACOX 1.04° 0.21 1.31° 0.25 0.04
CD36 1.06" 0.28 0.71° 0.06 0.02
CPT1 1.08 0.37 143 0.40 0.14
ACC2 1.12 0.50 1.05 0.23 0.64
ACC1 1.06 0.14 1.13 0.17 0.13
FAS 1.09 0.42 142 0.36 0.29
SOD 1.04 0.17 0.96 0.08 0.86
Cat 1.04 0.21 1.12 0.24 0.80
AdipoR2 1.01 0.22 1.14 0.28 0.23
Adipo 0.92° 0.29 1.32° 0.38 0.004

Each value is the average of 8 mice after normalization with keeping genes (B2m, B-actin). Statistically significant difference marked by different letters P <
0.05 (Kruskal-Wallis, Mann Whitney test). Regular water or hydrogen-rich water.

Figure 3 Histological sections stained by hematoxylin eosin of livers from mice fed regular diet and regular water (A), regular diet and electrolyzed
alkaline water (B), high fat diet and regular water (C), high fat diet and electrolyzed alkaline water (D). Note the prominent steatosis in mice fed on high-fat diet.

Microvesicular inclusions (big arrow), macrovesicular inclusion (small arrow).

both significantly down-regulated (P = 0.036 and P =
0.002, respectively) as shown in Table 4.

Long-term influence of HRW on hepatocytes

To investigate the long-term effects of HRW on
hepatocytes, we extracted cells from different mice
drinking either HRW or regular water and compared
the fat accumulation after exposing them overnight to
0.3 mmol/L BSA-palmitate in vitro. There was less fat
accumulation (P = 0.057) in the hepatocytes from the
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mice that drank HRW (44.0% <+ 18.6%) compared to
hepatocytes from mice that drank regular water (52.8%
+ 20.9%).

DISCUSSION

The high prevalence of NAFLD and the lack of safe and
effective treatments have resulted in the search for
natural alternative methods. The claims of purported
functional waters for human health have increased in
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Table 4 Expression of genes relevant to nonalcoholic fatty liver disease from hepatocytes isolated from mice drinking regular water

or hydrogen-rich water after palmitate overloading /n vitro

RW HRW
M Sd M Sd P value
TNF-o 9.16 1.90 5.71° 4.59 0.036
IL-6 3.2° 0.87 2.24° 0.64 0.002
CRP 0.96 0.28 1.20 0.34 0.065
SREBP-1c 0.96 0.12 1.05 0.19 0.196
ACC1 0.84 0.18 0.86 0.14 0.902
SOD 1.07 0.34 1.30 0.56 0.184
AdipoR2 0.80 0.08 0.78 0.18 1.000
Adipo 1.00 0.30 0.79 0.30 0.097

Each value is the average of hepatocytes obtained from 4 different mice after normalization with keeping genes (82m, B-actin). Statistically significant

difference marked by different letters (Kruskal-Wallis, Mann Whitney test).
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Figure 4 Body mass composition: Fat, fluids and free fatty mass at
weeks 1 (first three columns) and 12 (last three columns), (n = 8). Data
are expressed as mean + SD. Different letters show a significant difference in
fat content (Mann Whitney and Kruskal-Wallis P < 0.05). RW: Regular water;
HRW-I: Hydrogen-rich water low concentration; HRW-h: Hydrogen-rich water
high concentration).

recent years; however, many of these claims are not
supported by the scientific literature. Therefore, our
study used mice fed a HFD to determine and compare
the potential effects of two claimed functional waters
(EAW and HRW). We focused on the early stages of
NAFLD, a disease associated with obesity and insulin
resistance, which has become the leading cause of liver
disease affecting adults and children worldwide.

As expected, mice fed a HFD gained significantly
more weight (72%) as fat mass with accompanying
liver steatosis compared to mice fed a RD. However,
contrary to previous findings, using EAW™, our results
found no differences in body weight or liver histology
between the regular water group and the EAW group.
EAW was prepared by continuous electrolysis (3 h)
to optimize its properties (such as pH, ORP, platinum
nanoparticles) according to previous protocols™***4,
The resulting water had a high stable pH (11) and
a high negative ORP (-495 mV). However, the H2
concentration in water was only 0.2 mg/L. In this way,
mice drinking EAW received high alkaline water with a

Baishidenge ~ WJG | www.wjgnet.com

negative ORP but with only trace amounts of Hz. Due to
the non-detectable differences between EAW and RW
on body weight or liver parenchyma in either the RD or
HFD groups, we did not perform any further analysis
(such as gene expression or inflammatory markers).

In contrast to the H2 concentration in EAW, our
method for HRW preparation allowed us to maintain
the H2 concentration. However, L-HRW was also not
efficient, but H-HRW was significantly effective at
preventing the HFD-induced increase in fat tissue and
hepatic lipid accumulation while increasing the amount
of lean body mass compared to the control group. We
also found that H-HRW significantly abolished the fat
inclusions in liver sections, contained fewer triglycerides,
and suppressed micro- and macrovesicular steatosis
compared to the control. The suppression of fat gain
by H-HRW may be attributed to hydrogen’s ability
to induce the hepatic hormone fibroblast growth
factor-21 (FGF21), which causes an increase in energy
expenditure™®, Indeed, administration of FGF-21 can
improve obesity and reverse hepatic steatosis**. In
their study, H> water similarly attenuated HFD-induced
fatty liver and weight gain in both wildtype and db/db
mice. It also reduced hepatic oxidative stress'*?,

To understand the mechanism by which H: affects
NAFLD, we measured the expression of several
essential genes related to the disease, including those
genes related to oxidative stress, lipid metabolism,
and inflammation. From the enzymes related to lipid
metabolism, only peroxisomal fatty acyl-CoA oxidase
(ACOX) showed significant differences. ACOX is one of
the first enzymes in the metabolism of lipids and is a
rate-limiting enzyme for beta-oxidation of very-long-
chain fatty acids in peroxisomes. The participation of
ACOX in suppressing NAFLD is essential. Fan et a/t*
found that lack of ACOX expression in homozygous
(ACOX-/-) mice resulted in liver steatosis, and Kohjima
et a*® found that in humans with NAFLD, its expression
was increased two-fold, most likely to compensate
for the increase in lipid accumulation. We found that
mice that drank HRW showed a significant increase in
ACOX expression, which would help enhance fatty acid
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Figure 5 Histological sections of livers (HE) of mice fed a high-fat diet for 12 wk. A and C: Hydrogen-rich water (HRW) group; B and D: Regular water (RW)
group. Each row shows sections of different mice that reached a similar weight at the end of the experiment. Note the pronounced steatosis in mice that drank RW in
compare to mice of the same weight that drank HRW. Insert detail of each section. Bar = 200 um HWR: Hydrogen-rich water; RW: Regular water.

oxidation, compared to the control group. The increase
in ACOX expression is mediated by the transcription
factor peroxisome proliferator-activated receptort*®,
which can be upregulated by H2*"*,

Fatty acid translocase-36 (CD36), also known
as FAT (fatty acid translocase), is a member of the
scavenger receptor family and is involved in low-density
lipoprotein, long chain fatty acid, and phospholipid
oxidation”1, CD36 expression in normal livers is
relatively low; however, it was demonstrated that an
increase in CD36 expression is related to a HFD, liver
steatosis, and NAFLD. Wilson et a/® showed that
CD36 deletion in mice fed a HFD reduced their liver
lipid contents and induced insulin resistance, while
specific induction of CD36 transport in livers led to
hepatomegaly and fatty liver®!. In our study, HRW
significantly caused downregulation of CD36 mRNA
expression. Suppression of fatty acid uptake and lipid
accumulation in Hep G2 cells overloaded with palmitate
through CD36 downregulation at the protein level
has been reported to have been induced by HRW?*;
however, contrary to our work, the downregulation was
only detected at the protein but not the mRNA level®®,

HRW also influenced the expression of other
genes related to de novo fatty acid synthesis (such as
ACC1, FAS), which are upregulated in NAFLD, and the
carnitine palmitoyltransferase 1 gene, which is usually
downregulated in NAFLD™®., Another factor affecting
NAFLD is adiponectin, which is a peptide mainly released
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by adipocytes but also can be released by liver cells™**",
When adiponectin binds to its receptor (AipoR2) in
the liver, it affects intracellular signaling (resulting in
a decrease in de novo lipogenesis) and FFA influx by
causing downregulation of CD36 expression and increase
in FFA oxidation®?. In addition to those metabolic effects,
adiponectin also has anti-inflammatory actions via
inhibition of TNF-a. expression through the nuclear factor-
«B pathway™. In our study, we found that mice that
drank HRW showed an increase in the mRNA expression
of adiponectin and a decrease in the mRNA expression of
TNF-o.. The reduction in TNF-o. mRNA expression caused
by Hz in a similar model has been previously reported®?,
In a double-blinded, human crossover study, drinking
HRW for eight weeks also increased adiponectin levels®®,

We did not detect an increase in the mRNA ex-
pression of the antioxidant enzymes SOD and CAT
in the HFD groups that drank RW or HRW. However,
NAFLD mice already have higher levels of SOD and CAT
that are required to help neutralize the enhanced HFD-
induced reactive oxygen species (ROS) productiont®,
Although many H: studies have reported increased
levels of these antioxidants via activation of the Nrf2
pathway (reviewed here™), in some cases, H: causes a
decrease in their levels because it mitigates their need
by attenuating the assault®™®®, Thus, HRW may have
attenuated some ROS by mitigating the HFD-induced
damage, which reduced the need for higher antioxidant
levels.
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In the in vitro study, we checked for a residual effect
resulting from drinking HRW that could be reflected
in hepatocytes overloaded with palmitate in vitro. We
compared the function of hepatocytes isolated from
mice that were fed regular chow and drank HRW
to mice that drank regular water. It has previously
been demonstrated that hepatocytes respond to
palmitate overload by increasing steatosis and cytokine
production®®. Interestingly, hepatocytes from mice
that drank HRW showed less fat accumulation and
significantly lower mRNA expression of the cytokines
TNF-a and IL-6. Therefore, drinking HRW for four
weeks before exposure to palmitate appeared to confer
hepatocyte protection to palmitate overload in vitro,
which may partly be explained by HRW'’s effects on pro-
inflammatory cytokine gene expression. This residual
effect was sustained for at least 24 h after animals
were sacrificed. A similar result was demonstrated
in hydrogen preconditioning of ex vivo lung grafts, in
which it improved post-transplant graft function®.

Our study demonstrates that the functional water,
HRW, may have the potential for the prevention of
NAFLD by attenuating HFD-induced increases in fatty
tissues, lipid accumulation in the liver, inflammation,
and CD36 expression. However, neither EAW nor
L-HRW had beneficial protective effects. This result
also confirmed the importance of Hz as the therapeutic
agent in these waters. Effectively, all three waters could
be considered HRW at different concentrations. EAW
still had a negative ORP due to the presence of Hz,
whereas L-HRW only contained 0.3 mg/L, and H-HRW
contained 0.8 mg/L. However, the mice in the H-HRW
group drank nearly three times more water than L-HRW
or control. Due to the higher volume of consumed water
and higher concentration, the actual dose of H: per
day in the H-HRW group would have been significantly
more (= eight times) than what was ingested in the
L-HRW group. It is unknown why mice in the H-HRW
group ingested nearly 3 times more water. Perhaps the
magnesium/water reaction continued to elevate the pH
after our initial measurements, which may then result
in an increased thirst sensation. Acidic beverages are
generally considered more satisfying to quench thirst
than those of higher pH. Additionally, we demonstrated
that Hz pretreatment had a residual protective effect
by modifying gene expression and conferring future
cytoprotection. H: is already in use without any reports
of known side effects. However, more research is
needed to determine the benefits and optimal dosing
to be recognized as a conventional therapy for the
prevention and treatment for NAFLD.

ARTICLE HIGHLIGHTS

Research background

Nonalcoholic fatty liver disease (NAFLD) is a major growing metabolic
health condition. Conventional pharmaceuticals and drugs are not effective
in preventing or treating this disease condition. There is a deep interest in
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searching for novel, safe, and effective methods to prevent and treat NAFLD.
For many years there have been many claims about healthy functional
waters including alkaline ionized water, also known as electrolyzed reduced
water. Some of those claims suggest it is beneficial for obesity and metabolic
disturbances. However, there is a paucity of scientific data on this electrolyzed
water, but significant noise and claims by commercial companies marketing
and selling it. There are untenable claims about the benefits of high pH, alkaline
water, or the oft claimed, albeit impossible, microclustering/structuring of the
water. Strong claims have also been made regarding the water’s negative
oxidation-reduction potential. However, electrolysis of water does produce
hydrogen gas at the cathode, and Hz gas does produce a negative oxidation-
reduction potential (ORP). Interestingly, biomedical investigations of molecular
hydrogen have demonstrated that this small molecule does have therapeutic
potential. Perhaps electrolyzed alkaline water does have beneficial effects, but
they are not due to its high alkaline pH or other impossible properties, but due
to the presence of dissolved Hz gas produced during electrolysis. Additionally,
molecular hydrogen may be an important molecule to combat against NAFLD.

Research motivation

We first wanted to examine if the claimed functional water, electrolyzed alkaline
water, could exert therapeutic effects on a mouse model of NAFLD induced by
a high-fat diet. We also wanted to compare these results to water with a similar
and a greater concentration of molecular hydrogen. This would allow us to know
if electrolyzed water has any beneficial effects on NAFLD, and the importance
of molecular hydrogen in that water. Additionally, if molecular hydrogen was
shown to be therapeutic as previous studies suggest, then it would add to the
body of literature lending support for more research.

Research objectives

To determine the effects of H2 water in preventing NAFLD development under
an obesogenic diet. This is the first step to understanding the efficacy of this
approach for preventing and treating the disease.

Research methods

In this research mice under an obesogenic high fat diet were used for developing
NAFLD. Control mice ingested regular water while the experimental consumed
two types of hydrogen-rich water produced in two different ways: via electrolysis
with an alkaline water ionizer or via a chemical reaction between water and
metallic magnesium. General parameters as food and water consumption, body
weight and composition were measured during the experiment. In the end, livers
were sampled for histology and gene expression measuring by means of RT-
PCR. In the in vitro experiment hepatocytes obtained from mice drinking either
regular water or Hz-rich water were exposed to a high-fat environment in order to
check the residual protective effects of H-rich water.

Research results

This study demonstrated the positives effects of Hz-rich water on NAFLD. Mice
fed a high-fat diet that were drinking Hz-rich water showed less weight gain,
more lean body tissue, less steatosis, and better liver histology when compared
to the control group. It was also demonstrated that electrolyzed water with a
high pH, -ORP, but a low Hz concentration did not result in any improvement.
Hepatocytes derived from mice drinking Hz-rich water were more resilient
to palmitate overload in vitro when compared to hepatocytes obtained from
mice drinking regular water. Hz-rich water positively affected the expression of
several NAFLD related genes. However, the mechanism of action of Hz-rich
water needs further investigation.

Research conclusions

This study demonstrated that the Hz dissolved in water is the therapeutic agent
in functional waters since electrolyzed water with a high pH and a negative
ORP did not show any effect on preventing the development of NAFLD.
Apparently, H2 works at a molecular level since it changed the expression of
specific genes related to the disease. This study also demonstrates a long-term
protective effect of Hz in an in vitro experiment. Functional water rich in Hz could
be a preventive agent in NAFLD. The Therapeutic aspect of Hz still need to be
elucidated and the optimum dosage determined.
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Research perspectives

Ha-rich water is already consumed by humans without any contraindication,
which makes it a good candidate for future human clinical studies on NAFLD
patients.
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Abstract

AIM

To establish a rotavirus (RV)-induced diarrhea model
using RV SA11 in neonatal rhesus monkeys for the
study of the pathogenic and immune mechanisms of
RV infection and evaluation of candidate vaccines.

METHODS

Neonatal rhesus monkeys with an average age of
15-20 d and an average weight of 500 g + 150 g
received intragastric administration of varying doses of
SA11 RV ( 10’ PFUs/mL, 10° PFUs/mL, or 10° PFUs/mL,
10 mL/animal) to determine whether the SA11 strain
can effectively infect these animals by observing their
clinical symptoms, fecal shedding of virus antigen by
ELISA, distribution of RV antigen in the organs by
immunofluorescence, variations of viral RNA load in the
organs by gRT-PCR, histopathological changes in the
small intestine by HE staining, and apoptosis of small
intestinal epithelial cells by TUNEL assay.

RESULTS

The RV monkey model showed typical clinical diarrhea
symptoms in the 10°® PFUs SA11 group, where we
observed diarrhea 1-4 d post infection (dpi) and viral
antigen shed in the feces from 1-7 dpi. RV was found
in jejunal epithelial cells. We observed a viral load of
approximately 5.85 x 10° copies per 100 mg in the
jejunum at 2 dpi, which was increased to 1.09 x 10°
copies per 100 mg at 3 dpi. A relatively high viral load
was also seen in mesenteric lymph nodes at 2 dpi and
3 dpi. The following histopathological changes were
observed in the small intestine following intragastric
administration of SA11 RV: vacuolization, edema, and
atrophy. Apoptosis in the jejunal villus epithelium was
also detectable at 3 dpi.

CONCLUSION

Our results indicate that we have successfully established
a RV SA1l1 strain diarrhea model in neonatal rhesus
monkeys. Future studies will elucidate the mechanisms
underlying the pathogenesis of RV infection, and we
will use the model to evaluate the protective effect of
candidate vaccines.

Key words: Rotavirus; Neonatal rhesus monkey; Animal
model; Infection; Diarrhea

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

Core tip: Rotavirus (RV) is one of the main pathogens
responsible for severe diarrhea in children under 5
years of age. Vaccine-induced immunity is an effective
way to block RV disease. Nonhuman primates are
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the animals most closely related to humans and have
advantages over non-primates as an animal model of
RV diarrhea, so development of a honhuman primate
animal model of RV infection is needed to ensure the
effectiveness and safety of these vaccines. Our current
study has indicated that RV SAl11 can lead to obvious
diarrhea and pathological changes in the intestine of
neonatal rhesus monkeys. The RV infection model we
established is useful for us to further investigate the
RV infection mechanism and the associated immune
mechanisms in human infants and evaluate the cross
protection of potential HRV vaccine candidates.

Yin N, Yang FM, Qiao HT, Zhou Y, Duan SQ, Lin XC, Wu JY,
Xie YP, He ZL, Sun MS, Li HJ. Neonatal rhesus monkeys as
an animal model for rotavirus infection. World J Gastroenterol
2018; 24(45): 5109-5119 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i45/5109.htm DOL: http://dx.doi.
org/10.3748/wjg.v24.i45.5109

INTRODUCTION

As the primary cause of severe acute gastroenteritis in
infants and young children, rotavirus (RV) is one of the
most important causes of pathogenicity worldwide™,
RV infection can result in vomiting, fever, severe
dehydration, diarrhea, and even death. Over 200000
infants and young children die each year due to RV
infection worldwide, and low-income countries are
disproportionately affected™.

There are currently no specific drugs for the treat-
ment of diarrhea caused by RV infection™: therefore,
the development of safe and effective vaccines to control
RV infection is particularly important*”. Furthermore,
an effective animal model of RV infection is needed to
ensure the effectiveness and safety of these vaccines.
Nonetheless, some progress has been made in the
development of animal RV models, and have included
gnotobiotic piglets, calves, lambs, suckling mice, and
rabbits. While RV infection in calves and lambs results
in mild clinical disease®®, gnotobiotic piglets are more
susceptible to RV infection, since their immune system
more closely resembles that of a human infant, and
the period of susceptibility is very long"'**\. However,
breeding conditions for gnotobiotic piglets are quite strict
and their cost is prohibitively high, restricting the study of
RV infection in these animals. Suckling mice and rabbits
have also been used to study RV infection™**® and
they have strong reproductive abilities and are easy to
maintain; however, these animal models have a distant
evolutionary relationship with humans, which can limit
the ability of data obtained from these animal models
to improve the understanding of the pathogenesis of RV
infection in humans. Therefore, developing models using
non-human primates, the species more closely related to
humans, is necessary™*’.
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The SA11 strain is a simian RV strain, obtained
from an asymptomatic vervet monkey in vitro®**. As
described before, the SA11 strain can infect not only
non-human primates, such as chimpanzee, macaque
(cynomolgus monkey and rhesus monkey)®*?!, but also
other non-primates, such as mice!**. Petschow et aft**
inoculated five newborn cynomolgus monkeys with the
simian RV strain SA11, and detected SA11 in feces of
three monkeys for up to 2 d after inoculation. In this
study, we infected the neonatal rhesus monkeys with RV
SA1l1 through oral gavage to establish an RV diarrhea
model. Our data indicated that 10° plaque forming units
(PFUs) of SA11 can infect intestinal villous epithelial
cells in neonatal rhesus monkeys, and result in obvious
pathological changes in the small intestine as well as
clinical symptoms including diarrhea. Together, these
findings indicate that the neonatal rhesus monkey could
be used as an animal model for RV infection, providing
a powerful tool for further study of the pathogenesis of
RV and the associated immune mechanisms in human
infants and evaluation of RV vaccines.

MATERIALS AND METHODS

Ethics statement and experimental animals

The experimental animals in this study were provided
by the Primate Experimental Center of the Institute of
Medical Biology, Chinese Academy of Medical Sciences.
A total of 12 healthy neonatal rhesus monkeys with
an average age of 15-20 d and an average weight
of 500 g £ 150 g were randomly divided into three
experimental groups and a control group, each with
three monkeys. The experimental animal procedures
were performed in accordance with the guidelines of the
Institutional Animal Care and Use Committee (IACUC)
of the Institute of Medical Biology, Chinese Academy
of Medical Sciences. A neutralizing antibody test was
conducted to confirm that the monkeys did not have
antibodies against RV SA11 prior to the study. All of the
animals were housed in a separate incubator one week
before the initiation of the experiment.

Neutralization test

The activated RVs were adjusted to 1000 PFUs/100 pL in
serum-free MEM. The serum samples were diluted from
1:10 to 1:1280 in 100 pL serum-free MEM. The diluted
RVs and serum samples were mixed with each and
incubated at 37 °C for 1 h. The mixtures were transferred
to the 96-well plates covered with a confluent monolayer
of MA104 cells and were cultured at 37 C for 5 d. The
cultures were completely transferred to the wells of
the ELISA plate coated with a goat anti-RV polyclonal
antibody (Millipore, AB1129) and blocked with 3% (w/v)
BSA (Biosharp, BS043D). The cultures were inoculated
at 37 °C for 1 h. A rabbit anti-RV polyclonal antibody
(prepared by the Department of Molecular Biology,
Institute of Medical Biology, Chinese Academy of Medical
Science and Peking Union Medical College) conjugated
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with horseradish peroxidase (HRP) was used to detect
RV antigen at a dilution of 1:2000 (v/v) in PBS at 37 'C
for 1 h. All ELISA plates were developed using TMB
(TIANGEN, PA107-01) to generate a colorimetric reaction
and terminated with 2 mol/L H2S0s. The absorbance was
read on a universal microplate reader (El x 800, Bio-
Tek, United States) at 450 nm and 630 nm. A serum
specimen was determined to be positive if the OD value
was less than or equal to two times the average OD
value of the negative control. The neutralization titers
were defined as the highest dilution.

Cells and virus

MA104 cells were maintained in MEM supplemented with
10% fetal bovine serum (Gibco, 16000-044) and grown
to a confluent monolayer in roller bottles (850 cm?)
(CORNING, 430849). The RV strain used in this study
was standard strain SA11 (G3P[2]) that was originally
isolated from a monkey. Prior to infection, SA11 was
activated with 20 ug/mL trypsin (Gibco, 15090-046) at
37 °C for 45 min. Infected cultures were harvested by
freezing at -20 ‘C and thawing at room temperature,
followed by centrifugation at 8873 g for 20 min. The
harvested virus titer reached 10’ PFUs/mL"%',

Inoculation of neonatal rhesus monkeys with SA11

The neonatal rhesus monkeys were inoculated with
varying doses of RV SA11 (10%/107/10° PFUs/monkey) or
10 mL medium without serum via oral gavage (Supple-
mentary Table 1). After the infection, each neonatal
rhesus monkey was housed alone in the incubator.

Fecal sample collection and processing

From 0 to 14 d post infection (dpi), the infected
neonatal rhesus monkeys were monitored once daily
for clinical signs, such as mental status, weight, body
temperature, and hair, and diarrhea situation. The
fecal samples were collected in a fecal collector by
gently pressing the abdomen of the neonatal rhesus
monkeys every day. According to the color, hardness,
and quantity of the feces, diarrhea was scored from 1
to 4 points!***) and > 2 points were considered to be
indicative of diarrhea. The fecal sample was suspended
in 10% (s/v) cold PBS, followed by centrifugation at
8873 g for 20 min, after which the supernatant was
collected and stored at -80 C for the subsequent study.
At 2 and 3 dpi, one monkey that was infected with 10°
PFUs of SA11 or medium without serum was killed by
electric shock with anesthesia. Two aliquots of each
tissue sample, including the heart, liver, spleen, lung,
kidney, intestine (duodenum, jejunum, and ileum), and
brain, were harvested. One sample was stored in liquid
nitrogen and the other was fixed in 10% formalin.

Detection of RV antigen shedding in feces by ELISA
The wells of the ELISA plate were coated with a goat
anti-RV polyclonal antibody (Millipore, AB1129) diluted
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at 1:1000 (v/v) in carbonate-bicarbonate buffer
overnight at 4 'C. Then, the plates were blocked with
3% (w/v) BSA (Biosharp, BS043D) in PBS at 37 C
for 2 h. The fecal samples (100 uL/well) were serially
two-fold diluted (dilution range from 1:2 to 1:4096)
and incubated at 37 °C for 1 h. After washing, a rabbit
anti-RV polyclonal antibody conjugated with HRP was
used to detect RV antigen at a dilution of 1:2000
(v/v) in PBS at 37 C for 1 h. All of the ELISA plates
were developed using TMB (TIANGEN, PA107-01) to
generate a colorimetric reaction and terminated with 2
mol/L H2S04. A sample was determined to be positive
if the OD value was greater than or equal to two times
the average OD value of the negative control.

Histopathological and immunofluorometric assays

The small intestine was fixed in 10% (v/v) formalin in
PBS, dehydrated in 70% (v/v) graded ethanol series, and
embedded in paraffin before being sectioned at the 4.0
um thickness for further hematoxylin and eosin staining.
Histopathological observation of the small intestine was
performed by light microscopy. For immunofluorescence
microscopy, tissue sections were deparaffinized in xylene
and hydrated through graded ethanol, followed by
adding 0.03% (v/v) hydrogen peroxide solution. Antigen
retrieval was performed with 0.01 mol/L sodium citrate
(pH 6.0). The glass slides were blocked with normal goat
serum (BOSTER, SA1006) at a 1:10 dilution for 20 min.
Next, the glass slides were incubated with a goat anti-
RV polyclonal antibody (prepared by the Department of
Molecular Biology, Institute of Medical Biology, Chinese
Academy of Medical Science and Peking Union Medical
College) at a 1:500 dilution at 37 °C for 90 min. The
glass slides were incubated with an FITC-labeled rabbit
anti-goat IgG antibody (Jackson ImmunoResearch,
705-095-147) at a 1:1000 dilution at 37 °C for 60 min.
After incubation, the glass slides detected under a
fluorescence microscope.

Viral RNA extraction and qRT-PCR assay

Viral RNA was isolated from fresh tissue of experimental
animals with Trizol (Ambion, 15596026). Trizol (1 mL)
was added to 50-100 mg of fresh tissue and the sample
was grinded on the ice with an electric grinder. The
homogenized sample was incubated for 5-10 min at
room temperature. Chloroform (0.2 mL) was added
to the homogenized samples. The tube was shaken
vigorously by hands for 15 s and incubated for 15 min
at room temperature. Next, the tube was centrifuged
at 12000 rpm for 15 min at 4 C and the aqueous
phase was transferred to a clean tube. Isopropyl
alcohol (0.5 mL) was added to the tubes. Then, the
tube was incubated for 10 min at room temperature
and centrifuged at 12000 rpm for 10 min at 4 C. The
supernatant was removed and the RNA was washed
with 1 mL of 75% ethanol. The tube was centrifuged at
12000 rpm for 5 min at 4 'C, and RNA was washed again
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and dried for 5-10 min at room temperature. Finally, RNA
was completely dissolved in 30 uL of RNase-free water
and stored at -70 C.

At the same time, viral RNA was isolated from venous
blood samples using the QIAamp Viral RNA Mini Kit,
according to the manufacture’s protocol (Qiagen, 52904).

RT-PCR assays were performed using the TransScript
II Probe One-Step qRT-PCR SuperMix (TRANS,
AQ321-01) in the Real-Time System (CFX96, BIO-RAD,
United States). The reaction system included 5 puL of
RNA template, forward primer at 20 nm, reverse primer
at 20 nm, FAM-labeled probe at 20 nm, and E-mix
in a total reaction volume of 20 uL. The sequences
for the primers were as follows: forward primer,
5'-GTTGTCATCTATGCATAACCCTC-3’; reverse primer,
5’-ACATAACGCCCCTATAGCCA-3’; FAM-labeled probe,
5’-ATGAGCACAATAGTTAAAAGCTAACACTGTCAA-3". The
following protocol was used for all of the RT-PCR: 5 min
at 50 °C; 30 s at 94 C; followed by 40 cycles of 94 'C
for 5 s and 60 C for 30 s. A standard reference curve
was obtained by measurement of standard virus RNA.
According to the standard reference curve, the viral load
was quantified in each sample.

Detection of apoptosis of small intestine epithelial cells
We detected cell apoptosis in the small intestine of the
infected neonatal rhesus monkeys using the TUNEL
Bright Green Apoptosis Detection Kit (Vazyme, A112-03),
according to the manufacturer’s protocol. The analysis of
apoptosis was performed by fluorescence microscopy.

