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Abstract

In coronavirus disease 2019 (COVID-19), severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) primarily targets the respiratory system, but
evidence suggests extrapulmonary organ involvement, notably in the liver. Viral
RNA has been detected in hepatic tissues, and in situ hybridization revealed
virions in blood vessels and endothelial cells. Electron microscopy confirmed viral
particles in hepatocytes, emphasizing the need for understanding hepatotropism
and direct cytopathic effects in COVID-19-related liver injury. Various factors
contribute to liver injury, including direct cytotoxicity, vascular changes, inflam-
matory responses, immune reactions from COVID-19 and vaccinations, and drug-
induced liver injury. Although a typical hepatitis presentation is not widely
documented, elevated liver biochemical markers are common in hospitalized
COVID-19 patients, primarily showing a hepatocellular pattern of elevation.
Long-term studies suggest progressive cholestasis may affect 20% of patients with
chronic liver disease post-SARS-CoV-2 infection. The molecular mechanisms
underlying SARS-CoV-2 infection in the liver and the resulting liver damage are
complex. This “Editorial” highlights the expression of the Angiotensin-converting
enzyme-2 receptor in liver cells, the role of inflammatory responses, the impact of
hypoxia, the involvement of the liver's vascular system, the infection of bile duct
epithelial cells, the activation of hepatic stellate cells, and the contribution of
monocyte-derived macrophages. It also mentions that pre-existing liver con-
ditions can worsen the outcomes of COVID-19. Understanding the interaction of
SARS-CoV-2 with the liver is still evolving, and further research is required.
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©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

January 27,2024 | Volume16 | Issuel |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v16.i1.1
mailto:quarleri@fmed.uba.ar

Quarleri ] et al. Mechanisms of SARS-CoV-2 hepatotropism

Core Tip: The hepatotropism of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a growing concern amid
the coronavirus disease 2019 (COVID-19) pandemic. Despite its respiratory focus, the virus significantly affects various
organs, notably the liver, leading to complications like inflammation, abnormal function tests, and, in severe cases, organ
damage. This complex involvement worsens disease outcomes. Understanding the virus's interplay with the liver, mediated
by the Angiotensin-converting enzyme-2 receptor, is crucial for tailored treatments. The liver's pivotal role in the immune
response emphasizes the need to comprehend SARS-CoV-2 hepatotropism. Ongoing research is vital for uncovering
mechanisms, clinical implications, and effective strategies in managing COVID-19 patients with liver involvement.

Citation: Quarleri J, Delpino MV. Molecular mechanisms underlying SARS-CoV-2 hepatotropism and liver damage. World J Hepatol
2024; 16(1): 1-11

URL: https://www.wjgnet.com/1948-5182/full/v16/i1/1.htm

DOI: https://dx.doi.org/10.4254/wjh.v16.i1.1

INTRODUCTION

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), belonging to the Betacoronavirus genus within the
Coronaviridae family, is a positive-sense, single-stranded RNA virus with an enveloped structure. It shares close genetic
relatedness with severe acute respiratory syndrome coronavirus-1 (SARS-CoV-1) and Middle East respiratory syndrome
CoV. The genome of SARS-CoV-2 is approximately 30000 base pairs long, encoding 16 nonstructural and 4 structural
proteins, including spike (S), envelope (E), membrane (M), and nucleocapsid (N) proteins. The spike protein assumes a
critical role in the SARS-CoV-2 life cycle by governing viral attachment, fusion, entry, and transmission. This glycoprotein
contains the S1 and S2 domains as functional components able to act as ligands for receptor binding and downstream
membrane fusion, respectively. Notably, the receptor binding domain within the S1 unit exhibits significant genetic
variability within the coronavirus genome[1,2].

When it comes to infecting the majority of host cells, the SARS-CoV-2 spike engages with its primary receptor,
Angiotensin-converting enzyme-2 (ACE2). The process is further facilitated by host transmembrane proteases, such as
serine 2 [transmembrane serine protease 2 (TMPRSS2)], which play a crucial role in priming the spike protein for receptor
interaction and subsequent entry into the host cell. In the facilitation of viral entry may also act additional host co-factors,
such as neuropilin-1, glycosaminoglycans, C-type lectins, and furin. Noteworthy is the spike protein's specific binding to
ACE2 and TMPRSS2, which collectively support viral entry. The differential expression of ACE2 and TMPRSS2 in various
tissues, including the airways, lungs, nasal/oral mucosa, and intestine, underscores the multifaceted nature of the viral
entry process across different cellular environments. The affinity of the spike protein for the ACE2 receptor plays a critical
role in determining the replication fitness and severity of SARS-CoV-2 infection[1,2].

In the context of Coronavirus Disease 2019 (COVID-19), produced by the infection with SARS-CoV-2, the most
profound pathological modifications are predominantly evident within the respiratory system. Nevertheless, it is of
utmost significance to acknowledge that this viral infection imposes deleterious consequences on various other bodily
organs. Notably, evidence has been presented of the presence of SARS-CoV-2 viral RNA in extrapulmonary organs,
including the liver[3-6]. Building upon the excellent review conducted by Roshanshad et al[6], this editorial seeks to
provide supplementary insights into the molecular mechanisms underlying SARS-CoV-2 hepatotropism and liver
damage. The specific cellular location of viral replication remains unclear because of the use of whole-tissue homogen-
ization techniques for nucleic acid extraction. Subsequent examinations, employing in situ hybridization analysis,
identified the presence of SARS-CoV-2 virions within the lumen of blood vessels and endothelial cells in the portal veins
of liver tissues derived from COVID-19 patients[7,8]. Furthermore, electron microscopic assessments of liver specimens
from two COVID-19 patients who succumbed to the disease and exhibited elevated liver enzyme levels revealed the
presence of intact viral particles within the cytoplasm of hepatocytes[9].

Although the precise etiology of liver injury in the context of COVID-19 remains partially understood, various factors
have been postulated to contribute to this phenomenon (Figure 1), including direct cytotoxic effects, vascular changes,
immunological and inflammatory responses associated with COVID-19, immune responses triggered by COVID-19
vaccination, and drug-induced liver injury (DILI)[10-12].

The assessment of hepatotropism concerning SARS-CoV-2 and the possible manifestation of direct cytopathic effects
are crucial for a comprehensive understanding of the mechanisms underlying liver injury in COVID-19. It is worth noting
that a typical hepatitis presentation has not been extensively documented([7,9,13], despite recent albeit limited discoveries.

The prevalence of elevated liver biochemical markers in individuals with COVID-19 varies in different studies but, in
hospitalized patients, these abnormalities can be observed in the vast majority of them. These are primarily characterized
by a hepatocellular pattern of elevation. The extent of these elevations is typically mild, and the likelihood of encoun-
tering substantial increases in alanine aminotransferase or aspartate aminotransferase levels (> 20-fold upper normal
limit), liver synthetic dysfunction, or elevated serum bilirubin levels remains relatively uncommon among COVID-19
patients[14-17]. Remarkably, recent extended follow-up investigations have unveiled that after SARS-CoV-2 infection,
progressive cholestasis may impact as many as 20% of individuals with chronic liver disease (CLD), demonstrating a
proclivity toward increased severity[18].
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Figure 1 Mechanisms of severe acute respiratory syndrome coronavirus-2 disease-induced liver injury and their consequences at organ
level (left). Severe acute respiratory syndrome coronavirus-2 cellular targets involved in liver damage (center and right). Various factors
have been postulated to contribute to liver injury in the context of coronavirus disease 2019 (COVID-19), including direct cytotoxic effects, vascular changes,
immunological and inflammatory responses associated with COVID-19, immune responses triggered by COVID-19 vaccination, and drug-induced liver injury. In the
context of liver injury associated with COVID-19, the histological patterns encompass features such as steatosis (both macrovascular and microvascular), lobular
necroinflammation, portal inflammation, and vascular pathology. At the cellular level, hypoxia, metabolic dysfunction-associated fatty liver disease, and concomitant
hepatitis C virus infection, and the cytokine storm may upregulate the Angiotensin-converting enzyme-2 (ACE2), transmembrane serine protease 2 and furin
expression in hepatocytes. Mitochondrial dysfunction has been affected directly by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection of
hepatocytes which in turn may be connected to pre-existing inflammation and the adverse impacts of excessive and dysfunctional adipose tissue. In cholangiocytes,
SARS-CoV-2 Leads to a decrease in the mRNA expression of Claudin-1 and downregulates the expression of hepatobiliary transporters, such as ASBT and the
chloride channel CFTR. The ACE-2 expression in Kupffer cells is still controversial. Hepatic stellate cells appear do not express ACE2 in any activation state. Their
activation is a pivotal event in the progression of chronic liver disease, as these cells serve as the primary source of fibrosis, and it is induced by proinflammatory and
profibrotic signals, including angiotensin II, which is generated by the catalytic action of ACE as part of the profibrotic branch of the renin-angiotensin system. Liver
and Kupffer cell are created with BioRender.com. ROS: Reactive oxygen species; ACE2: Angiotensin-converting enzyme-2; TMPRSS2: Transmembrane serine
protease 2; MAFLD: metabolic dysfunction-associated fatty liver disease; ER: Endoplasmic reticulum; TGN: Trans-Golgi network.

ACE2 AND VIRAL ENTRY CO-FACTORS EXPRESSION IN HEPATIC CELLS CONTRIBUTING TO SARS-
COV-2 HEPATOTROPISM

A comprehensive understanding of tissue reservoirs supporting SARS-CoV-2 replication remains a critical research
challenge. This is, in part, attributed to the inherent challenges associated with procuring biopsy samples from
individuals presently infected with the virus, coupled with the requisite use of high-level laboratory containment
facilities. The well-established understanding includes the interaction of the viral spike protein (S) with ACE2 for cellular
entry, emphasizing the crucial roles of TMPRSS2 and furin enzymes in the infection process[1]. Consequently,
examination of the expression of these receptors during the early stages of infection provided valuable insights into the
potential permissiveness of hepatic cells. Notably, the liver exhibits minimal expression of ACE2 and TMPRSS2 proteins,
whereas their highest expression is observed in the intestine and gall bladder. However, it is noteworthy that ACE2
expression appears to be absent in the lungs, where infection unequivocally occurs. Then, studies using single-cell RNA
sequencing to analyze samples from healthy human livers revealed that although hepatic ACE2 expression is relatively
low but still detectable. The expression level in cholangiocytes, the epithelium lining the bile duct, is similar to that found
in lung alveolar cells[12,19]. Interestingly, sinusoidal endothelial cells appear to lack ACE2 expression, which aligns with
earlier findings resembling SARS-CoV-1[20]. Recent observations concerning SARS-CoV-2-induced endothelitis in major
intrahepatic arteries, coupled with the heightened presence of ACE2 in other endothelial cell types, such as those within
the central and portal veins, which are similarly susceptible to infection by the virus, suggest the potential significance of
this discovery[7]. TMPRSS2 and furin gene expression are broadly distributed across various liver cell types[21]. Notably,
when three distinct single-cell RNA sequencing datasets from healthy liver tissue were collectively analyzed, it was
observed that very few hepatocytes co-expressed both ACE2 and TMPRSS2[22].
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To investigate the susceptibility of liver cell types to SARS-CoV-2 infection, experimental models involving cellular and
organoid cultures have played a pivotal role. Hepatocellular carcinoma-derived cell lines such as Huh-7 and HepG2 have
demonstrated the ability to support the entire viral life cycle[23]. A significant expression of ACE2 and TMPRSS2 in liver
parenchymal cells was reported using bioinformatic analyses from a single-cell transcriptome database[21].
Permissiveness was demonstrated when pseudotyped lentiviral particles expressing the full-length spike protein of
SARS-CoV-2 were inoculated to primary hepatocytes obtained from ACE2-humanized mice[24].

Importantly, research conducted in both murine and human subjects has revealed an increase in hepatic ACE2
expression within hepatocytes in the presence of liver fibrosis or cirrhosis, as already documented[25]. This finding holds
significant relevance because pre-existing liver injury may exacerbate the susceptibility of hepatic tissues to the hepatitis
C virus, SARS-CoV-2[26]. The impact of liver injury and pre-existing liver conditions on the propensity of SARS-CoV-2 to
target the liver is still not well understood, and there is a notable absence of studies that have specifically investigated the
histological alterations occurring in individuals with both COVID-19 and CLD. However, it is worth noting that previous
investigations conducted before the emergence of COVID-19 have reported a significantly more than 30-fold elevation in
ACE2 expression within the livers of patients suffering from cirrhosis related to the hepatitis C virus compared to
individuals without underlying liver conditions[25,27] (Figure 1). These findings may be associated with the gene
expression patterns observed in metabolic dysfunction-associated fatty liver disease (MAFLD), previously known as non-
alcoholic fatty liver disease[28]. The presence of MAFLD within the broader context of metabolic syndrome may
contribute to the exacerbation of COVID-19 severity. Molecular investigations have revealed elevated expression levels of
crucial viral entry receptors, including ACE2, furin, and TMPRSS2, in individuals diagnosed with MAFLD. Furthermore,
the liver mRNA expression of ACE2 and TMPRSS2 was found to be upregulated in individuals without active infection.
Moreover, in obese patients with MAFLD, there was an observed upregulation of ACE2 in the liver as well as in
subcutaneous and visceral adipose tissues compared with obese individuals lacking MAFLD[17,29,30] (Figure 1).

In addition, it has been established that hypoxia, a characteristic feature of severe cases of COVID-19, serves as a key
regulatory factor in the upregulation of ACE2 expression in hepatocytes[17,25,31,32] (Figure 1). This phenomenon may
explain the prevalence of extrapulmonary dissemination of SARS-CoV-2 in patients experiencing acute respiratory
distress syndrome and other hypoxic conditions. Notably, in a manner analogous to findings in other organ systems, it is
conceivable that inflammatory conditions and diseases affecting the liver, as reported[33,34], could elevate the expression
of ACE2. Given the potential implication of DILI in the development of liver damage in COVID-19 patients[35,36], it is
particularly interesting to investigate whether such conditions or specific pharmaceutical agents may induce excessive
ACE2 expression within the hepatic environment. In contrast, while not yet substantiated in human subjects, Brevini et al
[37] have recently delineated in a murine model the potential of ursodeoxycholic acid to inhibit ACE2, suggesting its
potential as a promising therapeutic and prophylactic strategy against SARS-CoV-2.

In vitro experiments have demonstrated that the spike (S) protein of beta-coronaviruses exhibits a significant increase in
its binding affinity for its receptor when it is pre-incubated with trypsin, a process involving proteolytic activation[1]. It's
worth noting that liver epithelial cells express trypsin[38] and various other serine proteases, which are continuously
involved in extracellular matrix remodeling and liver regeneration[39]. Considering this scenario, there is a plausible
suggestion that the expression of ACE2, a pivotal factor for the precise targeting and recognition of SARS-CoV-2 within
the liver, might be comparatively diminished in comparison to other tissues where extracellular proteolytic activity is less
pronounced[40,41].

In concordance with these findings, recent discoveries have brought attention to the existence of a furin-like proteolytic
site within the S protein of SARS-CoV-2, a feature not found in other coronaviruses belonging to the same lineage[1]. It is
interesting to note that furin expression is mostly observed in organs that are hypothesized to be susceptible to SARS-
CoV-2 infection. These organs include the pancreas, kidney, liver, and salivary glands[21].

ACE2-INDEPENDENT SARS-COV-2 HEPATOTROPISM

While our understanding of the tissue-specific determinants governing SARS-CoV-2 infection remains limited, there is a
growing recognition of the involvement of additional accessory receptors in viral entry. Notably, studies have suggested
that the high-density lipoprotein scavenger receptor B type 1 (SR-B1) plays a facilitating role in ACE2-dependent
coronavirus attachment in vitro, drawing parallels with hepatitis C virus infection. Likewise, therapeutic interventions
targeting SR-B1 have shown efficacy in mitigating the lipoprotein-mediated enhancement of SARS-CoV-2 infection. It is
important to note, however, that using immunohistochemistry analysis of liver tissue was confirmed only sporadic ACE2
expression within the hepatic tissue[42]. Besides, it is crucial to acknowledge that additional factors, such as ganglioside
(GM1)[43], may influence the interaction between the spike (S) protein and ACE2. Consequently, there is an imperative
need for more comprehensive research into the S protein-ACE2 interactome to gain a deeper understanding of the
molecular mechanisms involved and explore potential therapeutic avenues.

Ou et al[44,45] used pseudovirions carrying the spike (S) protein of SARS-CoV-2 to assess their ability to infect various
cell lines. When exposed to viral vectors expressing the SARS-CoV-2 S protein, HuH7 and Calu3 cells (a cell line
originating from human lung cancer) were more susceptible to transfection than reference pseudovirus. Additionally,
these investigations suggested that the PIKfyve-TCP2 endocytotic pathway, which is expressed at lung-like levels in the
liver and gall bladder[15], could be important for the viral entry process[46].
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EXPERIMENTAL MODELS FOR STUDYING SARS-COV-2 HEPATOTROPISM

HuH? cells has been reported as a permissive model to develop a novel and effective functional viromics screening
method to forecast the possibility of zoonotic occurrences with known lineage B betacoronaviruses. This model was
employed to investigate the binding and recognition processes of both SARS-CoV-1 and SARS-CoV-2[47]. This approach
further confirmed the affinity of SARS-CoV-2 for hepatocytes. It is important to note that in their study, HuH7 cells were
identified as the third most permissive cell line, following pulmonary (Calu3) and intestinal (CaCo,) cell models, which
represent organs with histopathological evidence of SARS-CoV-2 infection[47]. However, it is important to recognize that
a cell's ability to attach and internalize viral particles does not always indicate that the particular cell type is also
supportive of efficient viral reproduction. In this regard, it has shown that HuH?7 cells indeed facilitate SARS-CoV-2 viral
multiplication[23,48]. It has been determined that hepatocyte cell lines are robust permissive cell types for infections with
SARS-CoV-1 and SARS-CoV-2. Notably, HuH7 cells have recently been used in SARS-CoV-2 immunostaining assays as a
positive control[49]. It is essential to underscore that the findings suggesting hepatocytes as potential hosts for SARS-
CoV-2 primarily stem from studies conducted with cancer cell lines. To establish the clinical relevance of these
observations, it is crucial to conduct a comparison of ACE2 protein expression in HuH7 cells with that observed in
primary human hepatocytes.

Post-mortem autopsies have yielded evidence supporting the concept of direct infection of liver cells by SARS-CoV-2.
Several studies have recorded the identification of SARS-CoV-2 in a notable portion of post-mortem liver biopsies,
employing techniques such as PCR and in situ hybridization. However, the direct invasion of hepatocytes by the virus
was not consistently confirmed. Nonetheless, certain researchers managed to demonstrate the presence of distinct
coronavirus particles, including spike structures, within the cytoplasm of hepatocytes in individuals with COVID-19.
These observations were accompanied by signs of mitochondrial swelling and apoptosis, suggesting a potential link
between the virus and cellular damage in the liver[7,9,50]. The diverse spectrum of histological injury patterns observed
in individuals infected with SARS-CoV-2, including features such as macrovascular and microvascular steatosis, lobular
necroinflammation, portal inflammation, and vascular pathology (Figure 1), likely emphasizes the intricate and
multifactorial nature underlying abnormal liver test results in the context of COVID-19-associated liver injury[14-16,51].
Perhaps the most compelling evidence of SARS-CoV-2's ability to infect liver tissue was recently presented by Wanner et
al[52]. In their study, the authors presented multiple lines of evidence for SARS-CoV-2 liver tropism, including the direct
identification of SARS-CoV-2 genomic material within hepatocytes using in situ hybridization. In our study and theirs,
infectious SARS-CoV-2 was isolated from post-mortem liver tissue[53]. Furthermore, Wanner et al[52] delineated activity
profiles through transcriptomic and proteomic analyses in hepatic samples, affirming the presence of established SARS-
CoV-2 entry receptors and facilitators of infection, encompassing ACE2, TMPRSS2, procathepsin L, and the Ras-related
protein Rab-7a. The analyses also unveiled pronounced upregulation in interferon responses, JAK-STAT signaling, and
liver-specific metabolic modulation. These findings collectively suggest a viral activity profile bearing notable resemb-
lances to other hepatotropic viral infections, notably hepatitis C virus infection[52]. Moreover, it is imperative to conduct
further investigations aimed at unraveling the molecular alterations initiated in hepatocytes subsequent to SARS-CoV-2
infection.

Valuable insights into this matter can be derived from the research conducted by Yang et al[54]. Using organoids
created from human hepatocytes generated from pluripotent stem cells and primary adult human hepatocytes, their work
confirmed SARS-CoV-2 hepatotropism. Using these organoids, the S-expressing pseudovirus of SARS-CoV-2
demonstrated the ability to infect human hepatocytes, leading to substantial viral replication. Additionally, gene
expression analyses indicated that primary hepatocytes infected with SARS-CoV-2 exhibited heightened expression of
pro-inflammatory cytokines, coupled with the downregulation of essential metabolic functions, as evidenced by the
inhibition of CYP7A1, CYP2A6, CYP1A2, and CYP2D6 expression[54]. Wang et al[9] made a noteworthy advancement
when they used electron microscope imaging to examine liver tissues from two deceased COVID-19 patients. They found
that the hepatocytes they studied had viral structures that resembled SARS-CoV-2 virions. This data suggests that, even
in the absence of a traditional hepatitis pattern, the histological alterations seen in these individuals might be the result of
SARS-CoV-2's direct cytopathic effects[55]. It is important, therefore, that more research utilizing more extensive biopsy
or autopsy cohorts in conjunction with all-encompassing imaging methods, including immunological electron

microscopy, could be necessary to validate these preliminary findings about the existence of SARS-CoV-2 in hepatocytes
[56].

THE RELEVANCE OF CHOLANGIOCYTES AS SARS-COV-2 CELLULAR TARGET IN LIVER

Bile duct epithelial cells, also referred to as cholangiocytes, fulfill pivotal functions in both the generation and regulation
of bile, while also contributing to immune responses[57]. Single-cell sequencing of long-term liver ductal organoid
cultures derived from human tissues revealed the persistence of ACE2 and TMPRSS2 expression[58] (Figure 1). Cholan-
giocytes were infected with SARS-CoV-2, causing syncytia formation. Twenty-four hours after the infection, there was a
notable rise in the amount of SARS-CoV-2 genomic RNA. When the virus was inoculated to adult human cholangiocyte
organoids, similar outcomes were seen, thus showing that SARS-CoV-2 infection in vitro may occur in human liver ductal
organoids[54], raising the possibility of viral replication within the bile duct epithelium in vivo. Despite the notably
elevated expression of ACE2 in cholangiocytes compared to hepatocytes, there are no reports of direct proof of SARS-
CoV-2 infection in cholangiocytes in COVID-19 patients. Since hepatocytes and cholangiocytes are the primary producers
of bile and because biliary fluids and cholangiocytes' apical membrane interact directly and continuously, the presence of
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SARS-CoV-2 viral RNA or proteins in bile may be an indirect indicator of cholangiocyte SARS-CoV-2 infection. Currently,
there is just one case report that shows SARS-CoV-2 RNA exists in bile, while bile samples from two other small sample
series tested negative. Such disparities could be attributed to the circumstance that the bile sample yielding a positive
result was obtained during the surgical resolution of bile duct obstruction, whereas the bile sample yielding a negative
result was obtained from post-mortem autopsies conducted 48 h after death[59,60].

Tight junctions are essential for cholangiocytes to act as a barrier that protects parenchymal liver cells from potentially
hazardous components of bile. Notably, in vitro studies have shown that viral infection with SARS-CoV-2 Leads to a
decrease in the mRNA expression of tight junction proteins such as claudin 1 in cholangiocytes, implying a compromised
barrier function of these cells[58]. This disruption could result in liver injury, because it may allow toxic bile components
to leak into the periductal space and adjacent liver parenchyma. Furthermore, SARS-CoV-2 infection downregulates the
expression of hepatobiliary transporters, such as SLC10A2/ASBT and the chloride channel ABCC7/CFTR[58](Figure 1).
This downregulation of hepatobiliary transporters could compromise the sensing and signaling of bile acids by cholan-
giocytes and the secretion of bicarbonate. Consequently, this could contribute to the identified biliary changes in
individuals with COVID-19[61]. Additionally, inflammatory pathways were increased in SARS-CoV-2 infected cholan-
giocytes, indicating the establishment of a reactive phenotype[54]. Prospect investigation are needed to investigate if and
how SARS-CoV-2 promoted cytokine production favoring inflammation and fibrosis, potentially playing a role in the
development of the "reactive cholangiocyte phenotype". Such alterations have the potential to propagate inflammation
and fibrosis[57].

ARE KUPFFER CELLS AND HEPATIC STELLATE CELLS SUSCEPTIBLE TO SARS-COV-2 INFECTION?

Alveolar macrophages and monocyte-derived macrophages (MDM) are known to express ACE2, and immunohisto-
chemistry has revealed evidence of viral protein infection of alveolar macrophages caused by both SARS-CoV-1 and
SARS-CoV-2[62-64]. Nonetheless, during a histopathological assessment of ACE2 tissue distribution, no staining for
ACE2 was detected in Kupffer cells and other hepatic immune cells, despite the typical observation of Kupffer cell prolif-
eration in the livers of individuals with COVID-19[9,65] (Figure 1).

Recent investigations in response to the COVID-19 pandemic have involved more comprehensive examinations of
ACE2 expression patterns. These investigations included de novo single-cell RNA sequencing analyses and in silico
evaluations of RNA sequencing databases. The results of these studies have consistently shown that Kupffer cells do not
express ACE2. In contrast, a recent report that differentiates ACE2 expression in tissue macrophages demonstrated a high
level of expression even among Kupffer cells[65]. However, it is crucial to emphasize that the evidence and findings
reported thus far are based on samples from healthy human livers. Therefore, it may be necessary to quantify ACE2
expression in samples taken from individuals who had either an acute liver injury or underlying chronic liver illness to
gain a more comprehensive understanding of different patterns of ACE2 expression in macrophages under such
conditions[65,66].

It is worth noting that following liver injury or Kupffer cell depletion, MDM can infiltrate the liver and efficiently
replenish the resident hepatic macrophage population[67-69]. While in vitro observations have indicated that MDM may
not efficiently support the replication of SARS-CoV-1 (and likely SARS-CoV-2), infected MDM could serve as carriers of
the pathogen, facilitating the infection of ACE2-expressing cells in the affected organ[70]. Additionally, Kupffer cell
activation and proliferation are commonly observed due to systemic inflammation, and Kupffer cell activation has been
reported in liver specimens from deceased COVID-19 patients. Through the propagation of inflammatory signals,
monocytic cells may be important in SARS-CoV-2-mediated liver damage, even if ACE2 expression among Kupffer cells
is a matter of debate[64].

Pre-existing chronic liver diseases seem to be independent risk factors associated with unfavorable outcomes in
COVID-19, with the cirrhosis grade identified as a predictor of mortality in patients infected with SARS-CoV-2[71]. Since
hepatic stellate cells are the main source of fibrosis, their activation is a crucial step in the development of chronic liver
disease[72,73]. Activation is induced by proinflammatory and profibrotic signals, including angiotensin II, and arises
fibrosis through the enzymatic activity of ACE within the profibrotic segment of the renin-angiotensin system[74]
(Figure 1). Interestingly, ACE2 acts as an antagonist to ACE, generating the anti-inflammatory and anti-fibrotic peptide
angiotensin-(1-7) and lowering the ratio of angiotensin II to angiotensin-(1-7) as a result[74]. Nevertheless, neither
fibrogenic nor activated cells nor quiescent hepatic stellate cells have been shown to express ACE2[74-76]. These findings
imply that these cells may not serve as highly permissive hosts for SARS-CoV-2. Nevertheless, the pro-inflammatory
environment instigated by direct or indirect injury to hepatocytes and cholangiocytes in the context of COVID-19 may
establish conditions conducive to the activation of hepatic stellate cells, thereby initiating the process of fibrosis (Figure 1).
This scenario may be particularly pertinent for individuals who have already underlying chronic liver diseases, such as
MAFLD as a condition characterized by steatosis in > 5% of the liver parenchyma. While available data indicate that liver
injury caused by COVID-19 is typically mild and temporary, long-term surveillance studies are essential to fully assess
the possibility of hepatic fibrosis developing as a long-term effect of COVID-19, especially in patients with pre-existing
liver diseases. In the context of MAFLD, inflamed hepatocytes, along with other somatic cells, may manifest mito-
chondrial dysfunction[77,78]. Conversely, SARS-CoV-2 has been observed to directly impact mitochondrial function in
hepatocytes[79] (Figure 1). Individuals with these conditions may undergo liver injury and exhibit elevated liver function
tests due to direct viral cytotoxicity. Nevertheless, liver injury in these individuals may also be associated with pre-
existing inflammation and the detrimental effects of excessive and dysfunctional adipose tissue. The interconnected
influences of these factors may synergistically contribute to a more severe progression of both MAFLD and COVID-19.

uiedenge  VWIH | https:/ /www.wjgnet.com 6 January 27,2024 | Volume16 | Issuel |



Quarleri ] ef al. Mechanisms of SARS-CoV-2 hepatotropism

Another pathogenic mechanism involves additional fat accumulation in hepatocytes triggered by SARS-CoV-2. COVID-
19 induces dyslipidemia[80], and autopsy studies reveal a high prevalence of steatosis in COVID-19 patients[9,81,82]. As
mentioned before, individuals with MAFLD exhibit elevated levels of ACE2 and various serine proteases in the liver[30],
suggesting that preexisting steatosis may enhance susceptibility to COVID-19-induced damage. Reciprocally, COVID-19
may exacerbate existing steatosis. The quantitative significance of these dynamics remains uncertain and warrants further
investigation in future research[83,84].

CONCLUSION

The understanding of the interaction of SARS-CoV-2 with the liver is still evolving, and more research is needed to fully
elucidate the molecular mechanisms involved in liver tropism and damage in COVID-19. The complexity of these
mechanisms underscores the importance of monitoring and managing liver function in patients with COVID-19, partic-
ularly those with underlying liver conditions.
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Abstract

Hepatitis C virus (HCV) remains a significant public health problem as it can
cause acute and chronic hepatitis. Chronic HCV infection is a major cause of liver
fibrosis, and evaluation of liver fibrosis is essential because the prognosis of
patients with chronic HCV infection is closely related to the stage of fibrosis. Liver
fibrosis is traditionally evaluated based on pathological analysis of biopsy
specimens, which is considered the gold standard. Nevertheless, liver biopsy is
invasive and susceptible to sampling error and inter- and intraobserver variation
in pathological interpretation; it is also costly. Therefore, noninvasive diagnostic
investigations have been developed, including the use of fibrotic markers, scoring
systems based on routine blood tests, and transient elastography with magnetic
resonance imaging or ultrasonography. Recently, metabolomics, an emerging
technology, has been used to detect the fibrosis stage. In this editorial, I comment
on the article titled “Metabolomics in chronic hepatitis C: Decoding fibrosis
grading and underlying pathways” by Ferrasi et al published in the recent issue of
the World Journal of Hepatology. 1 discuss previous studies on the use of
metabolome analysis for the diagnosis of HCV-related liver fibrosis and the
potential development of biopsy-free diagnostic techniques.

Key Words: Metabolomics; Hepatitis C virus; Liver fibrosis; Liver cirrhosis; Serum
biomarker
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Core Tip: Metabolomics, a rapidly emerging technology, offers a non-invasive alternative to conventional blood tests and
transient elastography with magnetic resonance imaging or ultrasonography for fibrosis staging. I consider the article titled
“Metabolomics in chronic hepatitis C: Decoding fibrosis grading and underlying pathways” by Ferrasi et al, published in the
latest issue of the World J Hepatol. 1 review prior studies concerning the role of metabolomics in diagnosing hepatitis C
virus-related liver fibrosis and establishing a foundation for non-invasive diagnostic techniques.
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INTRODUCTION

Hepatitis C virus (HCV) remains a significant public health concern as it can lead to acute and chronic hepatitis. The
development of direct-acting antiviral therapy has substantially improved the rate of sustained virologic response and
has generated interest in the goal of HCV elimination. In 2016, the World Health Organization called for the elimination
of HCV infection by the year 2030[1].

Chronic HCV infection is a major cause of liver fibrosis, which is characterized by the formation of fibrous scar tissue
resulting from the accumulation of extracellular matrix proteins, primarily cross-linked collagens. This tissue replaces
injured liver tissue[2] and can lead to liver cirrhosis, defined as the histological development of regenerative nodules
surrounded by fibrous bands. In turn, liver cirrhosis can lead to portal hypertension and end-stage liver disease[3].

Assessing the stage of liver fibrosis is essential because the prognosis of patients with liver fibrosis is closely linked to
the stage of fibrosis, with those having advanced fibrosis being at higher risk for experiencing liver disease-related clinical
events, such as hepatic failure and hepatocellular carcinoma[4]. Physicians require accurate methods to evaluate the
progression of liver fibrosis to guide patient management and predict long-term outcomes.

Liver biopsy has traditionally been considered the gold-standard investigation for evaluating such disease. Never-
theless, it has several limitations. It is an invasive procedure that is associated with potential sampling error, inter- and
intraobserver variability in pathological interpretation, and high cost[5]. To address these limitations, noninvasive
diagnostic investigations have been developed.

Direct fibrotic markers, such as hyaluronic acid[6] and tissue inhibitor of metalloproteinase-1[7], and scoring systems
based on routine blood tests, such as the Fibrosis-4 Index based on four factors[8] and the Aspartate Transaminase to
Platelet Ratio Index[9], are cost-effective and easily accessible alternatives to liver biopsy.

Transient elastography using magnetic resonance imaging[10] or ultrasonography[11] is another option. However,
their availability is limited due to the high cost of equipment.

Recently, novel diagnostic investigations based on emerging technologies, such as metabolomics, have been developed.
Metabolomics involves comprehensive profiling and comparison of metabolites in biological samples, including plasma,
serum, urine, and cell and tissue extracts[12]. The collected samples undergo pretreatment, and metabolites are measured
using nuclear magnetic resonance or mass spectrometry (MS) combined with liquid chromatography (LC-MS), gas
chromatography (GC-MS), or electrospray ionization (ESI-MS). Metabolomics offers a unique advantage because it
represents the current physiological "state" of an individual, allowing exploration of factors that influence the human
phenotype. The data obtained from these analyses are analyzed to determine the signatures of cellular biochemical
activity. This approach is relatively novel; therefore, few studies have evaluated the associations between the metabolome
and HCV-related liver disease and even fewer related to HCV-related liver fibrosis (Table 1).

Fitian et al[13] performed a comprehensive analysis of the global serum metabolomes of 30 patients with hepatocellular
carcinoma, 27 patients with HCV-related cirrhosis, and 30 healthy controls using GC-MS and ultrahigh-performance LC-
MS-MS. They found a strong association between elevated levels of bile acids (such as taurochenodeoxycholate and
taurocholate) and dicarboxylic acids (such as azelate, undecanedioate, and sebacate) and cirrhosis.

Sarfaraz et al[14] evaluated noninvasive biomarkers for liver fibrosis, steatosis, and inflammation in patients with
chronic HCV, and found that the upregulated metabolites in severe fibrosis included 1,7 dimethylxanthine, caffeine,
methylsuccinate tyrosine, histidine, 2-hydroxyisovalerate, propionate, methionine, methylguanidine, 2-oxoisocaproate,
and formate. Conversely, the downregulated metabolites included N-acetylaspartate, creatinine, urea, threonine, glycine,
methylhistidine, adenosine, N-acetylglycine, glutamine, and asparagine.

Cano et al[15] examined serum metabolomics and fibrosis progression in HCV patients 1 year after transplantation.
Patients at fibrosis stages FO-F1 were categorized as slow “fibrosers,” whereas those at stages F2-F4 were categorized as
rapid fibrosers. The investigators found that the levels of glycocholic acid, taurochenodeoxycholic acid, and
sphingomyelins (SMs) (d18:0/18:0) were increased in rapid fibrosers. Conversely, the ratio of branched-chain amino acids
to aromatic amino acids was reduced in rapid fibrosers. Furthermore, they developed a model to discriminate between
rapid and slow fibrosers using an algorithm consisting of four lipid metabolites: two SMs [SM (d18:2/16:0) and SM (38:1)]
and two phosphatidylcholines (PCs) [PC (16:0/16:0) and PC (16:0/18:0)]. This model accurately classifies rapid and slow
fibrosers after transplantation.

Gaggini et al[16] analyzed the sera collected at baseline from 75 HCV patients using GC-MS and LC-MS, and revealed
that low ceramide (18:1/22:0), ceramide (18:1/24:0), and diacylglycerol (42:6) levels and a high phosphocholine (40:6)
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Table 1 Metabolites as the fibrotic biomarkers of hepatitis C

Analyzed Analytical e o . Decreased metabolites in fibrosis
Ref. Increased metabolites in fibrosis progression .
cases method progression
Fitian et al[13], 2014 ~ Cirrhosis vs GC/MS, Bile acids (taurochenodeoxycholate, taurocholate,
healthy non- UPLC/MS-MS efc.), dicarboxylic acids (azelate, undecanedioate,
diabetic controls sebacate, efc.)
Sarfaraz et al[14], F3- 4 vs FO- 2 'H-NMR 1,7 dimethylxanthine, caffeine, methylsuccinate, N-acetylaspartate, creatinine, urea,
2016 (Metavir) tyrosine, histidine, 2-hydroxyisovalerate, propionate, threonine, glycine, methylhistidine,
methionine, methylguanidine, 2-oxoisocaproate, adenosine, N-acetylglycine,
formate glutamine, asparagine
Cano et al[15],2017  F2-4 vs FO-1 UPLC/MS Glycocholic acid, taurochenodeoxycholic acid, BCAA/ArAA
(Metavir) sphingomyelins (d18:0/18:0)
Gaggini et al[16], F5-6vsF3-4vs  UPLC/QTOF-  Phosphocholine (40:6) Ceramides (18:1/22:0), (18:1/24:0),
2019 F1- 2 (Ishak MS diacylglycerol (42:6)
score)
Shanmuganathan et  F2- 4 vs FO- 1 MSI-CE-MS, Choline, histidine
al[17], 2021 (Metavir) 'H-NMR
Khalil ef al[18], 2022  Cirrhosis vs non- UPLC/MS Taurocholic acid, glycholic acid, glycoursodeoxy-
cirrhosis vs cholic acid, taurochenodeoxycholic acid, glycochen-
healthy controls odeoxycholic acid
Ferrasi et al[19], FlusF2vsF3vs  ESI/MS
2023 F4 (Metavir)

TH-NMR: Proton nuclear magnetic resonance. GC: Gas chromatography; MS: Mass spectrometry; UPLC: Ultrahigh-performance liquid chromatography;
QTOF: Quadrupole time-of-flight; MSI-CE: Multisegment injection-capillary electrophoresis; ESI: Electrospray ionization; BCAA/ArAA: The ratio of

branched-chain amino acids (BCAA) to aromatic amino acids (ArAA).

level were associated with greater fibrosis.

