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P-Reviewer: Yang L Non-alcoholic fatty liver disease (NAFLD) prevalence has increased drastically in
recent decades, affecting up to 25% of the world’s population. NAFLD is a
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Published online: February 27, 2022 these can vary widely. The use of animal models remains crucial for under-
standing the disease and for developing tools based on biological knowledge.
Among certain requirements to be met, a good model must imitate certain aspects
of the human NAFLD disorder, be reliable and reproducible, have low mortality,
and be compatible with a simple and feasible method. Metabolism studies in these
models provides a direct reflection of the workings of the cell and may be a useful
approach to better understand the initiation and progression of the disease.
Metabolomics seems a valid tool for studying metabolic pathways and crosstalk
between organs affected in animal models of NAFLD and for the discovery and
validation of relevant biomarkers with biological understanding. In this review,
we provide a brief introduction to NAFLD hallmarks, the five groups of animal
models available for studying NAFLD and the potential role of metabolomics in
the study of experimental NAFLD.
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Core Tip: Non-alcoholic fatty liver disease (NAFLD) is a spectrum of different diseases that starts with
asymptomatic steatosis, continues with steatohepatitis, and can progress to fibrosis. Current knowledge
suggests that NAFLD initiates and progresses through most of nine hallmarks. Animal models remain
crucial for understanding the disease and for developing tools based on biological knowledge.
Metabolomics seems a valid tool for studying metabolic pathways and organ crosstalk in NAFLD. In this
review, we provide a brief introduction to NAFLD hallmarks, the five groups of animal models available
for studying NAFLD and the potential role of metabolomics in the study of experimental NAFLD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) prevalence has increased drastically in the last decades,
affecting up to 25% of the world’s population[1]. The rise of disorders such as obesity and type 2
diabetes mellitus, as well as changes in lifestyle and diet composition, have led to a worldwide increase
in the incidence of NAFLD[2-5]. Given that NAFLD reduces life expectancy by four years and triggers
the appearance of different comorbidities such as cardiovascular disease, kidney damage or
osteoporosis[3-5], it seems vital for specialists to establish accurate and precise guidelines or strategies
to address the disease[6]. Assuming that the first stages of NAFLD are reversible[2] and to control the
disease worldwide, there is a need for new non-invasive methods based on diagnostic and predictive
biomarkers to help diagnose NAFLD in these early stages and avoid of the biopsy, which remains the
gold standard diagnostic method[7,8]. The use of animal models remains crucial for understanding the
disease[9] and for developing tools based on biological knowledge. In this review, we will provide an
updated summary on NAFLD development, the importance of experimental animals uses, the rodent
models currently applied, and use of metabolomics as a new methodology for improving understanding
and management of NAFLD.

NAFLD DISEASE

NAFLD is a spectrum of different diseases that starts with asymptomatic steatosis (NAFL) and
continues with onset of an inflammatory response called steatohepatitis (NASH), which can progress to
fibrosis. This hepatic fibrosis may produce cirrhosis and eventually, hepatocellular carcinoma (HCC)[2].
The first theory to explain NASH development, proposed in 1998, was known as the “two hits”
hypothesis[10]. The first hit was fat storage in the hepatocytes, which would induce steatosis, the second
hit being increased oxidative stress in the hepatocytes which would stimulate lipid peroxidation. It was
believed this double hit was necessary to induce disease onset[10]. Currently, the “two hits” concept is
considered old-fashioned by many experts. The hepatocyte needs several molecular and metabolic
changes for its function to finally vary. Instead, it seems more precise to propose a “multiple hit”
hypothesis[11]. This premise is intended to provide greater insight into NAFLD pathology and
considers the different events that can take place in predisposed subjects during development of the
disorder. Fat accumulation and synthesis of reactive oxygen species are essential events, yet other

phenomena are also important and can be considered hallmarks of NAFLD initiation and progression
(Figure 1).

Environmental factors

Among environmental factors, the most prominent are dietary habits, physical activity, and socio-
economic aspects. Increased calories intake, and consumption of high-sugar and high-fat diets increases
the risk of developing not only NAFLD but also conditions such as obesity and type 2 diabetes mellitus
[4,8,12]. Hallsworth et al[13] was the first to show an association between sedentary behavior and
physical activity levels in patients with NAFLD, finding that these patients were on average more
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Figure 1 Hallmarks of non-alcoholic fatty liver disease. Previous studies and current knowledge suggest that in most cases, non-alcoholic fatty liver
disease initiates and progresses through most of these nine hallmarks, although the triggers and mechanisms for them can be diverse. NAFLD: Non-alcoholic fatty

liver disease.
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sedentary, walked less and spent less time on physical activity. Furthermore, it has been demonstrated
that lifestyle interventions in diet and physical activity could improve the disease prognosis[12]. Finally,
regarding socio-economic aspects, the role of educational level and family economic status in
development of NAFLD is still under debate[4].

Intracellular factors

At the cellular level, important events such as mitochondrial dysfunction[14], endoplasmic reticulum
(ER) stress[15,16], and activation of the inflammasome[17] contribute to fat accumulation in cells
(steatosis) and inflammation. Genetic variants and epigenetic factors must also be taken into account in
NAFLD progression[11,18]. A decade ago, PNPLA3 I1148M was the first genetic variant reported to be
associated with NAFLD. Currently, 13 genetic variants have been linked to increased risk of NAFLD or
NASH, with the exception of the variant UCP2 866, which reduces the risk of NASH[18]. Some of these
variants, such as TM6SF2, PNPLA3, NCAN, and PPP1R3B, have been linked to inherited NAFLDI8].

Extracellular factors

As a complete organ, the liver includes many non-parenchymal cells besides hepatocytes which
contribute to the proper functioning of the organ. Among these are liver sinusoidal endothelial cells
(LSECs), hepatic stellate cells (HSCs) and several immune cells, such as Kupffer cells[19,20]. Most of
these cell types are essential to maintain homeostasis in the liver at the extracellular level, and alteration
in their function has been associated with the NAFLD progression. LSECs maintain portal pressure and
inhibit HSCs and Kupffer cells activation. During the first reversible stage of NAFLD, LSECs lose their
functions, and, in turn, induce inflammation and fibrosis[21,22]. HSCs contribute to initiation and
progression of liver fibrosis[19,23,24], one of the hallmarks of NAFLD evolution. Immune cells can be
activated during liver disease creating a pro-inflammatory environment in the organ which contributes
to NASH, fibrosis, cirrhosis, and HCC progression[19,25].

Organ crosstalk

NAFLD illness is not limited to hepatic disease: the NAFLD liver interacts with other organs, creating
an organ crosstalk[26], which provides further support for the “multiple hits” hypothesis. As a first
example, adipose tissue (AT) dysfunction is related to NAFLD disease[11,26]. Excess fat consumption
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produces hypertrophy in adipocytes. AT can release several hormones or cytokines called adipokines
which generate a pro-inflammatory environment[27]. This inflammatory state occurs first in the AT,
then in the liver[28]. Furthermore, noncoding RNA[29] and extracellular vesicles[26,30] from the AT are
linked to development of NAFLD and cell-to-cell communication. In the context of NAFLD, the gut-
liver axis refers to the relationship between gut integrity, gut microbiota, and the liver[11,26,31]. Both
organs are directly connected by the portal vein. In general, the gut presents different kinds of barriers
and mechanisms to maintain its integrity. One function of these barriers is to control the passage of
substances into the portal vein and the liver[31,32]. Further evidence suggests that the intestinal barriers
are altered, and intestinal permeability is increased in NAFLD disease. Taking advantage of this altered
permeability, bacteria can translocate more easily into the blood, enter the portal vein and finally reach
the liver[32]. Increased gut permeability and bacterial translocation are associated with liver cirrhosis
[31]. The gut microbiota is also altered in NAFLD due to intestinal microbial dysbiosis[33]. It has been
shown that bacteria phyla are modified under high-fat diet-induced liver steatosis in rodent models[34]
and human studies of NAFLD, NASH, and cirrhosis[35]. Variations in bacteria composition lead to
altered concentration of some metabolites. This phenomenon, added to reduced permeability, triggers
the arrival of molecules such as lipopolysaccharides in the systemic circulation and activation of Toll-
like receptor in cells. Moreover, metabolism of trimethylamine which can be oxidized in the liver
ultimately forming trimethylamine N-oxide, has been linked to NAFLD progression and cardiovascular
disease[33]. Additionally, the liver has been associated with the brain[26]. The arcuate nucleus of the
hypothalamus regulates satiety. In 2005, De Souza et al[36] proved that a high-fat diet caused several
proinflammatory-related changes in mRNA expression in the hypothalamus of Wistar. Furthermore,
cirrhotic patients can develop hepatic encephalopathy, a neurological comorbidity associated with
NAFLD disease[37,38]. Finally, the kidney and the liver have also been linked. The study of Musso et al
[39] in 2014 revealed that NAFLD severity was correlated with severity of chronic kidney disease
(CKD). Many pathways are shared between NAFLD and CKD, so progression of NAFLD will
contribute to CKD progression and vice versa[40].

Sexual dimorphism

NAFLD affects more men than women[41,42], due to the protective role of estrogens against disease
development[43-46]. Nonetheless, in women of a certain age and under certain risk factors, incidence is
higher than in men and they experience a more aggressive disease course. These risk factors are: (1)
Earlier age of menarche; (2) Polycystic ovary syndrome; (3) Gestational diabetes; and (4) Menopause[46-
49]. Interestingly, sex differences extend beyond incidence rates: NAFLD appears to develop in distinct
ways in males and females[50-54]. However, further studies on about molecular processes are needed
for enhanced insight into sexual dimorphism in NAFLD[55].

RODENT MODELS IN NAFLD

NAFLD is a complex disease which affects many hepatic parameters, as well as functions of other
organs. With current methodologies, it is virtually impossible to study the “multiple hits” hypothesis of
NAFLD as a whole in humans, because this requires access to multiple tissues, biofluids, and controlled
environments. Animal models therefore remain essential for studying initiation and progression of
NAFLD, and present various advantages over clinical research: (1) The possibility to obtain multiple
samples and carry out longitudinal studies; (2) Shorter time to disease onset; (3) The possibility of
controlling the variables of our model; and (4) Use of genetically modified animals to study a specific
gene or metabolic pathway alteration. Compared to in vitro studies, animal models can be used to study
the whole liver and organ crosstalk between the liver and other organs[56].

Nevertheless, a perfect animal model[9,57] providing information on all potential triggers and causes
of NAFLD is elusive. Therefore, it is vital to know the stage of the disease to be studied and which
model reproduces the physiopathological characteristics we want to study. Focusing on model selection,
among key common characteristics, a good model must imitate certain aspects of the human NAFLD
disorder, be reliable and reproducible, have low mortality, and be compatible with simple and viable
methods[9]. Development of obesity or insulin resistance, AT inflammation, alterations of intestinal
physiology, and a specific liver phenotype (Table 1) are traits that mimic human NAFLDI[58,59]. Several
animal models can be used to study metabolic diseases, including NAFLD, but rodents are the most
commonly used. Rodent models are preferred because they easily develop obesity, type 2 diabetes
mellitus, and NAFLD[60]. In mice, the ideal model genetic background is the strain C57BL/6, and
specifically the substrain C57BL/6], as C57BL/6] mice are more insulin resistant than C57BL/6N mice
[61], which allows for better isolation of the NAFLD process from other metabolic alterations. For rat
models, Wistar or Sprague Dawley rats are usually chosen, although other models besides rats and
mice, such as New Zeland white rabbits, Guinea pigs, or Tree shrews, have also been used[60]. Rabbits,
and many non-rodent models like pigs, have the important advantage of longer pre-pubertal stages,
which allow them to mimic the subclinical NAFLD situation in children with greater precision than
would be possible with mice or rats[59,62]. Also, pigs are anatomically and metabolically more similar
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Table 1 Summary of existing rodent models of non-alcoholic fatty liver disease

Rodent models Obesity Insulin resistance  Steatosis NASH Fibrosis HCC

Dietary

Deficient diet
MCD No Hepatic IR Yes Yes Yes No
CDAA No No Yes Yes Yes Yes

High-amount diet

HFD Yes Yes Yes Yes Yes No

HFHS Yes Yes Yes Yes Yes No

High fructose diet No Yes Yes No No No

HFHC Yes Yes Yes Yes Yes No

Atherogenic diet No Hepatic IR Yes Yes Yes No
(cholesterol + cholate)

Cafeteria diet or Western ~ Yes Yes Yes Yes No -
diet

ALIOS Yes Yes Yes Yes Yes Yes

AMLN Yes Yes Yes Yes Yes No

DIAMOND Yes Yes Yes Yes Yes Yes
Genetic
ob/ob Yes Yes Yes No No No
db/db Yes Yes Yes No No No
KK-Ay Yes Yes Yes No No No
foz/foz Yes Yes Yes No No No
fa/fa Yes Yes Yes No No No
PTEN knockout No No Yes Yes Yes Yes
PPAR-o knockout No No Yes No No No
SREBP-1c transgenic No Yes Yes No No No
Chemicals
Tetracycline No No Yes Yes Yes -
CCl, No No Yes Yes Yes Yes
TAA - - Yes Yes Yes Yes
STZ - - - Yes = -
DMN - - No Yes Yes Yes
DEN No - Yes Yes Yes Yes
Porphyrinogenic agents - - Yes Yes - -
(DDC or GF)
MSG Yes Yes Yes Yes No Yes
Tunicamycin - - Yes Yes - -
Surgical
CBDL - - Yes Yes Yes -

Combined models

ob/ob + MCD diet Yes - Yes Yes No No
db/db + MCD diet Yes Yes Yes Yes Yes No
HFD + thermoneutral - - - Yes Yes -
housing at 30 °C
Guiewidege WJH | https://www.wijgnet.com 308 February 27,2022 | Volumel14 | Issue2 |
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No - Yes Yes Yes Yes
Yes - Yes Yes Yes Yes
No - Yes Yes Yes Yes
No - Yes Yes Yes Yes

ALIOS: American lifestyle-induced obesity syndrome model (high-fat + trans-fat + fructose); AMLN: Amylin liver NASH model; CBDL: Common bile duct
ligation; CCl: Carbon tetrachloride; CDAA: Choline-deficient, L-amino defined diet; DDC: 3,5-diethoxycarbonly-1,4-dihydrocollidine; DEN:
Diethylnitrosamine; DIAMOND: Diet-induced animal model of non-alcoholic fatty liver disease mice; DMN: Dimethylnitrosamine; GF: Griseofulvin; HCC:
Hepatocellular carcinoma; HFD: High-fat diet; HFHC: High-fat high-cholesterol diet; HFHS: High-fat high-sugars diet (mainly fructose or sucrose); MCD:
Methionine and choline deficient diet; MSG: Monosodium glutamate; NASH: Non-alcoholic steatohepatitis; STZ: Streptozotocin; STAM: Stelic animal
model of NASH (STZ + HFD); TAA: Thioacetamide.
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to humans than rodent models. Nonetheless, these non-murine species have some drawbacks, such as
they involve more complicated and less generally established genetic approaches, and housing larger
animals can be more difficult from a logistic and economic point of view[59]. Models of smaller size and
shorter lifetimes than mice and rats have also been explored. For example, use of zebrafish as a NAFLD
model is recently increasing an inexpensive model in which NAFLD develops quickly[63].

Despite the wide variety of models, rodents are still the preferred species for experimental NAFLD
research because of their small size, ease of maintenance, short life span, and available genetic resources.
The current rodent models used in NAFLD can be stratified into five main groups, depending on the
disease inducer: dietary, genetic, chemical, surgical, and combined (mix of different models).
Pathological characteristics of these rodent models are summarized in (Table 1).

Dietary models

Dietary models, which can be classified as deficient or high amount diets, are an excellent option for
studying NAFLD disease. Deficient diets are not generally found in humans, as they are based on
absence of essential elements. However, in animals, methionine and choline-deficient diet (MCD) or
choline-deficient, L-amino defined diet are effective in generating liver damage[64,65]. The diets most
closely resembling humans experience are the high amount calorie diets with an excessively high
amount of specific nutrients, mainly fats and sugars[9,57,59,66]. Different diets can be defined by the
high concentration of nutrients or how they are combined. Among these are high-fat diets, high-
cholesterol and cholate diets (atherogenic diet), high-fat high-cholesterol diets, high-sugar diets based
on fructose or sucrose, and high-fat high-sugar diets. Their effects on NAFLD development are shown
in (Table 1). Lastly, there are different animal models of NAFLD based on diets that promote NASH in a
short period: (1) American lifestyle-induced obesity syndrome model (ALIOS model); (2) Amylin liver
NASH model (AMLN model); and (3) Diet-induced animal model of NAFLD mice (DIAMOND model)
[57]. The ALIOS model is based on a high-fat diet (45% fats, 2% trans fats), drinking water with fructose
and glucose, and a sedentary behavior (cages without wire racks), promoting obesity[67]. The AMLN
model is based on a high-fat (40% fats, 18% trans fats), high-fructose (22%) and cholesterol (2%) diet[68,
69]. ALIOS and AMLN are very similar, but with different fat percentages, and in the AMLN model
fructose is given in pellet form rather than in drinking water[68]. A variant of the AMLN model called
the Gubra amylin NASH (GAN) diet is currently used, with the same composition, but trans-fat-free
diet and with increased saturated fatty acids[70]. The DIAMOND model is based on a high-fat (42%),
high-carbohydrate and cholesterol (0.1%) diet but with an added high-fructose and glucose solution
[71]. All these models are modified Western or Cafeteria diets (combination of fat and sugars)
presenting more or less the same composition but in different proportions[63,72].

Genetic models

Genetic models allow us to study genetic and pathophysiological consequences of alterations in certain
genes potentially involved in NAFLD development. These models are based on mechanistic hypotheses
and have the main limitation that every specific mutation in a single gene is not usually found in
humans[9]. Nevertheless, they provide two major advantages over other models: first, the means to
study disease mechanisms in NAFLD, and second, the opportunity to improve our knowledge of a
specific mechanism in the disease models[73]. Nowadays, genetic engineering tools have facilitated
generation of transgenic animals and knockouts, either by commercial houses or in academic
laboratories[62,73-75]. There are many genetic models for NAFLD, each one based on different
pathways affected in the disease[76]. The genetic models most commonly used in the study of NAFLD
are reported in (Table 1).

Chemical models
The most widespread chemical models for studying NAFLD are those based on liver damage through
tetracycline, carbon tetrachloride (CCl,), thioacetamide (TAA), and streptozotocin[9,65]. These models
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can produce significant liver damage depending on the experimental exposure time (days, weeks, or
months) and the dose delivered, but in the focus is generally, on producing liver steatosis and fibrosis
[63,65,74,77]. Treatment with the chemicals diethylnitrosamine (DEN) or dimethylnitrosamine (DMN) is
typically used to induce HCC and the approach may be too aggressive for studying NAFLD alone[56,60,
74]. The porphyrinogenic agents (3,5-diethoxycarbonyly-1,4-dihydrocollidine (DDC) and griseofulvin
(GF) and the chemical monosodium glutamate (MSG) are less often used but can also induce steatosis
and NASH][78]. The chemical Tunicamycin produces ER stress in the hepatocytes which can in turn
induce steatosis[79,80]. Overall, chemical models represent a faster and more dramatic way to study
liver damage, but the disease initiation and progression bears less resemblance to human NAFLD than
diet or genetic models.

Surgical models

Hepatobiliary system surgery can induce NAFLD in experimental models. The most common surgical
model is Bile Duct Ligation (BDL), which is used to produce fibrosis, cirrhosis and as a consequence,
liver failure in rodents[65,74,81]. BDL can be performed in mice and rats[65], but this model is difficult
to implement in mice, as several surgical complications can arise[56]. Surgical models are the least used
models of NAFLD because of their complexity and lack of similarity to human NAFLD.

Combined models

Genetic models do not usually develop NASH, fibrosis, or HCC spontaneously, so they are often
supplemented with diet to achieve worse liver damage[9,57,62]. This is also the case with chemical
models, in which the dose for inducing liver damage is often too aggressive but combining a low dose
with some NAFLD-inducing diet modifications can help producing a model that progresses at a slower
pace, which allows detection of the different stages of NAFLD progression[60,65,66,77]. These combined
models genetic plus diet or chemical plus diet, are also a common option for studying NAFLD[76].

METABOLOMICS IN NAFLD RODENT MODELS

Currently, liver function is routinely controlled by blood analysis in which clinicians test for transam-
inases, albumin, platelets, bilirubin and clotting factors. Patients presenting abnormal levels of these
parameters, especially transaminases, and whose medical history reveals risk factors for diabetes,
obesity or metabolic syndrome, undergoes a non-invasive imaging method, mainly ultrasonography
and elastography, to confirm the presence of steatosis and fibrosis in the liver. If the result is positive,
the NAFLD fibrosis score and FIB-4 index scores can be applied. Depending on the score, patients are
classified as at low, medium or high risk of fibrosis. The goal of these imaging methods is to detect
whether fibrosis is present, due to the different follow-up required in patients with fibrosis. An invasive
imaging method, biopsy, is performed on those with a high risk of fibrosis or with an unclear diagnosis
under non-invasive imaging methods[8,82-84]. Nowadays, biopsy remains the gold-standard for
diagnosis of hepatic steatosis, NASH and fibrosis, as histology confirms tissue damage[7,8]. Biopsy has a
relatively high incidence of false negatives, since the fragment finally analyzed only represents about
1/50000 of the organ and analysis may vary between pathologists[7]. Moreover, non-invasive imaging
methods also present disadvantages. Steatosis can only be detected at over 30% and these methods
cannot determine whether NASH is present[85,86]. We are still far from achieving the main objective:
NAFLD prevention and a rapid diagnosis. New non-invasive diagnostic methods are needed, and one
alternative could be use of metabolomics in the search for new biomarkers.

Personalized medicine has become a fundamental strategy in the future of healthcare. The possibility
of tailor-made treatments for patient groups will help streamline healthcare costs and enhance efficacy
and safety of interventions. The transition to a personalized medicine model has been facilitated by
recent advances in "omics" technologies that are allowing the degree of personalization in the diagnosis
and treatment of different diseases to be increased to levels unimaginable just a few years ago[87].
Metabolomics is an emerging research area and can be considered, at a biochemical level, as the end of
the “omic” cascade since changes in the metabolome constitute the organism's last response to genetic,
chemical and environmental alterations[63].

Small biochemicals are the end products of all the regulatory processes present in a cell, tissue, or
organism, including transcriptional and translational regulation and posttranslational modifications.
Consequently, metabolic changes are among the best reporters of the organism's response to a disease
process. The application of metabolomics to the study of metabolic diseases may increase our
understanding of the pathophysiological processes involved, and thus help us to identify potential
biomarkers. The identification and quantification of these low molecular weight molecules define the
metabolic phenotype of these diseases and studying the metabolic changes that occur in response to
different pathophysiological processes may help establish the mechanisms underlying the disease.

Metabolites can be measured in several body fluids or tissues, although plasma and urine are the
most frequently used samples in metabolic research, they are readily available and have clinical
relevance as a source of potential biomarkers. Almost all cells in the body communicate with plasma,
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either directly or through different tissues and biological fluids, releasing at least part of their
intracellular content. By contrast, urine is produced by renal filtration of plasma and is widely
considered to be among the most important samples for diagnosis as it contains not only many plasma
components but also the catabolic products of different metabolic pathways.

Metabolic fingerprinting and metabolic profiling are two different approaches to the study of
metabolites in biological samples. Metabolic fingerprinting does not aim to identify the entire set of
metabolites but rather to compare patterns or fingerprints of metabolites that change in response to a
disease state, pharmacological therapies, or environmental alterations. This approach can be used as a
diagnostic tool to evaluate the disease state by comparing healthy controls and disease subjects.
Nonetheless, qualitative and quantitative analyses are required to understand the mechanisms
underlying a disease. Metabolite profiling focuses on the analysis of a group of metabolites related to a
specific metabolic pathway. In this approach, target metabolites are selected beforehand and are
assessed using specific analytical methods.

The analytic techniques used to study the metabolome are mass spectroscopy (MS), nuclear magnetic
resonance (NMR), or a combination of both[88,89]. Each technique has its own strengths and
weaknesses[88,90]. An advantage of NMR technique, is that it can be used to study tissues, including
liver, without destroying the sample with the proton high-resolution magic-angle spinning probe (HR-
MAS)[90,91].

Metabolomics is a very powerful tool for the study of metabolic diseases[90,92], yet applications of
metabolomics to NAFLD is an understudied area. Nonetheless, some studies demonstrate the
importance of measuring metabolites for better characterization of the disease. NAFLD is a metabolic
illness, hence metabolomics as a technique offers the opportunity to better understand the metabolic
alterations in NAFLD progression[87,92,93] and patient stratification[89]. MS and NMR have been used
to study NAFLD progression in rodent models. Articles yielded from the keyword search using the
term "metabolomics" and "rodent models" are shown in (Table 2). Metabolomics studies have been
carried out in dietary, chemical, genetic and combined models of NAFLD. Including metabolic
alterations could broaden the search for specific metabolomics biomarkers which would help in disease
diagnosis.

Despite the diversity of models used in previous metabolomics studies on NAFLD rodent models
(Table 2), some common findings can be extracted. Fatty acids are stored as triacylglycerols in the liver
when not catabolized by p-oxidation. Consequently, fatty liver seems to be a rearrangement of lipids in
the liver and not just fat storage. Most studies in liver tissue of rodent models have revealed massive
accumulation of triacylglycerols (see liver extract studies in Table 2). The well-known adipocyte origin
of some of these triacylglycerols suggests AT as a potential source of triacylglycerols deposited in the
liver in NAFLD. Furthermore, almost all studies in NAFLD rodent models report alterations in other
metabolites like glucose, lactate, pyruvate, and alanine, suggesting that NAFLD is involved in cytosolic
glycolysis and oxidative stress[97,112,119]. Metabolism of branched-chain amino acids also seems to be
altered in NAFLD. A previous study including human subjects and animal models in the context of
hepatic insulin resistance demonstrated a link between BCAA and the tri-carboxylic acid cycle[106,108].
The integration of findings in human and rodent model studies seems very complex. In a translational
human-animal study, Han et al[123] studied the progression of fatty liver and liver steatosis, finding
changes in metabolic networks related to amino acids and bile acids. However, these results were
significantly different between animals and humans. Among others, taurine, a well-known amino acid
with protective and antioxidant properties, was increased in humans but not in rat models. Finally,
consistent finding in different rodent and human studies on NAFLD is an increased level in serum of
bile acids, important molecules which signal many processes in the liver and are involved in lipid and
glucose homeostasis.

CONCLUSION

NAFLD is the most prevalent liver disease worldwide. Approaches from different perspectives have led
to increased insight into many aspects of the disease. Knowledge of the disease has increased with the
use of animal models, especially those in rodents. Although, the perfect animal model does not exist,
some models perfectly mimic several aspects of NAFLD development and have become very useful
tools to address the disease in the search for biomarkers of the early reversible stages. Studying
metabolism in these models provides a direct reflection of what happens inside the cell. Metabolomics
seems an important tool for studying metabolic pathways and crosstalk between organs affected in
animal models of NAFLD, and for identifying and validating relevant biomarkers with biological
understanding.
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Table 2 Studies related to “non-alcoholic steatohepatitis”, “rodent models” and “metabolomics”

Rodent model Produced by Animals used Biological sample  Platform used Ref.
Dietary HFD C57BL/ 6 mice. 6-wk-old Liver extract and UPLC-QTOF-MS and  Kim et al[94]
serum GC-MS
HFD and Paigen diet BALB/ ¢ mice. 6-wk-old Liver extract and urine 'H-NMR Klein et al[95]
HFD and HCD C57BL/6N mice. 6-wk-old Urine H-NMR Jung et al[96]
HFD and HCD Wistar rats. 6-wk-old Liver extract H-NMR Bertram et al[97]
HFD C57BL/6Slac mice. 4-wk-old  Urine "H-NMR and UPLC-  Li et al[98]
QTOF-MS
HFD C57BL/ 6] mice. 6-wk-old Serum UHPLC-QTOF-MS Lai et al[99]
and GC-MS
High-fructose and Sprague-Dawley rats Liver extract HR-MAS and 'H- Tranchida et al[100]
saturated fatty acid diet NMR
HFHCC diet C57BL/ 6] mice. 8-wk-old Liver extract and GC-TOF MS and Tu et al[101]
plasma CSH-QTOF MS
HFD Sprague-Dawley rats. 4-6- Liver extract LC-MS Wan et al[102]
wk-old
HFD Sprague-Dawley. 6-wk-old ~ Urine and feces 'H-NMR Chen et al[103]
MCD C57BL/ 6] mice. 8-wk-old Feces GC-MS Ye et al[104]
HFD Swiss albino mice Serum and feces TH-NMR Carvalho et al[105]
High fat-sucrose diet Sprague-Dawley rats. 6-wk- ~ Serum HPLC-QTOF-MS Xu et al[106]
old
MCD and atherogenic C57BL/ 6] mice. 10-wk-old Liver extract MS Montandon et al[107]
diet
HFD Sprague-Dawley rats. 6-8- Serum LC-MS Cui et al[108]
wk-old
HFD Sprague-Dawley, Fisher 344  Liver extract LC-MS Boyce et al[109]
and Brown-Norway rats. 5-
wk-old
Genetic Db/db mice C57BL/ 6] mice. 10-wk-old Liver extract 'H-NMR and UPLC-  Kim et al[110]
QTOF-MS
Ob/ob mice B6.Cg-Lepob/] mice. 8-wk- Liver extract HR-MAS and'H- Gogiashvili et al[111]
old NMR
Chemical DEN Sprague-Dawley rats. 4-wk-  Liver extract TH-NMR Wang et al[112]
old
CCl, Wistar rats Plasma UPLC-QTOF-MS Lietal[113]
Cdl, Sprague-Dawley rats. 4-wk-  Urine GC-TOF MS Jiang et al[114]
old
CCl, Wistar rats Liver extract GC-MS Song et al[115]
Ccdl, Sprague-Dawley rats Urine 'H-NMR Wu et al[116]
CCl, Wistar rats Urine GC-MS Fang et al[117]
ccl, Sprague-Dawley rats. 1-yr- ~ Serum and urine UPLC-QTOF-MS Chang et al[118]
old
Ccdl, Sprague-Dawley rats. 7-wk- ~ Serum 'H-NMR Liet al[119]
old
CCl, Sprague-Dawley rats Serum TH-NMR Liu et al[120]
DEN Sprague-Dawley rats. 6-wk- Serum TH-NMR Yang et al[121]
old
Combined model Combined (genetic + Acyl knockouts mice on a Serum LC-MS Zhao et al[122]

dietary) with HCD

C57BL6/] background. 4-
wk-old
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CCly: Carbon tetrachloride; CSH-QTOF MS: Reverse-phase lipid chromatography-quadrupole/ time-of-flight mass spectrometry; DEN: Diethylnitrosamine;

GC-MS: Gas chromatography-mass spectrometry; GC-TOF MS: Gas chromatography-time-of-flight mass spectrometry; HCD: High-carbohydrate diet;
HFD: High-fat diet; HFHCC: High-fat, high cholesterol, cholate diet; HPLC-QTOF-MS: High-performance liquid chromatography quadrupole time of
flight mass spectrometry; "H-NMR: Proton nuclear magnetic resonance; LC-MS: Liquid chromatography-mass spectrometry; MCD: Methionine, and

choline-deficient diet; MS: Mass spectroscopy; UPLC-QTOF-MS: Ultra-performance liquid chromatography quadrupole time-of-flight mass spectrometry.
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Core Tip: Inflammatory bowel diseases are associated with various hepatobiliary disorders. They can occur
at any moment in the course of the disease or associated with the treatment. Although hepatic manifest-
ations are known, they are not always searched for in a directed manner. This review article presents the
main hepatobiliary manifestations, including those caused by new therapies (biologics and small
molecules). Finally, we propose a management algorithm.
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INTRODUCTION

Inflammatory bowel diseases (IBD) are associated with various hepatobiliary disorders. They can occur
at any moment in the course of the disease or associated with the treatment. The prevalence of liver
dysfunction can reach up to 50% in different studies. Non-alcoholic fatty liver disease (NAFLD) is
considered the most common hepatobiliary complication in IBD, while primary sclerosing cholangitis
(PSC) is the most specific. Management of hepatic manifestations in IBD involves a multidisciplinary
approach that includes a high index of suspicion and joint management with hepatologists. The medical
confrontation with abnormal liver tests must include an exhaustive study to determine if these patterns
can be related to IBD, associated diseases or to the therapies used (Figure 1).

AUTOIMMUNE DISEASES ASSOCIATED WITH IBD

Primary sclerosing cholangitis

It is defined as a chronic cholestatic liver disease characterized by intra and/or extra-hepatic bile duct
lesions[1]. The incidence in the adult population is 1.1 per 100 thousand inhabitants and the prevalence
is between 8.5-13.6 per 100 thousand patients/year[2-4]. PSC is more common in men with a 2:1 ratio
and its age of manifestation is usually in the 4™ to 5" decade of life. The prevalence of IBD in patients
with PSC is 70%-80%, the most common being ulcerative colitis (UC), while only 2%-7% of patients with
IBD will develop PSC[5,6]. The prevalence of PSC may increase when using techniques with greater
diagnostic sensitivity, improving the survival rate[7]. Lunder et al[8] found 3 times more PSC
performing magnetic resonance cholangiopancreatography (MRCP) as screening in all patients with IBD
(7.5% vs 2.2%) when comparing only based on the clinical picture or altered liver function tests. The
prevalence of PSC among relatives is 100 times higher than that of the general population, this has made
it possible to establish, through genomic association studies, the presence of HLA-B* 08 and DR*03 as a
risk locus[9]. The pathophysiology of PSC is unknown, nonetheless it is suggested that there is an
autoimmune component given its association with the presence of autoantibodies such as: Anti-
neutrophil cytoplasmic antibodies (ANCA), anti-nuclear antibodies (ANA) and anti-smooth muscle
antibodies (ASMA)[10]. However, this factor has been questioned given that there is a higher prevalence
of PSC in men (contrary to most immune-mediated diseases), the limited effectiveness of immunosup-
pressive drugs, and the lack of a specific autoantibody[10]. One theory is that PSC is a consequence of
the sustained inflammatory response as a product of bacterial and viral translocation typical of IBD[8].
These bacterial/viral products would go to the portal system contributing to the exaggerated inflam-
matory response of the cholangiocyte, which evolves into fibrosis[11,12]. Diagnosis: The most frequent
symptoms are abdominal pain, jaundice, itching, and metabolic bone disease, cholangitis and
decompensated cirrhosis; however, between 21%-44% of patients may be asymptomatic at the time of
diagnosis. Within the laboratory test results, the persistent elevation of alkaline phosphatase (ALP) and
gamma glutamyl transpeptidase (GGT) stand out, oftentimes being an incidental finding[13]. The non-
invasive evaluation with MRCP allows to optimally evaluate the presence of multifocal segmental
stenosis of the intra- and extra-hepatic biliary tree that give the typical beaded appearance; this
technique has a sensitivity of 86% and a specificity of 77%, including a sensitivity of 98.9% to detect
cholangiocarcinoma (CCA) in this group of patients[14]. Currently, endoscopic retrograde cholan-
giography has a therapeutic role in cases of suspected dominant biliary tree stenosis. Liver biopsy is
used in the event of diagnostic doubts or suspicion of small duct involvement. The classic finding is the
presence of “onion skin” periductal fibrosis which leads to ductopenia and cholestasia that can be
present in 50% of biopsies as well as the presence of obliterative fibrosing cholangitis, which is found
only in 5% of patients[15]. Recently, it was observed that the senescent cholangiocyte (with p16 +
immunohistochemical marker) is associated with both clinical and histological severity, so it could
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Abnormal liver test in IBD

A step wise approach: Abnormal liver test in IBD
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Figure 1 A stepwise approach: Abnormal liver test in inflammatory bowel disease.If the study is negative consider liver biopsy. Created with
Biorender. IBD: Inflammatory bowel disease; ALF: Acute liver failure; NASH: Nonalcoholic steatohepatitis; HBV: Hepatitis B virus; PSC: Primary sclerosing
cholangitis; PBC: Primary biliar cholangitis; DILI: Drug induced liver injury.

represent a new target for prognosis and therapy[16].

UC-PSC: UC represents 80% of IBD cases in patients with PSC, while indeterminate colitis and Crohn
disease (CD) constitute the remaining 20%[2]. The clinical course tends to be milder, and the colonic
involvement is generally extensive; mild, with greater inflammatory involvement of the ascending
colon, mucosa rectal sparing and associated with backwash ileitis[17,18]. Despite having an
asymptomatic clinical course, the risk of CRC is significantly higher[19,20].

CD-PSC: Similarly, to UC, the clinical course of CD tends to be more benign, with the predominant
phenotype being inflammatory[17]. Rectal involvement is lower compared to UC (20% vs 68%, P = 0.07),
with right colonic involvement being more common (50% vs 29% in UC, P = 0.3)[18]. From a prognostic
point of view, in an IBD-PSC cohort in England, these diseases association increased risk of death
[hazard ratio (HR): 3.2] and CRC (2.4). In that group the CRC was diagnosed a lower median age (59
years vs 69 years without PSC). In patients younger than 40 years at the PSC diagnosis the liver
transplantation and PSC-related events were more frequently than in people more than 60 years (75% vs
31%)[21]. Patients with UC had an increased risk of liver disease progression compared with patients
with CD (HR: 1.56; P < 0.001) or no IBD (HR: 1.15; P = 0.002)[22].

Small duct disease: Approximately 20%-30% of PSC correspond to small duct involvement. Defined as
liver histopathology periductal, concentric fibrosis; fibro-obliterative cholangitis or primary ductular
involvement with normal MRCP. Progression towards classic disease is 3%-7% per year[23]. This
subtype of the disease is associated with both types of IBD, however there is a higher proportion of CD
vs UC (22% vs 6%[24,25]). On the other hand, the prognosis of this group of patients is considerably
better than classic PSC, with a greater average liver transplant-free survival. In general, it has a lower
risk of developing CCA in comparison with main duct involvement[9].

Immunoglobulin G 4-related sclerosing cholangitis: IBD has been associated with autoimmune
pancreatitis (AIP) and immunoglobulin G (IgG)4-related sclerosing cholangitis. This is the biliary
manifestation of IgG4-related disease, a systemic fibroinflammatory condition that is characterized by
mass lesions and/or strictures with classical histopathological findings in involved organ (salivary
glands, retroperitoneum, kidneys, and lymph nodes)[26,27]. It is the most common extrapancreatic
manifestation in patients with AIP type 1. Diagnosis is based in histopathological appearances,
radiological features, and serological abnormalities. Typically have elevated serum IgG4 levels (> 135
mg/dL) and histopathologic findings (> 10 IgG4-positive plasma cells per high-power field. Diffuse or
segmental narrowing of the intrahepatic and/or extrahepatic bile duct associated with thickening of the
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bile duct wall. Usually presents with obstructive jaundice (70% to 80%), weight loss, and abdominal
pain. Age of onset is (50-60)’s, predominately men. 75% PSC-patients have underlying IBD compare to
IgG4 cholangitis in which case only 5% develops IBD[28]. IgG4+ plasma cells have been identified in
colon tissue from patients with refractory forms of IBD patients. There appears to be association
between disease activity and reduced fecal elastase or elevated serum IgG4, although the latter finding
was more prevalent in patients with UC[29]. Differential diagnosis with pancreatic or biliary cancers,
PSC, secondary sclerosing cholangitis is a challenge. The mainstay of treatment is systemic corticost-
eroids and most of the time a steroid trail is used to confirm the diagnosis. The response is good in two-
thirds of strictures cases, different than PSC patients[30].

Post orthotopic liver transplantation IBD: There are discrepancies regarding the clinical course of post-
liver transplant in IBD patients. About 30% may have a more severe course that includes clinical,
endoscopic and histological deterioration within 10 years[31]. De novo IBD (that which develops after
transplantation) is 10 times more frequent in patients transplanted due to PSC vs the general population,
with a risk of 10%-11% at the 5 years mark and 14%-30% at the 10 years mark[31,32]. The use of
cyclosporine and azathioprine (AZA) is preferred over tacrolimus given the protective factor during the
clinical course[31,32].

Primary biliary cholangitis

It corresponds to a chronic autoimmune cholestatic disease of unknown cause that is histologically
presented as a chronic non-suppurative destructive cholangitis[33]. Like all cholestatic diseases, its
clinical manifestations range from asymptomatic to itching and fatigue. It is characterized by the
presence of anti-mitochondrial antibodies and alteration of GGT and ALP levels[33]. Although its
association with several autoimmune diseases such as: Sicca, Sjogren, among others, is known, its
association with IBD is anecdotal. Liberal et al[34], described a series of 151 patients with primary biliary
cirrhosis (PBC), of which only 6 had concomitant IBD. In all cases, PBC was diagnosed delayed from the
IBD. Its association was similar with both UC and CD and its average age of diagnosis was the 5"
decade of life. Although it is an infrequent association, it is important to keep it in mind since the use of
ursodeoxycholic acid (UDCA) allows normalization of liver function tests and impacts the prognosis of
the liver disease.

Autoimmune hepatitis unlike PSC

Autoimmune hepatitis (AIH) has the classic autoimmune disease behavior, being more frequent in
women, with positive antibodies and responding to immunosuppressive therapy[35]. The clinical
spectrum of autoimmune hepatitis ranges from asymptomatic elevation of liver function tests, passing
through acute on chronic liver failure to cirrhosis. There are two types of AIH based in serological
autoantibodies. Type 1 is characterized by ANA and/or SMA/anti-actin antibodies. Atypical pANCA-
positive is more frequent in type 1 rather than type 2. Type 1 AIH affect mostly adults, have chronic
presentation usually, hypergammaglobulinemia and other concomitant disease are autoimmune
thyroiditis, rheumatological diseases and inflammatory back pain (IBP). It could present as
autoinmmune sclerosing cholangitis (ASC) in children and PSC overlap in adults and remission after
drug withdrawal is possible. Type 2 AIH is characterized by antibodies to liver kidney microsome type
1 (anti-LKM1), usually in the absence of ANA and SMA. Affect frequently children under 14 years, with
acute onset at presentation. The most common concomitant diseases are autoimmune thyroiditis,
diabetes mellitus and vitiligo and rarely presents as ASC or PSC in children and adults respectively.
Usually need long term immunosuppressive therapy[36]. The diagnosis consists of the combination of
epidemiological factors, serology with antinuclear and ASMA and liver biopsy, which is mandatory for
diagnostic and prognostic purposes. The most frequent histological findings are the presence of lobular
involvement, plasma cell infiltrate, involvement of the limiting lamina and pseudo rosette formation
[37]. Immunosuppressive therapy is the mainstay of treatment, being corticosteroid and thiopurine
association the first line of treatment. In resistant cases, drugs such as mycophenolate, calcineurin
inhibitors and even anti-tumor necrosis factor (TNF)-a can be used[37]. Its association with IBD is of low
prevalence, the most frequent being AIH with UC and to a lesser extent with CD or non-classifiable IBD
[38,39]. In the most significant study, out of 105 patients with AIH, only 17 had findings suggestive of
UC. Clinically, patients with AIH and IBD, mostly UC, developed AIH at younger age, had a lower
remission rate, a higher rate of treatment failure, and progressed more to cirrhosis[40,41].

Overlap syndrome

It seems logical to raise overlaps when clinical, analytical, and imaging findings are shared or
overlapped. This way, the presence of PSC/AIH overlap can be considered when there is a MRCP that
shows typical findings of PSC but with AIH compatible antibodies with an elevated IgG and a
histological finding of interface hepatitis. In the same way, AIH/PSC overlap can be considered when
the diagnosis of AIH coincides with pruritus, elevated ALP and GGT, and alterations in the MRCP. The
overlap between AIH and PBC is the most frequent in the general population, the Paris criteria are used
to guide the diagnosis[42]. There is also an overlap between AIH and PSC and less frequently PBC and
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PSC[43]. In IBD, there are no established diagnostic criteria, which makes it even more difficult to
establish the real incidence of this entity; on the other hand, its appearance is usually sequential over the
years[44,9]. The prevalence of this entity is lower than PSC alone and it is more commonly diagnosed in
the pediatric and adolescent population[9,45]. Given the autoimmune nature of the disease associated
with cholestasia, the concomitant use of immunosuppressive therapy (corticosteroids and thiopurines)
and UDCA is recommended, however, there are no randomized studies that support this strategy. The
clinical evolution of these patients seems to be similar to those of PSC/IBD without significant
differences in its behavior in the few published reports[46].

ASC

This is a form of SC with strong autoimmune features with overlap with AIH, virtually all patients have
raised IgG levels and autoimmune liver serology identical to AIH type 1, being ANA and/or SMA
positive[47]. It was originally described in pediatric patients. In the initial report the patients were
mostly men with concomitant IBD[48]. The largest prospective study was done in King’s College
Hospital with 55 pediatric patients with definite or probable AIH diagnosis accord to International
Autoimmune Hepatitis Group. In that cohort, half of patients with anormal MRCP were classified as
ASC, of those 44% had IBD compared to 18% of patients with HAI In the retrospective largest cohort
including 718 patients with PSC, 33% had concomitant AIH[49]. ASC disease in equally frequently in
women and men and possession of HLA DRB1#*1301 is associated to ASC, while possession of DRB1x*
0301 confers susceptibility to AIH type 1 and of DRB1*0701 to AIH type 2[50]. Histological differences
between AIH and ASC patients included a higher median inflammatory activity index in AIH
compared to ASC, and a higher frequency of cholangitis in ASC, but they are quite similar, and the final
diagnosis is based in MRCP anormal findings. A clear diagnosis criterion for ASC is lacking. There are
no randomized controlled treatment trials for ASC and these patients are treated with therapy based in
UDCA and prednisolone + AZA. In follow up MRCP, disease showed progression in half of ASC with
an estimated 10 years transplant-free survival of 65%[51]. In a prospective study in ASC and AIH
disease biochemical remission is similar, but the liver transplant rate was higher in ASC than in AIH in
a 13 years period[52]. Seems like AIH and ASC are different disease based in different gender distri-
bution, HLA association, IBD association and outcomes. There is some concern whether adult PSC is a
late-stage phenotype of ASC and it is necessary long term follow up period to clarify this[47]. There are
data suggesting progression of liver disease and post-liver transplantation recurrence of both AIH and
ASC are associated with poorly controlled IBD[52,53]. Some studies demonstrated lower PSC recurrence
post liver transplantation in patients with colectomy after surgery[54].

NAFLD

It is characterized by fat storage in > 5% of hepatocytes. Its development is directly related to obesity,
insulin resistance and metabolic syndrome (MS), being currently considered the hepatic manifestation
of MS. The clinical and histological spectrum is broad, from simple steatosis to steatohepatitis with
inflammation nonalcoholic steatohepatitis (NASH), progression into fibrosis, liver cirrhosis, and hepato-
cellular carcinoma. The diagnosis requires the exclusion of secondary causes, such as daily alcohol
intake (> 30 g/men and > 20 g/women) and the use of steatogenic drugs[54]. Demonstration of fat
infiltration, either through histology (biopsy) or imaging, is required for diagnosis. Ultrasonography
(US) is the most widely used technique, with a sensitivity of 85% [95% confidence interval (CI): 79.5%-
88.9%] and a specificity of 94% (95%CI: 87.2%-97%) for the diagnosis of NAFLD[55]. Current data
suggests an increase in the prevalence of NAFLD, currently estimated to be 25% globally (95%CI: 10-22-
28). It is the leading cause of chronic liver disease in the western world and a growing cause of liver
transplantation worldwide[54,56,57]. In IBD patients, it appears to be at least similar to or greater than
in the general population and is currently considered the most frequent hepatobiliary manifestation in
these patients[54]. The reports are varied with a prevalence ranging between 8%-71%][1]. This hetero-
geneity depends on the sample size, diagnostic criteria, and design used in the various studies, but also
on the origin of the population studied, the year of study, and probably the change in pharmacological
therapies in recent decades. A recent meta-analysis that included 19 studies (1 = 5620 subjects), in which
the diagnosis of NAFLD was based on imaging techniques, liver biopsy or transient liver elastography,
reported a prevalence of NAFLD of 27.5% in patients with IBD (95%CI: 20.7%-34.2%)[56], quite similar
to that of the general population[2]. The cumulative prevalence was higher in recent studies (2016 to
2018) compared to the cumulative prevalence of previous studies [(33.0%, 95%CI: 22.0%-44.1%) vs
(21.3%, 95%CI: 13.1%-29.5%); P = 0.09], which may be related to the increase in obesity and MS in recent
years. In turn, in studies of IBD patients with an 18-year follow-up, it showed that 48% of patients with
CD and 44% of patients with UC presented NAFLD diagnosis by US. The presence of NAFLD was
associated with older age, hypertension, and higher body mass index (BMI) in both groups[58]. Using
transient liver elastography, it was observed that 32.8% of patients with IBD met NAFLD criteria and
even 12.2% of patients already had liver fibrosis at the time of the study[59]. In patients with IBD, a
higher prevalence of NAFLD has been observed in older patients [mean difference (MD) = 8.22; 95%ClI:
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6.22-10.22], with history of type 2 diabetes mellitus [odd ratio (OR) = 3.85; 95%CI: 2.49-5.95],
hypertension (OR = 3.18; 95%Cl: 2.36-4.28), obesity (OR = 2.79; 95%CI: 1.73-4.50), insulin resistance (OR
= 6.66; 95%CI: 1.28-34.77) , MS (OR = 4.96; 95%CI: 3.05-8.05), chronic kidney disease (OR = 4.83; 95%ClI:
1.79-13.04), methotrexate (MTX) treatment (OR = 1.76; 95%CI: 1.02-3.06), history of intestinal surgery
(OR = 1.28; 95%CI: 1.02-1.62) and duration of IBD (MD = 5.60; 95%CI: 2.24-8.97)[60]. A recent
retrospective study showed that the presence of clinical activity (Harvey Bradshaw Index > 4), history of
intestinal resection, endoscopic activity, and the use of AZA would be risk factors with statistical
association for NAFLD in patients with CD. In the case of UC, there was an association between NAFLD
and endoscopic activity[61]. MS appears not to be the only triggering factor for NAFLD in patients with
IBD. The prevalence of MS in patients with coexisting IBD-NAFLD could be lower than in NAFLD
patients without IBD[62,63], thus the prevalence of these risk factors such as obesity, hypertension,
dyslipidemia and type 2 diabetes was significantly lower in those patients with coexistence of IBD-
NAFLD compared with the group of patients who only had NAFLD[64]. Another study that included
232 patients (78 patients with NAFLD-IBD, 154 patients with NAFLD only) showed that the patients
with NAFLD-IBD were younger compared to the group of NAFLD patients without IBD, had lower
body weight, smaller abdominal circumference and lower prevalence of MS (23.1% vs 56.6%
respectively, P < 0.001)[65]. In patients with IBD-NAFLD, the severity of IBD was associated with
greater severity of hepatic steatosis as measured by abdominal US[65]. These findings suggest that
patients with IBD develop fatty liver disease with fewer metabolic risk factors than the population
without IBD and that the severity of IBD could influence the degree of steatosis. This raises the existence
of other factors, outside of metabolic ones, that could play a role in the coexistence of both diseases. The
degree of chronic inflammation, the role of intestinal barrier disruption, increased intestinal
permeability, microbial dysbiosis, immune activation, and drug-induced hepatotoxicity are factors that
should be evaluated in directed studies[66]. Thus, the risk factors for NAFLD in IBD could be divided
into those related to MS-obesity and those related to IBD itself in Figure 2. The actual prognostic impact
of the NAFLD-IBD association is unclear. Steroids, especially higher doses, and longer duration, and
immunomodulators used to treat IBD may increase the risk of progression to NAFLD. They increased
weight gain and metabolic parameters, although there is no evidence that medications alone are
responsible. TNF-a inhibitors could have a protecting roll in IBD patients from developing NAFLD. A
systematic review was carried out through October 2017, this did not demonstrate a significant
association between medication treatment in IBD and the risk of developed NAFLD. This suggests a
complex, multifactorial relationship between IBD and NAFLD[67]. The coexistence of NAFLD-IBD
poses a challenge in the management strategies of these patients. The presence of NAFLD and mainly
the presence of NASH, can increase the risk drug induced liver injury (DILI), limiting the use of certain
immunosuppressive therapies. It has been observed that in patients with IBD on immunosuppressive
therapy, those who displayed an elevation of aminotransferases levels had a higher prevalence of
NAFLD[68]. Thus, NAFLD could represent a risk factor in patients who require immunosuppressive
drugs with hepatotoxic potential. A two-fold increase in mortality was reported in hospitalized patients
with IBD and concomitant chronic liver disease (mainly cirrhosis due to NAFLD) compared to those
without liver disease (2.7% vs 1.3%, P < 0.01)[69], which suggests that in patients with IBD and risk
factors, the existence of NAFLD should be actively sought in order to plan a therapeutic strategy and
rule out other differential diagnosis. Treatment of NAFLD should be based on managing metabolic risk
factors and lifestyle changes. The objective is to achieve a weight reduction of at least 7%, which has
been associated with biochemical and histological improvement[19,69]. Currently there are no specific
recommendations for the management of NAFLD in patients with IBD. Control of metabolic risk factors
and maintenance of IBD remission should be emphasized. Screening, prevention, and early treatment of
NAFLD should be part of the comprehensive management of patients with IBD, especially those with
risk factors.

DILI IN THE MANAGEMENT OF IBD

Given the new therapeutic options in IBD, there is a risk that these patients will develop DILI during the
management of their disease, requiring a timely evaluation by an hepatologist in case of suspected
hepatotoxicity[70]. DILI in a patient with IBD may manifest with elevated alanine aminotransferase
(ALT) and aspartate aminotransferase (hepatocellular pattern); ALP and GGT (cholestasis pattern),
jaundice (hyperbilirubinemia) or a mixed pattern. This complication can occur acutely, with the
development of acute liver failure, autoimmune hepatitis, and reactivation of hepatitis B, and a
percentage of these patients may develop chronic damage[71]. Therapies with 5-aminosalicylates, as
well as immunomodulators, can cause alterations in liver function tests, these have been widely
described in the literature, they are summarized in Table 1[72-78].

Salicylates
Sulfasalazine is an anti-inflammatory medication consisting of both 5-aminosalycilic acid and
sulfapyridine. The last molecule causes more frequently toxicity, with a characteristic hypersensitivity
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Table 1 Possible, drug induced liver injury, prevention and what to do

Drug Prevention Hepatic injury Treatment

5-Amino salicilyc acid ~ Check before start treatment annual ~ Drug induced hepatitis; Drug induced Stop drug; Follow-up
check cholestasic; Granuloma formation (sulfa)

Tiopurines Check before treatment: TPMT and ~ Drug induced hepatitis; Drug induced Drug induced hepatitis and cholestasic

(azathioprine/6MP) liver test; Check every week in first ~ cholestasic; Sinusoidal obstruction syndrome;  are idyosincratic reactions; More cases in
month, withing 2 wk in 2" mo, every Nodular regenerative hyperplasia; Peliosis the first three months of treatment; Stop
3 mo hepatitis drug

Methotrexate Check before start treatment; Check  Fibrosis/ cirrhosis; Steatohepatitis Stop MTX if ALT > 3 times; Despite
every 2 wk until 2" mo; Check every alcohol; Comsume; Fibroscan
3 mo; Add folic acid

6MP: 6-mercapthopurine; MTX: Methotrexate; TPMT: Thiopurine methyltransferase; ALT: Alanino transferase.

Healthy liver NAFL NASH Cirrhosis
= A o 4
. - - Al !
Reversible Reversible
Steatosis Steatosis Late stages of
(Fatin > 5% inflammation fibrosis
hepatocytes) ballooning
fibrosis
Common risk factors Metabolic syndrome
of progression Hypertension
BMI > 30
DM2/IR
Dyslipidemia

IBD risk factors

Chronic inflamation
Dysbiosis

Epithelial barrier disruption
DILI
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Figure 2 Non-alcoholic fatty liver disease risk factor in inflammatory bowel disease. Created with Biorender. IBD: Inflammatory bowel disease;
NAFL: Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; BMI: Body mass index; DM2: Diabetes mellitus 2; IR: Insulin resistance; DILI: Drug induced liver

injury.
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reaction with hepatitis and withdrawal and steroids therapy could be required[79]. Other clinical
manifestations are granulomatous hepatitis, cholestatic liver disease, and rarely acute liver failure. In a
study included 4.7 million prescription, acute hepatitis occurred in only 9 patients[80]. Mesalamine is

more commonly used in IBD patients and DILI associated is very low, 0%-4% of patients on this drug
[81].

Thiopurines

Thiopurines, AZA and mercaptopurine (MP), are commonly used in IBD patients and have proven
efficacy in maintenance remission. They are used as monotherapy or associated to biological therapy.
AZA is transformed into 6MP via glutathione depending process. 6MP undergoes complex three
enzymatic transformations to 6-thioguanine nucleotide (6-TGN), the active metabolite of thiopurine
drugs. This can take alternative two other pathways, being converted to 6 thiouric acid or being
metabolized to 6-methyl mercaptopurine (6MMP) by thiopurine methyltransferase (TPMT). This
enzyme has an important role in the balance between 6-TGN and 6MMP. In IBD patients data support
6-TGN and 6MMP to improve clinical response and safety profile of thiopurines respectively. 6MMP is
an inactive and potentially hepatotoxic metabolite. The therapeutic use of these drugs may be limited by
dose-related or idiosyncratic adverse effects[72]. A subgroup of patients, “hyperme-thylators”, 30%,
preferentially produced 6MMP instead of 6-TGN producing treatment resistance and risk of hepato-
toxicity. In this group, hepatotoxicity can be reversed by reducing the AZA dose by 75 % and adding
xanthine oxidase inhibitors (allopurinol). The steady-state thiopurine metabolite concentrations are
generally reached after approximately 4-8 wk of therapy to be measured. Blood levels of 6MMP > 5700
pmol/ (8 x 10 red blood cell) are associated with a threefold hepatotoxicity risk[82] but toxicity has also
been observed in patients with low 6MMP concentrations. Several factors, such as smoking, obesity,
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ethnicity, and genetic factors, may influence the response to thiopurine therapy. NAFLD is a risk factor
for the development of hepatotoxicity in IBD patients on thiopurines[83]. A multivariable analysis
determinate early predictor for the development of hepatotoxicity in patients on stable thiopurine dose
demonstrated increased risk with older people (> 50 years), BMI (> 25), gender (male) and 6MMP level
> 3615 pmol 1 wk after treatment initiation[84]. These drugs have been reported to induce liver injury in
up to 17% of patients[72]. Although the incidence varies depending of the hepatotoxicity definition in
different studies. In a study hepatoxicity was define as ALT twice the upper limit normal and the
incidence was 2.6% per patient-year[85]. There are three types of liver injury: (1) Hypersensitivity
reaction; (2) Acute cholestatic or hepatitis pattern mostly idiosyncratic; and (3) Long term dose
dependent endothelial injury involving sinusoidal dilatation, peliosis of the liver, sinusoidal obstruction
syndrome and regenerative nodular hyperplasia with portal hypertension as manifestation[86]. Mostly
cases the severity is mild and return to normal values even without drug dose modifications.
Thiopurine withdrawal could be necessary in less than 4%, when severe cholestasis jaundice,
moderate/severe injury without improvement after 50% dose reduction or development of endothelial
chronic injuries[85].

MTX

MTX is an antagonist of the dihydrofolate reductase enzyme. The initial studies determinate hepato-
toxicity risk was accumulative doses dependent but lately a meta-analysis showed that there is no
association between the cumulative dose of methotrexate and the development of liver damage[86]. In a
study about MTX for IBD, there was a 14.3% incidence of hepatotoxicity (defined as ALT or GGT > 1.5
ULN) that occurred after a median latency of 26 mo. Adverse events were more frequently seen in
patients who were not taking concomitant folic acid supplementation, so it is recommended[87]. In a
study with 518 patients treated with MTX, 44 patients (8.5%) had FibroScan and/or FibroTest results
suggesting severe liver fibrosis. In a multivariate analysis, factors associated with this were the BMI > 28
kg/m? and high alcohol consumption[79]. So, it is a very important practice to modified these factors in
this population of IBD with MTX treatment. Every time an increased in liver labs occurs in patients been
treated with MTX, is necessary to rule out other diagnosis. Today we have tools for assessment in a non-
invasive way liver fibrosis. Transient elastography allows to evaluate with a good accuracy[88].