RESULTS

Clinical symptoms in SA11-infected neonatal rhesus
monkeys

Neonatal rhesus monkeys received intragastric ad-
ministration of 10%/107/10° PFUs of SA11 or medium
without serum. Only the 10° PFUs group showed signifi-
cantly characteristic symptoms, and all of the neonatal
rhesus monkeys in that group showed obvious clinical
symptoms including depression, dull hair color, lethargy,
weakened activity, and diarrhea between 1 and 3 dpi.
On day 1, monkeys infected with 10® PFUs of SA11
developed diarrhea that was flocculent or watery (Table
1). On day 2 and 3, significant fecal pollution was
observed around the anus, and diarrhea symptoms
were the most serious. On day 4, obvious symptom
relief was observed, physiological characteristics began
to improve, diarrhea stopped gradually, and animals
recovered to normal excreta. In the 10’ PFUs group,
only one monkey developed severe diarrhea at 1 dpi.
None of the neonatal rhesus monkeys infected with
10° PFUs of RV or medium without serum developed
obvious clinical symptoms of RV infection, and other
physiological characteristics, including body temperature
and body weight, did not change significantly from 0-4
dpi in the experimental group compared to the control
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Table 1 Diarrhea scores of the neonatal rhesus monkeys from 1 d post infection to 4 d post infection

Dose (PFUs) Monkey ID Diarrhea score' Mean diarrhea score” Percentage with diarrhea (%)*
1 dpi 2 dpi 3 dpi 4 dpi 1 dpi 2 dpi 3 dpi 4 dpi 1 dpi 2 dpi 3 dpi 4 dpi
10° 17020 4 4 3 2
17011 3 4 - 3.67 4 3.5 - 100 100 100 -
17015 4 4 - -
107 17018 2 0 0 1
17003 2 0 0 1 2.67 0.67 0.33 1 100 33.3 0 0
17001 4 2 1 1
10° 17008 0 2 0 1
17012 0 1 2 0 0 1.33 1 0.33 0 33.3 33.3 0
17016 0 1 1 0
0 17006 0 0 0 0
17002 0 0 0 - 0.33 0 0 - 0 0 0 -
17004 1 0 - -

'0 was considered failure to collect feces by gently pressing the abdomen of the neonatal rhesus monkeys (we collected feces from the bottom of the
incubator); *Mean diarrhea score: The sum of all diarrhea or not-diarrhea scores/# (1 = the number of total samples); *Percentage with diarrhea (%): The
number of diarrhea monkeys/the total number of monkeys in this group. 1 was considered no diarrhea (brown hard feces); 2 was considered common

diarrhea (soft feces); 3 was considered severe diarrhea(loose feces); 4 was considered very severe diarrhea (watery feces). -: The monkey was sacrificed for

histological analysis.
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Figure 1 Rotavirus antigen shedding in feces of neonatal rhesus monkeys inoculated with SA11 or medium without serum from 0 dpi to 14 dpi. A: 10 mL of
10° PFUs of SA11; B: 10 mL of 10" PFUs of SA11; C: 10 mL of 10° PFUs of SA11; D: 10 mL of medium without serum. PFUs: Plaque forming units.

group (Supplementary Figure 1).

RV shedding in feces of SA11-infected neonatal rhesus

monkeys

RV is transmitted through the fecal-oral route®®”’. RV
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primarily infects human or animal small intestinal villous
epithelial cells’®®, and is expulsed through feces in vivo.
The viral shedding observed in the feces reflects the
replication and infection level of the virus in the body.
We evaluated fecal viral shedding by ELISA in neonatal
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Mock

Infected
3dpi

Jejunum

Figure 2 Immunofluorescence of rotavirus antigen in the jejunum of neonatal rhesus monkeys inoculated with SA11 or medium without serum. A-C: The
jejunum of neonatal rhesus monkeys inoculated with medium without serum at 3 dpi; D-F: Jejunum of neonatal rhesus monkeys inoculated with 10° PFUs of SA11/
monkey at 3 dpi. The glass slides were incubated with goat anti-rotavirus (RV) polyclonal antibody and then incubated with rabbit anti-goat IgG antibody labeled with
FITC (green). Cell nuclei are shown with DAPI staining (blue). White arrows indicate representative RV-positive cells. Magnification, x 20. Bar: 50 um.

rhesus monkeys receiving either SA11 or medium
without serum. Neonatal rhesus monkeys infected with
10® PFUs of SA11 virus shed antigen beginning at 1 dpi
and it lasted for 7 days (Figure 1). A small amount of
virus antigen was shed in the feces of neonatal rhesus
monkeys infected with 10’ PFUs or 10° PFUs of SA11
strain at 1 dpi, and no virus antigen was detected in the
control group (Figure 1).

Distribution of RV antigen in the jejunum of SA11-
infected neonatal rhesus monkeys

The distribution of RV in the jejunum was detected by
immunofluorescence to confirm that the RV infects
villus epithelial cells in the small intestine. RV antigen
was detected in the jejunal epithelial cells in the 10°
PFUs of SAll-infected neonatal rhesus monkeys at 3
dpi. No RV antigen was detected in the jejunal epithelial
cells in the control group (Figure 2).

Viral load variations in the tissues of SA11-infected
neonatal rhesus monkeys

The viral load variations in various organs of the
monkeys infected by 10° PFUs of SA11 were detected
by gRT-PCR at 2 and 3 dpi to understand the
transmission and distribution of RV across the various
organs. We observed a viral load of approximately 5.85
x 10’ copies per 100 mg in the jejunum at 2 dpi, which
was increased to 1.09 x 10° copies per 100 mg at 3
dpi (Figure 3). A relatively high viral load of 9.9 x 10°
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copies per 100 mg was seen in the mesenteric lymph
nodes at 2 dpi, but was decreased to 2.42 x 10° copies
per 100 mg at 3 dpi (Figure 3). A viral load of 1.02 x
10° copies per 100 mg in the kidney was detected at
2 dpi, but no viral load was detected in the kidney at 3
dpi (Figure 3). No virus was detected in the heart, liver,
spleen, lung, or brain (Supplementary Table 2). We also
collected blood samples at 12 h post infection (hpi), 24
hpi, 48 hpi, and 72 hpi, and detected no viral load.

Histopathological changes in the small intestine of
SA11-infected neonatal rhesus monkeys

We examined the small intestine of the infected neonatal
rhesus monkeys at 2 dpi and 3 dpi to confirm whether
RV infection causes histopathological changes, and found
inflation and swelling in the small intestine of some
infected animals. We collected the tissues (duodenum,
jejunum, and ileum) and examined the small intestine
by HE staining. We found obvious pathological changes
in the small intestinal tissues in the RV SA11 group
compared to negative controls, including vacuolization,
edema, atrophy, and breakage of the small intestinal
villus cells, as well as an absence of obvious inflammatory
cell infiltration (Figure 4).

Apoptosis of jejunal epithelial cells increases during
SA11 infection

We used the TUNEL method to detect apoptosis of
jejunal epithelial cells after SA11 infection. Apoptotic
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Figure 3 Comparison of viral load in different organs of neonatal rhesus monkeys inoculated with SA11 or medium without serum. A: Viral load in the
jejunum of neonatal rhesus monkeys inoculated with SA11 or medium without serum at 2 dpi and 3 dpi; B: Viral load in kidney of neonatal rhesus monkeys inoculated
with SA11 or medium without serum at 2 dpi and 3 dpi; C: Viral load in the mesenteric lymph nodes of neonatal rhesus monkeys inoculated with SA11 or medium
without serum at 2 dpi and 3 dpi. Data are expressed as the mean + SD, n=3,°P < 0.01.

cells were not observed in the mock infection group
(Figure 4). In infected animals, apoptosis of jejunal
epithelial cells was not increased at 2 dpi (Figure
4), but at 3 dpi, apoptosis of the upper jejunal villus
epithelial cells increased significantly, with apoptotic
cells arranged in clusters along the villus top and some
apoptotic cells detached from the jejunal villi (Figure 4).

DISCUSSION

A RV diarrhea model is crucial for the study of the
pathogenic and immune protection mechanisms of RV
infection and vaccine development. Various models have
been used to study RV infection; however, these animal
models are evolutionarily distant from humans and
cannot simulate the process of RV infection in human
infants. Therefore, a nhonhuman primate RV diarrhea
model is needed for the study of human RV infection.

RV infection is age-restricted!”). We inoculated
rhesus monkeys of various ages (15-20 d, 60 d, 120
d, and 1 year) with the same dose of SA11 strain in
previous studies. Monkeys with an average age of
15-20 d were more sensitive to the SA11 strain and
presented obvious clinical symptoms.

JBaishideng® W]G I WWW.ngnet.COm

The SA11 is one of classic RVs that several study
have used to model infection of newborn animals. They
showed that 5 x 10° PFUs infection of newborn mice
with 5 x 10° PFUs of RV and infection of newborn rats
with 10° PFUs could induce obvious diarrhea™>". In our
present study, we used different doses of SA11 virus to
infect neonatal rhesus monkeys based on our calculation
of its median diarrhea dose (DDso; 10”* PFUs/kg),
and observed the most obvious symptoms in animals
receiving 10® PFUs (3.38DDso) of the virus. This dose
was consistent with that used in newborn mice, after
equal conversion of body weight/metering. The clinical
symptoms of RV-infected human infants include fever,
vomiting, and diarrhea, with the clinical symptoms lasting
for 7-14 dP!. We observed a similar time course in the
neonatal rhesus monkeys infected with SA11. Compared
to the dlinical symptoms observed in RV-infected infants,
neonatal rhesus monkeys infected with SA11 suffered
from diarrhea only. This symptom developed at 1 dpi,
and the most serious diarrhea was observed from 2-3
dpi, which was alleviated and improved from 4 dpi. Viral
shedding in the feces occurred from 1-7 dpi, and was the
highest at 1 to 3 dpi. RV can cause weight loss in suckling

mice during the early stages of infection®”; however,
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Figure 4 Histopathological changes and apoptosis in the small intestine of neonatal rhesus monkeys infected with SA11 or medium without serum. A: The
duodenum of neonatal rhesus monkeys infected with medium without serum at 3 dpi; B: The jejunum of neonatal rhesus monkeys infected with medium without serum
at 3 dpi; C: The ileum of neonatal rhesus monkeys infected with medium without serum at 3 dpi; D: The duodenum of neonatal rhesus monkeys infected with 10°
PFUs of SA11 at 3 dpi; E: The jejunum of neonatal rhesus monkeys infected with 10° PFUs of SA11 at 3 dpi; F: The ileum of neonatal rhesus monkeys infected with
10° PFUs of SA11 at 3 dpi; histopathological changes in the small intestinal tissues including vacuolization (white arrow), edema, atrophy, and breakage of the small
intestinal villus cells (black arrow); G-J: Apoptosis of jejunal epithelial cells during SA11 infection detected by TUNEL assay; G: Inoculated with medium without serum
at 2 dpi; H: Inoculated with medium without serum at 3 dpi; I: Inoculated with 10° PFUs of SA11 at 2 dpi; J: Inoculated with 10° PFUs of SA11 at 3 dpi; the numbers of
apoptotic jejunal villus epithelial cells increased significantly at 3 dpi. Magnification: x 20. Bar: 50 um.
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the weight of the neonatal rhesus monkeys infected with
SA11 was not significantly lower than that of the negative
control group in this study. RV infection in human infants
can also cause serious dehydration and even death in the
absence of aggressive hydration. However, no monkeys
died during these experiments, which may be related to
the sensitivity of the virus strain or the immune state of
the monkey. RV infection can cause viremia and results
in lesions to the liver, gallbladder, respiratory system,
nervous system, and urinary system[33]. The occurrence
of viremia depends on the virus strain and the immune
state of the host®***. RV escapes the gastrointestinal
tract through the blood and lymphatic system. Previous
reports have detected RV in the blood of some children
infected with RV in the clinic®®>®, but no RV was found
in the blood following infection in the current study.
Furthermore, we determined the viral load of RV in the
organs of the infected monkeys at 2 and 3 dpi. Our
data showed that a viral RNA load of 1.02 x 10° copies
per 100 mg in the kidney was detected at 2 dpi and
a relatively high viral load was seen in the mesenteric
lymph nodes at 2 dpi. Therefore, we speculate that
RV SA11 is capable of escaping from the intestine and
transmitted to the kidney via the mesenteric lymph
nodes. A mechanism of the extra-intestinal spread of
RV has been discussed in a report of a neonatal mouse
model of RV®, Rhesus rotavirus (RRV) and reassortant
R7 rotavirus (R7 RV) can spread from the intestine to the
terminal ileum, mesenteric lymph nodes, and peripheral
tissues. Previous studies suggested that the transmission
capacity of RV in the neonatal mouse was related to the
NSP3 and VP6 regions*”, and whether they facilitate RV
transmission in monkeys remains to be examined.

Diarrhea is one of the most typical symptoms of RV
infection. Early studies have shown that RV infection
leads to shortened intestinal villi and loss of epithelial
cells at the top of the villus®®. In the current study, a
large amount of vacuolization, cell edema, and intestinal
villus atrophy, and various degrees of breakage occurred
in the villus cells of neonatal rhesus monkeys infected
with SA11. Apoptosis of small intestinal epithelial cells
is also a cause of diarrhea™", and apoptosis has been
observed in RV-infected HT-29 cells™***?, We analyzed
the apoptosis of small intestinal epithelial cells after
infection, and observed apoptosis in the apical layer of
the intestinal villus epithelial cells.

In conclusion, our results indicate that we have
successfully established a RV SA11 strain diarrhea model
in neonatal rhesus monkeys. The RV infection model we
established was useful for us to further investigate the RV
infection mechanism and evaluate the cross protection of
potential HRV vaccine candidates™*,

ARTICLE HIGHLIGHTS

Research background

Rotavirus (RV) is one of the main pathogens responsible for severe diarrhea
in children under 5 years of age. There are currently no specific drugs for the
treatment of diarrhea caused by RV infection. Therefore, the development of

Baishidenge ~ WJG | www.wjgnet.com

Yin N et a/. Monkey model of rotavirus infection

safe and effective vaccines to control RV infection is particularly important. An
effective animal model of RV infection is needed to ensure the effectiveness
and safety of these vaccines.

Research motivation

Nonhuman primates are the animals most closely related to humans and
have advantages over non-primates as an animal model of RV diarrhea, so
development of a nonhuman primate animal model of RV infection is needed to
ensure the effectiveness and safety of RV candidate vaccines.

Research objectives
To establish a monkey model of RV infection.

Research methods

Neonatal rhesus monkeys with an average age of 15-20 d and an average
weight of 500 g + 150 g received intragastric administration of varying doses
of SA11 RV to determine whether the SA11 strain can effectively infect these
animals by observing their clinical symptoms, fecal shedding of virus antigen
by ELISA, distribution of RV antigen in the organs by immunofluorescence,
variations of viral RNA load in the organs by qRT-PCR, histopathological
changes in the small intestine by HE staining, and apoptosis of small intestinal
epithelial cells by TUNEL assay.

Research results

The RV monkey model showed typical clinical diarthea symptoms in the 10°
PFUs SA11 group, where we observed diarrhea 1-4 d post infection (dpi) and
viral antigen shed in the feces from 1-7 dpi. RV was found in jejunal epithelial
cells. We observed a viral load of approximately 5.85 x 10° copies per 100
mg in the jejunum at 2 dpi, which was increased to 1.09 x 10° copies per
100 mg at 3 dpi. A relatively high viral load was also seen in the mesenteric
lymph nodes at 2 dpi and 3 dpi. The following histopathological changes were
observed in the small intestine following intragastric administration of SA11 RV:
vacuolization, edema, and atrophy. Apoptosis of the jejunal villus epithelium
was also detectable at 3 dpi.

Research conclusions
We successfully established a RV SA11 strain diarrhea model in neonatal
rhesus monkeys.

Research perspectives

The monkey model of RV infection is useful for us to further investigate the
RV infection mechanism and evaluate the protection of potential HRV vaccine
candidates.
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Abstract

AIM

To elucidate the underlying mechanism that micro-
RNA-22 (miR-22) promotes the apoptosis of rat
pancreatic acinar cells (AR42]) and the elements that
regulate the expression of miR-22.
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METHODS

One hundred nanomoles per liter of caerulein (Cae)
was administrated to induce the apoptosis of AR42]
cells and the apoptosis rate was detected by flow
cytometry analysis. An amylase assay kit was used
to measure the amylase expression level in the
supernatant. Quantitative real-time PCR (gqRT-PCR)
was adopted to measure miR-22 expression. We
used online tools to predict the potential transcription
promoter of miR-22 and the binding sites, which was
further identified by using luciferase reporter analysis,
chromatin immunoprecipitation (ChIP) and ChIP-
gPCR assays. Then, a mimic of miR-22, Nr3cl plasmid
encoding the glucocorticoid receptor (GR), and si-
Nr3cl were used to transfect AR42] cells, respectively.
The mRNA expression of miR-22, Nr3c1, and Erb-b2
receptor tyrosine kinase 3 (ErbB3) was confirmed by
gRT-PCR and the apoptosis rate of AR42] cells was
detected by flow cytometry analysis. Western blot was
used to detect the expression of ErbB3, GR, PI3k, PI3k-
p85a, Akt, p-Akt, Bad, Bax, Bcl-xl, Bcl-2, and cleaved
caspase3.

RESULTS

After inducing apoptosis of AR42] cells in vitro, the
expression of miR-22 was significantly increased by
2.20 £ 0.26 and 4.19 + 0.54 times, respectively, at
3 h and 6 h in comparison with the control group.
As revealed by gRT-PCR assay, the expression of
miR-22 was 78.25 * 6.61 times higher in the miR-22
mimic group relative to the miRNA control group,
accompanied with an obviously increased acinar cell
apoptosis rate (32.53 + 1.15 vs 18.07 = 0.89, P =
0.0006). The upregulation of miR-22 could suppress
its target gene, ErbB3, and the phosphorylation of
PI3k and Akt. Furthermore, we predicted the potential
transcription promoter of miR-22 and the binding sites
using online tools. Luciferase reporter analysis and site-
directed mutagenesis indicated that the binding site
(GACAGCCATGTACA) of the GR, which is encoded by
the Nr3cl gene. Downregulation of the expression of
GR could upregulate the expression of miR-22, which
further promoted the apoptosis of AR42] cells.

CONCLUSION
GR transcriptionally represses the expression of miR-22,
which further promotes the apoptosis of pancreatic
acinar cells by downregulating the downstream sig-
naling pathway.

Key words: MicroRNA-22; Apoptosis; Pancreatic acinar
cells; Erb-b2 receptor tyrosine kinase 3; Glucocorticoid
receptor

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

Core tip: The severity of acute pancreatitis (AP) is
inversely related to the rate of apoptosis of pancreatic
acinar cells. MicroRNA-22 (miR-22) might promote
caerulein-induced apoptosis of pancreatic acinar cells
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(AR42J) via down-regulating the expression of its target
gene, Erb-b2 receptor tyrosine kinase 3 (ErbB3) and
the PI3k/Akt signaling pathway. Glucocorticoid receptor
transcriptionally repressed the expression of miR-22 by
binding to the miR-22 promoter transcription start site.
The upregulation of miR-22 expression resulting from
silencing Nr3cl contributed to the apoptosis of AR42]
cells.

Fu Q, Liu CJ, Zhang X, Zhai ZS, Wang YZ, Hu MX, Xu XL,
Zhang HW, Qin T. Glucocorticoid receptor regulates expression
of microRNA-22 and downstream signaling pathway in
apoptosis of pancreatic acinar cells. World J Gastroenterol 2018;
24(45): 5120-5130 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i45/5120.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i145.5120

INTRODUCTION

Acute pancreatitis (AP), which has had high morbidity
and mortality rates in recent years, is characterized
by acute inflammatory changes in the pancreas
and destruction of the acinar cells™. Until now, the
pathogenesis of AP has remained unclear. Two patterns
of pancreatic acinar cell death (apoptosis and necrosis)
are involved in AP®!. Apoptosis is a physiological and
programmed form of cell death, and it is thought to be
the best method of cell death™. The relationship between
apoptosis and AP has been extensively investigated,
and it has been demonstrated that the severity of AP is
inversely related to the rate of apoptosis™™.

MicroRNAs (miRNAs), noncoding small RNAs that
are 18 to 24 nuclectides in length, play essential roles
in various physiological and pathological processes in
animals and plants™. By binding to the 3’ untranslated
region (UTR) of their target mMRNA molecules, miRNAs
can downregulate target gene expression and block the
translation of mRNA at the posttranscriptional level®”..
Recently, many studies have shown that miRNAs are
essential to different cellular processes, regulating
almost 80% of genes in processes such as development,
proliferation, apoptosis, metabolism, and morphogenesis
in multiple cell types under physiological and pathological
conditions®®’,

Our previous study showed that microRNA-22
(miR-22) is important in the process of pancreatic acinar
cell apoptosis. The upregulation of miR-22 promotes the
apoptosis of pancreatic acinar cells induced by tumor
necrosis factor alpha (TNF-a). We demonstrated the
role of miR-22 in promoting cell apoptosis by repressing
its target gene, Erb-b2 receptor tyrosine kinase 3
(ErbB3). However, the underlying mechanism has not
been fully elucidated™®, Currently, most miRNA studies
have focused on the regulation of downstream target
gene expression, and there have been few studies on
upstream miRNA transcription factors!'). An intergenic
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miRNA has its own independent transcription start site
(TSS), while an intragenic miRNA is generally transcribed
with its cohost gene™?. MiR-22, an exonic miRNA, has its
own host gene promoter™,

In this study, we elucidated the downstream signaling
pathways that miR-22 regulates in pancreatic acinar cell
apoptosis. Furthermore, we identified the transcriptional
promoter of miR-22 and verified its function in pancreatic
acinar cell apoptosis.

MATERIALS AND METHODS

MiR-22 mimic, Nr3c1 plasmid encoding the
glucocorticoid receptor and si-Nr3c1 construct

The mimic of miR-22, Nr3cl plasmid encoding the
glucocorticoid receptor (GR), and si-Nr3c1 were designed
and chemically synthesized by RiboBio (Guangzhou,
China).

Cell culture and transfection

The pancreatic acinar cell line AR42] (American Type
Culture Collection, United States) was cultured in
Dulbecco’s modified Eagle’s medium (DMEM)-F12 (Gibco,
United States) containing 20% fetal bovine serum (Gibco,
United States) in a humidified incubator. AR42] cells (1
x 10%/well) were seeded in 6-well plates 12 h before
transfection. The cells were transfected with the Nr3cl
plasmid encoding the GR (100 nmol/L) with Lipofectamine
™ 2000 (Invitrogen, United States). The cells were
transfected with the miR-22 mimic (100 nmol/L) and si-
Nr3cl (50 nmol/L) using transfection reagents (RiboBio,
Guangzhou, China). After transfection for 48 h, the AR42]
cells were collected for the next experiment.

Amylase detection

AR42] cells at 5 x 10°/well were seeded into 6-well plates
and incubated with DMEM-F12 containing 100 nmol/L
caerulein (Cae) for 24 h. The supernatant was collected.
An amylase assay kit (Jiancheng Bio, Nanjing, China)
was used to measure the amylase expression level in the
supernatant, following the manufacturer’s instructions.

Flow cytometry analysis of apoptosis

AR42] cells were harvested after treatment with 100
nmol/L Cae for 24 h. Then, the apoptosis rate of AR42]
cells was dectected using Annexin V-APC apoptosis kit
(KeyGEN Bio, China) according to the manufacturer’s
instructions.

Quantitative reverse-transcription polymerase chain
reaction

Total RNA was extracted and reverse-transcribed into
cDNA using PrimeScript RT Master Mix (Takara, Japan).
gRT-PCR was performed using the SYBR Premix Ex TaqTM
kit (Takara, Japan). The expression levels of miR-22,
ErbB3, and Nr3cl relative to the expression level of
GAPDH were determined using the 2**“" method. The
specific primer sequences are as follows: ErbB3 (forward),
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5-TCTGCATTAAAGTCATCGAGGAC-3’ and ErbB3 (reverse),
5’-CAGCCGTACAATGTGGGCAT-3’; Nr3cl (forward),
5’-CTTGAGAAACTTACACCTCGATGACC-3" and Nr3cl
(reverse), 5'-AGCAGTAGGTAAGGAGATTCTCAACC-3"; and
GAPDH (forward), 5-TCTCTGCTCCTCCCTGTTCT-3" and
GAPDH (reverse), 5-TACGGCCAAATCCGTTCACA-3". The
miR-22 primer was designed and synthesized by RiboBio
(Guangzhou, China).

Western blot analysis

Total protein from cultured AR42] cells was extracted
according to the manufacturer’s instructions (Beyotime
Bio, Wuhan, China). Forty micrograms of protein of
each sample was loaded and separated on a 12% SDS
polyacrylamide gel and electrophoretically transferred
onto PVDF membranes (Millipore, United States). Then
the membranes were incubated with anti-rat monoclonal
Bad, Bax, Bcl-xl, Cleaved-Caspase3, PI3k, Akt, p-Akt,
GR, (CST, United States), Bcl-2, PI3k-p85a, and ErbB3
antibodies (Santa Cruz Bio, United States) or the anti--
actin antibody (CST, United States) at 4 'C overnight, and
subsequently HRP-labeled secondary antibodies (1:5000)
at 37°C for 2 h; then the signals were visualized with
an electrochemiluminescence kit (Pierce, Rockford, IL,
United States).

Transcription factor search

The potential miR-22 transcriptional promoter and
binding sites were predicted using the online tools
(http://www.genomatix.de/; http://jaspar.binf.ku.dk/cgi-
bin/jaspar_db.pl; and http://www.gene-regulation.com).
The transcriptional promoter with the highest score was
chosen for further analysis.

Luciferase reporter assay

AR42] cells were seeded in 24-well plates and, after 24
h, transfected with 100 ng Nr3c1 control plasmid (Nr3c1-
NC) or the Nr3cl plasmid encoding the GR (Nr3C1-
OE), together with 50 nmol/L miR-22 promoter plasmid
(miR-22 promoter) contained by psiCHECKTM-2 vector
(RiboBio, China) with Lipofectamine™ 2000 (Invitrogen,
United States); cells transfected with only the miR-22
promoter control plasmid (miR-22 promoter NC) served
as the control group. Binding site mutations were
generated with mutagenic primers using a MutanBEST
Kit (Takara). The mutant miR-22 promoter plasmids
(miR-22 promoter mutl and miR-22 promoter mut2)
were cotransfected with Nr3c1-OE. The luciferase activity
was measured 48 h after transfection.

Chromatin immunoprecipitation (ChIP) and ChIP-qPCR
assays

ChIP assays were performed following the instructions
provided with the ChIP assay kit (Beyotime, Wuhan,
China). First, the chromatin in AR42] cells was cross-
linked with 1% formaldehyde for 10 min at 37 C,
and then the cells were washed three times with cold
PBS. The cells were collected, lysed, and sonicated.
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Figure 1 The apoptosis rate and levels of amylase, apoptosis-associated proteins, and microRNA-22 in caerulein-induced AR42J cells. A: The apoptosis
rate of AR42J cells after incubation with caerulein for 24 h; B: Amylase levels in the medium; C: Western blot analysis of the levels of apoptosis-associated proteins in
AR42J cells; D: MicroRNA-22 levels in AR42J cells. Data were obtained from three independent experiments performed in triplicate and are shown as the mean + SD.
°P<0.05,°P < 0.01, °P < 0.001 vs control group. Cae: Caerulein; miR-22: MicroRNA-22.

The nuclear lysates were sonicated, and an equal
amount of chromatin was immunoprecipitated at 4 C
overnight with 3 pg of GR and IgG anti-rat monoclonal
antibody (CST, United States). The immunoprecipitated
products were collected after incubation on protein A
+ G-coated magnetic beads; then, the beads were
washed, and the bound chromatin was eluted in ChIP
elution buffer. The protein was digested with proteinase
K for 4 h at 45 C. The DNA was purified using a DNA
purification kit (Beyotime). The DNA fragments of the
GR binding sites in the miR-22 promoter were designed
and synthesized by RiboBio (Guangzhou, China). After
immunoprecipitation, the GR binding site was evaluated
using gPCR and normalized to the total chromatin. Total
chromatin was used as the input. IgG and a non-specific
GR binding site (Nbs) were used as controls. The primers
used to amplify the DNA fragments of the GR binding
sites in the miR-22 promoter were also designed and
synthesized by RiboBio (Guangzhou, China). The ChIP-
gPCR conditions were based on a three-step method.

Statistical analysis

The results are expressed as the mean + SD from at
least three separate experiments. Statistical analyses
were performed using SPSS 22.0 software, and com-
parisons were made using Student’s t-tests and one-
way ANOVA. °P < 0.05, °P < 0.01, and P < 0.001 was
considered statistically significant.
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RESULTS

Cae induced apoptosis of AR42J cells

Flow cytometry was used to detect apoptosis of AR42]
cells. As shown in Figure 1A, the apoptosis rate of AR42]
cells increased significantly after treatment with 100
nmol/L Cae for 24 h. The amylase level in the medium
was higher compared with that in the control group
(Figure 1B). Compared with the control cells, the Cae-
treated cells had increased protein expression levels
of Bad, Bax, and cleaved caspase-3 and significantly
decreased protein expression levels of Bcl-2 and Bcl-xI
(Figure 1C). The expression of miR-22 was confirmed by
gRT-PCR. As shown in Figure 1D, the expression level of
miR-22 was higher in AR42] cells exposed to Cae for 3 h
and 6 h than in the control cells.

Upregulation of miR-22 promotes the apoptosis of
AR42J cells by suppressing the PI3k/Akt signaling
pathway

AR42] cells were transfected with the miR-22 mimic as
described. The expression of miR-22 was significantly
elevated in the cells transfected with the mimic compared
with the miRNA NC cells (Figure 2A). As shown in Figure
2B and C, the mRNA and protein expression levels of
ErbB3, the target gene of miR-22, were significantly
lower in cells overexpressing miR-22 than in the control
cells. After AR42] cells were induced with Cae, the
apoptosis rate, amylase level, and the protein expression
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Figure 2 Upregulation of microRNA-22 promotes the apoptosis of AR42J cells by suppressing the PI3k/Akt signaling pathway. A: MicroRNA-22 expression
level; B: Erb-b2 receptor tyrosine kinase 3 (ErbB3) mRNA expression level; C: ErbB3 protein expression level; D: The apoptosis rate of AR42J cells induced with
caerulein (Cae) after transfection; E: Amylase levels in the medium; F: Western blot analysis of the levels of PI3k, p-PI3k, Akt, p-Akt, and apoptosis-associated
proteins in AR42J cells. Data were obtained from three independent experiments performed in triplicate and are shown as the mean + SD. “*P > 0.05, °P < 0.001 vs
miRNA NC or miRNA NC + Cae groups. ErbB3: Erb-b2 receptor tyrosine kinase 3; Cae: Caerulein; miRNA: MicroRNA; miR-22: MicroRNA-22.

levels of PI3k, p-PI3k, Akt, p-Akt, and apoptosis-
associated protein were detected. The apoptosis rate
in the miR-22 mimic + Cae group was significantly
higher than that in the miRNA NC + Cae group (Figure
2D), while the amylase level did not differ significantly
between the two groups (Figure 2E). Compared with
the miRNA NC cells, cells with upregulated miR-22 had
higher expression levels of Bad, Bax, and activated
caspase-3. The expression levels of the proteins that
promoted cellular proliferation were clearly reduced in the
miR-22 mimic + Cae group. In addition, the upregulation
of miR-22 significantly reduced the phosphorylation of
PI3k and Akt induced by Cae.