Shanmuganathan et al[17] demonstrated that serum levels of choline and histidine were consistently higher in HCV
patients with late-stage (F2-F4) liver fibrosis compared to early-stage (FO-F1) fibrosis.

Khalil et al[18] found that changes in serum levels of several bile acids exhibit a linear trend across hepatocellular
carcinoma, cirrhosis, non-cirrhosis, and healthy controls, potentially reflecting disease progression. Furthermore, receiver
operating characteristic (ROC) curve analysis identified five conjugated acids (taurocholic acid, glycocholic acid,
glycoursodeoxycholic acid, taurochenodeoxycholic acid, and glycochenodeoxycholic acid) that effectively distinguished
hepatocellular carcinoma (HCC) from patients with non-cirrhotic livers.

Ferrasi et al[19] provided new insights into the pathogenesis and progression of liver fibrosis in HCV infection through
metabolite analyses. They analyzed sera from 46 HCV patients and 50 healthy controls using ESI-MS. ESI is a soft-
ionization technique that limits ion excitation, resulting in minimal or no analyte fragmentation[20]. This ionization
technique has revolutionized the analysis of large biomolecules, such as the detection of coenzyme A in the present study.
Statistical analysis was performed using partial least squares discriminant analysis and the variable importance score. The
six most important ions were selected for each group, encompassing various metabolites categorized as sterols, lipids
(glycerolipids, eicosanoids, sphingolipids, prenol lipid, and glycerophospholipids), coenzyme A, polypeptide, methyl-
adenosine, amino acid derivatives, and acylcarnitines. The investigators performed ROC curve analysis to determine the
diagnostic accuracy of metabolites associated with each grade of fibrosis. The metabolites demonstrated high sensitivity
and specificity for each fibrosis grade except for F2. Consistent with the findings by Cano et al[15], detection of sterols,
such as 18:0 and 20:5 cholesteryl esters, among patients with F1 fibrosis revealed downregulation of cholesteryl esters in
rapid “fibrosers.” Furthermore, the detection of diacylglycerols among patients with F1 fibrosis supported previous
results that diacylglycerols were downregulated in patients with severe fibrosis[16]. Conversely, the significant upregu-
lation of acylcarnitines among patients with F4 fibrosis mirrored the hyper-carcinogenic state observed in HCC patients
[13]. These studies have provided useful information regarding detection of the fibrosis grade and underlying pathways
in HCV infection.

However, the aforementioned results raise concerns about whether these metabolites are specific to HCV-related liver
fibrosis or if they may also be caused by other etiologies, such as hepatitis B virus infection, alcohol consumption, and
nonalcoholic steatohepatitis.

Given the absence of overlap between each fibrosis stage, the changes in metabolites with fibrosis progression remain
unclear. In particular, it remains to be explored whether the metabolite levels exhibit a linear relationship with fibrosis
stage. Furthermore, the biological significance of each metabolite is not yet known. Further studies with larger sample
sizes are needed to verify these results.
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CONCLUSION

Metabolomics is a newly developed technology that has several limitations due to the influence of several factors,
including sampling time, collection protocol, and measurement methods. Furthermore, it is more time-consuming and
expensive compared to other methods. However, this novel approach offers valuable information for diagnosis,
prognosis, and treatment of liver disease. The role of metabolomics in HCV requires further investigation. In the future,
metabolomics may enable the diagnosis of liver diseases without the need for biopsy.
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Abstract

Fecal microbiota transplantation (FMT) offers a potential treatment avenue for hepatic encephalopathy (HE) by
leveraging beneficial bacterial displacement to restore a balanced gut microbiome. The prevalence of HE varies
with liver disease severity and comorbidities. HE pathogenesis involves ammonia toxicity, gut-brain commu-
nication disruption, and inflammation. FMT aims to restore gut microbiota balance, addressing these factors. FMT's
efficacy has been explored in various conditions, including HE. Studies suggest that FMT can modulate gut
microbiota, reduce ammonia levels, and alleviate inflammation. FMT has shown promise in alcohol-associated,
hepatitis B and C-associated, and non-alcoholic fatty liver disease. Benefits include improved liver function,
cognitive function, and the slowing of disease progression. However, larger, controlled studies are needed to
validate its effectiveness in these contexts. Studies have shown cognitive improvements through FMT, with
potential benefits in cirrhotic patients. Notably, trials have demonstrated reduced serious adverse events and
cognitive enhancements in FMT arms compared to the standard of care. Although evidence is promising,
challenges remain: Limited patient numbers, varied dosages, administration routes, and donor profiles. Further
large-scale, controlled trials are essential to establish standardized guidelines and ensure FMT's clinical applic-
ations and efficacy. While FMT holds potential for HE management, ongoing research is needed to address these
challenges, optimize protocols, and expand its availability as a therapeutic option for diverse hepatic conditions.

Key Words: Hepatic encephalopathy; Fecal microbiota transplant; Cognitive impairment; Liver cirrhosis; Chronic liver disease

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatic encephalopathy (HE) is a reversible neurocognitive dysfunction and a frequent complication in patients
with chronic liver disease. HE results from synergistic interaction between various mechanisms like increased ammonia
production, systemic inflammation, disruption of the blood-brain barrier, and impairment of neurotransmission, leading to
altered gut-brain-liver axis. Lactulose and rifaximin are the current mainstays of management of HE as they are known to
decrease ammonia production. Fecal microbiota transplant is being studied as a potential microbiome targeted therapy that
can improve the symptoms of HE by decreasing ammonia production, decreasing systemic inflammation, and improving
intestinal barrier function.
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INTRODUCTION

Hepatic encephalopathy (HE) is a neurological condition that manifests in advanced liver disease, resulting in significant
morbidity and mortality[1]. In the United States, 7-11 million people are affected by HE, with approximately 150000 new
diagnoses reported annually. Among recently diagnosed cases, approximately 20% are associated with cirrhosis[2]. The
prevalence of HE can vary depending on the severity of liver disease and the specific patient population under invest-
igation. Table 1 provides a general overview of prevalence rates for common hepatic pathologies leading to HE[3,4]. It is
important to note that these prevalence figures may differ depending on the study population, the diagnostic criteria
employed, and other influencing factors. The occurrence of HE can also be influenced by comorbidities such as alcohol
consumption, infections, and other complications associated with liver disease.

Clinical intervention holds promise for reversing HE, particularly in acute cases. Contributing factors leading to HE
include ammonia toxicity, disrupted gut-brain communication, and inflammation. Increased ammonia levels resulting
from liver disease exert neurotoxic effects. Altered gut microbiota and increased gut permeability facilitate the entry of
toxins into the bloodstream, affecting brain function through neurotransmitter imbalances. Inflammatory processes in the
body and brain further exacerbate the condition. Addressing these underlying factors is critical in the management of HE
[5-7]. Effective management improves symptoms and quality of life, thereby significantly improving the well-being of
patients, encompassing the treatment of underlying liver disease and the reduction of ammonia levels. Medications such
as lactulose or rifaximin are approved by the Food and Drug Administration for the treatment of HE. These medications
exert their therapeutic effects by modulating gut microbiota composition and decreasing gut ammonia levels[8]. Recently,
fecal microbiota transplantation (FMT) has emerged as an alternative approach for modulating gut microbiota and
ameliorating symptoms of HE. Kao et al[9] published a pioneering case report that documented the initial utilization of
FMT as a therapeutic approach for the treatment of HE. While FMT is currently primarily used for Clostridium difficile
infection, its application in HE is still evolving[10].
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Table 1 Overview of the prevalence of hepatic encephalopathy in different chronic hepatic conditions

Condition Total, n = 166192 Did not develop HE, n= 117433 Developed HE, n = 48759
Alcoholic cirrhosis 54194 (33) 30011 (26) 24183 (50)
Hepatitis C cirrhosis 49599(30) 31247(27) 18352(38)
Nonalcoholic cirrhosis 78111 (47) 62433 (53) 15678 (32)

Data are shown in n (%). HE: Hepatic encephalopathy

This review article aims to provide a comprehensive and scientifically rigorous overview of FMT. It will elucidate the
pathogenesis of gut dysbiosis leading to HE, and discuss the efficacy, safety, limitations, and future prospects for the
implementation of FMT therapy in managing patients with HE.

TYPES AND STAGING OF HE

The stages of HE can be assessed using the clinical grading system called West Haven Criteria (WHC) as recommended
by the American Association for Study of Liver Diseases. HE can be clinically classified into four grades based on the
symptoms at presentation, as shown in Table 2[11]. Grade I includes subtle personality changes. Grade II involves gross
disorientation, inappropriate behavior, and lethargy. Grade III includes stupor and disorientation, while Grade IV
represents a comatose state with or without decorticate or decerebrate posturing[11,12]. Other etiologies that can lead to
changes in mentation should be evaluated and ruled out[8]. Based on the etiology, HE can be broadly classified into three
types. Type A is HE secondary to acute liver failure, type B occurs in patients with a portosystemic shunt, and type C in
patients with cirrhosis[11]. HE can be categorized as episodic if there is one episode over a 6-mo period, recurrent if there
are multiple episodes in 6 mo, or persistent if the patient does not return to baseline[11].

IMPACT OF HE ON PATIENT'S QUALITY OF LIFE AND PROGNOSIS

HE greatly impacts patients' quality of life and prognosis. The severity can range from mild cognitive impairment to
severe neurological dysfunction, affecting memory, cognition, and daily functioning[3]. Challenges in activities, social
interactions, and employment are common. Frustration, anxiety, and depression are prevalent for patients and caregivers.
Patients with HE need comprehensive psychological and social support and management strategies due to its significant
negative impact on quality of life[3]. Apart from cognitive dysfunction, HE can also present with physical manifestations,
including tremors, muscle stiffness, coordination difficulties, and asterixis. These physical symptoms can restrict a
patient's mobility and hinder their performance of tasks that require precise motor skills[11,13]. Recurrence and pro-
gression of HE can further impair cognitive function and quality of life. Patients must receive proper medical treatment
and follow-up to manage their liver disease and reduce the risk of recurrent HE. The prognosis of patients with HE varies
based on underlying liver disease, severity, treatment response, and overall health. Severe HE, acute liver failure, and
advanced chronic liver disease increase the mortality risk. Complications like hepatocellular carcinoma or liver failure
worsen prognosis[14].

OVERVIEW OF FMT

Historical background and rationale

The microbiome targeted therapies that have been proposed as a therapeutic option in the management of patients with
hepatic cirrhosis include prebiotics, probiotics, FMT, antibiotics, and synbiotics[15]. Probiotics are live microbial
supplements of human origin which have shown to benefit the host by improving intestinal microbial balance when
consumed adequately[15,16]. Prebiotics are nondigestible food ingredients that can selectively stimulate the growth of
beneficial bacteria in the human gut and thereby improving the host’s health[16]. Synbiotic is the synergistic combination
of prebiotics and probiotics[16]. A meta-analysis of 9 randomized control trials showed that prebiotics and probiotics
were associated with significantly reduced relative risk of no improvement in minimal HE without any significant
adverse events[16]. There are no studies in the literature that have compared the direct outcomes and adverse events of
prebiotics, probiotics, synbiotics, and FMT.

FMT refers to the transfer of stool from healthy donors to patients with a dysbiotic gut environment in order to restore
eubiosis[17]. Since the fourth century in China, human fecal material has been used in the form of a yellow soup to
manage conditions such as diarrhea, constipation, and abdominal pain[18]. In 2013, the first human randomized
controlled trial (RCT) was conducted to test the efficacy of FMT in patients with recurrent Clostridium difficile infection
(CDI)[18]. The first successful use of FMT in non-infectious conditions like ulcerative colitis (UC) was reported in 1989
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Table 2 Classification of hepatic encephalopathy based on American Association for Study of Liver Diseases[11]

Grade' Explanation® Suggested operational criteria®
Covert Minimal Tests measuring psychomotor speed, executive function, or A non-phenomenological abnormality on recognized psychometric
neurophysiological abilities may change psychometrically or or neuropsychological tests

neuropsychological without showing any signs of a mental shift
Grade1 Trivial lack of awareness; Euphoria or anxiety; Shortened Despite being spatially and temporally oriented, this individual
addition or subtraction appears to have some cognitive/behavioral issues. decay concerning

his clinical assessment that meets her standards, or to the carers

Overt Grade2 Lethargy or apathy; Gross disorientation; Obvious personality ~ Disorientation with regard to time (at least three of the following are

change; Inappropriate behavior incorrect: day of the week, month, season, and year) plus/minus the
other symptoms stated)
Grade3 Marked confusion; Somnolence to semi-stupor; Responsive to Disoriented also in terms of space (at least three of the incorrectly
stimuli; Bizarre behavior reported terms: nation, state or area, cities, location, plus/minus the

other indicators)

Grade4 Comatose state; Unresponsive to pain; Decorticate or Never react, not even with painful stimuli
decerebrate posturing

!Unimpaired.
2Absolutely no encephalopathy, no previous hepatic encephalopathy (HE) diagnosis.
3Examined and found to be normal.

[19]. Over the past decade, the range of applications for FMT has significantly expanded[18]. The efficacy of FMT has
been tested in various gastrointestinal infectious and noninfectious etiologies including CDI, UC, irritable bowel
syndrome (IBS), primary sclerosing cholangitis, metabolic syndromes, HE, and D-lactic acidosis[20].

Mechanisms of action of gut dysbiosis and FMT in HE

The human gut microbiome consists of a diverse range of bacteria, fungi, viruses, and protozoa, all of which can have
proinflammatory or anti-inflammatory effects, thereby influencing the inflammatory environment[21]. Patients with HE
are particularly susceptible to disturbances in gut microbiota due to frequent antibiotic use[22]. Disruption of the gut-
liver-brain axis is the primary cause of neurocognitive dysfunction in individuals with HE[6]. In recent years, culture-
independent studies have revealed a link between alterations in the gut microbiome, cognitive function, and systemic
inflammation. Changes in the microbiota in both minimal HE and overt HE have been associated with impaired
cognition, endotoxemia, and inflammation[23].

A potential mechanism explaining the association between gut dysbiosis, the severity of cirrhosis, and cognitive
function involves reduced production of bile acids in cirrhosis patients which can alter the indigenous gut microbiota
[23]. Healthy gut microbiota such as Lachnospiraceae, Ruminococcaceae, and Clostridiales Cluster XIV contribute to the
production of short-chain fatty acids and maintenance of the gut barrier integrity[23]. In individuals with liver
dysfunction, the liver’s reduced detoxification ability or the bypassing of bacterial products (including endotoxins,
ammonia, and bacterial DNA) through portosystemic shunts can lead to systemic inflammation and cognitive decline
[24]. Disruptions in the inflammatory environment and the presence of toxins promote neuroinflammation, resulting in
elevated levels of intra-astrocytic ammonia. This, in turn, leads to increased concentrations of osmotically active
glutamate or glutamine, along with decreased levels of myoinositol and choline[25]. The possible mechanism of HE in
cirrhotic patients with gut dysbiosis is displayed in Figure 1 (created with BioRender.com). A study conducted on a rat
model demonstrated that FMT can alleviate intestinal edema, mucosal damage, and inflammatory infiltration induced by
HE[26]. FMT was also associated with reduced ammonia levels and systemic inflammation, as evidenced by decreased
levels of proinflammatory cytokines such as IL-1B, IL-6, and TNF-a[26]. Another study in rats with D-galactosamine-
induced liver injury and FMT with B. adolescentis revealed significant alterations in the gut microbial community,
including a decrease in pathogenic taxon Proteus and an enrichment of taxa responsible for lipid and amino acid
metabolism, such as Coriobacteriaceae, Bacteroidales, and Allobaculum[27].

A study revealed a positive correlation between the severity of cirrhosis, as measured by the Child-Turcotte-Pugh
Score (CTP), and the presence of the taxon Enterobacteriaceae, while a negative correlation was observed with Ruminococ-
caceae[28]. In a larger study involving 219 patients with liver cirrhosis, progressive changes in the gut microbiome were
found to be associated with decompensated cirrhosis. The cirrhosis dysbiosis ratio represents the ratio of autochthonous
bacteria (such as Ruminococcaceae, Lachnospiraceae, and Clostridales cluster XIV) to non-autochthonous bacteria (including
Enterobacteriaceae and Bacteroidaceae), was correlated with the Model for End-Stage Liver Disease (MELD) score and
endotoxin levels[29].

An overabundance of Streptococcus salivarius, which has been implicated in increased ammonia production due to its
urease activity, was associated with elevated ammonia levels and cognitive impairment in patients with minimal HE. No
significant difference was observed in the stool microbiome between minimal HE and overt HE, however, significant
differences were observed in the colonic mucosal microbiome of these patients[30]. Autochthonous genera (such as
Lachnospiraceae Roseburia, Lachnospiraceae Dorea, and Ruminococcaceae Faecalibacterium) were associated with better
cognitive function compared to non-autochthonous genera (including Burkholderiaceae Other, Veillonellaceae Megasphaera,
Rikenellaceae Alistipes, Streptococcaceae Streptococcus, Alcaligenaceae Sutterella, and Porphyromonadaceae Parabacteroides), which
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Figure 1 Pathogenesis of hepatic encephalopathy in cirrhotic patients with gut dysbiosis.

were linked to poorer cognitive function in patients with both overt and non-overt HE[23]. Currently, Lactulose and
rifaximin are commonly used as prophylaxis to reduce ammonia-producing bacteria and prevent recurrent episodes of
HE[31,32]. However, long-term use of rifaximin can lead to drug resistance. FMT has shown outstanding clinical efficacy
in the management of various conditions like CDI, inflammatory bowel disease, IBS, etc. It has also been explored in the
management of HE and has shown promising results[33].

FMT delivery methods

Several techniques have been developed and tested for FMT, including colonoscopy, enema, nasogastric or nasojejunal
tubes, and capsules. The outcomes of FMT have been associated with various factors, such as donor selection, sample
selection, and delivery techniques[34]. Although there is limited data directly comparing related vs non-related donors,
current evidence does not show a significant difference in outcomes[34]. The establishment of stool banks has increased
the use of unrelated donors for FMT, providing easier access and availability[35]. Autologous stool FMT is a newer
concept with limited evidence, involving the transplant of stool from patients themselves when their disease is in
remission[21].

For upper gastrointestinal delivery, standard methods include esophagogastroduodenoscopy, nasogastric or
nasojejunal tube, and oral capsules. Colonoscopy and enemas are commonly used for lower gastrointestinal delivery[34].
Oral capsules are the most recent development in stool delivery and are widely used due to their minimal invasiveness,
convenience, and acceptance compared to other procedures[36]. The advantages and disadvantages of different delivery
methods of FMT are discussed in Table 3[34,37,38].

Different methods used for fecal preparation include fresh fecal matter, frozen fecal matter, and lyophilized fecal
matter (freeze-dried stool)[39]. Fresh FMT can readily be immediately transferred from a donor and has higher microbial
load and diversity but it is logistically challenging to find a donor and transfer stool immediately[40]. On the other hand,
frozen FMT can be conveniently stored and transported but it can lose efficacy if appropriate preservation and storage
techniques are not maintained[15,40]. Lyophilized stool is the easiest to store and administer as it does not warrant
invasive procedures for administration[40]. Multiple studies in patients with CDI have shown an overall efficacy of
frozen fecal matter ranging from 81% to 100%. However, there are no significant differences in outcomes between fresh
and frozen fecal preparations[34]. The efficacy of lyophilized stool also ranges from 78%-100%. The efficacy of lyophilized
stool (78%) was significantly lower compared to fresh fecal preparation (100%), but equally effective compared to frozen
stool (83%) based on a RCT[41]. No significant data is available comparing the use of different forms and delivery
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Table 3 Comparison of different modes of fecal microbiota transplant delivery

Mode of delivery Advantage Disadvantage
Upper Nasogastric Faster; Comparatively less expensive; Better Risk of aspiration; Discomfort; Increased risk of small
gastrointestinal tolerability intestinal bacterial overgrowth
tract
Nasojejunal Faster; Comparatively less expensive; Better Risk of aspiration; Risk of bowel perforation; Increased risk
tolerability of small intestinal bacterial overgrowth
Oral capsule  Least invasive; Cost-effective; Easy to store Risk of aspiration; Vomiting; Sometimes failure to reach

intestinal target

Lower Colonoscopy  Direct visualization of GI tract; Standard risks of Risk of bowel perforation; Higher cost of performing
gastrointestinal sedation and procedural intervention procedure
tract
Retention Useful in patients with severe colitis or colon Difficulty to retain transplanted stool; Need for repeated
enema distention to avoid perforation; Less invasive as small volume infusion; Possible retention in patients with
compared to colonoscopy poor sphincter tone

methods of FMT in the management of HE. The method of preparation of FMT can also impact the outcomes. Several
studies in patients with UC have shown improved outcomes with anaerobically processed FMT as compared to
aerobically processed FMT as many probiotics like Faecalibacterium prausnitzii are lost with aerobic stool processing[42].
Similarly, patients with HE might also benefit from anaerobically processed FMT[42]. The advantages and disadvantages
of different delivery methods of FMT are discussed in Table 4[40]. FMT can be a robust technique for treating various
conditions. However, there is no consensus on the specific route, dose, and preparation to be used for a particular
condition.

HEPATIC CONDITIONS ASSOCIATED WITH HE

Chronic hepatitis B

Hepatitis B is a viral infection caused by the hepatitis B virus (HBV) and is typically transmitted through sexual,
parenteral, or vertical routes. In 2019, it was estimated that there were 316 million infected individuals worldwide[43]. A
study using a mouse model demonstrated that FMT can modulate the immune response and affect the host's suscept-
ibility to HBV infection[44]. This finding highlights the crucial role of the gut microbiota in HBV infection. Furthermore,
the composition of the gut microbiota varies across the different stages of chronic hepatitis B and these variations may be
closely related to liver fibrosis[45]. Moreover, patients with liver cirrhosis experience an imbalance between beneficial
and pathogenic bacteria, with a decrease in the abundance of beneficial bacteria such as Dialiste and Alistipes, and an
increase in the abundance of pathogenic species within Actinobacteria[45]. This finding suggests that the gut microbiota
may be involved in the pathogenesis of chronic hepatitis B progression. Therefore, the modulation of the gut microbiota
through FMT could potentially influence the clinical course of HBV infection. Evidence suggests that the gut microbiota
plays a critical role in the immune clearance of HBV.

Ren et al[46] conducted a case-control pilot study with an open-label design to assess the effectiveness of FMT in
achieving hepatitis B e antigen (HBeAg) clearance. The study included a total of 18 patients, with 5 individuals assigned
to the FMT arm and 13 to the control group. The results revealed that among the 5 patients in the FMT arm, 4 successfully
achieved HBeAg clearance after undergoing 1-7 rounds of FMT treatment. Similarly, Chauhan et al[47] conducted a non-
randomized pilot study where two out of twelve patients achieved HBeAg clearance. These findings indicate a positive
association between FMT and the clearance of HBeAg. Guo et al[48] evaluated the efficacy of FMT in 35 patients with
different stages of HBV-related chronic liver disease. The results showed that continuous FMT treatment led to
improvements in liver function, controlled HBV-DNA replication, enhanced intestinal mucosal barrier function, and
delayed the progression of HBV. Additionally, FMT demonstrated the ability to convert HBeAg-positive patients to
HBeAg-negative status in 36.4% of cases, and it achieved negative conversion of HBV-DNA in 53.3% of patients[48]. The
majority of the studies examined involve a limited number of participants, emphasizing the necessity for larger clinical
studies to elucidate the findings pertaining to FMT as a treatment for HBV. Furthermore, there aren’t studies evaluating
the effects of FMT on HE resulting from HBV. Hence, further research is required to comprehensively understand the
efficacy of FMT in this topic.

Chronic hepatitis C

Chronic infection with hepatitis C virus (HCV) leads to long-term liver inflammation, potentially resulting in liver
fibrosis and cirrhosis, hepatic decompensation and chronic liver failure[49]. Studies have shown that the prevalence of
liver cirrhosis 20 years after presumed HCV infection ranges from 7% to 18%[50]. The intestinal microbiota plays a
significant role in influencing the onset and progression of HCV infection. Heidrich et al[51], reported a decrease in alpha
diversity (observed richness or evenness of a specific taxa in an average sample within the habitat) measured by number
of phylotypes and the Shannon Diversity Index associated with HCV infection, which further diminishes in cirrhotic
patients. They also identified distinct microbial communities in the intestines of HCV patients, with non-cirrhotic
individuals demonstrating a relatively higher abundance of Veillonella spp., Lactobacillus spp., Streptococcus spp., and
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Table 4 Comparison of different fecal microbiota transplant preparation methods

FMT preparation Efficacy Preservation of

e Advantages Disadvantages
method range (%)  microbial diversity g g
Fresh[40] 85-100 High Contains diverse microbial Requires immediate availability of the patient
population

Frozen[40] 83-95 Moderate Allows for long term storage ~ Loss of some microbial diversity during freezing; Comprise
on efficacy if not stored properly and use of incorrect
thawing techniques

Frozen 78-84 Moderate Longer shelf life; Can be Loss of some microbial diversity during encapsulation

lyophilized[40] easily incorporated into a

capsule

FMT: Fecal microbiota transplantation.

Alloprevotella spp., while the highest abundance is observed in cirrhotic patients. This positive association of increased
abundance in liver fibrosis progression suggests a connection between these genera and liver fibrosis progression in the
liver. Conversely, Bilophila spp., Clostridium IV spp., Clostridium XIVb spp., Mitsuokella spp., and Vampirovibrio spp. appear to
be negatively associated with fibrosis progression, showing decreased abundance from healthy controls to non-cirrhotic
and cirrhotic patients[51]. Furthermore, several studies have investigated the impact of HCV eradication on gut dysbiosis
[52-55]. Wellhoner et al[52] analyzed changes in the gut microbiome following direct-acting antivirals treatment and
achieved sustained virological response (SVR). The study observed an increase in alpha diversity in non-cirrhotic
patients, but not in those with cirrhosis. Bajaj et al[53] also found that systemic inflammation and gut dysbiosis are
present in HCV cirrhosis patients irrespective of achieving SVR. Taken together, these studies highlight the complex
relationship between the intestinal microbiota, HCV infection, fibrosis progression, and treatment outcomes.

Despite the growing interest in FMT as a potential therapeutic intervention for HE in liver cirrhosis, there is a notable
lack of articles specifically assessing its efficacy in patients with liver cirrhosis due to chronic HCV infection. This
knowledge gap underscores the need for further research in this area to better understand the effectiveness, safety, and
long-term outcomes of FMT in this specific patient population. Such studies would provide valuable insights into the
potential benefits and limitations of FMT as a treatment modality for HE in liver cirrhosis associated with chronic HCV
infection and help guide future clinical practice and therapeutic decision-making.

Alcoholic liver disease

Alcohol is a major risk factor for liver cirrhosis with risk increasing exponentially[56]. The prevalence of cirrhosis and
heavy alcohol use varies by country, being higher in Europe (16%-78%) and the United States (17%-52%) compared to
Asia (0%-41%)[57]. Chronic heavy alcohol consumption, even in the absence of liver disease, affects gut bacterial
composition. The composition of the gut microbial community in patients with alcoholic liver cirrhosis (ALC) is charac-
terized by a decrease in the commensal taxa Clostridia, Bacteroidetes, and Ruminococcaceae but an increase in Lactobacillus,
Bifidobacterium and oral microbiota[58]. This dysbiosis leads to acetaldehyde-caused increased intestinal permeability, the
increased blood concentration of endotoxins, and activation of inflammatory markers (TNF-a, IL-1, IL-6, IL-8, and IL-10)
likely inducing liver damage[59]. In patients with HE and ALC, Escherichia/Shigella, Burkholderiales, and Lactobacillales taxa
predominated and led to an enhanced catabolism of arginine through ammonia-producing pathways[60]. This causes
further systemic/neuroinflammation, hyperammonemia, endotoxemia, and microglial activation, increasing the risk of
development of HE[23,61,62].

A potential role for FMT to improve the altered gut-brain axis in alcoholic liver disease and HE has been described. In a
study involving 8 male patients with severe alcohol-associated hepatitis (SAH), FMT demonstrated significant
improvements in liver disease severity within 1 wk, which were sustained over a median follow-up of almost a year[63].
HE was resolved in 71.4% of the FMT group[63]. Another similar study aimed to assess the longer-term outcomes (> 1
year) of FMT in SAH and found promising clinical benefits, including significantly lower incidences of HE[64]. The only
article evaluating chronic conditions and FMT was a phase 1 randomized control trial with 20 patients with ALC and
active drinking, participants were assigned either a placebo or an FMT enema from a donor with an enriched abundance
in Lachnospiraceae and Ruminococcaceae[65]. Following a 2-wk period, FMT patients exhibited significant cognitive
improvement, as assessed by both the Psychometric HE Score (PHES) and the Encephal App (mobile application designed
to evaluate cognitive function in HE) captured improvements in both off-time (periods of impaired cognitive
performance) and on-time (periods of normal cognitive function) among the FMT-treated individuals. In addition,
alcohol craving/consumption, quality of life, and diversity of microbiota also improved. These findings highlight the
potential of FMT as a promising treatment option for patients with SAH, warranting further investigation through larger
controlled studies.

Metabolic Dysfunction Associated Steatotic Liver Disease and nonalcoholic steatohepatitis

Metabolic Dysfunction Associated Steatotic Liver Disease (MASLD) is a liver disease characterized by the accumulation
of fat in the liver. Nonalcoholic fatty liver disease (NAFLD) is one of the most prevalent liver diseases worldwide, with a
global prevalence of 38.2%[66]. Emerging research has linked the gut microbiome dysbiosis and the pathogenesis of
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MASLD through the dysregulation of the gut-liver axis[67,68]. In MASLD, there is a disruption in the integrity of the
intestinal barrier, resulting in an increase in intestinal permeability. This increased permeability has been associated with
the severity of hepatic steatosis[69]. The compromised intestinal barrier function leads to endotoxemia and inflammation,
which can further contribute to alterations in bile acid profiles and metabolite levels produced by the gut microbiota[68].
Moreover, dysregulation of bile acids has been closely linked to the progression of MASLD[70]. At the phylum level,
patients with MASLD have variations in the gut microbiota composition, characterized by an increase in Proteobacteria
and Firmicutes and a decrease in Bacteroidetes abundance[68]. Although obesity is closely associated with NAFLD, the role
of dysbiosis caused by obesity in influencing MASLD development remains a subject of debate due to conflicting
evidence[68]. Nonetheless, considering the significant role of the gut microbiota in MASLD, it is necessary to explore
therapeutic strategies aimed at modulating the gut microbiota such as probiotics, prebiotics, antibiotics, and FMT[71]. A
study conducted on a mouse model, in which steatohepatitis was induced through a high-fat diet, demonstrated that
FMT effectively attenuated steatohepatitis and restored gut microbiota balance in mice after an 8-wk intervention[72].
This intervention resulted in reduced serum levels of alanine aminotransferase and aspartate aminotransferase, increased
expression of zonula occludens-1, associated with improved tight junction integrity, restoration of high-fat diet-induced
mucosal damage, and a decrease in serum endotoxin levels[72]. Xue et al[73] conducted a RCT involving 47 patients
assigned to the FMT group, wherein the patients received FMT via colonoscopy using donor stool. Remarkably, the
results demonstrated that FMT led to a significant increase in the Bacteroidetes/Firmicutes ratio, thereby indicating a
positive modulation of the gut microbiota. Furthermore, the FMT group exhibited noteworthy clinical improvements as
evidenced by a reduction in hepatic fat attenuation, which was evaluated using FibroScan. Subsequently, Kootte et al[74]
examined the effects of FMT on insulin sensitivity in patients with metabolic syndrome. Their findings revealed a
significant improvement in insulin sensitivity at 6 wk after allogeneic FMT. However, a clinical trial conducted by Craven
et al[75] did not find an improvement in insulin sensitivity but demonstrated that allogeneic FMT improved intestinal
permeability after 6 wk. Furthermore, patients with MASLD resulting from dysbiosis often experience disruptions in the
gut-brain axis, leading to cognitive deterioration[76]. As MASLD progresses, it can lead to elevated levels of ammonia
and exacerbate cognitive impairment in conjunction with a pro-inflammatory environment[76]. FMT has demonstrated
efficacy in ameliorating HE among cirrhotic patients[77]. Therefore, FMT holds significant potential as a safe and
promising therapeutic approach to enhance cognition in individuals with MASLD.

Table 5 compiles and highlights existing research, showcasing FMT's capacity to rebalance gut equilibrium and
mitigate cognitive impairments associated with HE[9,22,42,63,66,77-81]. There are a few studies that have assessed the
efficacy of HE based on the severity. Of these studies, the study by Metha et al[81] on 10 patients treated with FMT for
recurrent over HE (2 2 episodes of WHC criteria II-IV HE in 6 mo as previously described in Table 2) showed that 6
patients had sustained clinical response as well as significant improvement in ammonia levels, CTP and MELD score. On
the other hand there were two readmissions for spontaneous bacterial peritonitis and three patients with overt HE[79].
The case report by Kao et al[9] showed improvement in ammonia levels, Inhibitory Control Test (ICT), and Stroop test
after FMT enema in a patient with Grade I-II HE which later worsened after stopping the treatment.

To sum up, significant progress has been achieved in the potential application of FMT as a therapeutic option for HE
among cirrhotic patients and careful selection of the donor can lead to improved outcomes in patients with HE.
Prospective studies are required to compare the efficacy of FMT in patients with different stages of HE.

SAFETY OF FMT IN HE

FMT is grounded in the concept of bacterial displacement, where beneficial bacteria from a healthy donor are introduced
to replace harmful pathogens in the recipient’s gut. This process leverages competitive exclusion[82]. By restoring a
balanced microbiome, FMT aims to alleviate disease and its progression. Analysis of cross-sectional stool genomics data
has revealed significant dysregulation in the expression levels of specific genomics species between decompensated and
compensated hepatic conditions[83]. This provides valuable scientific insights into the molecular alterations associated
with disease progression and highlights potential targets for further investigation and therapeutic interventions[9].
Cognitive assessment using the ICT and the Stroop test demonstrated progressive improvement in cognition with
consecutive FMT sessions, reaching the plateau after the 4™ wk following three FMTs. Notably, cognition regressed to
baseline 14 wk after discontinuing FMT which intriguingly was associated with a marked reduction in the levels of
lachnospiraceae, a bacterial family associated with improved cognitive function. The promising outcomes of this study
paved the pathway for the initiation of the first RCT.

In a notable study by Bajaj et al[77] in 2017, an open-label randomized trial was conducted involving a cohort of 20
cirrhotic patients experiencing recurring episodes of HE. The intervention arm involved the administration of lachnos-
piraceae and ruminococcaceae enema in addition to standard of care (SOC). The results of the study demonstrated a
significant reduction in the occurrence of serious adverse events (SAEs) in the FMT arm (P = 0.02) compared to the SOC
arm. In the FMT arm, 2 patients were hospitalized within 5 mo, but their conditions (acute kidney injury and chest pain)
were deemed not related to FMT. In contrast, the SOC arm experienced 11 SAEs, including liver-related complications
such as mental status changes, pneumonia, chest pain, portal vein thrombosis, anemia, gastroenteritis, and variceal
bleeding. The FMT arm also showed significant cognitive improvement, indicated by improved PHES and encephal app
Stroop scores, while the SOC did not exhibit similar improvements. The 12 mo follow-up of the patients revealed that
FMT appeared to be safe and held potential for long-term efficacy[50].