Glucocorticoids

Corticosteroids are considered safe drugs regarding to hepatotoxicity. Only one case of effervescent
prednisolone form induced hepatitis has been reported associated with IBD[89]. Another new case was
reported with use of prednisolone recently. It contains sodic metasulfobenzoate and there is some
concern whether itself is the cause of hepatotoxicity[90]. Generally, we assumed steroids are rarely
cause of DILI in this setting of patients. We don’t have to forget that steroids could induce or deteriorate
NAFLD[91] and could also reactivate viral hepatitis with prolonged use[40].

Biological therapies

Anti-TNF: Anti-TNF [infliximab (IFX), adalimumab (ADA), golimumab and certolizumab], these agents
have been associated with various adverse events, including alterations in liver function tests[91], with a
prevalence of 2.5% (free ammonia > 2.5 times the upper limit of normal) and 16% (ALT > 3 times the
upper normal limit) respectively[2]. The latter, generally mild and transient, occurs more frequently
after the 2™ to 5" infusion of IFX. Long-standing IBD, use of IFX as monotherapy, increased BMI, and
hepatic steatosis have been some of the observed risk factors[92]. Less frequently, cases of autoimmune
hepatitis have been described, with the switch to ADA being possible since it is not a class effect[93].
The effects on liver function tests with ADA, golimumab and certolizumab are less frequent[94]. Its
discontinuation has been suggested in case of transaminase elevations > 3 times the normal value[95].
Liver function tests should be evaluated at the start of any anti-TNF agent therapy and then routinely
monitored every 4 mo[95].

Anti-integrins: Anti-integrins are humanized monoclonal antibodies that block the adhesion and
migration of leukocytes from blood vessels to inflamed tissue. DILI due to vedolizumab is uncommon
and subsides after the suspension of the biological drug[96,97]. Varies from asymptomatic elevation of
transaminase levels to symptomatic hepatocellular or cholestatic involvement[98].

Anti-interleukin 12/23: Ustekinumab is a fully humanized G1 immunoglobulin that binds to the p40
subunit of interleukin (IL)-12/23, which has been shown to be effective in inducing and maintaining
remission in patients with CD and moderate to severe UC[99]. The pivotal studies in CD (UNITI-1,
UNITI-2 and IM-UNITI) and UC (UNIFI) did not demonstrate an increased risk of hepatotoxicity[100,
101], which has been confirmed in subsequent studies[102]. Even though there is no formal
recommendation for follow-up, monitoring of liver function tests every 6 mo is suggested[103].

Small molecules Janus-Kinases: Tofacitinib, an inhibitor of type 3, 1 and, to a lesser extent, type 2
Janus-kinases, and tyrosine kinase, has been shown to be effective in inducing and maintaining
remission in patients with moderate to severe UC[99]. Subsequent studies have shown no risk of liver
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damage in patients treated with tofacitinib when compared with placebo[104]. It also seems prudent to
monitor liver function tests every 6 mo.

Sphingosine 1-phosphate receptors: Ozanimod a small molecule selective agonist against phosphate-1-
sphingosine type 1 and 5 receptors that prevents lymphocyte trafficking to the intestine has recently
been approved for moderate-to-severe active UC[105]. The increase in GGT was seen in 5.3% of the
patients[106]. Studies carried out on the real world should confirm the safety of this drug.

The combination of two biological agents or one biological with a small molecule aims to produce a
synergic effect, thus increasing the probability of achieving remission of intestinal inflammatory activity
and of extraintestinal manifestations. Recently, a study with high-risk IBD, refractory to biological
therapy and small molecules, demonstrated that a combined strategy does not increase the risk of
adverse events (including liver damage)[107]. Will be necessary new studies to confirm it.

VIRAL HEPATITIS IN IBD

Hepatitis B virus reactivation

Like other immunosuppressive therapies (including the use of corticosteroids in high doses or for
prolonged periods of time), anti-TNF, anti-integrin therapy has been associated with hepatitis B virus
(HBV) reactivation, especially in patients with hepatitis B surface antigen (HBsAg) positive[107,108]. It
is for this reason that every patient must be tested with HBsAg, hepatitis B surface antibody (HBsADb)
and the total HBcAb before starting the biological agent, being necessary prophylactic therapy in case of
presenting a positive surface antigen[109]. To date, there is no information on cases of HBV reactivation
in IBD patients treated with ustekinumab. In the case of tofacitinib, reactivations of the HBV have been
observed in patients with rheumatoid arthritis[110], so it is prudent to carry out a control before starting
therapy.

Hepatitis C virus

The prevalence of hepatitis C virus (HCV) infection in IBD patients seems to be lower than expected,
similar to the general population. These results indicate that IBD patients in western European countries
should no longer be considered as a risk group for HBV or HCV infection. Numerous case reports
indicate that anti-TNF-o therapy in the setting of HCV appears to be safe. However, the long-term effect
of anti-TNF-a agents on HCV is not. In particular, while the use of anti-TNFa in non-cirrhotic patients
appears safe, it is contraindicated in patients with decompensated cirrhosis[111]. On the other hand,
anti-TNF-o drugs seem to reduce inflammation through TNF-o inhibition, playing a role in the
pathogenesis of HCV[112]. There are few and small HCV reactivation studies, the HCV reactivation was
8/51 (15.7%) and in 1/10 (10%) HCV RNA positive patients, respectively[113,114]. All cases of
reactivation had a very mild course, except for one patient, who died. No recommendations have been
proposed for HCV screening prior to starting immunomodulators. However, HCV antibody screening
should be routinely performed upon the completion of liver function tests before starting immunosup-
pressive therapy[115].

CCA

Development of PSC in IBD patients had increased risks of CCA (HR, 28.46), hepatocellular carcinoma
(HR, 21.00), pancreatic cancer (HR, 5.26), and gallbladder cancer (HR, 9.19)[2]. Patients with PSC with or
without IBD are also at increased risk of primary hepatobiliary neoplasia and CCA. Although IBD may
be a risk factor for CCA, likely via PSC, it is not clear that IBD confers any added risk for CCA in PSC
patients[116]. The lifetime CCA incidence in PSC patients is between 5%-10%, affecting people in the
fourth decade of life. It is usually a perihiliar neoplasia (75%) and fibrosis is not necessary for its
development. Most of the tumors are diagnosis in the first four years after PSC diagnosis, being more
than 50% in the first year since the diagnosis. These are frequently detected in its advanced stages when
prognosis is poor[117,118]. The mortality in IBD-PSC patients is higher than IBD patients without PSC,
being malignance the main factor. CCA have reduced survival compared to CRC. The survival curve in
patients with CRC was similar to the PSC-IBD without CRC or CCA probably related to periodic
colonoscopy surveillance that allow early CRC diagnosis[117]. Well known CRC surveillance annually
recommendations are established but in the field of CCA there is lack of robust evidence in PSC
population surveillance. Although most of clinicians ask for MRCP and CA19-9 marker annually it’s
well known the limited specificity in the setting of PSC and the difficulty in image diagnosis in early
stages. Risk factors associated with CCA among patients with PSC-IBD patients are not well known and
are traying to be find to stratify patients. One recently study of the large cohort showed, in a
multivariable model, that duration of IBD was the only independent predictor of increase risk of CCA,
with a 33% increase risk per 10 years of IBD. And in the subset patients with colectomy when the
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indication of surgery was CRC or dysplasia the risk was increased compare those with colectomy for
refractory disease (HR, 2.68, 95%CI: 1.01-7.07) after adjustment for disease duration[118]. The pathobio-
logical mechanisms underlying are not clear but the altered bile acids and microbiome environment that
exists in IBD may persist after colectomy[119,120]. It seems as colectomy does not modify the increased
risk of CCA associated with prolonged IBD, persisting the risk after colectomy. So, in these setting of
patients, specific surveillance may be appropriate.

OTHER HEPATO-BILIARY MANIFESTATIONS

Cholelithiasis

It is a frequent pathology in patients with IBD. In the study by Fousekis et al[58], cholelithiasis was the
second hepato-biliary manifestation. Patients with CD have double the risk of developing cholelithiasis
in relation to control subjects, while UC show no differences with the control population[121,122]. A
prevalence of 11%-34% has been estimated in CD[28]. The underlying pathophysiological mechanism
appears to be multifactorial. Patients with CD present gallbladder hypomotility with decreased
emptying and gallbladder ectasia[123]. The involvement of the ileum would lead to a reduction in the
reabsorption of bile salts, with the consequent alteration in the enterohepatic circulation and secondarily
an increase in biliary cholesterol saturation[9]. The risk would also be related to the degree and extent of
ileo-caecal involvement and the number of intestinal resections[121,124]. Ileocolonic involvement, with
more than 15 years of disease, with frequent outbreaks (> 3), prolonged hospital stays or a number
greater than 3 hospitalizations, according to the number of intestinal surgeries or ileal resection (> 30
cm) and total parenteral nutrition requirements have been reported as a risk in CD[121].

Portal venous thrombosis

Thromboembolic events are more frequent than in the general population[125]. Prevalence studies
indicate that 1.3% of patients can present it, with a mortality of 50%[126]. Porto-mesenteric axis
thrombosis is a rare form of venous thrombosis, reporting a prevalence of 0.1%-1.7% in patients with
IBD, being found in the postoperative period of digestive surgery or in an imaging study[127-129]. A
retrospective multicenter study reported that up to 40% of patients with IBD and porto-mesenteric
thrombosis may present an associated prothrombotic factor, the most frequent being hyperhomo-
cysteinemia due to folate and vitamin B12 deficiency[130]. Additionally, patients with IBD may have an
imbalance between coagulation factors, with a decrease in the level of antithrombin III and an elevation
of factors V-VIII, of the platelet count and of the fibrinogen level, which can finally lead to a
prothrombotic state. IBD may itself be a risk factor for thromboembolism[131]. The clinical manifest-
ations and risk factors are summarized in Figure 3[28,130]. The European Crohn's and Colitis
Organisation guidelines recommend measures to prevent thromboembolic events during hospital-
ization or during exacerbation of IBD[132]. In the presence of porto-mesenteric thrombosis, evaluation
of acquired and hereditary prothrombotic conditions and early anticoagulant treatment are
recommended[132]. Portal hypertension non-cirrhotic intrahepatic portal hypertension (NCIPH) is
associated to Schistosomiasis; toxins/drugs (arsenic, vitamin A, AZA, 6-thioguanine), immune
disorders (Felty’ syndrome, common variable immunodeficiency disorder) and myeloproliferative
syndromes. More recent evidence of associated gut disorders has been described. In a retrospective
cohort of NCIPH, three (9%) patients had UC while five of 31 (16%) tested had celiac disease[133].
Microvascular damage described induced by thiopurines are veno-occlusive disease, peliosis hepatis,
perisinusoidal fibrosis and nodular regenerative hyperplasia (NRH). This is an uncommon condition
characterized by the diffuse transformation of normal hepatic parenchyma into small, regenerative
nodules with little to no fibrosis. Vascular flow impairment induces diffuse hepatocyte hyperplasia and
nodule formation[134]. The mechanisms of NRH in patients with IBD include immunological and
thrombotic factors in addition to external factors such as AZA. The uncontrolled inflammatory response
itself in patients with IBD stimulates these factors, which also could cause NRH[135]. The largest case
series describing NRH in IBD patients reported a total of 37 cases, between 1994 and 2005, in 11
hospitals. The cumulative risk of NRH could be estimated from the experience in one of center as 0.50%
at five years and 1.25% at 10 years and in the multivariate analysis was associated to male sex,
stricturing behavior IBD patients treated with AZA[136]. NRH may be detected using biopsies or
magnetic resonance imaging (MRI). Recently MRI was proponed as an alternative diagnostic test but the
sensitivity and specificity were relatively low[136]. NRH is most often diagnosed after there is evidence
of portal hypertension. A low platelet count may be the earliest manifestation of NRH to consider in
long-term thiopurine therapy. Generally, the prognosis of NRH is better than that of chronic liver
disease and is related to the complications of portal hypertension and the severity of the underlying
disease. NRH is probably not reversible, even after stopping the treatment with AZA[134].

Pyogenic liver abscess
They are a rare complication of IBD, with a reported inci-dence greater than the general population (6.72
vs 4.06 per 10000 person-years; spontaneously hypertensive rats = 1.46 (95%CI: 1.01-2.12)[137]. Most of
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the cases described are in patients with CD[138]. The clinical manifestations and risk factors are
summarized in Figure 3[139,140]. The most frequent etiological agents are Streptococcus milleri and
Gram-negative anaerobic bacilli[138,141], with a mortality rate close to 38%, with worse results when
the diagnosis is late or when there are multiple abscesses of biliary origin[142]. Management does not
differ from management in the general population and involves broad spectrum intravenous antibiotics
for prolonged periods of time and when necessary, percutaneous, or surgical drainage.

Granulomatous hepatitis

Granulomatous hepatitis is also an infrequent manifestation in patients with IBD, being mainly
described in CD. A prevalence of less than 1% has been reported and is characterized by the presence of
non-calcified hepatic granulomas demonstrated in the histological study (liver biopsy)[41]. The clinical
manifestations and probable etiologies are summarized in Figure 3[143,144]. With a good prognosis, it
would improve with the control of the causative agent, such as mesalamine suspension[145].

Hepatic amyloidosis

Secondary amyloidosis consists in the storage of insoluble protein fragments, called amyloid, in various
organs. This pathology is infrequent in patients with IBD, with a prevalence of 0.5%, being more
frequent in CD with a prevalence that varies between 0.9% and 3%[133]. The clinical manifestations and
risk factors are summarized in Figure 3[146]. Treatment is based on controlling intestinal inflammation,
thus reducing the release of acute phase reactants, such as amyloid A. Resolution of amyloidosis has
been reported after resection of the compromised intestine[147].

CONCLUSION

Undoubtedly, a multidisciplinary management allows a timely diagnosis of hepatobiliary manifest-
ations that are frequent in both CD and UC (summarized in Table 2). Its diagnosis has prognostic
implications, given the risk of progressing to chronic liver disease and its possible association with
neoplastic diseases. In regard to new therapies, although they have been classified as safe, there is a risk
of alterations in liver function tests, being more frequent with anti-TNF biological agents. However, in
all these, either small molecule or biological therapies, it is advisable to carry out a control of liver
function tests prior to starting treatment and sequentially according to the type of therapy used, and a
HBYV screen to avoid risks of reactivation.
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Table 2 Summary of different diseases according to liver disease pattern

Type of manifestation Diagnostic Treatment
Cholestasis
PsSC MRCP UDCA
SDD Liver biopsy UDCA
IgG4 cholangitis MRCP + liver biopsy + Ig4 subclass in blood Glucocorticoids
PBC AMA serology or liver biopsy in some cases UDCA
DILI Approach based in ruling out others diagnosis and ~Withdrawal the drug and steroids in some hypersens-
likelihood depending the drug and latency ibility cases
Cholangiocarcinoma MRCP + CA199 markers Surgery, chemotherapy, liver transplantation (special
cases)
Hepatocelular pattern
NAFLD Abdominal US, fatty liver indexs, ruling out other ~ Change style of life with loose weight, calories
diagnosis, liver biopsy in some cases restricted diet, exercise and control IBD inflammatory
activity
AIH Serology (ANA, ASM, LKM1, IgG, liver biopsy). Azathioprine * steroids

Chronic viral hepatitis

DILI

Overlap/AIC

DILI

Chronic viral hepatitis

Simplified autoimmune hepatitis score
Serology, non-invasive fibrosis tests DDA in HCV and long-term antiviral in HBV

Withdrawal the drug and steroids in some hypersens-
ibility cases

Mix pattern

MRCP + liver biopsy Azathioprine # steroids + UDCA

Withdrawal the drug and steroids in some hypersens-
ibility cases

Serological markers DDA in HCV and long term antiviralin HBV

MCRP: Magnetic resonance cholangiopancreatography; UDCA: Ursodeoxycholic acid; ANA: Anti-nuclear antibodies; SMA: Anti-smooth muscle

antibodies; LKM1: Liver kidney microsome type 1; DDA: Direct-acting antiviral; HCV: Hepatitis C virus; HBV: Hepatitis B virus; AIC: Anterior insular

cortex; DILI: Drug induced liver injury; PSC: Primary sclerosing cholangitis; AIH: Autoimmune hepatitis; NAFLD: Non-alcoholic fatty liver disease; US:

Ultrasonography; ASM: Anti-smooth muscle; IBD: Inflammatory bowel disease; IgG: Immunoglobulin G; SDD: Small duct disease.
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Core Tip: Cytomegalovirus (CMV) infection after liver transplantation in children is a serious
complication, with high morbidity resulting from direct and indirect effects. Despite risk stratification, pre-
emptive therapy and antiviral prophylaxis, late CMV infection frequently occurs in transplant recipients. If
CMV infection is suspected during outpatient visits, then prompt detection is key. If CMV infection is
detected, then decreasing immunosuppressants should be prioritized before initiation of antiviral therapy.
Oral valganciclovir and intravenous ganciclovir are the mainstays of treatment, with variable duration
depending on CMV manifestations, viral load, histopathology, and clinical response.
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INTRODUCTION

Cytomegalovirus (CMYV) infection is common in both immunocompetent and immunocompromised
hosts, and the manifestations of primary infection in adolescents and young adults can be serious. In
immunocompromised hosts, both primary and latent CMV infection can cause serious disease. The
indirect effects of mixed infection, post-transplant lymphoproliferative disease, and graft rejection, are
all of great concern. Hence, prevention and prompt management of incident CMV infections are
necessary and rapid access to measures to predict and detect CMV infections with high accuracy are
required.

TERMINOLOGY

CMYV infection is defined as evidence of CMV replication regardless of symptoms. The evidence may
involve isolation and identification of the CMV virus or detection of viral proteins or nucleic acids in
any specimen. The detection of CMV in the blood may be by standard or shell techniques, CMV pp65
antigen, CMV DNA, or CMV RNA, with CMV viraemia, antigenaemia, DN Aemia, or RNAemia[1-3].

CMYV reinfection is CMV infection by a different strain from an exogenous source documented by
molecular techniques or sequencing of specific regions. Patients with CMV reinfection develop new
immune responses to the viral epitopes that are different from the previous primary CMV infection,
known as a polymorphic gene[3].

CMYV reactivation is a CMV infection that results from reactivation of latent endogenous CMV.

CMYV disease includes evidence of CMV infection in combination with attributable symptoms that
can be classified as CMV syndrome and tissue-invasive CMV disease or compartmentalized CMV
disease. CMV syndrome, which includes fever, malaise, and/or myelosuppression[3], has no organ- or
tissue-specific manifestations. Tissue-invasive CMV disease has primary organ-specific pathology and
organ-specific manifestations.

PREVALENCE

CMV seroprevalence, or evidence of infection, varies worldwide (from 45% to 100%) in reproductive-
age women[4]. Seroprevalence is highest in South America, Africa, and Asia and lowest in Western
Europe and the United States. Factors related to high seroprevalence are older age, low socioeconomic
status, crowded or unsanitary living conditions, and low education level[5,6]. The age-adjusted
seroprevalence of CMV infection was reported as 50.4% in the United States[5] and as 20.7%-28.2% in
children aged 1-5 years and as 36.3%-37.5% in those aged 6-11 years[7].

CMYV infection can be serious in recipients who were seronegative prior to liver transplantation.
Consequently, the risk of infection is stratified by recipient and donor serostatus as seropositive donors
with seronegative recipients (D*/R"), seropositive donors with seropositive recipients (D*/R"),
seronegative donors with seropositive recipients (D7/R*), and seronegative donors with seronegative
recipients (D°/R"). A study of a series of 146 liver transplant patients reported a higher incidence of
post-transplant CMV infection in the 14 children (71.4%) than in the 132 adults (33.4%)[8] because of the
high proportion of CMV-naive recipients. The children also developed CMV infection significantly
sooner than the adults, with a mean time to viraemia of 11.5 vs 30 d[8].
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Antiviral prophylaxis and pre-emptive therapy are intended to decrease CMV infections and disease
in liver transplant patients. Without prevention therapy, 18%-85% of adults develop CMV infection and
15%-40% develop CMV disease[9-11], ranging from 1%-2% in D~/R" procedures and 44 %-65% in D*/R~
procedures[12]. In young children, the incidence of CMV infection ranged from 44% to 65% within 6 mo
and up to 2 years in follow-up[13-15]. A study by Saitoh et al[13] in Japan reported that in children with
pre-emptive therapy, CMV antigenaemia occurred following 63% of the D*/R™ procedures, 38% of the
D*/R* procedures 11% of the D /R* procedures, and 6% of the D°/R™ procedures. CMV disease
occurred with 11% of the D*/R™ procedures, 2% of the D*/R* procedures, 0% of the D~/R* procedures,
and 6% of the D"/R™ procedures. A study by Verma et al[14] in the United Kingdom, reported late CMV
infection in 10.5% and disease in 4.4% of children following liver transplant. None of the D-/R™ children
had late CMV infection or disease 2 years post-liver transplant.

PATHOGENESIS

CMYV infection in liver recipients can manifest as a primary infection, reinfection by exogenous virus, or
reactivation of endogenous virus in the host cells. After the virus infects the host cells, it replicates
slowly, leading to persistent, latent viral infection in recipient cells. Systemic inflammation can cause
reactivation of the latent viral state and development of CMV infection. Viral latency at cellular sites
may also serve as a route for transmitting the virus to susceptible recipients[12]. The main targets of
CMYV are epithelial cells[16], with transmission of the virus occurring from host to host via mucosal
epithelium, as in gastrointestinal CMV infection. Immature dendritic cells underlying the mucosa are
also sites of viral replication and shedding, leading to viral spread by lymphatic circulation[17]. In solid
organs, the main targets of CMV are mesenchymal and endothelial cells[16,18]. Viral spread within the
organ results from infection of connective tissue cells. Infection of endothelial cells contributes to
haematogenous spread into organ tissues.

While CMV infection manifests directly as a clinical disease, it can also modulate the host’s immune
system to lead to indirect effects that cause acute early allograft rejection or late allograft dysfunction.
Moreover, immune system dysregulation and immunosuppression associated with impairment of
CD4+ T cells and macrophages may increase the susceptibility to opportunistic bacterial, fungal, or viral
infections including Epstein-Bar virus (EBV) and human herpes virus (HHV)-6[12]. CMV can also infect
host vascular endothelial cells and cause the downregulation of genes responsible for the production of
extracellular matrix components such as collagen type I and fibronectin, resulting in the development of
vascular thrombosis[19].

Protective responses against CMV infection include both innate and cell-mediated immunity. Innate
immunity involves Toll-like receptor 2 (TLR2), a pattern recognition receptor that recognizes CMV
antigen and consequently promotes antiviral peptide and cytokine production[12]. Tissue dendritic cells
are a frontline target of the virus. Cell-mediated immunity is the primary immune response against
CMYV infection in liver transplant recipients. Interferon-gamma (IFN-y) produced by CD8+ T cells is
associated with a decreased risk of CMV disease, and cytokine production is stimulated by recognition
of the CMV pp65 antigen by CD8+ T cells[20,21]. An enzyme-linked immunosorbent spot assay is
available to confirm CD4+ and CD8+ cell-mediated immune function and quantify IFN-y produced in
response to CMV[22-24]. In addition, humoural immunity against CMV infection develops through
production of neutralizing antibodies that target CMV glycoprotein B, which has contributed to the
development of a CMV vaccine[25]. Neutralizing antibodies can also be generated against other CMV
envelope glycoproteins.

RISK FACTORS OF CMV INFECTION AND DISEASE AFTER LIVER TRANSPLANTATION

CMV serostatus of the recipient and donor

The incidence of CMV infection is generally highest in D*/R" liver transplant recipients, and recent
studies have reported up to 95% of all recipients with CMV antigenaemia were in either D*/R™ or D*/R*
groups[13,14]. The time from transplantation to the onset of CMV viraemia was also shown to be
significantly shorter for D*/R™ patients than for those in the other groups[26]. The evidence supports
stratification of liver transplant candidates by the recipient and donor CMV serostatus[27]. D"/R™ or D*
/R* patients are considered at low risk, while those who are D-/R" are considered intermediate risk and
those who are D*/R™ are considered at high risk[27] (Table 1).

Viral burden

It has been documented that patients with a high initial or an increasing viral load tend to have an
increased risk of developing CMV disease after liver transplant[28-30], and early detection is important
for clinical management. The viral load cut-off for predicting CMV disease varies with the method of
detection. Gerna et al[31] found that CMV disease developed in patients with a mean blood CMV viral
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Table 1 Risk of cytomegalovirus disease after liver transplantation

Risk factors

CMV serostatus of
recipient and donor

D/R

D*/R*and D™/R*

Viral burden (initial CMV ~ High CMV viral load

viral load)

Rate of viral load increasing

Immunosuppressive agents Antibody to CD3-receptor: OKT3 or muromonab

Recipient immunity

Basiliximab

Corticosteroids

Mycophenolate mofetil

Calcineurin inhibitors: Tacrolimus, sirolimus, and cyclosporine
TLR2 gene mutation, mutation of mannose-binding lectin

Upregulation of programmed death-1 receptors

Recipient underlying liver =~ Hepatoblastoma with pre-transplant chemotherapy

disease

Other risk factors

Virus-to-virus interaction (HHV6, HCV, fungal infection), transfusion of non-leucocyte-depleted blood products, volume of
blood loss, liver transplantation because of fulminant liver failure, older age, non-white race, female sex, CVVH after liver
transplant, septic shock, renal insufficiency

CMV: Cytomegalovirus; CVVH: Continuous venovenous haemofiltration; D: Donor; HCV: Hepatitis C virus; HHV-6: Human herpes virus-6; R: Recipient;
TLR2: Toll-like receptor 2.
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load of 1740 copies/ mL. Assay of CMV DNA by real-time quantitative polymerase chain reaction (PCR)
[32-34] showed a cut-off value of 180 copies/mL (164 IU/mL) is associated with an increased incidence
of severe CMV disease in adult liver transplant recipients[35]. The lack of an international reference
standard limits the generalization of study cut-off values for worldwide use. The World Health
Organization (WHO) has a reference standard for plasma quantitative nucleic acid testing (QNAT) that
transplantation centres can use for calibration[36,37]. International references are needed for other assay
methods (Table 1).

Immunosuppressive agents

Drugs that interfere with host immune function also influence the risk of CMV disease. Generally,
immunosuppressive agents involving the cytotoxic immune response cause a loss of CMV infection
control. They include lymphocyte-depleting drugs used in the induction and rejection phases. OKT3, or
muromonab, a murine monoclonal antibody against the CD3 receptor found in mature T lymphocytes,
has been correlated with an increased risk of CMV infection[15]. Other drugs that increase the risk of
CMV infection include corticosteroids[38], mycophenolate mofetil[39,40], and basiliximab[41].
Calcineurin inhibitors, such as tacrolimus, sirolimus, and cyclosporine, which are commonly used in
paediatric patients, have also been associated with an increased risk of CMV disease[41,42]. Tacrolimus
and sirolimus concentrations have been correlated with increased viral load in whole blood and plasma
from paediatric liver recipients[42]. Monitoring drug levels in patients receiving tacrolimus or sirolimus
was recommended, as the correlation between circulating levels and the administered dose was not
strong. The assay may be performed with either whole blood or plasma, as the viral load results
obtained with each type of sample were highly correlated[42]. Newer drugs, such as mechanistic target
of rapamycin inhibitors, have a weaker association with the risk of CMV infection[12] (Table 1).

Recipient immunity

The immune status of liver transplant recipients also contributes to the risk of CMV infection[12].
Defects in innate immunity, such as TLR2 gene mutations, are correlated with an increased risk of
tissue-invasive disease[43]. Other defects in innate immunity associated with the risk of CMV infection

include mutation of mannose-binding lectin and upregulation of programmed death-1 receptors[44,45]
(Table 1).

Underlying liver disease in the recipient

Some underlying liver diseases in recipients before liver transplantation have been associated with the
risk of CMV infection. Acute liver failure and hepatoblastoma patients receiving post-transplant
chemotherapy had significantly increased risk of CMV infection[13,46]. Recipients with cholestatic liver
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disease before transplantation had a decreased risk of CMV infection and those with biliary atresia were
reported to have a lower risk of CMV infection[13], with a reported odds ratio of 0.288[15] (Table 1).

Other risk factors

Otbher risk factors include virus-to-virus interaction [HHV-6, hepatitis C virus (HCV)], fungal infection,
transfusion of non-leucocyte-depleted blood products, blood loss volume, liver transplantation because
of fulminant liver failure, older age, non-white race, female sex, haemodialysis, septic shock, and renal
insufficiency[47,48] (Table 1).

CMV MANIFESTATIONS

Primary infection, reinfection, and reactivation can occur in liver transplant recipients. Primary infection
is the development of CMV viraemia in a previously unexposed seronegative recipient, excluding cases
with the passive acquisition of CMV antibodies from blood products or immunoglobulin (Ig). The
manifestations of primary CMV infection are more severe than CMV reinfection or reactivation from
latent endogenous virus[49]. Current guidelines consider D*/R" children to be the most prone to
developing severe CMV disease from primary infection[50].

Direct effect of CMV or CMV disease

Patients can manifest CMV syndrome or CMV tissue-invasive disease.

CMYV syndrome: Systemic manifestations include the detection of CMV in the blood, together with at
least two of the following: Fever; new-onset malaise or fatigue; leukopenia or neutropenia in two
separate measurements; 5% atypical lymphocytes; thrombocytopenia; and transaminitis three-times the
upper normal limit. Fever is defined by a body temperature > 38 °C for at least 2 d within a period of 4
d. Some patients develop lymphadenopathies, hepatosplenomegaly, pharyngitis, and a mononucleosis-
like syndrome consisting of a rubelliform rash associated with febrile illness. Less common manifest-
ations include migratory polyarthritis, mainly involving the fingers, knees, and toes[51-53].

CMYV tissue-invasive disease: The most common organ involvement in post-liver transplant includes
the gastrointestinal tract, liver, and lungs[12]. Gastrointestinal CMV disease may manifest with clinical
features such as odynophagia, dysphagia, abdominal pain, diarrhoea, haematochezia, and severe iron
deficiency anaemia that could imply gastritis, oesophagitis, enteritis, or colitis (Figure 1)[12]. CMV may
also infect the liver allograft, causing CMV hepatitis in which an abnormal liver function test may not
clearly distinguish it from allograft rejection. Other less common CMV manifestations include central
nervous system (CNS) disease, retinitis, nephritis, cystitis, myocarditis, pancreatitis and cholangitis[54].
However, the diagnosis of tissue-invasive disease is challenging and often requires invasive investig-
ations. Confirmation of CMV CNS disease requires the presentation of CNS symptoms and evidence of
CMYV infection in cerebrospinal fluid or brain biopsy. CMV retinitis is diagnosed by fundoscopic
examination. The diagnosis of CMV nephritis, cystitis, myocarditis, or pancreatitis requires the detection
of CMV together with cytopathological evidence in biopsies of the involved organ.

Indirect effects of CMV

Apart from CMV disease, indirect effects such as CMV-associated graft failure, vanishing bile duct
syndrome, allograft fibrosis, chronic ductopenic rejection, vascular thrombosis, and new-onset diabetes
mellitus may occur[12]. CMV-associated graft failure may be difficult to distinguish from graft failure
from other causes, including immune-mediated graft rejection, haematologic disease, drug toxicity, or
other infections, such as HHV-6, EBV, and adenovirus. A diagnosis of exclusion is required[3]. Some
patients may manifest with coinfection reactivation or opportunistic HCV, HHV-6, HHV-7, fungal,
nocardial, or bacterial infections, or EBV-associated post-transplant lymphoproliferative disease,
infections.

INVESTIGATION

A definitive diagnosis of invasive tissue disease requires the detection of CMV in a tissue specimen from
the affected organ[55]. The gold standard for testing is the detection of either CMV cytopathology or
CMYV antigen by immunohistochemistry. Other methods of detecting CMV infection and disease are
described below (Tables 2 and 3).

Cell culture
In conventional cultures, human fibroblast cells are inoculated with a clinical specimen and have an
incubation period of 2 d to 21 d. In shell vial assays, the incubation time is shortened to approximately
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Table 2 Cytomegalovirus assays and clinical use

Investigation Sample Uses Properties
Cell culture
Traditional cell culture (human Tissue or non-tissue  Not widely available Highly specific

fibroblast cells)

Shell vial assay (centrifugation-
amplification technique)

Histopathology of organ-
specific tissues

Plain histological microscopy
Immunohistochemistry
Molecular diagnosis (detection
of viral genome)

Plasma quantitative nucleic
acid testing (plasma QNAT)
Tissue QNAT

Real-time PCR

NASBA assay

Direct viral pp65 antigen
detection

Serological analysis (viral
antibody detection)

CMV IgG antibody testing

CMV IgM antibody testing

Viral cellular response
detection

QuantiFERON-CMYV assay:
IFN-y released measurement

(blood, urine, oral
secretion) sample

Tissue sample Gold standard for diagnosis of tissue-invasive CMV

disease

Used for reference of endpoint of treatment of tissue-
invasive CMV disease

Used to detect CMV DNAemia with high sensitivity;
used in diagnosis, surveillance to guide pre-emptive
antiviral treatment, and therapeutic monitoring

Blood (plasma or
whole blood)

Tissue sample Need more clinical trial studies

Blood Alternative to conventional plasma QNAT

Blood Under study as an alternative to conventional
quantitative antigenaemia as a guide for starting pre-
emptive therapy

Whole blood or Diagnosis of CMV infection by detecting antigenaemia;

plasma Quantitative result, can guide initiation of pre-emptive
therapy

Plasma Diagnosis of CMV infection
Pre-transplant assessment for serostatus of the donor
and the recipient

Plasma Prognostic marker for risk of developing CMV disease:

a positive result is associated with a lower

incidenceMonitoring during prophylaxis or pre-emptive

therapy

Can be tested for phenotypic suscept-
ibility; Takes a long time (2 to 21 d),
more rapid with the shell vial assay (16
h)

Low sensitivity but very high
specificity

Generally high sensitivity but less
sensitivity in R™ patients

Better specificity but a lack of studies
More rapid and precise

Increased sensitivity for detection of

CMV viraemia

After the blood collection, the sample
must be processed within 6 h; False-
negatives in patients with neutropenia

Better sensitivity and specificity; also
positive in past infection

Low sensitivity and specificity for
diagnosis

High positive predictive value but low
negative value

CMV: Cytomegalovirus; D: Donor; IFN-y; Interferon-gamma; NASBA: Nucleic acid sequence-based amplification; QNAT: Quantitative nucleic acid testing;

R: Recipient; PCR: Polymerase chain reaction; Ig: Immunoglobulin.
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16 h by a centrifugation-amplification technique. CMV can be cultured from any type of sample, but
non-tissue samples have low sensitivity. The current guidelines do not recommend viral culture of
blood, urine, or oral secretions for diagnosing active CMV infection[45]. Viral culturing of tissue
samples has high sensitivity but is not widely available[1] (Tables 2 and 3).

Histopathology

Histopathological diagnosis of CMV infection requires the finding of typical cytopathic changes
including foci of flat and swollen cells. Immunohistochemistry of tissue biopsies has high specificity but
low sensitivity depending on the distribution of infected tissues. Frozen sections of biopsy samples or
preparations made by centrifuging cells onto a slide can be stained with fluorescently-labelled
antibodies to early CMV antigens. CMV infection is confirmed by the CMV antigen-positive inclusion
bodies (Figure 2) (Tables 2 and 3).

Molecular diagnosis (detection of viral genome)

QNAT of CMV viral load in blood plasma samples has high sensitivity for detection of CMV DNAemia,
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Table 3 Uses of available cytomegalovirus assays

Use Assay

Diagnosis CMV viral load by plasma QNAT; CMV viral load by real-time PCR assay; pp65 antigen testing;
CMV IgG/IgM antibodies

Diagnosis of tissue-invasive CMV disease Histopathology

Pre-transplant risk stratification CMV IgG/IgM antibodies

Threshold for initiation of pre-emptive therapy CMV viral load by plasma QNAT; Quantitative pp65 antigen measurement; NASBA assay

Monitoring or endpoint (prophylaxis, pre-emptive or CMYV viral load by plasma QNAT; QuantiFERON-CMV assay

treatment)

Endpoint of treatment of tissue-invasive CMV Histopathology

disease

Prediction of developing CMV disease QuantiFERON-CMYV assay

CMV: Cytomegalovirus; Ig: Immunoglobulin; PCR: Polymerase chain reaction; QNAT: Quantitative nucleic acid testing.

Figure 1 Cytomegalovirus tissue infection of the stomach and duodenum in a 13-mo-old boy and a 14-year-old boy with D*/R" serostatus
at transplant. Neither patient received antiviral prophylaxis. A and B: The 13-mo-old boy with D*/R™ serostatus at transplant presented with severe anaemia at 3
mo; C and D: The 14-year-old boy presented with haematemesis at 2 mo after liver transplantation.

JBaishideng®

especially in D*/R- patients, but the sensitivity may be lower in R*patients[56,57]. Current guidelines
recommend using plasma QNAT for diagnosis, surveillance to guide pre-emptive antiviral treatment,
and therapeutic monitoring. The assay must be calibrated according to WHO standards and reported as
IU/mL. The absolute value and rate of increase indicated by plasma QNAT are both correlated with the
risk of progression to CMV disease and are predictive of CMV disease[28,51]. QNAT may be performed
in either plasma or whole blood specimens, but it is recommended to use the same type of specimen and
the same type of assay during monitoring of a patient[55]. Tissue QNAT has greater specificity than
plasma QNAT, but the available evidence is not adequate to identify a recommended threshold for
routine diagnosis[55]. Other specimens, including urine and oral secretions are not recommended for
the surveillance and diagnosis of CMV disease by QNAT[55]. In addition to its usefulness in diagnosis,
CMV viral load correlates with the duration of treatment and risk of relapse[58].

Other diagnostic assays are real-time PCR and nucleic acid sequence-based amplification (NASBA)
[59]. Real-time PCR targets the conserved region of the CMV DNA polymerase gene, regardless of the
presence of any viral mutation, allows the quantitative measurement of viral nucleic acids, and is more
rapid and precise than conventional quantitative PCR[60]. NASBA detects unspliced viral mRNAs
located in a background of DNA and has been studied as an alternative to quantitative antigenaemia as
a guide for starting pre-emptive therapy and as a more sensitive assay for the detection of CMV
isolation in blood (Tables 2 and 3).

WJH | https://www.wjgnet.com 344 February 27,2022 | Volumel14 | Issue2 |



Onpoaree N ef al. CMV in liver-transplanted children

Figure 2 Biopsies showing chronic active gastritis. A: Cytomegalovirus inclusion bodies are seen within mucous cells. The gastric biopsy is characterized
by enlarged cells with basophilic nuclear and cytoplasmic inclusions; B: Liver biopsy shows a neutrophilic microabscess surrounding a hepatocyte with granular
basophilic cytoplasmic cytomegalovirus inclusions; C: Positive cytomegalovirus immunohistochemistry in liver tissue.
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Direct assay of viral antigen

Direct assay of CMV antigen in whole blood or plasma can detect antigenaemia. The pp65 protein
antigen is synthesized by the virus in infected host cells, and the sample should be processed within 6 h
after collection, as the number of antigen-positive cells significantly decreases with time[61].
Fluorescence-labelled anti-pp65 antibody binds to the pp65 antigen in peripheral blood leucocytes, and
the quantitative results are reported as the number of positive cells in 2 x 10° peripheral blood
leucocytes. False-negative results are usually obtained in patients with neutropenia[62]. In clinical
practice, the detection of CMV antigenaemia can diagnose CMV infection and guide the initiation of
pre-emptive therapy (Tables 2 and 3).

Serological assay of viral antibodies

CMV infection can also be detected by serological assay of viral antibodies. CMV IgG antibody testing is
recommended. Tests for IgG combined with IgM and for IgM exclusively are not recommended because
of their low specificity[55]. IgM antibodies can persist for months in patients with a previous primary
CMV infection, and even though IgG has better sensitivity and specificity than IgM, the results must be
interpreted with caution in patients with past CMV infection. The techniques available currently are
complement fixation, enzyme-linked immunosorbent assay (ELISA), anti-complement immunofluor-
escence, radioimmunoassay, and indirect haemagglutination. The primary clinical use of serologic
assays is in the pre-transplant assessment of donor and recipient CMV serostatus (Tables 2 and 3).

Viral cellular response detection

The QuantiFERON-CMYV assay is an ELISA that detects of IFN-y production following stimulation by
CMYV antigen. The assay reflects cell-mediated immunity by measuring IFN-y levels following in vitro
stimulation of CD8+ T cells by CMV peptides. The subsequent incidence of CMV disease in immuno-
compromised patients is significantly lower among those with a positive result than those with a
negative result[21,50,63]. A multicentre cohort study showed that the positive and negative predictive
values of the assay were 0.90 and 0.27, respectively[50]. Many assays are in use in some centres for
monitoring during prophylaxis or pre-emptive therapy[55] (Tables 2 and 3).

TREATMENT

Early detection of CMYV infection is necessary for the management of transplant patients, and reflects the
index of suspicion from clinical features of tissue-invasive CMV disease or CMV syndrome and the
results of monitoring blood for CMV DNA in asymptomatic CMV infections. A lower total intensity of
calcineurin inhibitors is associated with better early CMV DNAemia eradication[64]. Consequently, if
significant CMV viraemia or tissue-invasive CMV disease is diagnosed, then reducing current
immunosuppressive therapy, especially in those with severe CMV disease or a high viral load, is the

priority.

Medication

Specific antiviral drugs against CMV infection are intravenous ganciclovir and oral valganciclovir. If
tolerated, oral drugs are preferred for mild to moderate CMV disease and asymptomatic CMV
DNAemia because they are associated with shorter hospital stays and fewer complications than
intravenous drugs. Oral valganciclovir is preferred to oral ganciclovir because of its better bioavail-
ability[65]. A study found that oral valganciclovir is safe and noninferior compared with intravenous
ganciclovir[66], but in life-threatening CMV disease, intravenous ganciclovir is preferred to reach the
optimal drug level rapidly. The current guidelines recommend the administration of 5 mg/kg
intravenous ganciclovir every 12 h as initial therapy, with dosage adjustments in patients with renal
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insufficiency. After the desired clinical response has been achieved, switching to oral therapy may be
considered if it is well tolerated[55]. In cases of asymptomatic CMV infection and CMV syndrome, after
a duration of treatment of a minimum of 2 wk with clinical resolution and no evidence of CMV
DNAemia, eradication is defined as a CMYV viral load of <200 IU/mL in one or two consecutive weekly
samples[55]. Patients with tissue-invasive CMV disease usually have minimally detectable or
undetectable viraemia; it is not recommended to use CMV PCR to assay serum viral load as a guide for
antiviral discontinuation. The decision to discontinue antiviral medication should be based on the
clinical response, including the histopathology of the involved tissue. In patients with gastrointestinal
CMV disease, clinicians should consider colonoscopy or upper endoscopy with histologic evidence of
invasive CMV infection to indicate disease eradication instead of using serum CMYV viral load[65].

Monitoring and alternative regimens

During treatment, patient surveillance includes complete blood count for leucopenic side effects, renal
function monitoring to guide antiviral dosage adjustment, and weekly quantitative CMV nucleic acid
testing to assess medication response. Apart from renal adjustment, lowering the antiviral dosage is not
recommended because of concern of treatment failure. Antiviral switching because of leucopenia is
considered after discontinuation of other myelosuppressive agents or the addition of granulocyte
colony-stimulating factor. The use of foscarnet or cidofovir as an alternative antiviral medication can
then be considered|[1,55].

Ganciclovir-resistant CMV disease

If the patient’'s CMV DNAemia remains persistently positive or is recurrently positive despite
prolonged antiviral therapy for more than 6 wk of cumulative exposure to ganciclovir or more than 2
wk of ongoing full-dose therapy[55], then antiviral drug resistance testing should be considered. Factors
that increase the risk of developing resistant strains include prolonged use of ganciclovir, typically for
more than 5 mo, high-risk pairs, especially D*/R", a history of exposure to strongly immunosuppressive
agents, or inadequate drug delivery. Paediatric cohort studies have reported an incidence of ganciclovir
resistance of approximately 2%-4%, which might have been under-reported[67,68].

Current guidelines recommend medications much like those used in adults[55], but because of a lack
of controlled trials, the drug of choice has not yet been identified. Current guidelines include an
algorithm to select appropriate medications[55]. The regimen includes the addition or switching of
antiviral medication to intravenous foscarnet or a dosage escalation of intravenous ganciclovir. The
regimen is then adjusted after genetic testing for antiviral drug resistance. Cidofovir is considered if
genetic testing shows resistance to foscarnet. In the case of multidrug resistance, a combination of
intravenous antiviral drugs is recommended[55]. The guidelines suggest a combination of intravenous
foscarnet and high-dose ganciclovir[55]. Other medications, including brincidofovir, letermovir, and
maribavir, are still under clinical study[1,55].

PREVENTION

Pre-organ transplant screening

Pre-organ transplant screening helps to detect patients at risk of CMV disease and who require
prophylaxis and patients with clinically significant occult CMV infection requiring pre-emptive therapy.
Pre-transplant serostatus screening is thus necessary for risk stratification. The modalities rely on
recipient age. Either urine/saliva for CMV shell culture or serum/whole blood for CMV QNAT
combined with CMV IgG antibody testing are recommended for recipients younger than 18 mo of age
[26]. Single CMV IgG antibody testing is not recommended because maternal CMV IgG antibody can be
found in some patients younger than 18 mo of age who acquire passive immunization during the
perinatal period. In recipients are older than 18 mo of age, CMV IgG testing alone can be used[27]. If
either CMV culture or CMV QNAT is positive, the patient is considered seropositive. However, donors
younger than 18 mo of age who are seropositive for CMV IgM are also assumed to be seropositive[51].
As the peak incidence of CMV disease occurs during the first 3 mo after transplantation[8], CMV
surveillance with weekly QNAT for the first 12 wk is recommended[55,69].

Pre-emptive therapy

Viral threshold: In pre-emptive therapy, antiviral drugs are provided to asymptomatic patients with
evidence of CMV infection. QNAT is the preferred test because of the rapid results with high sensitivity.
Patients with a test showing a positive viral load above a clinically significant threshold are given pre-
emptive treatment, but there is no universally recommended viral load threshold for management
initiation because of a lack of standardized assays[55]. The thresholds are assay- and centre-specific, and
it is recommended that each centre establish its own threshold[55]. Paediatric studies at a centre in India
used QNAT assays and a cut-off value of 500 copies/mL[8], and a study in Italy used real-time PCR
assay of CMV DNA in blood and a cut-off value of 650 copies/mL[70]. pp65 antigenemia has also been
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used as a threshold for pre-emptive therapy at many centres. A centre in Japan used a cut-off of 5 pp65-
positive cells per 50000 leucocytes to indicate CMV antigenaemia[13].

Medications: Intravenous ganciclovir and oral valganciclovir are recommended for pre-emptive
therapy. Oral ganciclovir is less effective than oral valganciclovir. A study reported that despite
administration of oral ganciclovir, breakthrough CMV syndrome was observed[71]. In some centres,
intravenous ganciclovir is initially given, and switched to oral valganciclovir until the course of the pre-
emptive therapy is completed. Intravenous ganciclovir is generally given at 5 mg/kg every 24 h. The
recommended valganciclovir dosage is 15 mg/kg once daily for patients who weigh less than 15 kg or
500 mg/m? once daily for patients who weight more than 15 kg. The maximum dose is 900 mg/dose
once daily[27]. The dosage of valganciclovir is adjusted to both body surface area and kidney function
assessed by creatinine clearance.

The optimal duration of intravenous ganciclovir prophylaxis has not been determined, and varies
from 14 d to 3 mo and is extended to 6 mo at some centres[51]. The time from transplantation to onset of
CMYV viraemia or disease was not significantly different in those who received <14 d or > 14 d of
postoperative ganciclovir prophylaxis[26]. The treatment duration for low-risk D"/R™ patients should be
assessed by clinical follow-up. The intermediate-risk group should be treated for 3 mo, and the high-risk
group should be treated for 6 mo. Because of the lack of a recommended optimal cut-off duration, the
treatment duration can be adjusted according to the physician’s judgment. A negative blood CMV viral
load in two samples taken 2 wk apart can also be considered a guide for discontinuation of therapy[8].
The efficacy of the pre-emptive protocol has been studied in some trials. In the study by Pappo et al[72],
liver-transplanted children were given oral valganciclovir 17 mg/kg/d for 3-6 mo, leading to a decrease
in the incidence of CMV infection. A study by Ueno et al[73], reported that the incidence of CMV
infection in patients with 1 year prophylaxis decreased by more than 80.5% compared with a regimen of
less than 1 year. The pre-emptive regimen decreased the cost of treating CMV infection and disease[70].

Monitoring

Drug toxicity should be monitored by complete blood counts, kidney function tests, such as blood urea
nitrogen and creatinine, and hepatic transaminase enzymes every 1-2 wk in the first month post-
transplant and then monthly until completion of prophylaxis.

A study on post-prophylactic delayed-onset CMV disease found that the peak incidence in paediatric
patients occurred at about 3 mo after cessation of antiviral prophylaxis following liver transplantation
[51]. This finding led to the recommenda-tion of post-prophylaxis surveillance of CMYV for at least the
first 3 mo of treatment in high- and moderate-risk recipients[27]. The surveillance can be by either
quantitative CMV PCR or QNAT monthly for 12 mo post-prophylaxis. Low-risk recipients may not
need surveillance; however, if any febrile illnesses occur, quantitative PCR is required regardless of the
recipient risk status.

Systemic antiviral prophylaxis: Patients selected for systemic antiviral prophylaxis include those at
high risk as D*/R" serostatus. Patients with D~/R™ serostatus may not require prophylaxis, but universal
systemic antiviral prophylaxis is given to all patients at some transplant centres regardless of their
serostatus.

Medication

The antiviral medications used for prophylaxis include acyclovir, valacyclovir, intravenous or oral
ganciclovir, and valganciclovir. Valganciclovir is the most frequently used agent and ganciclovir is more
effective than acyclovir in reducing the incidence of CMV disease[74]. Because of the clinical trials with
high power, the effectiveness of oral valganciclovir and oral ganciclovir remain controversial. Some
studies found that oral valganciclovir contributed to a lower incidence of early-onset CMV disease than
oral ganciclovir[75], but valganciclovir has a higher incidence of tissue-invasive and late-onset CMV
disease than oral ganciclovir[76]. The duration of systemic prophylaxis in clinical practice is typically 3-6
mo after transplantation. Current guidelines recommend at least 3-6 mo of treatment in children with a
serostatus of D*/R" and 3-4 mo or 2-4 wk in other groups, with CMV surveillance at the end of therapy
[55]. The summary of management for CMV disease was described in Table 4.

CMV vaccination

Several CMV vaccines have been evaluated in clinical trials, but the results were not promising. Poor
protection against infection may be a result of the nature of the virus, which can evade and modulate
the immune system. The most promising vaccines are derived from viral glycoprotein B, and are
progressing to phase II clinical trials. An initial study in children found that the vaccine was safe and
effective in developing immunity, with an efficacy of 43%. The vaccine also reduce the duration of
treatment in post-solid organ transplant recipients[80]. Virus-like particles consisting of a fusion product
of extracellular domain glycoprotein B and vesicular stomatitis virus G-protein induced high titres of
neutralizing antibodies[81]. Live-attenuated vaccine has shown a good safety profile, inducing both
humoural and cell-mediated immunity, and reducing the incidence of severe infection[82,83]. However,
vaccines still fail to prevent infection in seronegative solid organ transplant recipients. A disabled
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Table 4 Summary of pre-emptive, prophylaxis and treatment of cytomegalovirus disease in post-liver transplant patients

Condition Pre-emptive Prophylaxis Treatment

Monitoring and Monitoring: Weekly or every 2 wk CBC, Monitoring: Weekly Monitoring: Weekly CBC, BUN, Cr; Weekly CMV QNAT.

endpoint BUN, Cr, AST, and ALT for first month and CMV QNAT. Endpoint: Endpoint: CMV syndrome: Clinical resolution; VL less
then monthly; Monthly CMV QNAT for 12 CMV QNAT for VL than 200 IU/mL on 1-2 consecutive weeks; Tissue-invasive
mo. Endpoint: CMV QNAT for VL negative  negative for two CMV disease: Clinical resolution; Histologic evidence
for two samples 2 wk apart samples 2 wk apart

Cut-off for start Reference Verma et al[8,14]; Saitoh et al[13]; - Kotton et al[55]

medication Martin-Gandul et al[77]; Atabani

et al[58]; Griffiths et al[78]

Values Non-specific: VL 500 copies/mL;  None (risk VL > 200 IU/mL for 2 consecutive weeks
VL 650 copies/mL; pp65 Ag 5 per donor/recipient pair-
50000 leucocytes. D*/R: Plasma  based)
VL 1500 TU/mL. D*/R and R*:
Plasma VL 2275 IU/mL or 2500
copies/mL; Whole blood VL 2520
or 3000 copies/mL. R": VL 3983
IU/mL

Duration Reference Razonable et al[32,38;71]; Kotton et al[55] Kotton et al[55]
Razonable[39]; Razonable and
Humar[51]; Razonable and
Hayden[56]; Razonable[79];
Pappo et al[72]; Ueno et al[73];
Kotton et al[55]

Values Non-specific: 14 d to 3 mo; D*/R:3-6 mo. Others: At least 2 wk
Extended to 6 mo; Extended to 12 3-4 mo or 2-4 wk with
mo. High risk: 6 mo. Intermediate CMYV surveillance
risk: 3 mo. Low risk (D”/R"):
Clinical follow-up

Drug/dose/route  First-line: Ganciclovir (5 mg/kg IV q 24 h); First-line: Ganciclovir First-line: Ganciclovir [5 mg/kg IV q 12 h (+/- with dose

Valganciclovir (< 15 kg: 15 mg/kg/dose po (same dose as pre- adjustment for renal function)]. Second-line (ganciclovir-
once daily; > 15 kg: 500 mg/m?/dose po once emptive); induced leucopenia): Foscarnet [60 mg/kg IV q 8 h or 90
daily); Maximum dose: 900 mg/dose once Valganciclovir (same mg/kg IV q 12 h (+/- with dose adjustment for renal
daily; Combined ganciclovir then dose as pre-emptive) function)]; Cidofovir [5 mg/kg once weekly x 2 doses then
valganciclovir every 2 wk (+/- with dose adjustment for renal function)].

For ganciclovir-resistant [Ganciclovir: 7.5-10 mg/kg IV q
12 h (+/- with dose adjustment for renal function). Add or
switch to Foscarnet. Switch to Cidofovir

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Blood urea nitrogen; CBC: Complete blood count; CMV: Cytomegalovirus; Cr:
Creatinine; Ig: Immunoglobulin; QNAT: Quantitative nucleic acid testing; VL: Viral load; D: Donor; R: Recipient.

infectious single cycle vaccine induced neutralizing antibodies and cell-mediated immunity against
CMYV infection in non-human primates and had an acceptable safety profile[83]. Peptide-based, DNA-
based, and vector vaccines are currently under investigation in phase I clinical trials[84,85].

New strategies

Currently, a hybrid strategy of systemic antiviral prophylaxis followed by pre-emptive medication is
being used at some centres. Universal prophylaxis with intravenous ganciclovir for at least 2 wk
followed by intravenous ganciclovir for at least an additional 2 wk as universal pre-emptive therapy or
pre-emptive therapy has been used for patients with detectable CMV DNA[26,69]. The regimen is
effective for the prevention of tissue-invasive CMV disease[69], and the effectiveness is similar to that of
pre-emptive therapy alone. However, the duration of antiviral treatment was significantly shorter with
pre-emptive therapy alone[31]. More studies of the effectiveness of hybrid strategy are needed.

CONCLUSION

Infection after liver transplantation is a common, frequently serious complication. CMV infection that
increases the mortality of children with liver transplants because of its direct and indirect effects.
Preventive interventions include risk stratification prior to liver transplantation and regular monitoring
for prompt diagnosis of CMV infection. If CMV infection is detected, prompt treatment can lead to
favourable outcomes.
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Core Tip: Metabolic dysfunction-associated fatty liver disease (MAFLD) affects 25% of general population
worldwide. Within that huge number of patients, a minority will progress to cirrhosis, with an annual
incidence rate of hepatocellular carcinoma (HCC) > 1%. In them, surveillance for HCC by means of
ultrasound with or without alpha-fetoprotein measurement is cost-effective. In patients with MAFLD
cirrhosis who are men, older and diabetic, risk is even higher and magnetic resonance imaging might be a
better screening test. However, the great challenge is stratifying the HCC risk in patients with MAFLD
without cirrhosis. Factors that can help to stratify their risk (genetic, demographic, metabolic, non-invasive
fibrosis tests) will be reviewed.
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INTRODUCTION

Metabolic dysfunction-associated fatty liver disease (MAFLD) previously known as non-alcoholic fatty
liver disease (NAFLD) represents a condition of excessive accumulation of fat in the liver of people with
features of metabolic syndrome regardless of alcohol consumption. Recently, a panel of international
experts from 22 countries proposed this new nomenclature assigning the disease a name linked with its
pathogenesis to overcome the negative definition originally attributed to NAFLD[1,2]. Definition of
NAFLD was based on the presence of steatosis in > 5% of hepatocytes and the exclusion of secondary
causes of hepatic fat accumulation such as significant alcohol consumption, long-term use of steatogenic
medications, and other known causes of liver disease[3]. On the contrary, definition of MAFLD is based
on positive criteria, independently of the presence of other liver diseases. The diagnosis of MAFLD is
based on the evidence of liver steatosis, in addition to one of the following three criteria:
Overweight/obesity, presence of type 2 diabetes mellitus, or evidence of metabolic dysregulation[1,2].
Fat accumulation in the liver may be shown by histology, imaging (ultrasonography, controlled
attenuation parameter by FibroScan®, magnetic resonance imaging-derived proton density fat fraction,
computed tomography) or blood biomarkers (fatty liver index).

The Consensus panel further recognized that the exclusion of alcohol intake or hepatitis B virus
(HBV) or hepatitis C virus (HCV) infections is no longer a prerequisite for the diagnosis of MAFLD.
Patients who meet the diagnostic criteria for MAFLD and have in addition one of these concomitant
diseases should be defined as having a dual etiology fatty liver disease[1]. Subsequently, expert panels
of the Latin American Association for the Study of the Liver[4] and also from Middle East and north
Africa[5] reached consensus to endorse the proposal on the redefinition of fatty liver disease and the
new nomenclature (MAFLD).

MAFLD encompass a spectrum of conditions that may be limited to excessive liver fat (simple
steatosis) or progress to non-alcoholic steatohepatitis (NASH), fibrosis, cirrhosis and to hepatocellular
carcinoma (HCC)[3]. MAFLD is mainly driven by hyperalimentation, unhealthy diets, sedentary
behavior, leading to central and visceral adiposity, insulin resistance, overweight/obesity and metabolic
syndrome. A recent meta-analysis, based on 86 studies from 22 countries estimated that global
prevalence of NAFLD is 25.24% (95%CI: 22.10-28.65), peaking at 31.79% % in the Middle East, 30.45% in
South America and as low as 13.48% in Africa[6]. The prevalence of NASH in the general population is
not well known, since a liver biopsy is required to confirm this condition. It has been estimated that it
can range from 1.5% to 6.45%[6]. One of the most worrying aspects of NASH is that modeling-projected
prevalence (estimated in eight countries) is to increase by 15%-56% between 2016 and 2030[7]. Other
Markov model-based study, but limited to United States, concluded that prevalent NAFLD and NASH
cases are forecasted to increase 21% and 63%, respectively between 2015 and 2030, while incidence of
decompensated cirrhosis and HCC will increase 168% and 137 %, respectively, by 2030[8]. Results of
both modeling studies suggest increasing cases of advanced liver disease in the coming years; taken
together with an unmet of effective therapeutic approach means that MAFLD will be the leading cause
of cirrhosis, liver transplantation and HCC in the next decades[7,8].
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Primary liver cancer (PLC) is the sixth more frequent cancer in general population, with more than
900.000 new cases every year worldwide[9], but it ranks as the second one among cancer deaths,
because of its bad prognosis[9,10]. Overall survival of patients is very low and the incident cases/deaths
ratio is 0.9. HCC accounts more than 90% of all PLCs. The poor prognosis of HCC is mostly due to the
fact that it usually emerges in patients with chronic liver disease and advanced fibrosis or cirrhosis.
When patients are diagnosed by symptoms, they usually have large or multiple tumors. Then, the
impaired liver function reserve due to cirrhosis prevents curative treatment by surgical resection; or the
tumor extension is beyond the Milan criteria, generally accepted limit for liver transplant treatment. The
only way to improve survival in patients with HCC is to make diagnosis in an asymptomatic stage,
through a surveillance program. This is possible because we know who are the patients at risk of
developing HCC. Main risk factors for HCC include chronic infections for HBV and HCV, alcoholic
liver disease (ALD) and MAFLD, with some geographic differences. In East Asia and Africa, hepatitis B
is the first etiology being aflatoxin contamination a cofactor in some regions whereas in western
countries, hepatitis C and alcoholic cirrhosis are the main causes of HCC. NASH and cryptogenic
cirrhosis (probably “burnt-out” NASH) have historically ranked third in series from the United States
[11] and Latin America[12]. However, changes are currently taking place and 2 recent studies agreed
that NASH is the most rapidly growing indication for liver transplant among patients with HCC in
United States[13,14]. According to the most recently published study, NASH now accounts for 18% of
all HCC cases who are listed, meaning an 8-fold growth since 2002, and being the second most frequent
cause, after hepatitis C[14].