JBaishideng® W]G I WWW.ngnet,COm

Prediction and verification of the transcription factor of
miR-22

Using online programs, we predicted the transcription
factor and binding sites of the miR-22 promoter. The
possible transcription factors are shown in Figure 3A,
of which Nr3cl had the highest score. The 5'-flanking
region of miR-22 was cloned into the Xbal-site of the
pGL3-luciferase reporter vector, and the empty pGL3-
luciferase reporter was used as a control group. The
results showed that overexpression of Nr3cl led to a
significant decrease in luciferase activity compared with
that of the Nr3c1 NC + miR-22 promoter group (Figure
3B). We further identified the binding sites of Nr3cl
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Figure 3 Prediction of the transcription factors of microRNA-22 and the luciferase reporter. A: The possible transcription factors of microRNA-22 (miR-22) were
predicted, of which Nr3c1 had the highest score; B: The luciferase reporter expression after the overexpression of Nr3c1; C: The predicted glucocorticoid receptor
binding sites within the miR-22 promoter and the mutant versions generated by site mutagenesis are shown; D: The luciferase reporter expression after mutagenesis.
MiR-22 promoter NC, mut 1, or mut 2 plasmid was co-transfected with Nr3c1 NC or Nr3c1 OE plasmid into AR42J cells, respectively. Dual luciferase reporter assays
were performed 48 h after transfection; E: Results of the chromatin immunoprecipitation (ChIP) assay and ChIP-gPCR. Data were obtained from three independent
experiments performed in triplicate and are shown as the mean + SD. “*P > 0.05, °P < 0.05, °P < 0.01, °P < 0.001 vs Nr3c1 NC + miR-22 promoter NC, Nr3c1
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using TF search software. To determine the functional
importance of Nr3cl binding sites in the miR-22
promoter, site-directed mutagenesis was performed.
The base sequences of the predicted binding sites
and mutated sequences are shown in Figure 3C. The
luciferase reporter results demonstrated that compared
with the wild-type group, the group with the mutated
first binding site had significantly higher luciferase
activity, while the group with the mutated second binding
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site had activity that was significantly higher than that of
the wild-type but not as high as that of the group with
the mutated first binding site (Figure 3D), indicating that
Nr3cl might bind to the first site (GACAGCCATGTACA)
to regulate miR-22 promoter activity. Furthermore, ChIP
analysis was performed in AR42] cells to determine
whether GR bound to the miR-22 promoter. As shown
in Figure 3E, the ChIP and ChIP-gPCR assays showed
that GR interacted with the miR-22 promoter within the
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GACAGCCATGTACA site.

Nr3c1 regulates the expression of miR-22

To investigate the influence of Nr3cl on the expression
of miR-22, the Nr3c1 plasmid encoding the GR and si-
Nr3cl were used to regulate the expression of Nr3cl. As
shown in Figure 4A, overexpression of Nr3cl significantly
reduced miR-22 expression compared with that of
the control. In contrast, si-Nr3cl downregulated the
expression levels of Nr3cl mRNA and the GR protein,
which promote the expression of miR-22 (Figure 4B).

Si-Nr3c1 promotes the apoptosis of AR42J cells

Downregulation of Nr3cl promoted the expression of
miR-22. The genes involved in the pathway downstream
of miR-22 that promoted apoptosis were detected.
As shown in Figure 5A and B, the mRNA and protein
expression levels of ErbB3 were significantly lower when
miR-22 was upregulated than in the control. After AR42]
cells were induced with Cae, the apoptosis rate increased
significantly (Figure 5C). However, the amylase level
was not significantly different between the two groups
(Figure 5D). As shown in Figure 5E, the expression
levels of p-PI3k and p-Akt were clearly lower in the cells
transfected with si-Nr3cl than in the siRNA NC group.
Downregulation of Nr3cl increased the expression of
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Bad, Bax, and activated caspase-3, while Bcl-2 and Bcl-
x| protein expression levels were obviously reduced.
Together, these data suggest that downregulation of
Nr3cl promoted the expression of miR-22 and the
apoptosis of AR42] cells.

DISCUSSION

Some studies have demonstrated that miR-22 plays
important roles in regulating the expression levels of
its target genes and that it is associated with various
diseases, such as autoimmune diseases, cardiovascular
diseases, emphysema, and cancer’***®\. Qur previous
results showed that the expression of miR-22 is clearly
higher in acute edema pancreatitis (AEP) in vivo.
Elevating miR-22 expression using a miR-22 mimic
could promote the activity of activated caspase-3 and
the rate of apoptosis of pancreatic acinar cells (AR42J)
induced with TNF-a in vitro. Moreover, the target genes
of miR-22 were predicted by bioinformatics, and the
luciferase reporter gene confirmed that ErbB3 was the
target gene of miR-22"%. Furthermore, we identified
the signaling pathway by which miR-22 regulates the
apoptosis of AR42] cells. The results demonstrated
that miR-22 represses the expression of its target gene
ErbB3. ErbB3, which belongs to the ErbB family, can be
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Figure 5 Down-regulation of Nr3c1 by using si-Nr3c1 promotes the apoptosis of AR42J cells by suppressing the PI3k/Akt signaling pathway. A: Erb-b2
receptor tyrosine kinase 3 (ErbB3) mRNA expression level; B: ErbB3 protein level; C: The apoptosis rate of AR42J cells after the effect of caerulein for 24 h; D:
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MicroRNA-22.

transactivated by forming heterodimers with other ErbB
family members, especially ErbB2. ErbB3 lacks intrinsic
kinase activity and cannot autophosphorylate due to the
evolutionary acquisition of several changes within the
kinase domain®*",

Among the members of the ErbB family, ErbB3 has
the highest affinity for PI3k because of its six YXXM
motifs that can directly bind to the p85 regulatory subunit
of PI3k after tyrosine phosphorylation of ErbB31?,
Therefore, the activation of ErbB3 results in a strong
activation of the PI3k/Akt signaling pathway'*. The
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activation of the PI3k/Akt signaling pathway can lead to
apoptosis resistance in cancers such as ovarian, thyroid,
breast, hepatic, cervical, prostate, lung, pancreatic,
and colon cancers. Many studies have demonstrated
that inhibiting the activation of PI3k/Akt may lead to
cell apoptosis'**>!, Our results showed that miR-22
could upregulate the expression of genes that promote
apoptosis and reduce the expression of genes that
promote proliferation by suppressing the phosphorylation
of PI3k and Akt in Cae-induced apoptosis, which results
in promoting the activity of caspase 3. Caspases are
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a family of cysteine proteases that are present in the
cytosol as inactive proenzymes, and they become
activated when apoptosis is initiated, playing essential
roles in various stages of apoptosis©?. MiR-22 might
promote the apoptosis of AR42] cells by repressing the
PI3k/Akt pathway via inhibition of its target gene, ErbB3.

Transcription factors are a group of proteins that
bind to a specific sequence at the 5-end of a gene to
ensure that the target gene is expressed at a specific
time, in a specific location, and with a specific intensity.
In fact, transcriptional regulators play pivotal roles during
developmental and pathophysiological processes?®**%,
MiR-22, which belongs to the category of intergenic
miRNAs, has its own independent transcription factors.
Recent studies have shown that the transcription factors
of miR-22 include Jak3, STAT3, STAT5, and FosB. FosB
promotes the expression of miR-22, while Jak3, STAT3,
and STATS are transcriptional repressors®®>*®, In this
study, to identify the miR-22 transcription factor involved
in regulating the apoptosis of pancreatic acinar cells,
we first predicted the transcription factor and TSS.
The prediction results showed that Nr3cl might be a
transcription factor regulating miR-22. Nr3cl is a vital
GR gene; it can receive stimulation from glucocorticoids
and then influence downstream transcription factors by
changing the protein configuration, thereby playing an
indispensable role in gene regulation™”. We cloned the
5’ flanking regions of miR-22 and analyzed the promoter
regions. The first site (GACAGCCATGTACA) demonstrated
the highest promoter activity, as measured by the
luciferase reporter assay. The results of the site-directed
mutagenesis and ChIP-gPCR confirmed that Nr3c1 binds
to the miR-22 core promoter. The upregulation of miR-22
expression resulting from silencing Nr3cl contributed to
the apoptosis of AR42] cells. Apoptosis is a physiological
and programmed form of cell death, which is considered
the best method of cell death. It is characterized by cell
shrinkage, nuclear chromatin condensation, and the
retention of organelles®, The severity of AP is inversely
related to the degree of apoptosis, suggesting that
apoptosis may be a teleologically beneficial response to
acinar cell injury in general and especially in AP™.,

In conclusion, our results indicated that GR tran-
scriptionally repressed the expression of miR-22 by
binding to the miR-22 promoter TSS. Downregulating
the expression of GR could promote the expression of
miR-22. The upregulation of miR-22 promoted Cae-
induced apoptosis of AR42] cells by targeting ErbB3 and
further suppressed the PI3k/Akt signaling pathway. The
upregulation of miR-22 might have therapeutic potential
for AP.

ARTICLE HIGHLIGHTS

Research background

The severity of acute pancreatitis (AP) is inversely related to the rate
of apoptosis of pancreatic acinar cells. Our previous study showed that
microRNA-22 (miR-22) promotes the apoptosis of pancreatic acinar cells by
targeting Erb-b2 receptor tyrosine kinase 3 (ErbB3). However, the underlying
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mechanism has not been fully elucidated, and the elements that regulate the
expression of miR-22 remain unclear.

Research motivation

The downstream signaling pathways that miR-22 regulates pancreatic acinar
cell apoptosis have not been fully elucidated. Besides, miR-22 is an exonic
microRNA and has its own host gene promoter. In this study, we identified the
transcriptional promoter of miR-22 and verified their functions in pancreatic
acinar cell apoptosis.

Research objectives

This research aimed to elucidate the underlying mechanism that miR-22
promotes the apoptosis of rat pancreatic acinar cells (AR42J) and identify the
transcriptional promoter of miR-22.

Research methods

MiR-22 promoted the apoptosis of AR42J cells by targeting the ErbB3 gene,
and the downstream signaling pathway (PI13k/Akt signaling pathway) was
identified using caerulein (Cae)-induced apoptosis of AR42J cells. Furthermore,
we predicted the potential transcription promoter of miR-22 and the binding
sites using online tools. Luciferase reporter analysis and site-directed
mutagenesis indicated the binding site of the glucocorticoid receptor (GR).
The binding of GR to the miR-22 promoter in cell culture was identified by a
chromatin immunoprecipitation assay.

Research results

The results of this study indicated that GR transcriptionally repressed the
expression of miR-22 by binding to the miR-22 promoter transcription start
site. Downregulation of the expression of GR could upregulate the expression
of miR-22. The upregulation of miR-22 promoted the Cae-induced apoptosis
of AR42J by targeting ErbB3 and further suppressing the PI3k/Akt signaling
pathway.

Research conclusions

GR transcriptionally repressed the expression of miR-22 and downregulation of
the expression of GR could upregulate the expression of miR-22, which further
promoted the Cae-induced apoptosis of AR42J cells.

Research perspectives

This study found that GR transcriptionally repressed the expression of miR-22,
which might be a target to regulate the expression of miR-22. The further
research is to explore the treatment measures for AP by using drugs targeting
GRin in vitro cell models and in vivo AP models.
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Abstract

AIM

To investigate the role of peritoneal macrophage (PM)
polarization in the therapeutic effect of abdominal par-
acentesis drainage (APD) on severe acute pancreatitis
(SAP).

METHODS

SAP was induced by 5% Na-taurocholate retrograde
injection in Sprague-Dawley rats. APD was performed
by inserting a drainage tube with a vacuum ball into
the lower right abdomen of the rats immediately
after the induction of SAP. To verify the effect of APD
on macrophages, PMs were isolated and cultured in
an environment, with the peritoneal inflammatory
environment simulated by the addition of peritoneal
lavage in complete RPMI 1640 medium. Hematoxylin and
eosin staining was performed. The levels of pancreatitis
biomarkers amylase and lipase as well as the levels of
inflammatory mediators in the blood and peritoneal
lavage were determined. The polarization phenotypes
of the PMs were identified by detecting the marker
expression of M1/M2 macrophages via flow cytometry,
gPCR and immunohistochemical staining. The protein
expression in macrophages that had infiltrated the
pancreas was determined by Western blot.

RESULTS

APD treatment significantly reduced the histopath-
ological scores and levels of amylase, lipase, tumor
necrosis factor-a and interleukin (IL)-1p, indicating that
APD ameliorates the severity of SAP. Importantly, we
found that APD treatment polarized PMs towards the
M2 phenotype, as evidenced by the reduced number
of M1 macrophages and the reduced levels of pro-
inflammatory mediators, such as IL-1p and L-selectin, as
well as the increased number of M2 macrophages and
increased levels of anti-inflammatory mediators, such as
IL-4 and IL-10. Furthermore, in an /n vitro study wherein
peritoneal lavage from the APD group was added to the
cultured PMs to simulate the peritoneal inflammatory
environment, PMs also exhibited a dominant M2
phenotype, resulting in a significantly lower level of
inflammation. Finally, APD treatment increased the
proportion of M2 macrophages and upregulated the
expression of the anti-inflammatory protein Arg-1 in the
pancreas of SAP model rats.

CONCLUSION

These findings suggest that APD treatment exerts anti-
inflammatory effects by regulating the M2 polarization
of PMs, providing novel insights into the mechanism
underlying its therapeutic effect.
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Core tip: In the present study, we provided evidence
for the first time that abdominal paracentesis drainage
(APD) ameliorates inflammation in rats with severe acute
pancreatitis (SAP) by regulating peritoneal macrophage
M2 polarization. The important findings are that: (1)
by removing pancreatitis-associated ascitic fluids, APD
could improve the inflammatory environment of the
peritoneal cavity; (2) the improved environment in the
peritoneal cavity could polarize peritoneal macrophages
towards the M2 phenotype; and (3) APD could promote
M2 polarization of macrophages in the pancreas of SAP
model rats. These findings provide new insights into the
mechanisms underlying the effectiveness of APD, which
may advance the clinical use of APD to benefit patients
with SAP.

Liu RH, Wen Y, Sun HY, Liu CY, Zhang YF, Yang Y, Huang QL,
Tang JJ, Huang CC, Tang LJ. Abdominal paracentesis drainage
ameliorates severe acute pancreatitis in rats by regulating the
polarization of peritoneal macrophages. World J Gastroenterol
2018; 24(45): 5131-5143 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i45/5131.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i45.5131

INTRODUCTION

Severe acute pancreatitis (SAP) is a lethal inflammatory
condition that is frequently accompanied by many
complications, such as systemic inflammatory response
syndrome (SIRS) and multiple organ dysfunction
syndrome (MODS), which lead to a high risk of death in
SAP patients. To date, the mortality rate for SAP remains
high at 30%™. The key issue is that there is no effective
strategy for controlling the activated inflammatory
cascade and restoring immune homeostasis during SAP.
Numerous studies have suggested that pancreatitis-
associated ascitic fluids (PAAF) play an important role
in the pathogenesis of SAP because they contain tumor
necrosis factors, interleukins, endotoxins and other
substances®®. Our previous studies suggested that
abdominal paracentesis drainage (APD) ameliorates SAP
in patients safely and effectively by removing PAAF®™7,
However, the mechanism underlying APD treatment
remains poorly understood.

Macrophages are the main inflammatory cells
implicated in the initiation and progression of the early
stage of SAP®°!, They can be polarized into the following
two different functional phenotypes in response to the
microenvironment: classically activated macrophages
(M1) or alternatively activated macrophages (M2). M1
macrophages produce pro-inflammatory cytokines,
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including interleukin (IL)-1B, IL-6 and tumor necrosis
factor (TNF)-a, while the M2 phenotype produces anti-
inflammatory cytokines, such as IL-10™”. Macrophages
can also transition between the M1 and M2 phenotypes
in response to certain signals'**?l. Therefore, the
polarization of macrophages towards the M2 phenotype
has emerged as an interesting strategy to control the
progression of inflammation™. Among the macrophages
associated with SAP, peritoneal macrophages (PMs) are
known to play a crucial role in the progression from local
to systemic inflammation. PMs widely interact with PAAF,
and the function of PMs is regulated by PAAF™. Although
the activation of macrophages is tightly associated
with the severity of SAP, whether APD can change the
polarization state of PMs by removing PAAF in rats with
SAP is uncertain.

Based on the above considerations, in the present
study, we sought to determine the polarization phe-
notypes of PMs and the corresponding inflammatory
response in a rat model of SAP following APD treatment.
Our study offers new insights into the mechanism by
which APD treatment ameliorates SAP.

MATERIALS AND METHODS

Experimental animals

The animal protocol was designed to minimize pain or
discomfort to the animals. Adult male Sprague-Dawley
rats weighing 200-250 g were purchased from Chengdu
Dossy Experimental Animals Co., Ltd. (Chengdu,
China). All rats were housed and fed in a pathogen-
free facility under 12-h day and night cycles throughout
the experiment. Animal experiments were performed
according to the guidelines of the Animal Welfare
Committee of Chengdu Military General Hospital.

In vivo experiments

Eighteen rats were divided into the following three
equal groups according to a random number table: an
SAP group, an APD group and a sham operation group
(SHAM). Pancreatitis was induced in the SAP and APD
groups by retrograde injection of 5% Na-taurocholate
(0.1 mL/100 g body weight, Sigma, United States)"’
via the pancreatic duct using a syringe pump. In the
APD group, a drainage tube with a vacuum ball was
inserted into the lower right abdomen immediately after
pancreatitis was induced"®. Rats in the sham group did
not receive any operation except opening and closure
of the abdomen. Anesthesia was performed with an
anesthesia machine using isoflurane (RWD Life Science,
Shenzhen, China). Rats were sacrificed 12 h after the
model was established. Blood samples were collected,
and pancreatic tissues were harvested. According to
previously described methods'”’, PMs were isolated by
peritoneal lavage after the ascetic fluid of SAP rats was
drained.

Pancreatic histological analysis

The pancreas was dissected along the pancreatic
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duct, and a 0.5 cm x 0.5 cm sample was fixed in 4%
paraformaldehyde solution. After being embedded in
paraffin, the samples were cut into 4-um thick sections
and stained with hematoxylin and eosin (HE). Then,
the slides were observed under an optical microscope,
and the histopathology was scored using a previously
described scoring system!*®l, The scores were averaged
for five individual slides from every pancreas.

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assays (ELISAs) were
performed with the serum samples from each group
using commercial rat-specific kits for amylase, lipase,
IL-1B and TNF-a (Dakewe Biotech Co., Ltd. Shenzhen,
China) according to the supplier’s specifications.

Cell isolation

The ascetic fluid in the abdomen of SAP rats or the
residual liquid in APD rats was drained followed by
intraperitoneal injection of 20 mL of precooled PBS
solution. After 5 minutes of abdominal kneading, 15 mL
of lavage fluid containing peritoneal cells was transferred
into the anticoagulant tube via a syringe. The cells were
washed with PBS, resuspended in RPMI-1640 (Gibco,
CA, United States) with 20% fetal bovine serum (Gibco,
CA, United States) and cultured at 37 'C in 5% CO: for
1 h. The adherent cells were used in the subsequent
experiments.

Flow cytometry

To detect the polarization phenotype of the macrophages
in the abdomen, the PMs were analyzed by flow
cytometry. PMs were washed with staining buffer
(1% BSA in PBS containing 0.01% NaNs, Thermo
Fisher, United States) and incubated with 10% mouse
serum for 20 min on ice. Subsequently, the cells were
incubated with reagents from the LIVE/DEAD™ Fixable
Dead Cell Stain Kit (Thermo Fisher, United States),
FITC-conjugated anti-CD163 (Bio-Rad, United States),
and PE-conjugated anti-CD86 (BD Biosciences, United
States) at the manufacturer’s recommended dilution
for 40 min on ice. For intracellular staining, the cells
were fixed and permeabilized with fixation buffer from a
Fixation/Permeabilization Solution Kit (BD Biosciences,
United States) for 1 h at 4 C in the dark, washed with
permeabilization buffer and incubated with Alexa-
Flour647-conjugated anti-CD68 (Bio-Rad, United States)
antibody in permeabilization buffer for 1 h at 4 °C in the
dark. The samples were then washed and resuspended
in permeabilization buffer and analyzed with a FACS
Canto II system (BD Biosciences). The results were
analyzed with BD FACS DIVA software (BD Biosciences,
United States).

RNA isolation and gPCR

Total RNA from the abovementioned PMs was extracted
using a commercial RNA extraction kit (Axygen,
United States). The RNA was quantified by measuring
the absorbance at 260 nm and 280 nm using a
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spectrophotometer (NanoDrop Technologies, United
States). cDNA was synthesized from a 100-ng RNA
sample using the Primescript™ reagent kit with a gDNA
eraser (Takara, Tokyo, Japan) and stored at -80 C.

Real-time quantitative PCR was performed with
a CFX96 Real-Time PCR Detection System using the
SYBR Green Master Mix (Bio-Rad, United States).
The primers used were as follows: INOS forward,
5'-CAGCCCTCAGAGTACAACGAT-3' and reverse,
5’-CAGCAGGCACACGCAATGAT-3’; CD206 forward,
5'-ATTCCGGTCGCTGTTCAACT-3' and reverse,
5'-AACGGAGATGGCGCTTAGAG-3’; TNF-a forward,
5'-CGTCGTAGCAAACCACCAAG-3' and reverse,
5'-CACAGAGCAATGACTCCAAAG-3’; CD163 forward,
5'-CAACCGATGCTCAGGAAGAG-3’ and reverse,
5’-GATGGCACTTCCACATCCAA-3". GAPDH was used as
a reference gene, and the primers for GAPDH were the
commercial Rat GAPDH Endogenous Reference Gene
Primers (BBI Life Science, China).

Luminex assay

The concentrations of IL-1p, CXCL2, IL-4, IL-10 and
TNF-a in the lavage fluid were determined by Luminex
assays. A premixed commercial kit was used according
to the manufacturer’'s recommendation (RD, United
States). The assays were performed using the Luminex
X-200 System (Luminex Corp, United States).

Immunofluorescence staining

The distribution of the two phenotypes of macrophages
in the pancreas was assayed by immunofluorescence
staining. Pancreatic tissues were washed with PBS
twice, fixed with 4% paraformaldehyde for 24 h and
dehydrated in a 30% sucrose solution. Then, the tissues
were embedded in Tissue Freezing Medium and cut into
7-um thick sections. The slides were washed with PBS
and permeabilized with 0.1% Triton X-100. Subsequently,
the slides were incubated with goat serum at 37 C
for 30 min. The samples were stained by incubation
with Alexa-Flour647-conjugated anti-CD68 (Bio-Rad,
United States) and FITC-conjugated anti-CD163 (Bio-
Rad, United States) or Alexa-Flour647-conjugated anti-
CD68 and PE-conjugated anti-CD86 (BD Biosciences,
United States) at the manufacturer’s recommended
dilution at 4 ‘C overnight; then, the samples were stained
with DAPI to visualize the nuclei. The distribution of the
two phenotypes of macrophages in the pancreas was
examined by laser scanning confocal microscopy.

Western blot analysis

Pancreatic tissues were dissociated in a commercial
lysis buffer kit containing protease inhibitor and phen-
ylmethylsulfonyl fluoride (PMSF) (Solarbio Science
& Technology Co., Ltd, China) using a homogenizer.
The tissue lysates were centrifuged at 12000 rpm for
30 min at 4 'C, and the supernatant was collected for
analysis. The protein concentration was measured using
a commercial BCA protein assay kit (Solarbio Science
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and Technology Co., Ltd, China) according to the
manufacturer’s instructions. Proteins were mixed into
the premixed protein sample buffer (Bio-Rad, United
States) at equal concentrations and heated for 10
min at 100 'C to denature the protein. Electrophoresis
was performed on 10% or 8% SDS-polyacrylamide
gels followed by transferring the protein onto a PVDF
membrane. After blocking with 5% nonfat milk in TBS
solution for 1 h at room temperature, the blots were
incubated in the following primary antibodies overnight
at 4 'C: mouse anti-Argl (1:200, Santa Cruz, United
States), mouse anti-CD163 (1:200, Bio-Rad, United
States), mouse anti-CD86 (1:200, BD Biosciences,
United States), mouse anti-NOS2 (Santa Cruz, United
States), and mouse anti-GAPDH (Thermo Fisher, United
States). Afterwards, the blots were incubated with goat
anti-mouse horseradish peroxidase (HRP)-conjugated
secondary antibody (1:5000, Abcam, United Kingdom)
for 1 h at room temperature. Then, the blots were
developed using the enhanced chemiluminescence (ECL)
method (Merck Milipore, Germany) in a biocimaging
system (UVP, United Kingdom).

In vitro experiments

Primary cultured PMs were isolated from an additional
ten rats as described above, washed with PBS and
resuspended in RPMI-1640 (Gibco, CA, United States)
with 20% fetal bovine serum (Gibco, CA, United
States). All cells were plated at 1 x 10° cells per well
in a 6-well plate and then cultured at 37 °C in 5% CO:
for 3 d; adherent cells were identified as macrophages.
Flow cytometry was used to identify the purity of the
clones.

To test the effect of the abdominal inflammatory
environment on PMs, primary cultured PMs were treated
with medium containing 10% lavage fluid from SAP
and APD rats separately for 12 h, and PBS was used as
a control. The polarization phenotypes of the primary
cultured PMs were determined by flow cytometry as
mentioned above.

Statistical analysis

Statistical analyses were performed using SPSS 18.0
(SPSS Inc., United States), and the data are reported
as the mean = SD. Data were compared by Student’s
t-tests or one-way ANOVA followed by the SNK test for
multiple comparisons, and nonparametrically distributed
variables were compared by the Mann-Whitney test. P
< 0.05 was considered statistically significant.

RESULTS

Therapeutic effects of APD on SAP in rats

The SAP rat model induced by Na-taurocholate retrograde
injection (Figure 1A) is a stable animal model that has
many similarities to the clinical manifestations of SAP
in humans. To simulate the APD treatment, a drainage
tube was inserted into the lower right abdomen of SAP
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Figure 1 Abdominal paracentesis drainage ameliorates severe acute pancreatitis in a rat model. A: Model establishment. Retrograde injection of Na-
taurocholate (left) and a rat after abdominal paracentesis drainage (APD) treatment (right); B and C: Histopathological analysis of the pancreas. Comprehensive
disruption of the pancreatic structure with widespread infiltration of leukocytes, acinar cell vacuolization and necrosis was observed in severe acute pancreatitis (SAP)
rats; localized leukocyte infiltration and relatively intact acinar structure were observed in APD rats; D-I: Plasma levels of amylase, lipase, tumor necrosis factor-a,
interleukin (IL)-1p, IL-10 and transforming growth factor-B, respectively. Data indicate the mean + SD of six mice (C-). °P < 0.05 vs sham, °P < 0.05 vs SAP.

rats (Figure 1A). Histologically, apparent morphological
damage in the form of acinar cell necrosis and inflam-
matory infiltration was observed in rats with SAP, while
the tissue damage was significantly reduced in the APD
treatment group (Figure 1B). This result was supported
by the lower histopathological score in the APD group
than in the SAP group (Figure 1C).

Subsequently, we measured the serum amylase and
lipase levels, as they are known biomarkers of SAP. As
shown in Figure 1, the APD group showed lower levels
of amylase and lipase when compared with the SAP
group (Figure 1D and E). In the APD and SAP groups,
the concentrations of amylase and lipase were 0.906 =
0.102 ng/mL vs 1.302 £ 0.052 ng/mL and 10.118 =
1.019 U/L vs 12.251 + 0.458 U/L, respectively.

Pro-inflammatory cytokines, such as TNF-a and
IL-1B, are known to induce systemic inflammation in
SAP. Compared with SAP rats, in APD rats, the levels
of TNF-a. and IL-1B were significantly lower, while the
levels of the anti-inflammatory cytokines IL-10 and
transforming growth factor-g were higher (Figure 1F-H),
reflecting an amelioration of systematic inflammation in
APD rats.

These results suggest that APD treatment could
exert a protective role against the progression of SAP,
as supported by the observed improved tissue damage
and reduced systematic inflammation.

APD polarizes PMs towards the M2 phenotype in the
peritoneal cavity

PMs play important roles in the progression of SAP. To
assess the direct effect of APD on PMs, we first inves-
tigated the polarization phenotypes of the PMs in each
group by flow cytometry. CD68 was used as a marker
of all macrophages; CD68+CD86+ macrophages were
identified as M1 macrophages, while CD68+CD163+
cells were identified as M2 macrophages. Flow cytometry
plots revealed a significantly lower proportion of M1 PMs
in APD rats compared to SAP rats, while a slight increase
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occurred in the proportion of M2 PMs (Figure 2B).
Meanwhile, the M1/M2 ratio tended to be lower in the
APD group than in the SAP group (Figure 2 B).

To further confirm the polarization phenotype of PMs
at the genetic level, the expression of the M1-associated
gene iNOS and the M2-associated gene CD206 was
determined by gPCR. As expected, the expression of
CD206 gene increased in the APD group, while it was
inhibited in the SAP group. Although the expression
of the iINOS gene was upregulated in both groups, it
increased markedly in the SAP group (Figure 2E). These
data indicate that APD treatment polarized PMs towards
the M2 phenotype in the peritoneal cavity of SAP model
rats.

APD reduces the levels of pro-inflammatory cytokines
and increases the levels of anti-inflammatory cytokines
in the peritoneal cavity

APD treatment drained the PAAF from SAP rats, thus
altering the inflammatory environment of the peritoneal
cavity. To compare the inflammatory environments
in SAP and APD rats, we measured the production of
representative pro-inflammatory and anti-inflammatory
cytokines in the peritoneal lavage of each group by
Luminex (Figure 3). The protein levels of the pro-
inflammatory mediators IL-1B and L-selectin were
significantly lower in APD rats than in SAP rats, while
the levels of the anti-inflammatory cytokines IL-4 and
IL-10 were increased. Although there were no significant
differences in the levels of the pro-inflammatory
cytokines IL-6 and CXCL2, the mean levels of these
cytokines were greater in SAP rats than in APD rats.
These results indicate that APD treatment promoted
anti-inflammatory cytokine production and inhibited pro-
inflammatory cytokine production.

PMs are polarized to the M2 phenotype in the simulated
peritoneal inflammatory environment of APD rats in vitro
The phenotypes of PMs depend on the inflammatory
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Figure 2 Different polarized phenotypes of peritoneal macrophages in each group. A: Gating strategy for the peritoneal macrophage population; B-D:
Representative dot plot (B) and the percentages (C) and M1/M2 ratio (D) of CD68+CD86+ (M1) cells and CD68+CD163+ (M2) cells in each group; E: Relative
expression levels of CD206 and iNOS gene in peritoneal cells measured by real-time PCR and normalized to GAPDH mRNA. The data represent at least three
independent experiments (A-B) or indicate the mean + SD of six mice (E). °P < 0.05 vs abdominal paracentesis drainage.

environment. To investigate whether the peritoneal
inflammatory environment affects PMs polarization in
vitro, we simulated this environment by adding peritoneal
lavage from the SAP and APD groups to primary cultured
PMs. PBS was used as a negative control. Then, the
PMs were evaluated by flow cytometry. The dot plot
of FCM (Figure 4) indicated that the number of M2
macrophages increased slightly in PMs cultured in the
APD environment, while no increase was found in cells
cultured in the SAP environment. Although the nhumbers
of M1 macrophages rose in both groups, they increased
dramatically in the SAP environment. These data indicate
that the altered peritoneal inflammatory environment
induced by APD treatment enhanced M2 macrophage
polarization in PMs.

APD promotes M2 polarization of macrophages in the
pancreases of SAP rats

Given that macrophages are associated with intra-
pancreatic injury during SAP, we evaluated the effect
of APD on the polarization response of macrophages
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in the pancreas by immunofluorescence staining and
Western blot. As shown in Figure 5A, the number of
M2 macrophages clearly increased, while the number
of M1 macrophages decreased in the pancreas of
APD rats compared with SAP rats. The morphological
changes were confirmed by Western blot (Figure 5B).
The pancreatic levels of M2-associated proteins Arg-1
and CD163 were higher in APD rats than in SAP rats.
In contrast, the levels of M1-associated proteins iNOS
and CD86 were lower in APD rats than in SAP rats. The
data show that APD could promote M2 polarization of
macrophages in the pancreas of SAP rats.