In 2019, a subsequent study was conducted by Bajaj ef al[22] comparing FMT using capsules enriched with lachnos-
piraceae and ruminococcaceae (administered in a dose of 15 capsules at a time) with a placebo group. The study focused
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Table 5 Overview of important studies highlighting the efficacy and adverse effects of fecal microbiota transplant in the management of conditions associated with hepatic encephalopathy

Outcomes
Ref.  Type Population Intervention Comparison  Cognitive L ) ) = Adverse effects
. Microbiota Liver function Scores Not specified
impairment
Bajajet RCT 20 cirrhotic patients FMT enema SOC A significant Following antibiotic No alterations In the SOC arm,  In the SOC arm, the FMT arm: Tolerated
al[77], experiencing recurrent involving donor (Lactulose and improvement in both  treatment, there was a were observed ~ MELD scores urine metabolic treatment with no mental
2017 HE while on material enriched  rifaximin) the PHES total score  decline in beneficial taxa in AST, ALT, or remained stable. profile remained status hospitalizations;
lactulose/rifaximin in Lachnospiraceae and Encephal App and microbial diversity, albumin levels =~ However, in the stable over time. two unrelated hospitaliz-
treatment and Ruminococ- Stroop was observed  coinciding with an in either study FMT arm, Conversely, the FMT  ations occurred; SOC
caceae within the FMT group expansion of Proteobacteria. ~ arm antibiotics group exhibited arm: Eleven SAEs, with
but not in the SOC However, FMT led to an initially altered metabolites higher incidences of HE
group increase in both diversity worsened the due to antibiotics, and liver-related complic-
and beneficial taxa (Lactoba- MELD scores, which were ations
cillaceae and Bifidobac- but subsequent  subsequently restored
teriaceae) FMT post-FMT
intervention
successfully
restored them to
baseline levels
Bajajet RCT, phasel 10 patients with cirrhosis FMT enema Placebo Cognitively, post- Post-FMT, an increase in There wereno ~ The MELD score In the FMT group,a A significant decrease in
al[65], and alcohol use disorder, involving donor FMT patients diversity was observed, changes in AST, within the FMT  noteworthy decrease = SAEs was observed in the
2021 with an AUDIT-10 score  material enriched exhibited alongside elevated levels of ~ALT, or albumin group was in craving was FMT group compared to
of 28 during screening  in Lachnospiraceae improvements in both  Odoribacter, Bilophila, levels within the similar at the evident among 90% of the placebo group (1 vs 7).
(EMT arm MELD score:  and Ruminococ- PHES and Alistipes, and Roseburia; FMT group study's participants, whereas  The sole SAE in the FMT
9.3 +2.6), and an caceae Encephal App Conversely, no changes conclusion (score this reduction was group was alcohol use
equivalent of 10 patients OffTime + OnTime were noted in the pre- at the end of the  observed injust30%  disorder related, while 2
in the placebo arm (9.5 + placebo microbiota study: 8.6 £2.8)  of the placebo group  placebo-assigned patients
2.8) required short-term
antibiotics
Bloom RCT, phase2 A group of 10 cirrhotic Healthy donors None PHES demonstrated ~ Baseline Bifidobacterium Not reported Not reported Two taxa, namely Four minor adverse
etal patients, each having with normal BMI improvement after abundance was higher in Bifidobacterium adoles-  effects were noted:
[42], previously suffered at administered 15 three doses of FMT (+ FMT responders compared centis and B. nausea, bloating, fatigue,
2022 least one episode of oral FMT capsules 2.1), after five doses of to nonresponders angulatum, displayed  and constipation; One
overt HE and currently ondays1,2,7,14, FMT (+2.9), and at a positive correlation ~ SAE involved the
experiencing ongoing and 21; Antibiotic the 4-wk mark with PHES scores. On  transmission of extended-
neurocognitive pretreatment was following the fifth the contrary, spectrum beta-lactamase-
dysfunction not employed dose of FMT (+ 3.1) Enterobacter asburiae producing Escherichia coli
and B. breve showed a  bacteremia through FMT
negative correlation
with PHES scores
Lietal Case series 2 patients diagnosed Fecal microbiota None Subsequent hospital-  Notable increases in Liver function In Case 1, Child  There were no clinical No FMT-related adverse
[78], with liver cirrhosis transplant izations due to HE Ruminococcus, Akkermansia, ~ demonstrated Pugh Score manifestations, and events or infection
2022 resulting from hepatitis ~ conducted three were not reported and Oscillospiraceae were improvement in decreased from  the blood ammonia complications occurred in

B, who faced recurring
Grade 2-3 HE following
TIPS intervention
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Bajaj et RCT, phase 1

al[22],

2019

Mehta Case series

etal

[79],

2018

Kaoet Case report

all9],

2016

Bajajet RCT, long

al[80], term

2019 outcomes (>
12 mo) of a
2017 study

20 cirrhotic patients
experiencing recurrent
HE and undergoing
lactulose and rifaximin
treatment. Out of these,
ten were assigned to the
FMT arm (MELD score
of 9.5 £ 2.6) and ten were
placed in the placebo
arm (MELD score of 10.9
+42)

10 patients, previously
treated with FMT for
recurrent HE (defined as
> 2 episodes of West
Haven grade II-IV HE in
the last 6 mo)

A 57-yr-old male with
grade 1-2 HE, with liver
cirrhosis (MELD score of
10), attributed to alcohol
and hepatitis C

20 patients with cirrhosis
experiencing recurring
episodes of HE
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Administration of  Placebo
15 FMT capsules

from a single

donor enriched in
Lachnospiraceae and
Ruminococcaceae

FMT was
introduced via
colonoscopy into
the right colon
7-10 d after the
episode of HE

None

Weekly FMT was
administered, with
the first
application
performed via
colonoscopy and
the subsequent
sessions through
retention enema

None

FMT enema
involving donor
material enriched
in Lachnospiraceae
and Ruminococ-
caceae

SOC
(Lactulose and
rifaximin)

A noteworthy
improvement in
OffTime + OnTime
was evident within
the FMT group
compared to baseline.
Conversely,
significant PHES
improvement was not
observed in the FMT
group, and placebo
exhibited no
significant changes

Not reported

Mental status was
assessed through the
ICT and Stroop test.
At 4 wk after the third
FMT, the ICT score
changed from 17
(baseline) to 5, and
the Stroop test score
changed from 250.9 to
183.5. However, by
the 14-wk mark, these
values reverted to
baseline levels

The FMT group
experienced fewer HE
episodes during long-
term follow-up
compared to SOC.
Additionally,
cognitive function,
evaluated using the
PHES total score and
Encephal App Stroop,
significantly favored
the FMT group

accompanied by an overall
increase in microbiota
diversity

After FMT, duodenal
mucosal diversity rose,
featuring higher Ruminococ-
caceae and Bifidobacteriaceae,
and reduced Streptococcaceae
and Veillonellaceae. Similar
reductions in Veillonellaceae
were seen post-FMT in
sigmoid and stool samples

Not reported

Not reported Not reported

Following FMT, there was a
reduction in the relative
abundance of Lachnos-
piraceae

Not reported

During long-term follow-
up, FMT displayed
increased Burkholderiaceae
and decreased Acidamino-
coccaceae. However, Lachnos-
piraceae and Ruminococcaceae
remained relatively stable.
Microbiota composition
remained similar post-FMT,
regardless of short or long-
term follow-up, when
compared to the pre-FMT
state

Not reported

26

The MELD score
within the FMT
group was
similar at the
study's
conclusion (score
at the end of the
study: 8.7 £2.9)

A reduction in
both CTP and
MELD scores
was observed
from baseline to
post-treatment
week 20

Not reported

Changes in
MELD scores
exhibited
similarity
between the two
groups
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Following FMT,
Duodenal E-cadherin
and Defensin A5
increased, while IL-6
and serum LBP
reduced

The arterial ammonia
concentration showed
a considerable
decrease at post-
treatment week 20

Not applicable

The FMT group
experienced
significantly fewer
hospitalizations
compared to the SOC
group during the
long-term follow-up

In the placebo group, 6
patients experienced
SAEs: Five HE episodes,
two infections, and one
renal insufficiency case.
In addition, 1 patient was
transferred to hospice
and deceased. In contrast,
the FMT group had only
one HE episode, with no
reported deaths

1 patient died due to
bronchopneumonia
complicated by sepsis 2
mo after FMT.
Additionally, 2 patients
were readmitted due to
spontaneous bacterial
peritonitis

No adverse events or
infectious complications
linked to FMT occurred

The intervention was
well-tolerated in the FMT
group, demonstrating a
favorable long-term
safety profile
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Philips  Pilot study 8 patients diagnosed Thirty grams of SOC (specifics HE resolved in 6 out 1 yr post-FMT, there was an The mean Child-Turcotte-  Survival was notably  Excessive flatulence was
etal with steroid-ineligible donor stool not provided) of 8 patients after increase in Firmicutes and a  bilirubin levels ~ Pugh, MELD, better in the FMT reported as a complaint
[63], severe alcohol- samples infused FMT (71.4%). reduction in Proteobacteria significantly and MELD group when by 50% of FMT patients
2017 asSOCiated hepatitis daily for 7 d and Actinobacteria. decreased from  Sodium scores compared to healthy
(MELD score: 31 + 5.6) through a Noteworthy species 20.5+7.6 showed controls.
and 18 control subjects nasoduodenal tube changes included decreased mg/dL to2.86+ significant Additionally, post-
(MELD score: 27 +5.2) Kiebsiella pneumoniae and  0.69 mg/dL reductions post-  FMT improvements
increased Enterococcus after treatment  treatment in were observed in bile,
villorum, Bifidobacterium comparison to carotenoid, and
longum, and Megasphaera baseline pantothenate
elsdenii pathways
Philips Retrospective 47 patients diagnosed The FMT group Pentoxifylline During follow-up, the In the FMT group, there Not reported Not reported During follow-up, the  Acute variceal bleeding
etal analysis with severe alcohol- received 100 mL of (400 mg thrice FMT group exhibited was a decrease in Proteo- FMT group exhibited =~ was the most common
[81], asSOCiated hepatitis freshly processed  daily for 28 d)  significantly lower bacteria and an increase in lower instances of cause of death in the FMT
2022 (MELD score: 28.1+4.7)  stool samples daily HE incidences Actinobacteria and ascites, infections, group, whereas infection
and 25 control subjects via a compared to the SOC  Bacteroides. Genus-level hospitalizations, and ~ predominated in the SOC
(MELD score: 28.2+6.3) nasoduodenal tube group analysis revealed higher alcohol relapse in group

for7d

Bifidobacterium and lower
Acinetobacter. Within the
SOC group, higher levels of
Erwinia and Porphyromonas
were noted, along with
lower beneficial Bifidobac-
terium at 1-2 yr. Beyond the

comparison to the
SOC group. A longer
time to relapse was
noted, along with a
trend towards
improved survival at
3yr

2-yr mark, FMT led to
higher beneficial Bifidobac-
terium levels

ALT: Alanine transaminase; AST: Aspartate transaminase; BMI: Basal metabolic index; FMT: Fecal microbiota transplantation; HE: Hepatic encephalopathy; ICT: Inhibitory Control Test; MELD: Model for End-Stage Liver Disease;
PHES: Psychometric Hepatic Encephalopathy Score; RCT: Randomized controlled trial; SAE: Serious adverse event; SOC: Standard of care.

on patients with cirrhosis experiencing recurrent episodes of HE. The placebo group had a higher number of SAEs
compared to the FMT group. The FMT group (n = 10) had one reported SAE, whereas the placebo group (1 = 10) reported
11 SAE (P < 0.05). Most SAEs in the placebo group were related to liver disease progression and resulted in hospitaliz-
ations and emergency room (commonly referred to as ER) visits. Six placebo patients experienced SAEs, with one patient
having multiple events including episodes of HE and renal insufficiency without HE. The remaining five patients had one
SAE each, including infections (pneumonia and cellulitis), HE and electrolyte abnormalities. Four placebo patients did
not have any SAEs. In the FMT group, only one patient had an episode of HE as an SAE, while the remaining nine
patients did not experience any SAEs during the follow up period. One placebo patient required ER visits/hospitalization
for altered electrolytes, which resolved within 24 h. Unfortunately, one placebo patient with multiple admissions was
transferred to hospice and passed away 4 mo after enrollment. None of the FMT assigned patients died during the follow
up period. The results also revealed improvements in the microbiota composition, inflammatory markers, and cognitive
scores, indicating the potential of FMT. In the FMT group, duodenal microbiota diversity was enhanced and was also
marked by a decrease in the levels of serum lipopolysaccharide binding protein and interleukin-6.

Another study conducted by Bloom et al[42] demonstrated improved cognitive function in patients with a history of
cirrhosis and overt HE after 5 doses of oral FMT capsules were given over 3 wk. FMT donors were healthy adults with
normal body mass index, carefully chosen through a rigorous screening process (Figure 2: Created with biorender.com)
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Figure 2 lllustrative portrayal of a screening protocol employed for the selection of prospective healthy fecal microbiota transplant
donors. HIV: Human immunodeficiency virus.

outlined in a previously published study[36]. Following the completion of the FMT treatment, there was a notable
average improvement of 3.1 points in the PHES after 4 wk. FMT resulted in mild and transient gastrointestinal side effects
in a few patients. However, it is important to note that one patient experienced SAE in the form of esbl-producing E. coli
bacteremia following FMT. In spite of the reported cases of FMT-transmitted infections, a recent systematic review
encompassing 4241 patients concluded that FMT is generally safe, demonstrating a notably low incidence of SAE related
to microbiota[84]. Additionally, there are more promising studies establishing the process of FMT for the treatment of HE
in cirrhotic patients[85]. Even though alterations in the efficacy of FMT have been noticed, immunocompromised
patients, including those with cirrhosis, may require multiple FMT treatments to achieve a cure. A study by Shogbesan et
al[86] found that the success rate of FMT increased from 88% to 93% when multiple FMTs were administered. However,
in decompensated cirrhotic patients, the efficacy of FMT may be diminished due to worsened immune deficiencies
resulting in a lower success rate compared to other immunocompromised patients or the general population[87].

LIMITATIONS AND CHALLENGES

FMT has several limitations and challenges that need to be addressed. Firstly, the standard microbiota composition for
FMT in the donor and the receptor sets a basis for which patients will respond, and the optimal treatment duration
remains largely unknown. Large-scale, randomized, and controlled clinical trials are necessary to validate and
standardize the clinical application of FMT in HE cases[88].

Several studies have been conducted, including randomized and controlled trials, to evaluate the efficacy and safety of
FMT in HE. However, the number of patients enrolled in these studies is relatively small, limiting the generalizability of
the findings. Additionally, factors such as the optimal dose, duration and administration route of FMT, long-term effects
of FMT, mortality, the need for prior antibiotic use to facilitate engraftment, and donor selection based on their
microbiota profile still need further investigation[22,42,77,89].

Furthermore, while some studies have reported decreased hospitalizations and severe adverse events in the FMT
group compared to the placebo, these outcomes were not the primary endpoints in those trials[85,90]. Some other
evidence of FMT in patients with decompensated cirrhosis has shown a marginally higher rate of death and SAE
compared to the average immunocompetent population[87]. FMT as a one-time infusion, has been found to be less
effective than expected[87]. Therefore, a true meta-analysis to get a better conclusion by combining the available literature
is currently not feasible, because of the scarcity of large research trials and limited published evidence. This also limits the
widespread use of FMT, making it primarily available in academic centers. Detailed information regarding the health
status of donors and sourcing of donor material is often lacking in the included studies, which could potentially introduce
confounding factors[87,88].

In conclusion, although FMT has shown therapeutic efficacy in treating HE in cirrhotic patients, there are limitations
and challenges that need to be addressed. Further research with larger cohorts and robust study protocols is necessary to
fully understand the role of FMT in cirrhotic patients and establish standardized guidelines for its clinical application[85].
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CONCLUSION

FMT is currently being studied as a treatment option for HE. The evidence is limited due to the quality and the number of
studies performed. This review offers a summary of current studies in various clinical conditions, delivery and
preparation methods, safety, limitations and future aspects in the field of FMT for management of HE. The review also
highlights the important aspects of hepatic conditions associated with HE, and their pivotal role in the pathogenesis and
understanding how the microbiome is affected in each pathology, and how the FMT could help in these clinical scenarios.
Significant efforts need to be directed towards addressing the doses, delivery methods, and safety of FMT, as well as
larger studies performed in humans to better understand and assess the quality and benefit of the intervention. Patients
with hepatic conditions that cause HE will greatly benefit from more advances in the medical research of FMT that
remains as a promising therapy for HE in different contexts.
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Abstract

Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most
common liver disease worldwide, with an estimated prevalence of 31% in Latin
America. The presence of metabolic comorbidities coexisting with liver disease
varies substantially among populations. It is acknowledged that obesity is
boosting the type 2 diabetes mellitus “epidemic,” and both conditions are
significant contributors to the increasing number of patients with MASLD. Non-
alcoholic steatohepatitis represents a condition of chronic liver inflammation and
is considered the most severe form of MASLD. MASLD diagnosis is based on the
presence of steatosis, noninvasive scores and altered liver tests. Noninvasive
scores of liver fibrosis, such as serum biomarkers, which should be used in pri-
mary care to rule out advanced fibrosis, are simple, inexpensive, and widely
available. Currently, guidelines from international hepatology societies recom-
mend using noninvasive strategies to simplify case finding and management of
high-risk patients with MASLD in clinical practice. Unfortunately, there is no
definite pharmacological treatment for the condition. Creating public health
policies to treat patients with risk factors for MASLD prevention is essential.
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Core Tip: Metabolic dysfunction-associated steatotic liver disease must be prevented in primary care by focusing on risk
factors for metabolic syndrome and noninvasive fibrosis scores so that early detection is possible. To avoid a late diagnosis,
primary care physicians need to reinforce in their routine examinations the need for lifestyle changes through healthy diet
and exercise and implement pharmacological treatment when disease progression with the presence of fibrosis is identified.
The treatment must be individualized, and in many cases several pharmacological options may be used to avoid disease
progression, resulting in multisystemic involvement.
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INTRODUCTION

Metabolic syndrome (MetS) represents a multifaceted disorder distinguished by cardiovascular risk factors associated
with central fat deposition and insulin resistance. These metabolic alterations have ramifications for various organs, with
particular emphasis on the liver, a pivotal organ responsible for metabolizing diverse substances[1,2]. Epidemiological
evidence indicates that the global diagnosis of MetS exceeds one billion individuals, primarily attributable to lifestyle
factors[3]. Within the Brazilian population, the prevalence of MetS stands at 33%, surpassing the international prevalence
range of 20%-25%[4].

CONTRIBUTING FACTORS TO METABOLIC DYSFUNCTION-ASSOCIATED STEATOTIC LIVER DISEASE
Type 2 diabetes

Type 2 diabetes stands as one of the most pivotal risk factors contributing to the onset of non-alcoholic steatohepatitis
(NASH), advanced fibrosis/ cirrhosis, hepatocellular carcinoma, and mortality[5]. Emerging evidence underscores the
bidirectional relationship between these ailments, wherein the presence of metabolic dysfunction-associated steatotic
liver disease (MASLD) heightens the susceptibility to type 2 diabetes.

The etiology of MASLD remains incompletely elucidated. Among the various identified origins, insulin resistance
accompanied by subclinical inflammation emerges as a prominent contributor. Within this proinflammatory milieu, an
augmented influx of free fatty acids (FFAs) into the liver precipitates hepatic infiltration of lipids, subsequently
instigating liver injury through processes such as lipid peroxidation and mitochondrial dysfunction[6].

Dyslipidemia

In MASLD, the accrual of hepatic fat ensues through several pathways: Deficient uptake of circulating lipids; heightened
hepatic de novo lipogenesis; inadequate compensatory augmentation in fatty acid oxidation; and alterations in lipid
export, particularly as constituents of very low-density lipoprotein (VLDL). The increased uptake of lipids and
accelerated rates of de novo lipogenesis within MASLD contribute to augmented hepatic triglyceride accumulation. This
process is accompanied by the excessive production and release of voluminous, triglyceride-enriched VLDL particles,
facilitating the mobilization and transportation of fat from the liver to peripheral tissues[7].

The overproduction of VLDL particles in the context of MASLD triggers a cascade of plasma lipoprotein irregularities,
manifesting as atherogenic dyslipidemia characterized by elevated serum triglyceride levels and diminished high-density
lipoprotein (HDL) cholesterol levels. Similarly, an atherogenic lipoprotein phenotype, featuring a preponderance of low-
density lipoprotein particles, accumulation of triglyceride-rich lipoproteins and their remnants, and intermediate-density
lipoprotein, is evident. These apolipoprotein-B-containing lipoproteins are fundamentally implicated in the progression
of atherosclerosis|7].

Obesity

In MASLD, the accumulation of hepatic fat arises through distinct pathways. Obesity, recognized as a pervasive and
epidemic-level chronic ailment on a global scale, has seen a marked escalation in prevalence worldwide. According to
findings from a population-based cohort study, individuals classified as overweight or obese, devoid of additional
metabolic abnormalities such as diabetes, hypertension, or dyslipidemia, exhibited a two-fold heightened risk of
developing MASLD compared to their eutrophic counterparts[8]. Failure to control obesity during the steatosis stages
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triggers an intrahepatic inflammatory process.

During this phase, immune cells release cytokines that amplify the inflammatory response contributing to the fibrotic
process, which becomes evident with prolonged inflammation. Following liver injury, the customary counter-regulatory
mechanism typically facilitates the replacement of deceased or apoptotic hepatocytes. However, in instances where this
mechanism falters, as observed in sustained obesity, fibrosis ensues, possibly representing an unsuccessful attempt to
counteract liver injury and promote tissue regeneration. The cumulative outcome of these ongoing processes manifests as
scarring, encompassing cirrhosis and neoplasia[9].

Hypertension and cardiovascular disease
The prevalence of hypertension in MASLD patients spans a range of 40%-70%, and recent evidence underscores a robust
association with an elevated risk of incident prehypertension and hypertension[10].

The precise nature of the relationship between MASLD and hypertension remains incompletely elucidated. There are
indications that the systemic inflammation accompanying MASLD may trigger the sympathetic nervous system,
potentially contributing to hypertension. Additionally, insulin resistance could play a role in promoting hypertension by
fostering increased concentrations of FFAs, leading to perivascular fatty deposits in proximity to vessels and the renal
sinus. Elevated levels of homocysteine in MASLD coupled with intestinal dysbiosis may incite heightened oxidative
stress, further substantiating a link to hypertension[10]. Another study proposed that MASLD and hypertension may
share a multifactorial association involving biochemical, genetic, nutritional, and lifestyle factors[11].

In patients with MASLD, cardiovascular disease stands as the predominant cause of mortality. Risk factors for
cardiovascular disease, including hypertension, dyslipidemia, insulin resistance, smoking, and central obesity, are
intricately connected to MetS and risk factors for MASLD. Screening for these conditions bears significant clinical implic-
ations for disease mitigation and the prevention of cardiovascular events[12].

EPIDEMIOLOGY OF METABOLIC FATTY LIVER DISEASE

The escalation in the prevalence of MASLD worldwide is intricately linked to sedentary lifestyle choices and the
consumption of processed foods[13]. It is noteworthy that MASLD stands as the primary cause of liver-related morbidity
and mortality[14]. Recent investigations have honed in on the metabolic facet of fatty liver disease, pinpointing liver fat
storage as the unifying factor. A consensus panel of international experts has proposed the substitution of the term non-
alcoholic fatty liver disease (NAFLD) with MASLD, aligning it with metabolic comorbidities. This novel nomenclature,
grounded in the classification of causative factors, holds promise for refining phenotypic characterization and facilitating
the identification of new biomarkers and therapeutic modalities[15,16].

These criteria possess the potential to surmount challenges associated with defining alcohol consumption, catalyzing
advancements in our understanding of pathophysiology and streamlining the execution of clinical trials. The diagnosis of
MASLD will encompass individuals exhibiting fatty liver and dysmetabolism, irrespective of reported alcohol
consumption[15,16]. This diagnosis considers the presence of hepatic steatosis (confirmed through imaging, biomarkers,
or histology) alongside at least one of the following features: Overweight/obesity; type 2 diabetes; and metabolic dysreg-
ulation. The latter criterion is satisfied when a minimum of two features are present including increased waist circum-
ference, hypertension, hypertriglyceridemia, low HDL cholesterol, prediabetes, insulin resistance, and subclinical inflam-
mation. The criteria for assessing MASLD in lean individuals with fatty liver hinge on the identification of at least two
metabolic risk abnormalities[15,16]. While the terminology for MASLD remains subject to ongoing discussions,
alternative terms such as metabolic associated liver disease and alcoholic liver disease have been proposed, as noted
during the European Association for the Study of the Liver (EASL) Congress in 2023[17].

MASLD, formerly NAFLD

In Brazil, a survey conducted among individuals in the middle-aged and elderly demographic revealed a prevalence of
35.2% for MASLD[18]. In a meta-analysis encompassing 35599 patients, the prevalence of NAFLD in those with type 2
diabetes was reported at 59.67 %, with results ranging from 29.60% to 87.10%[19]. Recently, an extensive meta-analysis,
incorporating data from over 24 million individuals, identified an elevated risk of severe liver disease in this cohort.
Conversely, a reduced risk of severe liver disease was observed in individuals with a body mass index (BMI) exceeding
30 kg/m?2. Nonetheless, the study suggested a less favorable prognosis in the presence of central adiposity, particularly
among females[20].

A global prevalence assessment of MASLD, drawing upon data from 205307 subjects across 14 countries, indicated a
prevalence of 9.7% in lean patients. Moreover, MASLD was found to be more prevalent among middle-aged individuals
(45-59 years) and those of Asian descent[21].

Studies categorically delineate MASLD into two classifications: Simple steatosis, which infrequently progresses to
cirrhosis; and steatohepatitis, or NASH, a process with the potential to culminate in the development of cirrhosis and
hepatocellular carcinoma[22]. Approximately 30% of MASLD patients exhibit steatohepatitis[23], a progressive condition
resulting in severe liver dysfunction, including cirrhosis in 20%-25% of cases[17,24]. This progression is marked by the
presence of macrovesicular steatosis, lobular inflammation, hepatocyte degeneration, and fibrosis.

Clinical Practice Guidelines for MASLD Management, collaboratively proposed by the EASL, European Association for
the Study of Obesity, and European Association for the Study of Diabetes, advocate for a 7% to 10% reduction in body
weight for overweight/obese patients with NAFLD[17,25]. A congruent weight reduction target is endorsed by the
American Association for the Study of Liver Diseases[26].
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Steatosis

Hepatic steatosis is characterized by the presence of more than 5% lipid content in hepatocytes, a diagnosis established
through imaging or histological examinations[27]. The three principal sources of FFAs in the liver include non-esterified
fatty acids from adipose tissue (60%), de novo lipogenesis in the liver (25%), and FFAs from the diet in the form of
chylomicrons (15%). The liver metabolizes fat primarily through the beta-oxidation of FFAs, a process predominantly
occurring in mitochondria, peroxisomes, and cytochrome P-450, in situations of energy surplus or through the export of
FFAs as VLDLs[27].

Plasma non-esterified fatty acid levels escalate when adipocytes are overloaded, leading to an augmented process of
lipolysis. Adipose tissue responds to hormones such as glucagon, epinephrine, and adrenocorticotropic acid by releasing
non-esterified fatty acids. Postprandial lipolysis in adipose tissue is inhibited by insulin after meals. In instances of insulin
resistance within adipocytes, inadequate postprandial lipolysis transpires. Steatosis induced by impaired beta-oxidation
of fatty acids can also result from mitochondrial dysfunction, as observed in conditions like alcoholic steatosis, NASH,
and acute fatty liver of pregnancy and through the use of medications such as valproic acid[27].

Steatosis renders the liver parenchyma vulnerable to aggression, manifested through the release of FFAs and oxidative
stress, both conducive to cellular injury and the development of steatohepatitis. Genetic polymorphisms, environmental
factors, and dietary influences can induce inflammation, fibrosis, and progression to cirrhosis[27].

In summary, the accumulation of fat in the liver can be elucidated by insulin resistance, leading to heightened
peripheral lipolysis, increased hepatic lipid uptake, and elevated triglyceride biosynthesis.

NASH

NASH denotes a chronic state of liver inflammation, representing an inflammatory subtype within the spectrum of
NAFLD. In NASH, steatosis serves as evidence of hepatocyte damage characterized by ballooning and inflammation,
with or without concurrent fibrosis[28]. The prevailing hypothesis posits that NASH evolves from NAFLD, precipitated
by the so-called “second hit.” The precise manifestation of this second hit remains inconclusive, although prevalent
theories implicate oxidative stress, specific cytokines, and lipopolysaccharides. FFAs and hyperinsulinemia synergist-
ically potentiate lipid peroxidation and the release of free radicals, directly inflicting injury upon hepatocytes by
recruiting neuroinflammatory mediators. Prolonged liver injury eventually activates stellate cells, laying the groundwork
for the development of liver fibrosis.

Given the histological dynamism of NASH, it is imperative to establish a consensus on parameters signifying disease
progression, irrespective of its advancement or regression. From a regulatory standpoint, a one-point expansion in
fibrosis stage is indicative of deterioration. The extent of scarring does not increase linearly, with a notable surge
observed in the progression of fibrosis from stage 2 to stage 3. This bears noteworthy implications for the validation of
biomarkers targeting fibrosis measurement rather than its distribution[28]. Although often clinically asymptomatic,
steatohepatitis has the potential to evolve into cirrhosis or end-stage liver disease or necessitate liver transplantation[28].

NASH constitutes a multifaceted condition with metabolic complications, rendering its treatment intricate. The ideal
therapeutic approach would effectively reverse liver damage and fibrosis, ameliorate additional metabolic parameters,
address cardiovascular comorbidities, or at the very least exhibit no deleterious effects. Despite the wealth of information
accumulated on the pathogenesis of NASH over the past decade, no approved therapy has yet emerged[28].

DIAGNOSIS OF MASLD

Various diagnostic and monitoring modalities have been employed in the assessment of MASLD, including ultrasono-
graphy (US), computed tomography, magnetic resonance imaging (MRI), and more recently the controlled attenuation
parameter utilized in conjunction with transient elastography and MRI elastography. While US is widely accessible, its
interobserver reproducibility is not notably high, and it lacks sensitivity for detecting mild steatosis. Similarly, computed
tomography exhibits limited sensitivity in identifying mild steatosis and entails patient exposure to radiation. Although
MRI accessibility is constrained, it boasts high reproducibility when employing multi-echo fat quantification techniques
and proton spectroscopy. Approximately 25% of individuals with isolated steatosis progress to NASH, with a positively
correlated escalation in the degree of steatosis heightening the risk of disease progression. Among those diagnosed with
NASH, around 25% advance to chronic hepatopathy, characterized by fibrosis, cirrhosis, and an elevated risk of complic-
ations, including portal hypertension and hepatocellular carcinoma[29] (depicted in Figure 1).

An extensive comprehension of the outcomes of clinical trials and the significance of reported treatment effects
necessitates a reflection on diverse approaches to diagnose MASLD. Although liver biopsy stands as the gold standard
technique for a thorough MASLD diagnosis, enabling the identification of inflammation and the classification of fibrosis
stages (F0-4), its invasive nature and associated risks constrain widespread utilization. Consequently, most preceding
clinical studies have resorted to US, liver enzymes, or various indices for MASLD diagnosis. It is imperative to develop
dependable noninvasive methods for evaluating liver fibrosis and is crucial for estimating disease progression and
guiding therapy[30].

The suspicion of MASLD is grounded in the identification of steatosis via US or abnormal liver test results in patients
harboring risk factors (obesity, type 2 diabetes, and/or MetS). The selection of noninvasive tools should follow a
sequential approach, guided by local availability and the context of primary healthcare utilization. Simple, economical,
and widely accessible serum biomarkers, such as fibrosis-4 (FIB-4) or NAFLD fibrosis score (NFS), exhibiting a high
negative predictive value (88%-95%) for excluding advanced fibrosis, should constitute the first-line assessment.
Individuals at low risk (FIB-4 < 1.3 or NFS fibrosis score < -1.455) require no further evaluation and are advised to adopt

uiedenge  VWIH | https:/ /www.wjgnet.com 36 January 27,2024 | Volume16 | Issuel |



Vargas M et al. Metabolic disease and the liver

/ [ Patients at risk for chronic liver disease ] \

1. Check for liver risk factors: metabolic syndrome, alcohol, HBV, Viral hepatitis/ Others

HCV, familial history causes of t;h_romc_llver
2. Test AST, ALT. GGT. ALP and platelet count — disease or clinical signs of
advanced liver disease or

cirrhosis
[ Metabolic co-factors and/or alcohol only? ]
Calculate FIB-4
(Age, AST, ALT, platelet)
< 1.30 ) > 1.30 Intermediate-high risk 1
SNEEE IO Liver stiffness by \

Referral to liver
translent elastografy / specialist

> 8 kPa Intermediate-high risk

e e od dtio
= . Low high risk

[ Palented serum tests ] [ Palented serum tests J

Not available Available = combined

Discordance A Concordance

|

K [ Consider liver biopsy ] [ Highly likely }/

DOI: 10.4254/wjh.v16.i1.33 Copyright ©The Author(s) 2024.

Figure 1 Algorithm proposed by the European Association for the Study of Liver targets patients at high risk of metabolic dysfunction-
associated steatotic liver disease seen in primary health care. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; FIB-4: Fibrosis-4; GGT: Gamma-glutamyl transferase; HBV: hepatitis B virus; HCV: Hepatitis C virus.

lifestyle modifications and engage in regular exercise. Those at intermediate risk (FIB-4 between 1.30 and 2.67 or NFS -
1.455 to 0.672; accounting for 30% of cases) and high risk (FIB-4 > 2.67 or NFS > 0.672; comprising 12%-15% of cases, with
a positive predictive value of 75%-90%) of advanced fibrosis should be referred to a specialized center for expert
evaluation.

Another noninvasive approach involves estimating liver fibrosis through elasticity assessment. A recent development
in this realm is a shear elasticity probe based on one-dimensional transient elastography utilizing ultrasound (5 MHz)
and low-frequency (50 Hz) elastic waves, initially termed FibroScan. While initially employed for patients with chronic
hepatitis C, ongoing studies are investigating hepatic elastography in MASLD, exploring diverse cutoff values for
patients with NASH[31].

Unfortunately, existing noninvasive or minimally invasive biomarkers remain limited[32]. Endeavors have been made
to formulate clinical parameters capable of reliably identifying fibrosis in MASLD patient cohorts. Various scores have
been devised to ascertain the presence of fibrosis using clinical data and laboratory outcomes, aiming to integrate routine
parameters of liver injury (e.g., transaminase activity) and risk characteristics (e.g., diabetes)[33]. The most commonly
utilized scores are FIB-4 and the NFS. FIB-4 comprises four straightforward parameters: age; platelets; and the serum
transaminases aspartate aminotransferase and alanine aminotransferase. NFS encompasses seven parameters: age; BMI;
glycated hemoglobin; serum transaminases; platelets; and albumin. In primary care settings, where the prevalence of
advanced fibrosis is low (5%), FIB-4 emerges as the preferred option due to its simplicity, and the fact that serum transa-
minases and platelet count are routinely requested by physicians in standard examinations. In large populations, a FIB-4
threshold of up to 1.30 effectively excludes the risk of advanced liver fibrosis with a substantial degree of accuracy (60%-
80%). Individuals with a FIB-4 between 1.30 and 2.67 are deemed at intermediate risk for advanced fibrosis, warranting
further investigations such as elastography, which can be performed before or after referral to a medical specialist. Those
with a FIB-4 > 2.67 are classified as high risk and should be directed to specialized services for additional investigations,
potentially including liver biopsy. It is noteworthy that guidelines from international hepatology societies advocate for
the use of noninvasive strategies, which can simplify case finding and management of high-risk MASLD patients in
clinical practice[34].

TREATMENT

As MASLD or NAFLD manifests as a multifactorial ailment, various integrated treatment strategies are employed with
primary objectives of retarding the progression to severe forms, such as fibrosis (NASH), and managing associated risk
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factors including obesity, diabetes, dyslipidemia, and hypertension[34].

Initiating therapeutic measures entails lifestyle interventions involving dietary modifications and exercise. Medication
may be introduced as a secondary measure, particularly as fibrosis advances, and bariatric surgery becomes a viable
option in the tertiary phase. It is noteworthy to underscore the significance of assembling an interdisciplinary team
comprising a nutritionist, endocrinologist, physical educator, psychologist/psychiatrist, cardiologist, and hepatologist
[36]. The percentage of weight loss is directly correlated with NASH progression, irrespective of the chosen method[17,
25].

Consideration for pharmacological intervention arises if diet and exercise prove ineffective in disease control.
Following the EASL recommendations (2023)[17], the presence of steatohepatitis, diagnosed through noninvasive
methods or liver biopsy, accompanied by macro and microvesicular steatosis, mixed inflammatory infiltrate, hepato-
cellular ballooning in centrilobular vein areas (Zone III), Mallory’s corpuscles, and fibrosis, warrants pharmacological
intervention. This holds true for less severe cases but with a high risk of progression. Given the limited scope of drugs
and surgical treatments for NASH, lifestyle changes, including dietary adjustments, increased physical activity, and
exercise, remain the cornerstone of its management.

Physical activity and exercise

Regular physical activity serves as a pivotal adjunct to metabolic regulation. A favorable correlation exists between
sedentary behavior and susceptibility to MASLD. Individuals adhering to a health-conscious lifestyle exhibit diminished
likelihood of developing pivotal factors contributing to the onset of the disease, including insulin resistance, diabetes, and
glucose intolerance. Additionally, engaging in physical activity facilitates a reduction in visceral and hepatic adipose
tissue, along with a decrease in circulating FFAs in the plasma[28].

Calorie restriction

Dietary considerations, with a particular focus on calorie intake, especially derived from carbohydrates, the primary
energy source for the human body, play a crucial role in regulating the body’s glycemic levels. Manipulating dietary
carbohydrate intake, either through restriction or substitution with complex carbohydrates, exerts an influence on
enhancing serum glucose and triglyceride levels. It contributes to the elevation of HDL levels and exerts an impact on
pancreatic B cells involved in insulin elimination[27]. A calorie-restricted diet, meticulously assessed and calculated by a
professional considering basal metabolism and accounting for individual physical and behavioral variations, is
recommended as a contributing factor to the regression of NAFLD.

Pharmacological treatment

Pharmacological intervention is warranted when the disease manifests a moderate degree of fibrosis, denoted as F2 > 2,
as determined through transient hepatic elastography or liver biopsy. Based on this data, the initial and economically
feasible treatment may involve the use of vitamin E at a dosage of 800 IU and pioglitazone at 30 mg. If applicable, anti-
GLP1 medications such as liraglutide or semaglutide are recommended for overweight and obese patients to achieve a
reduction of 7%-10% in body weight. Emerging pharmacological options discussed at EASL 2023, such as retatrutide, are
being considered. Bariatric surgery stands as a viable treatment option with favorable outcomes, particularly for patients
with a BMI > 35[17,25,26].

Pharmacotherapy aims to mitigate the progression from the early stages of NASH to advanced fibrosis. The correlation
between fibrosis and overall mortality, cardiovascular risk, and the transition from cirrhosis to hepatocellular carcinoma
is significant, particularly in individuals aged over 50 with concurrent diabetes, elevated alanine aminotransferase, MetS,
and NASH, where greater inflammatory activity is observed.

CONCLUSION

MAFLD necessitates preventive measures within the domain of primary healthcare, centering attention on the identi-
fication of risk factors associated with MetS and the utilization of noninvasive fibrosis scoring systems to facilitate early
detection. Moreover, in instances characterized by moderate to severe fibrosis, it is imperative to advocate for referral to a
specialized hepatology department for comprehensive evaluation and subsequent monitoring. To preclude delayed
diagnoses, primary care practitioners should consistently underscore, in their routine counselling sessions, the imperative
for lifestyle modifications encompassing a wholesome diet and regular exercise. Furthermore, the introduction of
pharmacological interventions becomes imperative upon the identification of disease progression, concomitant with the
presence of fibrosis. Such therapeutic interventions must be tailored to individual patient profiles, often necessitating the
utilization of diverse pharmacological options to forestall disease progression and foster a comprehensive multisystemic
approach.
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Abstract

BACKGROUND

Direct-acting antivirals (DAAs) revolutionized the treatment of chronic hepatitis
C virus (HCV)-associated disease achieving high rates of sustained virological
response (SVR). However, whether DAAs can reduce the occurrence of hepato-
cellular carcinoma (HCC) in patients with HCV-associated cirrhosis who are at
high risk have not been concluded.

AIM
To investigate the effect of DAAs on the occurrence of HCC in patients with HCV-
associated cirrhosis after achieving SVR.

METHODS

Of 427 inpatients with HCV-associated cirrhosis were enrolled in Tianjin Second
People's Hospital from January 2014 to April 2020. 118 patients weren’t received
antiviral treatment with any reasons named non-antiviral treatment group, and
236 patients obtained from the 309 DAAs treatment patients according to the
propensity score matching named DAAs treatment group. Demographic
information and laboratory data were collected from baseline and the following
up. Kaplan-Meier curve and Log-Rank test were used to compare the incidence
and cumulative incidence of HCC between the two groups. Cox proportional risk
regression was used to re-evaluate the risk factors for HCC.
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RESULTS

HCC incidence was 4.68/100PY (95%CI, 3.09-6.81) in the DA As treatment group, while it was 3.00/100PY (95%CI,
1.50-5.37) in the non-antiviral treatment group, and the relative risk was 1.82 (95%CI, 0.93-3.53, P > 0.05). The
incidence of HCC at 12, 24, 36 and 48 months was 3.39%, 6.36%, 8.47% and 10.17% in the DA As treatment group,
and it was 0%, 0%, 3.39% and 9.32% in the non-antiviral treatment group, respectively. Age > 58 [hazard ratio (HR)
=1.089; 95%CI, 1.033-1.147; P = 0.002] and liver stiffness measurement > 27.85 kPa (HR = 1.043; 95%CI, 1.022-1.065;
P =0.000) were risk factors for HCC in all patients (n = 427), and DA As treatment didn’t show protective efficacy.