Regarding which MAFLD patients to include in surveillance protocols for HCC, there are some
discrepancies between the recommendations of the main Scientific Societies. Based on historical
modeling studies performed in hypothetical patients with chronic hepatitis C, surveillance for HCC is
assumed to be cost-effective when the annual incidence rate is equal to or greater than 1.5%. Therefore,
all the recommendations agree that patients with MAFLD and cirrhosis should be included in that
protocols; but they differ in respect to patients with advanced fibrosis (bridging fibrosis or F3 fibrosis).
The last “Practice Guidance on Management of HCC” by the American Association for the Study of
Liver Diseases states that “the risk of HCC is significantly lower in those with HCV or NAFLD without
cirrhosis compared to those with cirrhosis, surveillance not being recommended for the former”[15].
The last Guidelines on “Management of hepatocellular carcinoma” by the European Association for the
Study of the Liver affirms that “the role of surveillance for patients with NAFLD without cirrhosis is
unclear (evidence low)”[10]; and in a table that lists “Categories of adult patients in whom surveillance
is recommended”, it states “Non-cirrhotic F3 patients, regardless of etiology may be considered for
surveillance based on an individual risk assessment (evidence low; recommendation weak)[10]. On the
contrary, the “American Gastroenterological Association Clinical Practice Update on Screening and
Surveillance for HCC in Patients with Nonalcoholic Fatty Liver Disease”, in its second Best Practice
Advice, states that “patients with NAFLD with non-invasive markers showing evidence of advanced
liver fibrosis or cirrhosis should be considered for HCC screening”[16].

It is worth mentioning that, unlike what happens with patients with hepatitis C or ALD, where HCC
arises in cirrhotic liver in approximately 90% of cases; several case-control studies assessing character-
istics of HCC in NAFLD patients have shown a significantly lower percentage of cirrhosis in NAFLD
cases than in other etiology controls. The prevalence of cirrhosis among MAFLD cases with HCC has
ranged from as low as 51%[17], 52.8%[18], 53.8%[19] to 77.2%[20]. Although fibrosis, cirrhosis and HCC
appear to be the generic responses to any kind of chronic liver injury, the time-course and sequence of
events appear to be even less predictable in MAFLD than other liver diseases. Nevertheless, in large
population-based studies performed in non-selected NAFLD patients, the incidence rate of HCC is
extremely low[21]. Although occasionally some case of HCC may appear in a patient with NAFLD and
non-advanced fibrosis, it is generally considered that the risk is too low to justify the use of surveillance
in all comers.

In this review, we will update the knowledge on epidemiological aspects of HCC in patients with
MAFLD and analyze which are the factors that increase the risk between patients with and without
cirrhosis. To address this, we will answer the following questions: What is the incidence of HCC in
MAFLD, with and without cirrhosis? What are the clinical risk factors of HCC in MAFLD? What are the
genetic phenotypes associated with HCC in MAFLD? Which are the differences between HCC
diagnosed in patients with MAFLD compared to other etiologies? How can we “best screen” HCC in
MAFLD at 20217

It is important to recognize that, although the acronyms NAFLD and MAFLD refer to the same
disease and will be used interchangeably in this review, all available information comes from studies
previously conducted in patients with NAFLD.

INCIDENCE RATE OF HCC AND FACTORS THAT INCREASE THE RISK IN PATIENTS
WITH MAFLD AND CIRRHOSIS

Several studies have compared the incidence rate of HCC between cohorts of patients with advanced
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fibrosis/cirrhosis due to NAFLD or cryptogenic cirrhosis with HCV-related advanced fibrosis/ cirrhosis
cohort[22-27]. The Table 1 shows the main results of them.

One of the most representative studies within this group is that of Ascha and his colleagues at
Cleveland Clinic[26]. Their primary objectives were to estimate the incidence of HCC between patients
with NASH-cirrhosis and HCV-cirrhosis; and secondary, to identify risk factors for the occurrence of
HCC. They reviewed data from 195 patients with NASH-cirrhosis and 315 patients with HCV-cirrhosis
who had been referred for liver transplantation. The median age was significantly higher in patients
with NASH than HCV (56.6 and 48.2 years, respectively, P < 0.001); but significantly fewer NASH
patients were men compared with HCV patients (44.1% vs 76.5%, respectively; P < 0.001]. During a
median follow-up of 3.2 years, HCC was diagnosed in 25 of 195 (12.8%) N ASH-cirrhotic patients
compared with 64/315 (20.3%) HCV-cirrhotic patients (P = 0.03). The annual cumulative incidence of
HCC in patients with NASH cirrhosis was 2.6% compared with 4.0% for patients with HCV cirrhosis (P
= 0.09)[26]. In multivariate analysis, they observed that older age [hazard ratio (HR), 1.08 (95%CI: 1.02-
1.1); P = 0.006] and any alcohol consumption [HR, 3.8 (95%CI: 1.6-8.9); P = 0.002] were the only factors
independently associated with development of HCC in the population with NASH-cirrhosis[26].

In other study, Sanyal et al[23] prospectively compared outcomes between 152 patients with NASH-
related cirrhosis matched with 150 patients with HCV-cirrhosis[23]. Baseline characteristics of both
groups were comparable in respect to liver function tests, Child-Pugh and MELD scores though patients
with NASH had a higher frequency of metabolic syndrome features, such as diabetes or arterial
hypertension. Over a 10-year follow-up, patients with NASH-cirrhosis had a significantly higher cardiac
mortality than HCV cirrhotic patients (P = 0.03). By contrast, patients with HCV-cirrhosis had a
significantly higher rate of general mortality (P = 0.04), development of ascites (P < 0.006) or progression
to liver decompensation than patients with NASH-cirrhosis. In addition, patients with HCV had a
significantly higher risk of developing HCC than NASH patients [17% (25/147) vs 6.7% (10/149),
respectively, P < 0.01] (subtracting 3 patients from each group who had HCC at baseline). In Sanyal
study, however, no HCC related risk factors were identified[23].

A large prospective, multicenter, international study compared the course of 247 patients with
NAFLD and biopsy-proven advanced fibrosis or cirrhosis with that of 264 patients with hepatitis C and
similar fibrosis stages (F3-F4)[27]. Patients with NAFLD were older (54.7 years vs 48.3 years,
respectively, P < 0.001) with a higher percentage of females than HCV patients (60.3% vs 35.2%,
respectively, P < 0.001). Mean follow-up were 85.6 and 74.9 mo in NAFLD group compared to HCV,
respectively. After adjusting for baseline differences in age and gender, the cumulative incidence of
liver-related complications was lower in the NAFLD than in the HCV cohort (P = 0.03), including
incident HCC (6 vs 18 cases; P = 0.03). Among the 247 patients with NAFLD, 118 (47.8%) had F3 fibrosis
and 129 (52.2%), Child A cirrhosis at the baseline. All cases of HCC in NAFLD group occurred among
patients with cirrhosis (6 out of 129, 4.6%). In this study, no predictive factors for the development of
HCC were identified[27].

A study from Japan retrospectively compared outcomes between 68 patients with NASH-cirrhosis
and 69 matched HCV-cirrhosis patients[25]. The 5-year occurrence rate of HCC was 11.3% in the NASH
group vs 30.5% in the HCV group. HCC incidence showed a slightly higher rate in the HCV group, but
the difference was not significant (P = 0.185). An important finding of this study was that HCC was the
leading cause of death in both groups (9 deaths in the NASH group and 19 in the HCV group)[25].
Moreover, in multivariate analysis, risk factors for the HCC occurrence were not identified.

Another study from France, retrospectively analyzed survival and cirrhosis complications in 27
overweight patients with cryptogenic cirrhosis and 391 patients with HCV-cirrhosis[22]. Patients with
cryptogenic cirrhosis plus obesity were older than HCV cirrhotic patients (62.1 and 53.7 years,
respectively; P < 0.001) but the sex ratio (male/female) was not significantly different between both
groups. To avoid bias in the results based by the older age of cryptogenic cirrhosis plus obesity patients,
a further analysis matched by age and low or no alcohol consumption compared outcomes between
them and 85 HCV-cirrhotic patients[22]. The French study showed a slightly higher occurrence of HCC
in the group with cryptogenic cirrhosis plus obesity than HCV cirrhosis group (30% vs 21%,
respectively) though this tendency was not statistically significant[22].

In summary, this set of studies comparing outcomes between patients with NAFLD and hepatitis C
and advanced fibrosis/cirrhosis mostly showed a slightly lower incidence of HCC in patients with
NAFLD than in patients with HCV[23-27]. Only one of them[26] had the primary objective of invest-
igating the incidence of HCC in NASH cirrhosis and found an annual incidence rate of 2.6%; while the
others analyzed the appearance of cirrhosis complications in general. The yield of HCC incident cases in
the individual studies was not as high and this may have prevented for identification of independent
risk factors for HCC development at the multivariate analysis. Ascha et al[26] found that older age and
any alcohol consumption were independent predictors of HCC occurrence[26]. To be noted, excessive
alcohol intake is excluded (by former definition) in NAFLD patient groups but alcohol consumption
may have played a role in HCV patient cohorts. This issue may not have been analyzed in detail in
retrospective studies.

A large retrospective study by Kanwal et al[28] was conducted analyzing the Veterans Health
Administration (VHA) database in United States, with the objective of estimating the risk of incident
HCC among patients with MAFLD[28]. They compared 296.707 NAFLD patients with 296.707 matched
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Table 1 Studies that evaluated hepatocellular carcinoma risk in a cohort with cirrhosis or advanced fibrosis due to nonalcoholic

steatohepatitis or cryptogenic cirrhosis (presumptively nonalcoholic steatohepatitis-related) and in a comparison cohort with hepatitis

C virus-related cirrhosis or advanced fibrosis

Ref. n Age (yr) Male gender (%) HCC incidence P value

Ratziu et al[22] 27 CC-O 62.1+10.6 (M/F) 1.7 8/27 (29.6%) NS
85 HCV 62.1+10.6 (M/F) 1.7 18/85 (21%)

Sanyal et al[23] 152 NASH 547 +11.6 39.7 10/149 (6.7%) NS
150 HCV 483+11.3 64.8 25/147 (17%)

Kojima et al[24] 24 CC 58.2+10.6 NA 9/24 (37.5%) P<0.01
48 HCV 58.7+8.1 NA 36/48 (75%)

Yatsuji et al[25] 68 NASH 62.7 £13.2 43 5-yr 11.3% NS
69 HCV 613+58 43 5-yr 30.5%

Ascha et al[26] 195 NASH 56.6 441 Annual cumulative 2.6% P=0.09
315 HCV 482 76.5 Annual cumulative 4.0%

Bhala et al[27] 247 NAFLD 54.7 39.5 6/247 (2.4%) P=0.03
264 HCV 483 67.5 18/264 (6.8%)

NAFLD: Nonalcoholic fatty liver disease; HCC: Hepatocellular carcinoma; NASH: Nonalcoholic steatohepatitis; HCV: Hepatitis C virus; CC-O:
Overweight patients with cryptogenic cirrhosis; (M/F): Male/female ratio; NS: Non-significant; CC: Cryptogenic cirrhosis.

JBaishideng®

controls. Patients with NAFLD-cirrhosis had an annual incidence of HCC of 10.6/1000 persons-year
(PYs). Among patients with cirrhosis, HCC incidence ranged from 1.6 to 23.7/1000 PYs, depending on
other demographic characteristics like male gender, age older than 65 year and Hispanic race. The
annual incidence per 1000 PYs (95%CI) was 11.05 (9.83-12.39) in men vs 1.62 (0.20-5.85) in women with
cirrhosis; or 13.43 (10.82-16.49) in older than 65 years vs 9.74 (8.46-11.17) in younger than 65 years; or
23.76 (12.27-41.50) in Hispanics vs 11.94 (9.11-15.37) in Whites. The risk of HCC was the highest in older
Hispanics with cirrhosis[28].

In a recently published paper, investigators from Mayo Clinic at Rochester, United States, assessed, as
primary aim, the association of diabetes and HCC in patients with NASH and cirrhosis. Secondary aim
was to analyze the association between other metabolic risk factors and HCC[29]. The retrospective
cohort included 354 patients who did not have HCC at baseline. Mean age was 61.5 years and 41% were
male. Diabetes was present in 253 (71%) patients at baseline. Follow-up duration was a median of 46
and 47 mo for diabetics and nondiabetics, respectively. HCC was diagnosed in 30 cases, 27 out of 253
patients with diabetes and 3 out of 101 patients without diabetes. The 5-year cumulative incidence rate
of HCC was 7.8% (95%Cl: 5.1-11.8) in the total population: 10.2% (95%CI: 6.6-15.5) for diabetics vs 1.7%
(95%ClI: 2.4-11.5) for nondiabetics[29]. In multivariable analysis, 3 factors were identified as independent
predictors of HCC development: Older age, serum albumin levels, and diabetes[29]. In addition, authors
revised the United Network for Organ Sharing (UNOS)/Organ Procurement and Transplantation
Network (OPTN) registry data to identify all adult patients who were registered on the waitlist for liver
transplant in United States with diagnosis of NASH [or cryptogenic cirrhosis plus body mass index
(BMI) 2 30] between 2003 and 2016. There were 6.630 patients with diagnosis of cirrhosis due to NAFLD,
of whom 58% had diabetes. The 5-year cumulative incidence rate of HCC was 5.6% (95%CI: 4.9-6.3).
Multivariate analysis showed that age, male sex, diabetes and low serum albumin level were
independent risk factors for developing HCC[29].

Corey et al[30] performed a retrospective case-control study of patients with cirrhosis due to NAFLD
followed-up in 5 academic centers from United States[30]. They evaluated 244 patients with NAFLD
cirrhosis: 94 cases with HCC and 150 controls without HCC. Mean age was 59 years, male sex in 54.7%.
On multivariate analysis, the strongest association with presence of HCC was male gender (OR = 4.3,
95%CI: 1.83-10.3, P = 0.001). Age was associated with HCC as well (OR = 1.082, 95%CI: 1.03-1.13, P =
0.001); and Hispanic ethnicity (contrary to what was described in the VHA study[28]) was associated
with a decreased prevalence of HCC (OR = 0.3, 95%CI: 0.09-0.994, P = 0.048)[30].

CHARACTERISTICS OF PATIENTS WITH MAFLD WHO DEVELOP HCC

Several studies have shown that patients with HCC emerging in MAFLD have some significant
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differences from patients with HCC arising in other chronic liver diseases. Firstly, patients with NAFLD
plus HCC use to be older than other etiologies HCC[11,20,22,31]. Secondly, tumors tend to be larger as a
result of a higher percentage of NAFLD patients being diagnosed outside of a surveillance program[19,
20,32]. As a consequence, some studies showed a shorter survival in patients with NAFLD and HCC
compared to controls with other etiologies of cirrhosis and HCC[11,22]. However, other studies have
found a similar[19,20] or longer[31] overall survival in NAFLD patients with HCC even though they
had a more advanced stage. This could be due to the third and very important difference: A lower
percentage of cirrhosis in MAFLD patients who develop HCC compared to their controls with hepatitis
B or C or alcoholic liver disease and HCC[17-20,31,33]; giving them greater access to surgical resections
of tumors. In fact, a recently published review evaluated the outcomes of patients with NAFLD and
HCC who underwent surgical resection, finding that HCC occurs frequently in non-cirrhotic livers.
Authors stated that all the papers showed a better overall survival after surgery in patients with NAFLD
compared to other etiologies[34].

The Table 2 shows studies assessing presence of cirrhosis in patients with HCC due to NAFLD uvs
other etiologies.

In summary, the incidence of HCC in patients with MAFLD related cirrhosis show a rate that is above
the accepted threshold as cost-effective to indicate surveillance protocols. Among the predictors of
increased risk of developing HCC, several studies coincided in favor of the presence of male gender,
older age and type 2 diabetes as independently significant risk factors. Also, we would like to point out
the study by Ascha et al[26] (vide supra) where any degree of alcohol consumption (in patients who by
the former definition do not have a significant intake) may increase the risk of HCC occurrence.

INCIDENCE RATE OF HCC AND FACTORS THAT INCREASE THE RISK IN PATIENTS
WITH MAFLD WITHOUT CIRRHOSIS

In the previously mentioned retrospective study based on the VHA database (vide supra), analyzing
more than 290.000 NAFLD patients and more than 290.000 matched controls, only 0.4% of patients had a
diagnosis of cirrhosis at baseline and other 1.4% were confirmed as having cirrhosis later during the
study. Mean follow-up was approximately 9 years in both groups. The annual HCC incidence rate was
estimated in 0.21/1000 PYs (95%Cl: 0.19-0.22) for NAFLD patients; significantly higher than that found
in controls, 0.02/1000 PYs (95%CI: 0.02-0.03). NAFLD was associated with a 7.6-fold higher risk of HCC,
after adjusting for race and metabolic syndrome features. Multivariate analysis showed that factors that
significantly increase the risk of HCC among NAFLD patients are presence of diabetes [adj. HR 3.03
(95%ClI: 2.52-3.64), P < 0.0001], age 2 65 years [adj. HR 1.83 (95%CI: 1.53-2.18), P < 0.0001] and Hispanic
ethnicity [adj. HR 1.59 (95%ClI: 1.14-2.20), P = 0.005][28].

Studies based on the general population that evaluate incidence rate of HCC in patients with NAFLD
usually show a fairly low risk. In an elegant study from Taiwan, Lee et al[35] using Taiwan’s National
Health Insurance Research Database, evaluated the HCC incidence rate of NAFLD cohort comparing
with general population. They recruited 18.080 patients with NAFLD, with a median follow-up of 6.32
years. The 10-year cumulative incidence of HCC was 2.73% (95%ClI: 1.69-3.76%) in the total cohort[35].
Multivariate analysis verified that elevated alanine aminotransferase (ALT) was independently
associated with an increased HCC risk [HR 6.80, (95%CI: 3.0-15.42), P < 0.001]. Another independent
risk factor identified was age [HR 1.08 per year, (95%CI: 1.05-1.11)]; and statin use was independently
associated with a reduction in HCC risk [HR 0.29, (95%CI: 0.12-0.68)]. By combining 2 independent risk
factors, the risk of HCC can be better stratified: 10-year cumulative HCC incidence was highest in older
(age > 55 years) patients with elevated ALT (12.41%, 95%CI: 5.99-18.83%), but lowest in younger
patients without ALT elevation (0.36%, 95%CI: 0-1.08%)[35].

In another large study based on the general population, data were extracted from four European
primary care databases (United Kingdom, Netherlands, Italy and Spain)[36]. Subjects who had a
recorded diagnosis of NAFLD or NASH were analyzed up for incident cirrhosis and HCC diagnoses
and each NAFLD patient was matched up to 100 controls by practice site, gender and age. Among
18.782.281 adults, 136.703 patients with coded NAFLD/NASH were identified. Hazard ratio for HCC in
patients compared to controls was 3.51 (95%Cl: 1.72-7.16). The strongest independent predictor of a
diagnosis of HCC or cirrhosis was baseline presence of diabetes, which doubled the risk of developing
these outcomes (HR 2.3, 95%CI: 1.9-2.78)[36].

The study by Adams and colleagues at Mayo Clinic, based on the general population using the
Rochester Epidemiology Project, showed that patients with NAFLD have a lower survival than the
control population[37]. They identified 420 patients diagnosed with NAFLD (mostly by imaging
methods) and compared their overall survival and liver morbidity with the general Minnesota
population of the same age and sex. In a mean follow-up of 7.6 years, 53 of 420 (12.6%) patients died.
Standardized mortality ratio of NAFLD cohort was 1.34 (95%CI: 1.003-1.76; P < 0.03). Independent
predictors of mortality were age, impaired fasting glucose and cirrhosis (HR, 3.1, 95%CI: 1.2-7.8)[37].
Only 21 (5%) patients were diagnosed with cirrhosis during this relatively short period of time, and 2
developed HCC. Even so, liver disease was the third leading cause of death among NAFLD patients as
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Table 2 Studies that analyzed the prevalence of cirrhosis among patients with nonalcoholic fatty liver disease-related hepatocellular

carcinoma and in controls with other etiologies-related hepatocellular carcinoma

Ref. n Prevalence of cirrhosis (in percentage)
Ertle et al[18] 36 NAFLD 52.8
35 HCV 94.3 in HCV
29 HBV 93.1in HBV
19 ALD 94.7 in ALD
Reddy et al[31] 52 NAFLD 731
162 HCV/ALD 93.8
Dyson et al[20] 136 NAFLD 77.2
178 ALD 100 in ALD
65 HCV 96.9 in HCV
29 HBV 82.7 in HBV
Mittal ef al[33] 107 NAFLD 65.4
1133 ALD 88.9 in ALD
952 HCV 91.1 in HCV
65 HBV 92.3 in HBV
Piscaglia et al[19] 145 NAFLD 53.8
611 HCV 97.2in HCV
Yasui et al[17] 87 51
No control group NA

NAFLD: Nonalcoholic fatty liver disease; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HBV: Hepatitis B virus; ALD: Alcoholic liver disease;

NA: Not available.
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compared with the 13" leading cause of death in control population[37].

Studies conducted in hospitals (clinic-based studies) presumably include "sicker" patients, in whom
the risk of outcomes such as cirrhosis or HCC might be increased. However, in the follow-up of
unselected NAFLD patients enrolled from an ultrasound (US) diagnosis, the incidence of HCC may
continue to be extremely low. In a Japanese retrospective cohort study, 6.508 patients with NAFLD
diagnosed by abdominal US were followed-up for 5.6 years. The cumulative rates of HCC were 0.02% at
year 4, 0.19% at year 8, and 0.51% at year 12[38]. The annual rate of incident HCC was 0.043%. In this
study, multivariate analysis identified 4 independent risk factors for developing HCC: Serum aspartate
aminotransferase (AST) level > 40 IU/L [HR 8.20; (95%CI: 2.56- 26.26) P < 0.001]; platelet count < 150 x
10°/pL [HR 7.19; (95%Cl: 2.26-23.26) P = 0.001]; age = 60 years [HR 4.27; (95%CI: 1.30-14.01) P = 0.017]
and diabetes [HR 3.21; (95%Cl: 1.09-9.50) P = 0.035][38].

In another large retrospective study based on the VHA database, Kanwal et al[39] evaluated the
independent and joint effects of different metabolic traits (diabetes, hypertension, dyslipidemia and
obesity) on the risk of developing cirrhosis and HCC[39]. The cohort consisted of 271.906 patients with
NAFLD who did not have cirrhosis or HCC at baseline, mean age was 55.5 + 12.8 years, 94.3% were
men, 28.7% had diabetes, 70.3% had arterial hypertension, mean BMI was 31.6 + 5.6. During a mean
follow-up of 9.3 years, 22.794 patients (8.4%) progressed to cirrhosis whereas HCC was diagnosed in 253
patients. Diabetes was the only factor independently associated with the risk of HCC by the
multivariate analysis, the risk of HCC was nearly 2.8-fold higher than those without diabetes (adjusted
HR =2.77, 95%ClI: 2.03-3.77). Obesity and dyslipidemia were associated with 31% increase in HCC risk.
However, these associations, like hypertension, did not reach statistical significance[39].

In another clinic-based Japanese, retrospective study, 1600 older than 60 years NAFLD patients
(diagnosed by US) and 1600 older than 60 years matched HCV patients were enrolled with the aim of
investigating the cumulative incidence of malignant diseases, including HCC[40]. At the baseline, there
were several significant differences between both groups. Metabolic parameters such as triglycerides,
total cholesterol, fasting plasma glucose were more elevated in NAFLD patients, but AST, ALT, alpha-
fetoprotein (AFP) were more elevated and platelet count more decreased in hepatitis C patients[40]. No
data was described on the liver fibrosis stages of the patients. Mean observation period was 8.2 years in
both groups. Cumulative development rate of malignant diseases at the 10" year was 13.9% in the

WJH | https://www.wjgnet.com 360 February 27,2022 | Volumel14 | Issue2 |



Jaishideng®

Fassio E et al. Stratifying risk of HCC in MAFLD

NAFLD group and 28.2% in the HCV group by Kaplan-Meier method (risk ratio 2.27; P < 0.001).
However, the incidence rate of HCC was clearly pronounced in the HCV cohort, where 267 HCC cases
were diagnosed (20.86/1000 PY) compared to 10 HCC cases diagnosed in the NAFLD group (0.78/1000
PY) (P < 0.001)[40]. In the NAFLD group, multivariate analysis showed that independent predictors of
malignancies were age of > 70 years (HR 2.10; 95%Cl: 1.38-3.17; P < 0.001), current smoking (HR 1.64;
95%ClI: 1.18-2.27; P = 0.003), and elevated glucose level (HR 1.32; 95%CI: 1.08-1.61; P = 0.007)[40].

Dam-Larsen et al[41,42] published 2 papers examining the long-term prognosis of 2 cohorts of
patients, one with nonalcoholic fatty liver (NAFL) and the other, with alcoholic fatty liver (AFL)[41,42].
In the first study, they evaluated the risk of development of cirrhosis and death in 215 patients (109 with
NAFL and 106 with AFL) who had underwent a liver biopsy. All the patients had biopsy-proven single
steatosis, without NASH. During a median follow up time of 16.7 years in the NAFL and 9.2 years in the
AFL group, only one NAFL patient developed cirrhosis compared with 22 patients in the alcoholic
group[41]. Survival estimates in NAFL group were not different from the Danish population. In the last
study, the aim was to conduct an extended, clinical follow-up in both NAFL and AFL patients, to
analyze for potential risk factors for survival and development of cirrhosis, and to describe the causes of
death[42]. This second analysis enrolled 170 patients with NAFL and 247 patients with AFL whose liver
biopsies had been taken between the years 1976 and 1987. All surviving patients were contacted in 2003
and invited to attend a clinical follow up visit. Median follow-up times in the whole cohort were 20.7
years and 12.8 years in the NAFL and AFL groups, respectively. Two (1.2%) patients with NAFL and 54
(22%) with AFL, respectively, were diagnosed as having cirrhosis during follow-up. Forty-eight NAFL
patients died during the study period and one of them died from cirrhosis. Within the AFL group, 188
patients died, 32 of them (17%) from cirrhosis. Regarding HCC as a cause of death, there was no cases in
NAFLD group and one in AFL group[42].

Many studies have been published attempting to assess the risk of HCC or other liver complications
in patients with non-cirrhotic NAFLD, but they have many limitations and weaknesses. Most of them
were retrospective and heterogeneous in terms of the inclusion criteria; did not have data on liver
fibrosis stages; or they had too short a follow-up to assess hard outcomes such as HCC or complications
of cirrhosis. In addition, most of them had relatively few cases of HCC diagnosed and multivariate
analysis trying to identify risk factors were powerless. Therefore, it is difficult to draw conclusions or
make recommendations on in whom to indicate surveillance for HCC in patients with MAFLD,
especially when there is no information on liver fibrosis. Table 3 summarizes some studies that analyzed
the incidence rate of HCC in patients with NAFLD without cirrhosis and which were the independent
risk factors found in the multivariate analysis.

At the same time, it is important to note that large epidemiological studies carried out in the general
population have shown a significant association between the presence of diabetes, or obesity and even
metabolic syndrome and PLC.

DIABETES MELLITUS, OBESITY, METABOLIC SYNDROME AND RISK OF PLC

The association of diabetes and PLC has been established for many years. A Swedish population-based
cohort study analyzed the risk of developing PLC and biliary tract cancers among 153.852 patients with
diabetes, identifying incident cases of cancer during follow-up through the Swedish Cancer Registry
[43]. The incidence of PLC was increased fourfold (standardized incidence ratio = 4.1; 95%ClI: 3.8-4.5).
Even after excluding diabetic patients with concomitant conditions that predispose to HCC, such as
alcoholism, cirrhosis, and hepatitis, it was observed an excess risk of approximately threefold[43].

El-Serag et al[44] identified all patients with a hospital discharge diagnosed of diabetes between 1985
and 1990 using the records of VHA and assigned randomly 3 controls for every patient, excluding those
with concomitant liver disease[44]. The study cohort included 173.643 patients with diabetes and
650.620 controls without diabetes, followed through 2000 for the occurrence of NAFLD related cirrhosis
or HCC. Diabetes was associated with 2-fold increase for HCC (HR 2.16, 95%CI: 1.86-2.52, P < 0.0001),
independently of alcoholic liver disease, viral hepatitis, or demographic features[44].

A multicenter Italian hospital-based study also found that body mass index = 30 kg/m? and diabetes
mellitus (OR 3.7, 95%CI: 1.7-8.4) were associated to HCC risk[45]; and these associations persisted
among subjects without HBV and/or HCV infection[45].

After many cohort studies suggested a strong association between type 2 diabetes mellitus and HCC,
a systematic review and meta-analysis was performed, including 25 cohort studies[46]. Diabetes
mellitus was associated with an increased incidence of HCC [summary relative risks (SRR) = 2.01,
95%ClI: 1.61-2.51]. Increased incidence of HCC in patients with diabetes was independent of geographic
location, alcohol consumption, history of cirrhosis, or infections with HBV or HCV[46].

Multiple studies have suggested that metformin, a first-line diabetes medication, may reduce the
incidence of HCC and other cancers. Although the mechanism is not well understood, this was initially
shown in animal models of HCC and then assessed in many human studies. A recent meta-analysis of
19 studies involving 550.882 diabetic patients concluded that metformin use reduced the liver cancer
incidence by 48% (OR 0.52; 95%CI: 0.40-0.68) compared with nonusers[47]. The association remained
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Table 3 Incidence rate of hepatocellular carcinoma and independent risk factors among patients with non-alcoholic fatty liver

disease/metabolic-dysfunction associated fatty liver disease without cirrhosis

. . Mean follow- . .
Ref. Population studied n BT Incidence rate of HCC Independent risk factors
Kanwal et al VHA database (United States) ~ 295.623 9.0+2.2 0.08/1000 person-years Male gender; Age > 65 yr; hispanics
[28]
Lee et al[35] General population-based study 18.081 Median 6.32 10-yr cumulative incidence Age > 55 yr; elevated ALT
(Taiwan of China) 2.73% (95%Cl: 1.69-3.76)
Alexander et al  General population-based study 136.703 Median 3.3 0.3/1000 person-years Diabetes
[36] (Europe)
Kawamura et al Clinic-based study (Japan) 6.508  Median 5.6 Annual incidence 0.043% AST 2 40 TU/L; platelet count < 150 x 10°
[38] /1L; age > 60 yr; diabetes
Arase et al[40]  Clinic-based study (Japan) 1.600 8.2 0.78/1000 person-years Age > 70 yr; smoking; elevated glucose
level
Kanwal et al VHA database (United States) 271906 93 +2.7 253 cases' Diabetes
[39]

Hncidence rate of hepatocellular carcinoma was not calculated.
HCC: Hepatocellular carcinoma; VHA: Veterans Health Administration; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

after adjusting for hepatitis B/ C virus infection, cirrhosis, obesity, behavioral factors, and time-related
bias. Sensitivity analysis showed that the beneficial effect of metformin was observed in 10 cohort
studies and in 9 case-control studies but not when 2 randomized controlled trials were considered
separately (they were probably underpowered or with short period of follow-up)[47]. To avoid time-
related biases, a propensity score-matched retrospective cohort was constructed enrolling 84.434
veterans newly prescribed metformin or a sulfonylurea as monotherapy (42.217 new metformin users
and 42.217 matched-new sulfonylurea users. Metformin treatment was associated with a reduction in
liver cancer [adj. HR 0.44, (95%CI: 0.31-0.64)] compared to sulfonylurea therapy[48]. In subgroup
analysis, metformin compared to sulfonylurea was also associated with lower liver cancer incidence in
both patients with and without baseline cirrhosis and when the cohort was stratified by statin use at
baseline[48].

At the same time, many cohort studies have shown association between overweight, obesity and risk
of liver cancer. Already in 2007, a meta-analysis including 10 studies with 6.042 cases, concluded that,
compared with normal weight individuals, the SRR of liver cancer was 1.89 (95%CI: 1.51-2.36) for those
with obesity[49]. Subsequently, more case-control studies were published and the meta-analyzes were
updated. One of them, published in 2012, included 26 prospective studies and more than 25.000 PLC
cases. Obesity was associated with an increased risk of PLC (SRRs 1.83, 95%CI: 1.59-2.11)[50], and this
association was even further in obese males than obese females (P = 0.027). Subgroup analyses revealed
that positive associations were independent of geographic locations, alcohol consumption, history of
diabetes or infections with HBV and/or HCV[50]. Therefore, body of evidence suggests that obesity
increases the risk of HCC, that is approximately twice that of normal weight individuals. However, it is
still uncertain whether there is a gender difference in the association between obesity and PLC. A new
meta-analysis was conducted to quantitatively and precisely evaluate the gender difference in that
association[51]. The results showed increased relative risks (RR) of HCC incidence for obese men than
women (RR 2.04, 95%CI: 1.70-2.44 vs RR 1.56, 95%CI: 1.37-1.78, respectively, P = 0.02)[51]. Furthermore,
the RR’s of HCC incidence for men and women were compared between non-Asian and Asian
countries. The RR’s of HCC incidence were significantly higher in obese men than obese women in non-
Asian studies (RR 2.31, 95%ClI: 1.85-2.91, vs RR 1.56 (95%CI: 1.31-1.86, respectively, P = 0.01) but not in
Asian countries[51].

More importantly, there is a linear relationship between increasing BMI and death from various types
of cancer, including PLC[52]. A prospective investigation was conducted in United States in a large
cohort of men and women with the aim to determine the relations between BMI and the risk of death
from cancer at specific sites. More than 900.000 adults (free of cancer at baseline) were enrolled in 1982.
During 16 years of follow-up there were 57.145 deaths from cancer. As compared with men of normal
weight, men with a BMI = 35.0 had significantly elevated RRs of death from cancer, which ranged from
1.23 (95%CI: 1.11 to 1.36) for death from any cancer to 4.52 (95%CI: 2.94 to 6.94) for death from liver
cancer. There was a significant positive linear trend in death rates with increasing BMI for several types
of cancers (esophageal, stomach, colorectal, pancreatic, gallbladder cancers, etc.) but the one with the
highest risk was the PLC, which was increased by 4-5 times in men with BMI > 35[52].

Furthermore, metabolic syndrome (as defined by the United States National Cholesterol Education
Program Adult Treatment Panel III criteria) has also been shown to be a significant risk factor for
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development of HCC in the general population. Cases of HCC (n = 3.649) were identified in the
Surveillance, Epidemiology, and End Results (SEER)-Medicare database, in United States. Control
group was composed by 195.953 persons residing in the same regions. By adjusted multiple logistic
regression analyses, metabolic syndrome was significantly associated with increased risk of HCC (OR
2.13; 95%CI: 1.96-2.31, P < 0.0001)[53].

GENETIC VARIANTS ASSOCIATED WITH HCC IN MAFLD

Recent advances in the field of Genetics allow obtaining comprehensive data on the genetic alterations
associated with MAFLD-related HCC. Genome wide association studies (GWAS) look for links between
single nucleotide polymorphism (SNP) and disease phenotype. Differential gene expression results from
gene mutations in regulatory elements or epigenetic changes, which plays an important role in suscept-
ibility to the development of HCC. Of over 100 Loci examined in GWAS and candidate gene studies,
genetic variations in 5 genes have emerged as reproducibly and robustly predisposing individuals to
development of MAFLD (PNPLA3, TM6SF2, GCKR, MBOAT?7 and HSD17B13)[54]. While unexplained
variance remains despite these discoveries, indicating that future GWAS may reveal additional associ-
ations[54].

The patatin-like phospholipase domain-containing protein 3 (PNPLA3) genetic mutation on rs738409
c.444C>G SNP is a well-known risk factor for hepatic steatosis, disease severity, fibrosis stage and
progression to NAFLD-related HCC[55-58]. This variant was most common in Hispanics, who are more
susceptible to MAFLDI[59]. Singal et al[60] performed a systematic review and meta-analysis of 24
studies with 9.915 patients and found that PNPLA3 was associated with an increased risk of HCC in
patients with cirrhosis (OR 1.40, 95%CI: 1.12-1.75)[60]. Upon subgroup analysis, PNPLA3 was found to
be an independent risk factor for HCC in patients with NAFLD or alcoholic liver disease-related
cirrhosis (OR 1.67, 95%CI: 1.27-2.21), but not among other etiologies[60]. Liu et al[57] in a case-control
study of 100 NAFLD related HCC and 275 controls with histologically characterized NAFLD, reported
that bearing the PNPLA3 rs738409 ¢.444C>G was associated with GG homozygotes exhibiting a 5-fold
increased risk of HCC in patients with NAFLD and when compared with United Kingdom general
population the risk-effect was even more pronounced[57]. This association persisted following
multivariate adjustment for age, gender, diabetes, BMI and presence of cirrhosis[57]. Interestingly, its
effects to promote the full spectrum of NAFLD are modulated by interactions with environmental
factors[61] and other gene variants[58,62].

A 1558542926 ¢.449C>T SNP in transmembrane-6-superfamily member 2 (TM6SF2) gene is associated
with increased liver fat content, NASH and fibrosis progression[58,63-65]. Noteworthy, the TM6SF2
1558542926 ¢.449C>T variant is associated with lower levels of serum cholesterol, LDL-cholesterol and
triglycerides, and is protective against cardiovascular disease[65]. To evaluate the association between
NAFLD-related HCC risk and TM6SF2 rs58542926 ¢.449C>T variant, Liu and coworkers reported that
the TM6SF2 variant confers increased predisposition to NAFLD-related HCC (OR 1.922, 95%CI:
1.31-2.81)[64]. However, this association was not significant when risk factors including gender, age,
diabetes and cirrhosis were considered by multivariate analysis[64].

A SNP in the glucokinase regulator (GCKR), rs1260326 and rs780094 variants are associated with
increased susceptibility to NAFLD and fibrosis progression[66-69]. However, only GCKR rs1260326
variant predispose to NASH-related HCC (OR 1.84 95%ClI: 1.23-2.75)[69]. Both GCKR variants interact
with PNPLAS3 rs738409 c.444C>G in elevating susceptibility to NASH in people with both risk alleles[66,
68].

A SNP rs641738 g.54173068 C>T variant of the gene encoding membrane bound O-acyltransferase
domain-containing 7 (MBOAT?) has been linked with an increased risk of hepatic steatosis, inflam-
mation and fibrosis[70,71]. To ascertain the NAFLD-related HCC risk with MBOAT?7 rs641738 variant,
Donati and coworkers evaluated an Italian cohort of 765 NAFLD patients where MBOAT?7 rs641738
variant was associated with NAFLD-HCC independently of clinical factors or fibrosis stage (OR 2.18,
95%ClI: 1.30-3.63)[72].

The 1572613567 T>TA in the hydroxysteroid 17-B dehydrogenase 13 gene (HSD17B13) have recently
been linked with a reduced risk of chronic liver disease[73]. The HSD17B13 rs72613567 variant in
NAFLD-cohort patients is associated with decreased steatohepatitis and severe fibrosis[73,74]. Associ-
ations between the HSD17B13 rs72613567 variant and reduced odds of HCC in a variety of etiologies
including NAFD and ALD have been reported[75,76].

Since MAFLD is a complex disease, therefore, it is logical that combining genetic variants into a risk
score will improve prognostic accuracy over a singular genetic variant. Based on this concept, Donati
and coworkers observed a significant association between the number of risk alleles variants (PNPLA3,
TM6SF2 and MBOAT?) and HCC (OR per allele 1.56, 95%CI: 1.31-1.86; OR complete positive alleles 9.25,
95%CI: 3.83-22.8) that was not affected after adjusted for clinical factors and fibrosis stage[72]. In this
cohort, HCC risk was 9% in the population with 0-1 risk allele, 19% in the population with 2-3 risk
alleles, and 31% in the population with > 4 risk alleles[72]. In the same work, Donati et al[72] developed
a combined clinical and polygenic risk score (PRS) to predict HCC, the model had a 0.96 + 0.4 area
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under the receiving operating characteristic curve (AUROC) for detecting HCC cases, with optimal
cutoff of 96% sensitivity and 89% specificity for HCC risk in the Italian NAFLD cohort. Recently,
Gellert-Kristensen and coworkers demonstrated that a PRS, combining the 3 genetic variants in
PNPLA3, TM6SF2 and HSD17B13, was associated with risk of cirrhosis and HCC in fatty liver disease
(both NAFLD and alcohol-related) from Denmark and United Kingdom general population[77]. The
score ranged from 0 to 6 depending on the number of risk alleles, a score of > 5 was associated with a 12-
fold increased risk of cirrhosis and a 29-fold increased risk of HCC[77]. Bianco and colleagues, evaluated
a PRS to improve HCC risk stratification in NAFLD (n = 1699) and general population cohort (United
Kingdom BioBank), combining PNPLA3-TM6SF2-GCKR-MBOAT7 (PRS) and then adjusted for
HSD17B13 (PRS-5). In the NAFLD cohort, PRS were associated with an approximately 12-fold increased
odds of severe fibrosis and an approximately 9-fold increased odds of HCC (OR 9.2, 95%CI: 5.2-16.3 for
PRS; and OR 9.1, 95%ClI: 5.2-16.0 PRS-5)[78]. The association was independent of age, gender, diabetes
and BMI but not of severe fibrosis. In the NAFLD cohort, the AUROC for HCC was 0.64 for PRS and
0.65 for PRS-5, the best single cut-off for PRS with 43% sensitivity and 80% specificity and for PRS-5
with 43% sensitivity and 79% specificity[78]. These promising polygenic risk prediction scores adjusted
for conventional risk factors may, in the future, have the potential to guide care of patients with
MAFLD. It is likely that genetic risk variants will need to be combined with other variables, such as
clinical parameters, to improve score performance[72].

SCREENING TESTS FOR HCC SURVEILLANCE IN PATIENTS WITH MAFLD

In addition to deciding which patients with MAFLD should be involved in surveillance protocols for
HCC, it would be necessary to address which are the best screening tests. For many years now,
Scientific Societies have recommended the use of hepatic US with or without serum AFP measurement
every 6 mo, based on its cost-effectiveness, acceptability for patients, easy accessibility and HCC
doubling time. However, the sensitivity of this strategy to detect tumors eligible for curative treatment
is not ideal. The ultimate goal of HCC surveillance is to increase patient survival, and for this, early
stage tumors (within Milan criteria) must be diagnosed. A recent meta-analysis showed that sensitivities
of liver US alone or with AFP measurement to detect early-stage HCC were 45% and 63%, respectively
[79]. Furthermore, inadequate liver ultrasound quality may be more common in overweight or obese
patients.

A retrospective cohort study was conducted to determine factors associated with inadequate US
quality in HCC surveillance. Among 941 US examinations performed in cirrhotic patients, 191 (20.3%)
studies were considered as inadequate for excluding HCC[80]. By multivariate analysis, inadequate
quality was associated with male gender, BMI category, Child-Pugh B or C, and alcoholic or NASH
related cirrhosis. In NASH-cirrhosis, the risk of having an inadequate US quality increased almost 3
times (OR 2.87, 95%Cl: 1.71-4.80); and hepatic US was inadequate in over one-third of patients with BMI
> 35[80].

The adequacy of ultrasound in assessing the cirrhotic liver to exclude nodular lesions depends not
only on the patient factors but also of the operator. However, there are no regulations worldwide on the
expertise that a radiologist must have to perform US examinations in the heterogeneous cirrhotic liver
for HCC surveillance. The LI-RADS group (endorsed by the American College of Radiology) has
proposed a US visualization score[81], where A category means “No or minimal limitations”; B,
“Moderate limitations”. In B category, the concept is “limitations may obscure small masses”. Examples
are moderate beam attenuation or some portions of the liver were not visualized. Finally, score C means
“Severe limitations”, the concept is “Limitations significantly lower sensitivity for focal liver lesions”
and examples are majority (> 50%) of liver or diaphragm were not visualized[81]. When the US visual-
ization score is B or particularly when is C, an additional imaging method should be indicated as
screening test (computed tomography or magnetic resonance imaging). Furthermore, patients at higher
risk for HCC (e.g., NASH cirrhosis plus diabetes), even with adequate US, should perhaps be screened
with a more sensitive test.

A prospective Korean study by Kim et al[82] was performed to compare the HCC detection rate of
hepatic US and liver-specific contrast enhanced magnetic resonance imaging (MRI) in patients with
cirrhosis who were at high risk for HCC[82]. They enrolled 407 patients with cirrhosis and an estimated
annual risk of HCC greater than 5% who underwent 1 to 3 biannual screening examinations with paired
US and liver-specific contrast-enhanced MRI. HCC were diagnosed in 43 patients. They found that the
HCC detection rate of MRI was 86.0% (37/43), significantly higher than the 27.9% (12/43) of US (P <
0.001) and 74.4% of tumors were in a very-early stage (a single nodule < 2 cm), with 67.4% of patients
receiving curative treatments[52].

MRI is not used routinely in surveillance protocols for HCC because it would not be cost-effective in
patients with low or intermediate risk. MRI is less affordable, more expensive and much more time
consuming than US. However, in patients with very high HCC risk or in whom US is suboptimal, MRI
could become the primary screening test. To minimize the costs and scanning time, protocols of
abbreviated MRI (AMRI) are being tested[83,84] showing high percentages of sensitivity and specificity
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in the preliminary results. AMRI protocols will play a role in the future in surveillance for HCC in
patients at high risk or in whom the quality of US is inadequate.

CONCLUSION

The increasing prevalence of overweight, obesity, insulin resistance and type 2 diabetes have made
MAFLD the most common chronic liver disease and a real challenge for physicians and health systems
worldwide. Patients with NASH and advanced fibrosis or cirrhosis are the most prone to developing
complications of cirrhosis including HCC. The diagnosis of NASH can only be confirmed by liver
biopsy. However, given the huge number of patients with MAFLD and the invasiveness of the method,
most patients will not undergo a liver biopsy. Nevertheless, the stage of liver fibrosis (and not the
condition NASH/no NASH) is the main driver of liver-related morbidity and mortality. Non-invasive
tests (NITs) to assess liver fibrosis stage, especially the non-proprietary ones such as FIB4[85] and the
NAFLD fibrosis score[86], and different types of elastography[87] are being used with increasing
frequency in the management of patients with NAFLD. The most appropriate algorithm to determine
liver fibrosis in patients with MAFLD is beyond the scope of this review. Briefly, when a combination of
2 NITs (e.g., FIB4 plus elastography or FIB4 plus NAFLD fibrosis score) yields a result below the low
cut-off value, this has a high negative predictive value to rule out advanced fibrosis/ cirrhosis in patients
with NAFLD. It is assumed that the patient will not present liver-related morbidity in the short time and
it is not necessary to include this patient in a surveillance protocol for HCC.

On the other end, patients with an unequivocal diagnosis of cirrhosis should be involved in
surveillance for HCC. In most of them, conventional screening tests will be used, liver US plus serum
AFP measurement every 6 mo; following the recommended recall procedures when any of the tests
yield a positive result[10,15]. As mentioned, in a percentage of patients with NASH cirrhosis and/or
with obesity, the quality of the US will not be adequate to confidently rule out nodular liver lesions. In
addition, it may happen that patients with NAFLD and cirrhosis have factors that significantly increase
the risk of HCC. In these 2 situations, the primary screening test could be MRI or an AMRI protocol.
According to our review, factors that have been repeatedly found to increase the risk of HCC in
cirrhosis due to MAFLD are male gender, older age, the presence of diabetes and, in some studies,
decreased levels of serum albumin and any degree of alcohol intake. Table 4 suggests different risk
categories for HCC in patients with NAFLD/MAFLD.

The risk of HCC occurrence is much more difficult to stratify in patients with MAFLD who do not
have a diagnosis of cirrhosis. As mentioned, the “AGA Clinical Practice Update on Screening and
Surveillance for Hepatocellular Carcinoma in Patients with NAFLD” states that patients with NITs
showing evidence of advanced liver fibrosis or cirrhosis should be considered for HCC screening[16].
That expert panel recommends to combine at least 2 NITs and to better stratify risk and maximize
specificity, they propose using higher than usual cut-off values for noninvasive detection of cirrhosis:
16.1 kPa for transient elastography; and 5 kPa for magnetic resonance elastography[16].

In the majority of patients with NAFLD (approximately 55%-60%) the NITs exclude advanced fibrosis
and in a minority of them (approximately 10%-15%), they confirm severity of liver damage. However,
there are a large number of patients in whom NITs show indeterminate results, which do not allow to
rule out or confirm advanced fibrosis/cirrhosis. This gray area is where it is most challenging to stratify
the risk of HCC or other complications of cirrhosis. According to findings of population and clinic-based
studies in patients with diagnosis of NAFLD by US that we have revised, elevated AST levels[38] and
decreased platelet counts[38] (both could be surrogates of severe fibrosis) and also elevated ALT levels
[35] increase independently the risk of HCC. Furthermore, in many of these studies older age[28,35,38,
40] and diabetes[28,36,38,39] were shown to be independent risk factors for HCC occurrence as well. In
addition, multiple large, population-based studies have shown that individuals with diabetes[43-47],
obesity[45,49-52], or metabolic syndrome[53] have a 2-3 times higher risk of HCC occurrence than their
controls in the population analyzed. All of these epidemiological, cross-sectional studies demonstrate
the association between diabetes, obesity, metabolic syndrome and HCC, without being able to analyze
the causal relationship and the mechanisms involved. It is assumed that the link between these
metabolic traits and the appearance of HCC is through the hepatic manifestation of metabolic
syndrome, NASH, advanced fibrosis and cirrhosis. Finally, the study of genetic alterations that
predispose to MAFLD, advanced fibrosis and increased risk of HCC will be an important tool in the
near future, when PRSs become easily available. Only 2 factors have been associated with a significant
decrease in the risk of HCC occurrence: Metformin use in diabetic patients[47,48] and statin use in
NAFLD patients[35].

Figure 1 shows the main factors that can increase the risk of HCC in patients with MAFLD. It is worth
to emphasize that the most influential risk is the presence of cirrhosis. In patients with cirrhosis, there is
no doubt that they should be included in surveillance for HCC, with conventional tests or occasionally,
with MRL

In patients without cirrhosis but in whom NITs suggest the presence of advanced fibrosis, it seems
reasonable to indicate surveillance for HCC with conventional screening tests, US plus AFP, twice a
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Table 4 Different risk categories for hepatocellular carcinoma in patients with non-alcoholic fatty liver disease/metabolic-dysfunction

associated fatty liver disease'

Risk for HCC Patients

Very high Cirrhosis plus Male gender
Older age
Diabetes
Low serum albumin

High Cirrhosis

F3 fibrosis plus Elevated AST”

Low platelets’
Older age
Diabetes

Low 3 fibrosis

Very low Mild or no liver fibrosis

IStudy of polygenic risk score will be important for better stratification of hepatocellular carcinoma risk when clinically available.
Probably understaged liver fibrosis.
HCC: Hepatocellular carcinoma.

Cirrhosis

' Male gender
-

Diabetes

5 %l/r///)/)"

e —

Obesity '
_——

Alcohol
Genetics Q\

DOI: 10.4254/wjh.v14.i2.354 Copyright ©The Author(s) 2022.

Figure 1 Factors that can increase the risk of hepatocellular carcinoma in patients with non-alcoholic fatty liver disease/metabolic-
dysfunction associated fatty liver disease. Presence of cirrhosis is the factor that has the greatest influence on the incidence of hepatocellular carcinoma.
HCC: Hepatocellular carcinoma.

year. In patients in whom NITs show intermediate results, there is, to date, no recommendation that can
be made based on scientific evidence. The treating physician should consider the presence of additional
risk factors that were described in this review and decide accordingly. As an example, a male patient,
older than 65 years and with diabetes or elevated AST has a higher risk of HCC than a female patient, 45
years old, without diabetes or with normal AST. Further prospective, longitudinal, cooperative studies
have to be carried out in this group of patients to better understand the risk of HCC and which factors
may modify its incidence. This will allow better risk stratification, optimize surveillance and improve
tests adequacy.
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Abstract

Hepatocellular carcinoma (HCC) is the most prevalent primary malignancy in
patients suffering from chronic liver diseases and cirrhosis. Recent attention has
been paid to the involvement of the gut-liver axis (GLA) in HCC pathogenesis.
This axis results from a bidirectional, anatomical and functional relationship
between the gastrointestinal system and the liver. Moreover, the complex network
of interactions between the intestinal microbiome and the liver plays a crucial role
in modulation of the HCC-tumor microenvironment, contributing to the
pathogenesis of HCC by exposing the liver to pathogen-associated molecular
patterns, such as bacterial lipopolysaccharides, DNA, peptidoglycans and
flagellin. Indeed, the alteration of gut microflora may disturb the intestinal
barrier, bringing several toll-like receptor ligands to the liver thus activating the
inflammatory response. This review explores the new therapeutic opportunities
that may arise from novel insights into the mechanisms by which microbiota
immunomodulation, represented by probiotics, and prebiotics, affects HCC
through the GLA.

Key Words: Hepatocellular carcinoma; Gut microbiota; Probiotics; Prebiotics; Gut-liver
axis; Immunomodulation
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Core Tip: In patients with chronic liver disease and cirrhosis, hepatocellular carcinoma (HCC) is the most
common primary malignancy. Recent attention has been paid to the involvement of the gut-liver axis
(GLA) in HCC pathogenesis. This review explores the potential for new treatment options as a result of
novel insights into the processes by which microbiota immunomodulation, represented by probiotics and
prebiotics, affects HCC through the GLA.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the leading cause of cancer-related death worldwide and it is the
most common primary tumor in people with cirrhosis and chronic liver disease[1]. Males are diagnosed
with HCC at a greater rate than females (2.4:1) in Eastern and Southern Asia, Middle and Western
Africa, Micronesia/Poly-nesia and Melanesia[2]. Today, infection with hepatitis B virus (HBV) and
hepatitis C virus (HCV), as well as dietary aflatoxin and alcohol abuse, are all significant risk factors for
HCC occurrence. Despite the fact that HBV and HCV account for 80%-90% of total HCC cases, the
obesity epidemic, the development of effective direct acting antivirals for HCV, and the availability of a
universal HBV vaccination may alter HCC epidemiology in the future[3].

Recently, an increase in the incidence of non-alcoholic steatohepatitis (NASH) and non-alcoholic fatty
liver disease (NAFLD) has been accompanied by an increase in the incidence of NASH-related HCC[4].
Aristolochic acid and tobacco have also been identified as probable pathogenetic cofactors in HCC,
according to several findings on mutational signatures[5].

Specific advances in our understanding of the processes related to NASH-associated HCC have
offered new insights into the tumor microenvironment contributions, generated by a mutual interplay
between the immune system and gut microbiota (GM), defined as the assemblage of microorganisms
such as bacteria, eukaryotes, archaea, and viruses inhabiting the intestine[6-9]. Indeed, important factors
linked to the immune-microbiome interplay such as leaky gut, endotoxemia, toll-like receptors (TLR),
dysbiosis, and immunomodulation have been associated with HCC develop-ment[10]. Although the
liver does not come into direct contact with bacteria, it is anatomically connected to the gut[11]. Of note,
the gastrointestinal tract influences homeostasis, preserving an intact barrier against bacterial lipopoly-
saccharides (LPS) and intestinal bacteria. The most often utilized marker for the translocation of inflam-
matory bacterial microbiota-associated molecular patterns (MAMPs) is LPS.

LPS is an element found in gram-negative bacteria cell walls that triggers inflammation via TLR4.
Low-grade exposure to GM-derived metabolites and MAMPs occurs during the physiologic transit of
nutrient-rich blood from the colon to the liver, despite the extremely effective multi-level intestinal
barrier[11]. Bacterial translocation and LPS build up cause intestinal bacterial overgrowth and changes
in GM composition when intestinal permeability is enhanced. Furthermore, a leaky gut allows dysbiotic
microbiota-associated bacterial metabolites and MAMPs to more easily translocate and reach the liver.
Degradation, detoxification, and clearance of LPS and other microbial products are all hampered in
patients with chronic liver diseases or cirrhosis, since the damaged liver is exposed to a wider spectrum
of TLR ligands, as well as other bacterial products and metabolites[12]. Indeed, it has been noted that
altered microbiota is generally present in HCC patients[13]. In addition, unlike bacterial species, it was
discovered that the iron transport, microbial metabolism, and energy-producing system of HCC
patients and healthy controls varied considerably[13].

TLR4 produced by activated stellate cells reacts to low LPS concentrations, causing fibrosis and
cirrhosis development. An animal model of hepatocarcinogenesis showed that the GM and TLR4
activation have been shown to enhance HCC development by increasing cell proliferation and
suppressing apoptosis[14].

As the gut-liver axis (GLA) is involved in HCC pathogenesis, the study of the mutual interplay
between the microbiota and immune response and their cross-talk with the tumor microenvironment
are an important focus of current clinical research. Our review investigates and analyzes the potential
therapeutic benefits of emerging insights into the mechanisms by which microbiota immunomodu-
lation, as represented by probiotics and prebiotics, impacts HCC via the GLA.

GLA

The GM as a “virtual metabolic organ” establishes an axis with several extraintestinal organs, such as
the brain, kidneys, bone and cardiovascular system. However, in recent years, the GLA has received
considerable interest[15]. The GLA is the result of a bidirectional, anatomical and functional relationship
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between the gastrointestinal system and the liver, largely via the portal circulation (Figure 1). A complex
network of interactions between the enteric microbiome and the liver regulates and stabilizes their
symbiotic connection, which includes metabolic and immunological crosstalk[16,17]. Antigens (from
harmful microorganisms or food) enter through these linkages and are identified by dendritic cells,
which then activate the adaptive immune system by regulating T cell responses. Pathogen-associated
molecular patterns (PAMPs) (e.g., LPS, DNA and flagellin activate nuclear factor kappa B and
peptidoglycans) via nod-like receptors and TLRs, as a result, inflammatory cytokines and chemokines
are secreted and reach the portal circulation. PAMPs can activate stellate cells implicated in fibrosis
development and progression, in addition to hepatocyte injury, and Kupffer cells are much more
susceptible to LPS than hepatocytes[18].

Involvement of the microbiome in HCC

As previously reported, the GM contribution to HCC etiopathogenesis is complex and elaborate. A
disturbed intestinal barrier brings a series of TLR ligands to the liver and activates the inflammatory
response in different ways: (1) Via upregulation of hepatic stellate cell proliferation and downregulation
of hepatocyte apoptosis, the TLR signaling pathways induce liver tumorigenesis[14]; and (2) Lastly, in
HCC, inadequate immunosurveillance is linked to an aberrant intestinal microbiota. Furthermore, via
increasing oxidative stress, inflammatory response and steatosis, the microbiota dysbiosis might be
linked to HCC development[19].

In general, changes in the makeup of microbial profiles are thought to have a role in tumorigenesis
[9]. In fact, recent research has revealed a link between certain bacterial profiles and HCC patients[20],
showing high amounts of Escherichia coli and other gram-negative bacteria in the intestinal bacterial
flora, which are linked to elevated LPS levels in serum[21]. Moreover, Fusobacterium and Oribacterium
are the bacteria most often identified from a tongue swab of HCC affected subjects. On the other hand,
the intestinal HCC microbiome showed reduced amounts of Lactobacillus spp., Bifidobacterium spp., and
Enterococcus spp.[22]. A more recent report examined bacterial diversity in cirrhosis and HCC patients
[20]. A decrease in the fecal microbial diversity from healthy controls to cirrhosis and an increase from
cirrhosis to early HCC with cirrhosis (both induced by chronic HBV infection) was observed. In
addition, different microbiota markers were detected[20]. Moreover, the authors observed a decrease in
Verrucomicrobia with a simultaneous increase in Actinobacteria.