Based on the above findings, a schematic model
was proposed to elucidate the possible mechanism
responsible for the beneficial effects of APD on SAP
(Figure 6). Once SAP occurs, the inflammatory cells are
activated following acinar cell injury and exudate full of
pro-inflammatory mediators collects in the peritoneal
cavity, which can polarize the PMs towards the M1
phenotype and lead to the overexpression of pro-
inflammatory mediators by PMs. By removing the PAAF,
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Figure 3 Abdominal paracentesis drainage alters the inflammatory environment in the peritoneal cavity. Protein levels in peritoneal lavage were measured by
Luminex. The results reflect the mean + SD obtained from six animals in each group. °P < 0.05 vs abdominal paracentesis drainage.

APD could improve the inflammatory environment of the
peritoneal cavity and thus regulate M2 polarization of
PMs in the peritoneal cavity. Meanwhile, APD could also
promote M2 polarization of macrophages in pancreatic
tissues. These events could upregulate the expression of
anti-inflammatory cytokines, which ultimately ameliorate
pancreatic injury.

DISCUSSION

In the present study, we provided evidence for the first
time that APD ameliorates inflammation in rats with SAP
by regulating PM M2 polarization. The important findings
are that: (1) by removing PAAF, APD can improve the
inflammatory environment of the peritoneal cavity; (2)
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the improved environment in the peritoneal cavity can
polarize PMs towards the M2 phenotype; and (3) APD
can promote M2 polarization of macrophages in the
pancreas of SAP rats. These findings provide new insight
into the mechanisms underlying the effectiveness of APD
in the treatment of SAP, which may advance the dlinical
use of APD to benefit patients with SAP.

APD treatment before percutaneous catheter
drainage has been proven to exert a beneficial effect
on patients with SAP in our serial reports. Here, we
demonstrated that APD treatment ameliorates the levels
of inflammatory factors, including TNF-o, IL-1B and IL-6,
in the serum and ascitic fluid of patients and rats with
SAPUl, Consistent with these results, in this paper, we
found that APD not only decreased the levels of pro-
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Figure 4 In vitro simulated peritoneal inflammatory environment of abdominal paracentesis drainage rats changes the polarized phenotype of peritoneal
macrophages. Primary peritoneal macrophages were cultured in medium simulating different inflammatory environments. The percentages of CD86" and
CD163" cells were measured by flow cytometry. The data are representative of at least three independent experiments. °P < 0.05 vs CON, °P < 0.05 vs abdominal

paracentesis drainage.

inflammatory cytokines, such as IL-1B, and the adhesion
molecule L-selectin but also increased the levels of anti-
inflammatory cytokines, such as IL-4 and IL-10. This is
in line with the findings of a recent study by Zhu and
colleagues™” in which it was shown that the levels of pro-
inflammatory cytokines in ascites, including IL-1B, IL-6,
IL-8 and TNF-a, decreased after early-stage drainage
of the PAAF, while the level of the anti-inflammatory
cytokine IL-10 increased significantly. Similar results
were also reported by Souza®”, and these two studies
suppose M2 macrophages as causative factors.

As is known, macrophages will acquire distinct
functional phenotypes when responding to environmental
cues. Because APD improves the inflammatory
environment of the peritoneal cavity, we speculated
that APD may influence the activation state of PMs. In
fact, our results indicate that the proportion of M1 PMs
in APD rats decreased significantly while the proportion
of M2 PMs increased slightly when compared with
the proportions in SAP rats. From a recent point of
view, it has been suggested that macrophages do not
exist as distinct M1 or M2 phenotypes but rather as a
continuum of overlapping functional states, and the

JBaishideng® W]G I WWW.ngnet,COm

transition between the M1 to M2 phenotype is a dynamic
processi'”, Therefore, we calculated the M1/M2 ratio to
reflect the dynamic balance of macrophage polarization.
The results indicate that the M1/M2 ratios in SAP rats
and APD rats were 7.286 + 4.22 vs 1.278 + 0.481,
respectively. Although M1 polarization was dominant
in both groups, there was a trend to skew the balance
towards the M2 phenotype in the APD group.

The mechanism by which APD polarizes PMs towards
an M2 phenotype in the peritoneal cavity remains
unknown; however, based on the above findings, we
infer that APD might eliminate the comprehensively
inflammatory environment, which provides an
environment suitable for the survival of M2 macrophages
and enhances the M2 polarization of PMs. The increase
in the number of M2 macrophages in turn leads to the
production of anti-inflammatory cytokines. To validate
the effect of APD on the polarization of macrophages,
lavage from each group was used to treat the primary
cultured PMs. Consistent with the in vivo experiments,
the number of M2 PMs increased in the APD group.

Studies have shown that polarizing macrophages
towards the M2 phenotype ameliorates many chronic
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Figure 5 Number of M2 macrophages increases in the pancreas of abdominal paracentesis drainage rats and exerts anti-inflammatory effects. A: Pancreatic
tissues from each group were stained with DAPI (blue), CD163 (green in upper two panels), CD86 (green in lower two panels) and CD68 (infrared represented by
carmine). Representative images are shown; B and C: Protein levels of Arg-1, CD163, CD86 and iNOS in the pancreatic tissues of each group were measured by
Western blot, and the relative expression of these proteins was normalized to GAPDH. Data are representative of at least three independent experiments. °P < 0.05
vs severe acute pancreatitis.
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Figure 6 Possible mechanisms responsible for the beneficial effects of abdominal paracentesis drainage on severe acute pancreatitis. Once severe acute
pancreatitis (SAP) occurs, the inflammatory cells are activated following acinar cell injuries and exudate full of pro-inflammatory mediators collects in the peritoneal
cavity, which can polarize the peritoneal macrophages (PMs) towards the M1 phenotype and lead to the overexpression of pro-inflammatory mediators by PMs. By
removing the pancreatitis-associated ascitic fluids, abdominal paracentesis drainage (APD) could improve the inflammatory environment of the peritoneal cavity, thus
promoting M2 polarization of PMs in the peritoneal cavity. Meanwhile, APD could also promote M2 polarization of macrophages in pancreatic tissues. These events
could upregulate the expression of anti-inflammatory cytokines, which ultimately ameliorate pancreatic injury. APD: Abdominal paracentesis drainage; SAP: Severe

acute pancreatitis.

inflammation and autoimmune diseases'*, such as
SLE™, rheumatoid arthritis'®® and colitis®®*, Many
methods have been used to induce M2 polarization®*’.
However, most of the reports are in vitro experiments,
and the therapeutic effect of M2 macrophages on acute
inflammatory disease® is rarely reported. Although
Xu et al*” induced M2 polarization in primary cultured
liver macrophages from rats with acute pancreatitis,
they did not report any therapeutic effect of these cells
in SAP. One possible reason is that large amounts of
pro-inflammatory cytokines are released when the
inflammatory cascade is activated, which overwhelmingly
skews the M1/M2 balance towards M1 polarization in
vivo. Our successful induction of the M2 polarization of
PMs in SAP rats in vivo is a new attempt to utilize the
advantages of M2 macrophages to ameliorate acute
inflammatory diseases.

In addition, our findings demonstrate that the number
of M2 macrophages also increased in the pancreas of
SAP rats; however, only trace amounts of macrophages
in the peripheral blood and bone marrow were polarized
(data not shown). The data imply that the increase
in the number of M2 macrophages in the pancreas is
independent of the number of CD68+CD163+ cells in
the peripheral blood and bone marrow. In our analysis,
M2 macrophages may have migrated from the peritoneal
cavity to the pancreas and regulated the immune
responses in the pancreas of SAP rats. PMs have been
reported to selectively migrate to the specific sites of
inflammation in a colitis rat model®, indicating that PMs
could directly migrate to the focal zone in the peritoneal
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cavity. Moreover, the protein level of Arg-1, which is a
key modulator in regulating T-lymphocyte functions and
maintaining immunological tolerance®®, also increased.
However, whether the M2 macrophages in the pancreas
are PMs migrating from the peritoneal cavity still needs
to be proven.

In conclusion, our findings suggest that APD treat-
ment exerts anti-inflammatory effects to ameliorate SAP
by regulating PM M2 polarization, thereby increasing the
number of M2 macrophages and Arg-1 protein levels in
the pancreas; these findings provide novel insights into
the mechanisms underlying the therapeutic effect of
APD.

ARTICLE HIGHLIGHTS

Research background

Severe acute pancreatitis (SAP) is a highly lethal disease with limited
therapeutic options and is characterized by a critical systemic inflammatory
response. Pancreatitis-associated ascitic fluids (PAAF) play an important role
in the pathogenesis of SAP because of the pro-inflammatory mediators the
PAAF contain. Our previous studies suggested that APD ameliorates SAP by
removing the PAAF. However, the mechanism underlying the success of APD
treatment remains poorly understood. In the present study, we aimed to explore
the possible mechanism by which APD ameliorates SAP.

Research motivation

The key issue in treating SAP is to control the activated inflammatory cascade
and restore immune homeostasis. Peritoneal macrophages (PMs), crucial
inflammatory cells in the abdominal cavity, are implicated in the initiation and
progression of SAP in the early stage, and the function of PMs is regulated by
the PAAF. In this study, we found that APD treatment exerts anti-inflammatory
effects by regulating the M2 polarization of PMs, providing novel insights into
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the mechanisms underlying the therapeutic effect of APD.

Research objectives

The aim of this study was to determine the polarization phenotypes of PMs
and the corresponding inflammatory responses in a rat model of SAP following
APD treatment and to explore the possible mechanism by which APD treatment
ameliorates SAP.

Research methods

The effect of APD on the polarization response of PMs was determined in an
SAP rat model induced by 5% Na-taurocholate retrograde injection and in a
peritoneal inflammatory environment simulated by adding peritoneal lavage to
culture medium in vitro. HE staining and measurement of the levels of amylase,
lipase, and inflammatory mediators were performed. The M1/M2 phenotype
ratio of PMs was identified by flow cytometry and RT-PCR. The distribution of
macrophages and their protein expression in the pancreas were determined by
immunofluorescence staining and Western blot.

Research results

APD treatment ameliorates SAP by significantly reducing the pathological
scores and the levels of amylase, lipase, tumor necrosis factor-a, and
interleukin (IL)-1p. Importantly, APD treatment polarizes PMs towards the M2
phenotype and increases the anti-inflammatory mediators IL-4 and IL-10 in
the peritoneal lavage. Furthermore, PMs exhibited a trend towards the M2
phenotype in a simulated peritoneal inflammatory environment in vitro. Finally,
APD treatment increased the number of M2 macrophages and upregulated the
expression of the anti-inflammatory protein Arg-1 in the pancreas of SAP rats.

Research conclusions

APD treatment exerts anti-inflammatory effects by regulating the M2 polarization
of PMs, providing novel insights into the mechanisms underlying its therapeutic
effect.

Research perspectives

Our study provided evidence for the first time that APD ameliorates
inflammation in rats with SAP by regulating PM M2 polarization. However, solid
evidence that APD polarizes PMs to the M2 phenotype and the underlying
molecular mechanism still need to be explored. Furthermore, future research
should focus on the effect of M2 macrophages on immune homeostasis
restoration and tissue repair in the injured pancreas.
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Abstract

AIM
To identify short-term and oncologic outcomes of
pelvic exenterations (PE) for locally advanced primary

December 7, 2018 | Volume 24 | Issue 45 |



rectal cancer (LAPRC) in patients included in a national
prospective database.

METHODS

Few studies report on PE in patients with LAPRC.
For this study, we included PE for LAPRC performed
between 2006 and 2017, as available, from the
Rectal Cancer Registry of the Spanish Association of
Surgeons [Asociacion Espafola de Cirujanos (AEC)].
Primary endpoints included procedure-associated
complications, 5-year local recurrence (LR), disease-free
survival (DFS) and overall survival (OS). A propensity-
matched comparison with patients who underwent
non-exenterative surgery for low rectal cancers was
performed as a secondary endpoint.

RESULTS

Eight-two patients were included. The mean age was 61.8
+ 11.5 years. More than half of the patients experienced
at least one complication. Surgical site infections were the
most common complication (abdominal wound 18.3%,
perineal closure 19.4%). Thirty-three multivisceral
resections were performed, including two hepatectomies
and four metastasectomies. The long-term outcomes of
the 64 patients operated on before 2013 were assessed.
The five-year LR was 15.6%, the distant recurrence rate
was 21.9%, and OS was 67.2%, with a mean survival of
43.8 mo. R+ve resection increased LR [hazard ratio (HR)
= 5.58, 95%CI: 1.04-30.07, Z = 0.04]. The quality of
the mesorectum was associated with DFS. Perioperative
complications were independent predictors of shorter
survival (HR = 3.53, 95%CI: 1.12-10.94, P = 0.03). In
the propensity-matched analysis, PE was associated with
better quality of the specimen and tended to achieve
lower LR with similar OS.

CONCLUSION

PE is an extensive procedure, justified if disease-free
margins can be obtained. Further studies should define
indications, accreditation policy, and quality of life in
LAPRC.

Key words: Pelvic exenteration; Advanced rectal cancer;
Colorectal surgery; Complication; Outcome

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

Core tip: Pelvic exenteration (PE) for locally advanced
primary rectal cancer (LAPRC) is associated with high
rates of perioperative adverse events, but the survival
benefit obtained when R-ve margins are achieved
outweighs this risk. In low LAPRC, PE achieved better
pathologic outcomes, resulting in a trend towards
reduced LR compared with non-exenterative procedures.

Pellino G, Biondo S, Codina Cazador A, Enriquez-Navascues JM,
Espin-Basany E, Roig-Vila JV, Garcia-Granero E, on behalf of
the Rectal Cancer Project. Pelvic exenterations for primary rectal
cancer: Analysis from a 10-year national prospective database.
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INTRODUCTION

Colorectal cancer is the fourth cause of cancer-related
death in United States™. A recent analysis of the SEER
programme concerning age-specific annual percent
change in incidence rates from 2000 to 2013 showed
that the incidence of rectal cancer and advanced
disease has slightly decreased, but it is less than that
of colon cancer®, Five-year survival is influenced by
tumour stage, ranging from 90% in cancer confined
to the primary site and 71% in those with local node
involvement to 14% in Stage IV*®\. One-third of newly
diagnosed rectal cancers in the United Kingdom will be
locally advanced at the time of diagnosis, accounting for
more than 4600 cases of cancer per year*?.,

Recent advances in the multimodal management
of patients with rectal cancer invading local structures
have led to an increase in the rate of patients amenable
to receive surgery along the anatomical planes after
neoadjuvant treatment. Nevertheless, a relatively high
number of patients might still be found with tumours
invading surrounding organs'*.

Pelvic exenteration (PE) is a technically demanding
procedure involving “en-bloc” excision of the rectum and
adjacent invaded organs, aiming at obtaining disease-
free resection margins. Over time, contraindications
to such a demolitive approach have been gradually
reduced as a result of perioperative patient conditioning,
increased surgical experience, and postoperative multidi-
sciplinary management”®”). Surgery beyond the total
mesorectal excision (TME) plane and involving sacrifice
of other pelvic organs for locally recurrent or advanced
rectal cancer has been analogous to a “sarcoma-like”
procedure!®®® during which several surgical teams
and specialties need to be involved. PE for rectal cancer
brings higher risks of complications, ranging from 25%
to 42%"%' with studies reporting higher rates when
PE for other-than-rectal cancers is included™. The
high incidence of complications is downplayed by the
survival benefits obtained by excision of the pelvic mass
with microscopically negative margins (R0)"***', Few
studies have focused on the outcomes of PE in locally
advanced primary rectal cancer (LAPRC), although
an increasing number of patients are being offered
this extensive procedure. A recent study of the PelvEx
Collaborative found that the median life expectancy after
curative PE for LAPRC surpasses 40 mo, but median
survival after resections with macroscopically involved
margins drops to less than one year™™¥,

As part of a national quality improvement programme
in the treatment of rectal cancer, the Spanish Association
of Surgeons [“Asociacion Espariola de Cirujanos” (AEC)]
started an online database™ in which all primary rectal
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Figure 1 Overall local recurrence after pelvic exenteration for locally
advanced primary rectal cancer.

cancers were prospectively included on a voluntary basis.
Data on patients undergoing PE were also recoded.

The aims of this study are to assess the short- and
long-term outcomes of PE for primary LAPRC in patients
included in the AEC registry and to compare the oncologic
results of PE with a matched group of patients treated
with non-exenterative TME during the study timeframe.

MATERIALS AND METHODS

This study complies with the STROBE statement for
observational studies™® (Flowchart in Supplementary
Figure 1; checklist available as uploaded STROBE
Statement). In 2006, the AEC established a national
audit project to improve the outcomes of rectal cancer
surgery. The project was named “Viking” because it was
inspired by the project from Norway"™”! and followed
the same principles™®. Between 2006 and 2017, 105
Spanish hospitals joined the online registry, with over
18000 patients included. The aim of this study was to
assess morbidity and long-term outcomes of PE for
LAPRC.

Inclusion and exclusion criteria

We included patients who underwent PE for LAPRC
between 2006 and 2017. The patients were only
included if they underwent surgery with curative intent.
For the survival analysis, only patients with a minimum
follow up of 5 years were evaluated.

The patients who were unfit for surgery, those who
underwent palliative surgery, those diagnosed with
other malignancies besides colonic malignancies, and
those with unsatisfactory information were excluded
from the analysis.

Endpoints and definitions

The primary aims of this study were: (1) short-term
morbidity and mortality of PE for LAPRC; (2) overall
5-year local recurrence (LR), disease-free survival (DFS),
and overall survival (OS). Secondary outcomes included

Baishidenge ~ WJG | www.wjgnet.com

oncologic outcomes after PE compared with patients in
the registry who underwent TME for distal rectal cancer
surgery during the same timeframe, with a propensity-
matched analysis.

The online database allows the investigators to
classify the type of intervention performed. Only “PE”
interventions were included in the analysis and consisted
of either posterior (removal of rectum, internal genital
organs in female) or total (removal of rectum and
bladder, in male and female). Indications for surgery and
perioperative management were not standardized before
starting the study, although most centres followed the
agreed-upon criteria™®.

Thirty-day complications were collected, and the
responsible collaborator at each centre updated the
data on oncologic outcome yearly™**”,

Specimen assessment and reporting have been
previously described!®?®*!1, Briefly, margins were
considered tumour-free if ho microscopic involvement
was seen at pathology. The circumferential resection
margin was considered involved if cancer cells were
found 1 mm or less from the margin®”. The quality of
the mesorectum and abdominoperineal excision was
scored using three grades as described by others!***?,

LR was defined as a mass near or at the same place
as the original tumour, after a period of time in which
the tumour was not detected. LR was included only if
an imaging exam proved the recurrence combined with
raised CEA.

DFS was defined as time to develop a distant
disease relapse that was not present or suspected at
primary surgery. Distant metastases included para-
aortic and inguinal nodes.

OS was defined as time to death for any reason.

Detailed definitions and scope of the registry have been
previously reported™***® (http://www.aecirujanos.es/
images/stories/recursos/secciones/coloproctologia/2015/
proyecto_vikingo/documentos/definiciones_proyecto_viki
ngo.pdf).

For the secondary aims, the group that was pro-
pensity matched with PE included all patients from the
database with low rectal cancer who underwent TME
surgery with abdominoperineal excision, extralevator
abdominoperineal excision, and low anterior resection
between March 2006 and December 2013.

Statistical analysis

Continuous variables are reported as the means %
standard deviations (SD), and categorical variables are
reported as the numbers with percentages (%).

For the secondary aims, the propensity-matched
analysis for complications was carried out based on the
following variables: American Society of Anesthesiologists’
(ASA) score, neoadjuvant treatment, and pT stage. Only
patients with cancer of the lower third of the rectum (0-6
cm from anal verge) who underwent curative TME surgery
were included.

Categorical variables were compared with Fisher’s
exact test and Chi square test as appropriate, whereas

December 7, 2018 | Volume 24 | Issue 45 |



Table 1 Demographic, preoperative, and surgical details for
82 pelvic exenterations 7 (%)

Variable Value
Age, yr 61.8 (11.5)
Gender
Male 54 (65.9)
Female 28 (34.1)
ASA score
I 3(3.7)
I 42 (51.2)
111 33 (40.2)
v 4(4.9)
Obstruction 5(6.1)
MRT
T3 13 (15.9)
T4 56 (68.3)
Missing 13 (15.9)
MR N
NO 11 (13.4)
N1 24 (29.3)
N2 35 (42.7)
Missing 12 (14.6)
Sphincters involved 22 (26.8)
Metastasis at presentation 7 (8.5)
Neoadjuvant treatment 59 (72)
Long course RT 3(5)
Long course CRT 41 (69.5)
CxT 4(6.8)
Short Course RT 4(6.8)
CxT followed by RT 7 (11.9)
Adjuvant treatment 54 (65.9)
CRT 6 (11.1)
CT 48 (88.9)
Perioperative transfusions, n 34(2)
Anastomosis 15 (18.3)
Synchronous metastasis resected 4(6.8)

Data are expressed as number of patients (%) or median (25-75 percentiles).
ASA: American Society of Anaesthesiologists; CRT: Chemoradiation
therapy; CxT: Chemotherapy; MR: Magnetic resonance; RT: Radiotherapy.

continuous variables were compared with Mann-Whitney
U test.

Kaplan-Meier survival curves were generated to
assess 5-year survival, and log rank test was used for
comparisons when applicable. Cox regression analysis
was used to identify predictors of LR, DFS, and OS,
including the following variables: resection margin
status, quality of mesorectum, neoadjuvant treatment,
adjuvant treatment, and perioperative complications.
The results are reported as hazard ratio (HR) with 95%
confidence intervals (95%CI). HR > 1 is associated with
increased risk. Patients lost at follow up were classified
as censored.

P values < 0.05 were considered statistically significant.
The Statistical Package for Social Sciences (SPSS version
24.0.0; IBM SPSS statistics, IBM Corporation, Armonk,
NY) was used for the descriptive analyses.

RESULTS

We analysed data on 82 patients undergoing PE for LAPRC
in 33 hospitals, with a mean number of procedures per

Baishidenge ~ WJG | www.wjgnet.com

Pellino G et a/. PE for LAPRC
hospital of 2.5 = 3.1 overall.

Baseline patient characteristics and surgical details
Demographics and perioperative features are sum-
marized in Table 1. The mean age of the patients was
61.8 £ 11.5 years, 65.9% were men, 34.1% were
women, and 45.1% were classified as ASA > III. Most
patients were staged as MRcT4 [T4 with magnetic
resonance (MR)] and had extensive nodal involvement.
The tumour was located in the proximal third of the
rectum (15-11 cm) in 18 (22%) patients, in the middle
third (10-7 cm) in 31 (37.8%) patients, and in the distal
third (6-0 cm) in 33 (40.2%) patients. Seven patients
underwent PE with concomitant distant metastases.
Neoadjuvant treatment was offered to 72% of patients
and included radiotherapy in 93% of them. No data were
available concerning time to surgery after treatment.

Fifty-four (65.9%) patients received postoperative
chemotherapy, which was associated with radiotherapy
in 6 (11.1%). An anastomosis was attempted in 15
patients. In the latter group, eight patients received
preoperative radiotherapy and postoperative treatment
was given in nine, including radiotherapy in two.

Thirty-three multivisceral resections were performed,
including two hepatectomies and four metastasectomies.
One liver lesion was treated with radiofrequency ablation.
One patient received peritonectomy.

Primary aim: Short-term outcomes and pathology
Perioperative death rates did not exceed 2.5%. More
than half of the patients experienced at least one
complication, and 10% required reoperation. Intra-
abdominal septic complications occurred in 10% of the
patients.

Surgical site infections affected the abdominal
wound in 18.3% and the perineal closure in 19.4% of
those who did not receive an anastomosis. Short-term
outcomes are reported Table 2.

Table 3 depicts pathological outcomes. Most cancers
were pT4b (36.6%), with significant reduction of cN2
rate in favour of pNO (40.2%) and pN1 (20.7%). The
mean number of isolated nodes was well over 12 and
rarely harboured cancer (in 25.6%). Nineteen patients
(23.2%) received R+ve resection - one with both
circumferential and distal margins affected.

Twenty percent of patients did not have any
response to preoperative neoadjuvant treatment, one
patient had complete pathological response (1.7%),
and the remaining patients had a different spectrum
of response (detailed in Table 3). The quality of
mesorectum was classified as “good” (complete)**** in
74.4% of patients.

Primary aim: Recurrence and survival
For the purpose of long-term outcomes, we excluded 18
patients who received PE after 2013, thereby analysing
64 patients.

The five-year LR was 15.6%, the distant recurrence
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Table 2 Short-term outcomes 77 (%)

Variable Value
Complications, any 45 (54.9)
Reoperation 8(9.8)
Perioperative death 2(24)
Sepsis 4 (4.9)
Abdominal Surgical Site Infection 15 (18.3)
Abdominal hernia 2(24)
Perineal Wound Complications 13/67 (19.4)
Intra-abdominal septic complications 8(9.8)
Injury to hollow viscera 2(2.4)
Tleus 9 (11)
Urinary tract complications 9 (11)
Pulmonary complications 8(9.8)
Neurological complications 2(24)
Multiorgan failure 2(24)
CVC infection 2(2.4)
Acute kidney failure 2(24)

Data are expressed as number of patients (%) or median (25-75
percentiles). CVC: Central venous catheter.

Table 3 Pathological outcomes and survival 7 (%)

Variable Value
pT
Tx 2(24)
TO 1(1.2)
T2 2(24)
T3a,b 6(7.3)
T3c,d 13 (15.9)
T4a 27 (32.9)
T4b 30 (36.6)
Missing 1(1.2)
pN
Nx 25 (30.5)
NO 33 (40.2)
N1 17 (20.7)
N2 6(7.3)
Missing 1(1.2)
Nodes isolated 15.5 (10.6)
Positive nodes 1.1 (0.4)
Resection margins involved 19 (23.2)
Response to neoadjuvant treatment (1 = 59)
Complete 1(1.7)
Islands of tumour cells 1(1.7)
Predominantly fibrotic 20 (33.9)
Predominantly tumour nests 21 (35.6)
No response 12 (20.3)
Missing 4 (6.8)
Quality of mesorectum™*)
Good/complete 61 (74.4)
Partially good/near complete 9 (11)
Bad/incomplete 8(9.8)
Missing 4 (4.9)

Data are expressed as number of patients (%) or median (25-75
percentiles).

rate was 21.9%, and OS was 67.2%, with a mean
survival of 43.8 mo (Figures 1-3). Oncologic outcomes
tended to be worse in pN+ patients in all dimensions,
although these differences did not reach statistical
significance.

The Cox regression analysis identified R+ve resection
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to increase the risk of LR (HR = 5.58, 95%CI: 1.04-30.07,
P = 0.04), and partially good or bad quality mesorectum
to predict shorter DFS (HR = 4.37, 95%CI: 1.02-18.65,
P = 0.04, and HR = 6.29, 95%CI: 1.2-32.94, P =
0.03, respectively). Perioperative complications were
independent predictors of shorter survival (HR = 3.53,
95%CI: 1.12-10.94, P = 0.03).

Secondary aims: Propensity-matched sub-analyses in
lower rectum

The propensity match analysis identified 51 patients
who received either PE (n = 26) or non exenterative
TME (n = 25) for primary adenocarcinoma of the
lower rectum. Patient characteristics are summarized
in Table 4. TME patients more frequently received an
anastomosis (3.8% vs 80%, PE vs TME, P < 0.001)
and were less likely to need transfusions (P = 0.035).
PE was associated with better quality of the specimen,
consisting of fewer R+ve resections and higher rates of
good quality mesorectum.

LR tended to be lower in patients who received PE
compared with TME (P = 0.34) (Supplementary Figure
2), with comparable OS (P = 0.96) (Supplementary
Figure 3).

DISCUSSION

The present study showed good survival following PE
for LAPRC in a cohort of patients included in a national
prospective database. The procedure brings a significant
risk of complications, occurring in 50% of patients, and
non-negligible perioperative death rates. Pathological
outcomes and long-term survival justify such extensive
operations. Negative resection margins were achieved
in 76.8% of patients and were associated with reduced
rates of LR. Complications impaired 5-year survival.
Comparing patients who underwent PE vs TME for
low rectal cancer, PE showed a trend towards better
specimen quality and lower rates of R+ve resection and
tended to have longer LR-free intervals.

Since the first description of PE for gynaecologic
cancer in 1948%?! the procedure has been adopted
with increasing success rates in patients with rectal
cancer®*****?1_ The PE of colorectal interest involves
“en bloc” resection of the cancer and of the surrounding
structures/organs, namely, the rectum, distal colon,
internal reproductive organs, draining lymph in posterior
PE (also known as composite resections) or bladder, lower
ureters, rectum, distal colon, sacrum, reproductive organs,
draining lymph nodes and peritoneum in total PE®**®,

Perioperative complications in our study were in
line with rates reported in the literature. A systematic
review® with 23 studies found that postoperative
complications ranged between 37% and 100% (median
57%) and that perioperative mortality ranged between
0% and 25% (median 2.2%) after PE for LAPRC and
recurrent cancer. The studies including all types of
pelvic malignancies reported a complication rate as
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Pelvic exenteration n = 26 Non-exenterative total mesorectal excision P value
n =25
Male 18 (58.1) 13 (52) 0.208
Age at surgery 63.1+8.6 62.3+13.7 0.794
ASA score 0.957
I 1(3.8) 1)
i 11 (42.3) 11 (44)
11 12 (46.2) 12 (48)
v 2(7.7) 14
Obstruction 1(3.8) 0 0.322
Neoadjuvant treatment 21 (80.8) 21 (84) 0.762
Adjuvant treatment 19 (73.1) 21 (84) 0.343
Anastomosis 1(3.8) 20 (80) <0.001*
T Stage 0.913
pT3a,b 1(3.8) 14
pT3c,d 6(23.1) 6 (24)
pT4a 7 (26.9) 7 (28)
pT4b 11 (42.3) 11 (44)
pTx 1(3.8) 0
Resection margins involved 5(19) 7 (28) 0.426
Perforation 2(7.7) 4 (16) 0.357
Transfusions 26+24 112+24 0.035"
Quality of the mesorectum™*” 0.351
Good/Complete 16 (69.6) 13 (52)
Partially good/Nearly complete 4 (17.4) 8(32)
Bad/Incomplete 3 (13) 4 (16)
°P: statistically significant. ASA: American Society of Anaesthesiologists.
Disease-free survival Overall survival
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Figure 2 Overall disease-free survival after pelvic exenteration for locally
advanced primary rectal cancer.

high as 64%!®. In more recent series, complications
occurred in 27.7% to 42.2% of patients who underwent
PE for LAPRCY'**?! TIrrespective of ASA score, the
rate of patients developing serious complications
might be similar to that observed after TME anterior
resection™*®, In our series, the rate of patients who
developed complications needing reintervention was
10%. Surgeons willing to set up units dedicated to PE
need to be prepared to long postoperative stays and
significant morbidity, even in experienced hands**;
early diagnosis and proactive management will be
important to reduce their effects. Hsu et al*'! have
discarded any influence of perioperative complications
on survival after LAPRC surgery, but in our series,
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Figure 3 Overall survival after pelvic exenteration for locally advanced
primary rectal cancer.

complications were independently associated with
shorter life expectancy (HR = 3.53, 95%CI: 1.12-10.94,
P = 0.03). These findings need to be carefully evaluated
in the context of surgeon-specific outcomes®®* and
learning curves associated with PE*®, and any attempt
should be made to reduce complications, e.g., being
very selective in performing anastomosis and including
a dedicated anaesthetist in the multidisciplinary team to
allow for patient optimization®™*%3”,

The rate of R+ve resection in our study was similar
to other reports but likely improvable. Combined with
the quality of the excised specimen, it represents a
reliable surrogate marker for LR and survival after
PE!®”5%] The number of lymph nodes harvested in
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specimens from patients who underwent neoadjuvant
treatment is matter of debate in the vast majority
of cases, and the PelvEx collaborative found it to be
significantly associated with survival™. The mean
number of nodes isolated from the specimen was
higher than 12, which is the minimum acceptable
number for TME. However, in this series, the effect on
oncologic outcome was less obvious when comparing
pN+ and pN- patients. Given the importance of pT and
pN status in colorectal cancer, this issue needs to
be further investigated in LAPRC. We confirmed that R
status was an independent predictor of LR, which was
impaired by five-fold in the event of positive resection
margins. Statistical significance was maintained even
if we observed a wide CI; cautious interpretation is
needed, but the clinical relevance is unquestioned.
Kontovounisios et al* analysed the performance of
dedicated PE MDT at a single unit, and they achieved
an RO rate of 93% by the last year of their report.
Interestingly, there was an inverse relation between
the number of referrals (increasing over time) and the
relative number of procedures performed (decreasing).
This outcome resulted from better patient selection and
better surgical timing in the context of multidisciplinary
treatment. Other series reported rates of R+ve
resections similar to the one in our analysist™"*.,

OS after PE for LAPRC is intertwined with the
radicality of resection and recurrence®'?. The largest
international, prospective study on PE for LAPRC included
1291 patients from 14 countries and showed a median
5-year survival of 43 months. The rate of patients who
were alive at 5-year follow up from our database was
67.2%, which is at or above the upper limit of the ranges
reported in the literature®'#?**%, Reasons that could
justify this finding include surgery probably not being
offered to patients who might have been operated on
in other centres with a more aggressive policy, e.g.,
patients with pelvic bone involvement. According to the
beyond TME collaborative!*®, only poor performance
status/medically unfit patients, bilateral sciatic nerve
involvement and circumferential bone involvement
should be considered absolute contraindications to
surgery. A more conservative approach in patients from
the database appears to be a reasonable option. Another
reason could be early referral to hospitals with dedicated
units. Lastly, individual investigators might have decided
not to include patients with more complex disease and
predictable poorer outcomes.