CONCLUSION
DAAs treatment seems failed to reduce the incidence of HCC occurrence in HCV-associated cirrhosis in 48 months,
and even increased the incidence of HCC in 36 months.

Key Words: Direct-acting antivirals; Sustained viral response; Cirrhosis; Hepatocellular carcinoma; Risk factor

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We evaluated the effect of direct-acting antivirals (DAAs) on the development of hepatocellular carcinoma (HCC)
in patients with hepatitis C virus (HCV)-associated cirrhosis during long-term follow-up. We performed propensity score
matching, Kaplan-Meier curve and Log-Rank test, the incidence and cumulative incidence of HCC in DA As treatment group
(n = 236) and non-antiviral treatment group (n = 118) were retrospectively evaluated, and the risk factors for HCC were
evaluated by Cox regression. We found that DAAs treatment of HCV-associated cirrhosis failed to reduce the incidence of
HCC over 48 mo. Age and liver stiffness measurement were risk factors for developing HCC in all patients (» = 427), and
DAAs treatment showed no protective effect.

Citation: Tao XM, Zeng MH, Zhao YF, Han JX, Mi YQ, Xu L. Direct-acting antivirals failed to reduce the incidence of hepatocellular
carcinoma occurrence in hepatitis C virus associated cirrhosis: A real-world study. World J Hepatol 2024; 16(1): 41-53

URL: https://www.wjgnet.com/1948-5182/full/v16/i1/41.htm

DOI: https://dx.doi.org/10.4254/wjh.v16.i1.41

INTRODUCTION

According to an estimate by the World Health Organization[1], more than 185 million people worldwide have been
infected with hepatitis C virus (HCV), of which 350000 people died from HCV infection each year. China is a region with
high incidence of HCV infection. It has been estimated[2] that the prevalence of HCV in China is between 0.4% and 2.0%,
with over 14 million infected persons. HCV infection has been identified as an independent risk factor for hepatocellular
carcinoma (HCC) development, especially in patients with cirrhosis[3]. In patients with HCV-associated cirrhosis, the risk
of developing HCC is estimated at 3% to 8% per year[4]. Multiple studies have shown[5,6] all-cause mortality and the risk
of HCC were reduced among chronic hepatitis C (CHC) patients who achieved sustained virological response (SVR) with
IFN-based antiviral therapy. A large number of studies[7,8], however, have indicated that IFN therapy can only bring a
low SVR rate, in addition, the therapeutic indications for IFN are limited, which effectiveness varies with the degree of
fibrosis, stage of liver disease, viral genotype, and presence of comorbidities[9]. New regimens with direct-acting antiviral
agents (DAAs) have not only changed the scope and spectrum of treatment, but also had high efficacy, sufficient safety
and few contraindications to be used in patients with advanced liver disease who are not recommended to be treated
with interferon[4]. Moreover, through different combined treatment solutions, more than 95% of SVR can be achieved,
regardless of HCV genotype or degree of fibrosis[10,11]. Kanwal et al[12], through a large retrospective cohort study,
found that DAAs treatment can reduce the occurrence of HCC in patients with HCV, and Calvaruso et al[10] discovered
that DAAs treatment can reduce the occurrence of HCC in patients with HCV-associated cirrhosis. However, some
studies[13,14] have shown that DAAs can increase the occurrence of HCC[15]. Hence, in this study, we evaluated the
efficacy of DAA on prevention HCC in HCV-associated cirrhosis patients who were at high risk after achieving SVR, in
the real-world. The Kaplan-Meier curve and log-rank test were used to compare the incidence of HCC development in
our hospital with or without DA As treatment. Cox regression was used to retrospectively study the risk factors of HCC in
HCV-associated cirrhosis patients after achieving SVR with DAAs.

MATERIALS AND METHODS
Study design

This was an institutional review board-approved retrospective clinical cohort study conducted at a large hepatology
hospital in China. Patients with HCV-related cirrhosis were enrolled from January 2014 through April 2020. DAA or
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liver-protective therapy was prescribed by experienced specialists according to the patient's condition. Informed consent
was obtained from all enrolled patients. Enrolled patients were followed and reviewed by specialists during follow-up.
Prior to implementation, education was provided to all hepatologists who would manage or verify orders for HCV
patients. Physician leadership and health care teams also participated in education about the protocol and its
implementation.

Included patients

A total of 427 consecutive inpatients with HCV-associated cirrhosis were enrolled in Tianjin Second People's Hospital
from January 2014 to April 2020. Of these, 309 patients received DAA treatment and the remaining 118 patients did not
receive antiviral therapy.

Inclusion criteria: (1) Age > 18, no gender limitation; (2) the serum anti-HCV and HCV RNA of all patients were
positive, and the diagnosis was in line with the diagnostic criteria of hepatitis C associated cirrhosis in China's Hepatitis C
Prevention and Treatment Guidelines 2019 Edition[16]; and (3) obtaining informed consent from all patients. Exclusion
criteria: (1) Patients successfully treated with interferon combined with ribavirin; (2) patients who received direct
antiviral therapy but did not achieve SVR; (3) For patients clinically diagnosed with HCC or previously diagnosed with
HCC, the diagnostic criteria for HCC should be based on the 2018 European Association for the Study of the Liver (EASL)
guidelines[4] and American Association for the Study of Liver Diseases guidance of HCC[17] and evaluated by imaging
or pathological examination; (4) Patients with previous history of extrahepatic tumor; (5) patients who have received or
are awaiting liver transplantation; (6) patients combined with HIV, HAV, HBV, HEV infection; (7) patients with alcoholic
liver disease, autoimmune hepatitis, drug-induced liver injury, genetic metabolic liver disease and other liver diseases;
and (8) patients with no follow-up records or incomplete follow-up data. A total of 836 inpatients with chronic HCV
infection in our hospital were evaluated, and 409 patients were excluded from this study, as shown in Figure 1.

The Medical Ethics Committee of Tianjin Second People's Hospital approved the study protocol, which conformed to
the ethical guidelines of the Declaration of Helsinki amended in 2008.

Therapy

Antivirus solution: According to the guidelines[16,18], the 309 patients were treated by experienced clinicians at or above
the attending level with the following regimen: (1) Sofosbuvir 400 mg/d + daclatasvir 60 mg/d + ribavirin 1000 mg/d (12
wk) regimen (95 cases); (2) sofosbuvir 400 mg/d+ Velpatasvir 100 mg/d (12 wk) (60 cases); (3) sofosbuvir 400 mg/d+
ribavirin 1000 mg/d (12 wk) (57 cases); (4) Ombitasvir 300 mg/d+ dasabuvir 500 mg/d (12 wk) (44 cases); (5) sofosbuvir
400 mg/d+ ledipasvir 90 mg/d+ ribavirin 1000 mg/d (12 wk) regimen (22 cases); (6) Elbasvir and Grazoprevir 50 mg/d
(12 wk) (17 cases); and (7) Dasabuvir 60 mg+ Asunaprevir 100 mg (24 wk) regimen (14 cases).

Non-antiviral treatment: Inclusion reasons: (1) Because some patients could not choose pegylated interferon (peg-IFN) +
ribavirin due to decompensation of cirrhosis, and DAA drugs were not released in China before 2017; and (2) Some
patients cannot choose the treatment due to the economic burden.

Patients without antiviral treatment were received the corresponding hepatoprotective treatment and symptomatic
treatment.

Demographics and laboratory parameters

We recorded baseline data including gender, age, weight, height, body mass index, compensatory/decompensated
cirrhosis, Child-Pugh score, nonspecific liver nodules, hypertension, diabetes, fatty liver, HCV genotype, HCV RNA
(viral load was quantified by direct-PCR, Roche Diagnostics, 1080 US Highway 202 South, Branchburg, NJ 08876, BMI),
Protein Induced by Vitamin K Absence or Antagonist-II (PIVKA-II), carcinoembryonic antigen (Cobas E601 electrochemi-
luminescence analyzer, Basel, Switzerland), alpha fetoprotein (AFP) (Cobas E601 electrochemiluminescence analyzer,
Basel, Switzerland); serum biochemical indicators: alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), y-alanine transferase (y-GT), total bilirubin (TBIL), total protein (TP), albumin (ALB), renal
function, creatinine, uric acid, glomerular filtration rate, blood glucose, triglyceride, total cholesterol, low density
lipoprotein, high density lipoprotein, all above assays were carried out in Hitachi 7180, automatic biochemical analyzer,
Japan. coagulation function: prothrombin time (PT), international standardized ratio of prothrombin time (INR); blood
routine: red blood cell, hemoglobin, white blood cell (WBC), platelet (PLT); liver stiffness measurement [liver stiffness
measurement (LSM), in kPa] and controlled attenuation parameter (in dB/m) values were obtained by FibroScan
(Echosens, Paris, France).

Follow-up and diagnostic criteria for HCC

The end point of this study was the first occurrence of HCC or death among the enrolled subjects by the end of April
2020, and all patients received nurse counseling, clinical visit and laboratory assessment (biochemistry, blood routine test,
bio-markers for HCC, efc.) at baseline and every 3-6 mo. According to the diagnostic criteria for HCC of EASL guidelines
[4], patients were screened for HCC by ultrasound (US, Philips, No. IU22, 22100 Bothell Everett Highway Bothell, WA,
United States) or AFP every 3-6 mo. When HCC was suspected, further examination such as enhanced computed
tomography (CT) (Philips Row 64, Haifa, Israel), Gd-EOB-DTPA enhanced magnetic resonance imaging (MRI) (Siemens
Skyra3.0T, Germany), hepatic digital subtraction angiography (Artis Zee 3, Fochheim County, Bavaria, Germany), or
pathological examination were taken. The duration of follow-up was calculated from reaching SVR after DAA treatment
to the diagnosis of HCC, death, or the end of follow-up (Figure 2).
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836 patients infected with HCV

Exclude (n = 409)
Without HCV-associated cirrhosis (n = 197)
HCC history (n = 31)
With HBV or HIV co-infection (n = 36)
Combined with other liver diseases such as
auto-immune liver or alcoholic liver (n = 61)
For liver transplantation (n = 22)
Incomplete follow-up (n = 62)

427 patients with HCV-associated cirrhosis
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Figure 1 Flow chart of patients included in this study. HCV: Hepatitis C virus; HCC: hepatocellular carcinoma; DAA: Direct-Acting Antiviral Agents; SVR:
sustained virologic response; PSM: propensity score matching.
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!
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DOI: 10.4254/wjh.v16.i1.41 Copyright ©The Author(s) 2024.

Figure 2 Study time points and follow-up of this study. DAA: Direct-Acting Antiviral Agents; SVR: sustained virological response; US: Ultrasound; CT:
Computed tomography; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging.

Definitions of SVR and nonspecific liver nodules
SVR definition: according to EASL guidelines[18], SVR is defined as 12 wk after the end of treatment (SVR 12), and HCV
RNA is not detected in serum or plasma, evaluated by highly sensitive molecular methods, additionally, the detection
limit is 15 IU/mL.

Nonspecific liver nodules were defined[19] as < 10 mm or nodules > 10 mm but in which HCC diagnosis was ruled out
before starting DAA by contrast enhanced US (CEUS), CT, or MRI.

Statistical analysis

Data conforming to normal distribution were represented by (mean * SD), and HCV RNA was calculated by denary
logarithm. Independent sample ¢ test was used to analyze and compare the two groups. The skewness distribution of
measurement data was represented by M (P25, P75). The comparison between the two groups was analyzed and
compared by Mann-Whitney U test, and the paired samples were analyzed and compared by Wilcoxon signed rank test.
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The statistical data were expressed as percentages, and analyzed by Chi-square test or Fisher's exact probability method.
Kaplan-Meier curve and log-rank test were used to compare the difference in the cumulative incidence of HCC between
the two groups. All clinical data were included in binary logistic regression analysis for univariate and multivariate
analysis to evaluate the influencing factors of HCC occurrence and obtain a regression equation. Cox proportional risk
regression was used to re-evaluate the risk factors for HCC before and after DAA treatment, and the independent
predictors of HCC were obtained by incorporating the indicators with statistical differences in univariate analysis into
multivariate analysis. Meanwhile, risk ratio and 95% confidence interval (CI) were calculated. P < 0.05 was considered to
indicate that all analyses were statistically significant. Incidences, expressed as 100 patient-years (100PY), relative risks
(RR) and their 95%CI were estimated utilizing Poisson regression models, using as offset the logarithm of radiological
follow-up.

Statistical analyses were performed using SPSS version 26 (SPSS, Inc., Chicago, IL, United States), GraphPad Prism
Version 9.0H (GRAPH PAD Software, Inc., La Jolla, CA, United States) and R Version 3.1.2 (R Core Development Team,
2010).

RESULTS

Baseline characteristics of patients

A total of 427 patients were included in this study from January 2014 to April 2020 (409 patients were not included
according to the exclusion criteria) and completed follow-up. Among them, 309 patients were treated with DAAs and 118
patients were not treated with antiviral therapy. Considering the influence of gender and age on the results of this study,
we used the propensity score matching (R Version 3.1.2) to adjust for age and sex, and divided patients into DAAs
treatment group (n = 236) and non-antiviral treatment group (n = 118) (Figure 1). The baseline characteristics of the two
groups of patients were introduced in Table 1.

Efficiency of DAAs treatment on HCV-associated cirrhosis

After DAAs treatment, all patients in the DAAs treatment group achieved SVR (patients who did not achieve SVR were
not included in this study). After achieving SVR, the LSM value (20.55 + 16.95 kPa) was significantly lower than baseline
(26.15 + 16.90 kPa) (t = 3.499, P = 0.001), and the values of ALT, AST, y-GT, ALP and TP were significantly decreased
compared with those at baseline (P < 0.05), and WBC and PLT were significantly increased (P < 0.05), as shown in Table 2.

Comparison of HCC incidence between DAAs treatment group and non-antiviral treatment group
During the follow-up, 27 cases of HCC occurred in the DAAs treatment group (236 cases), while 11 cases of HCC
occurred in the non-antiviral treatment group (118 cases), and there was no significant difference in the total incidence of
HCC between the two groups (y*> = 0.369, P = 0.544). In the DAAs treatment group, HCC incidence was 4.68/100PY
(95%CI, 3.09-6.81), while it was 3.00/100PY (95%CI, 1.50-5.37) in the non-antiviral treatment group. Indeed, its RR was
1.82 (95%CI, 0.93-3.53, P > 0.05). The duration of follow-up in the DAAs treatment group was 1-84 mo (29.33 * 16.20), the
median follow-up time was 27 months and the time of HCC occurrence in the DAAs treatment group was 5-66 mo. The
cumulative incidence of HCC at 12, 24, 36 and 48 mo was 3.39%, 6.36%, 8.47% and 10.17%, respectively. The duration of
follow-up in the non-antiviral treatment group was 1-84 mo (37.25 £ 15.94), the median follow-up time was 41 months (¢ =
-4.359, P = 0.000) and the time of HCC occurrence in the DAAs treatment group was 26-48 mo. The incidence of HCC at
12, 24 mo, 36 mo and 48 mo was 0%, 0%, 3.39% and 9.32%, respectively. There was significant difference in the incidence
of HCC at 12, 24, and 36 mo between the two groups (P = 0.048, P = 0.003, and P = 0.025), while there was no significant
difference in the cumulative incidence of HCC at 48 mo between the two groups (P = 0.388) (Figure 3).

Log-rank test was used to compare and analyze the cumulative incidence of HCC between the two groups (log-rank
test, P = 0.107). Kaplan-Meier curve was used to show the cumulative incidence of HCC between the two groups after
adjusting for age and gender factors in Figure 4.

Risk factors for HCC occurrence in patients with HCV-associated cirrhosis

Table 3 shows the risk factors associated with the development of HCC in all patients (n = 426). Univariate analysis
identified DA As treatment, their age, cirrhosis (compensate/decompensate), nonspecific liver nodules, Child-Pugh (A/
B/C), FIB-4 index, ALB, TBIL, PT, PLT and LSM as factors significantly associated with HCC. According to the
multivariate analysis, age [hazard ratio (HR) = 1.089; 95%CI, 1.033-1.147; P = 0.002] and LSM (HR = 1.043; 95%CI, 1.022-
1.065; P = 0.000) were independent factors significantly associated with HCC. The optimal cut-off value of age was 0.249,
and the value was 58 years. And for LSM, the optimal cut-off value was 0.466, and the value was 27.85 kPa.

DISCUSSION

A model-based study conducted in 2015 found that about 9.8 million people in China are chronic HCV infection, ranking
first in the world[20]. HCV infection is one of the major risk factors for HCC occurrence, and data analysis in 2018
showed that 21% of new HCC cases and deaths were attributed to HCV infection[21]. The relative risk of HCV-infected
patients developing HCC is 15-20 times larger than that of uninfected persons[22,23]. The incidence of HCV-associated
HCC is mostly based on cirrhosis, and the annual incidence of HCC in non-sclerotic patients (pre-sclerotic) is only 0.68%
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Table 1 Baseline characteristics of the direct-acting antiviral agents treatment group (n = 236) and the non-antiviral treatment group (n

=118), n (%)

Variables DAA treatment (n = 236) Non-antiviral (n = 118) tiZlx* P value
Ages (yr) 55.01 +9.52 53.69 +10.07 1.208 0.228
Male 120 (50.85) 68 (57.63) 1.452 0.228
Cirrhosis (compensate) 187 (79.24) 90 (76.27) 0.407 0.524
Nonspecific liver nodules 191 (80.25) 100/18 (15.13) 0.782 0.377
Child-Pugh (A/B/C) 177/51/8 83/30/5 0.887 0.642
Genotype (1a/1b/2a/3a/3b/6a) 1/156/48/11/11/9 0/73/21/7/7/10 4.663 0.458
g (HCV RNA) IU/mL 6 (5.6) 5 (4.6) -2.191 0.028
Along with the disease

Diabetes 51 (21.61) 30 (25.42) 0.648 0.421
Fatty liver 52 (22.03) 13 (11.02) 6.370 0.012
Hypertension 50 (21.19) 23 (19.49) 0.138 0.710
FIB-4 5.27 (3.51, 8.16) 4.94 (2.30, 6.38) -0.032 0.975
CEA (ng/mL) 3.27 (2.22, 4.86) 2.76 (1.45, 4.70) -1.015 0.310
AFP (ng/mL) 9,28 (5.15, 19.60) 9.58 (4.27,17.89) -2.919 0.004
PIVKA-II (mAU/mL) 24 (18, 32) 24 (21, 35.5) -1.190 0.234
PLT (10°/L) 108.02 + 61.66 110.66 + 65.68 -0.342 0.733
CAP (dB/m) 232.76 + 45.35 241.15 £ 53.59 -0.986 0.325
LSM (kPa) 26.15 +£16.90 29.50 £16.61 -1.269 0.206

DAAs: Direct-acting antiviral agents; HCV RNA was calculated by denary logarithm expressed as Ig (HCV RNA); FIB-4: The Fibrosis-4 index; ALBI: The
albumin-Bilirubin score; CEA: Carcinoembryonic antigen; AFP: Alpha fetoprotein; PIVKA-II: Vitamin K Absence or Antagonist-II; PLT: Platelet; CAP:
Controlled attenuation parameter; LSM: Liver stiffness measurement; PSM: Propensity score matching.

Patients (%) ? DAAs treatment group

14+ Non-anivirial treatment group

124 P=10.388

104 P=0025 pie

9.32
8.47
8 P =0.003
6.36
6
P=0.048
*1 339 3.39
2
04 0 0
12 24 36 48

Months
DOI: 10.4254/wjh.v16.i1.41 Copyright ©The Author(s) 2024.

Figure 3 The incidence of hepatocellular carcinoma at 12 mo, 24 mo, 36 mo, and 48 mo between the direct-acting antiviral agents
treatment group and the non-antiviral treatment group. DAA: Direct-acting antiviral agents.
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group (n = 236)

Variables Before DAA After DAA tZlx? P value
ALT (U/L) 52 (34, 84.25) 20.5 (16, 32) 12.962 0
AST (U/L) 59.5 (40, 83.5) 26 (20.2, 39) 14.351 0
y-GT (U/L) 58 (34.75,108.5) 34 (23, 54) 8.691 0
ALP (U/L) 86 (65.75, 113.25) 83.9 (64, 115) 2.236 0.025
TP (g/L) 71.93 +8.23 73.62 +7.88 2267 0.024
ALB (g/L) 38.78 +6.22 4293 +7.08 -6.755 0
TBIL (umol/L) 18.6 (14.5,27.5) 23.7 (13.3, 41) -1.452 0.146
BUN (mmol/L) 4.98+2.24 5.83 +3.70 -2.969 0.003
GLU (mmol/L) 6.34+1.98 6.93 +2.44 2717 0.007
PT (s) 14.41 +£2.16 14.30 + 6.35 0.16 0.873
INR 127+1.22 1.21 +0.56 0.444 0.557
WBC (10°/L) 439+1.69 493+213 -3.066 0.002
RBC (10'2/L) 414+0.75 4274079 -1.803 0.072
HGB (g/L) 130.33 + 23.05 131.91 + 25.07 -0.706 0.481
PLT (10°/L) 108.20 + 61.66 123.45 + 65.98 257 0.01
CEA (ng/mL) 3.3 (2.22,4.89) 3.34 (2.3,5.27) 0111 0911
AFP (ng/mL) 9.38 (5.31, 19.67) 5.81 (3.6, 9.02) 9.683 0
PIVKA-II (nAU/mL) 24 (18,32) 28 (20,41) -1.958 0.05
CAP (dB/m) 232.76 + 45.35 239.56 + 45.35 2.062 0.04
LSM (kPa) 2615 +16.90 2055 +16.95 3.499 0.001

SVR: Sustained virologic response; DAA: Direct-acting antiviral agents; HCV RNA was calculated by denary logarithm expressed as g (HCV RNA); CEA:
Carcinoembryonic antigen; AFP: Alpha fetoprotein; PIVKA-II: Vitamin K Absence or Antagonist-II; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; y-GT: y-alanine transferase; ALP: Alkaline phosphatase; TP: Total protein; ALB: Albumin; TBIL: Total bilirubin; BUN: Renal function;
GLU: Blood glucose; PT: Prothrombin time; INR: International standardized ratio of prothrombin time; WBC: White blood cell; RBC: Red blood cell; HGB:
Hemoglobin; PLT: Platelet; CAP: Controlled attenuation parameter; LSM: Liver stiffness measurement.

[24], while the annual average incidence of HCC in patients with HCV-associated cirrhosis is 1%-4%, and even 7% in the
Asia-Pacific region[25]. With the introduction of various DAAs, their superior antiviral efficacy, low adverse reactions,
and the increasing availability of drugs driven by our medical insurance policy, the HCV antiviral treatment strategy has
changed completely, and IFN is no longer the first-line treatment for HCV infection[16]. However, HCV clearance does
not mean a decrease in HCV-associated HCC. The current literature mainly studied the influence of DAAs on HCC
occurrence in patients with hepatitis C. In this study, we focused on patients with HCV-associated cirrhosis because they
are in higher risk of progression to HCC than chronic hepatitis C.

In this study, liver function indicators and LSM became significantly better after DAA treatment in the DAAs
treatment group (P < 0.05), indicating that DAAs can effectively improve liver function and alleviate liver fibrosis in
patients with HCV-associated cirrhosis. Deterding et al[26], in a single-center study, showed that interferon-free DAAs
treatment effectively improved liver function in patients with HCV-associated cirrhosis, and Quaranta et al[27] observed
improvement in liver function after HCV eradication in most patients with cirrhosis. Gentile et al[28] and Flisiak et al[29]
confirmed this trend by observing similar changes in their study. Chan et al[30] enrolled a total of 70 CHC patients treated
with DAAs, and results showed that 34 patients (48.6%) were worthy of significant improvement in LSM value at the end
of treatment (relative to the baseline LSM value improvement > 30%). In another study, Curry et al[31] also found that at
least 85% of patients with liver cirrhosis had a 40% reduction in LSM after HCV elimination by DAAs treatment, although
10% of patients still had an increase. Hence, DAAs treatment should be used as early as possible in CHC patients. In
general, the elimination of HCV by DAAs improved the degree of liver fibrosis in most patients, and even reversed
cirrhosis in a few patients[32]. In a 5-years follow-up study of CHC patients, Flisiak et al[33] found that DAAs treatment
could alleviate liver inflammation and fibrosis after HCV eradication, and suggested that the improvement in LSM might
be related to the reduction of liver inflammation, which is consistent with our results. It is well known that hypersplenism
as a complication happens in patients with cirrhosis, especially in decompensated cirrhosis, then the three systems of
blood cells will decrease, and PLT and WBC are laboratory parameter closely related to the development of hypers-
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Table 3 Factors of hepatocellular carcinoma occurrence in all patients with hepatitis C virus associated cirrhosis (n = 427)

Univariate Multivariate
Variables
HR 95%Cl P value HR 95%Cl P value
DAA treated 0.478 0.245-0.933 0.03
Ages (yr) 1.052 1.019-1.087 0.002 1.089 1.033-1.147 0.002
Gender (M/F) 1.297 0.750-2.242 0.352
Cirrhosis (compensate/de) 2.312 1.271-4.207 0.006
nonspecific nodules (Y/N) 3.112 1.734-5.586 0
Child-Pugh (A/B/C) 2184 1.416-3.367 0
Fatty liver 0.686 0.271-1.738 0.427
FIB-4 1.063 1.026-1.101 0.001
AFP (ng/mL) 0.994 0.981-1.008 0419
AST (U/L) 1.005 0.999-1.010 0.126
ALB (g/L) 0.922 0.885-0.961 0
TIBL (pmol/L) 1.015 1.007-1.022 0
PT 1.23 1.083-1.398 0.001
PLT 0.992 0.986-0.997 0.005
LSM 1.038 1.018-1.058 0 1.043 1.022-1.065 0

HCC: Hepatocellular carcinoma; HR: Hazard ratio; DAA: Direct-acting antiviral agents; FIB-4: The Fibrosis-4 index; ALBI: The albumin-Bilirubin score;
AFP: Alpha fetoprotein; AST: Aspartate aminotransferase; ALB: Albumin; TBIL: Total bilirubin; EOT: End of treatment; PLT: Platelet; PT: Prothrombin

time; LSM: Liver stiffness measurement.
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Figure 4 Cumulative incidence and Survival probability of hepatocellular carcinoma between the direct-acting antiviral agents treatment
group and the non-antiviral treatment group. A: Cumulative incidence of hepatocellular carcinoma (HCC) between direct-acting antiviral agents (DAASs)
treatment group and non-antivial treatment group; B: Survival probability of HCC between new DAAs treatment group and non-antivial treatment group.

plenism[34]. This study implyed that HCV eradication could alleviate hypersplenism.

The effect of interferon-free DAAs treatment on the occurrence of HCC is controversial, and some recent studies have
explored the topic[10,12-15,19,35]. A study[36] from Egypt showed that the incidence of HCC was significantly lower in
patients with HCV-associated advanced fibrosis and cirrhosis treated with DA As than in a historical cohort of untreated
patients. A long-term follow-up study from Poland[33] showed that DAAs treatment reduced the risk of HCC, whereas a
Spanish study[37] included data from approximately 4000 DA A-treated patients and reported an annual HCC incidence
of 0.93% within 18 months of initiation of DAAs treatment. They found that the incidence of HCC in patients with
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cirrhosis was higher regardless of their response to DAAs. A cohort of studies[38] from France revealed that the apparent
increase in HCC incidence observed in patients with cirrhosis treated with DAAs compared with patients who achieved
SVR following an IFN therapy could be explained by patient characteristics (age, diabetes, reduced liver function) and
lower screening intensity. The results of this study indicating that DAAs treatment seems unable to reduce the risk of
HCC in patients with HCV-associated cirrhosis. Furthermore, we calculated the HCC incidence of DAAs treatment group
and non-antiviral treatment group at 12 mo, 24 mo and 36 mo. During this period, the incidence of HCC in the DAAs
treatment group was higher than that in the non-antiviral treatment group (P < 0.05), which indicated that DAAs
treatment may lead to an increased risk of short-term HCC occurrence, and this was consistent with the results of Mettke
et al[35]. The reason might be that DAA treatment weakens the body’s ability to immune surveillance and control tumors.
Due to the existence of an effective immune system, the tiny primary tumor has been under the strong surveillance of the
immune system. However, the rapid eradication of HCV may lead to the sudden weakening or withdrawal of immune
surveillance, which is conducive to the proliferation and growth of isolated tumor cells. Serti et al[39] have also reported
that DAA therapy can affect the composition of the innate immune system. Furthermore, Faillaci ef al[40] showed that
DAAs-mediated increase of vascular endothelial growth factor favors HCC recurrence/occurrence in susceptible patients,
i.e. those with more severe fibrosis and splanchnic collateralization, who already have abnormal activation in liver tissues
of neo-angiogenetic pathways, as shown by increased Angiopoietin-2. However, there was no significant difference in
HCC incidence between the two groups at 48 months, which may be due to the fact that DAAs treatment can reduce the
long-term incidence of HCC, but it is also likely to be limited by the follow-up period of this study. Therefore, a large
sample with long-term follow-up should attract the attention of researchers.

In this study, we found old age and high LSM value were factors of HCC in all patients with HCV-associated cirrhosis,
and the results shew that patients with HCV-associated cirrhosis had a higher risk for HCC with age > 58 years and
baseline LSM > 27.85 kPa. Research by Asahina et al[41] also showed that elderly people have a higher risk of HCC. The
reason may be that the older the patient is, the worse the physical function is, the more the relative underlying diseases
are, and of course, the incidence of HCC is also higher. The best cut-off value of age obtained in this study is 58 years old
which we should pay more attention to screen HCC and carry out some drug interventions to minimize the occurrence of
clinical HCC when older than that. Hepatic decompensation, liver failure and HCC are more likely to occur in patients
with HCV-associated cirrhosis with high LSM. Morisco et al[42] also concluded that baseline LSM > 20 kPa identifies HCV
cirrhotic subjects at higher risk of liver-related events after SVR. In clinical practice, we usually perform liver function and
ultrasound examinations on patients, which suggests that we also should pay more attention to LSM. It is worth
mentioning that DAAs treatment showed a statistical difference in univariate analysis, while there was no statistical
difference in multivariate analysis. In this study, after adjusting for age and sex, Kaplan-Meier curve and Cox analysis
showed no statistical difference in cumulative HCC incidence between DAAs treatment group and non-antiviral
treatment group (P =0.107). This result proved that DAAs therapy didn’t reduce the occurrence of HCC in patient with
HCV-associated cirrhosis in a median 4 years. So, combining immunopotentiator agents or optimizing better DAAs might
be considered.

Despite the important findings of this study, there are also limitations: First, this study was a single-center study.
Second, the results of this study only reflect the events during the follow-up period of 1-84 mo, extending the follow-up
time may have different results. Third, the non-antiviral treatment group is higher than the average follow-up time DAA
treatment group, which may affect the results. Last, the DAA treatment regimen in this study is not uniform, so the
influence of DAAs factors on the results cannot be excluded.

CONCLUSION

Our study shows that DAAs improved liver function, alleviated hepatic fibrosis and hypersplenism in patients with
HCV-associated cirrhosis. This study found that DAAs did not reduce the incidence of HCC in HCV-associated cirrhosis
compared without antiviral therapy, suggesting that the priority of DAAs for HCV patients in the clinic is reasonable.
However, we should explore solutions to optimize DAAs treatment to reduce the occurrence of HCC in HCV-associated
cirrhosis patients, and continued careful follow-up is necessary.

ARTICLE HIGHLIGHTS

Research background

Direct-acting antivirals (DAAs) revolutionized the treatment of chronic hepatitis C virus (HCV)-associated disease
achieving high rates of sustained virological response (SVR). However, whether DAAs can reduce the occurrence of
hepatocellular carcinoma (HCC) in patients with HCV-associated cirrhosis who are at high risk have not been concluded.

Research motivation

The key to the retrospective cohort study is to explore DAA treatment in HCV-associated cirrhosis patients with HCC.
Solutions to optimize DAAs treatment are explored to reduce the occurrence of HCC in patients with HCV-associated
cirrhosis, and careful follow-up is needed.
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Research objectives

To investigate the effect of DAAs on the occurrence of HCC in patients with HCV-associated cirrhosis after achieving
SVR.

Research methods

427 inpatients with HCV-associated cirrhosis were enrolled in Tianjin Second People's Hospital from January 2014 to
April 2020. 118 patients weren’t received antiviral treatment with any reasons named non-antiviral treatment group, and
236 patients obtained from the 309 DAAs treatment patients according to the propensity score matching named DAAs
treatment group. Demographic information and laboratory data were collected from baseline and the following up.
Kaplan-Meier curve and Log-Rank test were used to compare the incidence and cumulative incidence of HCC between
the two groups. Cox proportional risk regression was used to re-evaluate the risk factors for HCC.

Research results

The DAA treatment group was followed up for 1-84 mo, with a median follow-up of 28 mo, while the non-antiviral
treatment group was followed up for 5-84 mo, with a median follow-up of 37 mo. Age > 58 [hazard ratio (HR) = 1.089;
95% confidence interval (CI), 1.033-1.147; P = 0.002] and liver stiffness measurement > 27.85 kPa (HR = 1.043; 95%CI,
1.022-1.065; P = 0.000) were risk factors for HCC in all patients (n = 427), and DAA treatment didn’t show protective
efficacy. After adjusting for confounding factors (age and sex), 27 cases of HCC occurred in the new DAA treatment
group (236 cases), and there was no significant difference in the total incidence of HCC between the two groups (y* =
0.369, P = 0.544). In the new DAA treatment group, HCC incidence was 4.68/100PY (95%CI, 3.09-6.81), while it was 3.00/
100PY (95%Cl, 1.50-5.37) in the non-antiviral treatment group. The follow-up time of the new DAA treatment group was
1-84 mo (29.33 £ 16.20), the median follow-up time was 27 mo and the time of HCC occurrence in the new DAA treatment
group was 5-66 mo. The incidence of HCC at 12, 24, 36 and 48 mo was 3.39%, 6.36%, 8.47% and 10.17% in the new DAA
treatment group, and it was 0%, 0%, 3.39% and 9.32% in the non-antiviral treatment group, respectively.

Research conclusions

This is a novel assessment that provides theoretical insight into the impact of achieving SVR after DAA on HCC
development in patients with HCV-associated cirrhosis. This study found that DAAs did not reduce the incidence of
HCC in HCV-associated cirrhosis compared with no antiviral therapy, suggesting that the clinical priority of DAAs for
patients with HCV is justified. We should also explore solutions to optimize DAAs therapy to reduce the occurrence of
HCC in patients with HCV-associated cirrhosis.

Research perspectives

In future study, we should be focused on the research of the multicenter, large data, in order to more accurately assess
DAAs influence on HCV-associated liver diseases in patients with HCC, thereby reducing the occurrence of HCC, and it
can from common biochemical indicator, liquid biopsy, multiple sets of multi-angle discussion such as HCV-associated
liver disease risk factors in patients with HCC.
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Abstract

BACKGROUND

Metabolic-associated fatty liver disease (MAFLD) is a liver condition marked by
excessive fat buildup in the absence of heavy alcohol use. It is primarily linked
with metabolic issues like insulin resistance, obesity, and abnormal lipid levels,
and is often observed with other conditions such as type 2 diabetes and cardiovas-
cular disease. However, whether the subtypes of MAFLD based on the metabolic
disorder differentially impact liver fibrosis is not well explicated, especially in the
Asian population.

AIM
To compare the severity of liver fibrosis among different MAFLD subtypes.

METHODS

A total of 322 adult patients of either gender with fatty liver on ultrasound were
enrolled between January to December 2021. MAFLD was defined as per the
Asian Pacific Association for the Study of the Liver guidelines. Fibrosis-4 index
(Fib-4) and nonalcoholic fatty liver disease fibrosis score (NFS) were employed to
evaluate liver fibrosis.

RESULTS

The mean age was 44.84 + 11 years. Seventy-two percent of the patients were
female. Two hundred and seventy-three patients were classified as having
MAFLD, of which 110 (40.3%) carried a single, 129 (47.3%) had two, and 34
(12.5%) had all three metabolic conditions. The cumulative number of metabolic
conditions was related to elevated body mass index, triglyceride (TG) levels, and
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glycated hemoglobin, lower high-density lipoprotein (HDL) levels, higher liver inflammation (by aspartate
aminotransferase and y-glutamyl transferase), and higher likelihood of fibrosis (by NFS and Fib-4 scores) (P < 0.05
for all). The proportion of advanced fibrosis also increased with an increase in the number of metabolic conditions
(4.1%, 25.5%, 35.6%, and 44.1% by NFS and 6.1%, 10.9%, 17%, and 26.5% by Fib-4 for no MAFLD and MAFLD with
1, 2, and 3 conditions, respectively). Among MAFLD patients, those with diabetes alone were the eldest and had
the highest mean value of NFS score and Fib-4 score (P < 0.05), while MAFLD patients diagnosed with lean
metabolic dysfunction exhibited the highest levels of TG and alanine aminotransferase but the lowest HDL levels
(P <0.05).

CONCLUSION

The study suggests that the severity of liver fibrosis in MAFLD patients is influenced by the number and type of
metabolic conditions present. Early identification and management of MAFLD, particularly in patients with
multiple metabolic conditions, are crucial to prevent liver-related complications.

Key Words: Metabolic syndrome; Diabetes; Fatty liver disease; Dyslipidemia; Obesity

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the first study on the South-Asian population on assessment of fibrosis among metabolic-associated fatty
liver disease (MAFLD) patients. The study highlights that as the number of risk factors increases in a patient with MAFLD,
it is more likely to have progression of liver fibrosis.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a spectrum of diseases ranging from benign accumulation of excessive fat in
the liver (steatosis) to the inflammation of liver cells [nonalcoholic steatohepatitis (NASH)]. It can lead to advanced
fibrosis, cirrhosis, and subsequent hepatocellular carcinoma (HCC). NAFLD is now one of the common indications for
liver transplantation from Western data. It is primarily a diagnosis of exclusion that needs to exclude other causes of liver
fat accumulation, for instance, alcohol intake above a certain quantity, medications, viral hepatitis, and autoimmune liver
disease[1]. The disease progression from benign fatty liver to inflammation and, ultimately, liver fibrosis is linked with
the co-existence of diabetes mellitus (DM), obesity, and metabolic syndrome (MS)[2]. This has resulted in the proposal of
this terminology change from NAFLD to metabolic-associated fatty liver disease (MAFLD) (metabolic malfunction
associated fatty liver disease)[3]. The Asian Pacific Association for the Study of the Liver (APASL) also endorsed this
amendment in nomenclature and the development of "diagnostic criteria" for MAFLD, unlike NAFLD, a diagnosis of
exclusion[4].