Furthermore, augmented levels of Bacteroides and Ruminococcaceae and increased levels of Akkermansia
and Bifidobacterium were detected in patients with NASH-induced cirrhosis and HCC, in comparison to
NASH-induced cirrhosis without HCC[23]. In the same study, the authors discovered a link between
enteric microbiota patterns and calprotectin levels as well as systemic inflammation. The GM of patients
with HBV-associated HCC and non-HBV non-HCV (NBNC) associated HCC was compared in further
research. In comparison to healthy controls or to patients with NBNC-related HCC, those with HBV-
related HCC had a substantially richer fecal microbiota. Patients with NBNC-related HCC had higher
amounts of pro-inflammatory bacteria (Escherichia coli, Enterococcus) and lower amounts of anti-inflam-
matory bacteria (Faecalibacterium, Ruminococcus, Ruminoclostridiumy), leading to lower quantities of anti-
inflammatory short-chain fatty acids (SCFA) in their feces[24]. The GM of HCC patients receiving liver
transplantation was also compared to the intestinal microbiota of individuals who did not have HCC
but had a similar etiology of cirrhosis. An augmented abundance of fecal Escherichia coli was linked with
HCC[25]. Additionally, Helicobacter spp., was found in liver HCC suggesting that intestine translocation
might be a possible cause of carcinogenesis[26]. To this end, the enteric microflora profile might
potentially indicate reaction rates in HCC patients undergoing treatment with immune checkpoint
inhibitors[27], suggesting that the microbiome could be used for liver cancer immunotherapy[28].

Overall, alterations in microbial profiles in HCC did not appear to be consistent among investig-
ations, presumably due to differences in etiologies, geographical locations, and dietary intakes.
Differences between patients with cirrhosis and HCC, as well as cirrhosis alone, appear to be lower than
those between healthy individuals and those with cirrhosis. As a result, microbiome-based diagnostic
tools are anticipated to be more potent for cirrhosis identification than for HCC diagnosis. However,
rather than particular HCC-associated abnormalities, the microbiome's functional effect on HCC
development is more likely to be linked to cirrhosis-related changes, which may increase HCC
advancement.

Therapeutic impact of probiotics in HCC
A recent study has shown that antibiotics can help with small-intestinal bacterial overgrowth-related
liver damage, demonstrating the connection between intestinal microbiota and liver disorders[29].
Probiotics are microorganisms that have a beneficial effect on humans and are presently being studied
as a potential therapy for chronic liver disease[16,29]. Indeed, they can support the growth of enteric
microbes producing anti-inflammatory metabolites, which exert an immune suppressive effect.
Probiotics can help microbiota generate anti-inflammatory compounds with tumor-suppressing
properties. Probiotics have a significant influence on the GLA, with anti-inflammatory and
immunomodulatory effects on GM and gut barrier function, as well as a metabolic influence on organs
beyond the gastrointestinal tract. They can affect the generation of immunomodulating GM compounds
that show anti-tumor properties (Figure 2). Furthermore, supplementation with probiotics increased the
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Figure 1 The gut liver axis and microbiota.
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Figure 2 Proposed mechanism of action of probiotics against hepatocellular carcinoma progression. HDAC: Histone deacetylase; SCFAs:
Short-chain fatty acids.

expression of some anti-inflammatory cytokines, such as interleukin (IL)-13, IL-10, and IL-27.
Downregulation of angiogenic factors and receptors, VEGFA, Fms related receptor tyrosine kinase 1,
ANGPT2, and kinase insert domain receptor, were seen in mice fed a particular probiotic combination
[30]. However, not all probiotic species have the same immunomodulatory effect on the gut microflora.
Different strains of Lactobacillus spp., for example, are linked to both pro-obesity and anti-obesity effects
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[31]. Research on mice with diet-induced obesity found that distinct targeted enteric bacteria modifi-
cation using vancomycin vs probiotic strain Lactobacillus salivarius resulted in divergent metabolic
effects, although microbiota modifications were identical. By contrast, a recent human investigation in
obese adolescents focussing on the impact of Lactobacillus salivarius Ls-33 on a number of inflammatory
biomarkers, found no evidence of an effect on the metabolic syndrome[32,33]. These findings indicate
that the role of the same probiotics could be different due to various conditions; therefore, attention
should be paid to evaluating the different impacting factors.

The use of antimicrobials and probiotics in chronic liver illnesses should be based on the GLA
pathophysiology. Despite a consistent number of findings from animal and human research, further
case-control prospective studies with a large number of patients are needed to fully understand this
issue. Obesity-induced intestinal microbial dysbiosis can lead to HCC, according to a mouse model[34].
Aflatoxin-induced HCC is the subject of research in relation to therapeutic HCC prevention with
probiotics. In fact, aflatoxin contamination of foods is an etiological risk factor for HCC in under-
developed nations. Probiotics may help to suppress aflatoxin B-induced hepatocarcinogenesis, correct
gut dysbiosis, lower LPS levels, and shrink tumors, according to findings from human and animal
model studies[14,35]. Moreover, in a mouse model, treatment with Lactobacillus plantarum (L plantarum
)C88 (isolated from Chinese traditional fermented meals) boosted fecal aflatoxin B1 excretion and
controlled the defence system's antioxidant deficiency[35]. Additionally, a probiotic yogurt containing
Lactobacillus rhamnosus, Streptococcus thermophilus, and Wiessella cibaria also reduced aflatoxin metabolites
in the urine of children who ate aflatoxin Bl-infected maize.

The binding of aflatoxin metabolites to probiotic bacteria may have resulted in lower intestinal
absorption, inducing a reduction in aflatoxin metabolites in urine[36].

In addition, the ability of probiotic bacteria to facilitate epigenetic modification of host gene
expression is advantageous in reducing HCC development[37]. The crosstalk between host and enteric
microflora, where gene expression is controlled by several methods such as DNA methylation and
histone modification, demonstrates bacterial control of host gene expression[38]. In mice treated with a
colon carcinogen, it has been observed that Lactobacillus acidophilus (L. acidophilus) and Bifidobacterium
bifidum can decrease the expression of Kristen rat sarcoma viral oncogene homolog, oncomirs
(microRNA-221and microRNA 155) and the oncogenes BCL2-like 2 (Bcl-w) in the liver. Moreover, mice
treated with these probiotic bacteria had higher levels of the tumor suppressor microRNA-122 and the
tumor suppressor gene transcription factor PU.1.[37]. Probiotic supplementation may minimize the
incidence of HCC by safeguarding the hepatocyte genome, which is important in the pathophysiology
of HCC. Probiotic fermented milk and chlorophyllin were shown to reduce the expression of rasp-21, c-
myc, cyclin D1, and Bcl-2 in an HCC rat model, slowing tumor development and volume by 40%. Mice
treated with probiotics have significant amounts of fecal Oscillibacter and Prevotella[39].

Microbial PAMPs can induce liver cancer progression via TLR-mediated inflammatory responses, as
previously described. The treatment with bacteria having probiotic properties has been demonstrated to
decrease the development of HCC in the liver by reducing the expression of TLR-induced inflammation.
When rats with induced liver cirrhosis were treated with L plantarum probiotic bacteria, they showed
lower TLR4 expression and less liver damage[40]. In addition, gut sterilization and TLR4 inactivation
reduced HCC by 80% to 90%, indicating that they might be used as HCC preventive methods[14].

Furthermore, the antiviral action of probiotic bacteria may slow HCC progression by avoiding
persistent HBV infection. The release of HBV surface antigen (HBsAg) was diminished by a cell extract
of Bifidobacterium adolescentis by reducing the transcription of HBsAg gene, which contrasted the
infection. Despite the fact that the amount of HBV DNA in the cells did not change considerably,
probiotic therapy drastically reduced the amount of extracellular HBV DNA available[41]. Furthermore,
treatment with Lactobacillus bulgaricus induced lowered viral load and cellular deterioration[42]. On the
other hand, probiotic bacteria supplements can also help liver function during HCV infection. In
addition, HCV-positive patients, treated with Enterococcus faecalis lowered blood levels of the aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) (liver damage indicators)[43].

Furthermore, NAFLD is also a key etiological risk factor in HCC development. Supplementation with
the probiotic bacteria L. acidophilus and Bifidobacterium lactis can help NAFLD patients with liver
damage, as seen by lower ALT, AST, and total cholesterol blood levels[44]. Probiotic therapy lowered
body weight and total body fat content in obese NAFLD patients. By suppressing the pro-inflammatory
cytokine tumor necrosis factor-a, probiotics also reduced hepatic inflammation in obese NAFLD
patients[45]. Additionally, GM changes seem to be the cause of the hepatoprotective and anti-inflam-
matory actions of probiotic bacteria in NAFLD patients. In rats fed with a high-sucrose and a high-fat
diet, probiotic meals improved diet-induced loss of intestinal microbiota diversity, intestinal epithelial
barrier function and colonization resistance. Restoration of enteric microbiota and gut epithelial barrier
function reduced NAFLD progression by lowering serum LPS levels and reducing TLR4-mediated
hepatic inflammation[36].

Finally, probiotic cell components and metabolites increase the production of tight junction proteins,
which helps to maintain gut epithelial integrity. Tight junction integrity is critical for preventing translo-
cation of pathogens or exogenous substances across intestinal epithelia and consequently intestinal
inflammation. Constituents of tight junctions comprise integral membrane proteins, such as occludin,
claudin (CLDN) family members, JAMs 1-3, cingulin, and cytoplasmic plaque proteins, such as zonular
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occludins-1 (ZO-1) and ZO-2[46,47]. Different components of the CLDN family have been reported to be
affected during hepatocarcinogenesis[48-51]. However, in HCC patients undergoing hepatectomy,
downregulation of ZO-1 is linked to a poor prognosis[52]. Probiotic supplementation can elicit consid-
erable upregulation and relocalization of interepithelial tight junction proteins by activating numerous
TLR produced by the intestinal epithelium. In terms of the effect of probiotic therapy on tight junctions,
it was discovered that a VSL#3 combination maintained the epithelial barrier in acute colitis by avoiding
reduced tight junction protein expression and an increased apoptotic ratio[53]. Moreover, in a mouse
model of high-fat diet or obesity-induced liver steatosis, supplementation with a multispecies probiotic
(including Bifidobacteria, Lactobacilli and Streptococcus) formulation helped to maintain tight-junction
proteins ZO-1 and ZO-2, and reduced hepatic triglyceride concentration compared with a high-fat diet
alone[54]. In older rats, a probiotic cocktail including Lactobacillus and Enterococcus strains reduced
microbiota dysbiosis, leaky gut, inflammation, metabolic dysfunctions, and physical function loss
caused by a high-fat diet. The GM regulated by probiotics decreased leaky gut by strengthening tight
junctions, which lowered inflammation[55].

Prebiotics as a novel therapeutic approach

Prebiotics are substrates that are used selectively by host bacteria to provide a health benefit[56]. Health
effects are mostly related to the production of SCFA through prebiotics fermentation by a limited
number of genera/species of the intestinal microbiota such as Lactobacilli and Bifidobacteria[57].
Bifidobacteria are the most common bacterial species in the human GM, and they are thought to benefit
human health by preserving the resident microbiota's balance. SCFAs such as acetate, propionate, and
butyrate exert several biologic activities that positively influence the structure and function of the
microbial community. Some of these beneficial effects include controlling colonocyte function,
promoting water and electrolyte absorption, decreasing the intraluminal pH, inhibiting pathogen prolif-
eration, modifying the immune homeostasis of the gut and modulating the inflammatory processes[56].

The improvement of mucosal barrier functions exerted by the modulation of GM composition
improves conditions such as cirrhosis and consequently may prevent HCC. Prebiotics such as butyrate
are not metabolized in the mitochondria of tumor cells but enter the cell nucleus to regulate gene
expression. In fact, the functions of butyrate including inhibition of histone deacetylase, decrease
tumorigenesis (Figure 3)[58].

The most studied prebiotic classes are galactans (galacto-oligosaccharides) and inulin-type fructans [
e.g., fructo-oligosaccharides (FOS), inulin, oligofructose]. There are other oligosaccharides such as
isomalto-oligosaccharides and soybean oligosaccharides that have recently gained interest. Dietary
sources of prebiotic oligosaccharides are various types of vegetables, fruits, grains and legumes.
Depending on their water solubility, dietary fibers are classed as insoluble (e.g., hemicellulose, cellulose,
and lignin) and soluble (e.g., fructans, gums, and pectins). Only soluble fibers can be metabolized by the
GM and have “prebiotic” functions which can affect host health[59].

In particular, the two prebiotics most researched are FOS and inulin, which have been shown to
stimulate the growth of beneficial Bifidobacteria that are implicated in cancer prevention (Figure 3)[60].

Inulin is a non-digestible functional polysaccharide, present in plants such as onions, chicory,
Jerusalem artichoke, leeks, garlic, bananas, rye, barley and wheat[61]. A recent study showed that inulin
modulates GM and hepatic fatty acid composition limiting dysbiosis and its negative effect on host
health[62].

FOS are mostly present in plants such as garlic, onions, leeks, chicory root, Jerusalem artichokes,
asparagus, and bananas. New findings suggest that FOS can help to achieve colonization resistance
against Clostridium difficile. Several studies have reported the association between liver cancer and
intestinal microflora and indicate that Clostridium cluster XIVa, Clostridium cluster XI, or other strains
catalyzing the transformation from primary to secondary bile acids could be triggers of hepatic cancero-
genesis[34,63,064]. Moreover, research has shown that Clostridia species are enriched in the guts of mice
with liver cancer, documenting the association between cancer and dysbiosis[65].

A study evaluating the relationship between food groups and liver cancer risk reported that specific
subgroups of vegetables, rich in inulin and FOS, such as celery, mushrooms, Chinese chives, onions,
garlic, garlic shoots, asparagus, lettuce, garland chrysanthemum, legumes, squash and carrots, had a
strong inverse relationship with liver cancer, indicating their protective effects against HCC[66]
(Figure 4). A cohort study involving 125455 individuals from the Nurses' Health Study and the Health
Professionals Follow-up Study found that wholegrain, bran, and cereal fiber consump-tion may help
reduce HCC[67].

Moreover, eating whole grains and dietary fiber, particularly cereal fiber, has been linked to a
decreased risk of obesity and NAFLD, both of which are known predisposing factors for HCC, as
previously documented[68]. In fact, long-term consumption of whole grains has been suggested to
reduce the risk of HCC by improving gut integrity and changing GM composition[69]. Moreover, a
meta-analysis of 19 studies involving 1290045 participants (3912 with HCC) showed that every 100 g/d
increase in vegetable intake decreases the risk of HCC by 8%[70].

A potential role of diet in HCC development has recently been clarified by a systematic review (30
studies involving 5222534 participants) that investigated the association between diet and HCC. In
particular, certain dietary patterns, such as the Mediterranean diet, the Urban Prudent Dietary Pattern,
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Figure 3 Role of prebiotics on immunomodulation in hepatocellular carcinoma. Prebiotics contribute to short-chain fatty acids such as acetate,
propionate, and butyrate production, which positively influence the structure and function of the microbial community. Butyrate functions include inhibition of histone
deacetylase, and decreased tumorigenesis. In addition, inulin improves gut barrier integrity, thereby reducing pro-inflammatory lipopolysaccharides-toll-like receptors
4 signaling in macrophages during alcoholic liver disease. Fructo-oligosaccharides and inulin stimulates the growth of beneficial Bifidobacteria that are implicated in
cancer prevention.

Prebiotics @@@é‘ @@@e‘
Microbiota 9 ,; “\"” ‘ .;

S

‘ Fructo-oligosaccharides

) . 0 0
Short-chain fatty acids )LOH i \)J\o/
Acetate Propionate

Gut

DOI: 10.4254/wjh.v14.i2.372 Copyright ©The Author(s) 2022.

Figure 4 Effect of prebiotics in cancer prevention. LPS: Lipopolysaccharides; TLR: Toll-like receptors.

the Alternative Healthy Eating Index-2010, and the Traditional Cantonese Dietary Pattern, were found
to lower the incidence of HCC[71].

Recently, other substances besides non-digestible oligosaccharides, such as plant polyphenols are
considered to have prebiotic effects. These compounds are not absorbed in the small intestine and,
therefore, reach the colon where they are processed by the colonic microbiota conferring benefit to the
host health[71]. They comprise flavonoids, phenolic acids and lignins found in nuts, tea, wine,
vegetables and fruits. Polyphenols, due their immunomodulation activity, can have chemopre-ventive
effects in HCC progression[72]. In particular, polyphenols contained in tea have been reported to have
positive effects on GM homeostasis by decreasing the growth of pathogenic bacteria[73]. One of them is
the antioxidant ellagic acid, present especially in nuts and berries, which is metabolized by microbiota
in the colon into urolithins that have cancer preventive properties[74].

Guiewidege WJH | https://www.wijgnet.com 378 February 27,2022 | Volumel14 | Issue2 |



Jaishideng®

Russo E et al. Immunomodulation in hepatocellular carcinoma

A prospective cohort study found that a higher consumption of tree nuts (hazelnuts, almonds,
macadamias, pecans, cashews, and pistachios) (mean 1.25 serving per week) was associated with a
reduced risk of HCC[75,76].

Coffee contains phenolic agents which have anticarcinogenic properties and its consumption has been
demonstrated by various studies to reduce HCC risk[77].

Moreover, the cancer preventive effect of the association of oligosaccharides with polyphenols was
also recently investigated. A study examined the effect of the combination of FOS and pectins with
raspberry polyphenols on cecal microbial fermentation and regulation of liver lipid metabolism and
inflammation, and concluded that FOS and pectins enhanced the effects of the raspberry polyphenolic
extract against disorders related to NAFLD[78].

Furthermore, prebiotics use has been explored as an approach to modulate intestinal barrier function
through maintaining tight junction (T]) integrity. Prebiotics have demonstrated effects on GM
composition that could lead to beneficial changes in T] protein expression and distribution. However,
the effect of prebiotics on T] by microbiota composition modulation is less recognized than those
produced by probiotic supplementation.

The prebiotics which showed beneficial effects on intestinal TJs in various studies are FOS, inulin, and
galacto-oligosaccharide. A recent study investigated the effect of FOS on AMP-activated protein kinase
(AMPK) activity and TJ assembly under non-inflammatory and inflammatory conditions using T84 cells
as an intestinal epithelial cell model, and showed that FOS promoted intestinal epithelial T] assembly
through AMPK activation[79]. In addition, other studies demonstrated that prebiotic supplementation
results in robust activation of AMPK][80,81].

A study showed that inulin fermentation increased occludin, CLDN-3 and ZO-1 RNA expression that
could reinforce the barrier function[82]. Even galacto-oligosaccharide supplementation increased ZO-1,
occludin and CLDN-1 protein expression[83].

CONCLUSION

HCC development is a complicated process influenced by a number of etiological risk factors. However,
several studies have shown that probiotics and prebiotics have a beneficial effect on GM regulation and
decrease procarcinogenic factors in the liver. It is noteworthy that the most remarkable aspect is the
importance of a balanced diet with proper nutrition (which includes higher intake of vegetables, fish,
white meat, and coffee, and reduced intake of fat, red meat, and alcohol), especially for those patients
suffering liver, and especially chronic, diseases[84]. A Mediterranean diet has recently been shown to
reduce the incidence of HCC, providing a new paradigm for future research[85]. Moreover, scientific
investigations have revealed the possibility of developing cancer-preventive symbiotic (combination of
probiotic and prebiotic) functional foods[86]. Of course, further research is needed to fully identify the
bioactive probiotic metabolites (post-biotics) of certain dietary phytochemicals and to understand the
possible mechanism(s) by which these post-biotics interact with the host[87]. In the future, the
development of dietary methods and adjunct treatments to prevent the development of HCC may be
supported by the creation of combinations of symbiotics or post-biotics with improved anticancer
potential.

ACKNOWLEDGEMENTS
The authors thank Dr. Elisangela Miceli, PhD for English revisions.

FOOTNOTES

Author contributions: Russo E, Giudici F, Fiorindi C and Amedei A conceptualized the review; Russo E and Fiorindi
C wrote the paper, collected the data and prepared the figures; Giudici F and Amedei A corrected the final version;
Russo E, Giudici F, Amedei A were responsible for funding acquisition; and all authors critically revised the
manuscript.

Supported by a grant from ECCO 2021 to Francesco Giudici.
Conflict-of-interest statement: Authors declare no any conflict of interest.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (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: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

WJH | https://www.wjgnet.com 379 February 27,2022 | Volumel14 | Issue2 |


https://creativecommons.org/Licenses/by-nc/4.0/

Russo E et al. Immunomodulation in hepatocellular carcinoma

Jaishideng®

Country/Territory of origin: Italy

ORCID number: Edda Russo 0000-0003-3141-1091; Camila Fiorindi 0000-0003-1387-0446; Francesco Giudici 0000-0002-
6879-5685; Amedeo Amedei 0000-0002-6797-9343.

S-Editor: Wang JJ
L-Editor: Webster JR
P-Editor: Wang JJ

REFERENCES

1

10

11

12

13

16

17

19

20

21

22

Kulik L, El-Serag HB. Epidemiology and Management of Hepatocellular Carcinoma. Gastroenterology 2019; 156: 477-
491.el1 [PMID: 30367835 DOI: 10.1053/j.gastro.2018.08.065]

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI: 10.1002/ijc.25516]

Nordenstedt H, White DL, El-Serag HB. The changing pattern of epidemiology in hepatocellular carcinoma. Dig Liver Dis
2010; 42 Suppl 3: S206-S214 [PMID: 20547305 DOI: 10.1016/S1590-8658(10)60507-5]

Cholankeril G, Patel R, Khurana S, Satapathy SK. Hepatocellular carcinoma in non-alcoholic steatohepatitis: Current
knowledge and implications for management. World J Hepatol 2017; 9: 533-543 [PMID: 28469809 DOI:
10.4254/wjh.v9.111.533]

Schulze K, Imbeaud S, Letouzé E, Alexandrov LB, Calderaro J, Rebouissou S, Couchy G, Meiller C, Shinde J,
Soysouvanh F, Calatayud AL, Pinyol R, Pelletier L, Balabaud C, Laurent A, Blanc JF, Mazzaferro V, Calvo F, Villanueva
A, Nault JC, Bioulac-Sage P, Stratton MR, Llovet JM, Zucman-Rossi J. Exome sequencing of hepatocellular carcinomas
identifies new mutational signatures and potential therapeutic targets. Nat Genet 2015; 47: 505-511 [PMID: 25822088 DOI:
10.1038/ng.3252]

Anstee QM, Reeves HL, Kotsiliti E, Govaere O, Heikenwalder M. From NASH to HCC: current concepts and future
challenges. Nat Rev Gastroenterol Hepatol 2019; 16: 411-428 [PMID: 31028350 DOI: 10.1038/s41575-019-0145-7]
Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of NAFLD development and therapeutic
strategies. Nat Med 2018; 24: 908-922 [PMID: 29967350 DOI: 10.1038/s41591-018-0104-9]

Russo E, Taddei A, Ringressi MN, Ricci F, Amedei A. The interplay between the microbiome and the adaptive immune
response in cancer development. Therap Adv Gastroenterol 2016; 9: 594-605 [PMID: 27366226 DOI:
10.1177/1756283X16635082]

Russo E, Amedei A. The Role of the Microbiota in the Genesis of Gastrointestinal Cancers. Front Anti-Infective Drug
Discov 2018; 7: 1-44 [DOI: 10.2174/9781681085623118070003]

Wan MLY, El-Nezami H. Targeting gut microbiota in hepatocellular carcinoma: probiotics as a novel therapy.
Hepatobiliary Surg Nutr 2018; 7: 11-20 [PMID: 29531939 DOI: 10.21037/hbsn.2017.12.07]

Pradere JP, Troeger JS, Dapito DH, Mencin AA, Schwabe RF. Toll-like receptor 4 and hepatic fibrogenesis. Semin Liver
Dis 2010; 30: 232-244 [PMID: 20665376 DOI: 10.1055/5-0030-1255353]

Tao X, Wang N, Qin W. Gut Microbiota and Hepatocellular Carcinoma. Gastrointest Tumors 2015; 2: 33-40 [PMID:
26673641 DOI: 10.1159/000380895]

LuH, Ren Z, Li A, Zhang H, Jiang J, Xu S, Luo Q, Zhou K, Sun X, Zheng S, Li L. Deep sequencing reveals microbiota
dysbiosis of tongue coat in patients with liver carcinoma. Sci Rep 2016; 6: 33142 [PMID: 27605161 DOI:
10.1038/srep33142]

Dapito DH, Mencin A, Gwak GY, Pradere JP, Jang MK, Mederacke I, Caviglia JM, Khiabanian H, Adeyemi A, Bataller R,
Lefkowitch JH, Bower M, Friedman R, Sartor RB, Rabadan R, Schwabe RF. Promotion of hepatocellular carcinoma by the
intestinal microbiota and TLR4. Cancer Cell 2012; 21: 504-516 [PMID: 22516259 DOI: 10.1016/j.ccr.2012.02.007]
Konturek PC, Harsch 1A, Konturek K, Schink M, Konturek T, Neurath MF, Zopf Y. Gut Liver Axis: How Do Gut
Bacteria Influence the Liver? Med Sci (Basel) 2018; 6 [PMID: 30227645 DOI: 10.3390/medsci6030079]

Vajro P, Paolella G, Fasano A. Microbiota and gut-liver axis: their influences on obesity and obesity-related liver disease. J
Pediatr Gastroenterol Nutr 2013; 56: 461-468 [PMID: 23287807 DOI: 10.1097/MPG.0b013e318284abb5]

Golonka RM, Vijay-Kumar M. Atypical immunometabolism and metabolic reprogramming in liver cancer: Deciphering
the role of gut microbiome. Adv Cancer Res 2021; 149: 171-255 [PMID: 33579424 DOI: 10.1016/bs.acr.2020.10.004]

Yiu JH, Dorweiler B, Woo CW. Interaction between gut microbiota and toll-like receptor: from immunity to metabolism. J
Mol Med (Berl) 2017; 95: 13-20 [PMID: 27639584 DOI: 10.1007/s00109-016-1474-4]

Tripathi A, Debelius J, Brenner DA, Karin M, Loomba R, Schnabl B, Knight R. The gut-liver axis and the intersection
with the microbiome. Nat Rev Gastroenterol Hepatol 2018; 15: 397-411 [PMID: 29748586 DOI:
10.1038/s41575-018-0011-z]

Ren Z, Li A, Jiang J, Zhou L, Yu Z, Lu H, Xie H, Chen X, Shao L, Zhang R, Xu S, Zhang H, Cui G, Sun R, Wen H, Lerut
JP, Kan Q, Li L, Zheng S. Gut microbiome analysis as a tool towards targeted non-invasive biomarkers for early
hepatocellular carcinoma. Gut 2019; 68: 1014-1023 [PMID: 30045880 DOI: 10.1136/gutjnl-2017-315084]

Grat M, Wronka KM, Krasnodebski M, Masior L., Lewandowski Z, Kosiniska I, Grat K, Styputkowski J, Rejowski S,
Wasilewicz M, Gatecka M, Szachta P, Krawczyk M. Profile of Gut Microbiota Associated With the Presence of
Hepatocellular Cancer in Patients With Liver Cirrhosis. Transplant Proc 2016; 48: 1687-1691 [PMID: 27496472 DOI:
10.1016/j.transproceed.2016.01.077]

Zhang HL, Yu LX, Yang W, Tang L, Lin Y, Wu H, Zhai B, Tan YX, Shan L, Liu Q, Chen HY, Dai RY, Qiu BJ, He YQ,
Wang C, Zheng LY, Li YQ, Wu FQ, Li Z, Yan HX, Wang HY. Profound impact of gut homeostasis on chemically-induced

WJH | https://www.wjgnet.com 380 February 27,2022 | Volumel14 | Issue2 |


http://orcid.org/0000-0003-3141-1091
http://orcid.org/0000-0003-3141-1091
http://orcid.org/0000-0003-1387-0446
http://orcid.org/0000-0003-1387-0446
http://orcid.org/0000-0002-6879-5685
http://orcid.org/0000-0002-6879-5685
http://orcid.org/0000-0002-6879-5685
http://orcid.org/0000-0002-6797-9343
http://orcid.org/0000-0002-6797-9343
http://www.ncbi.nlm.nih.gov/pubmed/30367835
https://dx.doi.org/10.1053/j.gastro.2018.08.065
http://www.ncbi.nlm.nih.gov/pubmed/21351269
https://dx.doi.org/10.1002/ijc.25516
http://www.ncbi.nlm.nih.gov/pubmed/20547305
https://dx.doi.org/10.1016/S1590-8658(10)60507-5
http://www.ncbi.nlm.nih.gov/pubmed/28469809
https://dx.doi.org/10.4254/wjh.v9.i11.533
http://www.ncbi.nlm.nih.gov/pubmed/25822088
https://dx.doi.org/10.1038/ng.3252
http://www.ncbi.nlm.nih.gov/pubmed/31028350
https://dx.doi.org/10.1038/s41575-019-0145-7
http://www.ncbi.nlm.nih.gov/pubmed/29967350
https://dx.doi.org/10.1038/s41591-018-0104-9
http://www.ncbi.nlm.nih.gov/pubmed/27366226
https://dx.doi.org/10.1177/1756283X16635082
https://dx.doi.org/10.2174/9781681085623118070003
http://www.ncbi.nlm.nih.gov/pubmed/29531939
https://dx.doi.org/10.21037/hbsn.2017.12.07
http://www.ncbi.nlm.nih.gov/pubmed/20665376
https://dx.doi.org/10.1055/s-0030-1255353
http://www.ncbi.nlm.nih.gov/pubmed/26673641
https://dx.doi.org/10.1159/000380895
http://www.ncbi.nlm.nih.gov/pubmed/27605161
https://dx.doi.org/10.1038/srep33142
http://www.ncbi.nlm.nih.gov/pubmed/22516259
https://dx.doi.org/10.1016/j.ccr.2012.02.007
http://www.ncbi.nlm.nih.gov/pubmed/30227645
https://dx.doi.org/10.3390/medsci6030079
http://www.ncbi.nlm.nih.gov/pubmed/23287807
https://dx.doi.org/10.1097/MPG.0b013e318284abb5
http://www.ncbi.nlm.nih.gov/pubmed/33579424
https://dx.doi.org/10.1016/bs.acr.2020.10.004
http://www.ncbi.nlm.nih.gov/pubmed/27639584
https://dx.doi.org/10.1007/s00109-016-1474-4
http://www.ncbi.nlm.nih.gov/pubmed/29748586
https://dx.doi.org/10.1038/s41575-018-0011-z
http://www.ncbi.nlm.nih.gov/pubmed/30045880
https://dx.doi.org/10.1136/gutjnl-2017-315084
http://www.ncbi.nlm.nih.gov/pubmed/27496472
https://dx.doi.org/10.1016/j.transproceed.2016.01.077

Jaishideng®

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

4

43

44

Russo E et al. Immunomodulation in hepatocellular carcinoma

pro-tumorigenic inflammation and hepatocarcinogenesis in rats. J Hepatol 2012; 57: 803-812 [PMID: 22727732 DOI:
10.1016/j.jhep.2012.06.011]

Ponziani FR, Bhoori S, Castelli C, Putignani L, Rivoltini L, Del Chierico F, Sanguinetti M, Morelli D, Paroni Sterbini F,
Petito V, Reddel S, Calvani R, Camisaschi C, Picca A, Tuccitto A, Gasbarrini A, Pompili M, Mazzaferro V. Hepatocellular
Carcinoma Is Associated With Gut Microbiota Profile and Inflammation in Nonalcoholic Fatty Liver Disease. Hepatology
2019; 69: 107-120 [PMID: 29665135 DOI: 10.1002/hep.30036]

Liu Q, Li F, Zhuang Y, Xu J, Wang J, Mao X, Zhang Y, Liu X. Alteration in gut microbiota associated with hepatitis B and
non-hepatitis virus related hepatocellular carcinoma. Gut Pathog 2019; 11: 1 [PMID: 30675188 DOI:
10.1186/s13099-018-0281-6]

Sheng L, Jena PK, Hu Y, Liu HX, Nagar N, Kalanetra KM, French SW, Mills DA, Wan YY. Hepatic inflammation caused
by dysregulated bile acid synthesis is reversible by butyrate supplementation. J Pathol 2017; 243: 431-441 [PMID:
28892150 DOLI: 10.1002/path.4983]

Kriittgen A, Horz HP, Weber-Heynemann J, Vucur M, Trautwein C, Haase G, Luedde T, Roderburg C. Study on the
association of Helicobacter species with viral hepatitis-induced hepatocellular carcinoma. Gut Microbes 2012; 3: 228-233
[PMID: 22572832 DOI: 10.4161/gmic.19922]

Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Daillére R, Fluckiger A, Messaoudene M, Rauber C, Roberti
MP, Fidelle M, Flament C, Poirier-Colame V, Opolon P, Klein C, Iribarren K, Mondragén L, Jacquelot N, Qu B, Ferrere G,
Clémenson C, Mezquita L, Masip JR, Naltet C, Brosseau S, Kaderbhai C, Richard C, Rizvi H, Levenez F, Galleron N,
Quinquis B, Pons N, Ryffel B, Minard-Colin V, Gonin P, Soria JC, Deutsch E, Loriot Y, Ghiringhelli F, Zalcman G,
Goldwasser F, Escudier B, Hellmann MD, Eggermont A, Raoult D, Albiges L, Kroemer G, Zitvogel L. Gut microbiome
influences efficacy of PD-1-based immunotherapy against epithelial tumors. Science 2018; 359: 91-97 [PMID: 29097494
DOI: 10.1126/science.aan3706]

Russo E, Nannini G, Dinu M, Pagliai G, Sofi F, Amedei A. Exploring the food-gut axis in immunotherapy response of
cancer patients. World J Gastroenterol 2020; 26: 4919-4932 [PMID: 32952339 DOI: 10.3748/wjg.v26.133.4919]

Sajjad A, Mottershead M, Syn WK, Jones R, Smith S, Nwokolo CU. Ciprofloxacin suppresses bacterial overgrowth,
increases fasting insulin but does not correct low acylated ghrelin concentration in non-alcoholic steatohepatitis. Aliment
Pharmacol Ther 2005; 22: 291-299 [PMID: 16097995 DOI: 10.1111/5.1365-2036.2005.02562.x]

LiJ, Sung CY, Lee N, Ni Y, Pihlajaméki J, Panagiotou G, El-Nezami H. Probiotics modulated gut microbiota suppresses
hepatocellular carcinoma growth in mice. Proc Natl Acad Sci U S 4 2016; 113: E1306-E1315 [PMID: 26884164 DOI:
10.1073/pnas.1518189113]

Million M, Angelakis E, Paul M, Armougom F, Leibovici L, Raoult D. Comparative meta-analysis of the effect of
Lactobacillus species on weight gain in humans and animals. Microb Pathog 2012; 53: 100-108 [PMID: 22634320 DOI:
10.1016/j.micpath.2012.05.007]

Gobel RJ, Larsen N, Jakobsen M, Melgaard C, Michaelsen KF. Probiotics to adolescents with obesity: effects on
inflammation and metabolic syndrome. J Pediatr Gastroenterol Nutr 2012; 55: 673-678 [PMID: 22695039 DOI:
10.1097/MPG.0b013e318263066¢]

Larsen N, Vogensen FK, Gebel RJ, Michaelsen KF, Forssten SD, Lahtinen SJ, Jakobsen M. Effect of Lactobacillus
salivarius Ls-33 on fecal microbiota in obese adolescents. Clin Nutr 2013; 32: 935-940 [PMID: 23510724 DOI:
10.1016/j.cInu.2013.02.007]

Yoshimoto S, Loo TM, Atarashi K, Kanda H, Sato S, Oyadomari S, Iwakura Y, Oshima K, Morita H, Hattori M, Honda K,
Ishikawa Y, Hara E, Ohtani N. Obesity-induced gut microbial metabolite promotes liver cancer through senescence
secretome. Nature 2013; 499: 97-101 [PMID: 23803760 DOI: 10.1038/nature12347]

Huang L, Duan C, Zhao Y, Gao L, Niu C, Xu J, Li S. Reduction of Aflatoxin B1 Toxicity by Lactobacillus plantarum C88:
A Potential Probiotic Strain Isolated from Chinese Traditional Fermented Food "Tofu". PLoS One 2017; 12: e0170109
[PMID: 28129335 DOI: 10.1371/journal.pone.0170109]

Nduti NN, McMillan AM, Seney S, Sumarah MW, Njeru PN, Mwaniki MW, Reid G. Investigating probiotic yoghurt to
reduce an aflatoxin B1 biomarker among school children in Eastern Kenya: Preliminary study. /nt Dairy J 2016; 63: 124-
129 [DOT: 10.1016/j.idairyj.2016.07.014]

Heydari Z, Rahaie M, Alizadeh AM. Different anti-inflammatory effects of Lactobacillus acidophilus and Bifidobactrum
bifidioum in hepatocellular carcinoma cancer mouse through impact on microRNAs and their target genes. J Nutr Intermed
Metab 2019; 16: 100096 [DOI: 10.1016/j.jnim.2019.100096]

Miro-Blanch J, Yanes O. Epigenetic Regulation at the Interplay Between Gut Microbiota and Host Metabolism. Front
Genet 2019; 10: 638 [PMID: 31338107 DOI: 10.3389/fgene.2019.00638]

Kumar M, Verma V, Nagpal R, Kumar A, Gautam SK, Behare PV, Grover CR, Aggarwal PK. Effect of probiotic
fermented milk and chlorophyllin on gene expressions and genotoxicity during AFBi-induced hepatocellular carcinoma.
Gene 2011; 490: 54-59 [PMID: 21963996 DOI: 10.1016/j.gene.2011.09.003]

Elshaer AM, El-Kharashi OA, Hamam GG, Nabih ES, Magdy YM, Abd El Samad AA. Involvement of TLR4/ CXCL9/
PREX-2 pathway in the development of hepatocellular carcinoma (HCC) and the promising role of early administration of
lactobacillus plantarum in Wistar rats. Tissue Cell 2019; 60: 38-47 [PMID: 31582017 DOI: 10.1016/j.tice.2019.07.010]
Lee DK, Kang JY, Shin HS, Park IH, Ha NJ. Antiviral activity of Bifidobacterium adolescentis SPM0212 against Hepatitis
B virus. Arch Pharm Res 2013; 36: 1525-1532 [PMID: 23657805 DOI: 10.1007/s12272-013-0141-3]

El-Adawi HN, I. ; Fattouh, F.; El-Deeb, N. . Investigation of the antiviral bioactivity of Lactobacillus bulgaricus 761N
extracellular extract against hepatitis C virus (HCV). Int J Pharmacol 2015; 11: 19-26 [DOI: 10.3923/ijp.2015.19.26]

0o KM, Lwin AA, Kyaw YY, Tun WM, Fukada K, Goshima A, Shimada T, Okada S. Safety and long-term effect of the
probiotic FK-23 in patients with hepatitis C virus infection. Biosci Microbiota Food Health 2016; 35: 123-128 [PMID:
27508113 DOI: 10.12938/bmfh.2015-024]

Nabavi S, Rafraf M, Somi MH, Homayouni-Rad A, Asghari-Jafarabadi M. Effects of probiotic yogurt consumption on
metabolic factors in individuals with nonalcoholic fatty liver disease. J Dairy Sci 2014; 97: 7386-7393 [PMID: 25306266
DOI: 10.3168/jds.2014-8500]

WJH | https://www.wjgnet.com 381 February 27,2022 | Volumel14 | Issue2 |


http://www.ncbi.nlm.nih.gov/pubmed/22727732
https://dx.doi.org/10.1016/j.jhep.2012.06.011
http://www.ncbi.nlm.nih.gov/pubmed/29665135
https://dx.doi.org/10.1002/hep.30036
http://www.ncbi.nlm.nih.gov/pubmed/30675188
https://dx.doi.org/10.1186/s13099-018-0281-6
http://www.ncbi.nlm.nih.gov/pubmed/28892150
https://dx.doi.org/10.1002/path.4983
http://www.ncbi.nlm.nih.gov/pubmed/22572832
https://dx.doi.org/10.4161/gmic.19922
http://www.ncbi.nlm.nih.gov/pubmed/29097494
https://dx.doi.org/10.1126/science.aan3706
http://www.ncbi.nlm.nih.gov/pubmed/32952339
https://dx.doi.org/10.3748/wjg.v26.i33.4919
http://www.ncbi.nlm.nih.gov/pubmed/16097995
https://dx.doi.org/10.1111/j.1365-2036.2005.02562.x
http://www.ncbi.nlm.nih.gov/pubmed/26884164
https://dx.doi.org/10.1073/pnas.1518189113
http://www.ncbi.nlm.nih.gov/pubmed/22634320
https://dx.doi.org/10.1016/j.micpath.2012.05.007
http://www.ncbi.nlm.nih.gov/pubmed/22695039
https://dx.doi.org/10.1097/MPG.0b013e318263066c
http://www.ncbi.nlm.nih.gov/pubmed/23510724
https://dx.doi.org/10.1016/j.clnu.2013.02.007
http://www.ncbi.nlm.nih.gov/pubmed/23803760
https://dx.doi.org/10.1038/nature12347
http://www.ncbi.nlm.nih.gov/pubmed/28129335
https://dx.doi.org/10.1371/journal.pone.0170109
https://dx.doi.org/10.1016/j.idairyj.2016.07.014
https://dx.doi.org/10.1016/j.jnim.2019.100096
http://www.ncbi.nlm.nih.gov/pubmed/31338107
https://dx.doi.org/10.3389/fgene.2019.00638
http://www.ncbi.nlm.nih.gov/pubmed/21963996
https://dx.doi.org/10.1016/j.gene.2011.09.003
http://www.ncbi.nlm.nih.gov/pubmed/31582017
https://dx.doi.org/10.1016/j.tice.2019.07.010
http://www.ncbi.nlm.nih.gov/pubmed/23657805
https://dx.doi.org/10.1007/s12272-013-0141-3
https://dx.doi.org/10.3923/ijp.2015.19.26
http://www.ncbi.nlm.nih.gov/pubmed/27508113
https://dx.doi.org/10.12938/bmfh.2015-024
http://www.ncbi.nlm.nih.gov/pubmed/25306266
https://dx.doi.org/10.3168/jds.2014-8500

Russo E et al. Immunomodulation in hepatocellular carcinoma

Jaishideng®

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Ahn SB, Jun DW, Kang BK, Lim JH, Lim S, Chung MJ. Randomized, Double-blind, Placebo-controlled Study of a
Multispecies Probiotic Mixture in Nonalcoholic Fatty Liver Disease. Sci Rep 2019; 9: 5688 [PMID: 30952918 DOI:
10.1038/s41598-019-42059-3]

Konig J, Wells J, Cani PD, Garcia-Rodenas CL, MacDonald T, Mercenier A, Whyte J, Troost F, Brummer RJ. Human
Intestinal Barrier Function in Health and Disease. Clin Transi Gastroenterol 2016; 7: €196 [PMID: 27763627 DOI:
10.1038/ctg.2016.54]

Song CH, Kim N, Sohn SH, Lee SM, Nam RH, Na HY, Lee DH, Surh Y]J. Effects of 17B-Estradiol on Colonic
Permeability and Inflammation in an Azoxymethane/Dextran Sulfate Sodium-Induced Colitis Mouse Model. Gut Liver
2018; 12: 682-693 [PMID: 30400733 DOI: 10.5009/gnl18221]

Bouchagier KA, Assimakopoulos SF, Karavias DD, Maroulis I, Tzelepi V, Kalofonos H, Kardamakis D, Scopa CD,
Tsamandas AC. Expression of claudins-1, -4, -5, -7 and occludin in hepatocellular carcinoma and their relation with classic
clinicopathological features and patients' survival. In Vivo 2014; 28: 315-326 [PMID: 24815833]

Holczbauer A, Gyongyosi B, Lotz G, Torzsok P, Kaposi-Novak P, Szijarto A, Tatrai P, Kupcsulik P, Schaff Z, Kiss A.
Increased expression of claudin-1 and claudin-7 in liver cirrhosis and hepatocellular carcinoma. Pathol Oncol Res 2014; 20:
493-502 [PMID: 24696415 DOI: 10.1007/s12253-013-9683-4]

Huang GW, Ding X, Chen SL, Zeng L. Expression of claudin 10 protein in hepatocellular carcinoma: impact on survival. J
Cancer Res Clin Oncol 2011; 137: 1213-1218 [PMID: 21647678 DOI: 10.1007/s00432-011-0987-7]

Cheung ST, Leung KL, Ip YC, Chen X, Fong DY, Ng IO, Fan ST, So S. Claudin-10 expression level is associated with
recurrence of primary hepatocellular carcinoma. Clin Cancer Res 2005; 11: 551-556 [PMID: 15701840]

Nagai T, Arao T, Nishio K, Matsumoto K, Hagiwara S, Sakurai T, Minami Y, Ida H, Ueshima K, Nishida N, Sakai K,
Saijo N, Kudo K, Kaneda H, Tamura D, Aomatsu K, Kimura H, Fujita Y, Haji S, Kudo M. Impact of Tight Junction Protein
Z0O-1 and TWIST Expression on Postoperative Survival of Patients with Hepatocellular Carcinoma. Dig Dis 2016; 34: 702-
707 [PMID: 27750241 DOI: 10.1159/000448860]

Mennigen R, Nolte K, Rijcken E, Utech M, Loeffler B, Senninger N, Bruewer M. Probiotic mixture VSL#3 protects the
epithelial barrier by maintaining tight junction protein expression and preventing apoptosis in a murine model of colitis. Am
J Physiol Gastrointest Liver Physiol 2009; 296: G1140-G1149 [PMID: 19221015 DOI: 10.1152/ajpgi.90534.2008]
Briskey D, Heritage M, Jaskowski LA, Peake J, Gobe G, Subramaniam VN, Crawford D, Campbell C, Vitetta L. Probiotics
modify tight-junction proteins in an animal model of nonalcoholic fatty liver disease. Therap Adv Gastroenterol 2016; 9:
463-472 [PMID: 27366215 DOI: 10.1177/1756283X16645055]

Ahmadi S, Wang S, Nagpal R, Wang B, Jain S, Razazan A, Mishra SP, Zhu X, Wang Z, Kavanagh K, Yadav H. A human-
origin probiotic cocktail ameliorates aging-related leaky gut and inflammation via modulating the microbiota/taurine/tight
junction axis. JCI Insight 2020; 5 [PMID: 32302292 DOI: 10.1172/jci.insight.132055]

Gibson GR, Hutkins R, Sanders ME, Prescott SL, Reimer RA, Salminen SJ, Scott K, Stanton C, Swanson KS, Cani PD,
Verbeke K, Reid G. Expert consensus document: The International Scientific Association for Probiotics and Prebiotics
(ISAPP) consensus statement on the definition and scope of prebiotics. Nat Rev Gastroenterol Hepatol 2017; 14: 491-502
[PMID: 28611480 DOI: 10.1038/nrgastro.2017.75]

Roberfroid M, Gibson GR, Hoyles L, McCartney AL, Rastall R, Rowland I, Wolvers D, Watzl B, Szajewska H, Stahl B,
Guarner F, Respondek F, Whelan K, Coxam V, Davicco MJ, Léotoing L, Wittrant Y, Delzenne NM, Cani PD, Neyrinck
AM, Meheust A. Prebiotic effects: metabolic and health benefits. BrJ Nutr 2010; 104 Suppl 2: S1-63 [PMID: 20920376
DOI: 10.1017/S0007114510003363]

Bultman SJ. The microbiome and its potential as a cancer preventive intervention. Semin Oncol 2016; 43: 97-106 [PMID:
26970128 DOI: 10.1053/j.seminoncol.2015.09.001]

Makki K, Deehan EC, Walter J, Backhed F. The Impact of Dietary Fiber on Gut Microbiota in Host Health and Disease.
Cell Host Microbe 2018; 23: 705-715 [PMID: 29902436 DOI: 10.1016/j.chom.2018.05.012]

Davis CD, Milner JA. Gastrointestinal microflora, food components and colon cancer prevention. J Nutr Biochem 2009;
20: 743-752 [PMID: 19716282 DOI: 10.1016/j.jnutbio.2009.06.001]

Sousa V, Santos E, Sgarbieri V. The Importance of Prebiotics in Functional Foods and Clinical Practice. Food Sci Nutr
2011; 2 [DOI: 10.4236/fns.2011.22019]

Albouery M, Bretin A, Buteau B, Grégoire S, Martine L, Gambert S, Bron AM, Acar N, Chassaing B, Bringer MA.
Soluble Fiber Inulin Consumption Limits Alterations of the Gut Microbiota and Hepatic Fatty Acid Metabolism Caused by
High-Fat Diet. Nutrients 2021; 13 [PMID: 33806985 DOI: 10.3390/nu13031037]

Loo TM, Kamachi F, Watanabe Y, Yoshimoto S, Kanda H, Arai Y, Nakajima-Takagi Y, Iwama A, Koga T, Sugimoto Y,
Ozawa T, Nakamura M, Kumagai M, Watashi K, Taketo MM, Aoki T, Narumiya S, Oshima M, Arita M, Hara E, Ohtani N.
Gut Microbiota Promotes Obesity-Associated Liver Cancer through PGE,-Mediated Suppression of Antitumor Immunity.
Cancer Discov 2017; 7: 522-538 [PMID: 28202625 DOI: 10.1158/2159-8290.CD-16-0932]

Ma C, Han M, Heinrich B, Fu Q, Zhang Q, Sandhu M, Agdashian D, Terabe M, Berzofsky JA, Fako V, Ritz T, Longerich
T, Theriot CM, McCulloch JA, Roy S, Yuan W, Thovarai V, Sen SK, Ruchirawat M, Korangy F, Wang XW, Trinchieri G,
Greten TF. Gut microbiome-mediated bile acid metabolism regulates liver cancer via NKT cells. Science 2018; 360 [PMID:
29798856 DOI: 10.1126/science.aan5931]

Ridlon JM, Kang DJ, Hylemon PB, Bajaj JS. Bile acids and the gut microbiome. Curr Opin Gastroenterol 2014; 30: 332-
338 [PMID: 24625896 DOI: 10.1097/MOG.0000000000000057]

Zhang W, Xiang YB, Li HL, Yang G, Cai H, Ji BT, Gao YT, Zheng W, Shu XO. Vegetable-based dietary pattern and liver
cancer risk: results from the Shanghai women's and men's health studies. Cancer Sci 2013; 104: 1353-1361 [PMID:
23841909 DOI: 10.1111/cas.12231]

Yang W, Ma Y, Liu Y, Smith-Warner SA, Simon TG, Chong DQ, Qi Q, Meyerhardt JA, Giovannucci EL, Chan AT,
Zhang X. Association of Intake of Whole Grains and Dietary Fiber With Risk of Hepatocellular Carcinoma in US Adults.
JAMA Oncol 2019; 5: 879-886 [PMID: 30789662 DOI: 10.1001/jamaoncol.2018.7159]

Makarova-Rusher OV, Altekruse SF, McNeel TS, Ulahannan S, Duffy AG, Graubard BI, Greten TF, McGlynn KA.

WJH | https://www.wjgnet.com 382 February 27,2022 | Volumel14 | Issue2 |


http://www.ncbi.nlm.nih.gov/pubmed/30952918
https://dx.doi.org/10.1038/s41598-019-42059-3
http://www.ncbi.nlm.nih.gov/pubmed/27763627
https://dx.doi.org/10.1038/ctg.2016.54
http://www.ncbi.nlm.nih.gov/pubmed/30400733
https://dx.doi.org/10.5009/gnl18221
http://www.ncbi.nlm.nih.gov/pubmed/24815833
http://www.ncbi.nlm.nih.gov/pubmed/24696415
https://dx.doi.org/10.1007/s12253-013-9683-4
http://www.ncbi.nlm.nih.gov/pubmed/21647678
https://dx.doi.org/10.1007/s00432-011-0987-z
http://www.ncbi.nlm.nih.gov/pubmed/15701840
http://www.ncbi.nlm.nih.gov/pubmed/27750241
https://dx.doi.org/10.1159/000448860
http://www.ncbi.nlm.nih.gov/pubmed/19221015
https://dx.doi.org/10.1152/ajpgi.90534.2008
http://www.ncbi.nlm.nih.gov/pubmed/27366215
https://dx.doi.org/10.1177/1756283X16645055
http://www.ncbi.nlm.nih.gov/pubmed/32302292
https://dx.doi.org/10.1172/jci.insight.132055
http://www.ncbi.nlm.nih.gov/pubmed/28611480
https://dx.doi.org/10.1038/nrgastro.2017.75
http://www.ncbi.nlm.nih.gov/pubmed/20920376
https://dx.doi.org/10.1017/S0007114510003363
http://www.ncbi.nlm.nih.gov/pubmed/26970128
https://dx.doi.org/10.1053/j.seminoncol.2015.09.001
http://www.ncbi.nlm.nih.gov/pubmed/29902436
https://dx.doi.org/10.1016/j.chom.2018.05.012
http://www.ncbi.nlm.nih.gov/pubmed/19716282
https://dx.doi.org/10.1016/j.jnutbio.2009.06.001
https://dx.doi.org/10.4236/fns.2011.22019
http://www.ncbi.nlm.nih.gov/pubmed/33806985
https://dx.doi.org/10.3390/nu13031037
http://www.ncbi.nlm.nih.gov/pubmed/28202625
https://dx.doi.org/10.1158/2159-8290.CD-16-0932
http://www.ncbi.nlm.nih.gov/pubmed/29798856
https://dx.doi.org/10.1126/science.aan5931
http://www.ncbi.nlm.nih.gov/pubmed/24625896
https://dx.doi.org/10.1097/MOG.0000000000000057
http://www.ncbi.nlm.nih.gov/pubmed/23841909
https://dx.doi.org/10.1111/cas.12231
http://www.ncbi.nlm.nih.gov/pubmed/30789662
https://dx.doi.org/10.1001/jamaoncol.2018.7159

Jaishideng®

69

70

71

72

73

74

75

Russo E et al. Immunomodulation in hepatocellular carcinoma

Population attributable fractions of risk factors for hepatocellular carcinoma in the United States. Cancer 2016; 122: 1757-
1765 [PMID: 26998818 DOI: 10.1002/cncr.29971]

Costabile A, Klinder A, Fava F, Napolitano A, Fogliano V, Leonard C, Gibson GR, Tuohy KM. Whole-grain wheat
breakfast cereal has a prebiotic effect on the human gut microbiota: a double-blind, placebo-controlled, crossover study. Br
J Nutr 2008; 99: 110-120 [PMID: 17761020 DOI: 10.1017/S0007114507793923]

Yang Y, Zhang D, Feng N, Chen G, Liu J, Zhu Y. Increased intake of vegetables, but not fruit, reduces risk for
hepatocellular carcinoma: a meta-analysis. Gastroenterology 2014; 147: 1031-1042 [PMID: 25127680 DOI:
10.1053/j.gastro0.2014.08.005]

George ES, Sood S, Broughton A, Cogan G, Hickey M, Chan WS, Sudan S, Nicoll AJ. The Association between Diet and
Hepatocellular Carcinoma: A Systematic Review. Nutrients 2021; 13 [PMID: 33430001 DOI: 10.3390/nul3010172]
Ferguson LR, Philpott M. Cancer prevention by dietary bioactive components that target the immune response. Curr
Cancer Drug Targets 2007; 7: 459-464 [PMID: 17691905 DOI: 10.2174/156800907781386605]

Darvesh AS, Bishayee A. Chemopreventive and therapeutic potential of tea polyphenols in hepatocellular cancer. Nutr
Cancer 2013; 65: 329-344 [PMID: 23530632 DOI: 10.1080/01635581.2013.767367]

Larrosa M, Gonzélez-Sarrias A, Garcia-Conesa MT, Toméas-Barberan FA, Espin JC. Urolithins, ellagic acid-derived
metabolites produced by human colonic microflora, exhibit estrogenic and antiestrogenic activities. J Agric Food Chem
2006; 54: 1611-1620 [PMID: 16506809 DOI: 10.1021/jf0527403]

Acharya S, Adamova D, Adhya SP, Adler A, Adolfsson J, Aggarwal MM, Aglieri Rinella G, Agnello M, Agrawal N,
Ahammed Z, Ahmad S, Ahn SU, Aiola S, Akindinov A, Al-Turany M, Alam SN, Albuquerque DSD, Aleksandrov D,
Alessandro B, Alfanda HM, Alfaro Molina R, Ali B, Ali Y, Alici A, Alkin A, Alme J, Alt T, Altenkamper L, Altsybeev I,
Anaam MN, Andrei C, Andreou D, Andrews HA, Andronic A, Angeletti M, Anguelov V, Anson C, Anti¢i¢ T, Antinori F,
Antonioli P, Anwar R, Apadula N, Aphecetche L, Appelshduser H, Arcelli S, Arnaldi R, Arratia M, Arsene IC, Arslandok
M, Augustinus A, Averbeck R, Aziz S, Azmi MD, Badala A, Back YW, Bagnasco S, Bailhache R, Bala R, Baldisseri A,
Ball M, Baral RC, Barbera R, Barioglio L, Barnaf6ldi GG, Barnby LS, Barret V, Bartalini P, Barth K, Bartsch E, Bastid N,
Basu S, Batigne G, Batyunya B, Batzing PC, Bauri D, Bazo Alba JL, Bearden IG, Bedda C, Behera NK, Belikov I, Bellini
F, Bellwied R, Beltran LGE, Belyaev V, Bencedi G, Beole S, Bercuci A, Berdnikov Y, Berenyi D, Bertens RA, Berzano D,
Betev L, Bhasin A, Bhat IR, Bhatt H, Bhattacharjee B, Bianchi A, Bianchi L, Bianchi N, Biel¢ik J, Biel¢ikova J, Bilandzic
A, Biro G, Biswas R, Biswas S, Blair JT, Blau D, Blume C, Boca G, Bock F, Bogdanov A, Boldizsar L, Bolozdynya A,
Bombara M, Bonomi G, Bonora M, Borel H, Borissov A, Borri M, Botta E, Bourjau C, Bratrud L, Braun-Munzinger P,
Bregant M, Broker TA, Broz M, Brucken EJ, Bruna E, Bruno GE, Buckland MD, Budnikov D, Buesching H, Bufalino S,
Buhler P, Buncic P, Busch O, Buthelezi Z, Butt JB, Buxton JT, Caffarri D, Caines H, Caliva A, Calvo Villar E, Camacho
RS, Camerini P, Capon AA, Carnesecchi F, Castillo Castellanos J, Castro AJ, Casula EAR, Catalano F, Ceballos Sanchez
C, Chakraborty P, Chandra S, Chang B, Chang W, Chapeland S, Chartier M, Chattopadhyay S, Chauvin A, Cheshkov C,
Cheynis B, Chibante Barroso V, Chinellato DD, Cho S, Chochula P, Chowdhury T, Christakoglou P, Christensen CH,
Christiansen P, Chujo T, Cicalo C, Cifarelli L, Cindolo F, Cleymans J, Colamaria F, Colella D, Collu A, Colocci M, Concas
M, Conesa Balbastre G, Conesa Del Valle Z, Contin G, Contreras JG, Cormier TM, Corrales Morales Y, Cortese P,
Cosentino MR, Costa F, Costanza S, Crkovska J, Crochet P, Cuautle E, Cunqueiro L, Dabrowski D, Dahms T, Dainese A,
Damas FPA, Dani S, Danisch MC, Danu A, Das D, Das I, Das S, Dash A, Dash S, Dashi A, De S, De Caro A, de Cataldo
G, de Conti C, de Cuveland J, De Falco A, De Gruttola D, De Marco N, De Pasquale S, De Souza RD, Deb S, Degenhardt
HF, Deisting A, Deja KR, Deloff A, Delsanto S, Dhankher P, Di Bari D, Di Mauro A, Diaz RA, Dietel T, Dillenseger P,
Ding Y, Divia R, Djuvsland @, Dmitrieva U, Dobrin A, Domenicis Gimenez D, Donigus B, Dordic O, Dubey AK, Dubla
A, Dudi S, Duggal AK, Dukhishyam M, Dupieux P, Ehlers RJ, Elia D, Engel H, Epple E, Erazmus B, Erhardt F, Erokhin
A, Ersdal MR, Espagnon B, Eulisse G, Eum J, Evans D, Evdokimov S, Fabbietti L, Faggin M, Faivre J, Fantoni A, Fasel
M, Fecchio P, Feldkamp L, Feliciello A, Feofilov G, Fernandez Téllez A, Ferrero A, Ferretti A, Festanti A, Feuillard VIJG,
Figiel J, Filchagin S, Finogeev D, Fionda FM, Fiorenza G, Flor F, Foertsch S, Foka P, Fokin S, Fragiacomo E, Francisco A,
Frankenfeld U, Fronze GG, Fuchs U, Furget C, Furs A, Fusco Girard M, Gaardhgje JJ, Gagliardi M, Gago AM, Gal A,
Galvan CD, Ganoti P, Garabatos C, Garcia-Solis E, Garg K, Gargiulo C, Garner K, Gasik P, Gauger EF, Gay Ducati MB,
Germain M, Ghosh J, Ghosh P, Ghosh SK, Gianotti P, Giubellino P, Giubilato P, Glédssel P, Goméz Coral DM, Gomez
Ramirez A, Gonzalez V, Gonzalez-Zamora P, Gorbunov S, Gorlich L, Gotovac S, Grabski V, Graczykowski LK, Graham
KL, Greiner L, Grelli A, Grigoras C, Grigoriev V, Grigoryan A, Grigoryan S, Groettvik OS, Gronefeld JM, Grosa F,
Grosse-Oetringhaus JF, Grosso R, Guernane R, Guerzoni B, Guittiere M, Gulbrandsen K, Gunji T, Gupta A, Gupta R,
Guzman IB, Haake R, Habib MK, Hadjidakis C, Hamagaki H, Hamar G, Hamid M, Hamon JC, Hannigan R, Haque MR,
Harlenderova A, Harris JW, Harton A, Hassan H, Hatzifotiadou D, Hauer P, Hayashi S, Heckel ST, Hellbar E, Helstrup H,
Herghelegiu A, Hernandez EG, Herrera Corral G, Herrmann F, Hetland KF, Hilden TE, Hillemanns H, Hills C, Hippolyte
B, Hohlweger B, Horak D, Hornung S, Hosokawa R, Hristov P, Huang C, Hughes C, Huhn P, Humanic TJ, Hushnud H,
Husova LA, Hussain N, Hussain SA, Hussain T, Hutter D, Hwang DS, Iddon JP, Ilkaev R, Inaba M, Ippolitov M, Islam
MS, Ivanov M, Ivanov V, Izucheev V, Jacak B, Jacazio N, Jacobs PM, Jadhav MB, Jadlovska S, Jadlovsky J, Jaelani S,
Jahnke C, Jakubowska MJ, Janik MA, Jercic M, Jevons O, Jimenez Bustamante RT, Jin M, Jonas F, Jones PG, Jusko A,
Kalinak P, Kalweit A, Kang JH, Kaplin V, Kar S, Karasu Uysal A, Karavichev O, Karavicheva T, Karczmarczyk P,
Karpechev E, Kebschull U, Keidel R, Keil M, Ketzer B, Khabanova Z, Khan AM, Khan S, Khan SA, Khanzadeev A,
Kharlov Y, Khatun A, Khuntia A, Kileng B, Kim B, Kim D, Kim DJ, Kim EJ, Kim H, Kim JS, Kim J, Kim M, Kim S, Kim
T, Kindra K, Kirsch S, Kisel I, Kiselev S, Kisiel A, Klay JL, Klein C, Klein J, Klein S, Klein-Bosing C, Klewin S, Kluge A,
Knichel ML, Knospe AG, Kobdaj C, Kofarago M, Kohler MK, Kollegger T, Kondratyev A, Kondratyeva N, Kondratyuk E,
Konopka PJ, Konyushikhin M, Koska L, Kovalenko O, Kovalenko V, Kowalski M, Kralik I, Kravéakova A, Kreis L,
Krivda M, Krizek F, Krizkova Gajdosova K, Kriiger M, Kryshen E, Krzewicki M, Kubera AM, Kucera V, Kuhn C, Kuijer
PG, Kumar L, Kumar S, Kundu S, Kurashvili P, Kurepin A, Kurepin AB, Kushpil S, Kvapil J, Kweon MJ, Kwon Y, La
Pointe SL, La Rocca P, Lai YS, Langoy R, Lapidus K, Lardeux A, Larionov P, Laudi E, Lavicka R, Lazareva T, Lea R,
Leardini L, Lee S, Lehas F, Lehner S, Lehrbach J, Lemmon RC, Le6n Monzon I, Lettrich M, Lévai P, Li X, Li XL, Lien J,
Lietava R, Lim B, Lindal S, Lindenstruth V, Lindsay SW, Lippmann C, Lisa MA, Litichevskyi V, Liu A, Liu S, Ljunggren