The ideal management of patients with LAPRC arising
in the lower rectum is still a matter of debate. Given
the excellent results in terms of tumour clearance and
quality of life achieved with TME, mutilating approaches
such as PE are deemed overtreatment in many patients.
However, this part of the rectum is associated with higher
rates of complications, and optimizing the outcomes
of surgery for LAPRC of the lower third is still matter of
research®>*®, After adjusting two groups of patients with
a propensity-matched analysis, we observed a trend
towards better specimen quality and increased LR-free
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intervals with similar OS. These findings need further
evaluation and should be considered when planning
future studies on PE or involving low rectal cancers.

Limitations

This study has several limitations, and our findings
should be interpreted with caution. Voluntary inclusion
of patients in registries might account for a selection
bias, even if they are prospective. The analysis covered
a 10-year timeframe and included patients operated on
different centres. Multidisciplinary patient management
is crucial in PE®, and variability between hospitals could
not be removed. However, there are no universally
agreed-upon guidelines to indicate or contraindicate
PE in LAPRC, despite the latest available beyond-TME
Collaborative position paper, which advocated the need
for further research on the topic as a matter of priority™.
No validation of the data was planned. LR was dia-
gnosed by raising CEA associated with imaging proving
recurrence, and this might have underestimated the
actual incidence. Quality of life was not available in this
study. Health-related quality of life and social function are
of paramount importance in patients who are candidates
for PE and should be considered an important endpoint
of LARC surgery. The stressful experience that patients
and families go through after receiving a diagnosis
and when they are forced to face an advanced and
aggressive disease is made even more difficult when
the perspectives of the necessity of a definitive stoma
(sometimes more than one) are considered. However,
no dedicated questionnaires or assessments have been
proposed and validated in this group of patients and
should therefore be considered a research priority.

This study has strengths. Limited series of PE for
LAPRC have been reported, and the findings described
herein represent the second largest study with 5-year
follow up available after the PelvEx Collaborative study.
We suggested that patients with LAPRC of the lower third
might benefit from a more aggressive surgical approach,
and future studies could be designed to confirm the
survival advantage in this group of patients. Some
centres advocated PE in patients with liver metastases.
The numbers were too small to conduct sub-analyses,
and results could be misleading. Interestingly, distant
metastases are usually a contraindication to PE in most
referral centres'™. As per the available position paper,
LAPRC with metastases amenable to resection could
benefit from PE, on the condition that a dedicated
MDT agrees to the indication. In agreement with the
statements of the beyond TME Collaborative!’), the
outcomes of PE should be separately reported, and our
manuscript only included this homogeneous group of
patients.

PE is an extensive procedure with significant rate of
perioperative adverse events. The analysis of a national
database on LAPRC treated with PE over 10 years
confirmed the survival benefit of the procedure, which
overwhelms the morbidity and mortality associated
with it. The rates of LR, DFS and OS were in line with
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most of the reported studies, but any effort should be
made to improve these results (e.g., via centralization,
adherence to prospective registries and auditing,
dedicated training). Disease-free resection margins (R0)
comprise the aim of surgery, as they predict LR. PE
should be carried out in dedicated units under the care
of MDT to reduce or promptly treat complications, which
impair long-term survival.

Compared with non-exenterative TME surgery, PE
was associated with longer disease-free intervals and
achieved similar OS in patients with LAPRC for low
rectal cancer.

Further studies are needed to clarify patient selection
pathways and referral centre accreditation policies, and
to assess quality of life after PE.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer is the fourth cause of death caused by cancer according to
reports from the United States. Up to 33% of rectal cancers might present as
locally advanced, requiring multidisciplinary approaches. Pelvic exenteration
(PE) combined with multimodal treatment has resulted in increased survival in
this population of patients, but there remains a need for further reports in the
literature concerning the management of patients with primary locally advanced
rectal cancer.

Research motivation

Previous studies suggested that an aggressive approach, with surgery
combined with other treatment modalities, might confer good outcome in terms
of tumour clearance and survival in locally advanced primary rectal cancer
(LAPRC). Few reports have been published detailing the outcome of nationwide
databases.

Research objectives

This study aimed to investigate the outcome of PE for primary rectal cancer
in patients included in the National Spanish Association of Surgeons Rectal
Cancer Registry.

Research methods

This is a retrospective, observational study drafted according to the STROBE
statement. Patients who underwent PE for LAPRC between 2006 and 2017 and
who were registered in the Spanish Registry of Rectal Cancer of the Spanish
Association of Surgeons were included if surgery was performed with curative
intent and if 5-year follow up had been completed.

Short-term morbidity and mortality of the procedure and 5-year oncologic
outcome represented the primary aims of this study. Secondary aims included a
comparison of outcomes with @ matched group of patients from the registry who
underwent non-exenterative surgery for low rectal cancer during the same time
frame.

Research results
PE were associated with perioperative mortality in approximately 2.5% of
patients, and perioperative morbidity was common. More than 50% of patients
had at least one complication, which required reoperation in 10%. Up to 10% of
patients suffered from intra-abdominal septic complication. Wound-associated
complications at the perineum were common, almost reaching 20%. The rate of
resections with margins that involved tumours was 23%, and good quality of the
mesorectum was achieved in 74% of specimens.

Oncologic outcome was acceptable, with good life expectancy provided
a free-free resection margin had been achieved. An involved margin was
independently associated with increased risk of local recurrence [hazard
ratio (HR) = 5.58, 95%CI: 1.04-30.07, P = 0.04]. Survival was impaired by
perioperative complications [HR = 3.53, 95%Cl: 1.12-10.94, P = 0.03].

In terms of comparison with non-exenterative procedures, the latter were

Baishidenge ~ WJG | www.wjgnet.com

Pellino G et a/. PE for LAPRC

associated with fewer blood transfusions (P = 0.035) and more anastomoses (P <
0.001). However, resections with involved margins were less common after PE.

Research conclusions

PE is an extensive procedure with a significant rate of perioperative adverse
events. However, our analysis of patients with LAPRC treated with this
procedure over 10 years confirmed that the survival benefits justify an
aggressive attitude, provided that oncologic clearance is achievable. These
procedures must be performed in a dedicated unit, and patients be managed
under the care of multidisciplinary teams.

Research perspectives

An aggressive attitude could confer a significant survival gain in carefully
selected patients with LAPRC. The use of national and International registries
is of great value to monitor the performance of centres dealing with PE and
internal auditing; therefore, their use should be encouraged.
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Abstract

AIM

To identify the clinicopathological characteristics of
pT1NO esophageal squamous cell carcinoma (ESCC)
that are associated with tumor recurrence.

METHODS

We reviewed 216 pT1NO thoracic ESCC cases who
underwent esophagectomy and thoracoabdominal
two-field lymphadenectomy without preoperative
chemoradiotherapy. After excluding those cases with
clinical follow-up recorded fewer than 3 mo and those
who died within 3 mo of surgery, we included 199 cases
in the current analysis. Overall survival and recurrence-
free survival were assessed by the Kaplan-Meier method,
and clinicopathological characteristics associated with any
recurrence or distant recurrence were evaluated using
univariate and multivariate Cox proportional hazards

JBaishideng® W]G I WWW.ngnet.COm

models. Early recurrence (< 24 mo) and correlated
parameters were assessed using univariate and
multivariate logistic regression models.

RESULTS

Forty-seven (24%) patients had a recurrence at 3
to 178 (median, 33) mo. The 5-year recurrence-free
survival rate was 80.7%. None of 13 asymptomatic
cases had a recurrence. Preoperative clinical symptoms,
upper thoracic location, ulcerative or intraluminal mass
macroscopic tumor type, tumor invasion depth level,
basaloid histology, angiolymphatic invasion, tumor
thickness, submucosal invasion thickness, diameter
of the largest single tongue of invasion, and complete
negative aberrant p53 expression were significantly
related to tumor recurrence and/or recurrence-free
survival. Upper thoracic tumor location, angiolymphatic
invasion, and submucosal invasion thickness were
independent predictors of tumor recurrence (Hazard
ratios = 3.26, 3.42, and 2.06, P < 0.001, P < 0.001, and
P = 0.002, respectively), and a homogram for predicting
recurrence-free survival with these three predictors
was constructed. Upper thoracic tumor location and
angiolymphatic invasion were independent predictors
of distant recurrence. Upper thoracic tumor location,
angiolymphatic invasion, submucosal invasion thickness,
and diameter of the largest single tongue of invasion
were independent predictors of early recurrence.

CONCLUSION

These results should be useful for designing optimal
individual follow-up and therapy for patients with TINO
ESCC.

Key words: Esophageal squamous cell carcinoma;
Tumor recurrence; Lymph node negative esophageal
cancer; Recurrence-free survival; Clinicopathological
parameters

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

Core tip: Recurrences of pT1INO esophageal squamous
cell carcinoma (ESCC) after esophagectomy are
usually metachronous regional lymph node or distant
metastases. We analyzed 199 thoracic pT1NO ESCC cases
who underwent esophagectomy and thoracoabdominal
two-field lymphadenectomy. Forty-seven (24%) patients
had a recurrence during 3 to 178 (median, 33) mo.
Upper thoracic tumor location, angiolymphatic invasion,
and submucosal invasion thickness were independent
predictors of tumor recurrence, and a nomogram for
predicting recurrence-free survival with these three
predictors was constructed. These results should be
useful for designing optimal individual follow-up and
therapy for patients with TINO ESCC.

Xue LY, Qin XM, Liu Y, Liang J, Lin H, Xue XM, Zou SM,
Zhang MY, Zhang BH, Hui ZG, Zhao ZT, Ren LQ, Zhang YM,
Liu XY, Yuan YL, Ying JM, Gao SG, Song YM, Wang GQ,
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is one of
the most common fatal malignancies worldwide, and
is especially common in East Asia, including China and
Japan. The prognosis of superficial (T1) ESCC is poor,
compared with T1 gastric or colorectal cancer. The long
longitudinally arranged collecting channels and plexuses
of lymphatics in the esophageal submucosa account for
the clinical observation that T1 esophageal cancer can
metastasize not only to the mediastinal lymph nodes,
but also to the cervical and abdominal lymph nodes far
distant from the primary tumor, and to distant organs
as well™,

The presence of metastasis is the most important
prognostic factor for ESCC. The unfavorable prognosis
of patients with T1 ESCC is largely due to high rates
of both synchronous and metachronous metastases.
Recurrences of T1 ESCC after esophagectomy are
usually metachronous regional lymph node or distant
metastases, and are only infrequently due to anastomotic
recurrences. When recurrence occurs, the prognosis
is similar in patients who were node-negative or node-
positive at the time of the original surgery™. Therefore,
patients found to have a high risk of recurrence after
esophagectomy need additional chemoradiotherapy.
However, only a few studies have evaluated the
clinicopathological characteristics associated with an
increased risk of a postoperative recurrence in pT1NO
ESCC patients. These studies have shown that invasion
depth of the primary tumor, lymphovascular invasion,
histologic grade, and tumor length are associated
with a high risk of recurrence®®®. No previous studies
have separately evaluated the clinicopathological
characteristics that are associated with distant recurrence
or early recurrence in pT1NO ESCC patients.

We previously reviewed 271 T1 ESCC esophagectomy
cases, and established a set of clinicopathological and
immunohistochemical indicators to identify patients
with a high risk of synchronous regional lymph node
metastasis’®). However, recurrence was observed in quite
a few pT1NO ESCC cases. Thus, the identification of pT1NO
cases at high risk for recurrence is a very important
and challenging aspect of the clinical management of
these patients, to ensure appropriate use and maximum
benefit of additional therapies. In the present study,
we followed 199 pT1NO thoracic ESCC cases in our
original esophagectomy case series and investigated the
clinicopathological characteristics that were associated
with recurrence, distant recurrence, and early recurrence,
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in order to provide clues to optimal individual therapy.

MATERIALS AND METHODS

Patients and surgical procedures
Two hundred and sixteen pT1NO thoracic ESCC patients
received esophagectomy with thoracoabdominal lympha-
denectomy, without preoperative chemoradiotherapy, at
National Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, between
February 1990 and January 2004. After excluding those
cases with clinical follow-up recorded fewer than 3 mo
(n = 12) and those who died within 3 mo of surgery
(operative death, n = 5), we included 199 cases in the
current analysis.

For lesions in the upper third of the thoracic segment,
a three-phase abdominothoracic McKeown resection was
generally performed through a right thoracotomy. For
lesions in the middle and lower thirds, esophagectomy
was performed on the left side using a single-incision
Sweet approach. The tumor location was defined by the
position of the center of the largest invasive lesion of
each case (continuous invasive tongues were considered
as one invasive lesion, but discontinuous invasive
tongues separated by normal or dysplastic mucosa
were considered as multiple invasive lesions). This
study was approved by the Institutional Review Board
of the National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College (NCC
2014 G-47), and interpretation of anonymized data was
exempted from review by the Office of Human Subject
Research Protection of the NIH.

Macroscopic tumor types

Macroscopic tumor types were defined as we previously
described™.. Briefly, we classified the lesions into six
types, occult type (Paris classification 0-IIb), erosive
type (Paris classification 0-IIc or O-IIa + IIc), papillary
type (Paris classification 0-Ip), plaque-like type (Paris
classification 0-Is or 0-IIa), ulcerative type (Paris
classification O-III or O-III + I), and intraluminal mass
(fungating) type (Paris classification 0-Ip)!®*l, The
difference between the papillary type and the intraluminal
mass type is that the largest diameter is < 3 cm and = 3

cm, respectively™.

Standard histopathological variables
All histopathological variables were first reviewed and
graded independently by three pathologists (LX, SZ,
and LR), and discordant cases were reviewed jointly
until a consensus was reached. For the patients with
multicentric esophageal carcinomas, the histopathological
factors for the lesion with the greatest invasion depth
were evaluated™.

Maximum depth of invasion was classified into five

levels: m2 (lamina propria mucosae), m3 (muscularis
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mucosae), sm1, sm2, and sm3 (superficial, middle, and
deep thirds of the submucosa, respectively). Degree of
differentiation was classified as well, moderate, poor,
basaloid or spindle cell/sarcomatoid**,

Measured histopathological variables

Tumor thickness (from the surface to the deepest
invasive front of cancer nests), submucosal invasion
thickness (from the bottom of the muscularis mucosae
to the deepest invasive front of the cancer nests), and
the diameter of the largest single tongue of invasion
were measured microscopically. Submucosal invasion
thickness was measured in submucosal cases, and
defined as 0 in mucosal cases.

In our previous study™, 3000 um for tumor thickness,
2000 pm for submucosal invasion thickness, and 2 cm
for the diameter of the largest single tongue of invasion
were found to be the best cut points for predicting lymph
node metastasis. Thus, we also used these cut points for
categorizing these measurements in this study.

Tissue microarray construction and
immunohistochemistry

Details of the tissue microarray construction and the
immunohistochemical staining and scoring for Cyclin
D1, EGFR, and VEGF have been described previously™.
We rescored p53 expression into three groups: weak or
patchy (wild type), complete loss (nonsense, frameshift,
or splice-site mutation type), and diffuse and strong
(missense mutation type). The latter two groups were
considered as aberrant p53 expression*®.. In the present
study, the correlation between the expression levels of
these four markers and tumor recurrence was further
analyzed in the pT1NO cases.

Follow-up

Follow-up and mortality data were mainly gathered from
clinical notes. Patients were evaluated at return visits
every 3 mo during the first 2 years after treatment,
every 6 mo for the following 3 years, and annually
thereafter according to hospital policy. At each visit,
physical examination, endoscopic examination, and CT
scan of the cervix, chest and abdomen were performed.
Suspicious recurrences were biopsied. Confirmation of
recurrence required imaging or pathological evaluation.
Information about tumor recurrence was updated every
time the patient came for a follow-up visit. For those
patients who did not come for a follow-up visit, data
were gathered by phone calls, and/or mail contact with
patients or their next of kin. The patients were followed
for a median of 72 mo and a maximum period of 263
mo.

Overall survival time was recorded as the number
of months from the date of surgery to the date when
death occurred, or to the time of last follow-up, at which
point, the data were censored. Recurrence-free survival
time was recorded as the number of months from the
date of surgery to the date when recurrence occurred,

Baishidenge ~ WJG | www.wjgnet.com

or to the time of last follow-up, at which point, the data
were censored.

Four cases underwent radiotherapy after esopha-
gectomy, due to upper resection margins being involved
by high grade dysplasia or as part of a randomized
clinical trial.

Statistical analysis

Continuous variables such as age, tumor thickness,
and submucosal invasion thickness were analyzed after
categorization.

Overall and recurrence-free survival rates were
calculated and survival curves were constructed using
the Kaplan-Meier method, with significance evaluated
by the log-rank test. The associations between clini-
copathological characteristics and any recurrence or
distant recurrence were determined using univariate
Cox proportional hazards analysis. A backward stepwise
multivariate Cox proportional hazards analysis was
applied for factors achieving a significance level of 0.05
in univariate analysis. Hazard ratios (HRs) with 95%
confidence intervals (CIs) were reported.

The associations between clinicopathological para-
meters and early recurrence (< 24 mo after surgery)
were evaluated similarly, except using logistic regression
analysis.

All the above statistical analyses were performed
using SPSS 16.0 for Windows (SPSS, Chicago, IL,
United States), with a significance level of 0.05 on two-
tailed P-values.

A nomogram based on independent predictors for
the recurrence-free survival identified by multivariate
Cox proportional hazards analysis was constructed
using the rms package in R 3.4.2 software.

RESULTS

Clinicopathological features

The clinicopathological features of the 199 pT1NO ESCC
patients are shown in Table 1. Seventy-one percent of
the patients were men. The average age was 56 years,
the median age was 57 years, and the age range was
34-77 years. Seventy-two percent of the tumors were
found in the middle thoracic region. For all of the 199
patients, a total of 3197 lymph nodes (median, 14)
were dissected.

Overall survival and recurrence-free survival

The 5-year and 10-year overall survival rates were
81.4% and 76.4%, respectively (Figure 1). Forty-
seven (24%) patients had documented recurrences.
These recurrences occurred during 3-178 mo, with a
median of 33 mo. The 5-year and 10-year recurrence-
free survival rates were 80.7% and 71.9%, respectively
(Figure 1). Mediastinal lymph nodes (21 patients, 11%)
were the most frequent site of recurrence, followed by
cervical lymph nodes (19 patients, 10%, with 8 left, 10
right, and 1 bilateral) (Table 2).
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Table 1 Summary of clinical, endoscopic, and histopathological characteristics of the 199 pT1NO esophageal squamous cell

carcinoma patients 7 (%)

Characteristic Patients
Clinical variable
Sex Male 142 (71)
Female 57 (29)
Age (yr) <60 121 (61)
=60 78 (39)
Symptoms No 13 (7)
Yes 186 (93)
Endoscopic variable
Tumor location Upper thoracic 31 (16)
Middle thoracic 143 (72)
Lower thoracic 25 (13)
Tumor size (measured endoscopically) <2cm 59 (30)
>2cm 140 (70)
Macroscopic tumor type Erosive 73 (37)
Papillary 26 (13)
Plaque-like 79 (40)
Ulcerative 9(5)
Intraluminal mass 12 (6)
Standard histopathological variable
Tumor invasion depth level m2 21 (11)
m3 26 (13)
sm1 18 (9)
sm2 45 (23)
sm3 89 (45)
Degree of differentiation Well 39 (20)
Moderate 76 (38)
Poor 56 (28)
Basaloid 19 (10)
Spindle cell/sarcomatoid 9(5)
Angiolymphatic invasion No 172 (86)
Yes 27 (14)
Multicentric invasive lesions No 183 (92)
Yes 16 (8)
Number of lymph nodes dissected <14 90 (45)
>14 109 (55)
Measured histopathological variables
Tumor thickness <3000 pm 85 (43)
23000 ym 114 (57)
Submucosal invasion thickness 0 47 (24)
0-2000 pm 85 (43)
22000 pm 67 (34)
Diameter of the largest single tongue of invasion <2cm 134 (67)
>2cm 65 (33)
Immunohistochemical staining'
P53 Complete loss 50 (39)
Weak, patchy 41 (32)
Diffuse, strong 37 (29)
Cyclin D1 - 38 (30)
1+ 39 (31)
2+ 49 (39)
EGFR - 52 (41)
1+ 44 (34)
2+ 32 (25)
VEGF - 54 (44)
1+ 34 (28)
2+ 35 (28)

!Available in tissue microarray cases.

Analysis of factors predicting tumor recurrence

Using the Kaplan-Meier method, preoperative clinical
symptoms, tumor location, macroscopic tumor type,
tumor invasion depth level, degree of differentiation,
angiolymphatic invasion, tumor thickness, submucosal

Baishidenge ~ WJG | www.wjgnet.com

invasion thickness, and diameter of the largest single
tongue of invasion were significantly associated with
recurrence-free survival (P < 0.05) (Table 3).

In univariate Cox regression, upper thoracic tumor
location, ulcerative or intraluminal mass macroscopic
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Table 2 Sites of recurrence in the 199 pT1NO esophageal squamous cell carcinoma patients 77 (%)

Site of recurrence Total patients

Patients by tumor location

Patients by macroscopic tumor type

with recurrence “yjpner thoracic Middle thoracic Lower thoracic

Ulcerative or Erosive, papillary, or

(n = 31) = 143) (n = 25) intraluminal (7 = 21) plaque-like (» = 178)
Local-regional recurrences' 33 (17) 15 (48) 14 (10) 4 (16) 8 (38) 25 (14)
Anastomosis 3(2) 3 (10) 0 0 2 (10) 1@
Cervical node 19 (10) 10 (32) 7 (5) 2(8) 4(19) 15 (8)
Mediastinal node 21 (11) 9(29) 9 (6) 3(12) 8 (38) 13 (7)
Abdominal node 0 0 0 0 0 0
Distant recurrences' 16 (8) 5 (16) 8 (6) 3(12) 4(19) 12 (7)
Lung 7 (4) 2 (6) 5(3) 0 1(5 6(3)
Liver 2(1) 1(3) 0 1(4) 0 2(1)
Bone 6(3) 0 4(3) 2(8) 2 (10) 4(2)
Brain 1(0) 1(3) 0 0 0 1(1)
Pleura 3(2) 2(6) 1(1) 0 15 2(1)
Distant node 0 0 0 0 0 0
Multiple site recurrences 15 (8) 7 (23) 6 (4) 2(8) 5 (24) 10 (6)
Mediastinal node and bone 2(1) 0 1(1) 1(4) 1(5) 1(1)
Mediastinal node, cervical node, 1(1) 0 0 1(4) 0 1(1)
and bone
Mediastinal node, pleura, and 1(1) 0 1(1) 0 0 1(1)
bone
Mediastinal node and cervical 3(1) 2 (6) 1(1) 0 1(5) 2(1)
node
Cervical node and lung 1(1) 0 1(1) 0 0 1(1)
Mediastinal node, cervical node, 1(1) 1(3) 0 0 1(5) 0
and anastomosis
Mediastinal node, cervical node, 1(1) 1(3) 0 0 1(5) 0
anastomosis, and pleura
Mediastinal node, cervical node, 2(1) 1(3) 1(1) 0 1(5) 1@
and lung
Cervical node, bone, and lung 1(1) 0 1(1) 0 0 1(1)
Mediastinal node, liver, and lung 1(1) 1(3) 0 0 0 1(1)
Mediastinal node and brain 1(1) 1(3) 0 0 0 1(1)
Unknown sites 10 (5) 1(3) 8 (6) 1(4) 1(5) 9 (5)
Total recurrences 47 (24) 16 (52) 25 (17) 6 (24) 10 (48) 37 (21)

Including the patients with multiple site recurrences.

tumor type, invasion depth level, basaloid histology,
angiolymphatic invasion, tumor thickness, submucosal
invasion thickness, diameter of the largest single tongue
of invasion, and complete loss of p53 expression were
significantly associated with tumor recurrence (P <
0.05) (Table 3). In multivariate Cox regression, upper
thoracic tumor location, angiolymphatic invasion, and
submucosal invasion thickness were independent
significant predictors of recurrence (Table 4).

A nomogram for predicting tumor recurrence with
these three independent significant predictors is shown
in Figure 2. The nomogram had a concordance index of
0.752.

Analysis of factors predicting distant tumor recurrence
Sixteen cases had well-documented distant recurrences.
The lung (7 patients, 4%) was the most frequent site of
distant recurrence, followed by the bone (6 patients, 3%)
(Table 2). The time to distant recurrence ranged from
3-192 mo, with a median of 39 mo.

In univariate Cox regression, upper thoracic tumor
location, ulcerative or intraluminal mass macroscopic
tumor type, basaloid histology, and angiolymphatic
invasion were significantly associated with distant
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recurrence (P < 0.05). In multivariate Cox regression,
upper thoracic tumor location and angiolymphatic inva-
sion were independent predictors of distant recurrence
(Table 5).

Analysis of factors predicting early tumor recurrence
Among the 47 cases with recurrences, 18 (38%) had
early recurrences (< 24 mo after surgery).

In univariate logistic regression, upper thoracic
tumor location, ulcerative or intraluminal mass mac-
roscopic tumor type, angiolymphatic invasion, tumor
invasion depth level, tumor thickness, submucosal
invasion thickness, and diameter of the largest single
tongue of invasion were significantly associated with
early recurrence (P < 0.05). Multivariate logistic
regression showed that upper thoracic tumor location,
angiolymphatic invasion, submucosal invasion thickness,
and diameter of the largest single tongue of invasion
were independent predictors of early recurrence (Table 6).