When evaluating fatty liver and fibrosis, liver biopsy remains the gold standard. Due to its invasive nature, various
noninvasive diagnostic tools (based on imaging or biomarkers) are now being used. Among them are the NAFLD fibrosis
score (NFS) and fibrosis-4 index (Fib-4), endorsed by various guidelines as preference screening panels for predicting
advanced fibrosis[4,5]. A strong body of evidence suggests that MAFLD is more effective than NAFLD in identifying
significant liver fibrosis[6,7]. However, whether the subtypes of MAFLD differentially influence liver fibrosis is not very
well understood, especially in the Asian population. Therefore, given the recent notion of MAFLD, our objective was to
compare the severity of liver fibrosis among different MAFLD subtypes.

MATERIALS AND METHODS

This cross-sectional study was conducted at the National Institute of Liver and GI Diseases, located at Dow University
Hospital in Karachi, Pakistan. Patients (ranging in age between 18 and 65 years, including both males and females)
diagnosed with fatty liver disease between January and December 2021 were included. Those patients with decom-
pensated liver disease, HCC, acute hepatitis, acute-on-chronic liver disease, and other concomitant liver disease (chronic
active viral, alcohol, autoimmune, or metabolic liver diseases) were excluded from this study. Pregnant or lactating
female patients and patients with concomitant systemic diseases such as tuberculosis, autoimmune disorders, and extra-
hepatic malignancies were also excluded.
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The demographic, clinical, and laboratory data of the patients were collected and analyzed. The main indications to
perform an ultrasound examination were symptoms of dyspepsia and right upper quadrant abdominal pain and an
evaluation showing deranged liver function tests. The fatty liver finding was confirmed on ultrasound examination based
on the diffuse increased hepatic parenchymal echogenicity or "bright texture of liver parenchyma"[8]. According to the
APASL guidelines, MAFLD was defined as the presence of fatty liver in conjunction with at least one of the following
three conditions: Overweight/obesity, type 2 DM, or evidence of metabolic dysfunction (MD) such as increased waist
circumference or an abnormal lipid or glycemic profile[4]. Fib-4 and NFS were noninvasive tools used to assess liver
fibrosis in this population with fatty liver disease. Asian cutoffs for body mass index (BMI) were used to classify the
subjects as overweight/obese vs lean/normal weight among different MAFLD groups. Figure 1 describes the study flow
chart.

The study was approved by the Institutional Review Board of Dow University of Health Sciences (IRB-1842). Informed
consent was obtained from all eligible participants. The methods employed in this study were in accordance with the
ethical standards of the responsible committee on human experimentation and with the Helsinki Declaration of 1975, as
revised in 2000.

The statistical analyses were executed using SPSS software version 26.0. Quantitative variables are expressed as the
mean * SD, while categorical variables are represented as frequencies and percentages. The chi-square test was used to
assess categorical variables. The Mann-Whitney U-test was applied to compare the difference between two groups, while
the Kruskal-Wallis test was performed to evaluate the difference among three groups. A P value of 0.05 or less was
considered significant.

RESULTS

A total of 322 patients with fatty liver were included, with a mean age of 44.84 + 11 years. The majority were female
(72%). The mean BMI was 29.83 + 5.53 kg/m?, 29.8% had DM, and 9.6% had hypertension.

Out of 322 patients with fatty liver, 273 were classified as having MAFLD. The MAFLD patients were further classified
into three categories corresponding to their components of metabolic conditions (i.e., one, two, and three). Out of 273
participants with MAFLD, 110 (40.3%) had a single metabolic condition, 129 (47.3%) had two metabolic conditions, and 34
(12.5%) had all three metabolic conditions (Figure 1).

With the increasing number of metabolic conditions, more patients were diabetic and obese, with the worsening of
liver enzymes and lipid profile, as well as increasing hepatic fibrosis scores. With an increase in the cumulative number of
metabolic conditions, the patients exhibited a significant elevation in their metabolic parameters such as BMI (28.99 + 5.19
vs 31.63 £ 5.19 vs 33.59 + 4.75; P < 0.001) and glycated hemoglobin (Hb1Ac) (5.97 £ 1.13 vs 6.82 + 1.86 vs 8.22 + 1.58, P <
0.001). Significant worsening of lipid profile was also noted with the increasing number of metabolic conditions as trigly-
ceride (TG) levels rose (182.45 £ 109.5 vs 198.13 + 98.8 vs 221.85 + 102.38, P = 0.002), while high-density lipoprotein (HDL)
levels showed a negative trend among MAFLD patients (41.65 + 15.08 vs 36.05 + 8.93 vs 32.38 + 6.62, P < 0.001).

As a consequence of these findings, increasing liver inflammation (as reflected by aspartate aminotransferase (AST)
28.62 + 20.74 vs 32.29 + 23.36 vs 40.06 + 26.74, P = 0.021 and y -glutamyl transferase 34.93 + 21.08 vs 51.50 + 36.44 vs 65.41 *
38.02, P <0.001) and liver fibrosis (reflected by the NFS score -2.59 + 1.59 vs -2.00 + 1.69 vs -1.39 £ 1.60, P = 0.002 and Fib-4
score 0.79 £ 0.45 vs 0.94 £ 0.86 vs 1.11 + 0.66, P = 0.041) were seen as the trends of different metabolic categories (Table 1).
The proportion of significant fibrosis was also established with the collective number of metabolic conditions. For the
NFS score, advanced fibrosis was present in 4.1% of subjects with no fulfilled criteria for MAFLD and in 25.5%, 35.6%,
and 44.1% with 1, 2, and 3 MAFLD conditions, respectively, while for the Fib-4 score, advanced fibrosis was present in
6.1% of subjects without MAFLD, and in 10.9%, 17%, and 26.5% with 1, 2, and 3 MAFLD conditions, respectively

Figure 2).

( ﬁzhe ag)e of the patients increases somewhat as the number of metabolic diseases increases, with more men afflicted, but
these results were not statistically significant across the categories. There was also no significant difference in ALT,
platelets, total cholesterol, low-density lipoprotein (LDL) cholesterol, total bilirubin, or alkaline phosphatase levels.

Furthermore, MAFLD patients with a single metabolic condition (n = 110, 40.3%) were sub-classified into three
categories: Obesity alone (1 = 61, 55.5%), lean MD (n = 34, 30.9%), and DM alone (n =15, 13.6%). Among MAFLD patients
with a single metabolic condition, those established with DM alone were the oldest and those with obesity alone were the
youngest (mean age 50.73 + 9.04 for DM vs 45.53 + 10.60 for lean MD and 41.72 + 10.03 for obesity alone, P = 0.005).
Similarly significant differences were noted in platelet count, which was within the normal range but the lowest in the
DM group (245.40 £ 50.70 vs 275.44 + 81.92 in lean MD vs 314.85 + 97.95 in obesity alone, P = 0.004), TG levels, which were
the highest in the lean MD group (269.02 + 120.03 vs 176.13 + 132.33 in DM vs 135.75 + 57.72 in obesity, P < 0.001), HDL
levels, which were the lowest in the lean MD group (39.96 £ 21.71 vs 42.30 £ 8.73 in obesity vs 42.50 £ 11.14 in DM, P =
0.026), and ALT levels, which were the highest in lean MD (43.94 + 28.41 vs 34.13 £+ 19.04 in DM vs 33.89 + 30.47 in obesity,
P = 0.043). Similarly, diabetic MAFLD had the highest Hb1Ac levels (8.03 £ 1.71 vs 5.77 + 0.48 vs 5.56 + 0.46, P < 0.001)
than others (Table 2).

When compared among the three subtypes of MAFLD, the proportion of advanced liver fibrosis was significantly
higher among diabetic MAFLD patients according to the NFS score (46.6% vs 26.5% for MD alone and 19.7% for obesity
alone), whereas patients with lean MD had the highest proportion of advanced fibrosis according to the Fib-4 score
(14.7% vs 9.8% for obesity alone vs 6.7% for DM alone) (Figure 3).

No significant differences were observed in gender distribution, education awareness, history of hypertension, blood
pressure, and blood levels of cholesterol, LDL, bilirubin, albumin, AST, and alkaline phosphate between these respective
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Table 1 Demographic, clinical, and laboratory characteristics of metabolic-associated fatty liver disease patients with different

metabolic conditions

MAFLD (n = 273) P value
.. Total(n NoMAFLD sjngle Two conditions Three . .

Characteristic ~ _ 329 =49 - " Single vs Singlevs Twovs

=322) (n=49) condition (n= (n=129; conditions (n= Overall two three three
110; 40.3%) 47.3%) 34; 12.5%)

Age (yr) 4484+11 4269+ 12  4413£1047 45.53 +10.80 47.65 £10.32 0332 0.474 0.138 0321

BMI (kg/m?) 29.83+  3438+220 28.99+519 31.63 £5.19 33.59 +4.75 <0.001 <0.001 <0.001 0.064
5.53

Female gender (%) 232 (72) 32 (65.3) 85 (77.3) 94 (72.9) 21 (61.8) 0.201 0.434 0.073 0.206

Hypertension (%) 31 (9.6)  5(10.2) 14 (12.7) 12 (9.3) 0(0.0) 0.086 0.397 0.029 0.065

Diabetes (%) 96 (29.8)  0(0) 15 (13.6) 47 (36.4) 34 (100) <0.001 <0.001 <0.001 <0.001

NFS score 241+  -376+119 -259+1.59 -2.00 +1.69 -1.39+1.60 0.002 0.033 <0.001 0.043
1.71

Fib-4 score 0.88 £ 075+047  0.79£045 0.94 +0.86 111 £0.66 0.041 0.771 0.009 0.031
0.67

DBP 8522+  8226+11  85.32£13.22 86.34 £ 11.59 84.91+11.80 0.631 0333 0.643 0.958
12.07

SBP 13386+ 1293416 133.00£17.73  134.83:20.8 139.56 £ 20.55 0.133 0.148 0.071 0376
19.18

Platelet count 29577+  30591+73 29320+91.20  294.06+92.0 29597 +110.13  0.888 0.644 0.856 0.811
90.85

Total cholesterol ~ 183.29+  1843+47.11 181.03+4235 18294 +483 190.41 £ 39.58 0375 0.705 0.266 0.161
4518

LDL 12481+ 12058+ 123.85+39.87  12652+413 127.44 £ 37.20 0.859 0.949 0.648 0.573
39.85 38.16

HDL 3855+  43.01+11.93 41.65+15.08 36.05 +8.93 32.38 + 6.62 <0.001 <0.001 <0.001 0.038
12.08

TG 18479+  12557+51.8 18245+1095  198.13+98.8 221.85+10238  0.002 0.022 0.001 0.050
101.2

Total bilirubin 054+ 055+026  0.53£035 057 +0.43 0.49 +0.31 0.284 0358 0.287 0.157
0.37

Direct bilirubin ~ 0.21% 021£023  0.19£0.09 0.24 035 0.18 £ 0.08 0.601 0417 0.732 0.417
0.24

Serum albumin 441t 451034 441037 4.37£0.38 4.40£043 0.552 0305 0.481 0.906
0.38

ALT 4067+  422+29 37.03 + 28.70 4230 + 36.49 44.09 £24.15 0.058 0.229 0.022 0.097
31.69

AST 31.84+ 3222420  28.62+20.74 32.29 +23.36 40.06 + 26.74 0.021 0361 0.004 0.040
226

GGT 4602+  4245+43.65 34.93+21.08 51.50 + 36.44 65.41 + 38.02 <0.001 <0.001 <0.001 0.016
34.77

ALP 11082+  1053+40  111.90+59.42  108.22 £ 46.1 125.24 + 58.81 0.169 0.802 0.089 0.070
51.76

HbAlc 6.44 £ 532+£04  597+1.13 6.82+1.86 822+158 <0.001 <0.001 <0.001 <0.001
1.65

MAFLD: Metabolic associated fatty liver disease; BMI: Body mass index; NFS: Nonalcoholic fatty liver disease fibrosis score; Fib-4: Fibrosis-4 index; DBP:
Diastolic blood pressure; SBP: Systolic blood pressure; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TG: Triglyceride; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; GGT: y-glutamyl transferase; ALP: Alkaline phosphatase; HbAlc: Glycated hemoglobin.
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Table 2 Comparison of demographic, clinical, and laboratory characteristics among metabolic associated fatty liver disease with a

single metabolic condition alone

P value
Characteristic Obesity alone (n  Lean MD (n= DM alone (n = — -
= 61) 34) 15) Overall y Obesity Lean MD
vs lean MD vs DM vs DM

Age (yr) 41.72 +10.03 45,53 +10.60 50.73 + 9.04 0.005 0.082 0.002 0.116
BMI (kg/m?) 32.33 + 4.66 24.86 +1.63 24.81 +1.58 <0.001 <0.001 <0.001 0.965
Female Gender (%) 51 (83.6) 23 (67.6) 11 (73.3) 0.191 0.072 0.358 0.691
Hypertension (%) 8 (13.1) 6 (17.6) 0(0.0) 0.230 0.551 0.138 0.082
NFS score 2,86 +1.74 -2.50 +1.40 -1.61+0.81 0.017 0.309 0.005 0.054
Fib-4 score 0.68 +0.35 0.92 +0.56 0.95 +0.48 0.027 0.050 0.017 0.761
DBP 84.26 +15.41 87.03 +10.43 85.73 + 8.61 0.499 0.262 0.548 0.728
SBP 131.03 + 17.46 135.82+19.94  134.60+12.89 0306 0.255 0.181 0.828
Platelet count 314.85 + 97.95 27544 +81.92  24540+50.70  0.004 0.032 0.002 0.298
Total cholesterol 176.91 + 37.71 190.97 +49.33  175.00+41.93  0.336 0.160 0.879 0.313
LDL 120.53 + 35.87 12676 +44.83  130.73+44.80  0.626 0473 0.433 0.688
HDL 4250 +11.14 39.96 + 21.71 4230+8.73 0.026 0.010 0.678 0.079
TG 135.75 + 57.72 269.02+120.03 176.13+132.33 < 0.001 <0.001 0.213 0.001
Total bilirubin 0.52 +0.43 0.55 + 0.24 0.50 +0.22 0.171 0.055 0.698 0.467
Direct bilirubin 0.19 +0.10 0.18 + 0.08 0.20 + 0.09 0.613 0.480 0.549 0.424
Serum albumin 4414034 4.40+0.33 4.44 +0.59 0.731 0.779 0.526 0.428
ALT 33.89 +30.47 43.94 +28.41 34.13 +19.04 0.043 0.016 0.264 0.288
AST 25.75 +15.38 34.76 + 29.26 26.33 +13.60 0.086 0.025 0.724 0.302
GGT 32.32+£21.22 37.85 + 20.37 39.15 + 22.28 0.139 0.083 0.169 0.849
ALP 113.61 + 68.86 107.03+39.59 1160045823  0.948 0.880 0.734 0.888
HbAlc 5.56 + 0.46 5.77 + 0.48 8.03 +1.71 <0.001 0.006 <0.001 <0.001

MD: Metabolic dysfunction; DM: Diabetes mellitus; BMI: Body mass index; NFS: Nonalcoholic fatty liver disease fibrosis score; Fib-4: Fibrosis-4 index;
DBP: Diastolic blood pressure; SBP: Systolic blood pressure; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TG: Triglyceride; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; GGT: y-glutamyl transferase; ALP: Alkaline phosphatase; HbAlc: Glycated hemoglobin.

three groups.

DISCUSSION

The present study provides valuable insights into the progression of MAFLD and its subtypes in the Pakistani
population. Our findings demonstrated that as the cumulative number of metabolic conditions increased, there was a
corresponding escalation in the NFS and Fib-4 scores. This trend aligns with the work of Yamamura et al[6], which also
reported that patients with multiple metabolic conditions exhibited a higher risk of advanced fibrosis.

In our study, around 60% of patients had more than one metabolic condition, which is comparable to a recent study of
the NHANES III database in which more than 70% of all patients with MAFLD had more than one metabolic condition.
Additionally, having more than one metabolic condition was associated with abnormal liver function tests and kidney
diseases[9]. The same study found that there were an increasing number of metabolic conditions in the higher age group.
In our study, there was only a non-significant association between older age and comorbidities. This may be attributed to
the different demographic spectra in our population (North American vs Southeast Asian). Recent meta-analytical
evidence lends further credence, delineating the clinical characteristics of NAFLD in Asian populations. It demonstrates
that the pooled mean age of NAFLD patients was 52.07 years (95%CI: 51.28-52.85), which contrasts with a notably
younger mean age of 42.66 years (95%Cl: 32.23-53.11) observed in patients from Southeast Asia, indicating regional age-
related disparities among NAFLD patients[10].
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Figure 1 Flow chart of sample selection. HCC: Hepatocellular carcinoma; MAFLD: Metabolic-associated fatty liver disease.
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Figure 2 Proportion of advanced liver fibrosis in relation to the cumulative number of metabolic conditions. Fib-4: Fibrosis-4 index; NFS:
Nonalcoholic fatty liver disease fibrosis score; MAFLD: Metabolic-associated fatty liver disease.
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Figure 3 Proportion of advanced liver fibrosis in patients with single metabolic conditions. Fib-4: Fibrosis-4 index; NFS: Nonalcoholic fatty liver
disease fibrosis score; MD: Metabolic dysfunction; DM: Diabetes mellitus.

The degree of liver fibrosis varies across MAFLD subtypes[11], with an increased risk of liver-related death as fibrosis
progresses[12]. Hence, we further classified the MAFLD into subtypes according to the type of metabolic conditions.
Interestingly, the sub-classification of MAFLD based on individual metabolic conditions revealed distinct profiles.
Diabetic MAFLD patients tended to be older, have higher TG levels, and exhibit more pronounced fibrosis compared to
those with other MAFLD subtypes, echoing the finding of Chhabra et al[13] that diabetes is a strong predictor of
advanced fibrosis in MAFLD. Studies have consistently shown a higher proportion of advanced liver fibrosis in diabetic
MAFLD patients compared to other MAFLD subtypes[9,14]. The relationship between DM, MAFLD, and advanced
fibrosis is likely a multifactorial chronic process, with insulin resistance and older age playing significant roles[15,16].
This relationship is reflected in the Fib-4 and NFS scores, which incorporate age as a variable, leading to higher scores in
older individuals. These findings underscore the importance of considering diabetes as a risk factor for advanced fibrosis
in MAFLD patients, particularly among older individuals. Early identification and management of diabetes and MAFLD
are crucial to prevent liver-related complications and improve patient outcomes.

Elevated TG, ALT, and AST levels in lean MAFLD indicate that lean MAFLD has clinical implications and is associated
with liver inflammation or injury. Lean MAFLD patients have a more detrimental metabolic profile compared to lean
non-MAFLD patients[17]. Lean MAFLD is independently associated with an increased risk of overall mortality [hazard
ratio (HR): 1.296; 95%CI: 1.064-1.578][18], as well as liver-specific mortality (HR: 2.84; 95%CI: 2.72-2.97) as compared to
other MAFLD subtypes[19]. Furthermore, this impact was also observed in post-liver transplant, as lean NASH patients
have worse post-liver transplant overall survival compared to non-lean NASH (HR: 0.17; 95%CI: 0.03-0.86, P = 0.0142)
[20]. These findings highlight the importance of recognizing lean MAFLD as a distinct clinical entity with significant
adverse health outcomes. Early identification and management of lean MAFLD are crucial to prevent liver-related
complications and improve patient outcomes.

On the other hand, individuals with obesity as the sole metabolic condition presented with a younger age and less
severe fibrosis, suggesting a potential protective effect of youth or a longer disease trajectory before significant fibrosis
develops, which has been suggested by Yang et al[21].

Our study did not find statistically significant differences in ALT, total cholesterol, LDL, bilirubin, or alkaline
phosphatase levels across the MAFLD subtypes, which diverges from the findings of Wong et al[22], who reported dyslip-
idemia and elevated liver enzymes as common features in MAFLD patients. This discrepancy could be attributed to the
genetic or dietary factors unique to our study population, underlining the complexity of MAFLD phenotypes as noted by
Eslam et al[23].

The diagnostic performance of Fib-4 and NFS for advanced fibrosis can be influenced by various factors, including age,
DM, and BML. In particular, the inclusion of overweight or obesity as a criterion for MAFLD has impacted the BMI
component in NFS, leading to differences in the sensitivity and specificity of the two scores in identifying advanced
fibrosis. A recent study found that although the overall performance of Fib-4 and NFS in diagnosing liver fibrosis was
similar between lean and non-lean individuals, the sensitivity and specificity of NFS varied according to BMI quartile
ranges. Specifically, NFS was found to be less sensitive in lean individuals compared to Fib-4[24]. Another study found
that the diagnostic ability of NFS was lower among individuals with diabetes compared to Fib-4 [area under the receiver
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operating characteristic curve (AUROC) 0.717 vs 0.809; P = 0.002]. This suggests that NFS may not be as effective in
identifying advanced fibrosis in patients with diabetes[25]. A recent study also found that Fib-4 was superior to NFS in
accurately classifying non-obese NAFLD patients with F2-4 fibrosis (AUROC 81.5% vs 73.7%, P < 0.001). This suggests
that Fib-4 may be a better choice for diagnosing advanced fibrosis in this patient population[26]. Overall, the evidence
suggests that Fib-4 may be a more reliable tool for diagnosing advanced fibrosis than NFS, particularly in lean individuals
and patients with diabetes. Further research is needed to confirm these findings and to determine the optimal use of both
scores in clinical practice.

The strengths of this study are multifaceted, encompassing stringent participant selection, methodological robustness,
ethical integrity, and analytical rigor. First, the study employed rigorous inclusion and exclusion criteria, ensuring a well-
defined study population that accurately represented the target demographic for MAFLD. This strategic participant
selection minimized confounding variables, thereby enhancing the validity of the findings. Second, the adoption of a
cross-sectional study design facilitated the examination of the prevalence and association patterns of liver fibrosis with
metabolic conditions at a specific point in time. Moreover, this is the first study on the South Asian population to high-
light the importance of subtyping MAFLD, validating previous reports from the Western world that the severity of liver
fibrosis varies across the MAFLD subtypes and is linked with mortality in fatty liver disease[27,28]. The ample sample
size of 322 patients provided sufficient statistical power to the findings. The subclassification of MAFLD patients based
on the presence of metabolic conditions permitted a nuanced analysis of the data. Lastly, the real-world clinical setting at
Dow University Hospital ensured that the research findings were applicable and relevant to clinical practice, enhancing
the external validity and generalizability of the study.

The present study, while contributing valuable insights into the long-term implications of MAFLD subtypes on hepatic
fibrosis, is not without its limitations that merit acknowledgment. First, the study's design was observational, precluding
any assertions of causality between MAFLD subtypes and the progression of hepatic fibrosis. Second, the reliance on
existing clinical datasets limits the scope to fully capture the nuances of patients’ longitudinal metabolic changes and
their direct impact on liver pathology. Another constraint is the study's dependence on non-invasive markers of hepatic
fibrosis, which, while clinically relevant, cannot substitute for the histopathological assessment through liver biopsy or
transient elastography, the gold standard for fibrosis evaluation. The use of surrogate endpoints, therefore, necessitates
cautious interpretation of the findings. However, Fib-4 and NFS are widely used and endorsed by various guidelines for
screening MAFLD patients for advanced fibrosis, and they are superior to other scores like aspartate aminotransferase to
platelet ratio index (APRI) and BMI, AST/ALT ratio, and diabetes mellitus (BARD)[29,30]. Even though, they may not be
as effective due to limitations by risk factors like age and BMI scores[1]. Lastly, the study's geographic and demographic
concentration may restrict the generalizability of the findings across different populations and ethnicities.

These limitations highlight areas for future research, emphasizing the need for prospective studies, using a longit-
udinal study design, larger sample size with a more diverse demographic distribution, integration of transient
elastography with existing non-invasive markers like NFS and Fib-4, and comparative analyses juxtaposing patients with
MAFLD against control groups without MD, to delineate the specific contributory pathways leading to fibrosis within the
context of MS.

CONCLUSION

This research has rigorously demonstrated that the severity of liver fibrosis in MAFLD patients is influenced by the
number and type of metabolic conditions present. Early identification and management of MAFLD, particularly in
patients with multiple metabolic conditions, are crucial to prevent liver-related complications.

ARTICLE HIGHLIGHTS

Research background

Metabolic-associated fatty liver disease (MAFLD) is a medical condition characterized by the presence of fatty liver along
with overweight/obesity and/or diabetes and/or metabolic dysfunction. However, whether the subtypes of MAFLD
based on the metabolic disorder differentially impact on liver fibrosis is not well explicated, especially in the Asian
population.

Research motivation

Different subgroups of MAFLD present distinct clinical spectra and risks of advanced liver fibrosis, which can influence
their treatment strategies. Metabolic syndrome is related to higher deaths in nonalcoholic fatty liver disease (NAFLD)
patients. Moreover, the high fibrotic burden in fatty liver disease is associated with a higher risk of development of
hepatocellular carcinoma, liver-related mortality, and cardiovascular disease. Hence, it is worth classifying the MAFLD
patients depending on the number of metabolic conditions at the beginning. This helps to stratify patients with MAFLD
according to the long-term risk of significant liver fibrosis.

Research objectives
To compare the severity of liver fibrosis among different MAFLD subtypes.
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Research methods

This was a cross-sectional investigation carried out at the National Institute of Liver and GI Diseases, located at Dow
University Hospital in Karachi, Pakistan. All patients aged between 18 and 65 years, irrespective of gender, who were
diagnosed with fatty liver between January and December 2021 were included. Patients with decompensated liver
disease, hepatocellular carcinoma, acute hepatitis, acute-on-chronic liver disease, and other concomitant liver disease
(chronic active viral, alcohol, autoimmune, or metabolic liver diseases) were excluded. Pregnant or lactating female
patients and patients with concomitant systemic diseases such as tuberculosis, autoimmune disorders, and extra-hepatic
malignancies were also excluded from the study. MAFLD was defined according to the Asia Pacific Association for the
Study of the Liver guidelines, and fibrosis-4 index (Fib-4) and NAFLD fibrosis score (NFS) were used to assess liver
fibrosis. Asian cutoffs were used for body mass index to classify the subjects into overweight/obese vs lean/normal
weight MAFLD groups.

Research results

Out of 322 patients with fatty liver, 273 were classified as having MAFLD. The MAFLD patients were segregated into
three categories according to their number of metabolic conditions (i.e., one, two, and three). Out of 273 participants with
MAFLD, 110 (40.3%) carried a single metabolic condition, 129 (47.3%) had two metabolic conditions, and 34 (12.5%) had
all the three metabolic conditions. The proportion of significant fibrosis increased with the cumulative number of
metabolic conditions. For the NFS score, advanced fibrosis was 4.1%, 25.5%, 35.6%, and 44.1% for no MAFLD and
MAFLD with 1, 2, and 3 conditions, respectively, while for Fib-4 score, the proportion of advanced fibrosis was 6.1%,
10.9%, 17%, and 26.5% for no MAFLD and MAFLD with 1, 2, and 3 conditions, respectively. Furthermore, MAFLD
patients with a single metabolic condition (1 = 110, 40.3%) were sub-classified into three categories: Obesity alone (n = 61,
55.5%), lean metabolic dysfunction (MD) (n = 34, 30.9%), and diabetes mellitus (DM) alone (n = 15, 13.6%). When
compared among the three subtypes of MAFLD, the proportion of advanced liver fibrosis was significantly higher among
diabetic MAFLD patients according to the NFS score (46.6% vs 26.5% for MD alone and 19.7% for obesity alone), whereas
patients with lean MD had the highest proportion of advanced fibrosis according to the Fib-4 score (14.7% vs 9.8% for
obesity alone vs 6.7% for DM alone).

Research conclusions

The increased number of metabolic conditions increases the likelihood of fibrosis in patients with MAFLD. The severity of
liver fibrosis varies among different subtypes of MAFLD. Patients with diabetes and MAFLD have the highest risk of
developing fibrosis.

Research perspectives

The direction of future research in this area involves several key questions that need to be addressed. Investigating the
specific diagnostic markers for different subgroups within MAFLD, such as those with obesity, lean individuals, and
those with type 2 diabetes. Further exploration is needed regarding the pathogenesis of MAFLD/metabolic dysfunction-
associated steatohepatitis (MASH). By conducting thorough investigations into these areas, researchers can gain a better
understanding of the complexities surrounding non-alcoholic fatty liver disease and its associated MD. Future research
should focus on identifying effective pharmacotherapeutic interventions for MAFLD/MASH, as there is currently no
approved treatment for this condition.
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Abstract

BACKGROUND

The function of prohibitin 1 (Phbl) during liver regeneration (LR) remains
relatively unexplored. Our previous research identified downregulation of Phbl
in rat liver mitochondria 24 h after 70% partial hepatectomy (PHx), as determined
by subcellular proteomic analysis.

AIM
To investigate the potential role of Phbl during LR.

METHODS

We examined changes in Phbl mRNA and protein levels, subcellular distribution,
and abundance in rat liver during LR following 70% PHx. We also evaluated
mitochondrial changes and apoptosis using electron microscopy and flow
cytometry. RNA-interference-mediated knockdown of Phbl (PHBi) was
performed in BRL-3A cells.

RESULTS

Compared with sham-operation control groups, Phbl mRNA and protein levels
in 70% PHXx test groups were downregulated at 24 h, then upregulated at 72 and
168 h. Phbl was mainly located in mitochondria, showed a reduced abundance at
24 h, significantly increased at 72 h, and almost recovered to normal at 168 h. Phb1
was also present in nuclei, with continuous increase in abundance observed 72
and 168 h after 70% PHx. The altered ultrastructure and reduced mass of
mitochondria during LR had almost completely recovered to normal at 168 h.
PHBi in BRL-3A cells resulted in increased S-phase entry, a higher number of
apoptotic cells, and disruption of mitochondrial membrane potential.

CONCLUSION
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Phbl may contribute to maintaining mitochondprial stability and could play a role in regulating cell proliferation
and apoptosis of rat liver cells during LR.

Key Words: Prohibitin 1; Liver regeneration; Subcellular proteomic analysis; Mitochondrial stability; Cell proliferation
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Core tip: Using subcellular proteomic analysis, we previously found that prohibitin 1 (Phbl) was downregulated in rat liver
mitochondria at 24 h after 70% partial hepatectomy (PHx). Phbl has various functions, but little is known about its role
during liver regeneration (LR). To explore the function of Phbl in mitochondria during LR, we investigated the changes of
Phb1 expression, the alterations of mitochondrial mass and ultrastructure, and the subcellular distribution of Phbl at 24, 72
and 168 h in rat liver after 70% PHx. Using RNA-interference-mediated knockdown of Phb1, the potential functions of Phbl
were analyzed. Phbl was differentially expressed during LR.
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INTRODUCTION

It is well known that the liver has the capacity to regenerate and restore its original size and function after 70% partial
hepatectomy (PHx), or injury[1,2]. It would be important clinically to develop therapeutic strategies to enhance liver
regeneration (LR) or support the liver in its attempt to restore its functional integrity under pathophysiological circum-
stances[3,4]. However, the complexity of the regulatory mechanisms of LR, together with our limited understanding of
the functional priorities of the hepatocytes have rendered difficult the identification of targets for therapeutic
interventions.

As the hub of energy metabolism, mitochondria have been investigated due to their direct involvement in the process
of LR[5]. In an attempt to identify mitochondrial proteins that are correlated with the early phase of LR, using subcellular
proteomic analysis in our recent study, our recent study revealed that Prohibitin 1 (Phb1), a potential tumor suppressor
protein, was downregulated in rat liver mitochondria at 24 h after 70% PHx[6].

Phbl is a ubiquitously expressed highly conserved protein among eukaryotes. Previous research has proposed that
Phb1 is involved in many cellular processes, such as cell cycle regulation, senescence, transcription regulation, tumor
suppression and apoptosis[7-11]. Phbl1 is reported to mainly localize in mitochondria, with its expression upregulated by
mitochondrial stress and downregulated during cellular senescence[12]. Therefore, Phb1 is thought to have a crucial role
in mitochondria function. One study identified a novel function of Phb1 in the maintenance of mitochondrial DNA
(mtDNA). In Phbl-knockdown cells, the status of mtDNA is altered in several ways[13]. Despite such information, our
understanding of the overall functions of Phb1 in mitochondria remains incomplete and its potential role during LR is
largely unexplored. LR is a complicated biological procedure involving various signal transduction pathways and
molecular events[14,15]. Thus, we hypothesized that Phbl could play a crucial role during LR. This study aimed to
investigate the function of Phbl in mitochondria during changes in Phbl expression, mitochondrial mass and
ultrastructure, and the subcellular distribution of Phbl at 24, 72 and 168 h post 70% PHx in rat liver. Using RNA-
interference-mediated knockdown of Phbl (PHBi), we also analyzed the potential functions of Phbl. Our results revealed
differential expression of Phbl during LR, with its primary localization in mitochondria, where its altered expression may
be associated with the recovery of mitochondrial mass and ultrastructure. Phbl was also present in the nuclei, with
increased abundance during LR. PHBi in BRL-3A cells, a widely used cell line in liver research, led to increased S-phase
entry and apoptotic cell count. We also observed disruption of mitochondrial membrane potential following Phbl
knockdown in BRL-3A cells, mirroring our previous findings. Collectively, these results suggest that Phbl may contribute
to maintaining mitochondrial stability and regulating the cell cycle and apoptosis during LR.

MATERIALS AND METHODS

Animals and surgery

Adult male Sprague-Dawley rats (220-250 g) were obtained from the Experimental Animal House at Second Military
Medical University (Shanghai, China). The rats were randomly divided into two groups: Five served as the sham-
operation control group and the other five comprised the 70% PHx test group. PHx (~70%) was performed according to
the method of Higgins ef al[16]. The experimental rats were anesthetized by intraperitoneal injection of 2% pentobarbital
(40 mg/kg). In the test group, the median and left lateral lobes were removed without injuring the remaining liver tissue.
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The control group underwent a sham operation identical to the test group procedure, but without liver removal. After
surgery, the rats were kept on a standard diet until they were killed by cervical dislocation under anesthesia.

Electron microscopy

Liver specimens were fixed with 4% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4) for 4 h at 4C. After
fixation, they were washed overnight in sodium cacodylate buffer at 4C. The specimens were then postfixed with 1%
osmium tetroxide in sodium cacodylate buffer for 1 h at 4C, dehydrated in alcohol, embedded in araldite resin, and
semithin sections were removed for optical microscopy. Ultrathin sections were mounted on copper mesh grids and
stained with uranyl acetate and lead citrate as described[17] before examination with a Hitachi H-800 electron
microscope.

Separation of rat liver subcellular fractions and protein preparation

Rat livers were removed and treated as previously reported[18] for isolation of nuclei, cytosol and mitochondria. Livers
were collected and homogenized. Subsequent centrifugation at increasingly higher speeds at 4C yielded the following
fractions: Nuclear fraction at 1000 g for 10 min; mitochondrial fraction at 15 000 g for 15 min; and microsomes at 144 000 g
for 90 min. The final supernatant was the cytosolic fraction. Purification of mitochondria was performed by Nycodenz
density gradient purification[19]. The mitochondrial pellets obtained from differential centrifugation were suspended in
12 mL 25% Nycodenz and placed onto a discontinuous Nycodenz gradient consisting of 5 mL 34% Nycodenz and 8 mL
30% Nycodenz, followed by 8 mL 23% Nycodenz, and finally, 3 mL 20% Nycodenz. The sealed tubes were centrifuged for
90 min at 52 000 g at 4C. The mitochondria were in the band at the 25% /30% interface which was collected and diluted
with the same volume of homogenization buffer and then centrifuged twice at 15 000 g for 20 min. The preparation of
each subcellular fraction protein of rat livers was performed as previously described[19]. Protein concentration of each
fraction was determined with a Quick Start Bradford Assay Kit (Bio-Rad).

Western blotting

Protein extracts of each sample were separated on 12% SDS-PAGE and transferred to nitrocellulose membranes
(Millipore). The blots were probed by anti-Phbl antibody (Neomarker) and proteins were normalized with anti--actin
antibody (Neomarker) or anti-COX IV antibody (Cell Signaling) or anti-histone H3 antibody (Cell Signaling) and were
visualized by Amersham ECL system. The digital image was obtained by scanning the membrane, and then subjected to
gray value analysis. For a better understanding of western blotting results and derived ratio changes, a detailed
methodology introduction can be found in the subsequent figures and legends.

Cell culture

The normal rat liver cell line BRL-3A was obtained from the Shanghai Institute of Biochemistry and Cell Biology. The
BRL-3A cells were maintained as a monolayer in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10%
(v/v) fetal bovine serum, 100 U/mL penicillin, and 100 mg /mL streptomycin. The cells were maintained at 37C in an
atmosphere with 5% CO.,.

RNA interference

Duplex siRNA was obtained from GeneChem (Shanghai, China). The siRNA sequence targeting rat Phbl was 5'-
GCCAGAUUUGUGGUGGAAALt-3” (sense) and 5-UUUCCACCACAAAUCUGGCtt-3" (antisense). A nonsense duplex
was used as the control (mock). BRL-3A cells were plated on six-well plates with antibiotic-free DMEM overnight and
transfected with siRNA by Lipofectamine2000 (Invitrogen). The final concentration of siRNA duplex was 100 nM. Six
hours after transfection, the medium was switched to DMEM supplemented with antibiotics.

Reverse transcription polymerase chain reaction (RT-PCR) and quantitative RT-PCR

Total RNA of each sample was isolated by TRIzol reagent (Invitrogen). After treatment with DNase I, each RNA sample
was reverse-transcribed with random primers (dN6) (MBI Fermantas, Vilnius, Lithuania). The single-stranded cDNA was
used in quantitative real-time PCR to evaluate the relative expression levels of Phbl (5-GCGGTGGAAGCCAAACAG-3
and 5-TTCTTCTGCTGCTCAGCCTTT-3"), compared to -actin (5'-ATGGTGGGTATGGGTCAGAAG-3’ and 5'-
TGGCTGGGGTGTTGAAGGTC-3’) used as an internal control for determining cell number and metabolic status.
Quantitative real-time PCR (ABI7300, Applied Biosystems) was done with the SYBR Green I reagents (TOYOBO) and the
primers were designed according to the ABI manufacturer’s protocol. Forty cycles of PCR were performed with cycling
conditions of 15 s at 95C and 60 s at 60C. The real-time PCR signals were analyzed with LightCycler 3.5 software (Roche
Diagnostics).