WJH | https://www.wjgnet.com 383 February 27,2022 | Volumel14 | Issue2 |


http://www.ncbi.nlm.nih.gov/pubmed/26998818
https://dx.doi.org/10.1002/cncr.29971
http://www.ncbi.nlm.nih.gov/pubmed/17761020
https://dx.doi.org/10.1017/S0007114507793923
http://www.ncbi.nlm.nih.gov/pubmed/25127680
https://dx.doi.org/10.1053/j.gastro.2014.08.005
http://www.ncbi.nlm.nih.gov/pubmed/33430001
https://dx.doi.org/10.3390/nu13010172
http://www.ncbi.nlm.nih.gov/pubmed/17691905
https://dx.doi.org/10.2174/156800907781386605
http://www.ncbi.nlm.nih.gov/pubmed/23530632
https://dx.doi.org/10.1080/01635581.2013.767367
http://www.ncbi.nlm.nih.gov/pubmed/16506809
https://dx.doi.org/10.1021/jf0527403

Russo E et al. Immunomodulation in hepatocellular carcinoma

Jaishideng®

HM, Llope WJ, Lodato DF, Loginov V, Loizides C, Loncar P, Lopez X, Lopez Torres E, Luettig P, Luhder JR, Lunardon
M, Luparello G, Lupi M, Maevskaya A, Mager M, Mahmood SM, Mahmoud T, Maire A, Majka RD, Malaev M, Malik
QW, Malinina L, Mal'Kevich D, Malzacher P, Mamonov A, Manko V, Manso F, Manzari V, Mao Y, Marchisone M, Mare$
J, Margagliotti GV, Margotti A, Margutti J, Marin A, Markert C, Marquard M, Martin NA, Martinengo P, Martinez JL,
Martinez MI, Martinez Garcia G, Martinez Pedreira M, Masciocchi S, Masera M, Masoni A, Massacrier L, Masson E,
Mastroserio A, Mathis AM, Matuoka PFT, Matyja A, Mayer C, Mazzilli M, Mazzoni MA, Mechler AF, Meddi F, Melikyan
Y, Menchaca-Rocha A, Meninno E, Meres M, Mhlanga S, Miake Y, Micheletti L, Mieskolainen MM, Mihaylov DL,
Mikhaylov K, Mischke A, Mishra AN, Miskowiec D, Mitu CM, Mohammadi N, Mohanty AP, Mohanty B, Khan MM,
Mondal MM, Mordasini C, Moreira De Godoy DA, Moreno LAP, Moretto S, Morreale A, Morsch A, Mrnjavac T,
Muccifora V, Mudnic E, Mithlheim D, Muhuri S, Mulligan JD, Munhoz MG, Miinning K, Munzer RH, Murakami H,
Murray S, Musa L, Musinsky J, Myers CJ, Myrcha JW, Naik B, Nair R, Nandi BK, Nania R, Nappi E, Naru MU,
Nassirpour AF, Natal da Luz H, Nattrass C, Nayak K, Nayak R, Nayak TK, Nazarenko S, Negrao De Oliveira RA, Nellen
L, Nesbo SV, Neskovic G, Ng F, Nielsen BS, Nikolaev S, Nikulin S, Nikulin V, Noferini F, Nomokonov P, Nooren G,
Noris JCC, Norman J, Nowakowski P, Nyanin A, Nystrand J, Ogino M, Ohlson A, Oleniacz J, Oliveira Da Silva AC,
Oliver MH, Onderwaater J, Oppedisano C, Orava R, Ortiz Velasquez A, Oskarsson A, Otwinowski J, Oyama K, Pachmayer
Y, Pacik V, Pagano D, Pai¢ G, Palni P, Pan J, Pandey AK, Panebianco S, Papikyan V, Pareek P, Park J, Parkkila JE,
Parmar S, Passfeld A, Pathak SP, Patra RN, Paul B, Pei H, Peitzmann T, Peng X, Pereira LG, Pereira Da Costa H,
Peresunko D, Perez GM, Perez Lezama E, Peskov V, Pestov Y, Petracek V, Petrovici M, Pezzi RP, Piano S, Pikna M, Pillot
P, Pimentel LODL, Pinazza O, Pinsky L, Pisano S, Piyarathna DB, Ploskon M, Planinic M, Pliquett F, Pluta J, Pochybova
S, Poghosyan MG, Polichtchouk B, Poljak N, Poonsawat W, Pop A, Poppenborg H, Porteboeuf-Houssais S, Pozdniakov V,
Prasad SK, Preghenella R, Prino F, Pruneau CA, Pshenichnov I, Puccio M, Punin V, Puranapanda K, Putschke J, Quishpe
RE, Ragoni S, Raha S, Rajput S, Rak J, Rakotozafindrabe A, Ramello L, Rami F, Raniwala R, Raniwala S, Résénen SS,
Rascanu BT, Rath R, Ratza V, Ravasenga I, Read KF, Redlich K, Rehman A, Reichelt P, Reidt F, Ren X, Renfordt R,
Reshetin A, Revol JP, Reygers K, Riabov V, Richert T, Richter M, Riedler P, Riegler W, Riggi F, Ristea C, Rode SP,
Rodriguez Cahuantzi M, Reed K, Rogalev R, Rogochaya E, Rohr D, Réhrich D, Rokita PS, Ronchetti F, Rosas ED, Roslon
K, Rosnet P, Rossi A, Rotondi A, Roukoutakis F, Roy A, Roy P, Rueda OV, Rui R, Rumyantsev B, Rustamov A,
Ryabinkin E, Ryabov Y, Rybicki A, Rytkonen H, Saarinen S, Sadhu S, Sadovsky S, Safatik K, Saha SK, Sahoo B, Sahoo
P, Sahoo R, Sahoo S, Sahu PK, Saini J, Sakai S, Sambyal S, Samsonov V, Sandoval A, Sarkar A, Sarkar D, Sarkar N,
Sarma P, Sarti VM, Sas MHP, Scapparone E, Schaefer B, Schambach J, Scheid HS, Schiaua C, Schicker R, Schmah A,
Schmidt C, Schmidt HR, Schmidt MO, Schmidt M, Schmidt NV, Schmier AR, Schukraft J, Schutz Y, Schwarz K, Schweda
K, Scioli G, Scomparin E, Sefeik M, Seger JE, Sekiguchi Y, Sekihata D, Selyuzhenkov I, Senyukov S, Serradilla E, Sett P,
Sevcenco A, Shabanov A, Shabetai A, Shahoyan R, Shaikh W, Shangaraev A, Sharma A, Sharma M, Sharma N, Sheikh Al,
Shigaki K, Shimomura M, Shirinkin S, Shou Q, Sibiriak Y, Siddhanta S, Siemiarczuk T, Silvermyr D, Simatovic G,
Simonetti G, Singh R, Singh VK, Singhal V, Sinha T, Sitar B, Sitta M, Skaali TB, Slupecki M, Smirnov N, Snellings RJM,
Snellman TW, Sochan J, Soncco C, Song J, Songmoolnak A, Soramel F, Sorensen S, Sputowska I, Stachel J, Stan I,
Stankus P, Steffanic PJ, Stenlund E, Stocco D, Storetvedt MM, Strmen P, Suaide AAP, Sugitate T, Suire C, Suleymanov
M, Suljic M, Sultanov R, Sumbera M, Sumowidagdo S, Suzuki K, Swain S, Szabo A, Szarka I, Tabassam U, Taillepied G,
Takahashi J, Tambave GJ, Tang S, Tarhini M, Tarzila MG, Tauro A, Tejeda Mufioz G, Telesca A, Terrevoli C, Thakur D,
Thakur S, Thomas D, Thoresen F, Tieulent R, Tikhonov A, Timmins AR, Toia A, Topilskaya N, Toppi M, Torales-Acosta
F, Torres SR, Tripathy S, Tripathy T, Trogolo S, Trombetta G, Tropp L, Trubnikov V, Trzaska WH, Trzcinski TP, Trzeciak
BA, Tsuji T, Tumkin A, Turrisi R, Tveter TS, Ullaland K, Umaka EN, Uras A, Usai GL, Utrobicic A, Vala M, Valle N, van
der Kolk N, van Doremalen LVR, van Leeuwen M, Vande Vyvre P, Varga D, Vargas A, Vargyas M, Varma R, Vasileiou
M, Vasiliev A, Vazquez Doce O, Vechernin V, Veen AM, Vercellin E, Vergara Limoén S, Vermunt L, Vernet R, Vértesi R,
Vickovic L, Viinikainen J, Vilakazi Z, Villalobos Baillie O, Villatoro Tello A, Vino G, Vinogradov A, Virgili T,
Vislavicius V, Vodopyanov A, Volkel B, Volkl MA, Voloshin K, Voloshin SA, Volpe G, von Haller B, Vorobyev I,
Voscek D, Vrlakova J, Wagner B, Wang M, Watanabe Y, Weber M, Weber SG, Wegrzynek A, Weiser DF, Wenzel SC,
Wessels JP, Westerhoff U, Whitehead AM, Widmann E, Wiechula J, Wikne J, Wilk G, Wilkinson J, Willems GA, Willsher
E, Windelband B, Witt WE, Wu Y, Xu R, Yalcin S, Yamakawa K, Yang S, Yano S, Yin Z, Yokoyama H, Yoo IK, Yoon
JH, Yuan S, Yuncu A, Yurchenko V, Zaccolo V, Zaman A, Zampolli C, Zanoli HJC, Zardoshti N, Zarochentsev A, Zavada
P, Zaviyalov N, Zbroszczyk H, Zhalov M, Zhang X, Zhang Y, Zhang Z, Zhao C, Zherebchevskii V, Zhigareva N, Zhou D,
Zhou 'Y, Zhou Z, Zhu H, Zhu J, Zhu Y, Zichichi A, Zimmermann MB, Zinovjev G, Zurlo N; A Large Ion Collider
Experiment Collaboration. Investigations of Anisotropic Flow Using Multiparticle Azimuthal Correlations in pp, p-Pb, Xe-
Xe, and Pb-Pb Collisions at the LHC. Phys Rev Lett 2019; 123: 142301 [PMID: 31702212 DOI:
10.1103/PhysRevLett.123.142301]

76 Lamuel-Raventos RM, Onge MS. Prebiotic nut compounds and human microbiota. Crit Rev Food Sci Nutr 2017, 57:
3154-3163 [PMID: 27224877 DOI: 10.1080/10408398.2015.1096763]

77 Behn SK, Blomhoff R, Paur I. Coffee and cancer risk, epidemiological evidence, and molecular mechanisms. Mol Nutr
Food Res 2014; 58: 915-930 [PMID: 24668519 DOI: 10.1002/mnfr.201300526]

78  Fotschki B, Juskiewicz J, Jurgonski A, S6jka M. Fructo-Oligosaccharides and Pectins Enhance Beneficial Effects of
Raspberry Polyphenols in Rats with Nonalcoholic Fatty Liver. Nutrients 2021; 13 [PMID: 33802455 DOI:
10.3390/nu13030833]

79 Wongkrasant P, Pongkorpsakol P, Ariyadamrongkwan J, Meesomboon R, Satitsri S, Pichyangkura R, Barrett KE,
Muanprasat C. A prebiotic fructo-oligosaccharide promotes tight junction assembly in intestinal epithelial cells via an
AMPK-dependent pathway. Biomed Pharmacother 2020; 129: 110415 [PMID: 32603892 DOI:
10.1016/j.biopha.2020.110415]

80 WangJ, Tian S, Yu H, Wang J, Zhu W. Response of Colonic Mucosa-Associated Microbiota Composition, Mucosal
Immune Homeostasis, and Barrier Function to Early Life Galactooligosaccharides Intervention in Suckling Piglets. J Agric
Food Chem 2019; 67: 578-588 [PMID: 30562014 DOI: 10.1021/acs.jafc.8b05679]

81 PengL, LiZR, Green RS, Holzman IR, Lin J. Butyrate enhances the intestinal barrier by facilitating tight junction

WJH | https://www.wjgnet.com 384 February 27,2022 | Volumel14 | Issue2 |


http://www.ncbi.nlm.nih.gov/pubmed/31702212
https://dx.doi.org/10.1103/PhysRevLett.123.142301
http://www.ncbi.nlm.nih.gov/pubmed/27224877
https://dx.doi.org/10.1080/10408398.2015.1096763
http://www.ncbi.nlm.nih.gov/pubmed/24668519
https://dx.doi.org/10.1002/mnfr.201300526
http://www.ncbi.nlm.nih.gov/pubmed/33802455
https://dx.doi.org/10.3390/nu13030833
http://www.ncbi.nlm.nih.gov/pubmed/32603892
https://dx.doi.org/10.1016/j.biopha.2020.110415
http://www.ncbi.nlm.nih.gov/pubmed/30562014
https://dx.doi.org/10.1021/acs.jafc.8b05679

Jaishideng®

82

&3

84

85

86

87

Russo E et al. Immunomodulation in hepatocellular carcinoma

assembly via activation of AMP-activated protein kinase in Caco-2 cell monolayers. J Nutr 2009; 139: 1619-1625 [PMID:
19625695 DOI: 10.3945/jn.109.104638]

Julie Uerlingsac MS, Els Willemsb, Sofie Tangheb, Geert Bruggemanb, Jérome Bindellea, Nadia Everaert. Differential
effects of inulin or its fermentation metabolites on gut barrier and immune function of porcine intestinal epithelial cells. J
Funct Foods 2020; 67: 103855 [DOI: 10.1016/5.j1.2020.103855]

Wang G, Sun W, Pei X, Jin Y, Wang H, Tao W, Xiao Z, Liu L, Wang M. Galactooligosaccharide pretreatment alleviates
damage of the intestinal barrier and inflammatory responses in LPS-challenged mice. Food Funct 2021; 12: 1569-1579
[PMID: 33459741 DOI: 10.1039/d0f003020a]

Mandair DS, Rossi RE, Pericleous M, Whyand T, Caplin M. The impact of diet and nutrition in the prevention and
progression of hepatocellular carcinoma. Expert Rev Gastroenterol Hepatol 2014; 8: 369-382 [PMID: 24597926 DOI:
10.1586/17474124.2014.894879]

Turati F, Trichopoulos D, Polesel J, Bravi F, Rossi M, Talamini R, Franceschi S, Montella M, Trichopoulou A, La
Vecchia C, Lagiou P. Mediterranean diet and hepatocellular carcinoma. J Hepatol 2014; 60: 606-611 [PMID: 24240052
DOTI: 10.1016/j.jhep.2013.10.034]

Thilakarathna WPDW, Langille MG, Rupasinghe HPV. Polyphenol-based prebiotics and synbiotics: Potential for cancer
chemoprevention. Curr Opin Food Sci 2018; 20: 51-57 [DOI: 10.1016/j.cofs.2018.02.011]

Russo E, Giudici F, Fiorindi C, Ficari F, Scaringi S, Amedei A. Immunomodulating Activity and Therapeutic Effects of
Short Chain Fatty Acids and Tryptophan Post-biotics in Inflammatory Bowel Disease. Front Immunol 2019; 10: 2754
[PMID: 31824517 DOI: 10.3389/fimmu.2019.02754]

WJH | https://www.wjgnet.com 385 February 27,2022 | Volumel14 | Issue2 |


http://www.ncbi.nlm.nih.gov/pubmed/19625695
https://dx.doi.org/10.3945/jn.109.104638
https://dx.doi.org/10.1016/j.jff.2020.103855
http://www.ncbi.nlm.nih.gov/pubmed/33459741
https://dx.doi.org/10.1039/d0fo03020a
http://www.ncbi.nlm.nih.gov/pubmed/24597926
https://dx.doi.org/10.1586/17474124.2014.894879
http://www.ncbi.nlm.nih.gov/pubmed/24240052
https://dx.doi.org/10.1016/j.jhep.2013.10.034
https://dx.doi.org/10.1016/j.cofs.2018.02.011
http://www.ncbi.nlm.nih.gov/pubmed/31824517
https://dx.doi.org/10.3389/fimmu.2019.02754

’é[ Hepatology

World Journal of

Submit a Manuscript: https:/ /www.f6publishing.com World | Hepatol 2022 February 27; 14(2): 386-399

DOI: 10.4254 / wjh.v14.i2.386

ISSN 1948-5182 (online)

Basic Study

ORIGINAL ARTICLE

Development of the nervous system in mouse liver

Naoto Koike, Tomomi Tadokoro, Yasuharu Ueno, Satoshi Okamoto, Tatsuya Kobayashi, Soichiro Murata,

Hideki Taniguchi

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): A

Grade B (Very good): 0
Grade C (Good): 0

Grade D (Fair): 0
Grade E (Poor): 0
P-Reviewer: Vyshka G

Received: July 31, 2021

Peer-review started: July 31, 2021
First decision: September 29, 2021
Revised: October 12, 2021
Accepted: January 19, 2022

Article in press: January 19, 2022
Published online: February 27, 2022

Naoto Koike, Department of Surgery, Seirei Sakura Citizen Hospital, Sakura 285-8765, Chiba,
Japan

Naoto Koike, Tomomi Tadokoro, Yasuharu Ueno, Satoshi Okamoto, Tatsuya Kobayashi, Soichiro
Murata, Hideki Taniguchi, Department of Regenerative Medicine, Yokohama City University
Graduate School of Medicine, Yokohama 236-0004, Kanagawa, Japan

Yasuharu Ueno, Hideki Taniguchi, Division of Regenerative Medicine, Center for Stem Cell
Biology and Regenerative Medicine, The Institute of Medical Science, The University of
Tokyo, Tokyo 108-8639, Japan

Corresponding author: Naoto Koike, MD, PhD, Chief Doctor, Department of Surgery, Seirei
Sakura Citizen Hospital, 2-36-2 Ebaradai, Sakura 285-8765, Chiba, Japan.

naotk(@sis.seirei.or.jp

Abstract

BACKGROUND

The role of the hepatic nervous system in liver development remains unclear. We
previously created functional human micro-hepatic tissue in mice by co-culturing
human hepatic endodermal cells with endothelial and mesenchymal cells.
However, they lacked Glisson’s sheath [the portal tract (PT)]. The PT consists of
branches of the hepatic artery (HA), portal vein, and intrahepatic bile duct
(IHBD), collectively called the portal triad, together with autonomic nerves.

AIM

To evaluate the development of the mouse hepatic nervous network in the PT
using immunohistochemistry.

METHODS

Liver samples from C57BL/6] mice were harvested at different developmental
time periods, from embryonic day (E) 10.5 to postnatal day (P) 56. Thin sections of
the surface cut through the hepatic hilus were examined using protein gene
product 9.5 (PGP9.5) and cytokeratin 19 (CK19) antibodies, markers of nerve
fibers (NFs), and biliary epithelial cells (BECs), respectively. The numbers of NFs
and IHBDs were separately counted in a PT around the hepatic hilus (center) and
the peripheral area (periphery) of the liver, comparing the average values
between the center and the periphery at each developmental stage. NF-IHBD and
NF-HA contacts in a PT were counted, and their relationship was quantified. SRY-
related high mobility group-box gene 9 (SOX9), another BEC marker; hepatocyte
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nuclear factor 40 (HNF4a), a marker of hepatocytes; and Jagged-1, a Notch ligand, were also
immunostained to observe the PT development.

RESULTS

HNF40 was expressed in the nucleus, and Jagged-1 was diffusely positive in the primitive liver at
E10.5; however, the PGP9.5 and CK19 were negative in the fetal liver. SOX9-positive cells were
scattered in the periportal area in the liver at E12.5. The Jagged-1 was mainly expressed in the
periportal tissue, and the number of SOX9-positive cells increased at E16.5. SOX9-positive cells
constructed the ductal plate and primitive IHBDs mainly at the center, and SOX-9-positive IHBDs
partly acquired CK19 positivity at the same period. PGP9.5-positive bodies were first found at
E16.5 and HAs were first found at PO in the periportal tissue of the center. Therefore, primitive PT
structures were first constructed at PO in the center. Along with remodeling of the periportal
tissue, the number of CK19-positive IHBDs and PGP9.5-positive NFs gradually increased, and PTs
were also formed in the periphery until P5. The numbers of NFs and IHBDs were significantly
higher in the center than in the periphery from E16.5 to P5. The numbers of NFs and IHBDs
reached the adult level at P28, with decreased differences between the center and periphery. NFs
associated more frequently with HAs than IHBDs in PTs at the early phase after birth, after which
the number of NF-IHBD contacts gradually increased.

CONCLUSION

Mouse hepatic NFs first emerge at the center just before birth and extend toward the periphery.
The interaction between NFs and IHBDs or HAs plays important roles in the morphogenesis of PT
structure.

Key Words: Nervous system; Liver; Portal tract; Hepatic artery; Immunohistochemistry; Tissue engineering

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The portal tract (PT) consists of branches of the hepatic artery (HA), portal vein, intrahepatic bile
ducts (IHBD), and autonomic nerves. This study evaluated the mouse hepatic nervous system
development using immunohistochemistry. Hepatic nerve fibers (NFs) first emerge at the hepatic hilus just
before birth and extend toward the periphery with IHBD in the PT after birth. The hepatic NFs associated
more frequently with the HA than the IHBD in the PT after birth. The hepatic NFs may play important
roles in the morphogenesis and stabilization of the PT during development of the liver.

Citation: Koike N, Tadokoro T, Ueno Y, Okamoto S, Kobayashi T, Murata S, Taniguchi H. Development of the
nervous system in mouse liver. World J Hepatol 2022; 14(2): 386-399

URL: https://www.wjgnet.com/1948-5182/full/v14/i2/386.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i2.386

INTRODUCTION

Recently, structures resembling whole organs, termed organoids, have been generated from stem cells
through the development of three-dimensional culture systems[1]. The liver is the largest organ in the
abdomen and is a pivotal center of metabolism, detoxification, and digestion. The mammalian liver has
a structural and functional unit called the liver lobule, and in the periphery of the lobule, Glisson’s
sheath, also known as the portal tract (PT) consisting of the portal vein (PV), bile duct (BD), and hepatic
artery (HA), develops[2]. We previously created the three-dimensional vascularized functional human
micro-hepatic tissue in mice by co-culturing human hepatic endodermal cells with endothelial and
mesenchymal cells derived from human-induced pluripotent stem cells (iPSCs)[3]; however, they lacked
PTs. The construction of stable blood vessels is a fundamental challenge for tissue engineering in
regenerative medicine[4]. During evolution, organs have come to perform complex functions, requiring
an increased degree of information processing by neurons and a supply of nutrients by blood vessels
[5]. Therefore, neurons, which arose earlier in evolution than vessel, may also should be important to
construct functional artificial organs. No current organoid systems contain an integrated peripheral
nervous system; however, Workman et al[6] successfully generated human-iPSC-derived intestinal
tissue with a functional enteric nervous system[6]. The hepatic nervous system exerts important roles in
the overall regulation of the organism, for example, in the glucose and lipid metabolism, circadian
rhythm, regeneration, hepatic blood flow, food intake and obesity[7-9]. Development of vessels and BDs
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in the liver have been thoroughly explored[10]. It has been known for many years that intrahepatic bile
duct (IHBD) development is initiated near the hilum of the liver before progressing toward the
periphery of the lobes[10]. At the late phase of mouse embryonic development, differentiated cholan-
giocytes [biliary epithelial cells (BECs)] are discontinuously scattered in the periportal mesenchyme and
form ductal plate (DP) and biliary cysts followed by the development of ductal structure and
incorporation into the continuous network structure after birth[11,12]. In addition, the angiogenic
growth factors produced by periportal mesenchymal cells and BECs seem to provide a molecular link
between the developing biliary and arterial structures[13]. However, the role of the hepatic nervous
system has not been elucidated in liver development[14]. Recently, Tanimizu et al[15] reported that
IHBDs guide the extension of nerve fibers (NFs) by secreting nerve growth factor (NGF) during their
development. NFs with IHBDs extend through the PT from the hepatic hilus to the periphery[15]. But it
has not been clarified if the hepatic nerve network plays important roles in the morphogenesis and
stabilization of the PTs after birth.

In this work, we histologically observed the mouse liver and evaluated the developmental process of
PTs, with a special focus on the hepatic nervous system in PTs and the correlation between NFs and BDs
or vessels using immunohistochemistry. This study aims to explore the role of nerve cells in the
development of the liver and whether the addition of nerve cells is useful for constructing liver
organoids with PT structures.

MATERIALS AND METHODS

Animals

Pregnant female C57BL/6] mice were purchased from Sankyo Labo Service Corporation, Inc. (Tokyo,
Japan) to acquire embryos and newborn mice for the experiments. Adult male mice (8-wk-old) were also
purchased from Sankyo Labo Service Corporation, Inc. (Tokyo, Japan). The mice were bred and
maintained according to the Yokohama City University institutional guidelines for the use of laboratory
animals. All experimental procedures were approved by the institutional review board of the Animal
Research Center, Yokohama City University School of Medicine (No. 075). Liver samples of C57BL/6]
mice were collected at different developmental periods, beginning at embryonic day (E) 10.5 until 8-
week-old [adult animals; postnatal day (P) 56]. Specifically, samples were collected at E10.5, E11.5,
E12.5, E13.5, E15.5, E16.5, E17.5, PO, P3, P5, P7, P28, and P56 (n = 4 for each stage).

Hematoxylin-eosin staining and immunostaining

Neonatal and adult liver tissues were fixed in 4% paraformaldehyde and were paraffin-embedded.
Then, 3-pm thin sections of cut surface through the hepatic hilus were examined for hematoxylin-eosin
(HE) and immunostaining. The primary antibodies used for immunostaining are listed in Table 1. We
used protein gene product 9.5 (PGP9.5) as a marker of neurons and cytokeratin 19 (CK19) as a marker of
BEC. A preliminary immunohistochemical study was performed to select antibodies appropriate for
identifying NFs. Control fetal liver specimens were immunohistochemically stained for a panel of
antibodies for PGP9.5 (monoclonal, Abcam, Cambridge, MA, United States), S100 protein (polyclonal,
Agilent, Santa Clara, CA, United States), and p tubulin III (monoclonal, Merk. Darmstadt, Germany). As
a result, immunostaining of PGP9.5 most clearly and specifically identified NFs. Therefore, we used
PGP9.5 for the study. SRY-related high mobility group-box gene 9 (SOX9), another BEC marker;
hepatocyte nuclear factor 4a (HNF40), a marker of hepatocytes; and Jagged-1, a Notch ligand, were also
immunostained to observe the PT ontogeny.

Immunohistochemistry was performed using the Envision method according to the manufacturer’s
instructions (Agilent). Each thin section was deparaffinized, and antigens were retrieved for immuno-
histochemical reactions (pH 9.0, 20 min) by PT Link (Agilent). After blocking the endogenous
peroxidase with hydrogen peroxide, slides were incubated with primary antibodies overnight at 4 °C.
The sections were then washed, and the antigen was visualized using the DAKO Autostainer using the
Envision flex kit (Agilent). The slides were counterstained with hematoxylin for 30 s and dehydrated
and sealed with coverslips. The slides were then examined microscopically. Positive and negative
control tissues were stained in each run. Images were acquired using a light microscope (Olympus
Corporation, Tokyo, Japan).

The HAs in the PT were identified under HE staining as vessels with thick walls composed by a
tunica media layer that contains concentric rings of smooth muscle.

Observations and quantitative analysis

It has been known for many years that IHBD development is initiated near the hilum of the liver before
progressing toward the periphery of the lobes[10]. The development of IHBDs and NFs were examined
near the hepatic hilus (center) and in the peripheral region (periphery) separately. Figure 1 indicates the
center and the periphery. Inside and outside of the red line were defined as the center (around the
hepatic hilus) and periphery, respectively (Figure 1). In addition, thin sections of the surface cut through
the hepatic hilus (center) were examined using PGP9.5 and CK19 antibodies, which are markers of NFs
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Table 1 Antibodies used for immunohistochemistry

Antibody Origin Dilution Source

PGP9.5 (13C4/13C4) monoclonal Mouse x 500 Abcam

CK-19 (EP1580Y) monoclonal Rabbit x 200 Abcam

SOX9 polyclonal Rabbit %1000 Chemicon International
HNF4a (K9218) monoclonal Mouse x 100 Thermo Fisher Scientific
Jagged-1 (EPR4290) monoclonal Rabbit x 300 Abcam

Figure 1 Anatomy of the mouse liver. Schema of the mouse liver and microphotograph of the mouse liver at postnatal day 7. The inside and outside of the red
line were defined as the center (around the hepatic hilus) and periphery, respectively. Histologically, cytokeratin 19-positive hilar bile duct (yellow arrows) and portal
vein (blue arrows) were found in the center. Scale bar = 1 mm. A: Schema of the mouse liver; B: Microphotograph of the mouse liver at postnatal day 7.
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and BDs, respectively. Primitive BDs and NFs in the liver have been reported to emerge in the periportal
mesenchyme around the newborn period. Then, PVs and periportal mesenchyme evolve into PTs. The
numbers of NFs and BDs were separately counted in three randomly selected PVs with periportal tissue
or a PT in the center and the periphery of the liver, with the average values being compared between the
center and periphery at each developmental time point.

Quantification of the relationship between NFs and IHBDs or NFs and HAs in PTs was made by
manually counting the numbers of NFs that contacted IHBDs or HAs in the same three selected PTs in
which the number of NFs was counted using a light microscope.

Statistical analyses

means * SD are typically reported. Statistical analyses were performed using the an unpaired-t test
using GraphPad Prism v9.02 (GraphPad, La Jolla, CA, United States). Differences at P < 0.05 were
considered to be statistically significant.

RESULTS

Histology of mouse PTs

PTs of adult mice (P56) consist of PV, HA, BD, lymphatic vessels, and autonomic nerve branches. These
components are also found in human PTs. Many small NFs were observed (as PGP9.5-positive staining)
around the PV, HA, and BD, and they produced plexuses (Figure 2).

Development of hepatic NFs and IHBD in the hepatogenesis
The hepatocyte maker HNF4a is already expressed in the nuclei of many cells in the primitive liver at
E10.5; however, PGP9.5 expression was mainly found in the neural tube at the dorsal area of the
embryo. PGP9.5 and CK19 were not found in the liver from E10.5 to E11.5, indicating that there is no
evidence for the formation of NFs and BDs at this stage (Figure 3).

At E12.5, the Notch ligand Jagged-1 was diffusely positive in the liver, and SOX9-positive cells (BECs)
were scattered in the periportal area; however, CK19- and PGP9.5-positive cells were not found in the
fetal liver from E12.5 to E15.5 (Figure 4). Hilar BD (extrahepatic BD) strongly expressed SOX9 and

weakly expressed CK19. PGP9.5-positive bodies were found in the mesenchyme around the hilar BD
(Figure 4B).
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Figure 2 Histology of the portal tract of a postnatal day 56 mouse. A: Morphological analysis of a portal tract via hematoxylin-eosin staining; B and C:
Neurons and bile ducts formed around the portal tract are shown by protein gene product 9.5 staining (B) and cytokeratin 19 staining (C), respectively. PV: Portal
vein; HA: Hepatic artery; BD: Bile duct; Ly: Lymphatic vessel. Scale bar = 50 pym.
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Figure 3 Immunohistochemical analysis of the liver at embryonic day 11.5 by hepatocyte nuclear factor 4a and protein gene product 9.5.
A and B: Hepatic progenitors were observed by hepatocyte nuclear factor 4o (HNF4a) immunostaining; B: Liver tissue at a higher magnification than shown in A; C
and D: Neurons or neural progenitors were observed by protein gene product 9.5 (PGP9.5) immunostaining; D: Liver tissue at a higher magnification than shown in C.
HNF4o was expressed in the nuclei of many cells in the primitive liver; however, PGP9.5 expression was mainly found in the neural tube at the dorsal area of the
embryo and but not found in the liver. Scale bar = 200 pm.
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Subsequently, DPs and primitive IHBDs were formed around PVs from E16.5 to P3 (Figures 5 and 6).
Jagged-1 was mainly expressed in the periportal tissue, and no cells in the periportal tissue expressed
HNF4a in this phase. SOX9-positive cells formed DPs and primitive IHBDs, and CK19-positive cells
were first expressed at E16.5 in several SOX9-positive ductal structures, especially around large PVs in
the center. PGP9.5-positive bodies were also first found in the periportal tissue in the center at E16.5
(Figure 5). HA emerged at PO, and thus primitive PTs were constructed at first in the center. The
numbers of NFs and CK19-positive IHBDs initially increased in the center and then increased in the
periphery as well. Jagged-1-positive periportal tissue was thinner in the periphery than in the center,
and the number of NFs and IHBDs was smaller in the periphery than in the center in this phase

Figure 6).

( Zlong)with periportal tissue remodeling, excess periportal cells underwent regression, and CK19-
positive cells constructed IHBDs not only in the center but also in the periphery from P5 to P7. The
distribution of PGP9.5-positive NFs was primarily found in contact with the HA and PV branches and
less in contact with IHBD (Figure 7).
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Figure 4 Inmunohistochemical analysis. A: Inmunohistochemical analysis of the liver at embryonic day 12.5. Jagged-1 was diffusely positive in the liver
(lower left panel), and SRY-related high mobility group-box gene 9 (SOX9)-positive bile duct progenitor cells were found around the large vessels presumably defined
as portal veins (upper right panel); however, cytokeratin 19 (CK19) (another marker for bile duct)- and protein gene product 9.5 (PGP9.5) (a marker for neurons)-
positive cells were not found (shown in the upper left panel and lower right panels, respectively). Arrows indicate portal veins; B: Inmunohistochemical analysis of the
center of the liver at embryonic day 15.5. SOX9-positive bile duct progenitor cells were found around the large vessel presumably defined as portal veins. The hilar
bile duct strongly expressed SOX9 and weakly expressed CK19. PGP9.5-positive bodies were only found in the parenchyma around the hilar bile duct (red arrow).
Scale bars = 200 ym. CK19: Cytokeratin 19; SOX9: SRY-related high mobility group-box gene 9; PGP9.5: Protein gene product 9.5.
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Figure 5 Inmunohistochemical analysis of the center of the liver at embryonic day 16.5 and embryonic day 17.5. A-D: Embryonic day 16.5; E
and F: E17.5; A: Protein gene product 9.5 (PGP9.5)-positive bodies were found in the periportal tissue; B: Cytokeratin 19 (CK19) was partly positive in SRY-related
high mobility group-box gene 9 (SOX9)-positive structures; C and D: SOX9-positive cells partly from double-layered cylindrical structures called ductal plates
(arrowhead) and partly form ductal structures; C: The arrow indicates the hilar bile duct; E: Jagged-1 was mainly expressed in the periportal tissue (thick arrow); F:
Hepatocyte nuclear factor 4o was expressed in the liver parenchyma but not in the Jagged-1-positive periportal tissue (thick arrow). Scale bars = 200 um. CK19:
Cytokeratin 19; SOX9: SRY-related high mobility group-box gene 9; PGP9.5: Protein gene product 9.5; HNF4a: Hepatocyte nuclear factor 4a.

PT formation reached the adult level at P28. PV, BD, NF, and HA were found in PTs both in the
center and periphery. According to PGP9.5-positive staining, many small NFs were found around the
PVs, and they seemed to produce nerve plexuses surrounding the PVs. However, NFs were found only
in the PTs and not in the liver parenchyma. Jagged-1 expression was mainly found in the BD and PV
(Figure 8). HNF4a was clearly expressed in the nuclei of hepatocytes, and SOX9 was expressed in the
nuclei of BEC during the entire period of this experiment.

Quantitative analysis of the NF and IHBD

NFs and BDs were first found in the periportal tissue of the center at E16.5. Figure 9 shows quanti-
fication of the NF and IHBD in a PT during mouse liver development. In our results, the entire process
of PGP9.5-positive NFs and CK19-positive IHBD development progressed from around the hepatic
hilus to the peripheral PTs. The numbers of NFs and IHBDs in the PT were larger in the center than in
the periphery at the early phase of NF and IHBD development, and the differences were statistically

WJH | https://www.wjgnet.com 391 February 27,2022 | Volume14 | Issue2 |

Jaishideng®



Koike N et al. Mouse hepatic nervous system development

Figure 6 Inmunohistochemical analysis of the area around the portal vein at postnatal day 0. A-F: Center of the liver; A-C: Many SRY-related high
mobility group-box gene 9 (SOX9)-positive cells were found in Jagged-1-positive periportal tissue, and they formed cytokeratin 19 (CK19)-positive bile ducts in the
center; D: Protein gene product 9.5 (PGP9.5)-positive nerve fibers were found in the periportal tissue in the center; E and F: Branching of the hepatic artery was
found in the periportal tissue (white arrow); G-J: Periphery of the liver. The Jagged-1-positive periportal tissue was thinner in the periphery than in the center, and the
number of biliary structures was smaller in the periphery. Neither CK19-positive bile ducts nor PGP9.5-positive nerve fibers were found in the periphery. Scale bars =
200 ym. HE: Hematoxylin-eosin; CK19: Cytokeratin 19; SOX9: SRY-related high mobility group-box gene 9; PGP9.5: Protein gene product 9.5.

significant at E17.5, PO, and P5 for NFs and at E17.5 for IHBDs. Their numbers gradually increased in
the PTs until P7 and then plateaued in the center. On the other hand, their numbers increased even after
P7 in the periphery. These results indicate that NFs first emerge at the center just before birth, extend
toward the periphery with BDs after birth.

Quantification of NF-IHBD and NF-HA interactions

Quantification of NF-IHBD and NF-HA interactions in a PT was made by counting the numbers of NFs
that contacted with IHBDs or HAs after birth (Figure 10). NF contacts were observed earlier with HA
than with IHBD. The number of NF-HA contacts was larger than the number of NF-IHBD contacts in
the center, and the difference was statistically significant from PO to P7. NF contacts also emerged in the
periphery after P3. The number of NF-HA contacts was larger than the number of NF-IHBD contacts in
the periphery as well. These results indicate that NF-HA interactions may begin earlier than NF-IHBD
interactions.

DISCUSSION

In-depth studies of both the differentiation and morphogenesis of the liver are prerequisites for in vitro
and in vivo reconstitution of hepatic tissue for regenerative medicine. Our study describes morpho-
logical and immunohistochemical analyses mainly focused on the development of mouse intrahepatic
nerve networks. Organogenesis of the liver and biliary tract occurs from the ventral posterior foregut
endoderm near the cardiac mesenchyme as the hepatic diverticulum. The liver is largely composed of
hepatocytes and cholangiocytes, which are differentiated from bipotent liver progenitors, the hepato-
blasts[10]. It has been known for many years that BD development is initiated near the hepatic hilum
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Figure 7 Immunohistochemical analysis of the portal tract at postnatal day 7. A-C: Center of the liver. Distribution of protein gene product 9.5
(PGP9.5)-positive nerve fibers were mainly observed around the hepatic artery (C, thick arrow) and portal vein branches, with less association with bile ducts (B and
C); D-F: Periphery of the liver. SRY-related high mobility group-box gene 9-positive cells constructed cytokeratin 19 (CK19)-positive bile ducts not only in the center
but also in the periphery. The number of PGP9.5-positive nerve fibers increased in the portal tracts even in the periphery. Scale bar = 200 ym. PV: Portal vein; HA:
Hepatic artery; BD: Bile duct; HE: Hematoxylin-eosin; CK19: Cytokeratin 19; SOX9: SRY-related high mobility group-box gene 9; PGP9.5: Protein gene product 9.5.

SOX9

Jagged-1

Figure 8 Imnmunohistochemical analysis of the portal tract in the periphery of the liver at postnatal day 28. A: SRY-related high mobility group-
box gene 9 (SOX9) was expressed in the nuclei of biliary cells; B, C and F: Many cytokeratin 19-positive biliary cells (B) and protein gene product 9.5-positive nerve
fibers (C and F) were found in the portal tracts even in the periphery. No nerve fibers were found in the liver parenchyma; D: Jagged-1 expression was mainly found
in the bile ducts and vessels; E: Hepatocyte nuclear factor 4o was expressed in the entire liver parenchyma. Scale bars = 200 um. PV: Portal vein; HA: Hepatic
artery; BD: Bile duct; Ly: Lymphatic vessel; CK19: Cytokeratin 19; SOX9: SRY-related high mobility group-box gene 9; PGP9.5: Protein gene product 9.5.

before progressing toward the periphery of the lobes. Our understanding of the BD morphogenesis has
recently improved with advanced three-dimensional imaging and computer-assisted analysis and with
retrograde ink injection enabling visualization of the BD lumina in the whole liver[11,12,16,17].
However, the studies have not sufficiently investigated the embryological development of liver
innervation.

Tanimizu et al[15] demonstrated that morphogenesis of IHBDs in the mouse liver gradually spread
along the periportal tissue from the hepatic hilus toward the periphery, and the formation of nerve
networks followed IHBD development after birth[15]. In addition, they suspected that IHBDs mainly
guide the extension of NFs by secreting NGF during NF development in the mouse liver. We previously
prepared total RNA from CD45- and Ter119-negative murine liver cells at various developmental stages
(E10.5, E11.5, E13.5, E15.5, E17.5, E19.5, PO, P3, and postnatal week 8) using an RNeasy Mini Kit (Qiagen,
Venlo, Netherlands). RNA for gene expression profiling was hybridized to the Whole Mouse Genome
Agilent 4 x 44K v2 Oligonucleotide Microarray (Agilent) according to the manufacturer’s instructions
[3]. To analyze gene expression changes associated with liver development based on microarray data,
the processed raw signal intensity of each probe was subjected to 75" percentile normalization. The
microarray data also showed an elevated Ngf RNA level in the liver just before birth (Supplemen-
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Figure 9 The number of the nerve fibers and intrahepatic bile ducts during murine liver development. A: NF; B: BD. Nerve fibers and bile ducts
were first found in the periportal area of the center at embryonic day 16.5. The numbers of nerve fibers and bile ducts were significantly larger, especially at the early
phase of development, in the center than in the periphery. Their numbers gradually increased in the portal tracts until postnatal day 7 in the center and increased
thereafter in the periphery. NF: Nerve fiber; BD: Bile duct; E: Embryonic day; P: Postnatal day. 2P < 0.05.
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Figure 10 Number of contacts between nerve fibers and hepatic arteries or intrahepatic bile ducts. A: Center; B: Periphery. Nerve fiber (NF)
contacts were observed at an earlier phase in the hepatic artery (HA) than in the intrahepatic bile duct (IHBD). The number of NF-HA contacts was significantly larger
than that of NF-IHBD contacts from PO to P7 in the center. NF contacts emerged also in the periphery after P3. The number of NF-HA contacts was larger than that of
NF-IHBD contacts in the periphery as well. NF: Nerve fiber; BD: Bile duct; HA: Hepatic artery; E: Embryonic day; P: Postnatal day. 2P < 0.05.

tary Figure 1). However, our mouse histological and quantitative studies demonstrated that IHBDs and
NFs simultaneously appeared in the periportal tissue around the hepatic hilus just before birth and
thereafter gradually spread toward the periphery. This difference was thought to occur because we
counted the number of IHBD using the BEC marker CK19, which is expressed at a later phase than
SOX9.

The primary function of the fetal liver is hematopoiesis, and the liver receives little innervation
during early development. After birth, the role of the liver changes to bile production, metabolism, and
protein synthesis, and many different nerve types modulate these functions[18]. The innervation of the
liver is different from that of the gastrointestinal tract, which consists of intrinsic ganglionated plexuses
situated between the muscle layers of the gut wall. The liver is thought not to contain neural crest-
derived intrinsic neurons[18]. For example, experimental studies using a quail/ chick interspecies
grafting technique in the chicken embryos supported evidence for this apparent lack of intrinsic neurons
in the liver[19]. An ontogenetic study of neuropeptide Y (Npy), a marker of sympathetic nerves showed
that sympathetic NFs were not apparent for most of the embryonic period of development until E19.
After birth, the density of sympathetic NFs increases to reach a maximum level at 1 wk. In conclusion,
the authors suggested that sympathetic NFs derive from extrinsic sources because no neuronal somata
were positive for Npy in the fetal liver. In addition, they suspected that sympathetic NFs might enter the
liver via the hepatic hilus with HA and PV. Intriguingly, the density of Npy-positive NFs decreased
after 1 wk and reached adult level at 2 wk postnatally. Therefore, they thought that transient Npy
expression might play an important role in the developing liver[20,21]. In our experiment, neuronal
marker-positive bodies were not found during most of the embryonic period in the liver and were only
found in the parenchyma of the hilar BD until E15.5. Neuronal marker-positive bodies first emerged
around the hepatic hilus at E16.5 and spread toward the periphery thereafter. These results are
consistent with results of previous studies.
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The NFs are classified by neurotransmitters into aminergic, cholinergic, peptidergic, and nitrergic
NFs[22]. The distribution and role of each type of NF have been extensively studied. In addition, in the
normal human adult liver, many types of immunoreactive peptidergic nerves have been detected[23-
26]. Tiniakos et al[14] reported that Npy-positive NFs, which were examined closely in mouse liver by
Ding et al[20,21], were the most abundant peptidergic NFs in the human adult liver and were
distributed in PTs and in the acinus along sinusoids. However, no Npy-positive NFs were found in the
human fetal liver[14]. On the other hand, during the third trimester, other peptidergic NFs were
identified within PTs with a transient expression of galanin, somatostatin and calcitonin-gene-related
peptide (CGRP) in the human fetal liver, but these NFs were not observed in the human adult liver.
Therefore, the authors suspected that the intrahepatic peptidergic network might play an important role
in liver morphogenesis, as Ding et al[20,21] suggested. Our previous microarray data in mice also
showed transient elevation of Npy and Cgrp RNA levels around birth; however, galanin and
somatostatin RNA was kept at a high level even after birth, different from human studies (Supple-
mentary Figure 1).

The innervation of the mammalian liver is largely classified as either PT innervation or parenchymal
innervation. Parenchymal innervation is composed of NFs present in the hepatic parenchyma. There are
no significant differences in PT innervation among species. In contrast, parenchymal innervation is
found in humans and guinea pigs but not found in mice and rats[27-30]. Our observations in mice also
showed no NFs in the liver parenchyma even in the adult stage. Similarly, the timing of hepatic
innervation is different among species. In some human histological studies, NFs emerge before birth in
the human liver, much earlier than in the mouse liver. IHBD morphogenesis is thought to start in the
fetal liver with the alignment of BEC, which constitute the double-layered cylindrical DP in the PT[17,
31]. The DP and primitive IHBD in humans also emerge earlier than in the mouse, and the DP is first
found at weeks of gestation (GW) 7 in the hepatic hilus[32,33]. However, many NFs were already found
in the hepatic hilus at GW 7, and direct innervation into the DP has also been reported[22]. Therefore,
the process of development of the intrahepatic nerve network in humans may be different from in the
mouse liver. As already mentioned, many studies have reported that the liver does not appear to be
colonized by intrinsic neurons[14,18-20]. To the contrary, Terada reported in a human study that a few
neural marker-positive bodies emerged in large PTs at GW 8 and small PTs in the periphery at GW 11;
then, the number increased thereafter. Therefore, the neural marker-positive bodies were thought to
arise from the intrinsic portal mesenchyme to develop the nerve network in the human liver. However,
how intrahepatic NFs connect with the extrinsic nervous system remains unclear[22].

In our study, during PT development, the PV was initially found as a large vessel and constituted a
periportal tissue for the development of the IHBDs, HA branching, and NFs. Fabris et al[13] reported
that the periportal mesenchyme instructs IHBD development, and VEGF secreted from BECs promotes
HA morphogenesis. The interaction between developing BDs and HAs may slightly differ between
humans and mice, since arterial morphogenesis in humans occurs along the DP in the fetal liver[34],
whereas in mice, HAs emerged around birth in the periportal tissue in our study. Tiniakos et al[30]
reported that adrenergic nerves form an intrinsic plexus around the walls of blood vessels but less
frequently in relation to BD radicles in PTs in their rodent study. They also showed in their human
study a rich neural supply of PTs, mainly around HA and PV branches with less in relation to
intralobular BDs[14]. Our study also indicated that NF-HA contacts occur more frequently than NF-BD
contacts in the early period of PT development. In adult peripheral tissues, nerves often run along larger
blood vessels, reflecting their need for oxygen and nutrients, as well as their physiological control of
vasoconstriction and dilation[35]. Similarly, NFs in PTs also regulate hemodynamics in the liver[26].
Arterial vessels are reported to secrete neurotrophic factors such as NGF, neurotrophin 3 (NTF3), and
brain-derived neurotrophic factor in some organs[5,36]. A study by Mukouyama et al[37] suggested that
VEGEF secretion from peripheral nerves provides a template that determines the organotypic pattern of
blood vessel branching and arterial differentiation in the skin. Brunet et al[38] indicated that the
sympathetic innervation of arteries was facilitated by secretion of the axon guidance molecule netrin-1
by arterial vascular smooth muscle cells in the mesentery. As already mentioned, several key molecules
which guide NFs and HA development have already been determined in the BECs[15,17]. On the other
hand, the molecules that co-regulate NF and HA development still have not been found. However, the
present study showed NF-HA contacts found in an earlier phase than NF-BD contacts and our previous
microarray data indicated elevation of Ntf3 and Netrinl RNA level around birth (Supplemen-
tary Figure 1). These results suggest that not only BECs but also HAs guide the NF development and the
NF-HA interaction strongly influences PT morphogenesis and liver development. Small blood vessels
such as capillaries are thought to be stabilized by covering endothelial cells with pericytes[4].
Considering that the BD formation was followed by the development of a neural network, NF may also
play a role in stabilizing PT structure by contacting intralobular vessels and BDs within the PT.

Finally, hepatic autonomic nerves are thought to play a role in the liver regeneration. Denervation of
the liver NF by vagotomy, operations, or transplantation causes no significant problems in liver
functions. This indicates that the autonomous nervous system is not very important regarding lifestyle
and life expectancy. However, Hamada ef al[39] reported that total hepatic denervation enhanced liver
regeneration after a partial hepatectomy. On the contrary, Ikeda et al[40] reported that the parasym-
pathetic system (vagus nerve) contributed to liver regeneration after hepatectomy by stimulating
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interleukin-6 release from Kupffer cells followed by signal transducer and activator of transcription 3
activation in hepatocytes using mouse experiments. Izumi et al[41] also showed that a vagus-
macrophage-hepatocyte link regulates acute liver regeneration after liver injury in mice. Histologically,
the DP is directory innervated in a report of Terada. The neural cell adhesion molecule, chromogranin,
and synaptophysin are among the markers of hepatic stem/precursor cells (HSPCs). In that study, DP
cells were labeled by these molecules, indicating that the DPs contained many HSPCs; therefore, the
development of HSPCs might be controlled by NF in the fetus life[22]. Zanchi et al[42] reported the
possibility of a widespread interface between nerves and the smallest branches of the proximal biliary
tree in human. HSPCs are also thought to be located in the canal of Hering, which is included in the
proximal biliary tree in human adult liver. These results suggest that hepatic autonomic nerves impact
the development of the liver.

CONCLUSION

In conclusion, hepatic NFs first emerge at the center just before birth and extend toward the periphery
with the IHBDs mainly after birth in mice. Our work and previous reports provide the possibility that
the nerve network in the liver plays an important role not only in liver function but also in liver
morphogenesis and stabilization of PT structures by interaction between NFs, BDs, and HAs.
Furthermore, NFs in the liver may regulate liver progenitor cells. Therefore, nerve progenitor cells may
be an additional cell source, along with hepatic, endothelial, and mesenchymal progenitor cells, when
liver organoids are constructed.

ARTICLE HIGHLIGHTS

Research background
The hepatic nervous system plays important roles in organisms. However, the role of the hepatic
nervous system in liver development remains unclear.

Research motivation

We previously created functional human micro-hepatic tissue in mice by co-culturing human hepatic
endodermal cells with endothelial and mesenchymal cells. However, they lacked Glisson’s sheath [the
portal tract (PT)]. The PT consists of branches of the hepatic artery (HA), portal vein, and intrahepatic
bile duct (IHBD), collectively called the portal triad, together with autonomic nerves. In-depth studies of
both the differentiation and morphogenesis of the liver are prerequisites for in vitro and in vivo reconsti-
tution of hepatic tissue for regenerative medicine.

Research objectives
This study describes morphological and immunohistochemical analyses, mainly focusing on the
development of mouse intrahepatic nerve networks.

Research methods

Liver samples from C57BL/6] mice were harvested at different developmental time periods, from
embryonic day (E) 10.5 to postnatal day (P) 56. Thin sections of the surface cut through the hepatic hilus
were examined using protein gene product 9.5 (PGP9.5) and cytokeratin 19 (CK19) antibodies, markers
of nerve fibers (NFs), and biliary epithelial cells. The numbers of NFs and IHBDs were separately
counted in a PT around the hepatic hilus (center) and the peripheral area (periphery) of the liver,
comparing the average values between the center and the periphery at each developmental stage. NF-
IHBD and NF-HA contacts in a PT were also counted, and their relationship was quantified.

Research results

Primitive IHBDs at the center partly acquired CK19 positivity at E16.5. PGP9.5-positive bodies were first
observed at this time point, and HAs were first detected at PO in the periportal tissue of the center.
Therefore, primitive PT structures were first constructed at PO in the center. Along with remodeling of
the periportal tissue, the number of CK19-positive IHBDs and PGP9.5-positive NFs gradually increased,
and PTs also formed in the periphery until P5. The numbers of NFs and IHBDs were significantly higher
in the center than in the periphery from E16.5 to P5. The numbers of NFs and IHBDs reached the adult
level at P28, with fewer differences between the center and periphery. NFs were more frequently
associated with HAs than IHBDs in PTs at the early phase after birth, after which the number of NF-
IHBD contacts gradually increased.
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Research conclusions

Mouse hepatic NFs first emerge at the center just before birth and extend toward the periphery. The
interaction between NFs and IHBDs or HAs plays important roles in the morphogenesis and stabil-
ization of the PT structure by interaction between NFs, BDs, and HAs.

Research perspectives
Nerve progenitor cells may be an additional cell source, along with hepatic, endothelial, and
mesenchymal progenitor cells, when liver organoids are constructed.
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Takotsubo cardiomyopathy (TCM), or stress-induced cardiomyopathy, is
associated with adverse prognosis. Limited data suggest that TCM occurring in
orthotopic liver transplant (OLT) recipients is associated with elevated peri-
operative risk.

AIM
To characterize the predictors of TCM in OLT recipients, using a large, multi-
center pooled electronic health database.

METHODS
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A multi-institutional database (Explorys Inc, Cleveland, OH, USA), an aggregate of de-identified
electronic health record data from 26 United States healthcare systems was surveyed. A cohort of
patients with a Systematized Nomenclature of Medicine-Clinical Terms of “liver transplant”
between 09/2015 and 09/2020 was identified. Subsequently, individuals who developed a new
diagnosis of TCM following OLT were identified. Furthermore, the risk associations with TCM
among this patient population were characterized using linear regression.

RESULTS

Between 09/2015 and 09/2020, of 37718540 patients in the database, 38740 (0.10%) had a history of
OLT (60.6% had an age between 18-65 years, 58.1% female). A new diagnosis of TCM was
identified in 0.3% of OLT recipients (45.5% had an age between 18-65 years, 72.7% female),
compared to 0.04% in non-OLT patients [odds ratio (OR): 7.98, 95% confidence intervals: 6.62-9.63,
(P < 0.0001)]. OLT recipients who developed TCM, compared to those who did not, were more
likely to be greater than 65 years of age, Caucasian, and female (P < 0.05). There was also a
significant association with cardiac arrhythmias, especially ventricular arrhythmias (P < 0.0001).

CONCLUSION

TCM was significantly more likely to occur in LT recipients vs non-recipients. Older age,
Caucasian ethnicity, female gender, and presence of arrhythmias were significantly associated
with TCM in LT recipients.

Key Words: Takotsubo cardiomyopathy; Orthotopic liver transplant; Stress-induced cardiomyopathy; Clinical
outcomes

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In a large cohort study using de-identified pooled electronic health record data, liver transplant
recipients were more likely to develop Takotsubo cardiomyopathy compared to non-recipients. Older age,
Caucasian ethnicity, female gender, and presence of arrhythmias were significantly associated with
Takotsubo cardiomyopathy in liver transplant recipients.
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INTRODUCTION

Takotsubo cardiomyopathy (TCM) is a stress-induced, reversible cardiomyopathy that occurs in the
absence of significant coronary artery disease[1]. The awareness of TCM, which was first reported in
Japan in 1990, has increased rapidly and several nomenclatures for this condition have been proposed
including stress-induced cardiomyopathy, apical ballooning syndrome, left ventricular ballooning, and
broken heart syndrome[2,3]. TCM is believed to be related to the presence of an underlying pathological
stress, whether physical or emotional[1]. Despite the enormous attention that this condition has gained
in recent years, TCM is still considered to be underdiagnosed, with an underestimated risk and
incompletely understood pathogenesis[4].