DISCUSSION

We previously analyzed pT1 ESCC esophagectomy
cases to identify predictors of synchronous regional
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Figure 1 Survival curves of patients with pTINO esophageal squamous cell carcinoma. A: Overall survival curve. The 5-year and 10-year overall survival rates
were 81.4% and 76.4%, respectively. B: Recurrence-free survival curve. The 5-year and 10-year recurrence-free survival rates were 80.7% and 71.9%, respectively.
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Figure 2 Nomogram for predicting the probability of recurrence-free survival of pTINO esophageal squamous cell carcinoma. The nomogram has eight rows.
The first row is the point assignment for each variable. For each individual patient, each variable is assigned a point value in accordance with the clinicopathological
characteristics (rows 2-4, angiolymphatic invasion, submucosal invasion thickness, and tumor location) by delineating a vertical line between the exact variable
value and the point assignment line. Thereafter, the Total Points (row 5) can be obtained by summing all of the assigned points for the three variables. Finally, the
probability of 2-, 5-, and 10-year RFS (recurrence-free survival) can be predicted by drawing a vertical line between the Total Points and the probability rows (rows 6-8,
respectively).

lymph node metastatsis™. In the present study, we resection had not been performed yet in our hospital.

followed the pT1NO thoracic ESCC cases further, for a Consistent with our previous observation that all
median of 6 years, and investigated the risk of tumor asymptomatic cases had no lymph node metastases,
recurrence and parameters predicting tumor recurrence. these cases also had no recurrence in our follow-up

We studied the cases before 2004 when the endoscopic period. ESCC has a very good prognosis if detected when
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Table 3 Relationship of clinicopathological parameters with recurrence-free survival and tumor recurrence in the 199 pT1NO

esophageal squamous cell carcinoma patients 7 (%)

Parameter Total  Recurrences Kaplan-Meier analysis Univariate Cox proportional hazards analysis
5-yr RFS (%) 10-yr RFS  P-value HR 95%Cl Global P P-for-trend
(%)
Clinical variable
Sex Male 142 33 (23) 81 71.6 0.97 1
Female 57 14 (25) 80 727 1.011  0.54-1.89 0.97
Age (yr) <60 121 28 (23) 79.2 741 0.6 1
=60 78 19 (24) 829 66.4 117 0.65-2.10 0.6
Symptoms No 13 0 100 100 0.03 1
Yes 186 47 (25) 79.2 69.8 2354 0282017 016
Endoscopic variable
Tumor location Upper thoracic 31 15 (48) 55.9 44.7 <0.001 3.46 1.83-6.54 <0.001
Middle thoracic 143 26 (18) 85.2 78.5 1
Lower thoracic 25 6 (24) 86.5 65.4 1.49 0.61-3.63 0.38
Tumor size <2cm 59 16 (27) 79.3 69.7 0.53 1
(endoscopically) >2cm 140 31 (22) 81.2 73 0.82 0.45-1.51 0.53
Macroscopic Erosive 73 12 (16) 87.2 78 0.001 1
tumor type Papillary 26 4 (15) 90.2 90.2 0.98 0.32-3.06 0.98
Plaque-like 79 21 (27) 75.8 68.6 1.64 0.81-3.25 0.13
Ulcerative 9 6 (67) 5813 26.7 6.06  226-1626 <0.001
Intraluminal mass 12 4 (33) 74.1 49.4 394  1.26-1232  0.02
Standard histopathological variable
Tumor invasion depth m2 21 1(5) 94.1 94.1 0.04 1.52 1.14-1.97 0.004
level m3 26 3(12) 96.2 88.1
sml 18 4(22) 81.4 81.4
sm2 45 11 (25) 83.8 74.8
sm3 89 28 (31) 70.6 58.6
Degree of Well 39 10 (26) 79.5 65 0.02 1
differentiation Moderate 76 15 (20) 84.7 82 0.73 0.33-1.63 0.44
Poor 56 13 (23) 80.7 67.8 0.92 0.40-2.11 0.92
Basaloid 19 8 (42) 58.3 E5) 2.88 1.13-7.38 0.03
Spindle cell/ 9 1(11) 88.9 88.9 0.54 0.07-4.21 0.55
sarcomatoid
Angiolymphatic No 172 33 (19) 84.6 75.3 <0.001 1
invasion Yes 27 14 (52) 55.4 49.9 3.48 1.85-6.52 <0.001
Multicentric invasive No 183 45 (25) 80.2 70.9 042 1
lesions Yes 16 2(13) 86.5 86.5 0.56 0.14-2.32 0.42
Number of lymph <14 90 24 (27) 72.7 70.2 0.25 1
nodes dissected >14 109 23 (21) 872 73.8 0.72 0.41-1.27 0.26
Measured histopathological variable
Tumor thickness <3000 pm 85 13 (15) 90 79.3 0.005 1
23000 pm 114 34 (30) 73.2 65.7 241 1.27-456  0.007
Submucosal 0 47 4(9) 95.5 90.5 0.001 2.24 1.44-3.46 <0.001
invasion thickness 1-2000 pm 85 19 (22) 82.8 74.4
22000 pm 67 24 (36) 67.4 56.4
Diameter of the <2cm 134 27 (20) 85.5 75.7 0.008 1
largest single tongue 22cm 65 20 (31) 70.1 64.1 2.15 1.20-3.85 0.01
of invasion
Immunohistochemical staining'
P53 Complete loss 50 19 (38) 64.8 59.5 0.33 243 1.02-5.79  0.045
Weak, patchy 41 7 (17) 81.8 81.8 1
Diffuse, strong 37 12 (33) 88.6 782 1.88 0.74-4.77 0.19
Cyclin D1 - 38 14 (37) 71.3 56.4 0.88 0.93 0.64-1.36 0.72
1+ 39 11 (28) 80.7 73.7
2+ 49 14 (29) 68.7 68.7
EGFR - 52 13 (25) 829 75.6 0.27 1.15 0.78-1.69 0.49
1+ 44 17 (39) 65.6 513
2+ 32 9(28) 70.2 68
VEGF - 54 15 (28) 76 67.3 0.59 1.05 0.72-1.54 0.79
1+ 34 12 (35) 74.1 59.6
2+ 35 10 (29) 72.2 722

!Available in tissue microarray cases. HR: Hazard ratio; CI: Confidence interval; 5-yr RFS: 5-year recurrence free survival; 10-yr RFS: 10-year recurrence free
survival; NA: Not associated.
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Table 4 Multivariate Cox proportional hazard models for tumor recurrence in the 199 pT1NO esophageal squamous cell carcinoma

patients
Parameter HR 95%Cl Global P P-for-trend
Tumor location Upper thoracic 3.26 1.70-6.27 <0.001
Middle thoracic 1
Lower thoracic 1.05 0.43-2.59 091
Angiolymphatic invasion 3.42 1.80-6.52 <0.001
Submucosal invasion thickness 2.06 1.30-3.27 0.002

HR: Hazard ratio; CI: Confidence interval.

it is asymptomatic. This can be achieved by appropriate
screening programs. However, few studies have analyzed
the impact of symptoms on the prognosis of ESCC. Wang
et al'* observed the natural progression of untreated
superficial ESCCs identified by screening in a high-risk
area. Most of the patients were asymptomatic. It took
a long time to progress from an early to an advanced
stage, and most survived for over 5 years. Wang et af*”!
also reported a 30-year experience with esophagectomy
for superficial ESCCs identified in large-scale mass
screenings in high-risk areas. Most patients were
asymptomatic, and had a low recurrence rate. Natsugoe
et al"® also reported that asymptomatic esophageal
carcinoma patients had a lower stage and a better
prognosis.

Proximal tumors are known to have a more advanced
stage, a lower resection rate, fewer RO resections, more
cervical and tracheobronchial lymph node metastases,
and a poorer prognosis'’*®, The 7" and 8" editions
of the American Joint Committee on Cancer (AJCC)
staging system include tumor location as a staging
factor for T2-3NOMO ESCC cases and T3NOMO ESCC
cases, respectively™®?, Few studies have focused on
T1 proximal tumors. We found that the patients with
upper thoracic tumors had much higher frequencies of
cervical and mediastinal lymph node recurrences than
other patients (Table 2), and these proximal tumors
were significantly associated with an increased risk for
any recurrence (Table 3), distant recurrence (Table 5),
and early recurrence (Table 6). One reason for a higher
frequency of cervical and mediastinal lymph node
recurrences in upper thoracic cases is the characteristics
of the lymphatic channels draining this areal*?. We
also found that tumor thickness was greater in upper
thoracic tumors (data not shown), which may be another
reason. Upper thoracic tumor location was also one of
the independent risk factors for any recurrence, distant
recurrence, and early recurrence.

We need to say that the fact that most (33/37 =
89%) of the patients in whom the locations of the
recurrences were recorded had recurrences in the
cervical and/or mediastinal lymph nodes raises the
question of whether (macroscopic or microscopic) tumor
was present at the time of surgery and could have
been removed if a three-field lymph node dissection
(including the cervical lymph nodes) or a more extensive
two-field lymph node dissection (including more
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mediastinal lymph nodes) had been done. In Japan,
standard treatment for clinically submucosal ESCC is
esophagectomy with three-field lymphadenectomy®", It
is not yet known whether all patients would benefit from
cervical lymphadenectomy, which often results in more
severe complications. The optimal extent of lymph node
dissection in esophagectomies is an ongoing discussion
among surgeons, and our data can contribute to this
discussion.

There is a macroscopic tumor type which looks like
a large mushroom or a big polyp, and is commonly
pedunculated. It belongs to the Paris classification
0-Ip™®*Y, but it is different from other common 0-Ip
cases. It can be called the intraluminal mass (fungating)
type!®. Most tumors of this type are spindle cell/
sarcomatoid, basaloid, or poorly differentiated squamous
cell carcinoma. Our previous study found that patients
with ulcerative or intraluminal tumors had a high risk of
lymph node metastasis’®’. We have now shown that they
also have a significantly higher rate of recurrence.

In the current analysis, angiolymphatic invasion
was significantly associated with tumor recurrence,
distant recurrence, and early recurrence. We relied on
HE staining to evaluate angiolymphatic invasion, and
immunohistochemistry for endothelial cells was not
routinely performed, in keeping with standard practice.
Huang et al®® reported that angiolymphatic invasion
could act as a prognostic and staging factor in T1-
3NOMO ESCC.

In our previous study, patients with basaloid histology
had a moderate risk of synchronous lymph node
metastasis’®. However, in the current study they had
a high risk of recurrence, especially distant recurrence.
Zhang et al'*? retrospectively analyzed 142 cases of
basaloid ESCC, and found that the first site of recurrence
was distant in 39 (54.9%) cases, distant plus loco-
regional in 24 (33.8%) cases, and loco-regional alone
in 8 (11.3%) cases. They concluded that basaloid ESCC
frequently progresses via hematogenous metastasis
rather than lymph node metastasis™®?. Saito et af** also
reported that differentiated components of ESCC were
most often found in sites of lymph node metastases,
whereas basaloid components predominated in sites
of hematogenous metastases. Thus, control of the
hematogenous spread of basaloid components may lead
to improved outcomes in these patients. Indeed, there is
a case report of surgical intervention helping a basaloid
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Table 5 Relationship between clinicopathological parameters and distant tumor recurrence in the 189 informative patients'

Univariate Cox proportional hazards analysis

Parameter Total Distant HR 95%CI Global P P-for-trend
recurrences (%)

Clinical variables

Sex Male 136 14 (10) 1
Female 53 2(4) 0.33 0.07-1.44 0.14
Age (yr) <60 118 8(7) 1
=60 71 8 (11) 218 0.79-6.02 0.13
Symptoms No 13 0
Yes 176 16 (9) 23.59 0.01-40030 0.41
Endoscopic variables
Tumor location Upper thoracic 30 5(17) 3.56 1.15-11.07 0.03
Middle thoracic 135 8 (6) 1
Lower thoracic 24 3 (13) 2.37 0.63-8.94 0.2
Tumor size (measured <2cm 55 6 (11) 1
endoscopically) >2cm 134 10 (8) 0.76 0.27-2.09 0.59
Macroscopic type Erosive 71 5(7) 1
Papillary 26 2(8) 111 0.21-5.75 0.9
Plaque-like 72 5(7) 0.95 0.27-3.31 0.94
Ulcerative 8 2 (25) 5.58 1.06-29.32 0.04
Intraluminal mass 12 2(17) 541 1.02-28.68 0.047
Standard histopathological variable
Tumor invasion depth level m2 21 0 1.42 0.91-2.21 0.13
m3 26 2(8)
sml 16 1(6)
sm2 43 4(9)
sm3 83 9 (11)
Degree of differentiation Well 36 1(3) 1
Moderate 73 5(7) 2.19 0.25-18.98 0.48
Poor 54 6 (11) 3.93 0.47-32.89 0.21
Basaloid 17 3 (18) 124 1.27-121.08 0.03
Spindle cell/ 9 1(11) 5.73 0.35-92.90 0.22
sarcomatoid
Angiolymphatic invasion No 166 11 (7) 1
Yes 23 5(22) 3.38 1.15-9.93 0.03
Multicentric invasive No 173 15 (9) 1
lesions Yes 16 1(6) 0.92 0.12-7.00 0.93
Number of lymph nodes <14 85 7 (8) 1
dissected >14 104 909 0.95 0.36-2.57 0.93
Measured histopathological variable
Tumor thickness <3000 pm 82 6(7) 1
23000 pm 107 10 (9) 1.53 0.56-4.21 0.42
Submucosal 0 47 2(4) 1.88 0.91-3.90 0.09
invasion thickness <2000 pm 80 7(9)
>2000 pm 62 7 (11)
Diameter of the <2cm 126 9(7) 1
largest invasive lesion >2cm 63 7 (11) 2.56 0.92-7.15 0.07
Immunohistochemical staining’
P53 Complete loss 47 6 (13) 1.78 0.44-7.16 0.42
Weak, patchy 40 3(8) 1
Diffuse, strong 34 6 (18) 2.31 0.58-9.25 0.24
Cyclin D1 - 85 5(14) 0.94 0.51-1.74 0.84
+ 37 5(14)
++ 47 5(11)
EGFR - 52 9(17) 0.63 0.31-1.28 0.2
+ 40 4 (10)
++ 29 2(7)
VEGF - 50 6 (12) 0.95 0.50-1.81 0.88
+ 33 309
++ 33 4(12)
Multivariate Cox proportional hazards analysis
Parameter
Tumor location Upper thoracic 3.83 1.23-11.96 0.02
Middle thoracic 1
Lower thoracic 1.95 0.50-7.54 0.34
Angiolymphatic invasion Bi65 1.17-10.77 0.03

'Excluding 10 patients with an unknown site of recurrence; *Available in tissue microarray cases. HR: Hazard ratio; CI: Confidence interval; 5-yr RFS: 5-year
recurrence free survival; 10-yr RFS: 10-year recurrence free survival; NA: Not associated.
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Table 6 Relationship between clinicopathological parameters and the likelihood of having early recurrence (< 24 mo) in the 199

pT1NO esophageal squamous cell carcinoma patients 7 (%)

Univariate logistic regression

Parameter Total Early Odds ratio 95%Cl Global P P-for-trend
recurrence
Clinical variable
Sex Male 142 12 (9) 1
Female 57 6 (11) 1.28 0.45-3.58 0.65
Age (yr) <60 121 15 (12) 1
=60 78 34) 0.28 0.08-1.01 0.052
Endoscopic variable
Tumor location Upper thoracic 31 9(29) 7.95 2.68-23.54 <0.001
Middle thoracic 143 7 (5) 1
Lower thoracic 25 2(8) 1.69 0.33-8.64 0.53
Tumor size (endoscopically) <2cm 59 4(7) 1
>2cm 140 14 (10) 158 0.48-4.85 0.47
Macroscopic Erosive 73 4 (6) 1
tumor types Papillary 26 1) 0.69 0.07-6.47 0.75
Plaque-like 79 7(9) 1.68 0.47-5.98 0.43
Ulcerative 9 3(33) 8.63 1.55-47.86 0.01
Intraluminal mass 12 3 (25) 5.75 1.10-29.95 0.04
Standard histopathological variable
Tumor invasion depth level m2 21 0 1.78 1.05-3.01 0.03
m3 26 1(4)
sml 18 2 (11)
sm2 45 2 (4)
sm3 89 13 (15)
Degree of differentiation Well 39 3(8) 1
Moderate 76 6 (8) 1.03 0.24-4.35 0.97
Poor 56 4(7) 0.92 0.20-4.38 0.92
Basaloid 19 4(21) 3.2 0.64-16.07 0.16
Spindle cell/sarcomatoid 9 1(11) 1.5 0.14-16.36 0.74
Angiolymphatic invasion No 172 10 (6) 1
Yes 27 8 (30) 6.82 2.40-19.38 <0.001
Multicentric invasive lesions No 183 17 (9) 1
Yes 16 2(13) 0.65 0.08-5.24 0.69
Number of lymph nodes <14 90 11 (12) 1
dissected >14 109 0.49 0.18-1.33 0.16
Measured histopathological variable
Tumor thickness <3000 pm 85 2(2) 1
23000 pm 114 16(14) 6.78 1.51-30.33 0.01
Submucosal invasion thickness 0 47 1(2) 4.02 1.66 -9.73 0.001
0-2000 pm 85 4(5)
22000 pm 67 13(19)
Diameter of the largest single <2cm 134 5(4) 1
tongue of invasion >2cm 65 13(20) 6.45 2.19-19.00 0.001
Immunohistochemical staining'
P53 Complete loss 50 7 (14) 1.34 0.36-4.98 0.66
Weak, patchy 41 5(12) 1
Diffuse, strong 37 4 (11) 1515 0.28-4.63 0.85
Cyclin D1 - 38 4 (11) 1.32 0.69-2.54 0.4
1+ 39 4 (10)
2+ 49 8 (16)
EGFR - 52 4(8) 1.32 0.69-2.54 04
1+ 44 8 (18)
2+ 32 4(13)
VEGF - 54 4(7) 1.59 0.83-3.04 0.16
1+ 34 5 (15)
2+ 35 6 (17)
Multivariate logistic regression
Tumor location Upper thoracic 7.73 2.15-27.78 0.002
Middle thoracic 1
Lower thoracic 1.18 0.20-6.86 0.85
Angiolymphatic invasion 5.75 1.63-20.24 0.006
Submucosal invasion thickness 2.64 0.92-7.60 0.07
Diameter of the largest single 413 1.17-14.56 0.03

tongue of invasion

!Available in tissue microarray cases. OR: Odds ratio; CI: Confidence interval; NA: Not associated.
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ESCC patient with a solitary lung metastasis achieve a
long-term survival®*.

It should be noticed that one m2 case had a
cervical lymph node recurrence at nearly 5 years after
esophagectomy. This case had a tumor thickness of 325
HMm and no adverse parameters. Therefore, long-term
follow-up is needed for all patients with T1 ESCC after
endoscopic resection or esophagectomy, even when the
patients have no known adverse parameters.

We have identified certain clinicopathological fea-
tures that are associated with an increased risk of
tumor recurrence in pT1NO thoracic ESCC patients
after esophagectomy and thoracoabdominal two-
field lymphadenectomy: (1) Patients with an upper
thoracic location, ulcerative or intraluminal mass tumor
type, deeper tumor invasion level, basaloid histology,
angiolymphatic invasion, greater tumor thickness, greater
submucosal invasion thickness, greater diameter of the
largest single tongue of invasion, and/or completely
negative aberrant p53 expression are at greater risk
of tumor recurrence. A nomogram including tumor
location, angiolymphatic invasion, and submucosal
invasion thickness can be used to predict the likelihood of
recurrence-free survival at different times after surgery;
(2) Patients with an upper thoracic tumor location and/or
angiolymphatic invasion have a higher risk of distant
recurrence; and (3) Patients with an upper thoracic
tumor location, angiolymphatic invasion, submucosal
invasion thickness, and diameter of the largest single
tongue of invasion have a higher risk of early recurrence.

All patients with T1 ESCC need long-term follow-
up after endoscopic resection or esophagectomy,
even patients without any adverse parameters. But
this analysis should help clinicians select a subset of
these patients who need especially close postoperative
surveillance and/or chemoradiotherapy. Additional long-
term follow-up studies are needed to confirm these
findings.

ARTICLE HIGHLIGHTS

Research background

The prognosis of superficial (T1) esophageal squamous cell carcinoma (ESCC)
is poor, compared with T1 gastric or colorectal cancer. The unfavorable
prognosis of patients with T1 ESCC is due to high rates of both synchronous
and metachronous metastases. Recurrences of T1 ESCC after esophagectomy
are usually metachronous metastases. When recurrence occurs, the
prognosis is similar in patients who were node-negative or node-positive at
the time of the original surgery. However, only a few studies have evaluated
the clinicopathological characteristics associated with an increased risk of a
postoperative recurrence in pTINO ESCC patients. No previous studies have
separately evaluated the clinicopathological characteristics that are associated
with distant recurrence or early recurrence in pTINO ESCC patients.

Research motivation

The identification of pTINO ESCC cases at high risk for recurrence is a very
important and challenging aspect of the clinical management of these patients,
to ensure appropriate use and maximum benefit of additional therapies.

Research objectives
To investigate the clinicopathological characteristics that are associated with
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recurrence, distant recurrence, and early recurrence, in order to provide clues
to optimal individual therapy.

Research methods

Clinicopathological characteristics associated with any recurrence or distant
recurrence were evaluated using univariate and multivariate Cox proportional
hazards models. Early recurrence (< 24 mo) and correlated parameters were
assessed using univariate and multivariate logistic regression models.

Research results

We have identified certain clinicopathological features that are associated with
an increased risk of tumor recurrence in pT1NO thoracic ESCC patients. A
nomogram including tumor location, angiolymphatic invasion, and submucosal
invasion thickness can be used to predict the likelihood of recurrence-free
survival at different times after surgery. Patients with an upper thoracic tumor
location and/or angiolymphatic invasion have a higher risk of distant recurrence.
Patients with an upper thoracic tumor location, angiolymphatic invasion,
submucosal invasion thickness, and an greater diameter of the largest single
tongue of invasion have a higher risk of early recurrence. Additional long-term
follow-up studies are needed to confirm these findings.

Research conclusions

We evaluated the clinicopathological characteristics associated with an
increased risk of a postoperative recurrence and separately evaluated the
clinicopathological characteristics that are associated with distant recurrence
or early recurrence in pTINO ESCC patients. This study should help clinicians
select a subset of these patients who need especially close postoperative
surveillance and/or chemoradiotherapy.

Research perspectives

Risk of tumor recurrence in pTINO ESCC patients can be predicted using
certain clinicopathological features. This should be confirmed in more
prospective studies and multi-center studies.

REFERENCES

1 Liebermann-Meffert D. Anatomical basis for the approach and
extent of surgical treatment of esophageal cancer. Dis Esophagus
2001; 14: 81-84 [PMID: 11553213]

2 Mizutani M, Murakami G, Nawata S, Hitrai I, Kimura W. Anatomy
of right recurrent nerve node: why does early metastasis of
esophageal cancer occur in it? Surg Radiol Anat 2006; 28: 333-338
[PMID: 16718401 DOI: 10.1007/s00276-006-0115-y]

3 Kuge K, Murakami G, Mizobuchi S, Hata Y, Aikou T, Sasaguri S.
Submucosal territory of the direct lymphatic drainage system to the
thoracic duct in the human esophagus. J Thorac Cardiovasc Surg
2003; 125: 1343-1349 [PMID: 12830054]

4 Ozawa Y, Kamei T, Nakano T, Taniyama Y, Miyagi S, Ohuchi
N. Characteristics of Postoperative Recurrence in Lymph Node-
Negative Superficial Esophageal Carcinoma. World J Surg 2016; 40:
1663-1671 [PMID: 26908240 DOI: 10.1007/s00268-016-3454-9]

5 Wang S, Chen X, Fan J, Lu L. Prognostic Significance of
Lymphovascular Invasion for Thoracic Esophageal Squamous
Cell Carcinoma. Ann Surg Oncol 2016; 23: 4101-4109 [PMID:
27436201 DOI: 10.1245/510434-016-5416-8]

6 Araki K, Ohno S, Egashira A, Saeki H, Kawaguchi H, Sugimachi
K. Pathologic features of superficial esophageal squamous cell
carcinoma with lymph node and distal metastasis. Cancer 2002; 94:
570-575 [PMID: 11900242 DOI: 10.1002/cncr.10190]

7 Song Z, Wang J, Lin B, Zhang Y. Analysis of the tumor length and
other prognosis factors in pT1-2 node-negative esophageal squamous
cell carcinoma in a Chinese population. World J Surg Oncol 2012; 10:
273 [PMID: 23249675 DOI: 10.1186/1477-7819-10-273]

8 Huang Q, Luo K, Chen C, Wang G, Jin J, Kong M, Li B, Liu Q,
LiJ, Rong T, Chen H, Zhang L, Chen Y, Zhu C, Zheng B, Wen J,
Zheng Y, Tan Z, Xie X, Yang H, Fu J. Identification and Validation
of Lymphovascular Invasion as a Prognostic and Staging Factor
in Node-Negative Esophageal Squamous Cell Carcinoma. J

December 7, 2018 | Volume 24 | Issue 45 |



12

13

16

JBaishideng®

Xue LY et a/. Parameters predicting recurrence of pT1NO ESCC

Thorac Oncol 2016; 11: 583-592 [PMID: 26792626 DOI: 10.1016/
jjtho.2015.12.109]

Xue L, Ren L, Zou S, Shan L, Liu X, Xie Y, Zhang Y, Lu J, Lin D,
Dawsey SM, Wang G, Lu N. Parameters predicting lymph node
metastasis in patients with superficial esophageal squamous cell
carcinoma. Mod Pathol 2012; 25: 1364-1377 [PMID: 22627741
DOI: 10.1038/modpathol.2012.89]

Japan Esophageal Society.. Japanese Classification of Esophageal
Cancer, 11th Edition: part II and III. Esophagus 2017; 14: 37-65
[PMID: 28111536 DOI: 10.1007/s10388-016-0556-2]

Endoscopic Classification Review Group.. Update on the paris
classification of superficial neoplastic lesions in the digestive tract.
Endoscopy 2005; 37: 570-578 [PMID: 15933932 DOI: 10.1055/
$-2005-861352]

Bosman FT, Carnciro F, Hruban RH, Theise ND. WHO
classification of tumors of the digestive system 4ed. Lyon: IARC,
2010

Setia N, Agoston AT, Han HS, Mullen JT, Duda DG, Clark JW,
Deshpande V, Mino-Kenudson M, Srivastava A, Lennerz JK, Hong
TS, Kwak EL, Lauwers GY. A protein and mRNA expression-based
classification of gastric cancer. Mod Pathol 2016; 29: 772-784
[PMID: 27032689 DOI: 10.1038/modpathol.2016.55]

Wang GQ, Wei WQ, Hao CQ, Zhang JH, Lii N. [Natural
progression of early esophageal squamous cell carcinoma].
Zhonghua Zhong Liu Za Zhi 2010; 32: 600-602 [PMID: 21122412]
Wang GQ, Jiao GG, Chang FB, Fang WH, Song JX, Lu N, Lin DM,
Xie YQ, Yang L. Long-term results of operation for 420 patients with
early squamous cell esophageal carcinoma discovered by screening.
Ann Thorac Surg 2004; 77: 1740-1744 [PMID: 15111177]
Natsugoe S, Baba M, Shimada M, Kijima F, Kusano C,
Yoshinaka H, Mueller J, Aikou T. Positive impact on surgical
treatment for asymptomatic patients with esophageal carcinoma.
Hepatogastroenterology 1999; 46: 2854-2858 [PMID: 10576360]
Law S, Kwong DL, Kwok KF, Wong KH, Chu KM, Sham JS, Wong

WJG | www.wjgnet.com

18

19

20

21

22

23

24

P- Reviewer: Luyer MD, Otowa Y, Thota PN

5166

J. Improvement in treatment results and long-term survival of patients
with esophageal cancer: impact of chemoradiation and change in
treatment strategy. Ann Surg 2003; 238: 339-347; discussion 347-348
[PMID: 14501500 DOI: 10.1097/01.s1a.0000086545.45918.ee]

Li H, Zhang Q, Xu L, Chen Y, Wei Y, Zhou G. Factors predictive
of prognosis after esophagectomy for squamous cell cancer. J
Thorac Cardiovasc Surg 2009; 137: 55-59 [PMID: 19154903 DOI:
10.1016/j.jtcvs.2008.05.024]

Edge SB BD, Compton CC, FritzAG, Greene FL, Trotti A III.
AJCC cancer staging manual. 7th ed. In: Rice TW BE, Rusch VW,
editor Esophagus and esopha-gogastric junction. 7th ed. New York:
Springer, 2009: 103-115

Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw P.
Cancer of the Esophagus and Esophagogastric Junction: An Eighth
Edition Staging Primer. J Thorac Oncol 2017; 12: 36-42 [PMID:
27810391 DOI: 10.1016/j.jth0.2016.10.016]

Kosugi S, Kawaguchi Y, Kanda T, Ishikawa T, Sakamoto K,
Akaike H, Fujii H, Wakai T. Cervical lymph node dissection for
clinically submucosal carcinoma of the thoracic esophagus. 4nn
Surg Oncol 2013; 20: 4016-4021 [PMID: 23892526 DOI: 10.1245/
$10434-013-3141-0]

Zhang BH, Cheng GY, Xue Q, Gao SG, Sun KL, Wang YG, Mu
JW, He J. Clinical outcomes of basaloid squamous cell carcinoma
of the esophagus: a retrospective analysis of 142 cases. Asian Pac J
Cancer Prev 2013; 14: 1889-1894 [PMID: 23679289]

Saito S, Hosoya Y, Zuiki T, Hyodo M, Lefor A, Sata N, Nagase M,
Nakazawa M, Matsubara D, Niki T, Yasuda Y. A clinicopathological
study of basaloid squamous carcinoma of the esophagus. Esophagus
2009; 6: 177-181

Takemura M, Yoshida K, Fujiwara Y, Sakurai K, Takii M. A case
of long-term survival after pulmonary resection for metachronous
pulmonary metastasis of basaloid squamous cell carcinoma of the
esophagus. Int J Surg Case Rep 2012; 3: 451-454 [PMID: 22721697
DOLI: 10.1016/j.ijscr.2012.05.013]

S- Editor: Wang XJ
L- Editor: Wang TQ E- Editor: Huang Y

December 7, 2018 | Volume 24 | Issue 45 |



W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v24.i45.5167

World | Gastroenterol 2018 December 7; 24(45): 5167-5178

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Retrospective Study

Nomogram to predict overall survival after gallbladder
cancer resection in China

ORIGINAL ARTICLE

Yi Bai, Zhi-Song Liu, Jian-Ping Xiong, Wei-Yu Xu, Jian-Zhen Lin, Jun-Yu Long, Fei Miao, Han-Chun Huang,

Xue-Shuai Wan, Hai-Tao Zhao

Yi Bai, Jian-Ping Xiong, Wei-Yu Xu, Jian-Zhen Lin, Jun-Yu
Long, Han-Chun Huang, Xue-Shuai Wan, Hai-Tao Zhao,
Department of Liver Surgery, Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing 100730, China

Zhi-Song Liu, Fei Miao, Department of Statistics, Tianjin
University of Finance and Economics Pearl River College,
Tianjin 301811, China

ORCID number: Yi Bai (0000-0002-1179-3734); Zhi-Song
Liu (0000-0003-3213-4743); Jian-Ping Xiong (0000-0002
-6163-2621); Wei-Yu Xu (0000-0002-2101-4829); Jian-Zhen
Lin (0000-0002-4767-8834); Jun-Yu Long (0000-0001-5745
-7165); Fei Miao (0000-0002-9617-961X); Han-Chun Huang
(0000-0003-2626-3389); Xue-Shuai Wan (0000-0003-2140
-5384); Hai-Tao Zhao (0000-0002-3444-8044).

Author contributions: Bai Y, Liu ZS, and Xiong JP contributed
equally to this work; Bai Y conceived the research, collected
and analyzed the clinical data, and wrote the manuscript that led
to the submission; Xu WY, Xiong JP, and Huang HC helped to
collect the clinical data and followed the patients; Liu ZS, Lin
JZ, Long JY, and Miao F helped to analyze the data; Zhao HT
and Wan XS revised the manuscript; Zhao HT provided financial
support for this work; Zhao HT is the corresponding author; All
authors read and approved the final manuscript.

Supported by Chinese Academy of Medical Sciences Innovation
Fund for Medical Science, No. 2017-12M-4-003; International
Science and Technology Cooperation Projects, No. 2015DFA30650
and No. 2016YFE0107100; Capital Special Research Project for
Health Development, No. 2014-2-4012; Beijing Natural Science
Foundation, No. L172055; and National Ten-thousand Talent
Program and Beijing Science and Technology Cooperation Special
Award Subsidy Project.

Institutional review board statement: The publication of this
manuscript has been reviewed and approved by the Peking Union
Medical College Hospital institutional review board.

Informed consent statement: All patients and their families
signed informed consent statements before surgery, and the type

Baishidenge ~ WJG | www.wjgnet.com

of surgical procedure was performed according to the approved
guidelines.

Conflict-of-interest statement: We declare that the authors
have no conflict of interest.

Data sharing statement: No additional data are available.

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

Manuscript source: Unsolicited manuscript

Correspondence author to: Hai-Tao Zhao, MD, Professor,
Department of Liver Surgery, Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, 1 Shuaifuyuan, Wangfujing, Beijing
100730, China. zhaoht@pumch.cn

Telephone: +86-10-69156042

Fax: +86-10-69156043

Received: September 19, 2018
Peer-review started: September 19, 2018
First decision: October 16, 2018
Revised: October 23, 2018

Accepted: November 9, 2018

Article in press: November 9, 2018
Published online: December 7, 2018

Abstract

AIM
To integrate clinically significant variables related
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to prognosis after curative resection for gallbladder
carcinoma (GBC) into a predictive nomogram.

METHODS

One hundred and forty-two GBC patients who under-
went curative intent surgical resection at Peking Union
Medical College Hospital (PUMCH) were included. This
retrospective case study was conducted at PUMCH of the
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS & PUMC) in China from January
1, 2003 to January 1, 2018. The continuous variable
carbohydrate antigen 19-9 (CA19-9) was converted into
a categorical variable (cCA19-9) based on the normal
reference range. Stages 0 to IIIA were merged into one
category, while the remaining stages were grouped into
another category. Pathological grade X (GX) was treated
as a missing value. A multivariate Cox proportional
hazards model was used to select variables to construct
a nomogram. Discrimination and calibration of the
nomogram were performed via the concordance index
(C-index) and calibration plots. The performance of the
nomogram was estimated using the calibration curve.
Receiver operating characteristic (ROC) curve analysis
and decision curve analysis (DCA) were performed to
evaluate the predictive accuracy and net benefit of the
nomogram, respectively.