Flow cytometry

Cells were stained with propidium iodide (PI; BD Clontech) as previously described[20]. A suspension of 10* cells was
analyzed for each DNA histogram, and from the analysis of DNA histograms, the percentages of cells in different phases
of cell cycle were evaluated. Flow cytometry was performed on a FACSCalibur and analyzed using CellQuest software
(BD Bioscience). The Annexin V/PI method was used to quantify numbers of apoptotic cells. Cells were washed twice
with phosphate-buffered saline and stained with Annexin V and PI for 20 min at room temperature. The level of
apoptosis was determined by measuring the fluorescence of the cells by flow cytometry analysis.
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Statistical analysis
The data presented are the means + SD of three independent experiments. Statistical significance was estimated with
Student’s t-test for unpaired observations. P < 0.05 was considered significant.

RESULTS

Altered expression of Phb1 mRNA and protein abundance during LR

Phbl mRNA expression was examined by real-time PCR. Compared with the control group, expression of Phbl mRNA in
the 70% PHx test group was 0.46-fold decreased at 24 h, and 1.54-fold and 1.89-fold increased at 72 and 168 h, respectively
(Figure 1A). Western blotting showed that Phbl protein expression during LR was 0.54-fold decreased at 24 h, and 1.48-
fold and 1.73-fold increased at 72 and 168 h, respectively, after 70% PHx (Figure 1B), which was consistent with the
expression of Phbl mRNA.

Subcellular distribution and protein abundance alteration in each subcellular fraction of Phb1 during LR

Previous observations suggest that examining the subcellular distribution of Phbl might yield important information
about physiological or pathological processes that are taking place in cells. To verify the cellular distribution pattern of
Phbl during LR, we fractionated cytosolic, mitochondrial and nuclear fractions of rat liver cells and performed western
blotting analysis. The purity of subcellular fractionation was controlled by several marker proteins (Figure 2A). Phbl was
mainly located in mitochondria and its abundance was reduced 0.47-fold at 24 h, and induced 1.47-fold at 72 h and almost
recovered to normal at 168 h after 70% PHx (Figure 2B). Phbl was also located in nuclei and its abundance was increased
during LR after 70% PHx (Figure 2C). No Phbl was found in the cytosol.

Alterations of mitochondria during LR

Mitochondrial mass and ultrastructural alterations during LR were observed to determine whether Phbl changes were
associated with mitochondrial stabilization or biogenesis. The mitochondrial mass was quantified by examining the
protein contents of mitochondrial fractions[21] extracted from equivalent weights (1 g) of liver tissues from each experi-
mental group. The results indicated an increase in mitochondrial protein contents during LR with 5.37 + 0.08, 6.38 + 0.10
and 7.16 + 0.16 mg at 24 , 72 and 168 h respectively, after 70% PHx. The mitochondrial protein contents at 168 h in the 70%
PHx test group closely mirrored that of the control group (Figure 3A).

Mitochondrial ultrastructural alterations during LR were observed by electron microscopy. The mitochondrial
morphologies of control livers (Figure 3B upper panel) (SH 24 h, SH 72 h, SH 168 h), were characterized by a consistent
basic architecture featuring a folded internal membrane and a dense matrix. The alterations in mitochondrial ultrast-
ructure following 70% PHx are showed in Figure 3B bottom panel. At 24 h after 70% PHx (PH 24 h), the mitochondria
displayed significant swelling, reduction in the number of cristae, dilated and pale matrix, absence of dense granules, and
clear matrix compartment vacuolization. At 72 h after 70% PHx (PH 72 h), only slight changes with moderate distension
were seen in mitochondrial morphology. By 168 h after 70% PHx (PH 168 h), the mitochondria had mostly returned to
their normal morphology, and were rich in cristae, with an electron-dense matrix. These alterations in mitochondrial
ultrastructure have been associated with changed in mitochondrial function during LR[17].

PHBi leads to an increase in the number of apoptotic cells

To downregulate Phb1 cellular expression, PHBi was performed in BRL-3A cells. PHBi resulted in a dramatic reduction
in both Phbl mRNA and protein level compared with that of the control group (mock). Detailed results are available in
our previous publication[4].

Previous reports have suggested that Phbl could serve an antiapoptotic role in undifferentiated granulosa cells[22]. In
this study, to evaluate whether Phbl was involved in modulating apoptosis in rat liver cells, flow cytometry was used to
evaluate percentage of apoptotic cells by Annexin V/PI staining. Phbl knockdown cells displayed a 1.56-fold increase in
the percentage of apoptotic cells compared with controls (Figure 4A).

PHBi leads to increased S-phase entry

We investigated whether the decrease of Phbl by PHBi had any effect on cell growth and proliferation. The cell cycle
distribution in Phbl knockdown cells showed a 1.26-fold increase in the S-phase compared to control cells (Figure 4B).
Although the increase in the S-phase was not dramatic, the difference was significant. Nuell et al[23] also previously
reported a cell cycle modulatory role of Phb1, indicating that Phbl could function as a negative cell cycle regulator.

DISCUSSION

Phb1, a potential tumor suppressor protein, was initially cloned due to its ability to induce G1/S phase arrest. Phbl is
proposed to be involved in numerous cellular processes. However, most studies to date have focused on the role of Phbl
in various types of tumors, with its role during LR remaining largely unexplored. In recent years, some studies have
explored the role of Phbl in liver injury and liver cancer[10,24-27]. However, the role of Phbl in LR remained unstudied.
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Figure 1 Altered expression of prohibitin 1 mRNA and protein during liver regeneration. A: Altered expression of prohibitin 1 (Phb1) mRNA during
liver regeneration (LR). Rat livers were homogenized and harvested with TRIzol reagent. Real-time polymerase chain reaction (PCR) amplifications were performed,
standardized by the amounts of B-actin. The real-time PCR signals were analyzed with LightCycler 3.5 software; B: Altered expression of Phb1 protein during LR.
Equal amounts of protein from each sample were separated on 12% SDS-PAGE and immunoblotted with antibodies against Phb1 and control protein, B-actin. On the
left are the western blotting results, and on the right is a gray analysis of the results showing the fold changes of Phb1 expression in PH groups in comparison with
SH groups, standardized by the amounts of B-actin. All grouping of gels/blots were cropped from different parts of the same gel. PH: 70% PHx test groups; PHx:
Partial hepatectomy; SH: Sham-operation control groups;. Results are from three independent experiments and data are represented as means + SD. 2P < 0.05,
versus control group, significant difference.
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Figure 2 Subcellular distribution and protein abundance alterations of prohibitin 1 during liver regeneration. Equal amounts of protein extracts
obtained from each subcellular fraction were separated on 12% SDS-PAGE and immunoblotted with antibodies against prohibitin 1 (Phb1), cyclooxygenase IV (COX
IV) and histone H3. A: Control western blotting for subcellular fractionation (COX IV for mitochondria and Histone H3 for nuclei). The grouping of gels/blots were
cropped from different parts of different gels; B: Changes in Phb1 protein abundance in mitochondria. On the left are the western blotting results, and on the right is a
gray analysis of the results showing the fold changes of Phb1 expression in mitochondria in PH groups in comparison with SH groups, standardized by the amounts
of COX IV. The grouping of gels/blots in PH groups were cropped from different parts of the same gel. The grouping of gels/blots in SH groups were cropped from
different parts of the same gel; C: Changes of Phb1 protein abundance in nucleus. On the left are the Western blotting results, and on the right is a gray analysis of
the results showing the fold changes of Phb1 expression in nucleus in PH groups in comparison with SH groups, standardized by the amounts of Histone H3. The
grouping of gels/blots for Phb1 were cropped from different parts of the same gel. The grouping of gels/blots for histone H3 were cropped from different parts of the
same gel. PH: 70% PHx test groups; PHx: Partial hepatectomy; SH: Sham-operation control groups. Results are from three independent experiments and data are
represented as means + SD. 2P < 0.05, versus control group, significant difference.

In this study, Phbl mRNA and protein expression underwent concordant changes during LR after 70% PHx.
Compared to sham-operation control groups, 70% PHx test groups showed downregulation of Phbl mRNA and protein
expression at 24 h, and upregulation at 72 and 168 h (Figure 1). A previous study found that the gene encoding Phbl
might have additional antiproliferative effects that do not require translation[11]. Manjeshwar et al[28] reported that the 3’
untranslated region of the Phbl gene encoded a functional RNA that arrested cell-cycle proliferation between the G1 and
S phases. In light of previous reports, we propose that Phbl might regulate cell proliferation during LR in a complex
manner, potentially involving mechanisms mediated by both Phbl mRNA and protein.
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Figure 3 Mitochondrial mass and ultrastructural alterations during liver regeneration. A: Changes of mitochondrial mass during liver regeneration
(LR). Mitochondrial mass was measured by examining the protein contents of mitochondrial fractions extracted from the same weight (1 g) liver tissues of each
experimental group; B: Electron micrographs of mitochondria in liver tissues during LR. Three maps in the upper panel are detail of hepatocytes in control groups,
showing normal mitochondria. The other three maps in the bottom panel are detail of hepatocytes after 70% PHXx, showing altered mitochondria during LR. PH: 70%
PHx test groups; PHx: Partial hepatectomy; SH: Sham-operation control groups; PH: 70% PHx test groups. Ten randomly selected electron micrographs of the same
magnification (15 000x) were examined from one hepatic lobule of five rats for each experimental group.

A B a
PHBI Mock 8or 9 Mock
103 10¢ oF T .
E . 60 @ PHBI
a - a 5 50
3 £ g°
X : 3 % 40
o
100 oo . 100 - . %5 N 30
100 10 102 10° 10¢ 100 10t 102 10° 10* o 20
Annexin Y Annexin Y © 10
Quad % Gated Quad % Gated 0
uL 0.50 uL 3.20 PHBI Mock G1 S G2
UR 15.67 UR 12.52
LL 67.26 LL 81.33
LR 16.57 LR 2.96

DOI: 10.4254/wjh.v16.i1.65 Copyright ©The Author(s) 2024.

Figure 4 RNA-interference-mediated knockdown of Phb1 induced an increase in the number of apoptotic cells and increased S-phase
entry. A: An increase in the number of apoptotic cells in RNA-interference-mediated knockdown of Phb1 (PHBI) cells. At 72 h post-transfection, stained with Annexin
V/ and propidium iodide (PI), PHBI cells showed a significant increase in the percentage of Annexin V/PI positive cells compared with controls (cells transfected with
nonsensing duplex); B: Increased S-phase entry in PHBI cells. At 48 h post-transfection, FACS analysis was performed with PHBi and mock (cells transfected with
nonsensing duplex, used as control). Results are from three independent experiments and data are represented as means + SD. 2P < 0.05, veruss mock, significant
difference. UL: Upper left; UR: Upper right; LL: Lower left; LR: Lower right; G1: G1 phase; S: S phase; G2: G2 phase.

The well-characterized function of Phbl is as a chaperone involved in the stabilization of mitochondrial proteins.
Mitochondrial-localized Phbl is confirmed as a high-molecular-weight hetero-complex (ring-shaped structure) by single-
particle structures[7]. The interaction of no assembled respiratory chain subunits with the Phbl complex has led to the
proposal of a chaperone activity of Phbl during the biogenesis of the respiratory chain[29]. Recently, Phbl was reported
to be essential for normal mitochondrial development, and Phb1 deficiency was showed to be associated with deficient
mitochondrial biogenesis[30]. PHBi showed enhanced sensitivity to anthralin-induced cell death due to enhanced loss of
mitochondrial membrane potential in psoriatic lesions[31]. Mitochondria are the center of energy metabolism and play a
crucial role in regulating cell life. Various stimuli can induce dysfunction and structural injury in mitochondria, which
triggers a series of cellular events ultimately leading to apoptosis or necrosis. We found that Phbl was mainly located in
the mitochondria in rat liver, and its abundance underwent a 0.47-fold reduction at 24 h, a 1.47-fold induction at 72 h, and
nearly recovered to normal level at 168 h after 70% PHx (Figure 2B). Mitochondria showed significant changes in the
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ultrastructure at 24 h, and nearly recovered to normal at 168 h after 70% PHx (Figure 3B). The reduced mitochondrial
mass also nearly recovered to normal at 168 h after 70% PHx. Mitochondrial membrane potential is an important
parameter of mitochondrial function. In our previous study, we found that knockdown of Phb1 in BRL-3A cells resulted
in disruption of mitochondrial membrane potential, implying a potential role of Phbl in maintaining mitochondrial
integrity[6]. Ross et al[32] also reported that siRNA-mediated knockdown of Phb1 in Kit225 cells resulted in disruption of
mitochondrial membrane potential and Phbl proteins were novel phosphoproteins upregulated during T-cell activation
that function to maintain mitochondrial integrity. In this study, using PHBi, we also observed that Phbl knockdown cells
exhibited a 1.56-fold increase in the number of apoptotic cells (Figure 4A). Although these results provide evidence for a
functional role of Phbl in suppressing apoptosis in rat liver cells, the involved molecular mechanisms remain unknown.
It is likely that the mechanism by which knockdown of Phb1 results in apoptosis targets the mitochondria in agreement
with previous findings[22]. All these results suggest that Phbl has a role in regulating stabilization of mitochondria
during LR, which might affect mitochondrial function.

Although it has been reported that Phbl is primarily located in mitochondria[12,30,33,34], other studies have reported
that Phb1 is also located in the nuclei[35,36]. We found that Phb1 was located in nuclei as well as mitochondria in rat liver
and its abundance increased during LR (Figure 2B). Previous studies reported that Phbl was present in the nuclei and
interacted with transcription factors important in cell-cycle progression[35,36]. In this study, using PHBi, we observed
that Phbl knockdown cells showed an increase in S-phase entry (Figure 4B). The involvement of Phbl in the cell cycle
was also observed in a prostate cancer cell line, in which downregulation of Phb1 led to an increase in cell-cycle entry
from G1 to S phase[30]. Although most data suggest that Phbl has an antiproliferative effect by interacting with the p53
and pRb pathways in the nuclei[9,37], it appears that Phbl can also have antiapoptotic effects. In osteosarcoma cells, Phb1
was identified as a gene with downregulated expression in response to cytotoxic drugs, and the transient overexpression
of the Phb1 coding sequence significantly reduced cytotoxic drug-induced apoptosis in these cells[38]. In this study, we
also observed that Phbl knockdown cells showed an increase in the number of apoptotic cells (Figure 4A). It has been
reported that the subcellular localization of Phbl may depend on the cell type examined and its physiological status, and
Phbl might have distinct but overlapping functions in each of these cellular compartments[39]. Although there is
controversy concerning the function of nuclear-localized Phbl, in combination with previous reports, we suggest that the
upregulated Phb1 in the nuclei in rat liver cells might have a function, at least in part, in regulating cell-cycle progression
of rat liver cells. It might regulate the balance between proliferation and apoptosis during LR after 70% PHx, but this
needs further investigation.

CONCLUSION

In summary, our results demonstrate that Phb1 plays two roles in the LR process: one is to regulate cell cycle and
apoptosis, and the other is to regulate and maintain mitochondrial stability. Whether the two effects are directly linked or
show two different effects remains unclear. Further in-depth studies will aid in us better understanding the complexities
and roles of Phbl in the LR process.

ARTICLE HIGHLIGHTS

Research background

It is clinically important to develop therapeutic strategies to enhance liver regeneration (LR) or support the liver in its
attempt to restore its functional integrity under pathophysiological circumstances. However, the complexity of the
regulatory mechanisms of LR, together with our limited understanding of the functional priorities of the hepatocytes
have rendered difficult the identification of targets for therapeutic interventions.

Research motivation

Prohibitin 1 (Phb1) is a ubiquitously expressed highly conserved protein among eukaryotes. Previous research has
proposed that Phbl was involved in many cellular processes. Phbl was reported to mainly localize in mitochondria, with
its expression upregulated by mitochondrial stress and downregulated during cellular senescence. Therefore, Phbl is
thought to have a crucial role in mitochondrial function. One study identified a novel function of Phb1 in the
maintenance of mitochondrial DNA (mtDNA). In Phbl-knockdown cells, the status of mtDNA is altered in several ways.
Despite such information, our understanding of the overall functions of Phbl in mitochondria remains incomplete and its
potential role during LR is largely unexplored. LR is a very complicated biological procedure involving various signal
transduction pathways and molecular events. Thus, we hypothesized that Phb1 could play a crucial role during LR.

Research objectives

This study aimed to further investigate the function of Phbl in mitochondria during changes in Phb1l expression,
mitochondrial mass and ultrastructure, and the subcellular distribution of Phbl at 24, 72 and 168 h post 70% partial
hepatectomy (PHx) in rat liver. Using RNA-interference-mediated knockdown of Phbl (PHBi), we also analyzed the
potential functions of Phb1.
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Research methods

We examined changes in Phbl mRNA and protein levels, subcellular distribution, and abundance in rat liver during LR
following 70% PHx. We also evaluated mitochondrial changes and apoptosis levels using electron microscopy and flow
cytometry. PHBi was performed in BRL-3A cells.

Research results

Compared with sham-operation control groups, Phbl mRNA and protein levels in 70% PHx test groups were downreg-
ulated at 24 h, then upregulated at 72 and 168 h. Phbl was mainly located in mitochondria, showed a reduced abundance
at 24 h, significantly increased at 72 h, and almost recovered to normal at 168 h. Phbl was also present in nuclei, with
continuous increase in abundance observed at 72 and 168 h after 70% PHx. The altered ultrastructure and reduced mass
of mitochondria during LR had almost completely recovered to normal at 168 h. PHBi in BRL-3A cells resulted in
increased S-phase entry, a higher number of apoptotic cells, and disruption of mitochondrial membrane potential.

Research conclusions

In summary, our results demonstrate that Phbl plays two roles in the LR process: one is to regulate cell cycle and
apoptosis, and the other is to regulate and maintain mitochondrial stability.

Research perspectives
Whether the two effects are directly linked or show two different effects remains unclear. Further in-depth studies will
aid in us better understanding the complexities and roles of Phb1 in the LR process.
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Abstract

BACKGROUND
Prevalence of hepatocellular carcinoma (HCC) is increasing, especially in patients with metabolic dysfunction-
associated steatotic liver disease (MASLD).

AIM
To investigate rifaximin (RIF) effects on epigenetic/autophagy markers in animals.

METHODS

Adult Sprague-Dawley rats were randomly assigned (1 = 8, each) and treated from 5-16 wk: Control [standard diet,
water plus gavage with vehicle (Veh)], HCC [high-fat choline deficient diet (HFCD), diethylnitrosamine (DEN) in
drinking water and Veh gavage], and RIF [HFCD, DEN and RIF (50 mg/kg/d) gavage]. Gene expression of
epigenetic/autophagy markers and circulating miRNAs were obtained.

RESULTS

All HCC and RIF animals developed metabolic-dysfunction associated steatohepatitis fibrosis, and cirrhosis, but
three RIF-group did not develop HCC. Comparing animals who developed HCC with those who did not, miR-122,
miR-34a, tubulin alpha-1c (Tuba-1c), metalloproteinases-2 (Mmp2), and metalloproteinases-9 (Mmp9) were
significantly higher in the HCC-group. The opposite occurred with Becn1, coactivator associated arginine methyl-
transferase-1 (Carm1), enhancer of zeste homolog-2 (Ezh2), autophagy-related factor LC3A/B (Map1 Lc3b), and p62/
sequestosome-1 (p62/SQSTM1)-protein. Comparing with controls, Map1 Lc3b, Becn1 and Ezh2 were lower in HCC
and RIF-groups (P < 0.05). Carm1 was lower in HCC compared to RIF (P < 0.05). Hepatic expression of Mmp9 was
higher in HCC in relation to the control; the opposite was observed for p62/Sqstm1 (P < 0.05). Expression of
p62/SQSTM1 protein was lower in the RIF-group compared to the control (P = 0.024). There was no difference
among groups for Tuba-1c, Aldolase-B, alpha-fetoprotein, and Mmp2 (P > 0.05). miR-122 was higher in HCC, and
miR-34a in RIF compared to controls (P < 0.05). miR-26b was lower in HCC compared to RIF, and the inverse was
observed for miR-224 (P < 0.05). There was no difference among groups regarding miR-33a, miR-143, miR-155,
miR-375 and miR-21 (P > 0.05).

CONCLUSION
RIF might have a possible beneficial effect on preventing/delaying liver carcinogenesis through epigenetic
modulation in a rat model of MASLD-HCC.

Key Words: Animal model; Autophagy; Epigenetic; Hepatocellular carcinoma; Metabolic dysfunction-associated steatotic liver
disease; Rifaximin

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Managing metabolic dysfunction-associated steatotic liver disease (MASLD)-hepatocellular carcinoma (HCC) is a
clinical challenge, with many unanswered questions, as autophagy and epigenetics appear to contribute to drug resistance.
Additionally, the broad-spectrum oral antibiotic Rifaximin influences inflammation, energy metabolism, and fat storage.
Utilizing animal models for MASLD-HCC is crucial in understanding pathophysiological mechanisms and potential
therapeutic targets. Furthermore, Rifaximin may have a beneficial effect in rats by possibly preventing or delaying hepatic
carcinogenesis through epigenetic modulation.
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INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease (MASLD) comprises a spectrum of histological abnormalities,
ranging from isolated steatosis to steatohepatitis, characterized by inflammation, necrosis, and hepatocellular ballooning,
and progression to fibrosis, cirrhosis, liver failure and/or hepatocellular carcinoma (HCC)[1,2]. Along with diet and
sedentary lifestyle, many other factors often determine the progression of MASLD and the development of MASLD-
associated carcinogenesis[3]. Although only 2.4% to 12.4% of cirrhotic MASLD patients develop HCGC, it is expected that it
will become the leading HCC cause by 2030[4,5].

Several MASLD-associated oncogenesis mechanisms, such as structural genomic defects, epigenetic alterations and
autophagy promote significant changes in regulatory and signaling pathways, creating a favorable hepatic microenvir-
onment for lesion progression and HCC development, which can occur with or without cirrhosis[6-8]. Among the
epigenetic mechanisms, microRNAS act on the expression or suppression of genes responsible for the worsening of liver
damage, that is, they have the potential to be used as new biomarkers for early diagnosis and/or therapeutic targets to
HCC[8-10]. Autophagy is recognized for playing a beneficial role in the initial liver injury by contributing to the removal
of protein aggregates, damaged organelles, and lipid droplets, preventing the formation of pre-tumor cells[6,7]. However,
during tumor promotion, autophagy predominantly acts on the adaptive mechanism, contributing to tumor maintenance
and growth through the supply of energy substrates and metabolic adaptation, which improves their survival ability in
hypoxic and low-nutrient environments, promoting tumor progression[6,11]. Autophagy tends to play a complicit role in
HCC treatment resistance, the interface between these two processes being multifactorial and therefore crosstalk can
occur in different target proteins. In this sense, therapies for the epigenetic control of autophagy are promising targets for
treatment of liver injury[6,11].

Currently, there is no approved pharmacological therapy for steatohepatitis, and several studies are being conducted
with different targets. Dietary management, such as flavonoids, has shown beneficial effects on the epigenetic
mechanisms of MASLD-HCC[12]. On the other hand, although microbiota plays an important role in MASLD patho-
genesis, there is no definite evidence of a positive effect of its modulation in human steatohepatitis[13,14]. Rifaximin (RIF)
is a minimally absorbed, broad-spectrum oral antibiotic that have a positive modulation on components of gut
microbiota, improving endotoxemia, exerting an influence on inflammation, energy metabolism and fat storage[14-16].
Therefore, this study was designed to assess the effect of RIF treatment on the underlying pathophysiological
mechanisms associated with epigenetic changes and autophagy in MASLD associated hepatocarcinogenesis.

MATERIALS AND METHODS

Animals and ethical procedures

Twenty-four adult (60-d-old) male Sprague Dawley rats weighing 250-400 g was included for this study. The animals
were group-housed in polypropylene cages with sawdust-covered floors. Rats were maintained on a standard 12-h light/
dark cycle, in a temperature-controlled environment (22 + 2 °C). The Institutional Ethics Committee approved all
experiments and procedures for the Use of Animals, No. 2021-0105. The procedures for scientific animal’s use were
conducted in accordance with the Guide for the Care and Use of Laboratory Animals (8" ed, 2011) and law No. 11.794
(Brazil, 2008).

Study design

After acclimatization to the environment, the animals were randomized by weight into a control group (n = 8) that
received a standard diet, water free of diethylnitrosamine (DEN, catalog number N0756, Sigma-Aldrich, United States)
and gavage with vehicle (Veh) solution from the 5" week of the experiment until the 16" week; HCC-group (1 = 8) that
received a high-fat and choline-deficient diet (HFCD, catalog number RH19576, Rhoster, Brazil), 135 mg/L DEN in
drinking water and gavage with Veh solution, during the same period previously described; and the RIF-group (1 = 8)
that received HFCD diet plus DEN and RIF (catalog number R9904, Sigma-Aldrich, United States) by gavage from the 5
week of the experiment until the 16" week of the experiment. The DEN dose and the experimental period for the
development of this protocol were based on a previous study, which combine a dietary model of fatty liver based on high
trans-fat with exposure to a known hepatic carcinogen as a means of provoking and accelerating more severe injury. The
model replicated many features of MASLD including steatohepatitis with ballooning, fibrosis, cirrhosis, and HCC[17].
The experimental study design is presented in Figure 1. The animals were weighed twice a week during the experimental
period. After 16 wk of the experiment, all the animals were euthanized by cardiac exsanguination. Serum samples and
liver fragments were collected aseptically, frozen in liquid nitrogen, and stored in an ultra-freezer at -80 °C until the
experimental procedures were carried out. A portion of each liver sample was fixed in 10% formalin for histological
analysis.

Experimental diets

Animals in the control group received a standard rodent diet (Nuvilab CR-1; Quimtia SA, Brazil) with an energy value of
2.93 kcal/g. The diet consisted of 55.0% carbohydrates, 22.0% protein, 4.5% fat, and 18.5% of other nutrients such as fibers
and vitamins. Animals in the intervention groups received an HFCD diet with an energy value of 4.3 kcal/g. This product
consisted of 54.5% carbohydrates, 14.0% protein, and 31.5% fat (enriched with 54.0% trans fatty acids). The diet of the
intervention group was chosen as such because it mirrors many of the phenotypes observed in humans with MASLD, as
previously demonstrated by our research group[18]. The diet offered to the animals in the control and intervention
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Figure 1 Experimental design. The control group (n = 8) received a standard diet, water without diethylnitrosamine (DEN) and gavage with vehicle (Veh)
solution; hepatocellular carcinoma-group (n = 7) received a high-fat and choline-deficient (HFCD) diet, water with DEN and gavage with Veh solution; rifaximin (RIF)-
group (n = 7) received a HFCD diet, water with DEN and gavage with RIF. After all the animals were euthanized. DEN: Diethylnitrosamine; HCC: Hepatocellular
carcinoma; HFCD: High-fat and choline-deficient; RIF: Rifaximin; Veh: Vehicle.

groups was replaced every two days. Both the groups received water and food ad libitum during the experimental period.

Rifaximin treatment

The therapeutic intervention through the administration of daily gavage with RIF or the offer of Veh solution, also by
gavage, in the respective experimental groups occurred daily from the 5" week of the experiment until the date of
euthanasia. The animals in the control group and HCC-group received daily gavage with a Veh solution (0.5 mL/kg
distilled water) in order to undergo the same stress conditions as those in the RIF-group. The RIF-group received a daily
dose of 50 mg/kg/d of RIF by daily gavage from the 5* week of the experiment until the 16" week of the experiment. The
dose of RIF used was in accordance with a previous study published in the literature[19].

Assessment gene expression of hepatocarcinogenesis and autophagy markers

The total RNA was extracted from fragments of the liver tissue using TRIzol (catalog number 15596026, Invitrogen,
United States). The cDNA conversion, from 2 pg of RNA, was performed using the High-capacity cDNA Reverse
Transcription kit (catalog number 4368814, Applied Biosystems, United States). Quantitative (q) real-time polymerase
chain reaction (RT-PCR) with TaqMan assay (Applied Biosystems, United States) was used to assess the gene expression
of aldolase-B (Aldob), tubulin alpha-1c (Tubalc), alpha-fetoprotein (Afp), metalloproteinases-2 (Mmp2), Mmp9, autophagy-
related factor LC3A/B (Map1 Lc3b), p62/sequestosome-1 (p62/Sqstm1), beclin-1 (Becn1), enhancer of zeste homolog-2
(Ezh2) and coactivator associated arginine methyltransferase-1 (Carm1) in liver tissue. The Actb gene was used as a
normalizer in both tissues. The probes used are described in Supplementary Table 1. Values were calculated with the
formula 244,

Analysis of the circulating microRNAs

To analyze the circulating microRNAs from serum, total RNA was extracted using the miRNeasy serum/plasma kit
(catalog number 217184, Qiagen, United States). Then, cel-miR-39 (1.6 x 10° copies) spike in control (catalog number
21961, Qiagen, United States) was added to provide an internal reference. cDNA conversion was performed from 10 ng of
total RNA using the TagMan microRNA Reverse Transcription kit (catalog number 4366597, Applied Biosystems, United
States). Analysis of the gene expression of miR-122, miR-34a, miR-26b, miR-224, miR-33a, miR-143, miR-155, miR-375 and
miR-21, together with the cell-miR-39 normalizer, was performed by RT-qPCR using TagMan assay (Applied Biosystems,
United States). The sequences and codes of the assessed microRNAs are described in Supplementary Table 1. Values were
calculated by formula 244,

Analysis of protein expression of hepatic autophagy markers

For western blotting analysis, protein extraction was performed on samples of liver tissue from rats. The samples were
homogenized in a solution containing Triton X-100, B-mercaptoethanol, tris-buffered saline (TTBS), ethylenediaminetet-
raacetic acid and proteases inhibitor cocktail (catalog number 29131, Santa Cruz Biotechnology, United States). The
samples were then normalized to 40 pg of protein. Subsequently, proteins were separated by electrophoresis using a 12%
w/v polyacrylamide gel and transferred to a nitrocellulose membrane. The membrane was washed with TTBS, and then
incubated for one hour in a blocking solution containing 3% bovine serum albumin in TTBS. Following the blocking step,
the membrane was washed three times with TTBS and incubated overnight at 4 °C in a blocking solution containing the
following primary antibodies: Anti-actin (catalog number A5060, Sigma-Aldrich, United States), anti-LC3B (catalog
number ab128025, Abcam, United Kingdom), and anti-SQSTM1 (catalog number ab56416, Abcam, United Kingdom). The
primary antibodies were used at a dilution of 1:1000. After the overnight incubation, the membrane was washed three
times with TTBS and then incubated for two hours in a solution containing a horseradish peroxidase-conjugated anti-IgG
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secondary antibody in TBBS, at a concentration of 1:2000. For band detection, Clarity Western ECL Substrate (catalog
number 1705062, BioRad, United States) was used, and the resulting image was captured using an ImageQuant LAS 500
(GE Healthcare Lifesciences) imaging system. Band intensities were quantified using the Image] software, and actin was
used as a constitutive protein reference.

Correlations between the analyzed markers

For this analysis, in relation to markers related to hepatocarcinogenesis we selected Mmp2 Mmp9, Afp, Tubalc and Aldob
and associated with the autophagy and epigenetic process we selected Becnl1, p62/Sqstm1, Map1 Lc3b, Ezh2, Carm1, p62
(protein ratio), and LC3B (protein ratio). Regarding microRNAs, we selected miR-122, miR-26b, miR-224 and miR-34a,
which are markers related to liver disease and which showed a significant difference between the experimental groups.

Histopathological analysis

Formalin-fixed liver tissue samples were embedded in paraffin and stained with hematoxylin and eosin (H&E) and
picrosirius red. Histopathological lesions of the different evolutionary stages of nonalcoholic fatty liver disease were
assessed according to the score by Liang ef al[20], which is a highly reproducible scoring system applicable to experi-
mental rodent models[20]. This scoring system was developed through the assessment of various experimental models,
aiming to establish generic criteria for analysis. To validate the proposed scoring, biological material from rodents was
evaluated by blinded pathologists in two separate assessments, with an interval of over 3 mo between them. In this
validation, observers estimated the percentage of macrovesicular steatosis, microvesicular steatosis, hypertrophy, and the
number of inflammatory foci per field[20]. The degree of fibrosis was evaluated using the slides stained with picrosirius
red, and cancerous lesions were graded according to the Edmondson & Steiner classification[21]. The analysis was
performed by an experienced pathologist, who was blinded to the experimental groups.

Sample size calculation and statistical analysis
The sample size estimation was performed using the WINPEPI 11.20 software (Brixton Health, Israel), based on a
previously published study by the research group demonstrating HCC development in an experimental model[17].
Considering a power of 80% and a significance level of 5%, it was determined that 8 animals per experimental group
would be required for conducting this study. The outcome used for the calculation was the prevention of HCC.
Normality was verified for all variables using Shapiro-Wilk test and histograms. Nonparametric data were analyzed
using the Kruskal-Wallis followed by Dunn test. Quantitative variables were expressed as median and interquartile
ranges (25"-75%) and percentage. Spearman's correlation coefficient was performed, with a moderate (0.3 < r < 0.6),
strong (0.6 <r < 0.9) or very strong (0.9 <r < 1.0) correlation were adopted. Statistical significance was set at P < 0.05. Data
were analyzed using the Statistical Package for Social Sciences (version 28.0; SPSS Inc., United States).

RESULTS

During the 16 wk of the experiment, one animal from the HCC-group and another from the RIF-group died, totaling 7
animals per experimental group. There were no deaths in the control group (n = 8) during the study period.

Expression of genes involved in hepatic disease pathogenesis

The data of gene expression of hepatocarcinogenesis markers are shown in Table 1. There was no difference between the
experimental groups for the gene expression of Tubalc (P = 0.839), Aldob (P = 0.595), Afp (P = 0.837) and Mmp2 (P = 0.101).
There was a significant difference between the experimental groups in the gene expression of Mmp9 (P = 0.035). For this
marker, there was a significant increase in its expression in the HCC-group compared to the control group (P = 0.013).
However, there was no significant difference in the expression of Mmp9 between the HCC-group and RIF-group (P =
0.071).

Data obtained for the gene expression of markers of autophagy are shown in Figure 2. There was a significant decrease
in Map1 Lc3b gene expression in the HCC and RIF-groups compared to the control group (P = 0.002 and P = 0.001,
respectively). There was no significant difference in p62/Sgstm1 expression in the RIF-group compared to the control (P =
0.078) and HCC-group (P = 0.890); however, the HCC-group showed a significant decrease in its expression compared to
the control (P = 0.010). Becn1 and Ezh2 showed a significant decrease in their expression in the HCC-group (P = 0.001 and
P < 0.001, respectively) and RIF-group (P = 0.009 and P = 0.010, respectively) compared to the control. There was a
significant reduction in Carm1 expression in the HCC-group compared to the RIF-group (P = 0.004).

Gene expression of the circulating microRNAs

The results obtained from the gene expression of the circulating microRNAs related to liver damage are demonstrated in
Table 1. There was a significant increase in miR-122 gene expression in the HCC-group compared to the control group (P
<0.001), however the RIF-group did not differ significantly from the control (P = 0.118). There was a significant difference
between the experimental groups in the gene expression of miR-34a (P = 0.007). The expression of miR-34a was
significantly lower in the RIF-group compared to the control (P = 0.005). There was a significant difference between the
experimental groups in the gene expression of miR-26b (P = 0.026). The HCC-group showed a significant decrease in
miR-26b expression compared to the RIF-group (P = 0.008), which was like the control (P = 0.469). The gene expression of
miR-224 was significantly higher in the HCC-group compared to the RIF-group (P < 0.001), which is like the control
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Table 1 Gene expression of markers related to hepatocarcinogenesis

Variables' Control (n = 8) HCC (n=7) RIF (n=7) Pvalue
Tubalc 1.28 (0.18-2.76) 4.27 (0.00-9.69) 1.38 (0.29-19.8) 0.839
Aldob 2.46 (0.01-5.78) 4.24 (0.00-9.92) 0.12 (0.00-2.69) 0.595
Afp 1.28 (0.18-2.76) 2.33 (0.00-9.69) 1.38 (0.29-19.8) 0.837
Mmp2 1.81 (0.03-5.15) 31.4 (0.25-62.2) 0.92 (0.16-18.4) 0.101
Mmp9 2.36 (0.02-4.25)" 23.6 (2.69-76.8)" 14.6 (1.32-28.7)*" 0.035
miR-122 1.14 (0.34-2.34)" 7.07 (1.41-11.8)° 2,62 (1.20-6.00)"" 0.005
miR-34a 0.94 (0.63-1.70)" 0.39 (0.33-0.44)" 0.33 (0.13-0.89)" 0.007
miR-26b 1.04 (0.61-1.57)*" 0.36 (0.21-1.85)" 2.22 (1.46-2.96)" 0.026
miR-224 1.05 (0.41-2.45)*" 2.97 (1.96-5.94)° 0.58 (0.13-0.85)" 0.005
miR-33a 0.98 (0.53 - 2.16) 0.60 (0.54-1.17) 1.4 (0.70-1.60) 0.445
miR-143 1.18 (0.25-3.67) 1.40 (0.54-5.16) 0.62 (0.17-2.54) 0471
miR-155 1.46 (0.32-1.96) 0.63 (0.01-1.18) 0.34 (0.04-1.46) 0.074
miR-375 0.79 (0.61-2.42) 0.85 (0.17-1.09) 0.38 (0.14-1.76) 0.216
miR-21 1.12 (0.34-2.13) 1.49 (0.91-6.08) 1.69 (0.84-3.68) 0.188

Variables expressed by median (25""-75" percentiles).

P < 0.05. Different letters indicate a significant difference between groups.

PP < 0.05. Different letters indicate a significant difference between groups.