It is hypothesized that emotional or physical stress may trigger a surge in catecholamine secretion,
which in turn can lead to microvascular spasms and myocardial stunning via interaction with beta-
adrenergic receptors, resulting in left ventricular systolic dysfunction[5]. Patients undergoing major
surgery often have increased concentrations of catecholamines, caused by the physical and emotional
stress of the perioperative period, which can contribute to the development of TCM[6]. Although TCM
is self-limited and resolves completely without an adverse event in the majority of affected patients, it
may result in significant morbidity and mortality in critically ill patients, such as liver transplant
recipients, with estimated mortality rate of 10%-27%[7].

Small observational studies and case series have reported the occurrence of TCM in liver transplant
recipients, but large cohort studies evaluating this association are lacking in the literature[6]. In addition
to the stress imposed by the perioperative period, liver transplant candidates are particularly vulnerable
to developing TCM due to the impaired stress response in the inflammatory milieu of hepatic cirrhosis
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[8,9]. Therefore, we aimed to study TCM in liver transplant recipients, providing information about the
demographic characteristics of these patients, and delineating this unique patient population’s risk
factors for TCM.

MATERIALS AND METHODS

Database

We conducted a retrospective, cohort study using a multicenter analytics and research platform
developed by IBM Watson Health (Explorys Inc, Cleveland, OH, USA)[10]. At present, Explorys
captures more than 70 million unique patients across all 50 states, and thus provides a broad regional
and climatic distribution of source population. Diagnoses, findings, and procedures are arranged into
the Systematized Nomenclature of Medicine - Clinical Terms (SNOMED-CT) hierarchy while
prescription drug orders are mapped into SNOMED and RxNorm([11,12]. Patients with all types of
insurance as well as those who self-pay are represented. Ethical review and informed consent were
waived, since there are no identifiers associated with any of the patient data. The Explorys rounds cell
counts to the nearest 10 and treats all cell counts between zero and 10 as equivalent in order to protect
the identities of patients. The Explorys database has been used in multiple publications in gastroen-
terology, cardiology, oncology, neurology, and surgery[13,14].

Patient selection

Using the Explorys search tool, we identified all active patients in Explorys between 09/2015 and
09/2020 and selected those who underwent liver transplantation. Subsequently, a cohort of patients
with a SNOMET-CT diagnosis of “takotsubo cardiomyopathy” was identified. Cases were compared to
those who underwent liver transplantation without a history of TCM. Using SNOMED-CT codes, we
identified possible associated medical conditions as well as disease outcomes.

Statistical analysis

Demographics and associated diseases were characterized by descriptive statistics. The overall period
prevalence was calculated by dividing the total number of individuals with TCM by the total number of
individuals in Explorys who underwent liver transplantation (2015-2020). The odds ratio (OR) for
univariate analysis, its standard error and 95% confidence intervals (CI) were calculated according to
Altman, 1991, using the MedCalc Statistical Software for Windows, version 19.4 (MedCalc Software,
Ostend, Belgium) with a case-control design[15]. For all analyses, a 2-sided P value of <0.05 was
considered statistically significant.

RESULTS

There were a total of 37718540 individuals in the database (2015-2020) with 38,740 (0.1%) who
underwent liver transplantation. Baseline characteristics of patients with liver transplant and control
groups are demonstrated in Table 1. The majority of patient who underwent OLT were adults (18-65
years old), female (58.1%), and Caucasian (77.8%). Among those who underwent liver transplantation,
there were 110 patients with a diagnosis of TCM with a period prevalence rate of 0.3%. Rates of TCM
among OLT patients and timing of diagnosis are shown in Figures 1 and 2, respectively.

Interval epidemiology and underlying associations of Takotsubo cardiomyopathy in OLT.

Of the 110 patients with the diagnosis of TCM, the majority were elderly (> 65 years old) (54.5%),
female (72.7%), and Caucasian (90.9%) (Table 2). Patients with a diagnosis of TCM were more likely to
have other medical diseases including hypertension (OR: 1.82, 95%Cls: 1.23-2.68, P = 0.0027), hyperlip-
idemia (OR: 1.68, 95%Cls: 1.14-2.48, P = 0.009), atherosclerosis (OR: 2.35, 95%Cls: 1.54-3.58, P = 0.0001),
coronary artery disease (OR: 2.15, 95%Cls: 1.45-3.18, P = 0.0001), chronic kidney disease (OR: 2.27,
95%Cls: 1.56-3.31, P < 0.0001), sepsis (OR: 5.90, 95%Cls: 4.05-8.60, P < 0.0001), anxiety (OR: 2.76, 95%Cls:
1.90-4.02, P < 0.0001), and mood disorders (OR: 2.00, 95%ClIs: 1.38-2.92, P = 0.0003) (Figure 3).

Outcomes of Takotsubo cardiomyopathy among patients with OLT.

Among patients with a history of OLT, patients who were diagnosed with TCM were more likely to
have cardiogenic shock (OR: 12.61, 95%Cls: 6.52-24.4, P < 0.0001), and to require mechanical circulatory
support with an intra-aortic balloon bump (OR: 19.22, 95%Cls: 7.66-48.21, P < 0.0001). These patients
were also at a higher risk of developing cardiac arrest (OR: 9.52, 95%Cls: 5.84-15.52, P < 0.0001). Other
complications include cerebrovascular accidents, liver failure, gastrointestinal bleeding, and an
increased requirement of invasive mechanical ventilation and renal replacement therapy (Figure 4).
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Table 1 Baseline characteristics of patients with liver transplant versus those without liver transplant (control group)

Liver transplant No liver transplant
n = 38740 % n = 37679800 %
Takotsubo cardiomyopathy 110 0.3 13430 0.0
Age > 65 14780 38.2 8349380 222
Age 18-65 23470 60.6 22449470 59.6
Age <18 500 13 6659540 17.7
Male 16230 419 16676780 443
Female 22510 58.1 20665100 54.8
Caucasian 30150 77.8 22446830 59.6
African American 6060 15.6 4315410 11.5
Obesity 840 22 5018440 13.3
Cardiomyopathy 1770 4.6 762420 2.0
Hypertension 390 1.0 3465120 9.2
Diabetes Mellitus 710 18 5484800 14.6
Hyperlipidemia 1220 3.1 10758820 28.6
Atherosclerosis 770 2.0 3848890 10.2
Coronary artery disease 730 1.9 3395870 9.0
Myocardial infarction 430 1.1 1528310 41
Ischemic heart disease 620 1.6 2285770 6.1
Chronic kidney disease 530 14 2052700 54
Alcohol abuse 80 0.2 1013590 2.7
Smoking 290 0.7 6369120 16.9
Sepsis 690 18 2101780 5.6
Atrial fibrillation 1030 2.7 2659760 7.1
Supraventricular arrhythmia 200 0.5 75580 0.2
Ventricular arrhythmia 590 15 415060 11

DISCUSSION

The diagnosis of end-stage liver disease (ESLD) carries a poor prognosis and is associated with
increased cardiovascular risk[16]. It is well-known that orthotopic liver transplantation (OLT) is the
treatment of choice for patients with irreversible ESLD due to the improved survival after
transplantation[17]. Nowadays, with the high prevalence of ESLD, increasing numbers of patients are
being referred for OLT[18,19]. Although OLT improves the survival of ESLD patients, post-operative
complications that affect the outcomes and survival of this patient group may occur, including cardiac
complications, such as TCM[6,20]. As such, it is imperative to perform careful preoperative cardiac risk
evaluation prior to the transplantation[21].

The current study is the first national database study to assess the association between liver
transplantation and the development of TCM. There are several important findings in this retrospective
observational study. We found that liver transplant recipients were more likely to develop TCM
compared to non-recipients. It is conceivable that OLT predisposes to TCM from a pathophysiologic
standpoint, given the increased levels of stress, and thus, a higher catecholamine surge around the time
of liver transplant surgery.

On further analysis of OLT subgroup based on occurrence of TCM, we found that the group of
patients who developed TCM were more likely to be female, Caucasian, and elderly. This is consistent
with prior epidemiological and clinical studies[22-24]. In a retrospective observational study that looked
at various co-morbidities, it was found that patients with certain co-morbid conditions were more likely
to have concurrent TCM, compared with age-matched control groups[25]. In that study, it was reported
that sepsis, cerebrovascular accident, malignancy, and anxiety disorder increased the risk of TCM with
an OR 13.94 (95%CI: 11.69-16.62), 10.81 (95%Cl: 8.70-13.43), 1.73 (95%Cl: 1.63-1.83), and 2.54 (95%ClI:
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Table 2 Baseline characteristics of patients with Takotsubo cardiomyopathy following liver transplant versus those without a history of

Takotsubo cardiomyopathy following liver transplant (control group)

Takotsubo cardiomyopathy No takotsubo cardiomyopathy P value

n=110 % n = 38640 %
Age > 65 60 54.5 14720 38.1 0.0005
Age 18-65 50 455 23400 60.6 0.0014
Age <18 0 0.0 500 13
Male 30 27:3 16200 419 0.0022
Female 80 72.7 22440 58.1 0.0022
Caucasian 100 90.9 30060 77.8 0.0016
African American 5 45 6060 15.7 0.0042
Obesity 30 27.3 10500 272 0.9814
Hypertension 40 36.4 9250 239 0.0027
Diabetes mellitus 60 54.5 17910 46.4 0.0867
Hyperlipidemia 70 63.6 19720 51.0 0.009
Atherosclerosis 30 27.3 5320 13.8 0.0001
Coronary artery disease 50 45.5 12280 31.8 0.0001
Chronic kidney disease 60 54.5 13350 34.5 <0.0001
Alcohol abuse 10 9.1 3060 7.9 0.6499
Smoking 40 36.4 10930 28.3 0.0621
Sepsis 60 54.5 6530 16.9 <0.0001
Atrial fibrillation 50 455 5470 14.2 <0.0001
Supraventricular arrhythmia 60 54.5 6740 174 <0.0001
Ventricular arrhythmia 5 4.5 210 0.5 <0.0001
Anxiety disorder 60 54.5 11700 30.3 <0.0001
Mood disorder 60 54.5 14470 374 0.0003
Seizure disorder 10 9.1 1750 45 0.025

2.34-2.75), respectively. Patients who developed TCM in our study were also more likely to have chronic
medical conditions, which may have possibly predisposed them to this condition via coronary microcir-
culatory dysfunction, one of the mechanisms that was proposed as a contributor in the pathogenesis of
TCM][26]. Importantly, patients who developed TCM were found to have higher rates of arrhythmias,
including those of atrial and ventricular origin, which is an important finding, and may contribute to
higher morbidity and mortality in this group of patients[27,28]. It is well-known that infection and
critical illness are associated with development of TCM, which may explain the finding of a higher
association with sepsis in our TCM cohort[29-31]. Nonetheless, it is unclear whether sepsis preceded the
occurrence of TCM, given the limitations of the database utilized in this study.

Furthermore, we found an increasing prevalence of TCM in our studied population of OLT recipients
between 2015 and 2020. This higher event rate may be attributed to the increasing numbers of patients
undergoing OLT, and perhaps more importantly, better recognition and improved diagnosis of the
syndrome. Additionally, data from observational studies reported that coronavirus disease 2019
(COVID-19) pandemic, which started in early 2020, may have contributed to the higher incidence of
TCM[32-34]. The increased incidence was seen in both the general population and COVID-19 patients,
which was linked to increased psychological distress as well as heightened sympathetic responses,
cytokine storm, and microvascular dysfunction seen in COVID-19 patients[32]. The adverse effects on
mental health may be consequences of social distancing, economic worry, and fear of contracting the
virus, among other concerns. The association between COVID-19 and TCM may be explained by
potential pathophysiological links between the two conditions. Though these direct connections are not
fully understood, different mechanisms were proposed for this association. First, the heightened release
of pro-inflammatory cytokines and chemokines seen in some COVID-19 patients can trigger myocardial
injury that may lead to TCM[35]. Second, the increased sympathetic nervous system activity, noted in
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number of cases diagnosed in the study period (n =110).
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some COVID-19 patients, may result in a catecholamine-induced myocardial stunning, and
subsequently stress-induced cardiomyopathy[36]. Last, microvascular dysfunction has been reported in
some cases of COVID-19 infection and was attributed to virus-induced systemic inflammatory response
and coagulopathy. This microvascular dysfunction has been proposed as a potential mechanism for
COVID-associated TCM[37]. Previous reports have shown that patients with COVID-19 infection may

demonstrate various

histopathological findings on postmortem examinations, including but not limited

to, myocyte necrosis, inflammatory cell infiltration, lymphocytic or eosinophilic myocarditis, among
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Figure 3 Predictors of Takotsubo cardiomyopathy for liver transplant patients.

Cardiogenic shock

Intraaortic balloon pump

Cardiac arrest

Invasive ventilation

Gastrointestinal bleeding

Need for dialysis

H
H
1
1
1
H
1
H
1
1
1
1
i
H
H
1
H
1
1
1
1
H
H
H
1
: 1
Cerebrovascular accident +o—

OR (95%CIL

12.61 (6.52 - 24.4)

19.22 (7.66 - 48.21)

9.52 (5.84 - 15.52)

8.1(5.42 - 12.1)

1.37 (0.84 - 2.23)

5.91 (2.39 - 14.6)

P 2.63 (1.81 - 3.83)
| —— 2.16 (1.46 - 3.19)

1.00 10 20 30
DOI: 10.4254/wjh.v14.i2.400 Copyright © The Author(s) 2022.

Figure 4 Clinical outcomes for patients developing Takotsubo cardiomyopathy following liver transplant.
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others[38]. Whether these findings are associated with, or increase the risk of, developing TCM remains
largely unknown.

Another key finding in our study was that patients who developed TCM had significantly higher
rates of life-threatening complications and adverse events, including cardiogenic shock, ventricular
arrhythmias, cardiac arrest, respiratory failure requiring invasive mechanical ventilation, acute kidney
injury requiring renal replacement therapy, as well as ischemic cerebrovascular accidents. These
findings are consistent with prior reports of increased in-hospital complications among patients who
developed TCM[1,39-41]. Nonetheless, the observed differences in baseline comorbidities between the
two study groups of OLT recipients could also represent a driving factor for the higher in-hospital
morbidity and adverse events presenting in patients who developed TCM. Regardless of the exact
etiology and pathogenesis, recognition of TCM as a potential postoperative complication in OLT
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recipients is pivotal, given its implications on patient outcomes with higher rates of in-hospital complic-
ations. Prior studies showed that despite a better recognition of the syndrome, short-term mortality
rates remained relatively high[1].

There are several limitations to the current study due to the nature and well/described shortcomings
of database studies. First, there is an inability to verify the accuracy of diagnoses or outcomes with
potential errors in coding of diseases or procedures. Second, the database does not capture variables
related to the severity of TCM (e.g., left ventricular ejection fraction), cardiac-imaging data, use of antith-
rombotic agents or inotropes, and long-term outcomes. As the database also does not provide
information regarding the temporal relationship between diagnoses, it is not possible to reliably
distinguish in-hospital complications from comorbidities using this database. Third, owing to the
observational nature, our study is subject to traditional biases, such as selection bias. Moreover, the
differences reported during comparison of outcomes are subject to residual confounding. Fourth, the
lack of follow-up data of patients limited our ability to report outcomes after hospital discharge for
patients who developed TCM following OLT.

CONCLUSION

In conclusion, in this large, multicenter retrospective analysis of OLT recipients, transplant recipients
had a higher rate of TCM occurrence compared to the general population. The majority of patients who
developed TCM following OLT had higher rates of in-hospital complications, including cardiogenic
shock, respiratory failure, ventricular arrhythmias, and the need for renal replacement therapy. Hence,
TCM development among OLT patients contributes to significant patient morbidity and resource
utilization. Multicenter, prospective studies focusing on risk factors and predictors of TCM in OLT
recipients are required, in order to fully explore the factors responsible for this disease association and
confirm the various outcomes observed in this patient population.

ARTICLE HIGHLIGHTS

Research background

Orthotopic liver transplant recipients are a particularly vulnerable patient population with an elevated
risk of developing various complications. Takotsubo cardiomyopathy (TCM) is one of the complications
that is thought to have an association with liver transplantation, and can impact the overall prognosis.

Research motivation

Limited data is available regarding the association between orthotopic liver transplantation and TCM.
The current research study evaluated this proposed association, and investigated the predictors and
outcomes in this specific patient population.

Research objectives

To study the association between orthotopic liver transplantation and TCM, provide details about the
demographic characteristics of the patient cohort, and examine the factors that affect the development of
TCM in liver transplant patients, with a focus on identifying predictive variables and associated
outcomes.

Research methods

Using a multi-center database of de-identified electronic health record data, a cohort of patients who
underwent orthotopic liver transplant during the study period was identified. The sample was invest-
igated to reveal the subset of patients who developed TCM. The data was analyzed to evaluate the
association of TCM and liver transplantation, and descriptive statistical methods were utilized to
demonstrate the specific features pertaining to the cohort of interest.

Research results

The study revealed that TCM is more likely to develop in liver transplant recipients compared to non-
recipients. Predictors for the development of this association are described, with older age, female
gender, and Caucasian ethnicity being a few notable risk factors. The research study also showed a
higher incidence of poor outcomes in liver transplant patients who develop TCM, including but not
limited to, cardiogenic shock, cardiac arrest, and multi-organ failure.

Research conclusions
Liver transplant recipients are a vulnerable patient population who have a higher risk of developing
TCM. The development of this cardiac complication is associated with a heightened rate of in-hospital
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complications. Knowledge of preexisting risk factors may help identify high-risk patients, and can
impact management decisions.

Research perspectives

Future multicenter, prospective research studies focusing on risk factors and predictors of TCM in
orthotopic liver transplant recipients are required, in order to fully explore this disease association and
confirm the various outcomes observed in this patient population.
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AIM
To investigate the effect of CFTR modulators on the development of cirrhosis in
patients with CF.
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METHODS

A retrospective analysis was performed using Truven MarketScan from January 2012 through
December 2017 including all patients with a diagnosis of CF. Patients were excluded if they
underwent a liver transplantation or if they had other etiologies of liver disease including viral
hepatitis or alcohol use. Subjects were grouped by use of CFTR modulators, ursodiol, dual
therapy, or no therapy. The primary outcome was development of cirrhosis. Kaplan-Meier curves
estimated the incidence of cirrhosis and log-rank tests compared incidence curves between
treatment groups.

RESULTS

A total of 7201 patients were included, of which 955 (12.6%) used a CFTR modulator, 529 (7.0%)
used ursodiol, 105 (1.4%) used combination therapy, and 5612 (74.3%) used neither therapy. The
incidence of cirrhosis was 0.1% at 1 year and 0.7% at 4 years in untreated patients, 5.9% and 10.1%
in the Ursodiol group, and 1.0% and 1.0% in patients who received both therapies. No patient
treated with CFTR modulators alone developed cirrhosis. Patients on CFTR modulators alone had
lower cirrhosis incidence than untreated patients (P = 0.05), patients on Ursodiol (P < 0.001), and
patients on dual therapy (P = 0.003). The highest incidence of cirrhosis was found among patients
treated with Ursodiol alone, compared to untreated patients (P < 0.001) or patients on Ursodiol
and CFTR modulators (P = 0.01).

CONCLUSION
CFTR modulators are associated with a reduction in the incidence of cirrhosis compared to other
therapies in patients with CF.

Key Words: Cirrhosis; Ursodiol; Transmembrane; Cystic fibrosis; Market scan; Cystic fibrosis related liver
disease

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The effect of cystic fibrosis transmembrane conductance regulator (CFTR) modulators on
hepatobiliary outcomes in cystic fibrosis (CF) patients remains unknown. Utilizing a nationwide database,
the incidence of cirrhosis in CF patients utilizing CFTR modulators, ursodiol, combination therapy or
neither therapy was compared. A total of 7201 patients were studied including 12.6% on a CFTR
modulator, 7.0% on ursodiol, 6.1% on combination therapy and 74.3% on neither therapy. Patients taking
CFTR modulators had a lower incidence of cirrhosis than untreated patients (P = 0.05), or patients treated
with Ursodiol (P < 0.001) or Ursodiol and CFTR modulators (P = 0.003). CFTR modulators may reduce
the incidence of cirrhosis in patients with CF.

Citation: Ramsey ML, Wellner MR, Porter K, Kirkby SE, Li SS, Lara LF, Kelly SG, Hanje AJ, Sobotka LA. Cystic
fibrosis patients on cystic fibrosis transmembrane conductance regulator modulators have a reduced incidence of
cirrhosis. World J Hepatol 2022; 14(2): 411-419

URL: https://www.wjgnet.com/1948-5182/full/v14/i2/411.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i2.411

INTRODUCTION

Dysfunction of the cystic fibrosis transmembrane conductance regulator (CFTR) leads to abnormal
bicarbonate and chloride transport in the lungs, pancreas, liver, bile ducts and other organs and results
in cystic fibrosis (CF). Cystic fibrosis affects approximately 1:2000 people of European descent[1-3].
Historically, disease complications and subsequent early mortality was linked to pulmonary complic-
ations including reduced pulmonary function, multidrug resistant infections, and pneumothorax[4].
Since the advent of targeted therapy with CFTR modulators, CF patients have significant improvement
in lung function, decreased rates of pulmonary infection, improved patient reported quality of life, and
life expectancy[5-8]. This will transition the focus of care to other leading causes of morbidity and
mortality including hepatobiliary complications.

CF-related liver disease (CFRLD) that progresses to cirrhosis with concomitant portal hypertension is
the third leading cause of death in patients with CF[7,8]. CFRLD ranges from abnormal liver function
tests, hepatic steatosis, focal biliary cirrhosis, portal hypertension, and cirrhosis[7-11]. CFRLD affects
between 2 to 37% of patients, and clinically significant liver disease is generally diagnosed in childhood
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[7,8]. While the pathogenesis of cirrhosis in these patients is poorly understood, it is likely related to
alkalization and dehydration of bile given ineffective CFTR channels on the apical surface of bile duct
epithelium. This leads to plugging and inflammation of the bile ducts and development of hepatic
fibrosis over time[12,13].

Given the proposed mechanism of CFRLD, ursodeoxycholic acid (ursodiol) was thought to be a
promising intervention to prevent or slow progression of liver disease. However, there has been mixed
results regarding its impact on CFRLD[14,15]. Otherwise, no medical intervention has been effective at
reducing the incidence or progression of CFRLD. Given the ability for CFTR modulators to act directly
upon the dysfunctional channels, these medications may be effective at improving hepatobiliary
outcomes despite the risk of causing abnormal liver function tests in a recent systematic review[16].

This study aims to compare the incidence of cirrhosis during follow up among patients with CF who
are treated with CFTR modulators and/or Ursodiol.

MATERIALS AND METHODS

Database

A retrospective analysis of the Truven Health MarketScan database was performed between the years
2012 and 2017. MarketScan is one of the largest, comprehensive, publicly available databases including
information from over 100 private insurers representing over 150 million individual patients. Utilizing
this database allows the researcher to track a patient through multiple years of inpatient and outpatient
care[17]. Funding to utilize this database was obtained through The Ohio State University Center for
Clinical and Translational Science (CCTS). The Ohio State University Institution Review Board deemed
this study exempt from review.

Study sample

All patients with a diagnosis of CF identified via International Classification of Diseases (ICD) codes
(ICD-9: 571.2, 571.5, 571.6, ICD-10: K70.3%, K71.7, K74.6%) codes were eligible to be included in this
study. Patients were required to have either 2 outpatient appointments or 1 inpatient admission related
to CF in order to increase the accuracy of the diagnosis. Patients were excluded if they had cirrhosis at
the start of the analysis or within 12 months prior, hepatitis C virus, hepatitis B virus or alcohol use
contributing to their liver disease. Patients were also excluded if they did not have at least 12 months of
follow up after initiation of a CFTR modulator and/or ursodiol, periods of non-continuous drug claims
enrollment, and no prescription coverage for any of the enrollment period. Diagnostic codes for each of
these inclusion and exclusion criteria have been widely used in previous publications[18,19].

Outcome of interest
The primary outcome of interest was development of cirrhosis in CF patients taking a CFTR modulator,
ursodiol, dual therapy or neither medication. Cirrhosis was defined as the presence of an ICD-9 or ICD-
10 code for cirrhosis.

Definition of variables

The index date of evaluation was the medication start date or the start of the second medication if both a
CFTR modulator and ursodiol were utilized. If patients were not taking either medication, their start
date was considered to be the date they were enrolled in the database with a diagnosis of CF. The study
inclusion date also corresponded with continuous Marketscan enrollment without any gaps over 90
days. Other variables evaluated included age, gender, insurance plan type, geographic region and the
presence of comorbidities defined by the Carlson Comorbidity Index[20]. CFTR modulators included
ivacaftor (Kalydeco), ivacaftor with lumacaftor (Orkambi), ivacaftor with tezacaftor (Symdeko), and
ivacaftor, tezacaftor, and elexacaftor (Trikafta).

Statistical analysis

Kaplan-Meier curves were used to display and estimate cirrhosis incidence at select time points and log-
rank tests were used to compare incidence curves between treatment groups. Analyses were performed
using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Demographics

A total of 7201 patients met inclusion criteria of which 105 patients were taking both a CFTR modulator
and ursodiol, 955 patients taking only a CFTR modulator, 529 patients taking only ursodiol and 5612
patients on neither medication (Table 1).
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Table 1 Cystic fibrosis patient characteristics, time of enroliment and medication

Variable CFTR modulator + CFTR modulator (n  Ursodiol (n=  Neither therapy (n
ursodiol (n = 105) = 955) 529) =5612)
Age, mean (SD) 20.1 (12.0) 21.0 (13.0) 20.9 (13.2) 23.8 (17.3)
Age group
0-5 7 97 63 952
44723 16 142 69 671
44912 30 206 97 709
18-25 27 219 160 1079
26-34 12 148 58 709
35+ 13 143 82 1492
Sex
Male 51 507 290 2613
Female 54 448 239 2999
Region
Northeast 18 190 85 1138
North central 19 260 115 1341
South 42 374 204 1997
West 24 125 109 1039
Unknown 2 6 16 97
Charlson comorbidity index, mean (SD) 0 (0.0) 0.0 (0.1) 0.0 (0.2) 0.0 (0.3)
Chronic respiratory failure 0 1 0 53
Follow up available (years), median (IQR) 2.0 (1.6-3.1) 2.1 (1.5-3.3) 2.9 (2.0-4.6) 3.0 (2.0-5.0)
Percentage of time on CFTR, median (IQR) 95% (70-100%) 100% (75-100%) 0 (0-0) 0 (0-0)
Percentage of time on ursodiol, median (IQR) 70% (23-92%) 0 (0-0) 51% (19-81%) 0 (0-0)
Percentage of time on ursodiol and CFTR Modulator 56% (13-85%) 0 (0-0) 0 (0-0) 0 (0-0)

concurrently, median (IQR)

CFTR modulators: Cystic fibrosis transmembrane regulator modulators; IQR: Interquartile range; SD: Standard deviation.

Jaishideng®

Follow up and length of time on therapy

Patients without therapy were followed up for a median of 3.0 years [Interquartile range (IQR): 2.0-5.0]
compared to 2.9 years (IQR: 2.0-4.6) for patients on ursodiol only, 2.1 years (IQR: 1.5-3.3) for patients on
CFTR modulators only and 2.0 years (IQR: 1.6-3.1) for patients on both a CFTR modulator and ursodiol
(Table 1). Patients taking ursodiol only were on therapy a median percentage of 51% (IQR: 19-81%) of
the studied time compared to a median percentage of 100% (IQR: 75-100%) in patients taking CFTR
modulators only. Patients taking both a CFTR modulator and ursodiol were taking both medications
concurrently a median percentage of 56% (IQR: 13-85%) of the studied time, though were taking the
CFTR modulator a median of 95% (IQR: 70-100%) of the time and ursodiol a median of 70% (IQR: 23-
92%) of the studied time (Table 1).

Incidence of cirrhosis

Of the 955 patients on CFTR modulators only, 954 patients remained eligible to be evaluated 1 year after
initiating therapy. This decreased to 513 patients at 2 years, 288 patients at 3 years and 74 patients at 4
years after initiating therapy. The incidence of cirrhosis at four years was 0% (Figure 1, Table 2). By log
rank testing, patients on CFTR modulators had a lower incidence of cirrhosis than patients on no
treatment (P = 0.05), Ursodiol alone (P < 0.001), or Ursodiol and CFTR modulators (P = 0.003).

Of the 529 patients taking only ursodiol, 498 patients remained eligible to be evaluated at 1 year. This
decreased to 320 patients at 2 years, 195 at 3 years and 139 patients at 4 years. The incidence of cirrhosis
increased yearly and was 5.9% at 1 year, 7.5% at 2 years, 9.1% at 3 years and 10.1% at 4 years (Table 2,
Figure 1).
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Table 2 Kaplan-Meier estimates for incidence of cirrhosis at select timepoints

Time post-index CFTR modulator + ursodiol CFTR Modulator only Ursodiol only Neither therapy
3 mo 0.01 0 0.019 0.0002

6 mo 0.01 0 0.032 0.001

1yr 0.01 0 0.059 0.001

2yr 0.01 0 0.075 0.004

3yr 0.01 0 0.091 0.005

4yr 0.01 0 0.101 0.007

CFTR modulators: Cystic fibrosis transmembrane regulator modulators.

15%-

10%-

5%+

Incidence of cirrhosis

0% E

Number at risk

Both 105
CFTR Mod only 955
Ursodiol only 529
Neither 5612

1 2 3 4
Years from index date

104 53 28 4
954 513 288 74
498 320 195 139
5605 3725 2399 1726
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Figure 1 Kaplan-Meier curves for development of cirrhosis based on medication use.
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Of the 105 patients taking both a CFTR modulator and ursodiol, 104 patients remained eligible to be
evaluated at 1 year. This decreased to 53 patients at 2 years, 28 patients at 3 years and 4 patients at 4
years. The incidence of cirrhosis increased to 1.0% by 3 mo after initiation of therapy and remained at
1.0% for 4 years (Table 2, Figure 1).

Of the 5612 patients taking neither therapy, 5605 patients remained eligible to be evaluated at 1 year.
This decreased to 3725 patients at 2 years, 2399 patients at 3 years and 1726 patients at 4 years. The
incidence of cirrhosis increased to 0.1% at 1 year, 0.4% at 2 years, 0.5% at 3 years and 0.7% at 4 years
(Table 2, Figure 1).

DISCUSSION

Given the success of CFTR modulators in improving pulmonary function and life expectancy in patients
with CF, the focus of care will shift to other leading causes of mortality in these patients, such as
CFRLD. The mechanism of cirrhosis and portal hypertension in patients with CF is incompletely
understood; therefore, interventions have been ineffective in improving hepatobiliary outcomes. In this
retrospective study, we determined that patients with CF using CFTR modulators have a significantly
decreased yearly incidence of cirrhosis compared to patients on just ursodiol, dual therapy with a CFTR
modulator and ursodiol, or neither therapy.

CFTR modulators are likely effective at reducing the incidence of cirrhosis or delaying the
progression of CFRLD due to the ability to directly act upon CFTR channels in the bile ducts[12,21].
While the mechanism of CFRLD is not fully understood, the pathogenesis is currently attributed to lack
of chloride secretions from the cholangiocytes leading to intrahepatic cholestasis, biliary cirrhosis, and
portal hypertension[9,13]. The CFTR channel is considered to act as a master regulator of the cholan-
giocyte and plays a crucial role in in the regulation of ductular secretions contributing to the dilution
and subsequent flow of bile from the liver into the intestines[12,13,22]. Unlike ursodiol, CFTR
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modulators act directly upon these dysfunctional channels to improve flow of bile. Ursodiol is
postulated to improve flow of bile in patients with CF by improving the bicarbonate content and by
decreasing the resultant inflammation from biliary stasis[23]. Few trials have been completed evaluating
the ability of this intervention to reduce the risk of cirrhosis[15]. One study cited improved bile secretion
when measured by isotopes[24] and delayed development of portal hypertension when monitored for 6
mo[15,25]. However, ursodiol has not proven to be effective in long term reduction in CFRLD mortality,
thus new agents are needed to improve outcomes among patients with CFRLD[7,8].

Our study suggests that CFTR modulators may be effective at reducing the incidence and delaying
progression of cirrhosis in patients with CF when compared to ursodiol or dual therapy. Reduction in
hepatobiliary complications with the use of CFTR modulators is supported by other smaller studies.
Steatosis is considered an early marker of CFRLD though its clinical implications in patients with CF
remains unknown[26]. CFTR modulators have been shown to reduce the hepatic fat fraction by half[26].
An observational study of patient registries in the United States and United Kingdom, demonstrated
that patients on ivacaftor have significantly less hepatobiliary complications including abnormal liver
function tests, cirrhosis, and cirrhosis-related complications[27]. Our study adds to this growing body of
evidence that CFTR modulators may improve outcomes among patients with CFRLD.

It should be noted that CFTR modulators carry a risk of causing abnormal liver function tests in all
CF patients regardless of underlying CFRLD[16,28]. Elevation in serum aminotransferases were noted in
up to 25% of patients while on therapy, although only 5% of patients develop clinically significant
elevation greater than 5 times the upper limit of normal. Elevations to this extent typically resulted in a
temporary cessation of therapy; however, there is no clear guidance regarding the safety of restarting
therapy[28]. Furthermore, there is mixed data in predicting patients that are at highest risk of
developing liver function tests abnormalities with on CFTR modulators[16]. Further studies will be
necessary to determine whether these transient elevations in transaminases at initiation of therapy
predict the development of CFRLD, and whether CFTR modulators have a net benefit in this
population.

This study does have limitations. Data was collected from a nationwide database and therefore the
information could not be verified in each patient’s medical chart. Laboratory testing is not available in
this dataset, which limits our ability to assess specific CFTR mutations and serial assessment of liver
enzymes. While the ICD-9 and ICD-10 based diagnostic algorithm used here has been used in previous
studies on patients with cirrhosis related to alcohol or viral hepatitis, the accuracy has not been
determined in patients with CF. However, the prevalence of cirrhosis in our study was similar to the
prevalence of cirrhosis in patients with CF, suggesting that the diagnostic coding strategy is valid[10]. In
addition, cirrhosis may take many years to develop, and we were only able to include 4 years of follow
up due to limited follow up time available in the MarketScan database. Some patients may have
developed cirrhosis after the study period. Furthermore, a significant number of patients were lost to
follow up during this analysis and were unable to be evaluated for total studied time. Therefore, we are
only able to determine correlation not causation given the retrospective utilization of a database[29].

Lastly, since ursodiol is only used in patients with CF who have liver disease, this group is likely
enriched for baseline abnormal liver function. Thus, there is a selection bias for this group which likely
influenced the increased risk of developing cirrhosis observed in our study. In addition, patients with
pre-existing liver disease may have not been started on a CFTR modulators due to the risk of abnormal
liver function tests and hepatic decompensation which may have further contributed to this selection
bias. However, it is important to note that when CFTR modulators were added to ursodiol, the
incidence of cirrhosis was lower. Despite this selection bias, the study still has merit by measuring the
open label use of CFTR modulators among patients with CF who may be at risk for hepatic complic-
ations.

Despite these limitations, this study has significant strength. This is one of the first longitudinal
analyses evaluating a nationwide population of pediatric and adult patients to determine the incidence
of cirrhosis among patients with CF. We also provide a direct comparison to ursodiol which is
commonly used in patients with CFRLD. The MarketScan dataset is also used to assess compliance
based on refill rate, so we are able to include only patients who were consistently taking these
medications throughout the study period. We also excluded other causes of liver disease, such as viral
hepatitis or alcohol use, which allowed us to include subjects with CF as the main driver of hepato-
biliary outcomes.

CONCLUSION

In this large database analysis, we demonstrate that CFTR modulator use is associated with a decreased
incidence of cirrhosis compared to no therapy and compared to ursodiol. While concerns exist regarding
hepatic side effects of CFTR modulators, we observed improved long term hepatic outcomes compared
to other therapies. This study supports the utilization of CFTR modulators in patients with CF to not
only improve pulmonary outcomes but also hepatobiliary outcomes.
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ARTICLE HIGHLIGHTS

Research background

Due to improvements in pulmonary care in cystic fibrosis (CF), CF-related liver disease (CFRLD) is
emerging as a leading cause of morbidity and mortality. Cystic fibrosis transmembrane conductance
regulator (CFTR) modulators correct the CFTR dysfunction and dramatically improve pulmonary
outcomes, but the effects of CFTR modulators on CFRLD have not been evaluated.

Research motivation
Currently, there is insufficient data examining the impact of CFTR modulators on the incidence of
cirrhosis among patients with CF.

Research objectives
To investigate the effect of CFTR modulators on the development of cirrhosis in patients with CF.

Research methods

A retrospective analysis was performed using Truven MarketScan from January 2012 through
December 2017 including all patients with a diagnosis of CF. Subjects were grouped by use of CFTR
modulators, ursodiol, dual therapy, or no therapy. The primary outcome was development of cirrhosis.

Research results

A total of 7201 patients were included, of which 955 (12.6%) used a CFTR modulator, 529 (7.0%) used
ursodeoxycholic acid, 105 (1.4%) used combination therapy, and 5612 (74.3%) used neither therapy. The
incidence of cirrhosis was 0.1% at 1 year and 0.7% at 4 years in untreated patients, 5.9% and 10.1% in the
Ursodiol group, and 1.0% and 1.0% in patients who received both therapies. No patient treated with
CFTR modulators alone developed cirrhosis. Patients on CFTR modulators alone had lower cirrhosis
incidence than untreated patients (P = 0.05), patients on Ursodiol (P < 0.001), and patients on dual
therapy (P = 0.003). The highest incidence of cirrhosis was found among patients treated with Ursodiol
alone, compared to untreated patients (P < 0.001) or patients on Ursodiol and CFTR modulators (P =
0.01).

Research conclusions
Patients treated with CFTR modulators have a lower incidence of cirrhosis compared to no treatment,
ursodiol, or combination therapy.

Research perspectives

The risk of developing cirrhosis is lower among patients treated with CFTR modulators than those not
treated with CFTR modulators. Whether this represents a selection bias or represents a treatment effect
of CFTR modulators should be studied in a prospective, randomized study.
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Abstract

BACKGROUND

We have recently shown that the European Association for the Study of the Liver-
Chronic Liver Failure Consortium (EASL-CLIF) criteria showed a better
sensitivity to detect acute-on-chronic liver failure (ACLF) with a better prognostic
capability than the North American Consortium for the Study of End-Stage Liver
Disease criteria.

AIM
To simplify EASL-CLIF criteria for ease of use without sacrificing its sensitivity
and prognostic capability.

METHODS

Using the United Network for Organ Sharing data (January 11, 2016, to August
31, 2020), we modified EASL-CLIF (mEACLF) criteria; the modified mEACLF
criteria included six organ failures (OF) as in the original EASL-CLIF, but renal
failure was defined as creatinine = 2.35 mg/dL and coagulation failure was
defined as international normalized ratio (INR) = 2.0. The mEACLF grades (0, 1, 2,
and 2 3) directly reflected the number of OF.

RESULTS

Of the 40357 patients, 14044 had one or more OF, and 9644 had ACLF grades 1-3
by EASL-CLIF criteria. By the mEACLEF criteria, 15574 patients had one or more
OF. The area under the receiver operating characteristic (AUROC) for 30-d all-
cause mortality by OF was 0.842 (95%CI: 0.831-0.853) for mEACLF and 0.835
(95%CI: 0.824-0.846) for EASL-CLIF (P = 0.006), and AUROC for 30-d transplant-
free mortality by OF was 0.859 (95%CI: 0.849-0.869) for mEACLF and 0.851
(95%CI: 0.840-0.861) for EASL-CLIF (P = 0.001). The AUROC of 30-d all-cause
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mortality by ACLF grades was 0.842 (95%CI: 0.831-0.853) for mEACLF and 0.793 (95%CI: 0.781-
0.806) for EASL-CLIF (P < 0.0001). The AUROC of 30-d transplant-free mortality by ACLF was
0.859 (95%ClI: 0.848-0.869) for mEACLF and 0.805 (95%CI: 0.793-0.817) for EASL-CLIF (P < 0.0001).

CONCLUSION
Our study showed that EASL-CLIF criteria for ACLF grades could be simplified for ease of use
without losing its prognostication capability and sensitivity.

Key Words: Acute on chronic liver failure; Organ failure; 30-d transplant-free mortality; Liver transplan-
tation; EASL-CLIF criteria

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is no consensus on the best definition for acute-on-chronic liver failure (ACLF). The most
common definition used in the literature is the one proposed European Association for the Study of the
Liver-Chronic Liver Failure Consortium (EASL-CLIF) consortium. One problem with those criteria is that
it is not very user-friendly. We have shown that EASL-CLIF criteria for ACLF could be simplified
without losing its sensitivity and ability to prognosticate 30-d all-cause and transplant-free mortality. We
believe that modified EASL-CLIF criteria; the modified criteria that we propose are easier to use than the
EASL-CLIF criteria and also have a better prognostic capability.

Citation: Thuluvath PJ, Li F. Modified EASL-CLIF criteria that is easier to use and perform better to prognosticate
acute-on-chronic liver failure. World J Hepatol 2022; 14(2): 420-428
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INTRODUCTION

Acute on chronic liver failure (ACLF) is associated with one or more organ failures (OF) and a very high
short-term mortality[1-4]. Although more than 13 different definitions of acute-on-chronic liver failure
(ACLF) have been proposed, the three commonly used criteria were those proposed by the Asian Pacific
Association for Study of Liver Diseases (APASL), the European Association for the Study of the Liver-
Chronic Liver Failure Consortium (EASL-CLIF) and the North American Consortium for the Study of
End-Stage Liver Disease (NACSELD)[5-9]. In a recent study, we have clearly shown that EASL-CLIF
criteria have a better sensitivity and a better ability to predict short-term, all-cause, and transplant-free
mortality when compared to the NACSELD criteria[10]. In that study, only 15.3% of those with EASL-
CLIF ACLF grade 1-3 met ACLF by NACSELD criteria. Moreover, only less than half of those with
EASL-CLIF ACLF grade 3 had ACLF by NACSELD criteria. In addition, the 30-d transplant-free
mortality in those with no organ failure by NACSELD was 2.7%, but when the same group was
stratified by EASL-CLIF grades 0-3, the mortality rates were 1.5%, 10.5%, 43.5%, and 86%, respectively.
There has been a comparative study of EASL-CLIF and APASL criteria using a large Veteran Affairs
administrative dataset. In that study, 76.1% of patients with EASL-CLIF ACLF did not fulfill APASL
criteria for ACLF[11]. In the same study, the 30-d mortality was 37.6% in those who met the EASL-CLIF
criteria suggesting that the APASL criteria missed 75% of patients with ACLF with a very high short-
term mortality. Based on the above observations, we believe that EASL-CLIF criteria are superior to
NACSELD or APASL criteria to identify ACLF with a very high 30-d mortality.

One of the major criticisms of the EASL-CLIF criteria is that it is not very user-friendly. The EASL-
CLIF stratifies patients into four grades (0-3) based on the number of OF, including liver, kidney, brain,
coagulation, respiration, or circulation. The differences between EASL-CLIF ACLF grades and EASL-
CLIF OF scoring can also result in some confusion, especially with the interpretation of no ACLF and
ACLF-grade 1. The objective of our study was to determine whether EASL-CLIF grades of ACLF could
be simplified without sacrificing its sensitivity and prognostic capabilities.

MATERIALS AND METHODS

We utilized the national data from the United Network for Organ Sharing (UNOS) for all adults (= 18
years) who were listed (1 = 53765) for liver transplantation (LT) in the United States between January 11,
2016, to August 31, 2020. During this study period, MELD-Na (model for end-stage liver disease-
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Table 1 The definitions of modified the European Association for the Study of the Liver-Chronic Liver Failure Consortium organ failures

and grades

Definition of mMEACLF organ failures

Liver
Coagulation
Brain
Kidney
Heart

Respiration

Bilirubin > 12 mg/dL

INR>20

Hepatic encephalopathy grade 3-4

Serum creatinine > 2.35 mg/dL or renal replacement
On vasopressors

On mechanical ventilation

Definition of mEACLF grades

Grade 1

Grade 2

Grade 3

Any one organ failure
Any 2 organ failures

Any 3 or more organ failures

mEACLF: Modified the European Association for the Study of the Liver-Chronic Liver Failure Consortium; INR: International normalized ratio.
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sodium) was utilized for organ allocation on January 11, 2016, and there were no major policy changes.
Patients were excluded if they were listed as status 1, 1A, or 1B (n = 1264), for multi-organ
transplantation (n = 3179), re-transplantation (n = 607) or for live donor LT (n = 1421). We also excluded
those who received MELD- exception points (1 = 8886) and those with missing information on MELD-
Na or serum sodium (1 = 14) or hepatic encephalopathy stage (1 = 53) (Supplementary Figure 1).

We collected clinical characteristics, biochemical parameters such as albumin, bilirubin, international
normalized ratio, creatinine, MELD-Na, and the prevalence of OF as defined by EASL-CLIF criteria. We
graded ACLF as described by EASL-CLIF into Grade 0, or those patients without any OF or single non-
kidney OF, Grade 1a (renal failure), Grade 1b (single non-kidney OF, creatinine 1.5-1.9 mg/dL, and/or
mild hepatic encephalopathy), Grade 2 (two OFs), and Grade 3 (three or more OFs)[3]. For this study,
we combined 1a and 1b grades as 1. The only deviation of our definition from EASL-CLIF criteria was
on respiratory failure as we did not have access to PaO2 or FIO2 and hence used mechanical ventilation
as evidence of respiratory failure. We initially assessed the prevalence of type and frequency of OF
using EASL-CLIF. Using the same dataset, we developed modified criteria as described later under
'model development'. Patients were followed until the event date or were censored at the end of 30-ds
after listing. Our primary objective was to develop an 'easy to use' model, by modifying the EASL-CLIF
criteria, with a better short-term (30-d mortality) prognostic capability.

Outcomes of interest

The primary outcomes of interest were the differences in the prevalence of ACLF grades by EASL-CLIF
and mEACLEF criteria and the observed 30-d all-cause and transplant-free mortality rates using EASL-
CLIF criteria and newly developed modified EASL-CLIF (mEACLF) criteria.

Model development

To improve the EASL-CLIF criteria, we determined the best cutoff values for serum creatinine and
international normalized ratio (INR) associated with higher mortality. We used a subset of patients (n =
1445) with information on glomerular filtrations rate (GFR) to determine the best cutoff values for serum
creatinine levels. The inclusion of GFR data in the UNOS registry was proposed for those with GFR less
than 20 mL/min by the Simultaneous Liver Kidney working group in 2015[12]. We used those GFR
values to identify the best cutoff values of serum creatinine by smooth regression analysis. The smooth
regression analysis showed that serum creatinine > 2.35 mg/dL is the optimal cutoff value
(Supplementary Figure 2).

After identifying the best serum creatinine value, we identified the optimal INR cutoff; INR 2.0 had
an area under the receiver operating characteristic (AUROC) of 0.842 (95% confidence interval 0.831-
0.853) to prognosticate 30-d all-cause mortality for coagulation failure by logistic regression after fixing
serum creatinine values at > 2.35. We further confirmed the best INR value for the coagulation failure by
fixing other organ failures as follows (bilirubin > 12 mg/dL, creatinine > 2.35 mg/dL, HE = 3-4,
circulation support = yes, respiration support = yes) by logistic regression. Based on these results, INR >
2.0 was chosen to diagnose coagulation failure.

Using the above values, we then developed a modified 6-organ failure criteria mEACLF (Table 1). In
the mEACLF, renal failure was defined as serum creatinine = 2.35 mg/dL (instead of > 2.0 mg/dL of
EASL-CLIF criteria) or on renal dialysis. Coagulation failure was defined as INR > 2.0 (instead of 2.5 as
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Table 2 Characteristics of patients with the European Association for the Study of the Liver-Chronic Liver Failure Consortium and

modified the European Association for the Study of the Liver-Chronic Liver Failure Consortium organ failures

Variable Response All (n=29618) EASL-CLIF (n=14044) mEACLF (n=15574) P value
Age mean + SD 52.9+11.6 529117 52.9+11.8 0.46
Gender, 1 (%) Female 11803 (40) 5601 (40) 6202 (40) 0.92
Race, 1 (%) White 20059 (68) 9484 (68) 10575 (68) 0.95

Black 2530 (9) 1215 (9) 1315 (8)

Hispanic 5242 (18) 2496 (18) 2746 (18)

Asian 1129 (4) 540 (4) 589 (4)

Others 658 (2) 309 (2) 349 (2)
Etiology, 1 (%) HCV 3661 (12) 1730 (12) 1931 (12) 0.87

Alcohol 12537 (42) 5909 (42) 6628 (43)

HCV + Alcohol 353 (1) 165 (1) 188 (1)

Cryptogenic 1507 (5) 712 (5) 795 (5)

Others 11560 (39) 5528 (39) 6032 (39)
Bilirubin mean * SD 13.8 £12.5 141+12.7 13.4+£123 0.001
Creatinine mean + SD 211+1.79 219+1.81 2.03+1.77 <0.001
INR mean + SD 230+1.12 229+1.15 2.30+1.08 <0.001
Encephalopathy, 7 (%) Grade 3-4 7088 (24) 3544 (25) 3544 (23) <0.001
Respiration, n (%) Yes 1598 (5) 799 (6) 799 (5) 0.03
Circulatory, 1 (%) Yes 2684 (9) 1342 (10) 1342 (9) 0.005
MELD-Na mean + SD 29981 30.2+8.2 29.7 8.0 <0.001
Albumin mean + SD 3.10+0.74 312+0.74 3.08 £0.74 <0.001
Ascites, 11 (%) Moderate 13357 (45) 6456 (46) 6901 (44) 0.02

INR: International normalized ratio; EASL-CLIF: European Association for the Study of the Liver-Chronic Liver Failure Consortium; mEACLF: Modified
EASL-CLIF; HCV: Hepatitis C virus; MELD: Model for End-stage Liver Disease.

Table 3 The distribution of patients by the number of organ failure by the European Association for the Study of the Liver-Chronic Liver

Failure Consortium and modified the European Association for the Study of the Liver-Chronic Liver Failure Consortium criteria

Number of OF by EASL- Number of OF by mEACLF criteria

CLIF 0 1 2 3 4 5 6 Total
0 24227 2086 0 0 0 0 0 26313
1 556 5748 1395 0 0 0 0 7699
2 0 229 2875 653 0 0 0 3757
3 0 0 152 1193 215 0 0 1560
4 0 0 0 52 458 96 0 606

5 0 0 0 0 10 238 63 311

6 0 0 0 0 0 8 103 111
Total 24783 8063 4422 1898 683 342 166 40357

EASL-CLIF: European Association for the Study of the Liver-Chronic Liver Failure Consortium; mEACLF: Modified European Association for the Study of
the Liver; OF: Organ failures.
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Table 4 The distribution of patients by the European Association for the Study of the Liver-Chronic Liver Failure Consortium and

modified European Association for the Study of the Liver-Chronic Liver Failure Consortium grades of the acute-on-chronic liver failure
and their 30-d all-cause mortality

Number of patients mEACLF Grade (all-cause mortality%)

EASL-CLIF grade

1 2 3 Total
0 24227 (1.2) 5114 (3.3) 1372 (10.2) 0 30713 (2.0)
1 556 (4.1) 2720 (6.5) 23 (10.2) 0 3299 (6.1)
2 0 229 (13.1) 2875 (11.8) 653 (15.0) 3757 (12.5)
3 0 0 152 (21.7) 2436 (24.5) 2588 (24.4)
Total 24783 (1.3) 8063 (4.7) 4422 (11.7) 3089 (22.5) 40357 (4.7)

EASL-CLIF: European Association for the Study of the Liver-Chronic Liver Failure Consortium; ACLF: Acute-on-chronic liver failure.

per EASL-CLIF criteria). We further simplified the mEACLF grades to directly reflect the number of OF
without over-emphasizing serum creatinine levels and without sub-classifying grade 1 into 1a and 1b.
The proposed mEACLF grade are as follows: Grade 1 = 1 OF, Grade 2 = 2 OF and Grade 3 = 3 or more
OF (Table 1).

We compared our new mEACLF criteria with the original EASL-CLIF criteria by looking at the distri-
bution of OF, ACLF grades, and 30-d all-cause and transplant-free mortality rates.

Statistical analysis
The demographic characteristics are summarized as mean and standard deviation for continuous
variables or frequency for categorical variables. Logistic regression was performed to compare AUROC
for 30-d all-cause and transplant-free mortality based on the EASL-CLIF and mEACLEF criteria.

Being a de-identified national dataset, institutional review board (IRB) approval was waived.

RESULTS

Of the 40357 patients who were eligible for the study, 14044 had one or more OF and 9644 ACLF grades
1-3 by EASL-CLIF criteria. Patients” characteristics stratified by ACLF and no ACLF are shown in
Supplementary Table 1.

Modified ACLF criteria for OF and ACLF grades

Using the mEACLEF criteria, 15574 patients had one or more OF. The comparative clinical characteristics
of patients with and without ACLF stratified by mEACLF criteria are shown in Table 2. The direct
comparison of patients with one or more OF identified by mEACLF (n = 15574) and EASL-CLIF (n =
14044) is shown in Table 2.

Comparison of EASL-CLIF and mEACLF organ failures

The comparative prevalence of OF by EASL-CLIF and mEACLF criteria are shown in Table 3. There
were some differences in the number of patients with OF between EASL-CLIF and mEACLF; 2086
patients with no OF by EASL-CLIF criteria were identified with one OF by mEACLF, and this resulted
from a lower threshold for INR with the revised criteria. The 30-d mortality in these 2086 (one OF by
mEACLF) patients was 3.4% compared to 1.4% in the EASL-CLIF no OF (n = 26313) group. Similarly,
556 patients with one OF by EASL-CLIF were identified with no OF by the revised criteria, and this
resulted from a higher threshold for serum creatinine with the new criteria. The 30-d mortality in these
556 patients was 4.1% compared to 5.8% in the EASL-CLIF one OF (n = 7699) group.

The 30-d mortality rates by OF by both criteria are shown in Figure 1A. The 30-d transplant free
mortality rates are shown in Figure 1B. The AUROC for 30-d all-cause mortality by OF was 0.842
(95%CI: 0.831-0.853) for mEACLF and 0.835 (95%CI: 0.824-0.846) for EASL-CLIF (AUROC contrast
estimation 0.0072, 95%CI: 0.00208 - 0.0123, P = 0.006) (Figure 1C). AUROC for 30-d transplant-free
mortality by OF was 0.859 (95%CI: 0.849-0.869) for mEACLF and 0.851 (95%CI: 0.840-0.861) for EASL-
CLIF (AUROC contrast estimation 0.0085, 95%CI: 0.00329 - 0.0136, P = 0.001) (Figure 1D).

Comparison of EASL-CLIF and mEACLF grades

There were some discrepancies between the EASL-CLIF grades and mEACLF grades and their corres-
ponding 30-d all-cause mortality rates. 1372 patients who were classified as grade 0 by the EASL-CLIF
ACLF were grades mEACLF grade 2, and 30-d all-cause mortality of these 1372 patients was 10.2% as
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Figure 1 All-cause and transplant free mortality rates, and the area under the receiver operator characteristics, stratified by the number
of organ failures by European Association for the Study of the Liver-Chronic Liver Failure Consortium acute-on-chronic liver failure and
modified European Association for the Study of the Liver-Chronic Liver Failure Consortium criteria. A: All-cause mortality stratified by the
number of organ failures by European Association for the Study of the Liver-Chronic Liver Failure Consortium (EASL-CLIF) acute-on-chronic liver failure (ACLF) and
modified EASL-CLIF (mEACLF) criteria; B: Transplant-Free Mortality stratified by the number of organ failures by EASL-CLIF ACLF and mEACLF criteria; C: Area
under the receiver operating characteristic (AUROC) for all-cause mortality by the number of organ failures by EASL-CLIF ACLF and Meaclf; D: AUROC for transplant
free mortality by the number of organ failures by EASL-CLIF ACLF and mEACLF. EASL-CLIF: European Association for the Study of the Liver-Chronic Liver Failure
Consortium; mEACLF: modified EASL-CLIF; ROC: Receiver operating characteristic.

compared to 2.0% in those with EASL-CLIF grade 0 group (n = 30,713) (Table 4). There were outliers in
the mEACLF group in terms of 30-d mortality, including 229 patients with grade 1 (EASL-CLIF grade 2)
with a mortality of 13.1%, which was higher than grade 1 mEACLF mortality of 4.7% and 152 patients
with mEACLF grade 2 (grade 3 by EASL-CLIF) with a mortality of 21.7% which was higher than
mEACLF grade 2 mortality of 11.7%.

The 30-d mortality rates by grades by both criteria are shown in Figure 2A. The 30-d transplant-free
mortality rates are shown in 2B. The AUROC of 30-d all-cause mortality by grades was 0.842 (95%CI:
0.831-0.853) for mEACLF and 0.793 (95%CI: 0.781-0.806) for EASL-CLIF. These differences were highly
significant (P < 0.0001, Figure 2C). The AUROC of 30-d transplant-free mortality was 0.859 (95%ClI:
0.848-0.869) for mEACLF and 0.805 (95%CI: 0.793-0.817) for EASL-CLIF (P < 0.0001, Figure 2D).

DISCUSSION

Our study showed that EASL-CLIF criteria for ACLF grades could be simplified for ease of use without
losing its sensitivity. The mEACLF criteria that we propose are also better than the EASL-CLIF grades to
prognosticate 30-d all-cause and transplant-free mortality. Both criteria showed low 30-d mortality in
those with 0-1 OF, and the mortality increased progressively with an increase in the number of OF.
Similar observations were also made for ACLF grades with low mortality with grade 1 and a two-fold
difference in mortality between grades 2 and 3.

Few patients in our study will be graded zero by EASL-CLIF but grade 1-2 by mEACLF. This
discrepancy is mainly because the EASL-CLIF will grade a single non-kidney organ failure patient as
EASL-CLIF grade zero if the serum creatinine < 1.5 mg/dL. The differences in the threshold for INR to
classify as coagulation failure also may have contributed to some of the discrepancies. Interestingly, the
30-d all-cause mortality in the group (n = 1372) with grade 2 mEACLF and grade 0 by EASL-CLIF was
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Figure 2 Figure title All-cause and transplant free mortality rates, and the area under the receiver operator characteristics, stratified by
acute-on-chronic liver failure grades by European Association for the Study of the Liver-Chronic Liver Failure Consortium acute-on-
chronic liver failure and modified European Association for the Study of the Liver-Chronic Liver Failure Consortium criteria. A: All-cause
mortality stratified by European Association for the Study of the Liver-Chronic Liver Failure Consortium (EASL-CLIF) acute-on-chronic liver failure (ACLF) grades and
modified EASL-CLIF (mEACLF) grades; B: Transplant-free mortality stratified by EASL-CLIF ACLF grades and mEACLF grades; C: AUROC for all-cause mortality
by the EASL-CLIF ACLF grades and mEACLF grades; D: AUROC for transplant free mortality by the EASL-CLIF ACLF grades and mEACLF grades. EASL-CLIF:
European Association for the Study of the Liver-Chronic Liver Failure Consortium; mEACLF: Modified EASL-CLIF; ROC: Receiver operating characteristic.
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10.2%, 5-fold higher than the mortality rates of 2.0% for the cohort with EASL-CLIF grade 0. The
number of outliers with higher mortality than their group mortality was fewer in the mEACLF cohorts
when stratified by EASL-CLIF grades. These observations may suggest that mEACLF is perhaps as
accurate or perhaps better in terms of mortality risk stratification. The AUROC showed consistently
better prognostic ability with mEACLF than EASL-CLIF by organ failures or grades for both 30-d all-
cause mortality and transplant-free mortality.

There are a few limitations to our study. Our observations are based on a retrospective analysis of an
administrative dataset. Therefore, our observations need to be corroborated in a large and independent
dataset. Nevertheless, we had an opportunity to develop the model based on approximately 15000
patients with organ failures from a prospectively maintained administrative dataset that included
approximately 40000 patients with end-stage liver disease awaiting a liver transplant. It could be argued
that these patients were selected after extensive workup for liver transplantation and may not be a true
reflection of ACLF patients seen in the community. Moreover, liver transplantation is a confounder in
this study. We believe that these are legitimate limitations of our study and it is also true for most
studies of ACLF as they are done in mostly academic centers. It is also challenging to do a study of this
nature in patients who are not listed for liver transplantation. Our study population came from the
entire country and therefore truly reflects the transplant population with ACLF. The UNOS dataset did
not have information about PaO2, FIO2, or mean arterial pressure (MAP), and we had to use the
predefined variables in the UNOS dataset for the respiratory and circulatory system failure. We do not
believe that the availability of those data would have made any meaningful differences in our
observations[10].