RESULTS

Of these 142 GBC patients, 55 (38.7%) were male,
and the median and mean age were 64 and 63.9
years, respectively. Forty-eight (33.8%) patients in
this cohort were censored in the survival analysis.
The median survival time was 20 months. A series of
methods, including the likelihood ratio test and Akaike
information criterion (AIC) as well as stepwise, forward,
and backward analyses, were used to select the model,
and all yielded identical results. Jaundice [hazard ratio
(HR) = 2.9; 95% confidence interval (CI): 1.60-5.27],
cCA19-9 (HR = 3.2; 95%CI: 1.91-5.39), stage (HR =
1.89; 95%CI: 1.16-3.09), and resection (R) (HR = 2.82;
95%CI: 1.54-5.16) were selected as significant predictors
and combined into a survival time predictive nomogram
(C-index = 0.803; 95%CI: 0.766-0.839). High predi-
ction accuracy (adjusted C-index = 0.797) was further
verified via bootstrap validation. The calibration plot
demonstrated good performance of the nomogram. ROC
curve analysis revealed a high sensitivity and specificity. A
high net benefit was proven by DCA.

CONCLUSION

A nomogram has been constructed to predict the
overall survival of GBC patients who underwent radical
surgery from a clinical database of GBC at PUMCH.

Key words: Nomogram; Survival; Prognosis; Gallbladder
cancer; Resection

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: A nomogram including jaundice, carbohydrate
antigen 19-9 (CA19-9), American Joint Committee on
Cancer tumor node metastasis stage, and incisional
margin status was built to predict the survival of gall-
bladder cancer patients who underwent curative resection
at Peking Union Medical College Hospital. After calibration
and verification, this model was shown to have high
predictive accuracy and good performance.

Bai Y, Liu ZS, Xiong JP, Xu WY, Lin JZ, Long JY, Miao F,
Huang HC, Wan XS, Zhao HT. Nomogram to predict overall
survival after gallbladder cancer resection in China. World J
Gastroenterol 2018; 24(45): 5167-5178 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i45/5167 . htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i145.5167

INTRODUCTION

Gallbladder cancer (GBC) is a common biliary tract
malignancy that ranks as the sixth most common
digestive tract cancer’?. Because of the lack of specific
early screening methods and typical symptoms, most
patients with GBC present with advanced-stage disease.
Surgical resection remains the primary treatment
for GBC because of the low sensitivity of GBC to
radiotherapy (RT) and chemotherapy and because of a
lack of effective drugs. Although the prevalence of GBC
is low, the 5-year overall survival rate decreased from
20.1% from 2003-2005 to 16.4% from 2012-20157,

Although the American Joint Committee on Cancer
(AJCC) staging system has published an updated eighth
edition, this system does not offer precise prognostic
information for individual patients™. Both physicians and
patients are paying more attention to prognostic outcomes
for GBC after surgical therapeutic interventions. Hence, a
nomogram that accurately and specifically predicts overall
survival is urgently needed. As a statistical predictive
model, nomograms have been rapidly developed for most
carcinoma types and are popular among doctors and
patients because of their friendly and feasible interface™®.
More common tumors of the hepatobiliary system, such
as hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (ICC), have more explicit pathogenic
factors and affect a relatively larger number of patients
compared with GBC. Many nomograms suitable for these
tumor types have been established to help clinicians
accurately make rational decisions regarding diagnosis,
treatment, and prognosist’ .,

The Surveillance, Epidemiology, and End Results
(SEER) Medicare database represents the American
population and is an ideal research source for estimating
cancer incidence and constructing survival models. In
2008, Wang et al''” designed an individual predictive
model considering the contribution of adjuvant RT to
evaluate survival improvement in GBC patients after
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resection. However, not everyone was sensitive to RT
and chemotherapy due to differences in lymph node
status and distant metastasis. Therefore, in 2011, they
proposed another nomogram to further clarify specific
GBC populations with the potential to obtain longer
survival times after adjuvant chemoradiotherapy (CRT)™".
For chronic cholecystitis, Zhou et al'** developed an
individualized diagnostic nomogram for stage I-II GBC
in chronic cholecystitis patients with gallbladder wall
thickening in 2016. Recently, a more accurate and
effective survival model for predicting the prognosis of
patients with nonmetastatic GBC after surgical resection
derived from the SEER database was built by Zhang
et al'**. However, due to the limited number of GBC
patients and disparate risk factors in China, to the best
of our knowledge, no predictive model has thus far been
established to evaluate the prognosis of patients with
GBC in China.

The current study aimed to incorporate individual
correlation determinants into a nomogram to predict
overall survival for GBC patients after radical resection
in China.

MATERIALS AND METHODS

Patients and treatments

From January 1, 2003 to January 1, 2018, 142 patients
diagnosed with GBC via pathological examination after
curative intent surgical resection at Peking Union Medical
College Hospital (PUMCH) of the Chinese Academy of
Medical Sciences and Peking Union Medical College
(CAMS & PUMC) in Beijing, China were included in the
current study. The inclusion criteria were as follows:
(1) radical surgery; (2) GBC confirmed by pathological
examination; (3) no antitumor treatment before or
during surgery; (4) no other malignant tumors; and
(5) pathological examination revealing a clear number
of positive lymph nodes and the total number of lymph
nodes obtained from the dissection. The exclusion
criteria were as follows: (1) lack of a clear pathological
diagnosis; (2) distant metastasis; (3) incomplete lymph
node data; (4) nonprimary tumor; or (5) incomplete
follow-up data.

Preoperative staging and surgical evaluation were
performed based on imaging and laboratory examin-
ations. Staging was further evaluated during surgery
based on the findings and on the cryosection biopsy
report. The following surgeries were performed according
to the stage: for stage Tis-T1a patients, cholecystectomy
was considered radical resection; for patients with stage
T1b-T3/NO-1, cholecystectomy, hepatic wedge resection,
and regional lymph node dissection were performed; for
partial stage T3N2 patients, cholecystectomy, hepatic
wedge resection, and enlarged lymph node dissection
were performed; and for some patients with stage T4/
N1-2, extended radical resection including combined
semihepatic resection, peripheral organ resection, and
hepatic pancreaticoduodenectomy were performed
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according to standard radical surgical procedures.

Ethics statement

The study was approved by the Medical Ethics Committee
of PUMCH of the CAMS & PUMC. All patients provided
written informed consent. The study was carried out
according to the ethical standards of the World Medical
Association Declaration of Helsinki™*.

Data collection

Demographic and clinical information and related vari-
ables were manually reviewed from the medical records.
We retrospectively reviewed the medical records of
patients to collect demographic data, body mass index
(BMI), physical examination findings, serum laboratory
test results, surgical records, pathological reports and
imaging findings of cholecystolithiasis determined
via ultrasonography, computerized tomography, and
magnetic resonance imaging. Subjects involved in
this study were those who underwent radical surgery
without R2 excision and were diagnosed with GBC
by histopathology. GBC stage and postoperative
pathologic tumor node metastasis (pTNM) information
were determined using the AJCC 8" edition (AJCC-8)
classification system!®. Incisional margins and tumor size
were ascertained based on surgeon observations and
final pathological assessments. All patients were followed
routinely after discharge. The last follow-up time and vital
status were recorded. After screening, 142 patients with
confirmed GBC met the inclusion criteria.

Statistical analysis

Descriptive statistics for time-to-event variables and
predictors were performed for quick screening of the
data. Categorical variables are presented as numbers and
percentages, and continuous variables are presented as
the minimum, median, mean, maximum, and standard
deviation. Some continuous variables were converted
to categorical variables because their significance and
linear relationships to outcomes were not satisfied after
graphical and statistical assessments. For some categorical
predictors, small categories were merged with others.
The Kaplan-Meier (K-M) method was applied to compare
survival curves for categories of individual predictors, and
the log-rank test was used to determine the significance
of these differences. Model selection methods, including
the likelihood ratio test, Akaike information criterion (AIC),
and stepwise, forward, and backward analyses, were
used to construct a Cox proportional hazards model.
Hazard ratios (HRs) and 95% confidence intervals (CIs)
were estimated. Possible confounders and interactions
in the model were detected. Schoenfeld residuals
vs ranked survival time for selected predictors were
analyzed to evaluate the proportional hazard assumption
of the model. The predictive accuracy of the model was
estimated by the concordance index (C-index). The
overfit and predictive performance of the model were
assessed via bootstrap validation. The clinically significant
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Table 1 Descriptive statistics for time to event variable

Total Event n (%) Censored n (%) Time (mo) Survival 95%CI Quartile Point estimate 95%CI
probability
142 94 (66.2) 48 (33.8) 12 0.638 0.562-0.724 50% 20 14-31
36 0.360 0.284-0.458

CI: Confidential interval.

variables calculated from the Cox proportional hazards
model were integrated into a nomogram to predict the
overall survival of patients undergoing GBC resection. The
performance of the nhomogram was estimated using a
calibration curve. The predictive accuracy and net benefit
of the nomogram were assessed via receiver operating
characteristic (ROC) curve analysis and decision curve
analysis (DCA), respectively. The significance level for all
statistical tests was set at 0.05, and all tests were two-
sided. Statistical analyses were performed using R version
3.5.0 software (http://www.r-project.org/). Extension
packages, including “survival”, “rms”, “nomogramEx”, and
“survminer” were also used.

RESULTS

Survival outcomes and predictors

The study cohort consisted of 142 eligible patients who
underwent GBC resection. Forty-eight (33.8%) patients
were censored. The median survival time was 20 mo.
The one- and 3-year survival probabilities were 63.8%
and 36%, respectively (Table 1).

A detailed description of all the clinicopathologic
and treatment characteristics can be found in Table
2. Notably, carbohydrate antigen 19-9 (CA19-9) as
a candidate predictor spanned a wide range from a
minimum value of 0.01 kU/L to a maximum value of
10524 kU/L. In addition, a large difference between the
median and mean values resulted in obvious skewness.
Both indicated that using CA19-9 as a continuous
variable was not suitable for model construction due
to its limited predictive role, as demonstrated by the
relatively small coefficient. Hence, we converted CA19-9
into a categorical variable based on normal reference
ranges to investigate its correlation with outcome.
According to the latest AJCC staging system, we divided
the patients into eight groups including stage 0, I, IIA,
IIB, IIIA, IIIB, IVA, and IVB for predictor selection. We
then combined stages 0 to IIIA into one category, while
the remaining categories were combined due to few
cases in some specific groups. In addition, pathological
grade X (GX), which refers to a degree of pathological
differentiation that cannot be assessed, accounted for
8.5% (12/142) of all participants and was treated as a
missing value.

Model selection
To choose the significant predictive variables that
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correlated well with outcome, age at diagnosis, gender,
jaundice, BMI, gallstones, diabetes, tumor size, CA19-9
levels, AJCC-8 stage, tumor differentiation, and surgical
margins were incorporated statistics. For continuous
variables, null model residuals (martingale residuals) vs
age, BMI, and tumor size plotted with LOESS lines were
performed to obtain preliminary assessments of their
predictive potential for survival time. As shown in Figure
1, BMI and tumor size appeared to have a considerable
nonlinear relationship with martingale residuals,
indicating that the linear assumption of the model for
BMI and tumor size with survival time may be rejected.
Log transformation was subsequently attempted for BMI
and tumor size; however, the linear correlation was little
improved. Continuous predictors were thus converted
into categorical variables. Notably, Figure 1 illustrates
that the significance cutoff for BMI was approximately
24, which was consistent with the standard value
for distinguishing normal and overweight in China;
therefore, we converted BMI into two categories based
on this cutoff. In addition, martingale residuals for BMI
were closer to the fitted line than the other two variables,
suggesting that BMI may be a potential predictor. We
observed a scatter located in the top right of the tumor
size graph (Figure 1), which can be considered a potential
outlier because it robustly influenced the tendency of
the fitted line. Cutoffs of approximately 2 and 5 were a
better choice, consistent with the common classification
criterion. For the predictor age, we initially used a
univariate Cox model to assess the correlation between
age and outcome, and the results showed that it was not
a significant predictor. Because the fitted line appeared
to be linear, and because there was no obvious cutoff,
we evenly separated age into three categories (less than
55, 55 to 65, and older than 65 years) for further study
(Figure 1). After conversion to categorical variables,
we defined cCA19-9, cBMI, cTumor size, and cAge as
the categorical forms of these variables to distinguish
them from the continuous forms. Regarding the degree
of tumor differentiation, 12 samples that could not be
evaluated were treated as missing values, thus resulting
in only 130 observations.

K-M survival curves for all predictors before adjust-
ment for the other predictors were established. As
shown in Figure 2, patients with jaundice had shorter
survival times than patients without; patients with higher
BMI exhibited longer survival times than patients with
lower BMI; patients with lower CA19-9 levels showed
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Table 2 Patient characteristics 7 (%)

Feature (Min, Median, Mean, Max, SD)
Age (35, 64, 63.9, 83, 10.2), years

No. of patients

<55 24 (16.9)

55-65 49 (34.5)

265 69 (48.6)
Gender

Male 55 (38.7)

Female 87 (61.3)
Jaundice

Absent 122 (85.9)

Present 20 (14.1)
Cholecystolithiasis

Absent 67 (47.2)

Present 75 (52.8)
Diabetes

Absent 32(22.5)

Present 110 (77.5)
BMI (15.4, 23.5, 24.2, 32.3, 3.4)

<24 75 (52.8)

>24 67 (47.2)
CA19-9 (0.01, 13.2, 66.4, 10524, 507.7), kU/L

<40 65 (45.8)

240 77 (54.2)
Tumor size (0.2, 3.0, 3.4, 13, 2.1), cm

<2 38 (26.8)

2-5 68 (47.9)

=5 36 (25.3)
Primary tumor

Tis 9 (6.3)

T1 9 (6.3)

T2 20 (14.1)

T3 93 (65.5)

T4 11 (7.8)
Regional lymph node

NO 86 (60.6)

N1 43 (30.3)

N2 13 (9.1)
Stage

0 9 (6.3)

I 9 (6.3)

ITA 10 (7.0)

B 3(2.1)

IMA 49 (34.6)

mB 40 (28.2)

VA 9 (6.3)

IVB 13 (9.2)
Histologic grade

G1 27 (19.0)

G2 53 (37.3)

G3 50 (35.2)

GX 12 (8.5)
Surgical margins

RO 112 (78.9)

R1 30 (21.1)

Min: Minimum; Max: Maximum; SD: Standard deviation; No. of patients:
Number of patients; BMI: Body mass index; CA19-9: Carbohydrate antigen
19-9; R: Resection.

longer survival times than patients with higher CA19-9;
and patients in the lower stage group had longer
survival times than patients in the higher stage group.
Considering the surgical margin status, patients in the RO
category had longer survival times than patients in the R1
category. Risk tables for each indicator are shown below
the corresponding K-M curves. Note that all categories of
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the following predictors had significant differences after
the log-rank test: jaundice, cBMI, cCA19-9, stage, and
R. However, cAge, gender, cholecystolithiasis, diabetes,
cTumor size, and grade failed to reach significance in
constructing the model.

Construction and diagnosis of a Cox proportional
hazards model

Because the aforementioned predictors contained no
missing values after excluding the degree of tumor
differentiation, various model-selection criteria, including
the likelihood ratio test, AIC, and stepwise, forward, and
backward analyses, were utilized to construct the model
for all 142 observation points. Notably, all methods
yielded identical results.

To check for possible confounders, both univariate
and multivariate models were established. Compared
with the univariable model, the multivariable model
showed that the CIs for jaundice (95%CI: 1.60-5.27),
cCA19-9 (95%CI: 1.91-5.39), stage (95%CI: 1.16-3.09),
and R (95%CI: 1.54-5.16) did not change significantly
after combination with other predictors (Figure 3).
Furthermore, we found that cCA19-9 was a confounder
for BMI levels; thus, cBMI was excluded in the
multivariate model. Moreover, interactions between each
pair of predictors were examined, and no interactions
were detected.

To further evaluate whether the proportional
hazards assumption was valid, Schoenfeld residuals
were analyzed with respect to ranked survival time
for selected predictors. All fitted lines derived from
individual scatter plots seemed to be horizontal (Figure
4). Furthermore, statistical tests were performed on
Schoenfeld residuals vs ranked survival time for each
predictor. The P-values for jaundice, cCA19-9, stage,
and R were 0.8075, 0.8798, 0.6082, and 0.7919,
respectively. The P-value for the global test was
0.9837. In conclusion, all the results indicated that the
proportional hazards assumption was satisfied.

Construction and validation of the nomogram
The predictive ability of the model was assessed by
calculating the C-index, which was 0.803 (95%CI:
0.766-0.839). Bootstrap validation was applied to esti-
mate the overfit of the model. The adjusted C-index
representing the bias-corrected estimate of model per-
formance in the future was 0.797 after 1000 iterations,
demonstrating good predictive accuracy for the nomogram.
The nomogram that predicts the survival time of
patients with GBC after surgical resection is displayed in
Figure 5A. The nhomogram was developed based on the
results of the Cox proportional hazards model in Figure 3.
In this nomogram, each factor was ascribed a weighted
point total that indicated a survival prognosis. One-
and three-year survival probabilities can be measured
using this nomogram. For instance, the presence of
jaundice was assigned 92 points, while a CA19-9 level
> 40 kU/L was assigned 100 points. The higher a

December 7, 2018 | Volume 24 | Issue 45 |



Bai Y et al. A survival prediction model for GBC

Martingale residuals of null cox model

Martingale residuals of null cox model

. .
ee o o oo .
_2 = ‘ ‘ ‘ ‘ ‘
40 50 60 70 80
Age (yr)

Martingale residuals of null cox model

Tumor size (cm)

Figure 1 Graphical assessment for continuous predictors. Null model residuals (martingale residuals) vs body mass index, tumor size, and age were plotted with
LOESS line to obtain a preliminary assessment of which of these predictors should be incorporated into the model. BMI: Body mass index.

patient scores, the poorer the prognosis. In addition,
the performance of the nomogram was graphically
evaluated using a calibration curve (Figure 5B). The
predicted line overlapped well with the reference line,
demonstrating the good performance of the nomogram.
Similarly, we compared the predictive accuracy between
the combined model and individual predictors, including
jaundice, CA19-9, stage, and R, via ROC curve analysis.
The area under the curve (AUC) of the nomogram was
significantly larger than those of other single variables
(Figure 6A). Finally, to determine whether the predictive
nomogram was dlinically useful, DCA was performed to
evaluate the net benefit of the models. Compared with
jaundice, CA19-9, stage, and R, the combined model
offered the best clinical utility, as calculated within the
favorable probability. Hence, this nomogram is the best
model for predicting GBC patient survival, which might
help clinicians with patient counseling, decision-making,
and follow-up scheduling.

DISCUSSION

GBC is a common biliary tract tumor around the world.
Due to its occult onset and lack of specific symptoms
and early screening methods, most GBC patients already
present with advanced-stage disease at diagnosis, which
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results in difficulty implementing curative intent surgical
resection. GBC always behaves as a highly malignant
tumor with a dismal prognosist*>'®., Less than 5% of GBC
patients survive for longer than 5 years™. The five-year
survival rate of GBC patients has been declining in China
according to the latest statistical report™. Obtaining
accurate prognostic information is necessary to help
physicians make better clinical decisions and perform
consultations with patients regarding life expectancy
after resection of tumor masses. Nomograms are
alternative prognostic assessment tools for most cancers
because they include more clinically related factors
and offer more reliable prognostic information tailored
to individual patients than the traditional AJCC TNM
staging system. Nomograms are predictive tools that
generate user-friendly graphical interfaces to calculate
probabilities of clinical outcomes, such as diagnosis,
recurrence, and prognosis, based on related, statistically
significant variables™®'"). The present study was the
first to propose a nomogram for predicting the survival
times of patients undergoing GBC resection in China.
The nomogram suggested that the absence of jaundice,
lower preoperative CA19-9 levels, lower AJCC TNM stage,
and incisional margins without tumor cells correlated
well with a long survival time. Notably, given the very
broad data distribution and considerable discrepancies
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Figure 2 Kaplan-Meier survival curves for each predictor. Kaplan-Meier survival curves showing the overall survival rates in gallbladder cancer patients according
to different category types. All predictors are statistically significant (P-values are shown in the bottom right corner). Time-dependent numbers at risk are listed at the
bottom. BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; R: Resection.
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Characteristics Hazard ratio (95%CI) P value
Univariate analysis

Jaundice (Yes/no) 7.66 (4.37-13.43) < 0.001
cCA19-9 (= 40/< 40) [ 477 (2.93-7.77) < 0.001
Stage (IMB-IVB/0-IIA) L—t—1 3.46 (2.26-5.3) < 0.001
R (R1/R0) e — 7.33 (4.3-12.47) < 0.001
CBMI (= 24/< 24) - 0.5 (0.33-0.77) 0.004
Multivariate analysis

Jaundice (Yes/no) —a—a 2.9 (1.6-5.27) < 0.001
cCA19-9 (= 40/< 40) o——0 3.2(1.91-5.39) < 0.001
Stage (IMB-IVB/0-IVA) o-—a 1.89 (1.16-3.09) 0.011
R (R1/R0) —a—a 2.82 (1.54-5.16) < 0.001

Figure 3 Cox proportional hazards model. Absence of jaundice and lower groups of categorical carbohydrate antigen 19-9, stage, resection, and categorical body
mass index were used as the baseline. Red represents statistically significant factors incorporated to the model after both univariate and multivariate analysis, while
blue represents factors that were excluded after multivariate analysis. cCA19-9: Categorical carbohydrate antigen 19-9; R: Resection; cBMI: Categorical body mass

index.
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Figure 4 Schoenfeld residuals vs ranked survival time for selected predictors. The X-axis represents the survival time, while the Beta values referring to
jaundice, carbohydrate antigen 19-9, stage, and resection are shown on the Y-axis. CA19-9: Carbohydrate antigen 19-9; R: Resection.

between the median and mean, we converted CA19-9
into a categorical variable to evaluate its relationship
with outcome. In addition, we demonstrated that
categorical forms of continuous variables, including
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BMI, tumor size, and age, were better choices for
model selection. Moreover, for 12 patients with GX
disease who were treated as having missing values,
we did not use conventional modeling methods to first
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Figure 5 Nomogram and calibration plot. A: A nomogram to predict the survival time of postsurgery gallbladder cancer (GBC) patients. Patient’s jaundice condition
is located in the row labeled “Jaundice”, and a straight line is drawn up to the row labeled “Points” to determine the corresponding points. This process is then
repeated for each of the remaining factors. After the total points are summed, a straight line is drawn from the appropriate total point number location to the rows
labeled “1-yr survival prob” and “3-yr survival prob” to predict patient survival probability; B: Calibration curves for predicting 1- and 5-yr overall survival for GBC
patients after radical resection. Actual survival measured via Kaplan-Meier analysis is shown on the Y-axis, and the nomogram-predicted survival is shown on the X-axis.

CA19-9: Carbohydrate antigen 19-9.

construct and then validate a nomogram. Instead, we
first checked the predictive potential of each candidate
variable. Importantly, after statistical analysis, we found
that cCA19-9 was a confounder for BMI levels and thus
excluded cBMI from nomogram construction.

The SEER database of the National Cancer Institute,
which represents approximately 26% of the US popul-
ation, can be used to obtain enough clinical information
on rare tumor types, such as GBC. Wang et a/''!!
successively built two nomograms derived from the SEER
database to evaluate the survival benefit of adjuvant
RT, adjuvant chemotherapy, or CRT for patients with
GBC. The first model demonstrated that patients with
node-positive and/or T2 stage or higher disease had
the greatest benefit from adjuvant RT'®. The second
nomogram found that patients with at least T2 or N1
disease had a survival benefit from adjuvant CRT™,
Both studies indicated the potential for age at diagnosis,
gender, race, extent of the primary tumor, and nodal
status to influence the survival time of GBC patients.
Interestingly, there are some differences between
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our results. The main reason may be that the study
patients were from two different countries, leading to
heterogeneity in ethnicity. In addition, environmental
factors, such as living conditions, eating habits, and other
risk factors, may also have contributed to the different
results™®*#*°!, Furthermore, GBC is a rare tumor in China;
thus, large, multi-institutional study cohorts are lacking.
In addition, we lacked a population-based cancer registry
database similar to the SEER database. Our cohort was
thus relatively small, and it was difficult to perform the
same study strategy, which caused discrepancies in the
results.

Recently, Zhang et a/™' constructed a model to
predict the survival of patients with nonmetastatic GBC
after surgical resection derived from the SEER data-
base. Compared with the studies by Wang et af**'",
they identified additional predictors, including tumor
size, histological grade, lymph node excision, and
chemotherapy. Their nomogram performed better than
the seventh edition of the AJCC Cancer Staging system,
further demonstrating the superiority of nomograms.
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Figure 6 Receiver operating characteristic and decision curve analysis of the nomogram for 1- and 3-yr survival. A: Time-dependent receiver operating
characteristic curve analysis for the sensitivity and specificity of the nomograms. The combined nomogram (red solid line) had higher accuracy compared with the
individual indicators; B: Time-dependent decision curve analysis for the clinical benefit of the nomograms and the corresponding scope of application. The black
dotted line represents the assumption that all patients survive in the first and third year. The gray solid line represents the assumption that no patients survive in the
first or third year. The red solid line represents the combined nomogram. The threshold probability between two vertical dashed lines represents the 95%Cl of 1- and 3-yr
survival probability in the null model. ROC: Receiver operating characteristic; DCA: Decision curve analysis.

Among these variables, tumor size, which had no
correlation with prognosis in our model, was treated as
two classified variables in their model. The AJCC standard
does not use tumor size to assess T stage, which is in
line with our results, indicating that tumor size plays
a minor role in survival in GBC. Notably, continuous
variables do not typically have a purely linear relationship
with prognosis. After analyzing martingale residuals vs
BMI, tumor size, and age, we found that converting
these continuous variables into categorical variables
was a better strategy for model selection. Furthermore,
in contrast to conventional modeling methods, due
to missing data regarding the grade variable, we first
evaluated potential factors one by one to select five
variables, including jaundice, cBMI, cCA19-9 levels, stage,
and R that significantly affected outcome. For cCA19-9,
which was a confounder of BMI levels and showed no
interactions with each pair of predictors, four predictors
other than cBMI were considered to establish the final
nomogram. Overall, our research strategy was particularly
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suitable for a small study sample and single-center rare
tumor cohorts, especially those with partial missing data.
More importantly, our nomogram, which was based on
a previously reported strategy, exhibited high predictive
accuracy (C-index: 0.803; 95%CI: 0.766-0.839) and
model performance (adjusted C-index: 0.797).

There are several potential limitations in this study.
Our research cohort was from a single institution
(PUMCH, which is one of the most famous hospitals
where GBC patients from Beijing and the surrounding
can seek diagnosis and treatment) with a small clinical
database. The study results may not be widely used
in patients from other institutions or countries because
of selection bias and the lack of external validation.
However, compared with patient cohorts from some
other institutions in China, the clinical characteristics
were similar, indicating the individualized epidemiology
of GBC in China™®. In addition, these shortcomings
may to some extent be transformed into advantages
because compared with large-scale multicenter studies,
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a predictive nomogram built from a single institution
study may have a high sensitivity and specificity due to
decreased heterogeneity caused by demographic, clinical,
and tumor-related characteristics. Clinicians are devoted
to constructing models with general applicability and high
accuracy at all times. However, this aim is always hard
to fulfill due to the contradictions between heterogeneity
and homogeneity. The establishment of a nomogram
based on a single institution for survival prediction of
rare tumors may be an alternative choice. Here, we
introduced the details of a modeling method to facilitate
the wide application of this research strategy.

In summary, jaundice, preoperative CA19-9 levels,
AJCC-8 stage, and surgical margin status played vital
roles in influencing survival time and were incorporated
into a nomogram to predict outcomes for postoperative
GBC patients. This model had high predictive accuracy
and performed well after bootstrap validation and
calibration. This type of research strategy should be
widely used to construct specific homograms according
to different institutional databases, especially for rare
tumors with small patient sample sizes with some
missing data.

ARTICLE HIGHLIGHTS

Research background

Gallbladder cancer (GBC) is a rare tumor type with dismal outcomes. With
advances in medical science, GBC patients have more treatment choices in
addition to surgical resection, including chemotherapy, radiotherapy, targeted
therapy, and immunotherapy. However, 5-year survival rates are surprisingly
decreasing in China. Hence, screening GBC prognostic risk factors and
constructing a prognostic model with high predictive accuracy and clinical utility
for assessing the survival time of patients undergoing curative intent resection
for GBC are of great importance.

Research motivation

Nomograms can integrate several independent prognostic factors for tumor
patients into one model according by weighting each indicator to predict their
overall survival. Compared with a single prediction indicator, this method can
therefore provide more accurate and personalized prognostic information.
Unfortunately, because of rare samples and ambiguous risk factors, nomograms
to estimate survival time in GBC patients, especially in China, remain limited.

Research objectives

To establish a nomogram with easy use and high performance for predicting
the survival of GBC patients undergoing radical resection in China, which will
help doctors make rational decisions with respect to treatment, prognosis, and
follow-up.

Research methods

To select survival-related predictors, clinical parameters consisting of age,
gender, jaundice, cholecystolithiasis, diabetes, body mass index (BMI),
carbohydrate antigen 19-9 (CA19-9), tumor size, pathological stage, histologic
grade, and surgical margins derived from 142 GBC patients after curative
intent surgical resection at Peking Union Medical College Hospital (PUMCH)
were incorporated into a univariate Cox regression analysis. Model selection
criteria, including the likelihood ratio test, Akaike information criterion (AIC),
and stepwise, forward, and backward analyses, were applied. Jaundice,
CA19-9, pathological stage, and resection (R) were combined into a survival-
time predictive nomogram. The predictive accuracy of the model was estimated
using the concordance index (C-index). The performance of the nomogram was
estimated using a calibration curve. The predictive accuracy and net benefit of
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the nomogram were assessed via receiver operating characteristic (ROC) curve
analysis and decision curve analysis (DCA), respectively.

Research results

A nomogram consisting of jaundice, CA19-9 levels, pathological stage, and
resection margin status was constructed to predict the survival time of GBC
patients after curative resection. More importantly, our nomogram exhibited
high predictive accuracy (C-index: 0.803; 95%Cl: 0.766-0.839) and model
performance (adjusted C-index: 0.797). Due to limited samples, more samples
are needed to optimize model performance.

Research conclusions

A nomogram was constructed to predict the overall survival of GBC patients
who underwent radical surgery from a clinical database of GBC at PUMCH.
In addition to a conventional nomogram construction strategy, continuous
predictors were first converted into categorical variables after graphical
assessment. Then, optimal cutoffs were selected regarding both normal
references and martingale residuals. Schoenfeld residuals were analyzed with
respect to ranked survival time for selected predictors, including jaundice,
CA19-9 levels, pathological stage, and R, to further evaluate whether the
proportional hazards assumption was valid. Finally, the predictive accuracy and
clinical utility of nomogram were checked via ROC curve analysis and DCA,
respectively. In summary, this study not only introduced a novel nomogram
construction method to optimize model performance but also provided more
detail information for clinicians to perform patient counseling, decision-making,
and follow-up scheduling.