HCC: Hepatocellular carcinoma; RIF: Rifaximin; Afp: Alpha-fetoprotein; Aldo-B: Aldolase-B; Mmp: Metalloproteinases; Tubalc: Tubulin alpha-1c.
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Figure 2 Hepatic gene expression of autophagy markers. A: Autophagy-related factor LC3A/B; B: P62/sequestosome-1; C: Beclin-1; D: Enhancer of zeste
homolog-2; E: Coactivator associated arginine methyltransferase-1. Data expressed as median (25"-75" percentile), Kruskal-Wallis test. Different letters indicate a
significant difference between groups (P < 0.05). 2P < 0.05, °P < 0.05. Different letters indicate a significant difference between groups. Becn1: Beclin-1; Carm1:
Coactivator associated arginine methyltransferase-1; Ezh2: Enhancer of zeste homolog-2; HCC: Hepatocellular carcinoma; Map1 Lc3b: Autophagy-related factor
LC3A/B; p62/Sqstm1: Sequestosome-1; RIF: Rifaximin.

group (P = 0.099). There was no significant difference between groups in the gene expression of miR-33a (P = 0.445), miR-
143 (P = 0.471), miR-155 (P = 0.074), miR-375 (P = 0.216) and miR-21 (P = 0.188).

Protein expression of autophagy markers

The data obtained from the protein expression analysis of p62/SQSTM1 and MAP1LC3B, conducted through the Western
blot technique, are represented in Figure 3. A difference in the expression of the MAP1LC3B protein between the experi-
mental groups was observed (P = 0.024). A significant decrease in its expression was noted in the RIF-group animals
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Figure 3 Protein concentration of autophagy markers. A: Protein expression bands obtained through the Western blot technique; B: p62/SQSTM1
expression (densitometry analysis); C: MAP1LC3B expression (densitometry analysis). Data expressed as median (25"-75" percentile), Kruskal-Wallis test. Different
letters indicate a significant difference between groups (P < 0.05). 2P < 0.05, °P < 0.05. Different letters indicate a significant difference between groups. HCC:
Hepatocellular carcinoma; MAP1LC3B: Autophagy-related factor LC3A/B, p62/SQSTM1: Sequestosome-1; RIF: Rifaximin.

compared to the control group (P = 0.039). No significant differences in MAP1LC3B expression were found between the
animals receiving RIF treatment and the animals in the HCC-group (P > 0.05). Regarding the protein expression of p62/
SQSTM1, no significant differences were observed between the experimental groups (P = 0.140).

Correlations between hepatocarcinogenesis, autophagy and epigenetic markers

The values obtained from the correlations between markers of hepatocarcinogenesis, autophagy and epigenetic are
described in Table 2. There was a negative correlation between the expression of miR-122 and miR-34a, both related to the
severity of liver injury compared to the autophagy markers Map1 Lc3b, p62/Sgstm1 and Becn1 that act in the development
of the autophagosome. Additionally, this negative correlation was also demonstrated between these microRNAs and
Ezh2, an enzyme that modulates the expression of autophagy genes. There was a positive correlation between the three
autophagy indicators (Map1 Lc3b, p62/Sqstm1 and Becnl), however there was no correlation between Ezh2 and Carm1,
demonstrating that these enzymes that perform epigenetic control of autophagy act in different ways. Ezh2 positively
correlated with Map1 Lc3b, p62/Sqstm1 and Becnl. While the correlations were strong between the autophagy markers
Map1 Lc3b, p62/Sqstm1 and Ezh2, it was only moderate with Becnl. As Ezh2 can catalyze the methylation of lysine to
histone (H3K27), which can decrease the expression of target genes, an attempt was made to assess whether Becnl would
be on the target of Ezh2-H3K27 axis. The result was described in Supplementary Figure 1. Metalloproteinases were
positively correlated with the expression of Afp and Tubalc, markers related to hepatocarcinogenesis. Aldob expression
was positively correlated with Mmp2, Afp and Tubalc. The protein expression of p62 correlated positively with the gene
expression of the markers Becn1, p62/Sqstm1, and Map1 Lc3b.

Liver histopathological analysis
No hepatic histopathological changes were observed in the liver tissue of the control group (Figure 4A and B). The
animals in the HCC-group had predominantly macrovesicular steatosis along with microvesicular steatosis of moderate
intensity, with inflammatory activity and mild hypertrophy (Figure 4C and D). The RIF-group presented mild
macrovesicular and microvesicular steatosis, no inflammation was observed and in only two animals the presence of
hypertrophy was evidenced. In the staging of the histopathological lesion, seven animals in the HCC-group and RIF-
group developed steatohepatitis (Table 3). In the evaluation of hepatic fibrosis, through H&E and picrosirius red staining
respectively, five animals from the HCC-group and RIF-group developed fibrosis with multiple septa without the
presence of cirrhosis and two animals from both experimental groups developed liver cirrhosis (Figure 4E and F). The
breakdown by experimental group observed for microvesicular steatosis, macrovesicular steatosis, hypertrophy, inflam-
mation, fibrosis, and HCC as a percentage is shown in Figure 4C.

In the evaluation of the tumor classification by the Edmondson & Steiner score, we reported a lesion grade three and
four, corresponding to the presence of poorly differentiated and undifferentiated cancer, respectively, in the HCC-group.
This finding was replicated for some animals in the RIF-group; however, three animals did not develop cancer.

Comparison between animals that developed or not hepatocellular carcinoma

Additionally, to better detail the results obtained between the autophagy and epigenetics markers with the hepatic
histopathological results, we performed the subdivision of the experimental groups. Initially, we stratified the RIF-group,
and performed a comparison analysis between the animals that developed HCC (n = 4) and those that did not develop
HCC (n = 3). No significant differences (P > 0.05) were observed in gene expression of microRNAs, markers of hepatocar-
cinogenesis and autophagy between animals that developed or did not develop HCC in the RIF-group, as detailed in
Table 4.

Subsequently, we carried out a new stratification of the experimental groups to compare the results obtained between
the animals that developed HCC and those that did not develop HCC. The comparison of results is detailed in Table 5. In
total, eleven animals developed HCC and eleven did not develop this clinical condition at the end of the study. Regarding
epigenetic markers, we reported a significant increase in the gene expression of miR-122 (P = 0.029) and miR-34a (P =
0.012) in animals with HCC compared to animals without HCC. There was a significant increase in the gene expression of
Mm? (P =0.017), Mm9 (P = 0.013) and Tubalc (P = 0.017), markers related to hepatic hepatocarcinogenesis, in animals with
HCC compared to those that did not develop HCC. Regarding autophagy markers, there was a significant reduction in
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Table 2 Correlations between hepatocarcinogenesis, autophagy and epigenetic markers

microRNAs Hepatocarcinogenesis Autophagy and Epigenetic

Variables' p62 MAP1LC3B
miR-26b miR-224 miR-34a Mmp2 Mmp9 Afp Tubalc  Aldob Becn1 pb62/Sqstm1  Map1lc3b Ezh2  Carm1 protein protein

microRNAs miR-122 -0.235 0.075 0.400" 0.195 0.422 0189  0.085 0.030 0502"  -0.673" -0.554° 0.760° 0375 -0.245 0.017
miR-26b -0.360 0.538" 0071 0203 0199  -0.090 0113  -0089  0.164 -0.047 -0.005  0.525° 0124 0.186
miR-224 0.195 0.041 0241 0201  0.025 0.153 0298  -0.022 0.032 0.061 0335 -0.007 -0.393
miR-34a 0.110 0.426 0123 0110 0127 -0461°  -0.340 -0.612° -0.584"  0.181 -0.400 -0.191
Hepatocarcinogenesis Mmp2 0.742°  0704°  0.957° 0548° 0321  -0.133 -0.321 0361  -0.286 0318 -0.368
Mmp9 0521°  0.703 0.292 0398 0276 -0.351 -0.586"  -0.278 -0.547° -0.229
Afp 0.702° 0468°  -0.086  0.049 0173 0038  -0.073 -0.328 -0.078
Tubalc 0.644° 0324  -0.058 -0.281 0350  -0.282 -0.258 -0.246
Aldob 0137  -0.042 0.186 0111 0314 -0.082 0.174
Autophagy and Becn1 0.541° 0.771° 0.597° 0433 0.631° 0.302
Epigenetic
p62/Sqstm1 0.657" 0.609°  0.459 0.554" 0.265
Map1lc3b 0.718"  0.230 0.512° 0.343
Ezh2 0.288 0.342 0.253
Carm1 0.185 -0.044
P62 protein 0.406

Variables were evaluated by Spearman's r correlation coefficient: Moderate (0.3 < r < 0.6), strong (0.6 < r < 0.9) or very strong (0.9 <r < 1.0).

P < 0.05, correlation significant at the 0.05 level.

bp < 0.01, correlation significant at the 0.01 level.

Afp: Alpha-fetoprotein; Aldo-B: Aldolase-B; Becn-1: Beclin-1; Carm1: Coactivator associated arginine methyltransferase-1; Ezh-2: Enhancer of zeste homolog-2; Map1lc3b: Autophagy-related factor LC3A/B; Mmp: Metalloproteinases;
p62/Sqstm1: P62 /sequestosome-1; Tubalc: Tubulin alpha-lc.

the gene expression of Becn1 (P = 0.004), Map1 Lc3b (P = 0.004), Ezh2 (P = 0.010) and Carm1 (P = 0.026) in animals with
HCC compared to animals who did not develop this clinical condition. Additionally, we demonstrated a significant
decrease in the protein expression of p62/SQSTM1 (P = 0.013) in the animals with HCC compared to the animals without
HCC in the RIF group.
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Table 3 Distribution of liver histopathological findings according to general non-alcoholic fatty liver disease scoring system for rodent

models, n (%)

Variable' Control (n = 8) HCC (n=7) RIF (n=T7)
No MASLD 8 (100) 0(0.0) 0(0.0)
MASLD 0(0.0) 0(0.0) 0(0.0)
MASH 0(0.0) 7 (100) 7 (100)

Wariables described as frequency (%).
HCC: Hepatocellular carcinoma; MASLD: Metabolic-dysfunction associated steatotic liver disease; MASH: Metabolic-dysfunction associated
steatohepatitis; RIF: Rifaximin.

Table 4 Comparison between animals in the rifaximin-group that developed or not hepatocellular carcinoma

Variables' De'veloped HCC (n = 4), median Di(.i not developed HCC (n = 3), median P value
(min-max) (min-max)
miR-122 2.27 (1.20-4.57) 2.97 (1.51-5.98) 0.571
miR-375 0.42 (0.14-1.76) 0.33 (0.30-0.67) 1.000
miR-26b 1.97 (1.10-3.38) 2.41 (1.97-3.99) 0.571
miR-224 0.46 (0.13-0.85) 0.58 (0.46-0.82) 0.857
miR-34 11.0 (7.17-18.9) 10.0 (8.64-10.5) 0.786
miR-21 2.36 (0.84-3.68) 1.68 (1.00-1.69) 0.700
miR-143 0.76 (0.17-2.53) 0.48 (0.25-1.96) 1.000
miR-155 0.69 (0.06-1.46) 0.13 (0.03-0.36) 0.250
miR-33a 0.88 (0.52-1.86) 1.55 (1.40-1.58) 0.400
Mm2 7.95 (0.58-18.4) 0.71 (0.16-0.92) 0.229
Mm9 24.0 (1.32-28.7) 8.48 (1.73-14.6) 0.400
Afp 6.99 (1.38-19.8) 0.46 (0.29-0.48) 0.057
Tubalc 4.63 (0.30-7.12) 0.26 (0.25-0.30) 0.057
Aldob 2.32 (0.11-2.69) 0.07 (0.00-0.12) 0.114
Becn1 0.70 (0.67-0.85) 0.74 (0.66-0.76) 1.000
p62/Sqstm1 0.84 (0.54-0.98) 0.72 (0.64-0.79) 0.629
Map1lc3b 0.24 (0.22-0.35) 0.27 (0.21-0.29) 1.000
Ezi2 29.0 (28.0-30.1) 275 (27.2-28.0) 0.114
Carm1 0.79 (0.77-1.67) 1.23 (1.08-1.68) 0.400
p62/SQSTM1 protein 1.07 (0.16-2.89) 1.78 (1.19-2.36) 0.355
MAP1LC3B protein 2.00 (0.87-4.78) 2.20 (0.86-3.57) 0.643

Wariables expressed by median (25"-75" percentiles).

P <0.05 is considered significant.

Aldob: Aldolase B; Afp: Alpha-fetoprotein; Becn-1: Beclin-1; Carm1: Coactivator associated arginine methyltransferase-1; Ezh-2: Enhancer of zeste homolog-2;
HCC: Hepatocellular carcinoma; Map1lc3b: Autophagy-related factor LC3A/B; Mmp: Metalloproteinases; p62/Sqstm1: P62/sequestosome-1; RIF: Rifaximin;
Tubalc: Tubulin alpha 1c.

DISCUSSION

In this study, carried out in an experimental model of HCC secondary to MASLD, with the objective of evaluating the
effect of treatment with RIF in relation to autophagy and epigenetic markers, we demonstrated: (1) A positive correlation
between Map1cl3b, p62/Sqstm1 and Becnl in HCC, however, there was no significant difference in the expression of these
markers between the HCC-group and RIF-group; (2) a lack of correlation between Ezh2 and Carm1, demonstrating that
these enzymes regulate different signaling pathways, although RIF promoted a significant increase in Carm1 expression;
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Table 5 Comparison between the animals that developed and did not develop hepatocellular carcinoma

Variables' HCC (n = 11), median (min-max) No HCC (n =11), median (min-max) P value
miR-122 4.49 (1.20-11.8) 1.41 (0.34-5.98) 0.029°
miR-375 0.64 (0.14-1.76) 0.72 (0.30-2.42) 0512
miR-26b 1.10 (0.46-3.38) 1.23 (0.59-3.99) 0.656
miR-224 1.40 (0.13-5.94) 0.82 (0.41-2.45) 0.545
miR-34a 7.73 (2.29-18.9) 1.79 (0.14-10.5) 0.012°
miR-21 1.92 (0.84-6.08) 1.46 (0.34-2.13) 0.109
miR-143 1.08 (0.17-5.16) 1.13 (0.25-3.67) 0.756
miR-155 0.66 (0.01-1.46) 0.60 (0.03-1.95) 0349
miR-33a 0.66 (0.52-1.86) 1.40 (0.34-2.64) 0.200
Mm2 18.4 (0.25-62.2) 1.17 (0.03-5.15) 0.017°
Mm9 23.6 (1.32-76.8) 2.76 (0.02-14.6) 0.013"
Afp 3.23 (0.00-19.8) 0.62 (0.18-2.76) 0.190
Tubalc 7.12 (0.12-27.8) 0.76 (0.12-3.71) 0.017°
Aldob 2.32 (0.00-9.92) 1.35 (0.00-5.78) 0.549
Becnl 0.68 (0.44-0.87) 0.88 (0.66-1.39) 0.004"
p62/Sqstm1 0.65 (0.32-1.06) 0.92 (0.59-1.31) 0.052
Map1lc3b 0.25 (0.19-0.37) 0.86 (0.21-1.53) 0.004°
Ezh2 28.4 (25.8-30.1) 302 (27.2-31.8) 0.010°
Carm1 0.69 (0.37-1.67) 1.10 (0.56-1.68) 0.026°
p62/SQSTMI protein 1.27 (0.16-2.39) 2.87 (1.19-9.12) 0.013°
MAP1LC3B protein 1.29 (0.57-4.78) 210 (0.86-5.05) 0.183

Wariables expressed by median (25"-75" percentiles).

2P < 0.05 is considered significant.

Aldob: Aldolase B; Afp: Alpha-fetoprotein; Becn-1: Beclin-1; Carm1: Coactivator associated arginine methyltransferase-1; Ezh-2: Enhancer of zeste homolog-2;
HCC: Hepatocellular carcinoma; Map1lc3b: Autophagy-related factor LC3A/B; Mmp: Metalloproteinases; p62/Sqstm1: P62/sequestosome-1; RIF: Rifaximin;
Tubalc: Tubulin alpha Ic.

(3) a significant increase in miR-26b expression in the RIF-group compared to the HCC-group; the inverse was observed
for miR-224; (4) a negative correlation between the expression of miR-122 and miR-34a related to liver injury with Map1
Le3b, p62/Sgstm1 and Becn1; and (5) finally, steatohepatitis developed in all animals of the HCC-group and RIF-group, but
three animals treated with RIF did not develop HCC.

RIF, a semisynthetic derivative of rifamycin, has an intestinal absorption of approximately 0.007%, which prevents it
from exerting systemic or adverse effects[13,16]. It has broad-spectrum in vitro activity against aerobic and anaerobic
enteric bacteria and has been used in the treatment of hepatic encephalopathy, traveler's diarrhea, and irritable bowel
syndrome[13,22]. Recent studies report that RIF inhibited hepatic fibrosis in rodent models of alcoholic liver injury and
steatohepatitis[23,24]. In clinical practice, its use seems to be effective and safe in MASLD, promoting the reduction of
serum endotoxemia, improvement of insulin resistance, inflammatory process, and histopathological score[13,16]. To our
knowledge, no studies evaluate the effect of RIF on the progression from MASLD to HCC in relation to autophagy and
epigenetic markers. We emphasize that the treatment with RIF in the animals started from the fifth week of the
experiment when the animals probably already had steatohepatitis, as demonstrated in previous studies[17]. In the
histopathological evaluation, all animals in the HCC and RIF groups developed steatohepatitis; however, three animals
treated with RIF did not develop HCC. This interesting finding continues to be investigated by our research group and
we seek to understand the role of RIF in this process. A multicenter, double-blind, randomized, placebo-controlled study
in patients with biopsy-proven steatohepatitis investigated the effects of daily administration of RIF for six months[13].
The results obtained demonstrated that patients treated with RIF showed a significant decline in cytokeratin-18 Levels, a
biomarker capable of predicting the histopathological manifestations of steatohepatitis[13]. However, Cobbold et al[14]
reported that RIF therapy in patients with steatohepatitis for six weeks caused no changes in liver triglyceride content,
insulin sensitivity, or systemic inflammation[14]. Due to the lack of studies evaluating the effect of RIF on HCC secondary
to steatohepatitis, further studies are needed in the search for new therapies for the prevention of disease progression and
future clinical application.
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Figure 4 Histological evaluation of hepatic tissue in different experimental groups and percentage description for the presence of
microvesicular steatosis, macrovesicular steatosis, hypertrophy, inflammation, fibrosis and hepatocellular carcinoma. A and B: The images
correspond to hematoxylin & eosin (H&E) and picrosirius red staining’s in the control group, showing a normal hepatic parenchyma with no significant changes; C and
D: In the hepatocellular carcinoma (HCC)-group, animals exhibited macrovesicular steatosis and hypertrophy; E and F: Tumoral lesions with multiple fibrosis septa
were observed in the HCC-group and rifaximin-group, as evidenced by H&E and picrosirius stained slides, respectively; G: Percentage description for the presence of
microvesicular steatosis, macrovesicular steatosis, hypertrophy, inflammation, fibrosis, and HCC. Images A-D are magnified at 100 x, and images E-F are magnified
at 40 x. HCC: Hepatocellular carcinoma; H&E: Hematoxylin & eosin; RIF: Rifaximin.

It is known that MASLD-HCC is a tumor of specific molecular characteristics compared to other etiologies of HCC. In
the tumor microenvironment, the adaptive response caused by cellular hypoxia promotes the activation of pathways that
intensify the process of angiogenesis, inflammation, fibrogenesis, and autophagy[9,25]. This response is dependent on
hypoxia-inducible transcriptional factors, such as Aldob, Tubalc, and metalloproteinases, among other markers. In this
study animals of the HCC-group showed a significant increase in the expression of Mmp9 in relation to the control group,
and the treatment with RIF caused a reduction of this expression, obtaining values like the control. Additionally, we
reported an increase in the gene expression of Mm?, Mm9 and Tubalc in animals that developed HCC compared to
animals that did not develop this clinical condition. The increased expression of these markers is linked to the process of
hepatic hepatocarcinogenesis, as it is known that metalloproteinases are master regulators in the process of cell prolif-
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eration and migration, and play a role in cell apoptosis, tissue regeneration, and immune response[26,27]. It is known that
inflammation drives the progression of MASLD; however, the mechanisms associated with this process are not fully
elucidated. In clinical practice, assessing the dietary inflammatory index and the systemic immunological inflammation
index are tools that can be used to predict and evaluate the prognosis of liver disease, considering the associated genetic,
environmental, and dietary factors[28,29].

Autophagy contributes with cellular homeostasis, thus avoiding cell transformation and tumor initiation. However, in
the advanced stages of the tumor, autophagy acts mainly as a suppressor of cell death, allowing the adaptation of cancer
cells to stressful conditions[30,31]. The autophagy process is regulated by different markers, including Map1 Lc3b, p62/
Sgstm1, and Becn1[30]. In this study, we demonstrated a significant decrease in the expression of these genes in the HCC-
group and RIF-group compared to healthy animals. It is known that there is no pattern in the expression of these markers
in different cell types and tissues of origin[10,30]. An example of this process is the expression of Becn1 which is reduced
in glioblastoma, ovarian, lung, and esophageal cancer, but increased in colorectal and gastric cancer cells[32-34]. The
results obtained in this study have a similar pattern of autophagy markers in HCC and hepatic fibrosis that was found in
previous studies[10,35-38]. Becn1 acts as an initiator of autophagy and its deregulation increase the susceptibility of cells
to transformation, that is, its lower expression is predictive of inferior survival in HCC[10,33,37,38]. Becn1 deficiency is
also associated with increased angiogenesis, which indirectly corroborates the results obtained in this study[39]. Al-
Shenawy[10] reports that autophagy and apoptosis in the liver are interrelated processes, in which elevated levels of
Becn1 in patients with chronic hepatitis may limit liver damage and interact with progression to cancer, where Becnl Later
it is suppressed in aggressive cases of HCC[10]. The absence of microtubule-associated protein-1 Light chain-3
expression, an essential component in the formation of autophagosomes, is predictive of immediate mortality from HCC
[35]. Duran et al[36] report that p62/Sgstm1 deficiency increased the activation phenotype of hepatic stellate cells,
inhibiting their anti-fibrotic and anti-inflammatory functions[36]. Although we reported a significant decrease in the
expression of these autophagy markers in the HCC and RIF groups, we did not observe a significant difference with the
treatment of RIF. It is known that the greater the difference in the levels of autophagy between cancer and normal tissue,
the worse the prognosis of the lesion, a result observed in this study.

Epigenetics is involved in autophagy “turn on, turn off” along the carcinogenesis, through the activity of metyltrans-
ferases such as Ezh2 and Carm1[40-42]. In this study, there was a significant decrease in Ezh2 expression in the HCC-
group and RIF-group compared to the control. Treatment with RIF promoted a significant increase in Carm1 expression.
No significant correlation was observed between the expression of Ezh2 and Carm1, probably because they act in different
ways of epigenetic control of autophagy. Ezh2 represses the expression of genes related to the mammalian target of
rapamycin pathway and Carm1 acts on transcription factors such as p53, and factor nuclear-«xB[40,41]. Inhibition of Ezh2
activity induces autophagy, through the formation of LC3B and consequently the formation of the autophagosome, which
corroborates with this study, given the lower expression of Map1 Lc3b[40,42]. The function of Carm]1, like other epigenetic
controllers, is dependent on the stage of lesion development, acting as a tumor repressor or promoter[41].

Epigenetic regulation is also carried out by microRNAs, which are short RNA sequences that function as modulators of
mRNA expression, by either impairing translation or promoting its degradation[43,44]. Subtle dysregulation of anyone
step in microRNAs biogenesis may lead to tumorigenesis. The miR-122 acts in the balance of proliferation and differen-
tiation of hepatocytes, however its physiological role in carcinogenesis is variable and the mechanism by which it
contributes to the progression of the lesion is undetermined[43]. In this study, the HCC-group showed a significant
increase in miR-122 expression compared to healthy animals, a result that corroborates the literature[43,45]. We
emphasize that this increase in gene expression was maintained in animals that developed HCC compared to animals
that did not develop this clinical condition, in the stratified analysis of experimental groups. However, contradictory data
are also reported, a possible explanation being the heterogeneity of the samples under different environmental conditions
[44]. We did not observe a significant difference in the expression of miR-34a between the HCC-group and RIF-group,
however there was a significant increase in its expression in the RIF-group compared to healthy animals. This increase in
expression may represent a beneficial effect of RIF, as miR-34 inhibits the process of carcinogenesis through the regulation
of p53, promoting apoptosis, cell cycle arrest, and senescence[46,47]. This data corroborates the increase in the expression
of Carm1 regulator of autophagy through the expression of p53. Additionally, we reported a significant increase in miR-
26b expression in RIF treated animals. We infer that it is a beneficial effect of the treatment since the lower expression of
this microRNA is associated with a worse prognosis of HCC[48,49]. The suppression of miR-26 may result in an increase
in the expression of Ezh2, in opposite to our results. However, we know that the expression of these epigenetic markers is
variable according to the tissue and stage of the lesion[50]. Another possible beneficial effect of RIF treatment was the
decrease in the expression of miR-224, which acts as an oncomiR in HCC cells, and its upregulation promotes the prolif-
eration and migration of malignant hepatocytes[51,52]. Carm1 regulates the expression of transcription factors such as p53
and nuclear factor-xB which regulate the expression of miR-224. Possibly this signaling mechanism is activated and RIF
acts in its modulation, however further studies are necessary to be carried out for the elucidation of the process[51,52].
Additionally, we compared the results of animals that developed or not HCC, and we found no difference within them in
the RIF-group, probably due to the small number of animals. However, analyzing the entire group of animals, there was
a difference between miR-122, miR-34a, Tubalc, metalloproteinases and autophagy markers between the groups that
developed cancer vs those who did not present HCC. These interesting findings also may demonstrate the influence of
epigenetic and autophagy markers in the development of HCC in this scenario.

So far, there is no specific medication approved by the Food and Drug Administration in clinical practice for the
treatment of MASLD; therefore, counseling focuses on lifestyle to prevent progression to HCC. Biological aging and the
progression of liver disease occur through the interference of various factors, including environmental, genetic, and
dietary issues[28]. The assessment of these mechanisms can contribute to the search for preventive strategies in the
development of MASLD-HCC. In this study, animals were subjected to a HFCD with the aim of developing the liver
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condition, allowing the study of the use of RIF as a preventive measure. Since dietary management tools are essential for
controlling this clinical condition, one can speculate if including additional dietary intervention in the model, such as
high fiber diet or flavonoids, for instance, could alleviate liver damage[12,53,54].

CONCLUSION

In summary, MASLD-HCC management is a clinical challenge, and many questions need to be addressed, including the
response to the new immunotherapy agents. The process of autophagy and epigenetics tends to play a complicit role in
drug resistance and the interface between the two is multifactorial and crosstalk occurs in different proteins of each
process[6,55]. In this study, we observed, mainly in relation to the epigenetic markers evaluated, a possible beneficial
effect of the treatment with RIF in rats with MASLD-HCC, suggesting it could be useful to prevent or delay carcino-
genesis. On the other hand, the study has some weaknesses to be considered, like the small number of animals and the
gene expression markers analysis. Thus, new preclinical studies are needed to evaluate the epigenetic and autophagy
mechanisms in MASLD-HCC for a better understanding of the role of RIF, as there are factors that need to be better
explored, such as the variability of the course of the disease, the complexity of the autophagy mechanism and the
individualized treatment requirements.

ARTICLE HIGHLIGHTS

Research background

Metabolic-dysfunction associated steatotic liver disease (MASLD) incidence is increasing worldwide. Hepatocellular
carcinoma (HCC) is a complex and heterogeneous neoplasm, and there’s evidence showing MASLD-related HCC has
some unique features, including gut microbiota (GM). However, current treatment does not take this heterogeneity into
account, dealing with viral and non-viral HCC in the same way. This study is intended to characterize autophagy and
epigenetics in experimental MASLD-HCC and its response to rifaximin (RIF), a minimally-absorbed broad-spectrum oral
antibiotic, that may interfere in GM-derived inflammation.

Research motivation

Epigenetic changes, autophagy and GM are involved in hepatocarcinogenesis, but there is no definite evidence of a
positive effect of its modulation in human steatohepatitis. RIF may influence in these complex mechanisms.
Understanding GM influence on epigenetics and autophagy can help not only as a diagnostic tool but also as a target for
new therapies.

Research objectives

The main objective was to investigate rifaximin (RIF) effects on epigenetic and autophagy markers in experimental HCC
secondary to MASLD. Future research in humans with MASLD can open a new therapeutic pathway to decrease HCC
burden in this setting.

Research methods

We conducted an innovative RIF experiment in a MASLD-HCC model with 24 adult Sprague-Dawley rats, randomly
assigned in three groups (n = 8, each) and treated from 5-16 wk. We compared the results of control animals to RIF group
and MASLD (animals in the last two groups received a high-fat choline deficient diet plus diethylnitrosamine in drinking
water. Gene expression of epigenetic and autophagy markers was obtained at the end of experiment.

Research results

All animals in RIF and MASLD groups developed steatohepatitis, fibrosis, and cirrhosis. All MASLD animals also
presented HCC, but in RIF group three rats did not develop tumor. Some microRNAs, metalloproteinases and
aggressivity markers were higher in rats that developed HCC comparing with those that not developed, and the opposite
occurred with the autophagy markers.

Research conclusions
The results suggest that autophagy and epigenetics could exert influence on MASLD-HCC via GM interference with RIF
and support clinical studies in the area.

Research perspectives

RIF may have effect on autophagy and epigenetic markers as shown in this study. These initial results in animals shall be
confirmed in other preclinical and clinical studies before recommending its use in high-risk patients with MASLD
cirrhosis.
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Abstract

BACKGROUND

Although the past decade has seen remarkable advances in treatment options for
hepatocellular carcinoma (HCC), the dismal overall prognosis still envelops HCC
patients. Several comparative trials have been conducted to study whether tran-
sarterial chemoembolization (TACE) could improve clinical outcomes in patients
receiving sorafenib for advanced HCC; however, the findings have been
inconsistent.

AIM

To study the potential synergies and safety of sorafenib plus TACE vs sorafenib
alone for treating advanced HCC, by performing a systematic review and meta-
analysis.

METHODS

This study was conducted following the PRISMA statement. A systematic
literature search was conducted using the Cochrane Library, Embase, PubMed,
and Web of Science databases. Data included in the present work were collected
from patients diagnosed with advanced HCC receiving sorafenib plus TACE or
sorafenib alone. Data synthesis and meta-analysis were conducted using Review
Manager software.

RESULTS
The present study included 2780 patients from five comparative clinical trials (1
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was randomized control trial and 4 were retrospective studies). It was found that patients receiving sorafenib plus
TACE had better prognoses in terms of overall survival (OS), with a combined hazard ratio (HR) of 0.65 [95%
confidence interval (95%CI): 0.46-0.93, P = 0.02, n = 2780]. Consistently, progression free survival (PFS) and time to
progression (TTP) differed significantly between the sorafenib plus TACE arm and sorafenib arm (PFS: HR = 0.62,
95%CI: 0.40-0.96, P = 0.03, n = 443; TTP: HR = 0.73, 95%CI: 0.64-0.83, P < 0.00001, n = 2451). Disease control rate
(DCR) was also significantly increased by combination therapy (risk ratio = 1.36, 95%CI: 1.02-1.81, P = 0.04, n =
641). Regarding safety, the incidence of any adverse event (AE) was increased due to the addition of TACE;
however, no significant difference was found in grade >3 AEs.

CONCLUSION

The combination of sorafenib with TACE has superior efficacy to sorafenib monotherapy, as evidenced by
prolonged OS, PFS, and TTP, as well as increased DCR. Additional high-quality trials are essential to further
validate the clinical benefit of this combination in the treatment of advanced HCC.

Key Words: Hepatocellular carcinoma; Sorafenib; Transarterial chemoembolization; Systematic review; Meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: No consensus is available in the literature about whether addition of transarterial chemoembolization (TACE)
could improve survival in patients receiving sorafenib for advanced hepatocellular carcinoma. This is the first systematic
review and meta-analysis comparing sorafenib/TACE combination therapy and sorafenib monotherapy for advanced hepato-
cellular carcinoma. We investigated these two treatments in terms of overall survival, progression free survival, time to
progression, disease control rate, and adverse events.

Citation: Yang HJ, Ye B, Liao JX, Lei L, Chen K. Sorafenib plus transarterial chemoembolization vs sorafenib alone for patients with
advanced hepatocellular carcinoma: A systematic review and meta-analysis. World J Hepatol 2024; 16(1): 91-102

URL: https://www.wjgnet.com/1948-5182/full/v16/i1/91.htm

DOI: https://dx.doi.org/10.4254/wjh.v16.i1.91

INTRODUCTION

As a global health problem, liver cancer, including hepatocellular carcinoma (HCC), represents the sixth most frequent
malignancy and the fourth cause of cancer-related death[1]. In particular, the incidence of HCC is rising, with an annual
incidence of above 0.6 million patients at present, which is estimated to be > 1 million by 2025 worldwide[2]. There have
been remarkable advances in treatment options for HCC, and several treatment options have been adopted as standard of
care according to clinical practice guidelines[3-5]. In principle, potentially curative therapies (i.e., surgical resection, local
ablation, and liver transplantation) are preferred for early-stage tumours, transarterial chemoembolization (TACE) is
recommended for intermediate-stage tumours, and systemic drugs (i.e., sorafenib, and atezolizumab plus bevacizumab)
are the mainstay of treatment for advanced tumors. All these therapies have contributed to a progressive improvement in
life expectancy of HCC patients[4-7]. However, the dismal overall prognosis still envelops HCC patients primarily
because of the late diagnosis and frequent relapse[8].

Because quite many HCCs are diagnosed at an advanced stage, namely, Barcelona Clinic Liver Cancer (BCLC) stage C
[9], how to prolong the survival of patients with advanced HCC is more crucial than the treatments for early stage HCC.
It has not achieved global consensus on the definition of advanced HCC, which is generally indicated in cases with portal
vein infiltration, extrahepatic metastasis, or progression on curative treatments[10]. Sorafenib, an inhibitor of several
tyrosine kinases, such as VEGFR-2 (vascular endothelial growth factor receptor-2), PDGFR- (platelet-derived growth
factor receptor-p), and Raf serine/threonine kinases, is the first molecular targeting drug approved for the treatment of
advanced HCC, and yet the standard first-line therapy internationally[11,12]. However, the overall survival (OS)
outcomes of most patients are still far from satisfactory, and further prolonging survival is challenging.

To augment the clinical benefit of sorafenib, several clinical studies have evaluated the effects of addition of other
systemic/locoregional therapies to it[13-15], including TACE[16]. TACE is a vascular interventional surgery which can
concentrate chemotherapeutic drugs at tumour site, thus blocking tumour feeding from the primary artery to delay
tumor progression. As an effective therapy for unresectable HCC, TACE is recommended by most guidelines for HCC at
intermediate stage or multifocal HCC[4,10,12]. Although TACE is preferred for HCC patients at BCLC stage B, in many
countries, it is frequently performed across all disease stages as well, including advanced stage[17]. Treatment with TACE
leads to VEGF upregulation and thus the increase of tumour angiogenesis, while sorafenib would be expected to
strengthen the effectiveness of TACE by suppressing angiogenesis by inhibiting VEGF signaling. Several comparative
trials worldwide have been conducted to study whether TACE could provide clinical benefit in patients receiving
sorafenib for advanced HCC; however, the findings have been not consistent[18-23]. Hence, the efficacy of the
combination therapy of sorafenib plus TACE in patients with advanced disease has not been thoroughly understood. This
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systematic review and meta-analysis aimed to assess the potential synergies and safety of sorafenib plus TACE as
compared with sorafenib alone in the treatment of advanced HCC.

MATERIALS AND METHODS
Search strategy

This systematic review and meta-analysis was conducted following the PRISMA statement. Four databases (PubMed, the
Cochrane Library, EMbase, and Web of Science) were used in systematic search to capture relevant studies from
inception to August 18, 2023. Two independent investigators (Yang HJ and Ye B) conducted this search. We used the
combinations of the following keywords: Hepatocellular carcinoma/HCC, sorafenib /tyrosine kinase inhibitor/TKI/
multikinase inhibitor/MKI, and transarterial chemoembolization/ TACE/chemoembolization.

Selection criteria

The criteria for including eligible studies into this meta-analysis were: (1) Study patients were diagnosed with advanced
HCC, regardless of the kind of treatment that they have experienced before; (2) at least two intervention arms (TACE plus
sorafenib vs sorafenib alone) were compared in the study; (3) one of the following outcomes must be included in study:
OS, progression free survival (PFS), time to progression (TTP), or disease control rate (DCR). Studies published only as an
abstract or those containing unobtainable/unusable data were excluded. Two independent investigators (Liao JX and Lei
L) judged the records based on the title/abstract and then full-text. Any disagreement between the two investigators was
discussed to reach a consensus.

Data extraction

Two investigators (Yang HJ and Ye B) independently extracted the data of baseline characteristics and outcome measures
from eligible studies using a specially-designed standardized extraction form. Study data included first author, year of
publication, study design, sample size, age, gender, Eastern Cooperative Oncology Group performance status (ECOG-
PS), BCLC stage, Child-Pugh class, alpha-fetoprotein (AFP), portal vein tumor thrombus (PVTT), follow-up, description
of interventions, and type of outcome measures. Efficacy outcome measures included OS, PFS, and TTP, described as
hazard ratio (HR) with 95% confidence interval (95%Cl), and DCR, defined as the percentage of patients whose response
was complete response, partial response, or stable disease. Safety outcomes included any adverse event (AE) reported by
patients, grade = 3 AEs, and typical AEs. Any controversy between investigators was resolved by discussion.

Quality assessment
The quality of the randomized controlled trials (RCT) was assessed using the Jadad scale, while the retrospective studies
were assessed using the Newcastle-Ottawa scale.

Statistical analysis

Meta-analysis was conducted using Review Manager 5.4 (Cochrane Collaboration, Oxford, United Kingdom) using a
random-effects model. Pooled continuous data are described as HR while pooled dichotomous data are described as risk
ratio (RR), with 95%CI. Heterogeneity was assessed through y* test and I* statistic, with values over 60% indicating
substantial heterogeneity. Sensitivity analysis was conducted through the leave-one-out approach if needed. Publication
bias was not assessed since the number of included studies was too small.

RESULTS

Study selection and characteristics

Overall, a total of 4335 unique studies were captured after removing duplicates, and then nine were retained as
potentially eligible trials for full-text assessment. After deleting four ineligible studies (two ongoing trials, one repeated
study, and one unobtainable data study), five studies were finally included for meta-analysis[19-23] (Figure 1).

The baseline characteristics of patients from the included studies are summarized in Table 1. The five studies consisted
of four retrospective studies[19,21-23] and one RCT[20]. A total of 2780 patients with advanced HCC were included, of
which 751 received sorafenib plus TACE and 2029 received sorafenib alone. The participants were at ages of 50 to 70
years mostly, with the majority being male. At baseline, all patients had an ECOG-PS of 0 or 1-2, and most patients had
BCLC stage C, and Child-Pugh class A. Four of five trials reported the characteristics of AFP and PVTT in patients[19-22].