CONCLUSION

In summary, we have shown that EASL-CLIF criteria for ACLF could be simplified without losing its
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sensitivity and its ability to prognosticate 30-d all-cause and transplant-free mortality. We and others
have recently shown that EASL-CLIF criteria are far more sensitive to detect ACLF than both APASL
and NACSELD criteria. We believe that the mEACLEF criteria that we propose are easier to use than the
EASL-CLIF criteria and also have a better prognostic capability. We hope our mEACLF criteria could be
adopted by the hepatology community to advance this field.

ARTICLE HIGHLIGHTS

Research background

There is no consensus on the definition of acute on chronic liver failure. We had recently shown that the
definition proposed by the European Association for the Study of the Liver-Chronic Liver Failure
Consortium (EASL-CLIF) is more sensitive to identify acute on chronic liver failure and has a better
ability to predict all-cause and short-term mortality than that were proposed by the North American
Consortium for the Study of End-Stage Liver Disease.

Research motivation
One of the major criticisms of EASL-CLIF criteria is that it is more complicated to use in clinical practice.

Research objectives
In this study, using a large dataset, our objective was to develop an easier to use model that will be
easier to use in clinical practice.

Research methods

We initially assessed the prevalence of type and frequency of organ failures (OF) using EASL-CLIF.
Using the same dataset, we developed modified criteria as described later under 'model development'.
Patients were followed until the event date or were censored at the end of 30-ds after listing. To improve
the EASL-CLIF criteria, we determined the best cutoff values for serum creatinine and international
normalized ratio (INR) that were associated with higher mortality. We used a subset of patients (n =
1445) with information on glomerular filtrations rate to determine the best cutoff values for serum
creatinine levels. After identifying the best serum creatinine value, we identified the optimal INR cutoff.
Using the above values, we then developed a modified 6-organ failure criteria modified EASL-CLIF
(mEACLF). We compared our new mEACLF criteria with the original EASL-CLIF criteria by looking at
the distribution of OF, acute-on-chronic liver failure (ACLF) grades, and 30-d all-cause and transplant-
free mortality rates.

Research results

The area under the receiver operating characteristic (AUROC) of 30-d all-cause mortality by ACLF
grades was 0.842 (95%CI: 0.831-0.853) for mEACLF and 0.793 (95%ClI 0.781-0.806) for EASL-CLIF (P <
0.0001). The AUROC of 30-d transplant-free mortality by ACLF was 0.859 (95%CI: 0.848-0.869) for
mEACLF and 0.805 (95%ClI: 0.793-0.817) for EASL-CLIF (P < 0.0001).

Research conclusions
Our study showed that EASL-CLIF criteria for ACLF grades could be simplified for ease of use without
losing its prognostication capability and sensitivity.

Research perspectives
To advance ACLF research in a meaningful manner, it is essential to have easy-to-use criteria. We
believe that the modified EASL-CLIF criteria are an important step in that direction.
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BACKGROUND

Portal hypertension, a common complication associated with liver cirrhosis, can
result in variceal bleeding, which greatly impacts patient survival. Recently, B-
arrestin-2 has been shown to predict the acute hemodynamic response to
nonselective B-blocker therapy for cirrhotic portal hypertension. However, more
data is needed on the long-term effects of and changes in B-arrestin-2 following
nonselective B-blocker therapy.
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METHODS

We prospectively enrolled 91 treatment-naive patients with cirrhotic portal
hypertension. Baseline clinical and laboratory data were obtained. Gastroscopy
was performed for grading and treating varices and obtaining gastric antral
biopsies. We measured the serum and antral expression of B-arrestin-2 and
obtained Doppler measurement of the portal vein congestion index. Treatment
with nonselective B-blockers was then started. The patients were followed up for
18 mo, after which they have undergone a repeat antral biopsy and re-evaluation
of the portal vein congestion index.

RESULTS
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A higher serum level and antral expression of B-arrestin-2 was associated with longer bleeding-
free intervals, greater reduction in the portal vein congestion index, and improved grade of
varices. Among patients with a low B-arrestin-2 expression, 17.6% were nonselective -blocker
responders, whereas, among those with high expression, 95.1% were responders (P < 0.001). A
serum f-arrestin-2 value > 2.23 ng/mL was associated with a lower likelihood of variceal bleeding
(90% sensitivity and 71% specificity). B-arrestin-2 expression significantly decreased after
nonselective B-blocker therapy.

CONCLUSION

B-arrestin-2 expression in cirrhotic portal hypertension predicts the clinical response to long-term
nonselective B-blocker treatment. Serum p-arrestin-2 is a potential noninvasive biomarker for
selecting the candidate patients for nonselective -blockers.

Key Words: B-arrestin-2; Portal hypertension; Variceal bleeding; Nonselective beta-blockers; Portal
congestion index; Variceal ligation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastric antral B-Arrestin-2 (B-Arr-2) expression correlates to portal hypertension in terms of
esophageal varices and portal gastropathy. A stronger 3-Arr-2 expression is associated with a sustained
clinical response to nonselective B-blockers (NSBB) with a longer variceal bleeding-free interval. Patients
who experienced variceal bleeding while on NSBB had lower baseline serum and tissue expression of f3-
Arr-2. In patients with responded to NSBB, the expression of B-Arr-2 was reduced after long-term
treatment. The serum level of B-Arr-2 correlates to its antral expression and showed high sensitivity and
specificity for defining the subgroup of patients who will respond to NSBB.

Citation: Lashen SA, Shamseya MM, Madkour MA, Abdel Salam RM, Mostafa SS. B-arrestin-2 predicts the
clinical response to f-blockers in cirrhotic portal hypertension patients: A prospective study. World J Hepatol
2022; 14(2): 429-441

URL: https://www.wjgnet.com/1948-5182/full/v14/i2/429.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i2.429

INTRODUCTION

Portal hypertension (PHT) is a risk factor for esophageal varices (EV). Variceal bleeding can significantly
affect patient survival. The main pathophysiology underlying PHT is the increased resistance and/or
blood flow in the portal circulation[1,2]. Once the hepatic venous pressure gradient (HVPG) exceeds 12
mmHg, variceal bleeding occurs[3], with a 30%-50% mortality risk after the first episode and a 70% rate
of early rebleeding. Therefore, the prevention of formation, growth, and rupture of varices is important
in PHT management[4].

Nonselective B-blockers (NSBB) are the standard of care for primary or secondary prophylaxis against
variceal bleeding[5,6]. The risk of bleeding or rebleeding is greatly diminished when HVPG is reduced
by =20% or to <12 mmHg[7]. However, there are special concerns regarding NSBB use in patients with
refractory ascites or spontaneous bacterial peritonitis (SBP), in terms of patient survival and quality of
life[8].

Only approximately 40% of patients with PHT show a clinical response to NSBB[9]. Therefore, several
patients are exposed to unfavorable side effects without clinical benefit. Identifying who will respond to
NSBB is an important unresolved question having a clinical impact. Currently, the only way to identify
responders is by HVPG measurement, which is an invasive technique with limited access[10]. Therefore,
the search for noninvasive predictors for NSBB response is clinically desirable.

Recently, B-arrestins-2 (B-Arr-2) has been studied as a predictor using the acute propranolol challenge
in a few patients[11]. However, the long-term impact of f-Arr-2 expression on portal hemodynamics is
not yet clear. Moreover, the changes in f-Arr-2 expression after long-term NSBB treatment have not
been studied. We designed our study to investigate the long-term changes in p-Arr-2 and its predictive
accuracy for identifying potential responders to NSBB treatment.
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MATERIALS AND METHODS

Patient selection

We prospectively enrolled 120 patients with cirrhotic PHT having no previous history of endoscopic or
NSBB treatment for varices. The enrollment was done between December 2017 and November 2019,
with the last follow-up being performed on April 2021. We also included 40 healthy volunteers to assess
normal serum B-Arr-2 levels. The study was conducted at the Internal Medicine Department, Main
University Hospital, Faculty of Medicine, as well as the Endoscopy Unit at the Medical Research
Institute, Alexandria University. The study was approved by the local ethics committee [Institutional
Review Board: 00007555; Review Number: 0303608]. The study was conducted following the 1975
Helsinki Declaration (as revised in 2008), and the Good Clinical Practice guidelines. Informed consent
was obtained from all study participants.

Exclusion criteria

We excluded patients with non-cirrhotic PHT, portal vein thrombosis, endoscopic stigmata of active or
recent bleeding, previous endoscopic or NSBB variceal treatment, contraindications for NSBB treatment,
bradycardia with < 50 beats/minute, SBP of < 90 mmHg, coagulopathy, malignancy, or cardiorenal
disease.

Patient assessment

A history of melena or hematemesis was recorded. We performed a complete clinical examination and
laboratory investigations, including complete blood count and assessment of aminotransferases, serum
albumin and bilirubin levels, and international normalization ratio. The severity of liver disease was
assessed using Child-Pugh classification. The Aspartate aminotransferase (AST)/ platelet ratio index
(APRI) was calculated. Serum B-Arr-2 levels were measured using an ELISA kit (Human ARRB2,
Catalog #MBS765831, My BioSource, Inc., CA, United States) following the manufacturer’s instructions
[12].

Doppler ultrasound of the portal circulation was obtained using the Acuson X-300™ color Doppler
machine (Siemens, CA, United States) to measure the portal vein congestion index (PVCI) at both
baseline and last follow-up visits[13].

Esophagogastroduodenoscopy (EGD) was performed to evaluate the presence and grade of EV, the
risk signs for variceal bleeding, presence of gastric varices (GV), and presence and grade of portal
hypertensive gastropathy (PHG)[5,14]. Mucosal biopsies from the gastric antrum, body (corpus), and
duodenum were taken during baseline endoscopic evaluation.

Patients with nonbleeding small varices with red wale marks, cherry-red spots, or decompensated
cirrhosis and those with medium or large EV were started on propranolol primary prophylaxis (40
mg/d over 2 doses)[5,15]. The dose was then increased on alternate days to reach a target pulse of 55
beats/minutes or a maximally tolerated dose (but not exceeding 360 mg/d). The dose was maintained
until the study ended if it was tolerated and an SBP > 90 mmHg was sustained.

The follow-up duration of the study was 18 mo (540 d), calculated from the first dose of NSBB.
During this period, EGD was performed every 12 wk or whenever variceal bleeding occurred.

Primary endpoint

The primary endpoint was the occurrence of variceal bleeding necessitating intervention, such as
endoscopic variceal ligation or sclerotherapy (EVL/EST). Patients who bled were designated as “NSBB
non-responders”. Conversely, patients who did not experience variceal bleeding in the 540 days of
follow-up were designated as “NSBB responders”.

At the end of the study (either when variceal bleeding occurred or the end of follow-up), EGD was
performed for EV grading/treatment and obtaining a second antral mucosal biopsy to re-assess -Arr-2
expression. Variceal bleeding was defined as hematemesis, melena, or hematochezia with endoscopic
evidence of the variceal source after excluding nonvariceal sources, including the biopsy site.

The histopathological expression of B-Arr-2 was evaluated by immunohistochemical staining using
human ARRB2 antibody (B-arrestin-2, Cat. #°A002135LA01HU, CUSABIO, United States) following the
manufacturer's instructions. The degree of B-Arr-2 expression was semiquantitatively expressed as (+)
low, (++) moderate, and (+++) strong staining[16]. The endoscopic and pathologic evaluations were
blinded.

The response to NSBB was evaluated clinically (signs of bleeding during the follow-up), endoscop-
ically (changes in variceal grade), and by Doppler ultrasound assessment of changes in the PVCI i.e.
APVCL

Statistical analysis

The sample size was calculated using Stata/MP v.15.1 software (StataCorp LLC, United States) with a
statistical power of 90%, a two-tailed a level of 0.05, and assuming a value of 0.5 as a hazard ratio.
Normality of distribution was assessed, and data were expressed as a mean + SD or proportions. The
student’s t-test or the ANOVA test was used as appropriate. The Chi-square (y?), Fisher’s Exact (FET), or
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McNemar (Bowker’s) test was used to compare proportions. The sensitivity and specificity of serum p-
Arr-2 were assessed by receiver-operating characteristic (ROC) curve. Correlations between variables
were analyzed by Pearson’s or Spearman’s test as appropriate. Multivariate regression, Cox regression,
Kaplan-Meier analysis were done.

RESULTS

During the study, 29 patients were lost to follow-up (during the COVID-19 pandemic). The analysis was
done for 91 patients (per-protocol analysis). In total, 31 (34.1%) patients experienced variceal bleeding
(NSBB non-responders), and 60 (65.9%) patients did not bleed (NSBB responders). At baseline, small,
medium, and large EVs were present in 17 (18.7%), 48 (52.7%), and 26 (28.6%) patients, respectively.
Mild and severe PHG was detected in 32 (35.2%) and 33 (36.2%) patients, respectively. GV was seen in
14 (15.4%) patients. Table 1 shows the baseline clinical and laboratory data.

Baseline serum and tissue expression of 3-Arr-2

The serum B-Arr-2 levels in patients were higher than those in healthy controls (mean + SD), 2.57 + 0.48
vs 1.59 £ 1.29 ng/mL, respectively, P < 0.001). At baseline, serum p-Arr-2 levels in the responders were
higher than those in the non-responders (mean + SD, 2.79 + 0.40 vs 2.13 + 0.28 ng/mL, respectively, P <
0.001, 95%ClI: -0.80 to -0.51) (Supplementary Figure 1). The tissue expression of B-Arr-2 in the gastric
antrum was significantly different between subgroups [(5%, 30% and 65% among responders vs 45.2%,
48.4% and 6.4% among non-responders) for low (+), moderate (++), and strong (+++) expressions,
respectively, y* = 30.1, P < 0.001]. No significant difference was found in terms of B-Arr-2 expression in
the gastric body (P = 0.23) or duodenum (P = 0.40). Therefore, the statistical analysis subsequently
focused on B-Arr-2 expression in the gastric antrum (Figure 1, Figure 2A).

B-Arr-2 vs esophageal and GV at baseline

Patients were stratified according to the baseline grade of antral f-Arr-2 expression (n = 91). The
comparison between these strata showed that stronger antral B-Arr-2 expression was associated with a
higher EV grade at baseline (43.9% of patients with strong B-Arr-2 expression (n = 41) had large EV vs
29.4% and 9.1% for low (n = 17) and moderate (n = 33) B-Arr-2 expression, respectively, y> = 14.2, P =
0.007) (Figure 2B). However, there was no significant difference between these strata as regards the
presence of GV (P = 0.11).

The serum B-Arr-2 levels were higher in patients with large EVs than in those with medium and small
EVs and patients with medium EVs than in those with small EVs (mean + SD, 2.90 + 0.42 vs 2.50 + 0.44
and 2.24 + 0.42 ng/mL respectively, P < 0.001) (Supplementary Figure 2). Patients with GV showed a
higher mean serum B-Arr-2 levels than patients without GV (2.85 + 0.37 vs 2.51 + 0.48 ng/mL, P = 0.007).
However, the number of patients with GV in the current study was too small (n = 14) for detailed
analysis.

B-Arr-2 vs PVCI at baseline

Patients with strong antral f-Arr-2 expression showed higher mean values of PVCI than those with
moderate and low expression (0.566 + 0.09 vs 0.517 £ 0.11 and vs 0.483 + 0.08 cm?/s, P = 0.04 and P <
0.005 respectively). There was no difference between patients with low and moderate expression of B-
Arr-2 in terms of mean values of PVCI (P = 0.24).

PVCI and EV before and after NSBB therapy

The mean value of PVCI after NSBB treatment in NSBB-responders significantly decreased compared
with the baseline (0.492 + 0.11 vs 0.545 + 0.10 cm?/s, P < 0.001, 95%CI: 0.04 - 0.06), whereas in non-
responders, there was no difference (0.511 + 0.09 vs 0.509 + 0.08 cm?/s, P = 0.76). Also, the mean value of
APVCI among responders was higher than that among non-responders (0.0538 £ 0.06 vs 0.002 + 0.04 cm?
/s, P <0.001).

At baseline, the frequency of small, medium, and large EV between patients (n = 91) was 18.7%,
52.7%, and 28.6% of cases, respectively. At the end of the study, the frequency of small, medium, and
large EV was changed to 31.9%, 45.1%, and 23.1% of cases, respectively (P = 0.049, y* = 7.6,
Supplementary Figure 3).

Before NSBB treatment, the EV grades were not significantly different between responders and non-
responders (Table 1). However, after treatment, a significant difference in favor of the responders
appeared (the frequency decreased from 36.7% to 21.7% and from 46.7% to 36.7% for large and medium
varices, respectively, P = 0.003). Among non-responders, there was a progression in the EV grades
compared with baseline (P = 0.03) (Figure 2C).

Antral B-Arr-2 expression after NSBB treatment
There was a significant change in the antral expression of -Arr-2 after treatment with NSBB compared
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Table 1 Baseline clinical and laboratory data of the study population

NSBB non-responders (n =

PPA (n=91) NSBB responders (n = 60) 31) Pvalue
Male sex 1 (%) 65 (71.4) 44 (73.3) 21 (67.7) 0.37"
Age (years) 55.16 +4.0 55.43 +3.74 54.64 +4.57 0.38
Ascites 11 (%) 29 (31.9) 19 (31.7) 10 (32.3) 0.57"
HB (g/dL) 11.07 +1.44 11.10 + 1.66 11.02+0.91 0.81°
Platelets (x 10°/mm?) 83.13+12.33 85.32+15.46 78.90 +12.19 0.02°
WBCs (x 10°/mm®) 4.85+1.05 4.88+1.11 4.78 £ 0.96 0.66>
ALT (IU/L) 40.01+9.74 40.75 +9.98 38.58+9.23 0.32°
AST (IU/L) 54.40 +14.00 55.48 +14.24 5229 +13.47 0.317
APRI-score 1.94 +0.46 1.92 £0.30 1.97 £0.56 0.63”
Albumin (g/dL) 2.94+0.18 2.93+£0.17 2.97+0.18 0.25"
Bilirubin (mg/dL) 1.73 £0.62 1.65 £ 0.55 1.89 £0.72 0.11%
INR 1.35+0.18 1.34+0.17 1.39+0.16 0.19°
CTP A/B/C 48/36/7 34/22/4 14/14/3 0.56°
Baseline PVCI 0.533 +0.10 0.545 +0.11 0.509 + 0.09 0.11°
Baseline esophageal varices grade: n (%)
Small 17(18.7) 10 (16.7) 7 (22.6) 0.06'
Medium 48 (52.7) 28 (46.6) 20 (64.5)
large 26 (28.6) 22 (36.7) 4(12.9)
Baseline portal hypertensive gastropathy grade: n (%)
No 26 (28.6) 13 (21.7) 13 (41.9) 0.012"
Mild 32(35.2) 19(31.7) 13 (41.9)
Severe 33 (36.2) 28 (46.6) 5(16.2)
GV presence 1 (%) 14 (15.4) 12 (20.0) 2 (6.5) 0.08’
NSBB dose (min-max): 64.84 +14.63 (30-100) 65.33 +15.45 (30-100) 63.87 +13.08 (40-80) 0.65

(mg/d)

IChi-square test.

%Independent sample t-test.

SFisher’s exact test.

ALT: Alanine aminotransferase; APRI: Aspartate aminotransferase/platelet ratio index; AST: Aspartate aminotransferase; p-Arr-2: p-Arrestin-2; CI:

Congestion index; CTP: Child-Turcotte-Pugh class; GV: Gastric varices; HB: Hemoglobin; INR: International normalization ratio; ITA: Intention to treat

analysis; Max: Maximum; Min: Minimum; NSBB: Nonselective beta-blocker; PPA: Per-protocol analysis; WBCs: White blood cells.
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with baseline. At baseline, 18.6% of patients showed low expression, 36.3% showed moderate
expression, and 45.1% showed strong expression. After NSBB treatment, 42.9% of patients showed low
expression, 37.4% showed moderate expression, and 19.7% showed strong expression (McNemar
Bowker’s y* = 16.18, P = 0.001). Among the NSBB-responders, the frequency of strong B-Arr-2 expression
significantly decreased (20% strong expression post-treatment vs 65% at baseline, y>= 26.6, P < 0.001);
whereas in the non-responders, there was no significant difference between baseline and post-treatment
expression (P = 0.54) (Figure 2D). Multivariate regression showed that NSBB dose (P = 0.02, OR =1.01,
95%ClI: 0.91-1.05) and the APVCI (P = 0.005, OR = 1.58, 95%CI: 0.001- 0.002) were the only independent
predictors of reduced B-Arr-2 expression (Table 2).

Correlations between B-Arr-2 and study parameters

Serum and antral expression of B-Arr-2 were directly correlated to each other (rs = 0.72, P < 0.001). Both
serum and antral expression of B-Arr-2 showed a direct correlation with baseline EV grade, baseline
PHG, PVCI, and APRI score. They also showed a negative correlation with platelet count and serum
AST (P < 0.05) (Table 3). In addition, p-Arr-2 expression intensity after NSBB therapy was directly
correlated with the severity of PHG (rs = 0.35, P < 0.001).
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Table 2 Univariate and multivariate analysis for predictors of diminished p-Arrestin-2 expression after nonselective p-blockers

Parameters Univariate analysis Multivariate analysis

P value OR P value OR 95%Cl
ALT 0.51 - - = -
AST 0.20 - - = -
Platelets 0.26 - = = -
APRI 0.06 - - = -
Albumen 0.25 - - = -
Bilirubin 0.69 - - = -
Child-Turcotte-Pugh class 0.73 - - = -
Baseline EV grade 0.003 1.35 - - =
Baseline p-Arr-2 expression <0.001 241 - - =
NSBB dose 0.049 6.5 0.02 1.01 0.91-1.05
APVCI <0.001 10.34 0.005 1.58 0.001- 0.002

ALT: Alanine aminotransferase; APRI: Aspartate aminotransferase/platelet ratio index; AST: Aspartate aminotransferase; p-Arr-2: -Arrestin-2; APVCI:
Delta (change in) portal vein congestion index; EV: Esophageal varices; NSBB: Nonselective beta-blockers.

Table 3 Correlations between serum and antral expression of B-arrestin-2 and different study parameters

Serum p-Arr-2 level B-Arr-2 expression in the gastric antrum

rs P value rs Pvalue
Age 0.10" 0.43 0.16 0.14
Child-Pugh class 0.11 0.34 0.08 0.45
INR 0.12" 0.19 0.11 0.34
Serum albumin -0.19' 0.07 -0.12 0.26
Serum bilirubin 0.12' 0.19 0.03 0.77
Presence of ascites 0.11 0.30 0.14 0.18
Platelets count 038 <0.001 -0.28 0.008
Baseline EV grade 0.48 <0.001 0.30 0.004
Baseline PHG grade 0.33 0.002 0.38 <0.001
Baseline congestion index 0.36' <0.001 0.32 0.002
Antral B-Arr-2expression 0.72 <0.001 - -
Corpus p-Arr-2 expression 0.17 0.10 0.11 0.28
Duodenal B-Arr-2 expression 0.19 0.07 0.13 0.23
AST -0.23! 0.03 -0.25 0.019
APRI score 0.34' <0.001 0.25 0.039
Non-selective B-blocker dose 0.15' 0.15 0.03 0.73

Pearson’s correlation. APRI: Aspartate aminotransferase/platelet ratio index; AST: Aspartate aminotransferase; p-Arr-2: p-Arrestin-2; EV: Esophageal
varices; INR: International normalization ratio; PHG: Portal hypertensive gastropathy.

Variceal bleeding and baseline expression of B-Arr-2

At baseline, 17 patients had low B-Arr-2 expression; among them, 14 patients (82.4%) experienced
variceal bleeding. Further, 33 patients had moderate p-Arr-2 expression; among them, 15 (45.5%)
patients experienced variceal bleeding. Similarly, 41 patients had strong p-Arr-2 expression, and among
them, 2 (4.9%) patients experienced variceal bleeding (y* = 35.10, P < 0.001).
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Figure 1 The statistical analysis subsequently focused on B-Arr-2 expression in the gastric antrum. Cytoplasmic staining of p-Arrestin-2 (x 40)
showing (A, B, C) low, moderate, and strong expression in the gastric antrum; (D, E) moderate and strong expression in the gastric body; and (F) strong expression in
the duodenum respectively.

JBaishideng®

At a cut-off value of > 2.23 ng/mL, serum B-Arr-2 could be used to identify patients at low risk of
variceal bleeding with a sensitivity and specificity of 90% and 71%, respectively. The positive predictive

value was 79%, and the negative predictive value was 85.7% (AUC = 89.2%, P < 0.001, 95%ClI: 0.83-0.96)
(Figure 3).

Kaplan-Meier and regression analysis

Kaplan-Meier analysis with log-rank test was performed (n = 91). Patients with strong baseline antral -
Arr-2 expression and receiving NSBB treatment had a longer variceal bleeding-free interval. The mean
(median) time interval before variceal bleeding for low, moderate, and strong antral -Arr-2 expression
was 351.7 (290), 481.6 (540), and 538.5 (540) days, respectively (y> = 62.02, P < 0.001) (Figure 4A).

In addition, patients with a serum p-Arr-2 level of > 2.23 ng/mL (as obtained from ROC analysis, n =
63) had a longer bleeding-free interval compared with patients who had a serum p-Arr-2 level of < 2.23
ng/mL (n = 28). The mean (median) variceal bleeding-free interval was 527.5 (540) and 382.8 (360) days
respectively, (y* = 57.6, P < 0.001) (Figure 4B).

Via Cox-regression analysis, serum B-Arr-2 level (P < 0.001, OR = 0.13, 95%CI: 0.09-0.13), the intensity
of B-Arr-2 expression in the gastric antrum (P < 0.001, OR = 0.15, 95%CI: 0.1-0.3), and platelet count (P =
0.006, OR = 0.93, 95%ClI: 0.85-0.99), were the only independent predictors for variceal bleeding (Table 4).

Adverse events during the follow up (SBP and refractory ascites)

Among patients who completed the follow-up (n = 91), we had 7 (7.7%) patients who developed SBP.
This subgroup of patients had Child-Pugh class B (2 patients) and C (5 patients). One patient (14.3%) of
them had a strong B-Arr-2 expression, four (57.1%) patients had a moderate expression, and two (28.6%)
patients had low expression. They also have a mean serum B-Arr-2 of 2.15 + 0.3 ng/mL (vs 2.60 + 0.47
ng/mL for patients without SBP, P = 0.006). This subgroup of patients received a mean dose of NSBB =
60 £ 19.1 mg (vs 65.23 + 14.26 mg for patients without SBP, P = 0.36).

In addition, we have 5 (5.5%) patients who developed refractory ascites. This subgroup of patients
had Child-Pugh class B (1 patient) and C (4 patients). Two (40%) patients had low B-Arr-2 expression
and 3 (60%) patients had moderate expression (no patients showed strong expression). They had a mean
serum B-Arr-2 of 2.10+0.19 ng/mL (vs 2.59 + 0.48 ng/mL for patients without SBP, P = 0.002). This
subgroup of patients received a mean dose of NSBB = 70 + 10 mg (vs 64.5 + 14.85 mg for patients
without refractory ascites, P = 0.42).
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Table 4 Cox-regression analysis for predictors of variceal bleeding among patients

Baseline parameters P value OR 95%Cl
Alanine aminotransferase 0.32 - -
Aspartate aminotransferase 0.19 - -
Platelets count 0.006 0.93 0.85-0.99
APRI score 0.11 - -
Child-Turcotte-Pugh class 0.54 - -
Baseline esophageal varices grade 0.29 - -
Baseline portal vein congestion index 0.49 - -
B-arrestin-2 antral expression <0.001 0.15 0.1-03
Serum f-arrestin-2 <0.001 0.13 0.09-0.13

APRI: AST/platelet ratio score; CI: Confidence interval; OR: Odd’s ratio.
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Figure 2 The statistical analysis subsequently focused on B-Arr-2 expression in the gastric antrum. A: Comparison between nonselective p-
blockers (NSBB) responders and non-responders as regards B-Arrestin-2 expression, 2P < 0.001; °P = 0.23; °P = 0.40; B: The frequency of small, medium, and large
esophageal varices according to different intensities of B-Arrestin-2 expression at baseline; C: Comparison between NSBB responders and Non-responders as
regards the changes in the frequency of low, medium, and large esophageal varices before and after treatment; D: Comparison between NSBB responders and Non-
responders as regards the changes in the frequency of low, moderate, and strong antral B-Arrestin-2 expression before and after treatment. EV: Esophageal varices;
NSBB: Nonselective beta-blockers.

DISCUSSION

Nonselective B-blockers reduce portal pressure by minimizing the cardiac output via the blockade of 1
cardiac receptors and enhancing splanchnic vasoconstriction via the blockade of B2 receptors, leaving an
unopposed a-adrenergic activity[17].

The core findings in our study were as follows: (1) Gastric antral f-Arr-2 expression is more related to
the portal hemodynamics than corpus or duodenal expression; (2) B-Arr-2 expression correlates with the
degree of PHT in terms of EV and PHG grades; (3) Stronger p-Arr-2 expression is associated with
sustained clinical response to NSBB, decrease in the PVCI, better EV control, and longer variceal
bleeding-free interval; (4) Patients who experienced variceal bleeding while on NSBB therapy had a
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Figure 3 A receiver operating characteristic curve analysis of serum B-Arrestin-2 Levels to identify patients with a low likelihood of
variceal bleeding.
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Figure 4 The cumulative incidence rates of variceal bleeding among NSBB non-responders group concerning. A: Baseline p-Arrestin-2 (B-Arr-
2) antral expression; B: serum B-Arr-2 levels.

lower baseline serum and tissue expression of p-Arr-2; (5) Patients who did not bleed during NSBB
therapy (NSBB responders) showed a reduction in the expression of B-Arr-2 after long-term treatment,
highlighting the link between PHT dynamics and B-Arr-2 expression; and (6) the serum level of B-Arr-2
directly correlates with the antral expression of B-Arr-2 and show high sensitivity and specificity for
defining the subgroup of patients who will respond to NSBB with a low likelihood for variceal bleeding.
These results suggest that serum and gastric antral B-Arr-2 are potentially simple and minimally
invasive markers for PHT patients who may show a favorable response to NSBB.

Although NSBB minimizes the risk of variceal bleeding, this is observed only in approximately 40%
of cases, leaving 60% of patients vulnerable to the drug’s adverse effects without any benefits.
Therefore, identifying such patients is essential, especially among patients with refractory ascites and
spontaneous bacterial peritonitis[8,18].

The pathophysiology of PHT involves the down-regulation of vasoactive proteins [RhoA/Rho kinase
(ROCK)] and up-regulation of vasodilators [e.g. Nitric oxide (NO)]. This contributes to splanchnic
vasodilation and induction of the renin-angiotensin-aldosterone signaling (RAAS) pathway[19].
However, the vasoconstrictor angiotensin II (AT-2) and other vasoactive substances [e.g., endothelin 1
(ET-1)] fail to induce splanchnic vasoconstriction due to the down-regulation of downstream pathways
involving RhoA and ROCK. This probably extends to the mucosal vasculature and is not limited to the
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large splanchnic vessels[19].

B-Arr-2 expression is increased in splanchnic vessels of animals and humans with cirrhosis and could
suppress the vasoactive signaling via the desensitization of the AT-2 and ET-1 receptors[19,20]. This
explains the direct correlation between the serum levels and tissue expression of f-Arr-2 on one side and
the grade of varices and PHG on the other side, which was demonstrated in our study, corroborating
previous research[11,21,22].

As it determines the probability of achieving more benefit than damage, the timing of initiation of
NSBB therapy is clinically important. In the early stages of PHT, RAAS system activation is minimal.
This results in a milder form splanchnic and systemic hyperdynamic state; therefore, the splanchnic
circulation sensitivity to NSBB remains turned off[23,24]. This clinically important aspect can be
identified indirectly via a minimally invasive technique through the correlation between p-Arr-2
expression and PHT severity. Also, serum and tissue expression of p-Arr-2 can aid in selecting patients
who will benefit from NSBB in cases of advanced cirrhosis, in which life-threatening complications of
NSBB can occur[8,24].

The mechanisms by which NSBB lowers the portal pressure[17] are driven by their increased affinity
to p adrenergic receptors-1 and 2 (1 and 2-AR)[25]. B-Arr-2 signaling has been linked to p1-AR up-
regulation. In mice, B-Arr-2 overexpression has been found to restore the inotropic properties of p1-AR.
In patients with heart failure, p-Arr-2 could upregulate p1-ARs (so that they are more ready for B-
blocker binding). Also, B-Arr-2 can bind and inhibit p1-AR through the kinase pathway (synergistic
effect with p-blockers)[26-28].

With regards to f2-AR, the overexpression of B-arr-1 or Barr-2 in human airway smooth muscle
(ASM) cultures causes B2-AR desensitization and B agonist-stimulated signaling attenuation[29]. In in
vivo and ex vivo murine models of ASM contractile regulation, B-Arr-2 appeared to antagonize p agonist-
mediated ASM relaxation[30]. B-Arr-2 can preferentially bind to PIP5K-Ia and p2-adaptin proteins,
which regulate G protein-coupled receptor trafficking and enhance p2-AR endocytosis. These effects
synergize in the attenuation of the physiological functions of p1 and p2-AR[31].

These interactions might also apply for splanchnic p2-AR and may explain the enhanced response of
patients with PHT, who have a stronger expression of f-Arr-2, to NSBB treatment. With the lack of a
correlation between NSBB dose and B-Arr-2 expression in our study, we suggest that p-Arr-2 might
manipulate portal hemodynamics through a direct synergistic effect and by enhancing the affinity of f2-
AR for binding NSBB rather than a dose-related effect. This is supported by the absence of a significant
difference in the mean dose of NSBB between responders and non-responders in our results.

In the current study, few patients developed SBP and refractory ascites. The lack of significant
difference in NSBB dose in these events among subgroups may support the possible hypothesis of f2-
AR receptors readiness for NSBB therapy rather than a dose-dependent effect. This again, emphasizes
the role of B-Arr-2 as a marker to select patients with PHT who will tolerate NSBB therapy without
complications. However, the number of cases with SBP and refractory ascites in our cohort is too low to
provide a conclusion as regards this point and more validation on a wide scale is reco-mmended.

In the current study, the antral expression of B-Arr-2 decreased significantly in the NSBB responders.
Similarly, Trebicka et al[11,21] found in their study that p-Arr-2 expression in the gastric antrum
decreased after performing a trans-jugular intrahepatic portosystemic shunt. Following a decrease in the
portal pressure, they found a reversal of the vasoactive protein expression toward normal. In another
study, however, B-Arr-2 expression remained unchanged despite HVPG reduction. Further invest-
igation of the changes in B-Arr-2 expression is recommended to resolve these inconsistencies.

This study has some limitations. We did not perform HVPG measurement due to its invasiveness and
unavailability in our institute. Further, we did not assess other vasoactive substances, such as NO and
RhoA, due to financial constraints. Nevertheless, the current study still has notable strengths. In
addition to the prospective design, we studied a relatively large number of patients and had a relatively
long follow-up period. This is also the first study to provide the measurement of f-Arr-2 in the serum of
patients with PHT with good sensitivity and specificity.

CONCLUSION

Antral B-Arr-2 expression in PHT patients correlates to the severity of PHT. Stronger expression is
associated with a better response to NSBB and longer variceal bleeding-free interval. We suggest
assessing serum B-Arr-2 level as a potential, noninvasive biomarker for identifying PHT patients who
are good candidates for NSBB therapy. In addition, we recommend future studies to validation of the
current results on a larger scale of patients.
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ARTICLE HIGHLIGHTS

Research background

Variceal bleeding is a life-threatening complication of portal hypertension (PHT). Nonselective B-
blockers (NSBB) are used as primary or secondary prophylaxis in patients with PHT. The use of NSBB
has been associated with the development of refractory ascites and spontaneous bacterial peritonitis in a
subgroup of patients. p-arrestin-2 (B-Arr-2) has been shown to predict the short-term response to NSBB
in a few studies.

Research motivation

There is a gap of knowledge still present. The previous research about B-Arr-2 was about the acute
hemodynamic response to NSBB infusion, but no data about the long-term effects. About two-thirds of
patients with PHT fail to respond to NSBB, with the exposure to undesirable side effects. Identifying
this subset of patients noninvasively is of clinical importance. Again, the long-term changes in p-Arr-2
expression after NSBB therapy have not yet been investigated.

Research objectives

We aimed to investigate the role of both serum and tissue expression of B-Arr-2 as a minimally invasive
to predict the long-term clinical response of PHT to NSBB therapy, as well as to investigate the long-
term changes in p-Arr-2 expression after NSBB therapy.

Research methods

We prospectively enrolled 120 patients with cirrhotic PHT. Full history and clinical evaluation were
done. Laboratory investigations including serum p-Arr-2 were done. Doppler ultrasound of the portal
circulation to measure the portal vein congestion index (PVCI) was obtained. Esophagogastroduoden-
oscopy (EGD) was performed to evaluate the presence and grade of varices and to obtain mucosal
biopsies to define the expression of f-Arr-2. NSBB therapy was initiated. A follow-up for 18 mo (540 d)
was done. Another endoscopic biopsy was obtained at the end of the study to re-assess the tissue
expression of B-Arr-2. Patients were designated as “NSBB responders” if they didn’t experience variceal
bleeding until the end of follow-up; or “NSBB non-responders” if they had bled. PVCI was re-evaluated
at the end of the study.

Research results

A higher serum level and antral expression of B-Arr-2 were associated with better clinical response to
NSBB (longer bleeding-free intervals, and improved grade of varices). Only 17.6% of patients with low
baseline B-arr-2 expression responded to NSBB, whereas, 95.1% of patients with strong B-arr-2
expression were responders (P < 0.001). A serum p-Arr-2 value 2 2.23 ng/mL was associated with a
lower likelihood of variceal bleeding with 90% sensitivity and 71% specificity. B-arrestin-2 expression
significantly decreased after nonselective B-blocker therapy. Serum B-Arr-2 level (P < 0.001), the
intensity of f-Arr-2 expression in the gastric antrum (P < 0.001), and platelet count (P = 0.006), were the
only independent predictors for variceal bleeding

Research conclusions

The serum level and tissue expression of B-Arr-2 in the gastric antrum are correlated to the severity of
PHT. The lower B-Arr-2 expression can predict non-response to NSBB therapy. Stronger expression is
linked to a better long-term clinical response to NSBB in terms of variceal bleeding-free interval. We
introduce serum B-Arr-2 level as a potential, noninvasive biomarker for selecting patients with PHT
who are potentially good candidates for NSBB therapy.

Research perspectives

Future studies are needed to validate the results of our study on a wider scale of patients. Prospective
research is needed to explore the relation between the expression of B-Arr-2 and the development of
spontaneous bacterial peritonitis and hepatorenal syndrome in cirrhotic PHT.
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AIM
To assess timing of surgical repair of BDI and postoperative complications.

METHODS

The MEDLINE, EMBASE, and The Cochrane Library databases were systemat-
ically screened up to August 2021. Risk of bias was assessed via the Newcastle
Ottawa scale. The primary outcomes of this review included the timing of BDI
repair and postoperative complications.

RESULTS

A total of 439 abstracts were screened, and 24 studies were included with 15609
patients included in this review. Of the 5229 BDIs reported, 4934 (94%) were
classified as major injury. Timing of bile duct repair was immediate (14%, n =
705), early (28%, n = 1367), delayed (28%, n = 1367), or late (26%, n = 1286).
Standardization of definition for timing of repair was remarkably poor among
studies. Definitions for immediate repair ranged from < 24 h to 6 wk after LC
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while early repair ranged from < 24 h to 12 wk. Likewise, delayed (> 24 h to > 12 wk after LC) and
late repair (> 6 wk after LC) showed a broad overlap.

CONCLUSION

The lack of standardization among studies precludes any conclusive recommendation on optimal
timing of BDI repair after LC. This finding indicates an urgent need for a standardized reporting
system of BDI repair.

Key Words: Bile duct injury; Major bile duct injury; Laparoscopic cholecystectomy; Surgical repair;
Immediate repair; Early repair; Delayed repair; Late repair; Biliary reconstruction; Standardization of bile
duct injury repair reporting

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Bile duct injury after laparoscopic cholecystectomy is a relevant iatrogenic complication, which
urgently needs attention. In this systematic review, we would like to focus on surgical repair and partic-
ularly on the timing of repair. This literature search reveals that the ideal timing of repair is reported
remarkable poorly, indicating an urgent need for standardization to better direct treatment of this
condition.

Citation: Kambakamba P, Cremen S, Mockli B, Linecker M. Timing of surgical repair of bile duct injuries after
laparoscopic cholecystectomy: A systematic review. World J Hepatol 2022; 14(2): 442-455

URL: https://www.wjgnet.com/1948-5182/full/v14/i2/442.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i2.442

INTRODUCTION

Bile duct injury (BDI) remains the most serious and challenging adverse event after laparoscopic
cholecystectomy (LC)[1-5]. If not recognized and treated properly, BDI may lead to severe morbidity
and even death of the patient due to biliary peritonitis and sepsis[6-8].

The management of BDI requires multidisciplinary input, demanding close collaboration of surgeons,
gastroenterologists, and interventional radiologists[9-13]. Endoscopic or interventional strategies may
suffice in the treatment of minor BDI such as cystic stump leakage or partial laceration[14,15]. However,
major BDI often requires surgical repair[10,16]. Due to the anatomical complexity of the biliary tree,
surgical BDI repair requires a certain expertise in biliary reconstruction and therefore referral to a
tertiary center with a division specialized in hepatobiliary (HPB) surgery is strongly recommended[17-
21].

Alongside the extent of injury and surgical experience of those managing BD], it has been suggested
that timing of BDI repair may be a significant prognostic factor for clinical outcomes[10,20-24]. To date,
the timing of BDI repair is controversial, with discussions in the literature failing to reach clear
recommendations. Whereas several groups claim superiority of early BDI repair[25,26], other public-
ations report beneficial outcome measures if BDI repair was delayed[27-29]. Inconsistent methods of
reporting and a plethora of distinct definitions for time intervals create difficulties in comparing study
outcomes and draw conclusions on the best timing of BDI repair[29,30].

Therefore, the aim of this systematic review was first to investigate the existing literature on outcome
after BDI repair according to timing of repair and second to analyze the standardization concerning
definitions of timing of BDI repair among studies.

MATERIALS AND METHODS

Search strategy

A systemic electronic search for studies published until August 2021 was preformed, which screened
different databases such as Medline, EMBASE, and Cochrane. The search strategy was designed to
screen for publications reporting timing of BDI repair and outcome according to timing. Related key
phrases and MESH subject headings were combined. The initial search was completed by an objective
librarian (Supplementary Table 1).
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Inclusion and exclusion criteria

All studies reporting BDI repair after LC, including information on timing and postoperative outcome,
were included. Abstracts, reviews, case reports, letters to the editor, and articles only available in non-
English language were excluded from analysis. Additionally, studies not reporting postoperative
outcome according to timing of BDI repair were excluded.

Data extraction and risk of bias assessment
The following data was extracted: Study period, number of patients, age, number of BDI, classification
of BDI, presence of concomitant vascular injury, timing and type of BDI repair, and postoperative
outcome after BDI repair. The primary outcome of this study was the definition of timing of BDI repair.
Postoperative complications were considered as the secondary outcome.

Two independent reviewers (Kambakamba P and Linecker M) screened all articles and checked the
extracted data for accuracy. The Newcastle-Ottawa scale was used to assess included papers for risk of
bias[31,32].

Statistical analysis
Variables are described as the median and interquartile range (IQR), unless specified differently. The
Mann-Whitney U Test or the one-way ANOVA tests was used.

Due to the fact that point estimates from most of the studies (e.g., odds ratios or risk ratios for binary
outcomes, or mean difference for quantitative outcomes including 95% confidence interval) were
missed, a statistical analysis by pooling the data according to the meta-analysis methods could not be
performed. Significance was set at P = 0.05 and statistical trend was defined as P < 0.1. Statistical
analyses were performed with the software package SPSS 22 (SPSS Inc., Chicago, Ill) and Graph Pad
Prism Software Version 6.0.

RESULTS

Search results
From all the databases searched, 539 studies were identified through screening of Medline (n = 296),
EMBASE (n = 200), and Cochrane (n = 43, Figure 1). After excluding duplicates, a total of 539 studies
remained for abstract reviewing. Of these, 275 studies were excluded because of reporting of interven-
tional management of BDI only (i.e., endoscopy), or representing review articles or case series < 10
patients. Finally, after critical reading of 127 articles, 24 studies were considered for the final analysis
(Figure 1)[18,20,25-28,33-51].

All 24 studies were assessed for the criteria selection (case definition, representativeness of cases,
selection of controls, and definition of controls), comparability (age and sex, and other factors), and
exposure (ascertainment of exposure, follow-up, and adequacy of follow-up; Supplementary Figure 1).

Descriptive cohort

A total of 24 studies met the inclusion criteria and reported sufficient information on timing of surgical
BDI repair and postoperative outcome after BDI repair. Overall, 15609 patients undergoing
cholecystectomy were enrolled. Out of 5229 described injuries of the bile duct, 94% (n = 4934) were
classified as major BDI with the need for surgical repair (Table 1).

Three different classifications were used to characterize the type of major BDI: The Strasberg classi-
fication, the Bismuth classification, and the Stewart Way System. Fifteen studies, accounting for 49% (n
= 2440)[26,33,34,36-43,45-47,49,50] of BDIs, used the Strasberg classification system, three studies,
including 8% (n = 395)[43,47,51] of BDIs, used the Bismuth classification, and one study, reporting 6% (n
= 307)[18] of BDIs, used the Stewart Way System (Table 2). Five studies, including 36% (n = 17924)[25,27,
28,35,49] of patients, did not identify which classification system was used. Of note, one study including
12 patients used both the Bismuth and the Strasberg classification[39]. Concomitant vascular injury was
reported in 4% (n = 222)[28,33,34,36,37,43-45,47] of included patients.

Timing of BDI repair
Details on timing of surgical BDI repair were available in 98% (n = 4879) of analyzed major BDIs.
Among all studies, the timing of repair was categorized as “immediate”, “early”, “delayed”, or “late”. In
the literature, all four strategies were used in comparable frequencies: 14% (n = 705) of BDI repairs were
classified as immediate and 28% (n = 1367) as early, whereas delayed and late repair represented 28% (n
=1364) and 26 % (n =1286) of BDI repairs, respectively (Table 3).

The most common type of surgery was biliodigestive reconstruction with a hepaticojejunostomy
(median, 95%, IQR: 88%-100%; Table 4). Additionally, the late BDI repair group included nine (0.2%)
cases of hepatic resections and 32 (0.6%) patients who were treated by liver transplantation.
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Table 1 Descriptive cohort, n (%)

Ref. Study period Study population (n) Major BDI (n)
de Reuver et al[20], 2007 1991- 2005 500 151 (30)
Mushtagq et al[35], 2020 1974- 2004 5000 11 (100)
Goykhman et al[28], 2008 2002- 2007 29 29 (100)
Silva et al[34], 2008 - 22 22 (100)
Stewart et al[18], 2009 - 307 307(100)
Sahajpal et al[42], 2010 1992-2007 69 69 (100)
Huang et al[25], 2011 1984- 2009 282 41 (15)
Perera et al[26], 2011 1991- 2007 200 157 (79)
Barauskas et al[41], 2012 2000- 2007 4438 23 (53)
Tannelli et al[27], 2013 - 640 543 (85)
Lubikowski et al[38], 2012 2002- 2011 300 (TPL) 5 (100, TPL)
Parrilla et al[37], 2014 1987- 2010 27 27 (100, TPL)
Stilling et al[44], 2015 1995-2010 139 139 (100)
Arora et al[46], 2015 2000- 2010 10 10 (100)
Perini et al[36], 2015 2000 - 2011 148 9 (16, LR)
Sulpice et al[33], 2014 1992- 2010 60 38 (63)
Felekouras et al[40], 2015 1991- 2011 67 67 (100)
Kirks et al[45], 2016 2008- 2005 61 61 (100)
Dominguez-Rosado et al[43], 2016 1989- 2014 699 614 (88)
E-AHPBA[47], 2019 2000-2016 913 913 (100)
Battal et al[48], 2019 2012-2017 13 13 (100)
Sweigert et al[49], 2021 2006-2015 1168 1168 (100)
El Nakeeb et al[50], 2021 2015-2020 412 412 (100)
Anand et al[51], 2021 2013- 2020 105 105 (100)
Total 15.609 4934

BDIL Bile duct injury; LR: Liver resection; TPL: Liver transplantation.
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Postoperative outcome after BDI repair
Thirteen studies, including 94% (n = 4643) of BDI repairs, defined postoperative outcome according to
various timing groups of BDI repair, which included immediate vs early vs delayed in four studies (n =
745); immediate vs delayed vs late in four (n = 661); immediate vs early vs delayed vs late in three (n =
335); early vs delayed in three (n = 335); early vs delay vs late in three (n = 2695); and early vs late in one (
n =105) (Table 3). Overall, 11 studies (n = 4006) proposed a recommendation for timing of BDI repair.
Two manuscripts were in favor of delayed (n = 572, 12%)[27,28], while two other groups (n = 153, 3%)
[25,26] recommended early repair of BDI (Figure 2). The other eight studies (n = 3281, 66%) postulating
a recommendation for timing found equal results for early or delayed BDI repair[42,43,45].

Median overall morbidity after bile duct repair was 28% (IQR: 19-38) and did not vary significantly
between the different timings of BDI repair (P = 0.789; Table 4). Further, mortality was low and was not
different among groups (P = 0.832). A detailed list of reported complications can be found in Table 5.

Standardization of reporting of timing of repair

Among 14 studies, we found 14 different definitions of immediate repair (n = 705; Figure 3), ranging
from a surgical repair during initial LC (n = 435/705, 62%) to BDI repair within 2 d (n =27/705, 4%), 3 d
(n =179/705, 7%), 2 wk (n = 34/705, 5%), or within 6 wk (n = 15/705, 2%) after cholecystectomy
(Figure 3). Six various definitions for early BDI repair (n = 1367) were provided. Early repair was
described as surgery within 1 wk (n = 1053/1367, 67%), 2 wk (n = 80/1367, 5%), 3 wk (n = 43/1367, 3%),
4 wk (n=12/1367, 1%), 6 wk (n = 223/1367, 16%), or 12 wk (n = 32/1367, 2%). Similar, definitions of
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Table 2 Classification systems of bile duct injury

Bismuth classification Strasberg classification Vascular injury
Ref. BDI (n) Classification

| Il ]| IV vV A B C D E1 E2 E3 E4 ES5
de Reuver et al[20] 151 Bismuth 37 37 37 - - - - - - - - - - - -
Mushtagq et al[35] 11 None - - - - - - - - - - - - - - -
Goykhman et al[28] 29 None - - - - - - - - - - - - - 5
Silva et al[34] 22 Strasberg - - - - - - 1 - 1 1 7 7 3 2 2
Stewart et al[18] 307 Stewart 16 72 187 32 - - -
Sahajpal et al[42] 69 Strasberg 1 - - 2 22 16 22 4 2 -
Huang et al[25] 41 None - - - - - - - - - - - - - - -
Perera et al[26] 157 Strasberg - - - - - 19 2 9 26 20 65 37 19 3 -
Barauskas et al[41] 23 Strasberg - - - - - 4) - - 17) 1 21 - 1 - -
Tannelli et al[27] 543 None - - - = = = = o o o o - - - -
Lubikowski et al[38] 5 Strasberg - - - - - 1 2 - - - 1 1 - - -
Parrilla et al[37] 27 Strasberg - - - - - - - - - - 4 11 12 - 7
Stilling et al[44] 139 Bismuth 49 49 35 26
Arora et al[46] 10 Strasberg - 1 3 5 1 0
Perini et al[36] 9 Strasberg - - - - - - - - - - - 2 7 - 9
Sulpice et al[33] 38 Strasberg - - - - 6 14 6 9 3] 10
Felekouras et al[40] 67 Strasberg 7 - 4 18 10 26 22 4 1 -
Kirks et al[45] 61 Strasberg 2 1 7 4 10 16 11 6 1 12
Dominguez-Rosado et al[43] 614 Strasberg 448 166 22
E-AHPBA[47] 913 Strasberg 757 126
Battal et al[48] 13 Strasberg 3 4 1 1
Sweigert et al[49] 1168 None
El Nakeeb et al[50] 412 Strasberg 59 234 80 33 6
Anand et al[51] 105 Bismuth 10 37 43 3
TOTAL 4934 112 195 267 67 0 34 6 20 71 134 1613 204 265 19 222
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Various classification systems were used among studies and a relevant portion of studies did not declare any classification system of BDI.
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delayed (n = 1364) and late repair (n = 1286) suffered from inconsistent reporting and were described in
six and three distinct ways, respectively. The term “delayed” ranged from after 2 d (n = 34/1364, 3%) to
within 3 d (n = 5/1364, 0.5%) to within 6 wk (n = 994/1364, 73%), to a minimum delay after
cholecystectomy of 2 wk (n =22/1364, 5%), 6 wk (n = 308/1364, 22%), or 12 wk (n = 22/1364, 3%). Late
BDI repairs (n = 1286) were defined as BDI repair 6 wk (n = 1142/1286, 88%), 8 wk (n =10/1286, 1%), 12
wk (n =84/1286, 7%), or 2 years (n = 9/1286, 1%) after LC. In 3% (n = 41/1286) of patients undergoing
late repair, the time interval was not further specified at all.

As described above, the standardization of timing of repair was remarkably poor among][8,29]
studies. Based on the included literature, most commonly used definitions for immediate and early BDI
repair were < 24 h and < 1 wk after (Figure 3). Both delayed and late repairs were equally described as
BDI repair 6 wk after index surgery in the majority of reported cases (Figure 3). Overall, the lack of
standardized reporting leads to a broad overlap of time intervals (Figure 4A), which precludes any
conclusive comparison of different studies.

Nonetheless, the provided data allowed the formation of two groups without being confronted by an
overlap. In an attempt to standardize the population according to timing of BDI repair, a cut off of 14 d
was proposed (Figure 4B). This subgroup analysis revealed increased complications for a BDI repair
within 14 d (n = 1757)[2,11,15,16,20,27,29,30,37,38,42,43,45-49] when compared to surgical repair after
this interval (n = 2031)[18,20,25-28,33,40,42,43,47,49,51]. Nevertheless, this difference did not reach
statistical significance, implicating that outcome is not dependent on timing of repair only. Therefore,
based on the present literature, no recommendation can be given on whether early or delayed BDI
repair should be preferred. Moreover, there are many inconsistencies in the reporting of timing intervals
for BDI repair following LC in the identified literature.

DISCUSSION

The analysis of this systematical review revealed that standardization of definitions for timing of repair
is remarkably poor among studies. This lack of standardized reporting precludes any conclusive
recommendation on optimal timing of BDI repair after LC and claims for a uniform reporting system.
Despite single reports postulating reduced occurrence of BD], it remains a major concern after LC[8,
29]. The repair of major BDI requires exact preoperative characterization of lesions and sufficient
expertise in HPB surgery[18,26]. As a result, there are numerous studies that investigate factors
influencing outcome following biliary reconstruction for BDI[11,18,29]. Both patient-associated factors,
such as septic complications and complexity of BDI, and surgical technique are known prognostic
factors for outcome of BDI repair[10,11,18]. Additionally, several authors attach great importance to the
optimal timing of surgical BDI repair[23-25,27,29,40]. Whereas immediate repair requires early identi-
fication of the injury and potentially shortens patient’s cumulative hospital stay, delayed reconstruction
may provide optimal planning and enable the eradication of intra-abdominal infection prior to surgery.
Both strategies are equally supported and opposed by various groups and therefore a conclusive
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Table 3 Timing of bile duct injury repair, n (%)

Surgical Definition Definition Defintion Definition
Ref. : IR(n ER (n DR (n LR (n) In favor of
repair (n) IR (n) ER (n) DR (n) LR (n)
de Reuver et al[20] 151 <6bw 15 (10) - - >6w 96 (64) >6w (R) 40 (27) -
Mushtagq et al[35] 11 Initial 11 - - - - - - -
surgery (100)
Goykhman et al[28] 29 Initial 14 (48) - - 24-72h 5(17) >8w 10 (35) Delay
surgery
Silva et al[34] 22 Initial 22 - - - -
surgery (100)
Stewart et al[18] 300 Initial 163 12w 61(20) 3-6w 33(11) >6w 43 (14)
surgery (53)
Sahajpal et al[42] 69 <3d 13 (19) 3d- 6w 34(49) >6w 22 (32) Immidiate or
delay
Huang et al[25] 41 = . <14d 19 (46) 14-24w 2(4) - - Early
Perera et al[26] 112 Initial 28 (18) <21d 43(27) >21d 41 (26) - - Early
surgery
Barauskas et al[41] 23 Initial 3(13) - 7(B0) - 13 (57) - - -
surgery
Tannelli et al[27] 543 Initial 194 <45d 216 >45d 133 (24) - - Delay
surgery (35) 39)
Lubikowski et al[38] 5 (TPL) - - - - - - - 5(100) -
Parrilla et al[37] 27 (TPL) - - - - - - - 27 -
(100)
Stilling et al[44] 139 -
Arora et al[46] 10 <3d 10
(100)
Perini et al[36] 9 (LR) - - - - - - - 9(100) -
Sulpice et al[33] 35 <3d 15(43) 3d-6w 7(20) >6w 4(11) >24mo 9(26) -
Felekouras et al[40] 67 <14d 34 (51) 2-12w 11(16) >12w 22 (33) - - -
Kirks et al[45] 61 <2d 27 (44) >2d 34 (56) Equal
Dominguez-Rosado 614 <7d 61 (10) 1-6w 152 (26) >6w 374 Early or late
et al[43] (63)
E-AHPBA[47] 913 <7d 339 1-6 w 261 6 w-6 mo 313 Equal
(37) (28.6) (34)
Battal et al[48] 13 <3d 13
(100)
Sweigert et al[49] 1168 <3d 569 4d-6w 439 (38) >6w 169 Early or late
(48) (15)
El Nakeeb et al[50] 412 <3d 156 4-6w 75(18) >6w 181 Early or
(38) (44) delayed
Anand et al[51] 105 - - <12w 21 (20) - - >12w 84 (80) NS
TOTAL 4879 705 1367 1364 1286
(14) (28) (28) (26)

IR: Immediate repair; ER: Early repair; DR: Delayed repair; LR: Late repair; TPL Transplantation; LR: Liver resection.
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recommendation on timing of BDI repair remains unclear[25-28,42,43,45].

Inconsistent methods of reporting the timing of BDI is a major reason for these continued inconsist-
encies in recommendations[30]. Substantial variability in presentation of data makes comparison of
results difficult and precludes a synoptic statement. In line with our findings, a recent study by the
group of Strasberg highlighted the weaknesses of irregular formats of observational studies in the field
of BDI repair[30]. Likewise, our systematic review found a multitude of definitions for timing of BDI
repair in the literature, resulting in a broad overlap of time intervals among studies. As a result, BDI
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Table 4 Outcome according to timing of bile duct injury repair

Timing of repair Immediate n = 705 Early n=1378 Delayed n = 1364 Late n = 1286 P
Type of surgery

HJS 89 (72-100) 77 (75-91) 100 (96-100) 95 (91-100) 0.132
End-to-end 32 (19-57) 21 (13-47) 3 (2-10) - 0.265
Complications 34 (21-41) 21 (20-29) 25 (16-36) 28 (19-38) 0.789
Bile leak 21 (12-36) 7 (5-12) 12 (0-24) 5 (5-14) 0.653
Wound infection 23 (12-35) - 10 (7- 28) 9 (7-12) 0.456
Liver dysfunction 8 (5-11) - - - -
Cholangitis 11 (10-31) 11 (7-25) 13 (8- 59) 10 (4-18) 0.684
Jaundice 9 (4-14) - = - -
Redo HJS 33 (3-43) 8 (3-31) 20 (10-31) 3 (1-8) 0.642
Intervention 16 (14-17) 5(2-12) 24 (23- 25) - 0.035
Stricture 17 (13-41) 29 (14-39) 25 (15- 62) 13 (11- 19) 0.821
Time to stricture 11 (4-29) 50 (12-89) 14 (14-30) - 0.642
Mortality 1 (0-5) 2 (0-1) 3 (1-5) 0 0.832

HJS: Hepaticojejunostomy.