Research perspectives

This study describes a modeling method based on a single institution for
survival prediction of rare tumors. This model had high predictive accuracy and
performed well after bootstrap validation and calibration. This research strategy
should be widely used to construct specific nomograms according to different
institutional databases, especially for rare tumors with small sample sizes of
patients with some missing data.
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Abstract

AIM

To assess the incremental benefit of narrow band
imaging (NBI) and white light endoscopy (WLE),
randomizing the initial technique for the detection of
residual neoplasia at the polypectomy scar after an
endoscopic piecemeal mucosal resection (EPMR).

METHODS
We conducted an observational study in an academic
center to assess the incremental benefit of NBI and
WLE randomly applied 1:1 (NBI-WLE or WLE-NBI)
in the follow-up of a post-EPMR scar by the same
endoscopist.

RESULTS

A total of 112 EPMR scars were included. The median
baseline polyp size was 20 mm (interquartile range:
14-30). At first review, NBI and WLE showed good
sensitivity (85.0% vs 78.9%), specificity (77.1% vs
84.2%) and overall accuracy (80.0% vs 82.5%). NBI
after WLE (WLE-NBI group) improved accuracy, but this
difference was not statistically significant [area under
the curve (AUC): 86.8% vs 81.6%, P = 0.15]. WLE
after NBI (NBI-WLE group) did not improve accuracy
(AUC: 81.4% vs 81.1%, P = 0.9). Overall, recurrence
was found in 39/112 (34.8%) lesions.

CONCLUSION

Although no statistically significant differences were
found between the two techniques at the first post-
EPMR assessment, the use of NBI after WLE may
improve residual neoplasia detection. Nevertheless,
biopsy is still required in the first scar review.

Key words: Colonoscopy; Narrow band imaging;
Endoscopic mucosal resection

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

Core tip: Endoscopic mucosal resection of colon polyps
in a piecemeal fashion requires a first close follow-up
to detect residual neoplasia. There are limited data on
the optimal approach to reviewing polypectomy scars
with narrow band imaging (NBI). In this prospective
observational study, which randomized the initial
technique for the detection of residual neoplasia, NBI
was slightly more accurate than white light endoscopy.
To improve the assessment of polypectomy scars, high-
definition endoscopes with NBI should be the rule.
However, biopsies are still required at the first follow-up,
even if there are no macroscopically evident lesions.

Riu Pons F, Andreu M, Gimeno Beltran J, Alvarez-Gonzalez MA,
Seoane Urgorri A, Dedeu JM, Barranco Priego L, Bessa X. Narrow
band imaging and white light endoscopy in the characterization
of a polypectomy scar: A single-blind observational study. World
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INTRODUCTION

Resection of non-pedunculated polyps, usually large
sessile colonic polyps, increases technical difficulty and
often requires fragmented resection or endoscopic
piecemeal mucosal resection (EPMR)™!. EPMR has
been associated with lesion recurrence in 16%-27% of
cases®™. Consequently, clinical guidelines recommend
endoscopic follow-up between 3 mo and 6 mo after
piecemeal resection of colorectal polyps to check for
residual neoplasia™®.,

Narrow band imaging (NBI) improves visibility and
identification of the surface and vascular structures of
colon polyps. This technique uses optical interference
filters to spectrally narrow the bandwidths used in
conventional white light, providing more visual detail to
superficial mucosal structures, and enhancing visualization
of the superficial mucosal capillaries in neoplastic tissue'.
In contrast to conventional chromoendoscopy, NBI is
easy to activate by pressing a button on the handle of the
endoscope.

Virtual or conventional chromoendoscopy is applied
during polyp resection, defining the edge of the lesion.
There have been few studies using conventional
chromoscopy™ or NBI in the examination of the EPMR
scar. In 2011, Rogart et a®’ compared the accuracy of
NBI with that of standard white light for the detection
of residual neoplasia at the resection site in 60 discrete
lesions (from the upper gastrointestinal tract to colon).
In 27 out of 43 (63%) lesions detected, the extension of
the residual scar was greater with NBI than with white
light. However, this finding does not reveal whether the
use of this technique could improve the detection of
residual tumor after piecemeal polypectomy, avoiding
complications, time and the costs of biopsy and histo-
logical analysis.

In this context, the European Society of Gastro-
intestinal Endoscopy (ESGE) published the first guideline
on advanced endoscopic imaging for the detection and
differentiation of colorectal neoplasia and recommends
conventional or virtual chromoendoscopy such as NBI in
the evaluation of patients with a piecemeal polypectomy
scar (a strong recommendation, but with low quality
evidence)™®. A recent paper by Desomer et a''! was
the first to describe a standardized imaging protocol
with high-definition WLE and sequential NBI for post-
endoscopic mucosal resection (EMR) scar assessment,
showing that this protocol is highly accurate in the
endoscopic detection of residual or recurrence adenoma
in the EMR scar, however, both techniques were always
applied sequentially in the same order (WLE plus NBI)
precluding to conclude the global accuracy depending on
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‘ Endoscopic mucosal scar assessment
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Record lesions
Level of confidence

Record lesions
Level of confidence
Biopsy or resection

Figure 1 Study protocol. Prediction of residual adenoma/hyperplastic tissue by the endoscopist with a level of confidence: Positive or: Negative. WLE: White light

endoscopy; NBI: Narrow band imaging.

the order of scar exploration of which technique at first is
relevant.

Therefore, the present study was designed to assess
the incremental benefit of NBI and WLE, randomizing the
initial technique for the detection of residual neoplasia at
the polypectomy scar after EPMR.

MATERIALS AND METHODS

Study design and population

An observational study was conducted from May 2015
to May 2016 at the Endoscopy Unit of Hospital del
Mar in Barcelona (Spain) to compare the accuracy of
both NBI and high-definition WLE in detecting residual
neoplastic tissue after EPMR of a colonic polyp.

The study protocol, in compliance with the ethical
guidelines of the 1975 Declaration of Helsinki, was
approved by the institutional review board of Parc de
Salut Mar, 21 April 2015 (protocol number: 2015/6152/
I) and registered at ClinicalTrials.gov (NCT02448693).
Written informed consent was obtained from all patients
included in the study.

We included from the electronic database of the
Endoscopy Unit consecutive patients with a minimum
age of 18 years who had undergone a baseline
colonoscopy in the last 12 mo with one or more sessile
or flat polyp removed in a piecemeal fashion regardless
of size. All baseline colonoscopies were performed by
general gastroenterologists or expert endoscopists.
Patients were excluded from follow-up colonoscopy if
an advanced colorectal cancer (CRC) was found at the
baseline colonoscopy, or if they did not attend follow-
up or did not provide informed consent, or if they had
a high risk of complications due to sedation -including
patients with high comorbidity (American Society of
Anesthesiologists, ASA grade IV and higher)- or had
inadequate bowel preparation defined by the Boston
bowel preparation score™.

Procedure
Follow-up colonoscopies were performed by five
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experienced senior endoscopists (experience of > 4000
colonoscopies) using high-definition colonoscopes
with NBI (EVIS EXERA III CV-190; Olympus Inc.,
Tokyo, Japan)™. All colonoscopies fulfilled the best
standards of quality (cecal intubation, bowel prepara-
tion cleanliness and endoscope time withdrawal). All
patients underwent bowel preparation using split-dose
4 L of oral polyethylene glycol-based solution. Level
of consciousness was monitored by propofol alone or
combined with midazolam and fentanyl at the discretion
of the endoscopist. An anesthesia specialist was
consulted in individual cases.

Each procedure was performed by the same
endoscopist. Randomization was done before the
initiation of the procedure. Allocation concealment of
the first technique was computer-generated by the
biomedical research consulting service of Hospital del
Mar Medical Research Institute (IMIM), Barcelona. In
addition, three specialized pathologists were blinded to
the study protocol and samples were received as scar
polypectomy for assessment. Colon inspection was
done with WLE during withdrawal. At the proximity of
the scar or scars, if there was multiplicity, WLE and NBI
were used randomly one after the other (WLE-NBI or
NBI-WLE group). If NBI was the first technique used, it
was switched prior to scar detection, avoiding, as far as
possible, a glance with WLE (Figure 1).

At first scar review, any macroscopically suspicious
lesion or nodularity (evaluation site) was assigned
a level of confidence, recorded on a data sheet by
the endoscopist. The level of confidence represented
a prediction of visual residual neoplasia graded as
positive: High confidence of diagnostic certainty or
negative: Low confidence or normal appearing scar. The
morphology of each evaluation site was described as flat
or nodular elevated. Residual neoplasia was defined for
any adenoma or serrated tissue that was confirmed on
histopathological analysis. After the first examination,
the endoscopist switched to the second endoscopic
technique and reviewed the polypectomy scar again.
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Consecutive lesions
Assessed for eligibility
(n = 164)

Excluded
Comorbidities: 7
CRC at baseline colonoscopy: 3
Declined to participate: 6

Post-EPMR scars included
Randomization of the first technique
(n = 120)

WLE-NBI group
(n = 60)

NBI-WLE group
(n = 60)

Dificult to localize/size: 4
Follow-up colonoscopy done: 11
Out of range for inclusion: 11
Sent to surgery after two
attempts at EPMR: 1

Lost to follow-up: 1

Excluded
Scar not found: 3

Scar not found: 5

Excluded

WLE-NBI histology group

(n=57) (n = 55)

NBI-WLE histology group

Figure 2 Flow diagram of study selection. WLE: White light endoscopy; NBI: Narrow band imaging; EPMR: Endoscopic piecemeal mucosal resection; CRC:

Colorectal cancer.

Any newly detected or suspicious lesions were classified
by making another prediction with a level of confidence
and recorded separately from the first review on a data
sheet. For newly suspected irregularities considered
as positive, the first review was being graded as
negative. After both evaluations, all of the sites were
biopsied (up to three), including an apparently normal
scar. If detected lesions were larger than 5 mm, the
endoscopist could use any additional therapeutic arsenal
to destroy the residual tissue by means of cold snare,
diathermy, EMR or argon plasma coagulation. The
rest of the colon was inspected following conventional
standards with WLE.

Data from the baseline colonoscopy included: lesion
size and location, Paris classification™, NBI International
Colorectal Endoscopic (NICE) classification*”, histology,
ASA classification, use of clips, use of endoscopic tattooing
to mark the lesion, number of resected specimens
from EPMR (categorized as 2-5 or > 5 specimens)™®,
endoscopists who performed EPMR, and median time
from baseline colonoscopy to evaluation.

The primary outcome was the accuracy of NBI and
WLE in detecting residual neoplasia in a polypectomy
scar, with pathological analysis as the gold standard.

Statistical analysis

Continuous variables were compared using the t-test,
if normally distributed, and the Mann-Whitney test if
not. Categorical variables were compared using the chi-
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square test or Fisher's exact test. The accuracy of each
technique in detecting residual neoplasia was assessed
globally for each scar. Receiver operating characteristic
(ROC) curve analyses were performed to reveal the
relationship between the sensitivity and specificity of
NBI and WLE. Kappa statistics were used to assess
interobserver agreement between endoscopists for each
technique and with histology. The threshold values of
kappa defined by Landis and Koch™” are: 0.0 agreement
no greater than chance alone, 0.01-0.2 slight, 0.21-0.4
fair, 0.41-0.6 moderate, 0.61-0.8 substantial and 0.81-1.0
near perfect agreement. P values < 0.05 were considered
to be statistically significant. Statistical analyses were
performed using STATA/IC 13.1 (StataCorp, College
Station, TX, United States).

On the basis of previous studies'™®, we aimed to
improve sensitivity in the detection of residual tissue
after an EPMR (WLE vs NBI) from 70% to 85%. A
sample size of 120 lesions (60 in each of the two
groups) achieved 80% power to detect a difference,
with alpha = 0.05.

RESULTS

Baseline characteristics

A total of 164 EPMR in 156 patients were assessed for
eligibility. One hundred twenty lesions from 111 patients
were included in this study and 44 were excluded as
shown in Figure 2. The enrolled patients were randomly
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Table 1 Baseline patient’s characteristics 7 (%)

Total number of lesions 112
67.7 (10.1)
Sex ratio, % male 57.1

Mean age, years (SD)

Weight (Kg, SD) 747 (15.4)
BMI (Kg/m’ SD) 27.6 (5.1)
Family History of CRC 27 (24.1)
Personal History of CRC 7 (6.3)
Current smoking 20 (17.9)
Diabetes 19 (17.0)
Lesion size, mm (median, interquartile range) 20 (14-30)
Categorical size
10-19 mm 47 (42.0)
20-39 mm 52 (46.4)
>40 mm 13 (11.6)
Location of the lesion
Cecum 15 (13.4)
Ascending 53 (47.3)
Transverse 20 (17.9)
Descending 4(3.6)
Sigmoid 10 (8.9)
Rectum 10 (8.9)
ASA classification
ASAT 18 (16.1)
ASATI 56 (50.0)
ASA III 38 (33.9)
Paris classification
0-Is 48 (42.9)
0-ITa 50 (44.6)
Other combinations (IIa + Is/Ilc) 14 (12.5)
NICE classification
NICEI 17 (15.2)
NICE II 94 (83.9)
NICE III 1(0.9)
Number of resected pieces
2-5 pieces 46 (41.1)
> 5 pieces 66 (58.9)
Baseline histology
Hyperplastic 4(3.6)
Adenoma with LGD 53 (47.3)
Adenoma with HGD 39 (34.8)
Sessile serrated adenoma (SSA) 11 (9.8)
Traditional serrated adenoma (TSA) 2(1.8)
Adenocarcinoma (pT1 stage) 3(7)
Use of clips 59 (52.7)
Clips per lesion (median, interquartile range) 3 (1-3)
Use of clips
Prophylactic 56 (94.9)
Intraprocedural bleeding 2(34)
Suspicion of deep mural injury 1(1.7)
Tattooed lesion after EPMR 38 (33.9)
Endoscopist who performed piecemeal EMR
Expert endoscopists 98 (87.5)
General gastroenterologists 14 (12.5)

Median time to review (months, interquartile range) 3.9 (3.0-5.3)

BMI: Body mass index; ASA: American society of anesthesia; CRC:
Colorectal cancer; EMR: Endoscopic mucosal resection; LGD: Low-grade
dysplasia; HGD: High-grade dysplasia; EPMR: Endoscopic piecemeal
mucosal resection.

divided into two groups (WLE-NBI or NBI-WLE). After
randomization, 8 lesions were excluded because the
scar was not found, and therefore 112 scars were finally
included to the analysis.

The patients’ baseline characteristics of one hundred
twelve scars are depicted in Table 1. Male gender was
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more prevalent (57.1% males) and the mean age was
67.7 years (SD: 10.1) at the time of the EPMR procedure.
The median size of the lesion was 20 mm (interquartile
range: 14-30). Lesions were most frequently located
proximal from the cecum to the transverse colon
(78.6%). Polyp morphology was sessile 0-Is (42.9%),
superficial elevated 0-IIa (44.6%), or other non-polypoid
combinations (12.5%), with predominantly adenoma
with low-grade dysplasia (47.3%). The resection
technique was using saline injection with indigo carmine
and optionally diluted adrenaline.

Endoscopic clips were used in 59 of 112 lesions
(52.7%), with a median of three clips (interquartile
range: 1-3) per session. The reasons for clipping were
mostly for prophylactic measures in 56 patients (94.9%),
intraprocedural bleeding in two patients (3.4%) and
suspicion of deep mural injury in one patient (1.7%).
All the complications were successfully managed endo-
scopically with no clinically significant post-procedural
bleeding or late complications.

Comparison of NBI and WLE

The median time from initial resection to scar review was
3.9 mo (interquartile range: 3.0-5.3). The characteristics
of WLE-NBI and NBI-WLE are shown in Table 2. Both
groups were similar; including the presence of dlips that
remained at the polypectomy scar, except for the median
size of baseline polyps, which were larger in the WLE-NBI
group.

Assessment of WLE and NBI with histology

Among the 112 lesions, a minimum of one biopsy per
scar was assessed, two different biopsies in 25 scars,
and up to three in three scars. When comparing the
two techniques with histology as the gold standard, we
analyzed those lesions as a whole scar.

In the WLE-NBI group, a first inspection with WLE
obtained 78.9% sensitivity, 84.2% specificity, 71.4%
positive predictive value (PPV) and 88.9% negative
predictive value (NPV). The addition of a second review
with NBI slightly increased sensitivity to 89.5% and NPV
to 94.1%, without modifying specificity (84.2%) or PPV
(73.9%).

Similar findings were demonstrated by the area
under the ROC curve for a global assessment. As shown
in Table 3, the addition of NBI was followed by a slight
but not significant increase in accuracy: WLE 81.6%
(95%CI: 70.5%-92.7%) vs NBI 86.8% (95%CI:
77.6%-96.0%, P = 0.15, Figure 3).

In the NBI-WLE group, in which the first review
was thorough NBI examination, we obtained 85.0%
sensitivity, 77.1% specificity, 68.0% PPV and 90.0%
NPV. Adding a second review with WLE did not increase
sensitivity (80.0%) but improved specificity (82.9%)
and PPV (72.7%) with similar NPV (87.9%).

As shown in Table 3, the AUC was similar for each
technique: NBI 81.1% (95%CI: 70.4%-91.8%) vs WLE
81.4% (95%CI: 70.4%-92.4%, P = 0.9, Figure 3).
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Table 2 Characteristics between groups at protocol study

WLE-NBI (7 = 57) NBI-WLE (7 = 55) P value
Sex (male, %) 54.4 60.0 0.36
Age (yr) 67.3 68.2 0.65
BMI (mean) 28.2 27.0 0.23
Baseline polyp size 0.002
10-19 mm 16 (28.1) 31 (56.4)
20-39 mm 30 (52.6) 22 (40.0)
=40 mm 11 (19.3) 2(3.6)
Location, right sided (%) 79.0 78.2 0.92
Paris Classification 0.34
0-Is 26 (45.6) 22 (40.0)
0-ITa 22 (38.6) 28 (50.9)
Other Combinations 9 (15.8) 5(9.1)
NICE Classification 0.90
NICEI 8 (14.0) 9 (16.4)
NICE II 48 (84.2) 46 (83.6)
NICE III 1(1.8) 0(0)
Baseline histology 0.78
Hyperplastic 2(3.5) 2 (3.6)
Adenoma with LGD 26 (45.6) 27 (49.1)
Adenoma with HGD 22 (38.6) 17 (30.9)
Sessile Serrated Adenoma (SSA) 5(8.8) 6 (10.9)
Traditional serrated adenoma 0 (0) 2(3.6)
Adenocarcinoma (pT1 stage) 2(3.5) 1(1.8)
Morphology of scar on site 1 0.12
Flat 29 (50.9) 20 (36.4)
Nodular elevated 28 (49.1) 35 (63.6)
Presence of clips on scar 3(5.3) 8 (14.6) 0.12
Residual neoplasia on histology assessment 0.74
Negative 38 (66.7) 35 (63.6)
Positive 19 (33.3) 20 (36.4)
Polyps resected (mean, SD) 24(2.7) 2.4 (2.7) 0.92
Mean time baseline EPMR colonoscopy (min) 55.9 51.9 0.38

WLE: White light endoscopy; NBI: Narrow band imaging; BMI: Body mass index; LGD: Low-grade dysplasia; HGD: High-grade dysplasia; EPMR:
Endoscopic piecemeal mucosal resection.

Table 3 Diagnostic performance of white light endoscopy and narrow band imaging for each group

WLE-NBI group NBI-WLE group

WLE (95%Cl)

NBI (95%ClI)

NBI (95%Cl)

WLE (95%Cl)

Sensitivity
Specificity
False positive
False negative
PPV

78.9% (56.7-91.5)
84.2% (69.6-92.6)
15.8% (7.4-30.4)
21.1% (8.5-43.3)
71.4% (50.0-86.2)

89.5% (68.6-97.1)
84.2% (69.6-92.6)
15.80% (7.4-30.4)
10.50% (2.9-31.4)
73.9% (53.5-87.5)

)

85.0% (64.0-94.8)
77.1% (61.0-87.9)
22.9% (12.1-39.0)
15.00% (5.2-36.0)
68.0% (48.4-82.8)

)

80.0% (58.4-91.9)
82.9% (67.3-91.9)
17.1% (8.1-32.7)
20.0% (8.1-41.6)
72.7% (51.8-86.8)

NPV 88.9% (74.7-95.6)  94.1% (80.9-98.4 90.0% (744-965)  87.9% (72.7-95.2)
LR + 5(2.3-10.8) 5.7 (2.7-12.0) 3.7 (2.0-7.0) 47 (2.2-10.0)
LR- 0.3 (0.1-0.6) 0.1 (0.03-0.5) 0.2 (0.1-0.6) 0.2 (0.1-0.6)

Global accuracy
AUC

82.5% (70.6-90.2)
81.6% (70.5-92.7)

86.0% (74.7-92.7)
86.8% (77.6-96.0)

P=0.15

80.0% (67.6-88.4)
81.1% (70.4-91.8)

81.8% (69.7-89.8)
81.4% (70.4-92.4)

0.9

CI: Confidence interval; WLE: White light endoscopy; NBI: Narrow band imaging; PPV: Positive predictive value; NPV: Negative predictive value; LR:

Likelihood ratio; AUC: Area under the curve.

There was also a high degree of interobserver
agreement between WLE and NBI (Kappa value, 0.91)
and good concordance with histology (WLE: Kappa, 0.62
and NBI: Kappa, 0.65).

None of the patients had major complications due to
the colonoscopy assessment.

Residual neoplasia in scar tissue

Of the 112 scars detected at the endoscopic follow-up,

Baishidenge ~ WJG | www.wjgnet.com

39 (34.8%) had residual neoplastic lesions on histologic
assessment (Figure 4): 1 (2.6%) hyperplastic polyp, 29
(74.4%) adenomas with low-grade dysplasia, 5 (12.8%)
adenomas with high-grade dysplasia, 3 (7.7%) sessile
serrated polyps and 1 (2.6%) carcinoma. The latter
case, considered a high-grade dysplastic adenoma
at the baseline piecemeal polypectomy, was a flat
depressed (0-IIc) unresectable lesion on colonoscopy
follow-up.
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Figure 3 Receiver operating characteristic curve. Global assessment of white light endoscopy (WLE) and narrow band imaging (NBI) is drawn for each group.
A: WLE-NBI; B: NBI-WLE. The cut-off of the best area under the operating characteristic curve (ROC) curve is the true positive rate (sensitivity) plotted to the false
positive rate (1.0-specificity). The closer the ROC curve to the upper left corner, the higher the accuracy of the test.

Figure 4 Examples of endoscopic mucosal scar with white light endoscopy and narrow band imaging (above and below and from left to right). A: Normal
scar; B: Clear residual tissue of a surprisingly sessile serrated polyp/adenoma with no dysplasia on either the scar or endoscopic piecemeal mucosal resection; C:
Apparent normal tissue with low-grade dysplasia at histology; D: Small residual tissue with low-grade dysplasia surrounding a clip (a clip artifact).

DISCUSSION

We found that NBI and WLE showed high sensitivity,
specificity and very good accuracy in detecting residual
neoplasia. Of importance, in the first review with
both techniques, the global assessment was almost
equivalent (AUC: 82%). Sensitivity and NPV were
improved only by NBI after WLE but this difference was
not statistically significant.

Current ESGE guidelines of advanced colonoscopic
imaging suggest the use of conventional or virtual chro-
moendoscopy at the piecemeal polypectomy scar, but
there is scarce evidence'”. In 183 lesions, Desomer et af'™"
demonstrated that NBI achieves higher sensitivity and
specificity than WLE alone (sensitivity: 93.3% vs 66.7%;
specificity: 94.1% vs 96.1%). However, a ROC curve
for global assessment would have been desirable to
discriminate statistically significant differences. Despite
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the higher accuracy of WLE+NBI, the false negative
result, meaning to give a negative diagnosis but was
actually positive on histology, was 6.7%, indicating
that a surveillance and histology protocol need to be
implemented before biopsies can be omitted.

Globally, we identified 34.8% of patients with
residual neoplasia, which is higher than values reported
in the literature®“. In most of the patients, the residual
neoplastic tissue was treated endoscopically. However,
due to the primary outcome of the study, we did
not undertake a second follow-up to determine the
persistence of residual neoplasia subsequently. Knabe
et al"™® reported a similarly high recurrence of 31.7%
at the first follow-up, and pointed out that 7% of
macroscopically inconspicuous polypectomy scars were
found to have occult residual adenoma. This highlights
that a substantial proportion of large EPMR confers
incomplete resection and some scars can harbor late
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recurrence. In our study, the use of NBI after WLE
yielded a false negative rate of 11%. These lesions
could have been missed had we not taken biopsies from
the scar.

Of note, almost half of the lesions were clipped,
mostly as a prophylactic measure. Their use or
presence at the scar did not influence characterization
or recurrence. This type of closure makes a nodularity
of elevated normal mucosa or a granulation tissue,
also called the clip artifact!*®’. However, even though
we did not evaluate the morphology of the clip artifact,
the presence of a nodule or irregularity should be
meticulously inspected and, if there is inconclusive focal
change, biopsies or excision should be performed”’.

There are some explanations that plausibly strengthen
our findings. First, for this study, we used high-definition
colonoscopes (series 190 from Olympus). The vascularity
or the pit pattern of the polypectomy scar seems to be
well defined even with WLE. Second, the strength of
randomization involves the assignment of a grade of
suspicion each time the endoscopist detects irregularities
from the normal or fibrotic mucosa. Our results suggest
that switching the filter to NBI or WLE does not alter the
first impression (near perfect agreement with a kappa of
0.91).

Our study has some limitations. First, this is a
single-center study and the observed results should
be compared with those of other centers with different
level of expertise. In addition, we excluded patients with
high comorbidity who had undergone EPMR to avoid
losses or other complications related to sedation at
follow-up colonoscopy.

Second, randomization of the two techniques in
which the introduction of the colonoscope was on WLE
could have biased the results for the NBI-WLE group.
However, the results of NBI as the first evaluation
were similar to those of WLE as the first (AUC: 81.1%
vs 81.6%, respectively) and were slightly better than
those for the WLE-NBI group (AUC: 86.8%). Other
possible scenarios would have been insertion by a first
endoscopist and assessment by a second endoscopist,
or two different endoscopists at the same time for
each technique. This would have introduced other
bias by having two endoscopists in the same room,
and the results would be less homogeneous between
endoscopists.

Third, the median baseline polyp size was statistically
significant between the two groups at the follow-up
colonoscopy to evaluate the scar. We assume this non-
intentional distribution was due to randomization of a
small sample. However, there was no difference in the
scar morphology or the humber of residual tissue in the
histology sample between the two groups.

Finally, the median time to review was short,
which did not allow recurrence to be distinguished
from residual tissue. Moreover, we did not carry out
surveillance after 6 mo, which could have increased
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the proportion of late recurrences detected. Due to the
primary outcome in our study, we could not extrapolate
the risk factors for recurrence. There is robust evidence
from a meta-analysis of potential predictors of local
recurrence, and the recurrence risk can be stratified by
using the Sydney EMR recurrence tool**?,

In conclusion, this prospective observational study
of recurrence at endoscopic resection scars assessed
by expert observers did not show a difference in the
detection of recurrence at the EPMR scar depending
on whether the initial technique was NBI or WLE but
there was a slight accuracy improvement in the WLE-
NBI group although non-significant. Biopsies are still
required in the first review of the scar in all cases, either
when there is any suspicious nodularity or clip artifact,
even if no macroscopically evident lesion is observed.
Although non-targeted forceps biopsy is an imperfect
gold standard, larger lesions resected in a piecemeal
fashion should be monitored at 3-6 mo to detect and
resect residual tissue.

ARTICLE HIGHLIGHTS

Research background

Endoscopic mucosal resection of colon polyps in a piecemeal fashion (EPMR)
requires a first close follow-up at 3-6 mo. In addition, the European Society
of Gastrointestinal Endoscopy recommends the use of advanced endoscopic
imaging for the detection and differentiation of residual neoplasia at the
polypectomy scar, but with low quality of evidence.

Research motivation

There are limited data on the best approach with the use of narrow band
imaging (NBI) compared with white light endoscopy (WLE) to review a
polypectomy scar.

Research objectives

This study was designed to assess the incremental benefit of NBI and WLE,
randomizing the initial technique for the detection of residual neoplasia at the
polypectomy scar after an EPMR.

Research methods

We conducted an observational study of 120 polypectomy scars in 111
patients who had undergone a baseline colonoscopy with piecemeal
polyp resection regardless of size and prospectively assigned to follow-up
colonoscopy with random application of NBI and WLE 1:1 at the proximity
of the scar. Patients were distributed in two groups (NBI-WLE or WLE-NBI).
Five experienced endoscopists used Olympus 190 series for the assessment.
Any macroscopically suspicious lesion was recorded as positive, with high
confidence of a definitive diagnosis, or as negative. After the first examination,
the endoscopist switched to the second technique and reviewed the
polypectomy scar again, making a second prediction. After both evaluations,
all of the sites were biopsied, including apparently normal scars. All resected
specimens were blinded to the three specialized pathologists. The primary
outcome was the accuracy of NBI and WLE in detecting residual neoplasia in
the polypectomy scar, with pathological analysis as the gold standard. Receiver
operating characteristic (ROC) curve analyses were performed to reveal the
relationship between the sensitivity and specificity of NBl and WLE, and Kappa
statistics were used to assess interobserver agreement between endoscopists
for each technique and with histology.

Research results
After randomization, 8 lesions were excluded from the final assessment
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because the scar was not found, and therefore 112 scars were finally included
to the analysis. In the WLE-NBI group, a first inspection with WLE showed
78.9% sensitivity, 84.2% specificity, 71.4% positive predictive value (PPV)
and 88.9% negative predictive value (NPV). The addition of a second review
with NBI slightly increased sensitivity to 89.5% and NPV to 94.1%, without
modifying specificity (84.2%) or PPV (73.9%). The addition of NBI was followed
by a slight but non- significant increase in accuracy, shown by the area under
the ROC curve (AUC): WLE 81.6% vs NBI 86.8% (P = 0.15). In the NBI-
WLE group, which underwent the first review with NBI, the results in terms of
sensitivity and specificity were almost equivalent. There were no differences in
the AUC with NBI (81.1%) vs WLE (81.4%) (P = 0.9). There was a high degree
of interobserver agreement between WLE and NBI (Kappa value, 0.91) and
good concordance with histology (WLE: Kappa 0.62 and NBI: Kappa, 0.65). Of
the 112 scars detected at the endoscopic follow-up, 39 (34.8%) had residual
neoplastic lesions on histologic assessment.

Research conclusions

We found that NBI and WLE showed high sensitivity, specificity and very
good accuracy in detecting residual neoplasia. Sensitivity and NPV were
improved only when NBI was performed after WLE but this difference was
not statistically significant. In our study we identified a higher rate of patients
with residual neoplasia. Due to the primary outcome of the study, we did not
undertake a second follow-up. Despite the use of NBI after WLE, we found a
false negative rate of 11%. These lesions could have been missed if we had
not taken biopsies from the scar. For this reason, we believe that biopsies are
still required in the first review of the scars in all cases, even if there are no
macroscopically evident lesions, although we recognize that this is an imperfect
gold standard. Monitoring EPMR at 3 to 6 mo is mandatory to detect and resect
residual tissue.

Research perspectives
The future direction in this field will probably focus on the use of optical
magnification or other digital improvements in image enhancing techniques.
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