Table 5 Outcome after bile duct injury within 14 d or later

Timing of repair <14d (n=1757) >14d (n=2031) P
Type of surgery

HJS 100 (73-100) 100 (68-100) 0.842
End-to-end 0(0-27) 0 (0-5) 0.352
Complications 33 (21-41) 22 (18-25) 0.085
Bile leak 11 (5-21) 6 (0-12) 0.453
Wound infection 5 (0-14) 9 (6-18) 0.593
Abnormal liver function 11 (0-21) 10 -
Cholangitis 11 (10-35) 9 (9-10) 0.348
Jaundice 13 (5-21) - -
Redo HJS 23 (4-42) 0 -
Intervention 16 (14-18) 17 -
Stricture 18 (12-43) 13 (5-23) 0.352
Time to stricture (mo) 17 (10-62) 3 -
Mortality 2(0-3) 4(3-5) 0.203

After exclusion of overlapping definitions of timing, two groups at a cut off of 14 d were formed. Again outcome was comparable between early (< 14 d)
and delayed (> 14 d) BDI repair. HJS: Hepaticojejunostomy.

repair may be considered as “early” in one study, whereas the same time interval may be classified as
“delayed” or even “late” in another paper. This lack of standardized definition for BDI timing repair
means that a conclusion on superiority of either one of the strategies cannot be reached. Hence, two
studies included in this review proposed the early[25,26], while another two recommended the delayed
[27,28] approach as treatment of choice. This goes in line with the findings of two recent meta-analyses
that BDI repair should be undertaken either early or in a delayed fashion after 6 wk, whereas the time
frame between 2-6 wk seems to be associated with increased morbidity[23,24].
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Records identified from:
Medline (7 = 296 ) Records removed before screening:

Embase (7 = 200) Duplicate records removed (7 = 103)
Cochrane (n = 43)

Records screened Records excluded
(n =436) (n=34)
Reports sought for retrieval Reports not retrieved
(n = 402) (n = 275)
l Reports excluded (7 = 103):
Reports assessed for eligibility No discrimination early vs late (7 = 81)
(n =127) No outcome reported (7 = 9)
Abstract for congress only (7 = 13)

Studies included in review
(n=24)

Figure 1 Flowchart of literature research.

In favour of

Dominguez 4 n =614 .
Kirks n =61 .
Ianelli : W =543
Perera - =112 [}
Huang | n =41 -
Saihapal n =69 .
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EAHPBA | n =913 .
Sweigert n=1168 .
EI Nakeeb n =412 .
Annand - n =105 .
T T = T 1
Immediate Early Delayed Late

Figure 2 Recommendation of bile duct injury repair. Eleven studies postulated recommendations for optimal timing of bile duct injury

repair.
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In order to overcome this inconsistency in reporting of timing, the population was divided into two
subgroups based on BDI repair within 14 d and after 14 d. Admittedly, the subgroup analysis failed to
reveal a significant difference for outcome. This result emphasizes that outcomes after BDI repair are
influenced by multiple variables and not just by timing of repair. Likewise, a multivariate analysis
including 307 major BDIs concluded that timing of BDI repair plays a subordinate prognostic role for
outcome[18]. In contrast, sepsis control, accurate characterization of the BDI, and surgical experience
seem to be the major factors influencing the postoperative course.

Many of the studies included in this review were retrospective, which accounts for a major limitation
of this systematic review. The retrospective study design does not allow conclusions on patients’
condition prior to surgery and the reason for surgeon’s choice for one strategy or the other. Surgeons’
decision was likely driven by extent of BDI, concomitant vascular injury, and inflammatory status than
by standardized protocols. Subsequently, a retrospective comparison of early and delayed BDI repair
group leads to clustering of two fundamentally heterogeneous populations. Nevertheless, the low
incidence and the unpredictable course of BDI complicate the design of a prospective randomized
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Figure 3 Distribution of definitions of bile duct injury repair timing. Definitions of timing were heterogeneous among publications. Immediate, early,
delayed, and late repairs were defined in four, five, six, and five different manners.
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control trial.

Likewise, the value of the attempt to standardize the groups according to a BDI repair within 14 d or
more than 14 d is diminished by the above-mentioned limitations in data reporting. Still, this allowed a
more precise pooling of patients undergoing BDI. In line with other publications, timing alone did not
predict outcome in this subgroup analysis. Nevertheless, caution should be taken in interpreting these
results based on the quality of provided data and heterogeneity of populations.

In this context, original raw data of the included studies was not available and all analyses were
based on provided medians. Therefore, the analysis was limited by data quality, which precluded
pooling the data according to the methods of a meta-analysis. However, this study has certain strengths,
including the systematical character with providing a comprehensive review of studies declaring
outcome according to timing of bile duct repair.

CONCLUSION

In conclusion, based on clinical practice, it is assumable that immediate BDI repair is reasonable if
detected intraoperatively and sepsis control should be guaranteed before delayed BDI repair.
Nevertheless, only standardized reporting can help to answer the ongoing debate of influence of timing
on outcome and provide solid fundament for a recommendation. Therefore, based on the findings of
this review, a consensus in the field of timing of BDI repair is urgently needed.
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ARTICLE HIGHLIGHTS

Research background

Bile duct injuries (BDIs) are an important topic for the practicing hepatobiliary (HPB) surgeon. While it
is widely agreed that most major BDIs after laparoscopic cholecystectomy (LC) should undergo surgical
repair, the timing of repair is still controversially discussed in the literature.

Research motivation
Our research motivation was: (1) To bring clarity into the terms "immediate", "early", "delayed", and
"late" repair; and (2) to assess postoperative complications.

Research objectives

The objective of this study was to assess timing of bile duct repair after BDI and postoperative complic-
ations.

Research methods

A systematic review of the literature was performed using the databases MEDLINE, EMBASE, and The
Cochrane Library. These databases were systematically screened up to August 2021. Bias assessment
was performed using the Newcastle Ottawa scale.

Research results
A total of 439 abstracts were screened, and 24 studies were included with 15609 patients included in this

review. Of the 5229 BDIs reported, 4934 (94%) were classified as major injury. Timing of bile duct repair
was immediate (14%, n = 705), early (28%, n = 1367), delayed (28%, n = 1367), or late (26%, n = 1286).
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Standardization of definition for timing of repair was remarkably poor among studies.

Research conclusions

The lack of standardization among studies precludes any conclusive recommendation on optimal
timing of BDI repair after LC. This finding indicates an urgent need for a standardized reporting system
of BDI repair.

Research perspectives

Future perspectives include the establishment of a clear definition for the terms "immediate", "early",
"delayed", and "late" repair. Only such a definition can make comparisons of study outcomes possible.
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BACKGROUND

Hepatitis C virus (HCV) can lead to chronic liver damage resulting in cirrhosis
and hepatocellular carcinoma. Spontaneous clearance of HCV has been
documented after an acute infection in 20%-45% of individuals. However,
spontaneously resolved chronic hepatitis C following liver transplant (LT) is rare
and has been documented only in a few case reports. The phenomenon of
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meaningful events, which are typically associated with significant changes in the
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o January CASE SUMMARY

We report three cases of spontaneous resolution of chronic hepatitis C following
liver transplantation. These patients either failed or had no HCV treatment prior
to transplant, but had spontaneous resolution of HCV post-LT as documented by
Accepted: February 9, 2022 undetectable polymerase chain reaction (PCR). Diagnosis of HCV was based on
Article in press: February 9,2022  yiremia through PCR or liver biopsy. All three patients currently undergo
Published online: February 27,2022 surveillance and have no recurrence of HCV.
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CONCLUSION

Examining each patient’s clinical course, we learned about many viral, host and
cellular-factors that may have enhanced the host’s immunity leading to
spontaneous clearance of HCV. Though HCV treatment has excellent cure rates,
understanding this mechanism may provide clinicians with insights regarding
timing and duration of treatment.

Key Words: Spontaneous resolution of hepatitis C; Liver transplantation; Hepatitis C;
Immunosuppression; Viral load; Case report
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Core Tip: Spontaneous resolution of chronic hepatitis C virus (HCV) following liver transplant is a rare
phenomenon. In this case report, we examined three cases and completed a literature review thereby
examining thirty cases. Spontaneous resolution may be related to host, viral and other factors resulting in
enhancement of the host’s immunity. Host factors include younger age, female sex, HLA, DQBI, 1L28
gene and pregnancy. Viral factors include a low viral load. Lastly, other factors include infections,
rejection episodes, medications, and surgery. Even though HCV treatment is excellent, understanding this
phenomenon will be beneficial to determine timing and duration of treatment.

Citation: Singh N, Ma M, Montano-Loza AJ, Bhanji RA. Learning from a rare phenomenon — spontaneous
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URL: https://www.wjgnet.com/1948-5182/full/v14/i2/456.htm
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INTRODUCTION

Chronic infection with hepatitis C virus (HCV) leads to progression of liver disease, cirrhosis, hepato-
cellular carcinoma, and is a common indication for liver transplant (LT). Whereas spontaneous clearance
of acute HCV occurs in 20%-45% of individuals[1], spontaneous resolution of chronic HCV has been
documented only in case reports. The latter is rare as HCV has already successfully managed to evade
immune control for a prolonged period. Spontaneous clearance of HCV following LT is unusual due to
ongoing immunosuppression use. Indeed, studies have shown HCV recurrence following LT to be
universal and associated with poor graft and patient survival[2]. Immunosuppression use is associated
with accelerated disease with up to a third of patients developing cirrhosis at 5 years[2].

It has been hypothesized that viral, host and cellular-factors change the host’s immunity by
enhancing it whereby leading to spontaneous clearance of HCV. These protective factors include HLA
alleles[3], co-infection with hepatitis B[4], infection with other viruses[4], immunosuppressive therapy
withdrawal[5], immune reconstitution after highly active antiretroviral therapy (HAART)[6,7],
pregnancy[8] and surgery including LT and gastrectomy[9]. The mechanism by which all these factors
lead to spontaneous resolution of HCV is not completely understood but likely involves alteration of the
host immune response. We report three cases of patients on immunosuppression who have had
spontaneous HCV clearance post-LT.

CASE PRESENTATION

Chief complaints
The chief complaints of ALL the presented case reports are HCV viremia following LT.

History of present illness

Case 1: A 57-year old Caucasian male who had been HCV positive (genotype 1a) for 9 years. Clinic
notes showed that HCV viremia was diagnosed based on polymerase chain reaction (PCR). He was
treated with ribavirin and pegylated interferon but did not achieve sustained virologic response (SVR).
This treatment led to significant side effects including decompensation. He required an urgent LT in
2006. Unfortunately, pre-transplant HCV viral load was not available.

Case 2: Another case was a 63-year-old Caucasian male diagnosed with HCV positive (genotype 1) in
2004. He was treated for HCV but did not achieve SVR (HCV viral load 311 IU/mL in 2014).

Case 3: Our third case was a 57-year-old male with HCV (genotype 1a) as a result of a blood transfusion
in 1994.

History of past illness
Case 1: He had a past medical history of schizophrenia, dyslipidemia, and diabetes.

Case 2: His past medical history included osteoarthritis and hepatocellular carcinoma diagnosed in
December 2012. He had transarterial chemoembolization as well as selective internal radioembolization
(SIRT) in April 2013. Unfortunately, he developed decompensated liver cirrhosis and required LT in
July 2015.

Case 3: His past medical history included a kidney transplant in 2001 for IgA nephropathy that failed in
2007. He also had HCV liver cirrhosis, requiring LT in 2012. Due to his kidney transplant, his
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medications included mycophenolate mofetil 750 mg twice daily, tacrolimus 0.5 mg twice daily,
pantoprazole 40 mg daily and amlodipine 5 mg daily.

Personal and family history
They have no special personal and family history.

Further diagnostic work-up (including relevant labs)

Case 1: Post-LT immunosuppression included prednisone, sirolimus, and mycophenolate mofetil.
Immediately after LT, he had a mild episode of cellular rejection that was treated with oral prednisone.
One-year post-LT, he had a second episode of mild cellular rejection with liver biopsy showing a
superimposed recurrent HCV (Metavir A1, F2). HCV viral load was positive in 2007 (unknown viral
load). A liver biopsy was done in February 2007 showing mild acute cellular rejection with
superimposed recurrent Hepatitis C (Metavir Grade 3, Fibrotic Stage 2).

Case 2: He had HCV viral load of less than 12 IU/mL following LT, consistent with untreated HCV.
Post-LT immunosuppression included tacrolimus and mycophenolate mofetil. The donor’s liver was
hepatitis B core antibody-positive and the patient was started on Entecavir. His post-transplant course
was remarkable for cytomegalovirus (CMV) viremia in 2016 with a peak of 1376 IU/mL, which cleared
without antiviral therapy; subsequent CMV viral load testing was negative.

Case 3: He was never treated for HCV; liver biopsy done in 2007 showing stage 4 fibrosis and he had a
positive HCV viral load in 2008 (viral load unknown). Unfortunately, HCV viral load was not available
pre-transplant. His post-transplant course was complicated by biliary anastomotic strictures requiring
ERCP stent placement.

FINAL DIAGNOSIS

Cases 1-3
Recurrent HCV following liver transplant.

TREATMENT

Case 1

Unfortunately, at the time, he was not considered for re-treatment due to the potential for adverse
psychiatric side-effects of using Interferon-regimens especially in the setting of paranoid schizophrenia.
In June 2007, he developed CMYV viremia from which he recovered. A repeat liver biopsy was done in

January 2009 showing chronic hepatitis, consistent with recurrent Hepatitis C (Metavir Grade A1, Stage
F1).

Case 2
No treatment for HCV was provided.

Case 3
No HCV treatment was provided following LT.

OUTCOME AND FOLLOW-UP

Case 1

Despite no additional treatment for his recurrent hepatitis C, repeat HCV PCR in 2013, 2015, 2016 and
2017 all showed undetectable viral load consistent with spontaneous clearance of HCV. Presently, he
undergoes surveillance for cirrhosis and has normal serum liver tests.

Case 2

Subsequent HCV viral load testing in October 2015 and January 2016 were negative thereby suggesting
spontaneous resolution of HCV following liver transplant. Presently, he has normal serum liver test and
is on tacrolimus for immunosuppression.

Case 3
Repeat testing for HCV viral load in 2013, 2014, and 2015 were negative, consistent with spontaneous
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clearance following LT. Presently, he has normal serum liver tests while being on tacrolimus and
mycophenolate mofetil.

DISCUSSION

Spontaneous clearance of chronic HCV following LT is a rare phenomenon that is poorly understood.
Only a small number of cases exist, which makes it difficult to understand host and viral factors
influencing chronicity or to identify predictors of spontaneous clearance. Nevertheless, certain viral and
host factors seem to be associated with clearance. Scott et al[10] completed a prospective study in
Alaskan natives and found the rate of spontaneous HCV clearance among patients with chronic disease
to be 1.15 cases per 100 persons per year. A low viral load and young age at onset of disease were
associated with spontaneous clearance.

We performed a retrospective review of patients who underwent a liver transplant at the University
of Alberta Hospital, Edmonton, Canada from 2000 to 2015 to identify cases of spontaneous HCV
clearance. Among the 191 patients transplanted for HCV, we only found the three cases described above
(1.5%). We also performed a literature review to identify additional cases of spontaneous HCV
resolution post-LT to better understand factors associated with this phenomenon. We used a similar
strategy as Tamaki et al[11], but did not exclude patients on HAART, interferon or ribavirin. We
completed a systematic review using PubMed from August 2015 to January 2020 by including keywords
of LT and spontaneous clearance of HCV. No additional case reports were found. We have presented all
the case reports since 2000 (Table 1) and reviewed the literature to consolidate the protective factors that
may be associated with spontaneous clearance of HCV.

Host factors

Female sex and younger age have been associated with spontaneous clearance[10] (Table 2). Younger
age may be protective due to lower likelihood of advanced fibrosis. It may also mean a more robust
immune system. Though it is unclear what benefit these factors have in the post-LT setting. The mean
age of cases included was 49 years (SD 9.95 years) and the majority were men (75%). The beneficial
effect of female sex may be related to gender-based differences in immunity. For instance,
polymorphisms of interleukin-28B gene (IL28B), specifically IL28B-CC genotype associated with
spontaneous clearance of chronic HCV have a much greater effect in females. These polymorphisms are
also associated with response to treatment with pegylated interferon (PEG-IFN), simeprevir, sofosbuvir,
and ribavirin[12]. Interestingly, two of the patients with spontaneous resolution of HCV had donors
with IL28B-CC genotype; it was felt this altered host immune response to HCV and led to spontaneous
clearance[12]. Host HLA class II genotype plays an important role in host susceptibility. In a recent
meta-analysis by Gauthiez et al[3], HLA alleles DQB1*03, DQB1*03:01, DQB1*11 and DRB1*11:01 were
thought to be protective due to effective presentation of HCV epitopes to CD4+ T lymphocytes. On the
other hand, HLA allele DQB1*02 was associated with failure to spontaneously clear HCV[3].

Host immune response: HCV infection causes an immediate induction of interferons and cytokins[13].
The outcome of HCV infection is determined by the quality of the adaptive and humoral immune
response[14]. Firstly, innate immunity consists of activation of T-cells by natural killer (NK) cells leading
to interferon-gamma production and cytotoxic killing of hepatocytes that are infected[13]. Chronic HCV
leads to a decline in NK cells thereby promoting persistent infection of hepatocytes[13]. Secondly, the
humoral immunity consists of a T-cell response that develops between 5 wk to 12 wk after infection[13].
Studies in humans and chimpanzees suggest that control of HCV viremia is observed after emergence of
a robust CD4" T-cell proliferation[13-15]. Indeed, in cases where anti-CD4" antibody treatment was used
HCV immune evasion was seen with persistent infection[14]. Additionally, CD8* T-cells are thought to
be important in controlling viremia but require simultaneous CD4" T-cells to maintain response.
Therefore, HCV persistence is hypothesized to be caused by CD4" exhaustion followed by CD8*
phenotypic exhaustion. A study by Smyk-Pearson et al[14] found that there is a quantitative T-cell
threshold that exists by which spontaneous HCV occurs. Hence, a robust T-cell activation is needed for
a spontaneous HCV clearance.

Other factors

The spontaneous clearance of HCV post-LT is unique as patients are on immunosuppression. Segev et al
[16] performed a meta-analysis and meta-regression comparing steroid-free and steroid-based
immunosuppression and found corticosteroids increased the ability of HCV to enter cells and led to a
dramatic increase in spread of infection. Lower rates of HCV recurrence were seen when using steroid-
free regimes, which was also corroborated by Fafi-Kremer et al[17]. Of note, half (15/30) of the cases
with spontaneous HCV clearance had experienced rejection following transplant. This observation is in
contrast to the findings of Segev et al[16] as corticosteroids are used for the management of rejection.
One theory may be that rejection leads to stimulation of the immune system, which alters the host’s
immune response to HCV eventually leading to spontaneous clearance.
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Table 1 Summary of cases of spontaneous hepatitis C clearance post-liver t

Preoperative — f
Age P HCV Rejection  Concomitant . HCV clearance
ID Ref. Sex HCVRNA . Immunosuppression .
(yr) genotype  episode Issues time
(IU/mL)

1 Neumann 54 M + 1b 1 HAT, TAC, MMF, CS 3 mo
and Neuhaus retransplant
[20], 2004

2 Samonakis et 48 M 250000 la 3 Renal failure TAC, AZA, CS 75 mo
al[21], 2005

3 Samonakis et 55 M 121000 4 3 Renal failure TAC, AZA, CS 15 mo
al[21], 2005

4 Bhagat et al 43 M 564000 NA & HIV/HAART MP, TAC, MMF 1 mo
[71, 2008

5 Bhagat et al 44 M 450000 NA 3 HIV/HAART MP, TAC 1 mo
[71, 2008

6 Suneethaetal 69 F + 3a 3 Renal MP, 112a, CSA, CS 12yr
[22], 2008 failure/ dialysis

7 Weber and 53 M 2.5 million la 3 - TAC, CSA, MMF to CSA 28 mo
Trotter[23],
2009

8 Dale et al[24], 32 F 3.2 million NA 1 Dialysis/renal tx  Basiliximuab, TAC, 5 mo
2009 MMF, CS

9 Haque et al 66 F + 2a/2c 3 IVC thrombosis TAC, MMF, CS 11 mo
[19], 2010

10 Seetharam et 48 M 675000 1 0 - MP, MMF, CS 2.25 mo
al[18], 2011

11 Gutiérrez- 38 M 2564 1 0 HIV CSA, MMF, CS 5 mo
Moreno et al
[26], 2012

12 Chin et al[12], 40 M 24 la 1 Alcohol Daclizumab, TAC, CS, 34 mo
2012 MMF

13 Chinetal[12], 41 M + 1 0 Alcohol TAC, CS, AZA 9 years
2012

14  Elsiesy etal 32 F 65553 4 0 AIH, DM FK, CS, CSA, CS 1mo
[25], 2015

15  Urzoaetal 51 M + NA 1 Colon Cancer CSA, MMF, TAC 18 mo
[27], 2015

16  Urzoaetal 48 M 280998 3a 0 D2M, alcohol CSA, IL2a 56 mo
[27], 2015

17 Kogiso et al 50 I 19952 1 NA - TAC, MMF, MP, CS Approximately 3
[28], 2015 mo

18 Tamaki et al 66 M 199526 1b 0 Sepsis Rituximab, TAC, MMF, 5 mo
[11], 2015 MP, CS

19  Tamakietal 61 M 199 2 Yes Sepsis TAC, MMF, MP, CS 3.6 mo
[11], 2015

20 Tamakietal 55 M 125 1b 0 - TAC, MMF, MP, CS 5.8 mo
[11], 2015

21 Tamaki et al &5 M 316227 1b Yes - TAC, MMF, MP, CS 0.5 mo
[11], 2015

22 Our Case 1 57 M + la 2 CMYV infection Sirolimus, MMF, CS 15yr

23 Our Case 2 64 M dF 1 0 Donor HBV core TAC, MMF 2 mo

+
24 Our Case 3 57 M + la 0 Renal tx TAC, MMF lyr

F: Female; M: Male; LT: Liver transplant; NA: Not available; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CMV: Cytomegalovirus; HAT: Hepatic artery
thrombosis; HAART: High activity anti-retroviral therapy; IVC: Inferior vena cava; HIV: Human immunodeficiency virus; ATH: Autoimmune hepatitis;
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DM: Diabetes melilites; MP: Methyl prednisone; AZA: Azathioprine; CSA: Cyclosporine; CS: Corticosteroid; ATG: Anti thymocyte globulin; MMF:
Mycophenolate mofetil; Tac: Tacrolimus; IL2a: Interleukin 2 receptor antibody.

Table 2 Factors associated with spontaneous hepatitis C virus clearance

Host factors Viral factors Other factors
Younger age Low viral load (< 1 million Infection (CMV, HBV, HIV, sepsis)
IU/mL)
Female sex Rejection episode
HLA: DQB1+03, DQB1:03:01, DQB1%11 and DRB1x* Medication related HAART; Withdrawal of immunosup-
11:01 pression
IL28 gene polymorphism Surgery (transplant, gastrectomy)
Pregnancy

HBV: Hepatitis B virus; CMV: Cytomegalovirus; HAART: High activity anti-retroviral therapy; HIV: Human immunodeficiency virus.

Jaishideng®

It has been postulated that activation of Th2 cytokines may predominate in high stress situations
including pregnancy, and post-gastrectomy|[8,9]. Undergoing a liver transplant, also a high stress
situation may lead to spontaneous clearance by restoration of the HCV-specific T-cell response.
Similarly, infection of the allograft might engage the host’s immune system and lead to activation of Th-
17 cells that contribute to clearance[18]. The patient in Case 1 likely had resolution as he had both
episodes of rejection and CMV reactivation, which may have led to a boost in the immune system. A
third of the patients (9/30) who had spontaneous resolution experienced concomitant infections (co-
infection with hepatitis B or human immunodeficiency virus; CMV or sepsis) following LT.
Interestingly, almost half of the patients (13/28) who had spontaneous HCV clearance had a negative
HCV PCR documented within 6-months of LT.

Viral factors

A low viral load has been shown to be associated with spontaneous clearance of HCV[10]. In the cases
presented, half of the patients (14/30) had low viral load defined as < 1 million IU/mL (mean # SD,
451088 + 224854 ITU/mL).

CONCLUSION

In conclusion, spontaneous resolution of chronic HCV following LT is a rare phenomenon and seems to
be related to immunomodulatory effects. Though the small number of cases prevents identification of
predictors of clearance some factors have emerged. Some may argue the impact of these findings is low
as patients can be treated with direct-acting antivirals (DAAs). Nevertheless, these findings are
beneficial in settings where there is no access to DAAs due to cost.

These findings may also help clinicians with management. Determining the presence of 1L28B
polymorphisms may help determine response to treatment (or presence of resistance). The viral load
could be used to determine the duration of treatment with a shorter duration in those with low viral
load. The median time to spontaneous HCV clearance was 11 mo (IQR 3.6, 66 mo) with almost half of
the patients achieving spontaneous clearance within 6 mo (13/30). Treatment could therefore be started
after 6 mo. This would provide an additional advantage of limiting drug-drug interactions early in the
post-transplant setting. In patients without evidence of fibrosing cholestatic hepatitis, episodes of
rejection or concomitant infections may warrant further delay in treatment; these episodes may lead to
immune modulation facilitating spontaneous clearance. The number of cases of spontaneous resolution
may be underestimated as we do not always get repeat HCV PCR prior to treatment. Learning from this
rare event may be the first step to individualized medicine. Further studies to elucidate the mechanisms
of spontaneous HCV clearance are warranted to explore new potential therapeutic strategies in this
special population.
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Abstract

BACKGROUND
Emphysematous hepatitis (EH) is a rare, rapidly progressive fulminant gas-
forming infection of the liver parenchyma. It is often fatal and mostly affects
diabetes patients.

CASE SUMMARY

We report a case of EH successfully managed by a step-up approach consisting of
aggressive hemodynamic support, intravenous antibiotics, and percutaneous
drainage, ultimately followed by laparoscopic deroofing. Of 11 documented cases
worldwide, only 1 of the patients survived, treated by urgent laparotomy and
surgical debridement.

CONCLUSION
EH is a life-threatening infection. Its high mortality rate makes timely diagnosis
essential, in order to navigate treatment accordingly.

Key Words: Emphysematous hepatitis; Septic shock; Step-up approach; Percutaneous
drainage; Laparoscopic deroofing; Case report
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Core Tip: Emphysematous hepatitis (EH) is a very rare, rapidly progressive fulminant gas-forming
infection of the liver parenchyma. There is a paucity of literature with regard to pathogenesis, involved
organisms, imaging appearance, and management of this condition. We report the successful treatment of
a patient diagnosed with EH by adopting a multimodal step-up approach including rigorous fluid
resuscitation, early hemodynamic support, broad-spectrum antimicrobial therapy, and percutaneous
radiologically guided drainage followed by minimal invasive surgical treatment.

Citation: Francois S, Aerts M, Reynaert H, Van Lancker R, Van Laethem J, Kunda R, Messaoudi N. Step-up
approach in emphysematous hepatitis: A case report. World J Hepatol 2022; 14(2): 464-470
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INTRODUCTION

Emphysematous hepatitis (EH) is a rare life-threatening condition that results from a necrotizing gas-
forming infection of the liver parenchyma. The pathogenesis is poorly understood, although rare
published case series have shown that diabetes mellitus was present in most patients[1-6]. Diagnosis of
EH is based on radiological findings on computed tomography demonstrating hepatic intraparen-
chymal gas without the typical fluid-air level seen in pyogenic abscesses. Early recognition is crucial in
attempts to decrease mortality, although there is still discussion regarding the appropriate management,
as almost all documented cases evolved unfavorably[1-4,6-11]. This report presents the successful
management of a critically ill patient with EH using a step-up approach.

CASE PRESENTATION

Chief complaints
A 70-year-old woman presented to the emergency department with acute epigastric pain of 1 h
duration.

History of past illness
The patient had a history of well-controlled diabetes mellitus, cholecystectomy, and heterozygote alpha-
1 antitrypsin deficiency.

Physical examination

Clinical examination revealed the patient to be in no distress, fully alert and oriented, and presenting
with epigastric tenderness without signs of peritonitis. She had no fever, a pulse rate of 82 beats/min,
blood pressure of 128/68 mmHg, and normal respiratory rate and oxygen saturation.

Laboratory examinations

Laboratory investigation performed within a few hours after onset of pain showed a total bilirubin of
0.28 mg/dL, glutamic oxaloacetic transaminase of 45 U/L, glutamic pyruvic transaminase of 30 U/L, y-
glutamyltransferase of 91 U/L, alkaline phosphatase of 99 U/L and lipase of 3518 U/L. Complete blood
count, C-reactive protein, coagulation, and renal function were within normal limits. Cardiac evaluation
by electrocardiogram and cardiac enzymes confirmed normal findings. As acute pancreatitis was
suspected, the patient was initially managed conservatively, via intravenous fluid resuscitation and pain
relief. However, within hours after admission, the patient deteriorated rapidly, developing signs of
severe septic shock. She was transferred to the intensive care unit, requiring mechanical ventilation and
aggressive hemodynamic support.

Imaging examinations

After initial resuscitation, a computed tomography (CT) scan was performed, showing a large (9 cm)
air-filled cavity in the right liver lobe (Figure 1A and B). The bile duct was only mildly dilated in this
cholecystectomized patient but nonradiopaque choledocholithiasis could not be ruled out. No apparent
inflammation surrounding the pancreas was visible on scans.
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Figure 1 Imaging of emphysematous hepatitis. A and B: Axial (A) and coronal (B) computed tomography scans on admission, showing a 9 cm air-filled
cavity in the right liver lobe; C: Magnetic resonance imaging, showing a 10 cm fluid-filled collection in the right liver lobe with heterogeneous content at 6 wk after
initial presentation; D: Positron emission tomography performed at 9 wk after initial presentation, showing no metabolic activity in the large collection in the right liver
lobe and a 2-cm nodule with positive metabolic activity in segment VIII.
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MULTIDISCIPLINARY EXPERT CONSULTATION

As soon as the patient clinically deteriorated, multidisciplinary consultations between gastroenterology,
hepatobiliary surgery, intensive care, interventional radiology and microbiology were performed
repeatedly.

FINAL DIAGNOSIS

Based on the CT-graphic findings, a diagnosis of EH was made.

TREATMENT

The patient was treated with broad-spectrum intravenous antibiotics (meropenem, vancomycin, and
amikacin). Subsequent CT-guided percutaneous pigtail catheter drainage yielded no significant amount
of fluid or pus. The pigtail drain was then flushed by continuous irrigation of 1 L saline solution per 24
h. Because of elevated serum lipase suggesting pancreatitis and a mildly dilated bile duct, albeit without
biochemical cholestasis, an endoscopic retrograde cholangiopancreatography was performed in this
rapidly deteriorating patient. A cholangiogram showed normal biliary anatomy, and clear bile was
visible after endoscopic sphincterotomy of the papilla Vateri.

Antibiotics were rationalized to ceftriaxone and metronidazole after blood and fluid cultures revealed
Escherichia coli, Streptococcus anginosus, and Klebsiella oxytoca as microbial pathogens. Continuous pigtail
irrigation was stopped after 3 d, and the drain was removed after 5 d because of no output. The patient
was weaned from the ventilator after a week and transferred to the ward after 2 wk in intensive care.
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Ref. Year Agelsex History Imaging Treatment Pathogen(s) Outcome
Blachar etal 2002 43/F Diabetes mellitus, hyperlipidemia, short-gut duet of multiple CT: Extensive hepatic gas right lobe without fluid IV antibiotics; Blood and liver aspirate: Klebsiella Died 3 d after
[1] ischemic episodes, peripheral vascular disease collection Radiological pneumoniae admission
drainage
Lopez 2006 72/F Diabetes mellitus CT: Total gas content in multiple abscesses NA Culture of liver lesion post mortem:  Died 24 h after
Zarraga et al Kilebsiella oxytoca admission
]
Létourneau- 2010 53/M Three mo before admission: Left hepatectomy with hepaticojejun- CT: 8 cm air-filled cavity in the right lobe, no fluid IV antibiotics Blood culture: Enterobacter cloacae, Died 36 h after
Guillon et al ostomy for hilar cholangiocarcinoma; No adjuvant collection Clostridium perfringens admission
[7] chemotherapyl wk before admission: Cellulitis at surgical
incision treated with oral cephalexin
Chauhanetal 2012 77/F Diabetes mellitus CT: Air collection in segment VI and VII without IV antibiotics; NA Died 3 d after
[3] fluid collection Radiological admission
drainage
Jung Hoetal 2012 80/F Hilar cholangiocarcinoma; ERCP + stenting was performed 3 mo  CT: Hepatic parenchymal gas 6.3 cm x 4.4 cm in the IV antibiotics; Blood culture: Clostridium perfringens, Died 3 d after
[8] before admission followed by radiotherapy for 17 d after right liver (sVII/sVIII) Radiological Escherichia coli admission
admission drainage

IV antibiotics

NA

Died within hours

Dimitriouet 2014 72/M Diabetes mellitus CT: Replacement of liver parenchyma by gas

al[4] without fluid collection after admission

Died within 24 h
after admission

Nadaetal[9] 2017 73/F Pancreatic adenocarcinoma; Whipple performed 8 mo before
admission. Lung- and liver metastasis diagnosed 6 wk prior to

admission. COPD, hypertension, chronic hepatitis C, pulmonary

CT: Hepatic gas in the right liver lobe, sparing the IV antibiotics
hepatic metastasis

Blood culture: Streptococcus mutans,
Enterococcus faecalis

embolism
Ghosnetal[5] 2019 38/F Diabetes mellitus, cholecystectomy CT: Mixed collection 8 cm X 7 cm % 5.5 cm, IV antibiotics; Perioperative fluid: Escherichia coli, Survived.
containing necrotic debris and air Laparotomy Enterococcus faecium Discharged 13 d
urgent after admission

Calderonetal 2020 80/F Hypertension, diabetes mellitus, chronic kidney disease CT at presentation: Indeterminate, scattered, hypo- IV antibiotics
[6] enhancing lesions in the liver. CT 5 h after

admission (clinical deterioration): Gas in the right

liver lobe

Blood culture: Clostridium perfringens — Died within 16 h
after admission

Azri et al[7] 2020 75/F Hilar cholangiocarcinoma; ERCP + stenting 14 mo prior to CT: Left hepatic parenchymal emphysema and NA
admission. Followed by stereotactic radiotherapy until 4 mo prior pneumoperitoneum

to admission

Blood culture: Kiebsiella pneumoniae, Died
Escherichia coli, Enterococcus faecalis,
Clostridium perfringens, Aeromonas

ichtiosmia

Died 3 d after
admission

Gongalos etal 2020 74/M Hypertension, gastroesophageal reflux CT: Two areas of gas within the right lobe of the IV antibiotics Blood culture: Escherichia coli

[11] liver

COPD: Congestive obstructive pulmonary disease; CT: Computed tomography; ERCP: Endoscopic retrograde cholangiopancreatography; F: Female; IV: Intravenous; M: Male; NA: Not available.
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OUTCOME AND FOLLOW-UP

The patient continued to recover favorably and was discharged 1 mo after admission, with intravenous
antibiotics at home. During her stay, a colonoscopy and transthoracic echocardiogram were performed
to rule out other potential etiologies. At the time of discharge, a CT scan showed a 90 mm X 47 mm
liquefied collection in segment VII. Follow-up included magnetic resonance imaging (MRI) and positron
emission tomography (PET). MRI, performed 6 wk after initial admission, showed a 10-cm cystic
formation in liver segments VII and VIII that contained both fluid and necrotic debris (Figure 1C) that
were not metabolically active on the PET scan. However, in segment VIII, a 2-cm PET-positive nodule
was detected (Figure 1D). Surgical drainage was performed because of the heterogenous content of the
large intrahepatic collection in segments VII-VIII and the undetermined nature of the 2-cm lesion in
segment VIII. Three mo after onset, the patient underwent laparoscopic deroofing and debridement of
the hepatic collection in segment VII and partial hepatectomy of the 2-cm lesion in segment VIII
(Figure 2). No malignancy was found in the resected specimens, and microbiological cultures were
sterile. Hence, antibiotics were discontinued after a total treatment of 14 wk. The patient had an
uneventful recovery but was hospitalized again after a few weeks for coronavirus disease 2019 infection.
To date, the patient is asymptomatic and without recurrence on follow-up imaging.

DISCUSSION

EH is a severe, life-threatening infection of the liver parenchyma by gas-forming bacteria. To the best of
our knowledge, 11 cases of EH have been previously reported in the literature (Table 1)[1-11].
Remarkably, only 1 of those patients, treated by urgent laparotomy and surgical debridement, was
reported to have survived this dismal clinical entity[5]. However, a mixed collection of necrotic debris
and air was diagnosed by CT and intraoperatively, making the probability of a pyogenic liver abscess or
at least coexistence of both entities more likely. The other patients all died within 3 d of severe multiple
organ failure in the setting of fulminant septic shock. This case report describes the favorable outcome
of a patient diagnosed with EH and managed by a step-up approach consisting of initial aggressive
resuscitation, systemic antimicrobial therapy, and percutaneous radiologically guided drainage
followed by laparoscopic surgical debridement.

EH occurs predominantly in women, and diabetes mellitus seems to be a predisposing condition.
Abdominal pain and fever are the most common clinical manifestations of the disease. Diagnosis of EH
is confirmed by the presence of parenchymal gas in the liver on CT in the absence of intrahepatic fluid
collection. CT is the imaging modality of choice for diagnosing EH, as it permits early detection,
evaluation of the extent and location of liver involvement, and excludes other etiologies of acute
abdominal pain causing septic shock. Importantly, parenchymal gas in the liver has to be differentiated
from air in other liver structures. Air can be observed within bile ducts (e.g., following endoscopic
sphincterotomy), portal veins (e.g., as a result of bowel infarction), in infarcted liver (e.g., after liver
transplantation), and in pyogenic liver abscesses. In contrast to EH, characteristics of pyogenic liver
abscesses on CT scans include peripheral enhancing and centrally hypoattenuating (dense or) liquefied
collections containing gas bubbles or air-fluid boundaries[12].

Emphysematous infections in the abdomen are known to occur in the gallbladder, stomach, pancreas,
and urinary tract[13]. Clinically, pathologically, and radiologically, EH shares features with
emphysematous pyelonephritis. The latter is defined as an acute necrotizing, gas-forming infection in
the kidney associated with a poor prognosis. Bacterial pathogens cultured in emphysematous
pyelonephritis include Escherichia coli and members of the genera Klebsiella, Enterobacter, Pseudomonas,
Proteus and Streptococcus[1,14]. As shown in Table 1, the same causative pathogens can be found in EH.

The pathophysiology of emphysematous infections is believed to be caused by mixed acid bacterial
fermentation from tissue necrosis resulting in the production of hydrogen (15%), nitrogen (60%), oxygen
(5%), and carbon dioxide (5%). Diabetes is known to predispose to emphysematous infections by
providing high levels of glucose used as a substrate by the microorganisms[3,15]. Last, diabetes as well
as other risk factors for microangiopathy, may contribute to slow transport of catabolic products,
leading to accumulation of gas[3,15]. Similar to most previously published cases of EH, our patient was
diabetic. Noteworthy was the well-controlled disease state, with glycated hemoglobin of 5.8%,
suggesting that factors other than circulating glucose levels may have been of importance.

With advances in cross-sectional imaging and localization, percutaneous drainage has now become
the treatment of choice of pyogenic abscesses of the liver. By analogy, less invasive means seem to be a
first-line approach in EH as well. Although often ineffective in previously reported cases, our patient
responded to early aggressive medical management and radiologically guided drainage. Surgical
intervention in this case was not intended as a salvage therapy but rather as a step-up to initial conser-
vative management. Laparoscopic deroofing and debridement of necrosis was undertaken 3 mo after
the initial presentation. Given the dorsal localization of the hepatic area involved in our patient, a semi-
prone position was chosen to allow laparoscopic visualization of posterior segments and partial
hepatectomy of segment VII and VIII, avoiding laparotomy via a right subcostal incision.
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Figure 2 Laparoscopic treatment of emphysematous hepatitis. A: Semi-pone positioning of the patient; B: Laparoscopic view of liver segments VIl and
VIII after mobilization of the right liver lobe; C: Laparoscopic deroofing of the liver capsule of segments VIl and VIII; D: Partial hepatectomy of segment VIIl and
placement of a surgical drain in the remaining cavity.
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CONCLUSION

In conclusion, EH is a serious potentially life-threatening infection of the liver. We report the successful
treatment of a patient diagnosed with EH by adopting a multimodal step-up approach including
rigorous fluid resuscitation, early hemodynamic support, broad-spectrum antimicrobial therapy and
percutaneous radiologically guided drainage followed by minimally invasive surgical treatment.
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Abstract

BACKGROUND

It has been studied that fluctuating glucose levels may superimpose glycated
hemoglobin in determining the risk for diabetes mellitus (DM) complications.
While non-alcoholic steatohepatitis (NASH) remains a predominant cause of
elevated transaminases in Type 2 DM due to a strong underplay of metabolic
syndrome, Type 1 DM can contrastingly affect the liver in a direct, benign, and
reversible manner, causing Glycogen hepatopathy (GH) - with a good prognosis.
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P-Reviewer: Nong X, Yuan G CASE SUMMARY

Received: October 12, 2021 A 50-year-old female with history of poorly controlled type 1 DM, status post
cholecystectomy several years ago, and obesity presented with nausea, vomiting,
and abdominal pain. Her vitals at the time of admission were stable. On physical
examination, she had diffuse abdominal tenderness. Her finger-stick glucose was
612 mg/dL with elevated ketones and low bicarbonate. Her labs revealed
abnormal liver studies: AST 1460 U/L, ALP: 682 U/L, ALP: 569 U/L, total
bilirubin: 0.3mg/dL, normal total protein, albumin, and prothrombin time/
international normalized ratio (PT/INR). A magnetic resonance cholangiopan-
Published online: February 27,2022  creatography (MRCP) demonstrated mild intra and extra-hepatic biliary ductal
dilation without evidence of choledocholithiasis. She subsequently underwent a
diagnostic ERCP which showed a moderately dilated CBD, for which a stent was
placed. Studies for viral hepatitis, Wilson’s Disease, alpha-1-antitrypsin, and iron
panel came back normal. Due to waxing and waning transaminases during the
hospital course, a liver biopsy was eventually done, revealing slightly enlarged
hepatocytes that were PAS-positive, suggestive of glycogenic hepatopathy. With
treatment of hyperglycemia and ensuing strict glycemic control, her transam-
inases improved, and she was discharged.
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CONCLUSION

With a negative hepatocellular and cholestatic work-up, our patient likely had
GH, a close differential for NASH but a poorly recognized entity. GH, first
described in 1930 as a component of Mauriac syndrome, is believed to be due to
glucose and insulin levels fluctuation. Dual echo magnetic resonance imaging
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sequencing and computed tomography scans of the liver are helpful to differentiate GH from
NASH. Still, liver biopsy remains the gold standard for diagnosis. Biopsy predominantly shows
intra-cellular glycogen deposition, with minimal or no steatosis or inflammation. As GH is
reversible with good glycemic control, it should be one of the differentials in patients with brittle
diabetes and elevated transaminases. GH, however, can cause a dramatic elevation in transam-
inases (50-1600 IU/L) alongside hepatomegaly and abdominal pain that would raise concern for
acute liver injury leading to exhaustive work-up, as was in our patient above. Fluctuation in
transaminases is predominantly seen during hyperglycemic episodes, and proper glycemic control
is the mainstay of the treatment.

Key Words: Glycogen; Mauriac; Hepatic; Steatosis; Diabetes; Type 1; Case report
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Core Tip: Glycogen hepatopathy is a poorly understood complication of type 1 diabetes mellitus patients
who have poor glycemic control. Its presentation can closely mimic non-alcoholic fatty liver disease
creating a diagnostic enigma in patients with diabetes. After excluding other common causes of hepatitis,
one must keep this elusive diagnosis in mind. Hepatic biopsy has been the mainstay for diagnosis,
however, with recent advancements sequential magnetic resonance imaging and computed tomography
scans are also sensitive but limited by availability.

Citation: Singh Y, Gurung S, Gogtay M. Glycogen hepatopathy in type-1 diabetes mellitus: A case report. World J
Hepatol 2022; 14(2): 471-478

URL: https://www.wjgnet.com/1948-5182/full/v14/i2/471.htm

DOI: https://dx.doi.org/10.4254/wijh.v14.i2.471

INTRODUCTION

Ensemble of poorly controlled type 1 diabetics presenting with marked elevation in serum aminotrans-
ferases that corresponds with serum glucose fluctuation, and the defining histological changes on liver
biopsy help clinch the diagnosis of glycogenic hepatopathy (GH)[1]. GH was first defined by Mauriac in
a child with brittle diabetes. It was considered as a component of Mauriac syndrome, accompanied by
delayed development, hepatomegaly, cushingoid appearance, and delayed puberty[2]. Additionally,
GH can also be observed in adult type 1 diabetic individuals without other components of Mauriac
syndrome[3,4]. Hyperglycemia and corresponding spike in insulin levels are believed to be the main
culprits in GH. The treatment of GH is via establishing glycemic control. Often these findings in patients
with diabetes may be dismissed as NAFLD; however, rigorous glycemic control via intensive insulin
therapy provides complete remission of clinical, laboratory, and histological abnormalities[5]. Here, a
50-year-old female with poorly controlled type 1 diabetes mellitus is presented with a discussion
referenced to the medical literature.

CASE PRESENTATION

Chief complaints
Abdominal pain, diarrhea and fatigue

History of present illness

A 50-year-old female with a long-standing history of uncontrolled type 1 DM, presented with fatigue
and nausea for a day to a local hospital, where a basic workup was unrevealing, and she was discharged
on symptomatic management. Her symptoms progressed and she began experiencing concomitant
abdominal pain and diarrhea. Following this, she presented to our emergency room, with the above
symptoms. Her abdominal pain was 6/10 in severity, cramping in nature that was relieved on lying
down and predominantly on the left half. She did not have pruritus, jaundice, night sweats, fever, easy
bruising, or bleeding. A review of systems was negative for headaches, chest discomfort, chest pain,
shortness of breath, orthopnea, or paroxysmal nocturnal dyspnea. In an initial interview, she mentioned
that she was admitted 6 mo ago with similar symptoms and at that time her appendix was removed.
The prior hospital course was complicated by elevated liver function tests according to the patient. A list
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of medications at the time of admission included amlodipine, aspirin (low dose-81mg)), gabapentin,
insulin glargine, and lispro (was not taking it for 2 days prior to presentation), metoprolol succinate,
oxycodone, and pravastatin (taking a statin for several years, low dose).

History of past illness
Type 1 DM complicated by peripheral neuropathy, diabetic retinopathy, diabetic gastroparesis,
coronary artery disease, deep vein thrombosis, gastroesophageal reflux disease.

Personal and family history
Personal history: Currently not working, Nonsmoker, never smoked, no vaping used, denied alcohol
intake, denied recreational drug use.

Family history: Type 1 diabetes in aunt; Type 2 diabetes in both parents; Fatty liver disease in both
parents and aunt.

Physical examination

The patient was obese, anicteric not in acute distress. She was afebrile; her pulse was 80 beats per
minute, blood pressure 147/94 mmHg, BMI 31.39 kg/m?, oxygen saturation 97% on room air. There was
no elevation of jugular venous pressure. Examination of the heart and lungs was unremarkable. The
abdomen was non-distended and soft, with normal bowel sounds. She had mild tenderness on
palpation in the left lower quadrant with no rebound or guarding. Murphy's sign was absent. The liver
was palpable 4 cm below the costal margin, with a measured span of 13 cm at the midclavicular line.
The edge of the liver was smooth. The spleen was not palpable, and there was no evidence of ascites.
There were no stigmata of chronic liver disease either including vesicular lesions, palmar erythema,
pedal edema, or spider angiomata. The results of the neurologic examination, including mental status,
were normal.

Laboratory examinations

A workup for acute abdomen was initiated. Initial labs showed blood glucose: 610 mg/dL, AG: 13 U/L,
CO2:23 ppm, pH: 7.35, and 1+ ketones in the urine. Diabetic ketoacidosis protocol ensued with insulin
drip and IV fluids and frequent fingerstick glucose checks.

Hospital laboratory workup showed elevated liver enzymes viz. aspartate aminotransferase:1460
U/L, alanine aminotransferase: 682 U/L, alkaline phosphatase: 569 U/L, elevated LDH: 823 U/L,
GGT:436 U/L total bilirubin 0.2 mg per deciliter, total protein 6.4 mg per deciliter, and albumin 3.7 g per
deciliter. Levels of sodium were 135 mmol per liter, potassium 4.7 mmol per liter, chloride 103 mmol per
liter, bicarbonate 20.9 mmol per liter, blood urea nitrogen 25 mg per deciliter, creatinine 0.85 mg per
deciliter, and glucose 225 mg per deciliter. Amylase and lipase levels were normal. The white-cell count
was 3900 per cubic millimeter, with an unremarkable differential count; hematocrit: 38.5%, hemoglobin:
10.9; and platelet count 221,000 per cubic millimeter. Levels of vitamin B12 and folic acid were normal.
The international normalized ratio was 1.

Serum iron level was 76 pg per deciliter, total iron-binding capacity 384 pg per deciliter, ferritin 165 pg
per liter, and thyroid stimulation hormone 0.71 pIU per liter. Her total cholesterol level was 122 mg per
deciliter, triglycerides 104 mg per deciliter, high-density lipoprotein cholesterol 49 mg per deciliter, and
low-density lipoprotein cholesterol 52 mg per deciliter. The glycated hemoglobin level was 11.4%. The
erythrocyte sedimentation rate was 34 mm per hour. Serologic tests for viral hepatitis were negative for
hepatitis B surface antibody, negative for hepatitis B surface antigen and core antibody, negative for
hepatitis C antibody, negative for cytomegalovirus IgM+IgG antibody, negative for herpes simplex
virus PCR. Tests for antimitochondrial antibody, anti-smooth-muscle antibody, and antinuclear
antibody screen were negative. The serum ceruloplasmin and urinary copper levels were normal, as
were the results of an ophthalmologic examination. The level of alphal-antitrypsin was also normal.
Salicylates, Tylenol levels, and a urine toxicology screen were all negative.

Imaging examinations

CT abdomen and pelvis with IV contrast showed diffuse colonic wall thickening from previous
involving the hepatic flexure, transverse colon, splenic flexure, and descending colon, suggestive of
colitis. There was no pneumatosis or bowel obstruction or free air under the diaphragm. No focal
hepatic lesions were seen either. There were post-cholecystectomy changes causing mild intrahepatic
and extrahepatic biliary ductal dilation without significant interval change. No obstructing calculus or
lesions were visualized in the hepatobiliary system. The size, shape, and morphology of the liver,
spleen, and pancreas were normal.

Doppler ultrasonography (USG) of the abdomen showed a surgically absent gallbladder. The
common bile duct measured 10 mm. There was mild central intrahepatic biliary ductal dilatation, likely
cholecystectomy related with nil fatty infiltration or vascular abnormalities, and normal echogenicity.
An echocardiogram of the heart showed regular biventricular size with an ejection fraction of 65-70%.
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Further, an MRCP showed mild intrahepatic and extrahepatic biliary ductal dilation without
evidence of choledocholithiasis. There were no focal hepatic lesions. No diffuse parenchymal signal
abnormality.

Hospital course
During the course of the hospital, it was noticed that initial rise in transaminases on admission, there
was a sharp drop without any specific intervention. Strict glucose control ensued and hepatotoxic
medications were held.

By the third day, transaminases dropped to the mid 300-400 range (Figures 1 and 2).

Due to the above negative results, a liver biopsy was pursued to clinch the diagnosis.

Liver biopsy findings

Liver biopsy showed a subset of hepatocytes, slightly enlarged with PAS-positive glycogen, suggestive
of mild glycogenic hepatopathy. No significant glycogenated nuclei were seen - portal tracts with
minimal inflammation composed of mononuclear cells, neutrophils, eosinophils with occasional ceroid-
laden macrophages. A minority of bile ducts show mild epithelial injury. Bile ducts were present with
focal mild bile ductular reaction (CK7 immunostain examined). No steatosis, cholestasis, hepatocyte
ballooning degeneration, acidophil bodies, congestion, or confluent necrosis were identified. Trichrome
stain showed no increased fibrosis. PAS/D stain is negative for intracytoplasmic globules. Iron stain is
negative for iron deposition. A Gomori methenamine silver stain was negative for fungal organisms.
Immunohistochemistry for CMV, HSV-1, HSV2, and adenovirus was negative. EBV-encoded RNA in
situ hybridization was negative. The copper stain was negative. Reticulin stain showed an intact
reticulin framework.

FINAL DIAGNOSIS
Glycogen hepatopathy secondary to poorly controlled type 1 DM.

TREATMENT

With treatment targeting aggressive glycemic control with insulin and a strict carbohydrate-restricted
diet, her transaminases improved. Her colitis resolved with conservative management following which,
she was discharged.

OUTCOME AND FOLLOW-UP

The patient was advised to monitor blood sugars at home and was advised about the importance of a
diabetic diet with the help of a diabetes educator. She was taught how to use an insulin pen, and was
discharged with an insulin kit containing Insulin glargine (long-acting) along with Insulin lispro (short-
acting to be taken with meals).

When she was seen a month later at the primary care physician's office, she was asymptomatic. Her
laboratory tests revealed a normal biochemical profile, with transaminases well under the normal range.

DISCUSSION

The findings of increased liver enzymes have increased amongst patients with diabetes. The observation
of increased alanine aminotransferase levels is 9.5% among type 1 as compared to 12.1% among type 2
diabetics. These percentages are higher than those expected in our general population (2.7%)[6,7]

A disease like GH develops due to hepatic glycogen accumulation. It is characterized by hepato-
megaly and elevated liver function tests including AST and ALT([8,9]. GH was first defined as glycogen
accumulation in 1930, as a component of Mauriac syndrome (type 1 diabetes, delayed development,
hepatomegaly, cushingoid appearance, and delayed puberty)[2]. Interestingly, type 1 diabetic
individuals without other components of Mauriac syndrome can have isolated manifestation of GH[10,
3]. Type 1 diabetes patients formulate a major chunk of the case reports of this rare condition.

Elevated glucose levels with corresponding insulin spikes are believed to be metabolic preconditions
for hepatic glycogen accumulation in GH. Hyperglycemia signals glycogen synthase by inhibiting
glycogenesis by glycogen phosphorylation inactivation. Insulin also activates glycogen synthase which
further increases glycogen accumulation[11]. A study conducted in rats with insulin deficiency has
shown that glycogenesis continues for a significant amount of time after blood glucose levels return to
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Figure 1 Aspartate aminotransferase trends.
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the preinjection levels after a single dose of insulin injection[12]. In essence, accumulation of glycogen
continues to occur in the liver, despite the high cytoplasmic glucose concentration in the presence of
insulin. Hence, oscillating hyperglycemic episodes and the following insulin therapies to chase the
elevated glucose levels are believed to be the primary pathogenetic mechanisms of hepatomegaly and
abnormal liver chemistries that develop in TIDM patients due to glycogenic deposition. However, it is
not clear why this pathogenetic mechanism develops specifically in a small patient group. Several
theories have been proposed on the matter, one of which was the defect in genes coding the proteins
that regulate the glycogen synthase and/or glucose 6-phosphatase activity[13]. Mainstay of managing
GH is by establishing strict glycemic control via intensive insulin therapy. This modality of approach
results in full remission of clinical, laboratory, and histologic abnormalities[5]. Several medical case
reports exhibit remission in cases of GH by a continuous insulin infusion pump implanted under the
skin[3]. Similarly, in our presented case, we attained blood glucose regulation, that was followed by a
reduction in the liver size and significant decreases in ALT and AST levels using intensive insulin
therapy.

Furthermore, after GH diagnosis, the treatment should aim for intense glycemic control as it is
considered the backbone of its management[14-16]. Anomalously, the resolution of GH has also been
described after minimal glucose control[15-17]. The disease has a benign course with an excellent
prognosis and symptoms abate using above therapeutics within a few weeks, as also observed in our
patient (Figure 3).

CONCLUSION

GH is a rare complication of diabetes mellitus, particularly in type 1 diabetes mellitus (T1DM) patients
with poor glycemic control and the presentation can closely mimic non-alcoholic fatty liver disease
creating a diagnostic enigma in patients with diabetes.

Clinicians should be aware of this rare complication of diabetes mellitus in TIDM patients with poor
glycemic control.
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After excluding other common causes of hepatitis, including viral and autoimmune hepatitis or celiac
disease, an in-depth investigation for GH should be performed.

Liver biopsy has been the mainstay for diagnosis, however, with recent advancements, sequential
magnetic resonance imaging and computed tomography (Figure 4) scans are also sensitive but limited
by the availability.
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Figure 4 Computed tomography scan of abdomen.
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Abstract
Peer-review report’s scientific ) ) ) ) )
quality classification Since the coronavirus disease 2019 (COVID-19) has hit the world as a pandemic,

researchers all over the world have worked on its diagnostics, prognosticating
factors, etc. The present study showed liver enzymes, especially aspartate
aminotransferase (AST) levels, to be high in non-survivors with raised
AST/alanine aminotransferase ratio. Considering the non-specific nature of AST
with its presence in organs other than liver such as muscle, heart, kidney and
brain makes it difficult to interpret. Even pre-existing metabolic syndrome and
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Core Tip: The presence of angiotensin converting enzyme 2 receptors in liver endothelial
cells makes it susceptible to severe acute respiratory syndrome coronavirus 2 injury.
The authors have suggested raised aspartate aminotransferase (AST) levels in almost a
third of non-survivors along with high AST/alanine aminotransferase ratio. Considering
the presence of AST in organs other than liver such as muscle, red blood cells, heart and
kidney, makes the interpretation difficult. Additionally, pre-existing non-alcoholic fatty
liver disease has also been documented as a risk factor for severe coronavirus disease
2019 (COVID-19) disease. Therefore, more studies are needed for evaluation of AST as
a predictive factor for severe COVID-19 disease.
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TO THE EDITOR

We read with great interest the article by “Madian et al[1]”. Limited data is available for hepatic injury
in coronavirus disease 2019 (COVID-19) disease. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus causes direct cytopathic effect on hepatocytes. It enters the cell through angiotensin
converting enzyme 2 (ACE2) receptors which are ubiquitously present on alveolar epithelium, liver,
kidney and blood vessels etc. ACE2 receptors are present on endothelium of smaller blood vessels in
liver, however, sparse on sinusoidal endothelium. Chai ef al[2] reported higher ACE2 expression on
cholangiocytes (59%) than hepatocytes (2.6%). They also suggested that liver dysfunction in COVID-19
is predominantly due to cholangiocyte dysfunction. The profound cytokine storm generated by lung
injury also results in liver dysfunction. The drug-related hepatotoxicity related to the use of
acetaminophen, remdesivir, lopinavir/ritonavir, azithromycin etc. during treatment of COVID-19
disease plays an additive role in causing deranged liver functions[3]. In addition, use of steroids
especially in moderate to severe cases can also cause hepatitis B flare in occult hepatitis B patients.

Only a few studies could highlight liver function tests in patients with COVID-19 in non-cirrhotic
patients. Limited studies have shown acute liver injury in 14%-53% of COVID-19 cases. In the present
study, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were elevated in
31% and 3% among non-survivors respectively with 48% having AST/ALT ratio > 1.2. Zhang et al[4]
showed raised AST levels more frequently in intensive care unit (ICU) patients (62%) than in non-ICU
(25%) settings. Interestingly, the present study revealed an increased in-hospital mortality up to 11-and
13-fold with AST levels > 1 ULN and > 2 ULN respectively. Chen et al[5] analyzed biochemical profile of
113 deceased and 161 recovered patients in Wuhan, and found abnormal AST levels in 59 (52%) vs 25
(16%) and lower serum albumin in 74 (65%) vs 22 (14%) patients respectively. In the present study,
authors also mentioned the possibility of raised AST levels due to muscle injury resulting from
profound cytokine storm in COVID-19 illness, though they have documented normal creatine kinase
(CK) values indicating liver involvement. AST is an enzyme which is found in liver, muscle, heart,
kidney and brain. Therefore, raised AST levels should be taken with caution. The pattern of liver injury
in COVID-19 disease is elevated AST levels more than ALT levels with higher gamma-glutamyl-
transferase (transpeptidase) (GGTP) values which is similar to alcoholic hepatitis.

We should not forget that non-alcoholic fatty liver disease (NAFLD) and obesity are associated with
symptomatic, severe and complicated COVID-19 disease and is a potential confounder[6]. The studies
assessing the role of liver injury on the course of COVID-19 illness have not screened patients for
NAFLD, and we are not aware about their basic liver function tests before COVID-19. A pooled analysis
of 8 studies in NAFLD and COVID-19 by Sachdeva et al[7] revealed NAFLD being a predictor of severe
COVID-19 disease after adjustment of presence of obesity (OR: 2.3; 95%CI: 1.9-2.9, P < 0.001). Therefore,
it may be too early to depend alone on AST levels for the severity and outcome of COVID-19 illness.
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