The details on intervention characteristics and outcome measures of the included trials are summarized in Table 2.
Obvious differences were found in intervention program, namely, the sequence and interval between sorafenib adminis-
tration and TACE operation in the sorafenib plus TACE arm across studies. Sorafenib treatment was started after TACE
operation in two trials[19,22], while sorafenib administration was initiated prior to TACE in another three[20,21,23].
Generally, sorfenib was orally administrated at 400 mg twice daily[20,21]. Among trials reporting the median period of
sorafenib administration, it ranged from the minimum 0.1 mo to maximum 48.4 mo across studies. Varied combinations
of outcome measures from OS, PFS, TTP, and DCR, were adopted in different trials, with OS adopted in all trials.
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Table 1 Baseline characteristics of patients with advanced hepatocellular carcinoma receiving sorafenib with or without add-on transcatheter arterial chemoembolization

. Number of ECOG-PS BCLC stage Child-Pugh class
Ref. Study design Group Age' (yr) Male AFP PVTT
cases 0 1-2 A B c A B

Koch et al[19], Retrospective cohort Sorafenib + 54 64 (34-77) 47 (87) 16 (30) 38(70) 0(0) 0(0) 54 (100) 40 (74) 14 (26) <400ng/ml;36  >400ng/mL;18 18 (33)
2021 study TACE (66) (34)

Sorafenib alone 82 66 (28-85) 72 (88) 37(45) 45(35) 0(©) 0(0) 82 (100) 61 (74) 21 (26) 52 (64) 30 (36) 27 (33)
Park et al[20], Multi-center RCT phase  Sorafenib + 170 60 =10 136 (80) 136 (80) 34(20) 3(2) 39(23) 128(75) 148 (87) 22(13) <200ng/mL;79  2200ng/mL;91 68 (40)
2019 111 TACE (47) (54)

Sorafenib alone 169 61 +10 147 (87) 140(83) 29(17) 0(0) 44 (26) 125 (74) 147 (87) 22 (13) 76 (45) 93 (55) 63 (37)
Kok et al[23], 2019 Retrospective cohort Sorafenib + 426 60 (51-69) 355(83) NA 0(0) 0(0) 426 (100) 426 (100) 0 (0) NA NA

study TACE

Sorafenib alone 1686 60 (52-68) 1410 (84) NA 0(0) 0(0) 1686(100) 1686 (100) 0 (0) NA NA
Wu et al[21],2017 Retrospective study Sorafenib + 56 50 +12 48 (86) NA 0(0) 10(18) 46(82) 45 (80) 11(20) <400ng/mL;33  2400ng/mL;23  32(57)

TACE (59) (41)

Sorafenib alone 48 48+13 46 (96) NA 0(00) 16(33) 32(67) 46 (96) 24 23 (49) 24 (51) 24 (50)
Zhang et al[22], Retrospective study Sorafenib + 45 50+9 43 (96) 45 (100) NA 34 (76) 11 (24) <200ng/mL;3(7) 2200ng/mL;42 45 (100)
2015 TACE (93)

Sorafenib alone 44 54+10 41 (93) 44 (100) NA 34 (77) 10(23) 9(20) 35 (80) 44 (100)

1Ages are expressed as the median (range) or mean + SD.

Data are expressed as n (%) for categories. ECOG-PS: Eastern Cooperative Oncology Group performance status; BCLC: Barcelona Clinic Liver Cancer; AFP: Alpha-fetoprotein; PVTT: Portal vein tumor thrombus; TACE: Transcatheter

arterial chemoembolization; NA: Not available.

Quality assessment

The quality of the data from four retrospective studies[19,21-23] was evaluated using the Newcastle-Ottawa scale. All
retrospective studies received a score of 8, suggesting that the data were of good quality. The quality of the Park et al[20]'s
study that was a RCT, was evaluated using the Jadad scale. The data were considered of high quality as it received a score
of 3. All included studies may have detection bias as the outcome assessors in all trials were not blinded. The details of
study quality assessment are summarized in Table 3.

Data synthesis and meta-analysis

OS-primary outcome:OS is objective and clinically relevant, serving as the sole robust endpoint in the management of
HCC, and all included trials reported OS as an endpoint. Thus, OS was chosen as the primary outcome in the present
study. All five studies[19-23] provided point estimates and 95%ClI for HR regarding OS; hence, all were included for the
meta-analysis. The results suggested that patients treated with sorafenib plus TACE had better outcomes regarding OS
compared to those treated with sorafenib alone: HRs ranged from 0.34 to 1.17, with a combined HR of 0.65 (95%CI:
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Table 2 Intervention characteristics and outcome measures of the trials included in this meta-analysis

Yang H]J et al. Sorafenib with TACE for advanced HCC

0S8 (mo) TTP (mo) PFS (mo)
. . Follow-u . Sorafenib
Ref. Intervention Patients P Sorafenib dose ) . HR . HR . HR DCR (%)
(mo) duration (mo)  Median Median Median .
(95%Cl) (95%Cl) (95%Cl)
Koch et al TACE was usually initiated before sorafenib 54 NA NA NA 16.5 0.34 (0.23- 7.0 NA NA NA 28/53
[19], 2021 0.53) (53)
Sorafenib alone 82 NA NA 8.4 41 NA 17/74
23)
Park et al Sorafenib initiated within 3 d of randomization, first TACE 170 14 (4-27) 200-400 mg twice daily, then 5.5 (0.1-41.6) 12.8 091 (0.69- 53 0.67 (0.53- 5.2 0.73 (0.59-  103/170
[20], 2019 initiated between 7 and 21 d after randomization 400 mg twice daily 1.21) 0.85) 0.91) (61)
Sorafenib initiated within 3 d of randomization 169 19 (2-27) 4.3 (0.2-48.4) 10.8 B15) 3.6 80/169
7)
Kok et al Sorafenib prior to TACE 426 74 (47-11.5) NA 4.7 (4.2-53) 125 0.74 (0.63- 47 0.76 (0.65- NA NA NA
[23], 2019 0.88) 0.89)
Sorafenib alone 1686 44(2.3-84) 2.8 (2.6-3.0) 6.7 2.8 NA
Wu et al[21], Sorafenib prior to TACE 56 NA 400 mg twice daily NA 22 0.50 (0.28- NA NA 8 046 (0.27-  27/48
2017 0.89) 0.78) (56)’
Sorafenib alone 48 NA NA 18 NA 6 23/40
(©8)
Zhangetal  Sorafenib started 1-3 d after TACE 45 7.3 (2-18) NA 5.6 (1-18) 7 117 (0.52- 3 NA NA NA 24/43
[22], 2015 1.81) (60)
Sorafenib alone 44 5.4 6 3 NA 18/44
(1-17) (51)

'DCR was measured at the 6" month.
Data are n (%) for categories, and median for continuous data. OS: Overall survival; PFS: Progression-free survival; TTP: Time to progression; DCR: Disease control rate; TACE: Transarterial chemoembolization; HR: Hazard ratio;
95%CI: 95% confidence interval; NA: Not available.

0.46-0.93, P = 0.02, n = 2780; Figure 2A). Because of high heterogeneity across studies, a sensitivity analysis was
conducted. Removal of the study of Koch et al[19] caused the heterogeneity to become non-significant, while the results of
the pooled OS were almost identical.

PFS-secondary outcome

Only two[20,21] of the five studies reported the point estimate (HR) and 95%CI for PFS. The combined HR showed that
the PFS significantly differed between patients treated with sorafenib plus TACE and those treated with sorafenib alone
(combined HR = 0.62, 95%Cl: 0.40-0.96, P = 0.03, n = 443; Figure 2B).
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Table 3 Quality assessment of included trials

Newcastle-Ottawa scale

Ret. Selection Comparability Outcome Score Quality
Koch et al[19], 2021 3 2 3 8 Good
Kok et al[23], 2019 3 2 B 8 Good
Wu et al[21], 2017 3 2 3 8 Good
Zhang et al[22], 2015 3 2 3 8 Good
Park et al[20], 2019 Jadad scale

Randomization Double blinding Withdrawals and dropouts Score Quality

2 1 3 Good

6269 records searched out

Duplicate removed

| 4326 studies excluded based on title and abstract

Identification

4335 studies screened

9 full-text articles assessed for eligibility

4 studies excluded with following reasons:
2 ongoing trials
1 repeated study
1 study with un-obtainable data

5 eligible studies included

DOI: 10.4254/wjh.v16.i1.91 Copyright ©The Author(s) 2024,

Figure 1 Flowchart of study selection.

TTP-secondary outcome

Three studies were excluded from the meta-analysis without 95%CI for TTP; hence, only two[20,23] studies were used for
the meta-analysis. The pooled result was positive, with an HR of 0.73 (95%CI: 0.64-0.83, P < 0.00001, n = 2451; Figure 2C),
indicating better outcome regarding TTP achieved by sorafenib plus TACE as compared with sorafenib alone.

DCR-secondary outcome

Four[19-22] of five studies were included in meta-analysis for DCR after excluding the study of Kok et al[23], which did
not provide the relevant data. The meta-analysis yielded positive results for pooled DCR, with a combined RR of 1.36
(95%CI: 1.02-1.81, P = 0.04, n = 641, Figure 2D), revealing that patients receiving sorafenib plus TACE had better
prognoses in terms of DCR, compared to those treated with sorafenib alone. Sensitivity analysis indicated that removal of
the study of Koch et al[19] eliminated the heterogeneity, while the results of pooled DCR were almost identical.

AE-secondary outcome

The summary of AEs is shown in Table 4. We classified the outcomes of AEs as any AE, grade >3 AEs, and typical AEs.
The meta-analysis for any AE with inclusion of two studies demonstrated that the differences in the incidence of any AE
was significant (RR = 1.07, 95%CI: 1.01-1.13, P = 0.01, n = 448; Figure 3A). Whereas, the incidence of grade >3 AEs was
not statistically significant (RR = 1.09, 95%CI: 0.71-1.67, P = 0.69, n = 321; Figure 3B), as indicated by meta-analysis
including the studies of Koch et al[19] and Wu et al[21]. The typical AEs across the trials related to sorafenib plus TACE
treatment were hand-foot skin reactions (HFSR), diarrhea, hypertension, fatigue, alopecia, abdominal pain, and vomiting.
The pooled results of typical AEs are presented in a forest plot in Figure 4. Among these AEs, only abdominal pain
showed a significant difference between the sorafenib plus TACE group and sorafenib group (combined RR = 14.95,
95%ClI: 1.13-198.39, P = 0.04, n = 641), while others demonstrated no significant difference (Figure 4).
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Table 4 Summary of adverse events occurring in either group of the trials included in this meta-analysis

AE
Ref. Group Patients Grade 2 Abdominal
Any 3 HFSR Diarrhoea Hypertension Fatigue Alopecia - Vomiting
Koch et al[19],  Sorafenib + 50 43 17(34) 12 13 (26) NA 3(6) NA 14 (41) 5 (14)
2021 TACE (86) (24)
Sorafenib 78 62 25(32) 13 17 (22) NA 6 (8) NA 0 (0) 0 (0)
alone (80) 17)
Park et al[20],  Sorafenib + 153 148  NA 74 60 (39) 27 (18) 24(16) 23(15) 82 (54) 31 (20)
2019 TACE 97) 48)
Sorafenib 167 151  NA 88 54 (32) 23 (14) 24 (14) 25(15)  29(17) 11 (7)
alone (90) (53)
Kok et al[23], Sorafenib + NA
2019 TACE
Sorafenib NA
alone
Wuetal[21],  Sorafenib + 56 NA  13(23) 30 25 (45) 13 (23) 12(21) 4(7) NA 31 (55)
2017 TACE (54)
Sorafenib 48 NA  14(29) 36 27 (56) 22 (46) 12(25)  3(6) NA 27 (56)
alone (75)
Zhang et al Sorafenib + 45 NA 12(27) 29 20 (44) 1(2) 11(24) 25(56)  26(58) 21 (47)
[22], 2015 TACE (64)
Sorafenib 44 NA  6(14) 26 19 (43) 2(5) 12(27)  22(50)  0(0) 0 (0)
alone (59)

AE: Adverse event; HFSR: Hand-foot skin reaction; TACE: Transarterial chemoembolization; NA: Not available.

DISCUSSION

The present work presents the most comprehensive synthesis of data for currently available comparisons of the efficacy
and safety of sorafenib plus TACE vs sorafenib alone in treating patients with advanced HCC. We identified data for
meta-analysis from five studies that enrolled a total of 2780 patients[19-23]. We found that the addition of TACE to
sorafenib improved OS, PFS, TTP, and DCR, compared to sorafenib alone. Besides, addition of TACE increased the
incidence of any AE but not grade > 3 AEs.

As a multi-kinase inhibitor, sorafenib was speculated to assist TACE in the management of HCC, as it can suppress
angiogenesis in tumours by abolishing VEGF upregulation induced by TACE[24]. Therefore, numerous clinical studies
have compared the efficacy and safety of sorafenib combined with TACE vs TACE alone; however, they yielded
inconsistent results. Therefore, the potential synergies remain controversial in treating patients with unresectable HCC.
Likewise, since TACE was also suggested as a treatment option for advanced HCC[25,26], investigators worldwide began
to study whether TACE could improve the outcomes of patients treated with sorafenib for advanced HCC. Zhang et al[22]
reported that the addition of TACE to sorafenib did not provide benefit regarding OS and PFS vs sorafenib monotherapy
(OS: 7.0 mo vs 6.0 mo, P = 5.544; PFS: 3.0 mo vs 3.0 mo, P = 5.924). Whereas, the study of Wu et al[21] showed that TACE +
sorafenib combination yielded better OS (HR = 0.498, 95%ClI: 0.278-0.892, P = 0.019), based on multivariate Cox regression
analysis. The only multi-center phase III trial[20] comprising 339 patients with advanced HCC reported that the addition
of TACE to sorafenib did not improve OS (HR = 0.91; 90%CI: 0.69-1.21, P = 0.290), but improved PFS and TTP. On the
contrary, two studies of Kok et al[23] and Koch et al[19] demonstrated that the combination therapy significantly prolong
OS compared to sorafenib monotherapy (381 d vs 204 d, HR = 0.74, 95%CI: 0.63-0.88, P = 0.021[23]; 12.8 mo vs 10.8 mo,
16.5 mo vs 8.4 mo, HR = 0.34, 95%ClI: 0.23-0.53, P < 0.001[19]). In agreement with the majority of these studies, our meta-
analysis also revealed a significantly longer OS in patients receiving TACE + sorafenib than in those receiving sorafenib
monotherapy. Besides, the outcomes of PFS, TTP, and DCR were also significantly improved by the addition of TACE.
Regarding safety, the incidence of any AE was increased due to the addition of TACE; however, no significant difference
was found in grade > 3 AEs. Specifically, the most common AEs were HFSR, diarrhoea, and hypertension for sorafenib,
while abdominal pain for TACE[27]. Our meta-analysis indicated that the addition of TACE did not seem to increase
toxicity associated with sorafenib. Taken together, the presented data support using sorafenib/TACE combination
therapy for the treatment of advanced HCC. However, these positive findings still need further confirmation by more
high-quality multi-centre RCTs with large samples and reliable design.

The findings of our meta-analysis were limited by the small number of included studies (range, 2-5 comparative
studies). Especially, the majority of included studies were not randomized, assessor-blinded trials. Our work was also
limited by the obvious heterogeneity across studies used in the meta-analysis for several outcomes, which might originate
from the differences in clinical characteristics of patients of different studies, such as ECOG-PS, BCLC stage, and Child-
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A Hazard ratio Hazard ratio
_Study or subgroup _log[Hazard ratio] __SE Weight IV, Random, 95%Cl IV, Random, 95%Cl
Koch et al, 2021 -1.0788 0.1994 21.2% 0.34 [0.23, 0.50] =
Kok et al, 2019 -0.3011 0.0821 26.8% 0.74 [0.63, 0.87] -
Park et al, 2019 -0.0943 0.1434 24.2% 0.91[0.69, 1.21] -
Wu et al, 2017 -0.6972 0.2974 16.2% 0.50 [0.28, 0.89] -
Zhang et al, 2015 0.1544 0.4124 11.6% 1.17 [0.52, 2.62] -1
Total (95%Cl) 100.0%  0.65[0.46, 0.93] <>
i Tauz = 019 Chi2 = = - . =80Y } t t |
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’ . ) Favours [Sorafenib+TACE] Favours [Sorafenib]
B Hazard ratio Hazard ratio
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Park et al, 2019 -0.3106 0.1116 63.7% 0.73[0.59, 0.91]
Wu et al, 2017 -0.7744 0.2673 36.3% 0.46 [0.27, 0.78] —a—
Total (95%Cl) 100.0%  0.62[0.40, 0.96] S o
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Total (95%Cl) 100.0% 0.73[0.64, 0.83] ¢
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D Sorafenib+TACE Sorafenib Risk ratio Risk ratio
_Study or subgroup _ Events _ Total Events Total Weight M-H, Random, 95%Cl o %Cl
Koch et al, 2021 28 53 17 74 19.0% 2.30[1.41,3.75] -
Park et al, 2019 103 170 80 169 35.0% 1.28 [1.05, 1.56] d
Wu et al, 2017 27 48 23 40 25.1% 0.98 [0.68, 1.41]
Zhang et al, 2015 24 43 18 44 21.0% 1.36 [0.88, 2.13]
Total (95%Cl) 314 327 100.0% 1.36 [1.02, 1.81]
Total events 182 138 ) ) . )
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Figure 2 Meta-analysis of efficacy outcomes in patients with advanced hepatocellular carcinoma receiving sorafenib plus transarterial
chemoembolization or sorafenib alone. A: Forest plot of overall survival; B: Forest plot of progression free survival; C: Forest of time to progression; D: Forest

plot of disease control rate. The pooled results were calculated by
chemoembolization.

A Sorafenib+TACE Sorafenib Risk ratio
rs r E %Cl
Koch et al, 2021 43 50 62 78 11.5% 1.08 [0.92, 1.27]
Park et al, 2019 148 153 151 167 88.5% 1.07 [1.01, 1.13]
Total (95% CI) 203 245 100.0% 1.07 [1.01, 1.13]
Total events 191 213

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.89); I = 0%
Test for overall effect: Z = 2.50 (P = 0.01)

B Sorafenib+TACE Sorafenib

__Study or subgroup Events Total Even | Weigh
Koch et al, 2021 17 50 25 78 47.4%
Wu et al, 2017 13 56 14 48 32.9%
Zhang et al, 2015 12 45 6 44 19.7%
Total (95% CI) 151 170 100.0%
Total events 42 45

Heterogeneity: Tau? = 0.03; Chi? = 2.58, df =2 (P = 0.27); P = 23%
Test for overall effect: Z = 0.39 (P = 0.69)

using a random-effects model. 95%Cl: 95% confidence interval; TACE: Transarterial

Risk ratio
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Risk Ratio Risk ratio
M-H, Ran %Cl M-H, Random, 95%Cl

1.06 [0.64, 1.76]
0.80[0.42, 1.52]
1.96 [0.81, 4.75]
1.09 [0.71, 1.67]
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Figure 3 Meta-analysis of safety outcomes in patients with advanced hepatocellular carcinoma receiving sorafenib plus transarterial
chemoembolization or sorafenib alone. A: Forest plot of any adverse event (AE); B: Forest plot of grade = 3 AEs. 95%Cl: 95% confidence interval; TACE:

Transarterial chemoembolization.
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Risk ratio

_Studyor subgroup  Events  Total Events Total Welght M-H, Random, 95%Cl

Sorafenib+TACE

2.3.1 HFSR

Koch et al, 2021 12 50
Park et al, 2019 74 153
Wu et al, 2017 13 56
Zhang et al, 2015 12 45
Subtotal (95% Cl) 304
Total events 111

13 78 16.1%
88 167 54.9%
14 48 18.1%
6 44 10.9%
337 100.0%

121

Heterogeneity: Tau? = 0.04; Chi? = 4.32, df =3 (P=0.23); ' = 31%

Test for overall effect: Z = 0.27 (P = 0.79)

2.3.2 Diarrhoea

Koch et al, 2021 13 50
Park et al, 2019 60 153
Wu et al, 2017 25 56
Zhang et al, 2015 20 45
Subtotal (95% Cl) 304
Total events 118

17 78 10.5%
54 167 44.0%
27 48 27.1%
19 44 184%

337 100.0%

117

Heterogeneity: Tau? = 0.00; Chi#=3.17, df =3 (P =0.37); ' = 5%

Test for overall effect: Z = 0.44 (P = 0.66)

2.3.3 Hypertension

Koch et al, 2021 0 50
Park et al, 2019 27 153
Wu et al, 2017 13 56
Zhang et al, 2015 1 45
Subtotal (95% Cl) 304
Total events 41

0 78
23 167 46.4%
22 48 44.4%
2 4 92%
337 100.0%
47

Heterogeneity: Tau? = 0.28; Chi? = 5.91, df = 2 (P = 0.05); = 66%

Test for overall effect: Z = 0.63 (P = 0.53)

2.3.4 Fatigue

Koch et al, 2021 3 50
Park et al, 2019 24 153
Wu et al, 2017 12 56
Zhang et al, 2015 1 45
Subtotal (95% Cl) 304
Total events 50

6 78  6.7%
24 167 44.4%
12 48 246%
12 44 243%

337 100.0%

54

Heterogeneity: Tau? = 0.00; Chi* = 0.46, df = 3 (P = 0.93), 2 = 0%

Test for overall effect: Z = 0.24 (P = 0.81)

2.3.5 Alopecia

Koch et al, 2021 0 50
Park et al, 2019 23 153
Wu et al, 2017 4 56
Zhang et al, 2015 25 45
Subtotal (95% Cl) 304
Total events 52

0 78
25 167 34.7%
3 48 45%
22 44 60.8%
337 100.0%
50

Heterogeneity: Tau? = 0.00; Chi* = 0,11, df =2 (P = 0.95), = 0%

Test for overall effect: Z = 0.46 (P = 0.65)

2.3.6 Vomiting

Koch et al, 2021 5 50
Park et al, 2019 31 153
Wu et al, 2017 27 56
Zhang et al, 2015 21 45
Subtotal (95% CI) 304
Total events 84

Heterogeneity: Tau? = 2.21; Chi* = 37.70, df = 3 (P < 0.00001); I* = 92%

Test for overall effect: Z = 1.63 (P = 0.10)

2.3.7 Abdominal pain

Koch et al, 2021 14 50
Park et al, 2019 82 153
Wu et al, 2017 0 56
Zhang et al, 2015 28 45
Subtotal (95% Cl) 304
Total events 122

0 78 17.1%
11 167 32.1%
31 48 33.2%

0 4 17.7%

337 100.0%
42

0 78 286%
29 167 426%
0 48
0 44 288%
337 100.0%
29

Heterogeneity: Tau? = 4.05; Chi® = 9.84, df = 2 (P = 0.007); P = 80%

Test for overall effect: Z = 2.05 (P = 0.04)

Figure 4 Meta-analysis of incidence of typical AEs in patients with advanced hepatocellular carcinoma receiving sorafenib plus
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transarterial chemoembolization or sorafenib alone. AE: Adverse event; HFSR: Hand-foot skin reaction; 95%CI: 95% confidence interval; TACE:
Transarterial chemoembolization.

Pugh class. Finally, there were differences across included trials in the definition of tumour response. The phase III study
defined tumour response using the RECIST 1.1 criteria[20], three studies used mRECIST criteria[19,21,22], and one study
did not report the criteria used[23].

CONCLUSION

In summary, the combination of sorafenib with TACE has superior efficacy to sorafenib monotherapy, as evidenced by
the prolonged OS, PFS, and TTP, as well as the increased DCR. The addition of TACE does not cause additional toxicity
associated with sorafenib. Additional RCTs are required to further investigate the clinical benefit of this combination
therapy in treatment of advanced HCC.

ARTICLE HIGHLIGHTS

Research background

Hepatocellular carcinoma (HCC) is a rising global health problem which represents one of the leading causes of cancer-
related mortality. Although remarkable advances in treatments have been achieved for HCC, the overall prognosis is still
dismal in patients, especially those at advanced stage. Several trials have focused on combining sorafenib with other
systemic therapies to augment its clinical benefit.

Research motivation

Recently, a number of comparative trials worldwide have been conducted to investigate whether sorafenib/transarterial
chemoembolization (TACE) combination therapy could improve clinical outcomes in patients with advanced HCC,
compared with sorafenib monotherapy. However, the obtained findings are conflicting.

Research objectives
To investigate the potential synergies and safety of sorafenib plus TACE vs sorafenib alone for treating advanced HCC.

Research methods

This meta-analysis involved a large sample size to evaluate whether sorafenib plus TACE provides clinical benefit vs
sorafenib monotherapy in patients with advanced HCC, in terms of overall survival (OS), progression free survival (PFS),
time to progression (TTP), disease control rate (DCR), and adverse events (AEs).

Research results

It was found that patients treated with sorafenib plus TACE had better prognoses in terms of prolonged OS, PFS, and
TTP, as well as increased DCR. Besides, the incidence of any AE was increased due to the addition of TACE; however,
there was no significant effect on grade >3 AEs.

Research conclusions
The combination of sorafenib with TACE has superior efficacy to sorafenib monotherapy, with an acceptable safety
profile.

Research perspectives

The addition of TACE to sorafenib is clinically feasible and safe in patients with advanced HCC. The positive findings of
the present study might be beneficial to the management of advanced HCC. Additional randomized controlled studies
are still necessary to further validating these clinical benefits.
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Abstract

BACKGROUND
Pylephlebitis is an extremely rare form of septic thrombophlebitis involving the
portal vein, carrying high rates of morbidity and mortality.

CASE SUMMARY

We present a case of a 42-year-old male with no past medical history who present-
ed with acute onset of abdominal pain and altered mental status with laboratory
tests demonstrating new-onset acute liver failure. Pylephlebitis was determined to
be the underlying etiology due to subsequent workup revealing polymicrobial
gram-negative anaerobic bacteremia and complete thrombosis of the main and left
portal veins. To our knowledge, this is the first documented case of acute liver
failure as a potential life-threatening complication of pylephlebitis.

CONCLUSION

Our case highlights the importance of considering pylephlebitis in the broad
differential for abdominal pain, especially if there are co-existing risk factors for
hypercoagulability. We also demonstrate that fulminant hepatic failure in these
patients can potentially be reversible with the immediate initiation of antibiotics
and anticoagulation.

Key Words: Portal vein thrombosis; Septic thrombophlebitis; Gram negative anaerobic
bacteremia; Pylephlebitis; Acute liver failure; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

January 27,2024 | Volume16 | Issuel |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v16.i1.103
mailto:vera.hapshy@hmhn.org

Hapshy V et al. Acute liver failure in pylephlebitis

Core Tip: Septic thrombosis of the portal vein, also known as pylephlebitis, is difficult to diagnose as it often presents with
non-specific symptoms including fever and abdominal pain. As a result, a high clinical suspicion for pylephlebitis is
warranted since this condition is life-threatening without treatment. We aim to highlight acute liver failure as a possible life-
threatening sequela of pylephlebitis. Furthermore, we demonstrate that prompt initiation of antibiotics and possible antico-
agulation can result in complete resolution of fulminant hepatic failure.

Citation: Hapshy V, Imburgio S, Sanekommu H, Nightingale B, Taj S, Hossain MA, Patel S. Pylephlebitis-induced acute liver failure:
A case report and review of literature. World J Hepatol 2024; 16(1): 103-108

URL: https://www.wjgnet.com/1948-5182/full/v16/i1/103.htm

DOI: https://dx.doi.org/10.4254/wjh.v16.i1.103

INTRODUCTION

Acute liver failure (ALF) is a life-threatening form of severe hepatocyte necrosis that results in impaired synthetic
function and encephalopathy in individuals without preexisting liver disease[1]. Abrupt damage to the liver parenchyma
can result in a triad of clinical findings including rapid elevation of aminotransferase enzymes levels, altered mental
status, and impaired coagulation[2]. ALF typically manifests within a few days of an acute insult, has a disease course of
less than 26 wk, and can be distinguished from acute on chronic decompensated liver failure by the absence of previous
liver disease[3,4]. Approximately 3000 annual cases of ALF occur in the United States each year with the most common
cause being acetaminophen toxicity[5]. Other reported etiologies include viral hepatitis, drug-induced liver injury,
ischemia, autoimmune hepatitis, and Budd-Chiari syndrome[6]. To date, few case reports have demonstrated portal vein
thrombosis as a cause of new-onset hepatic dysfunction[7-9]. Even more rare is septic thrombophlebitis of the portal vein,
known as pylephlebitis, resulting in ALF. To our knowledge, we present the first reported case of pylephlebitis resulting
in fulminant hepatic failure in a young patient which was successfully reversed with prompt initiation of antibiotics and
anticoagulation.

CASE PRESENTATION

Chief complaints
A 42-year-old male with no past medical history presented with a three-day history of right upper quadrant abdominal
pain and altered mental status.

History of present illness
Three-day history of right upper quadrant abdominal pain and altered mental status.

History of past illness
Non-contributory.

Personal and family history
Non-contributory.

Physical examination
In the emergency department, he was visibly jaundiced. Vitals were significant for fever of 38.5° C or 101.4° F, tachycardia
at 135 beats-per-minute, and hypotension with blood pressure of 88/48 mmHg.

Laboratory examinations
Initial laboratory tests were normal except for leukocytosis of 22.2 x10°/pL (Ref: 4.5-11.0 x10°/puL) and elevated lactic acid
at4.1 mmol/L (Ref: 0.5-2.0 mmol/L).

Imaging examinations

Due to concern of sepsis, broad-spectrum antibiotics were started, along with fluid resuscitation. However, a computed
tomography (CT) scan of the abdomen and pelvis with intravenous (IV) contrast did not reveal any signs of infection or
evidence of cirrhosis. Additional investigations for a source of infection including chest X-ray, urinalysis, right upper
quadrant ultrasound, magnetic resonance cholangiopancreatography, and transthoracic echocardiogram failed to reveal
an infective source.
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FINAL DIAGNOSIS

Two days after admission, blood cultures grew Fusobacterium necrophorum and Bacteroides ovatus. The blood culture
susceptibility report demonstrated sensitivity to ampicillin/sulbactam with the antibiotic regimen narrowed
appropriately. Ultimately, a vascular abdominal ultrasound was ordered, demonstrating complete thrombosis of both the
main and left portal veins (Figure 1, respectively). The diagnosis of spontaneous pylephlebitis was made.

TREATMENT

A therapeutic dose heparin drip was started. Repeat blood cultures two days later showed resolution of the bacteremia.
An investigation for the patient’s risk factors for hypercoagulability revealed an extensive smoking history of 20-pack
years and obesity with a body mass index of 31.2 kg/m? in addition to the sepsis-induced inflammatory state. A
peripherally inserted central catheter was placed and the patient was discharged on a six-week total course of IV
ampicillin/sulbactam 3 g every six hours and also transitioned to a six-month total course of oral rivaroxaban 20 mg
daily.

OUTCOME AND FOLLOW-UP

The patient was scheduled for outpatient follow-up in the clinic one week later with repeat blood work at that time
demonstrating complete resolution of the liver impairment and discharged from the hospital after an nine day hospital
course.

DISCUSSION

Thrombophlebitis is characterized by a venous inflammation accompanied by venous thrombosis[10]. When an
endovascular thrombus occurs in the setting of concurrent infection, it is referred to as septic thrombophlebitis[11]. The
specific term pylephlebitis is used to describe an extremely rare form of septic thrombophlebitis of the portal vein with an
estimated annual incidence of 0.37-2.7 cases per 100000[12]. Pylephlebitis typically occurs in response to an abdominal
inflammatory process that results in uncontrolled infection in the regions adjacent or draining into the portal venous
system, most often caused by Gram-negative anaerobic bacteria[13]. This is similar to Lemierre’s syndrome, caused by the
same organism as seen in our case, Fusobacterium necrophorum, in which the bacterium extends to the parapharyngeal
space causing septic thrombophlebitis of the internal jugular vein[14]. In this same vein, pylephlebitis shares similar
pathophysiologic concepts as Lemierre’s syndrome and can be attributed to vascular changes from gram-negative
anaerobic bacteria infiltration[14].

Multiple case reports have described various intra-abdominal inflammatory conditions such as diverticulitis,
appendicitis, and pancreatitis developing into septic portal vein thrombosis due to direct invasion from an adjacent
nonvascular infection[15-18]. Diagnosis is often challenging as common presentations include non-specific symptoms
such as generalized abdominal pain and fever[19]. A CT scan with oral and IV contrast is the imaging modality of choice
as it can detect both the portal vein thrombosis and intra-abdominal infection.

In the absence of a source of inflammation or infection like our case, another proposed mechanism involves an
obstructive clot that promotes bacterial colonization in a manner similar to that of ascending cholangitis[20]. In cases of
pylephlebitis where no intra-abdominal infection can be identified, an investigation as to the pathogenesis of the
underlying acute thrombosis of the portal vein is warranted. A majority of cases of portal vein thrombosis occur in
patients with cirrhosis or malignancy due to the inherent hypercoagulable nature of these conditions[21]. However, a
small subset of patients may develop thrombosis in this unusual vascular territory as a result of other prothrombogenic
conditions including inherited and acquired thrombophilias[22]. After these conditions are ruled out, it is reasonable to
attribute the portal vein clot to a multifactorial etiology if various pro-thromboembolic risk factors are present such as
ongoing inflammation, extensive smoking history, and obesity as in our patient[23].

Complications of pylephlebitis are scarcely documented in the literature but small bowel infarction, hepatic abscesses,
and septic pulmonary emboli have been reported[24]. To our knowledge, there have been no documented cases of new-
onset ALF as a sequela of pylephlebitis to date. As a result, the mechanism of ALF in pylephlebitis is poorly understood.
The potential pathogenesis may first involve the natural progression of pylephlebitis which typically first involves
thrombophlebitis of the smaller mesenteric veins with subsequent migration of the thrombosis to the larger portal veins
[25]. It is possible that this thromboembolic event may rapidly occur in the same manner as pulmonary embolism,
preventing adequate hemodynamic compensatory responses. It is also possible that liver failure may originate from an
alternative mechanism of diffuse microemboli in the smaller hepatic vessels similar to those postulated and seen in
patients with coronavirus disease 2019[26]. With approximately 75% of hepatic blood flow coming from the portal venous
system, acute suppurative thrombosis can cause significant damage to hepatocytes and allow progression to ALF when
there is immediate complete occlusion of one or more portal veins[27]. Unlike cases of portal vein thrombosis in cirrhotic
patients where the obstructive clot forms slowly in the portal venous system, the rapid nature of pylephlebitis may not
allow for normal hepatic artery vasodilation and the development of venous collaterals which typically takes 3-5 wk to
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Figure 1 Abdominal vascular ultrasound. A: With complete thrombosis of the main portal vein; B: With complete thrombosis of the left portal vein.

fully develop[28].

Recognizing ALF as a complication of septic thrombophlebitis is of clinical importance as this condition carries
significant morbidity and a mortality rate of 30-50%[29]. Antibiotics are the primary form of therapy with parenteral
antibiotics recommended, followed by a transition to an oral regimen for a total duration of 4-6 wk[30]. While
Rivaroxaban was utilized in our case with success, the role of anticoagulation is an area of current controversy[13,31].
Emerging research, however, points to improved patient outcomes with the use of anticoagulation. To highlight this
point, one retrospective review by Naymagon et al[32] reviewed 67 patients with pylephlebitis and found that the use of
anticoagulation significantly improved the rate of portal vein thrombosis resolution. Additional studies with larger
patient populations are needed to further confirm these findings, along with a special focus on which specific type of
anticoagulation has the greatest efficacy. Despite the life-threatening nature of septic portal vein thrombophlebitis, it is
often overlooked in the differential diagnosis of new-onset abdominal pain and fever. Awareness of pylephlebitis is
important as swift recognition and initiation of broad-spectrum antibiotics in conjunction with possible anticoagulation is
paramount to reducing mortality[33]. Ultimately, our case aims to highlight acute liver failure as an extremely rare
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presentation of septic portal vein thrombosis and demonstrates that this disease process is reversible with prompt
intervention.

CONCLUSION

Septic thrombosis of the portal vein, also known as pylephlebitis, is difficult to diagnose as it often presents with non-
specific symptoms including fever and abdominal pain. A high degree of clinical suspicion for pylephlebitis is warranted
since this condition carries high morbidity and mortality without treatment. It is important to recognize acute liver failure
as a possible life-threatening sequela of pylephlebitis. Antibiotics should be administered immediately, along with
consideration for anticoagulation, as it can potentially lead to complete resolution of fulminant hepatic failure in these
patients.

FOOTNOTES

Author contributions: Hapshy V wrote and edited the manuscript in addition to contributing to the literature review; Imburgio S wrote
and edited the manuscript in addition to contributing to the literature review; Sanekommu H wrote and edited the manuscript;
Nightingale B wrote and edited the manuscript; Hossain MA and Taj S edited and supervised the manuscript; Patel S edited and
supervised the manuscript.

Informed consent statement: Patient provided informed written consent prior to study enrollment.
Conflict-of-interest statement: All the authors declare that they have no conflict of interest.

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was prepared and revised
according to the CARE Checklist (2016).

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/

Country/Territory of origin: United States
ORCID number: Vera Hapshy 0009-0005-5661-6773; Steven Imburgio 0000-0003-4963-5931.

S-Editor: Liu JH
L-Editor: A
P-Editor: Cai YX

REFERENCES

1 Bernal W, Wendon J. Acute liver failure. N Engl J Med 2013; 369: 2525-2534 [PMID: 24369077 DOI: 10.1056/NEJMral208937]

McDowell Torres D, Stevens RD, Gurakar A. Acute liver failure: a management challenge for the practicing gastroenterologist. Gastroenterol

Hepatol (N Y) 2010; 6: 444-450 [PMID: 20827368]

Montrief T, Koyfman A, Long B. Acute liver failure: A review for emergency physicians. A4m J Emerg Med 2019; 37: 329-337 [PMID:

30414744 DOI: 10.1016/j.ajem.2018.10.032]

4 Bajaj JS, O'Leary JG, Lai JC, Wong F, Long MD, Wong RJ, Kamath PS. Acute-on-Chronic Liver Failure Clinical Guidelines. 4m J

Gastroenterol 2022; 117: 225-252 [PMID: 35006099 DOI: 10.14309/aj2.0000000000001595]

Reuben A, Koch DG, Lee WM; Acute Liver Failure Study Group. Drug-induced acute liver failure: results of a U.S. multicenter, prospective

study. Hepatology 2010; 52: 2065-2076 [PMID: 20949552 DOI: 10.1002/hep.23937]

6 Stravitz RT, Lee WM. Acute liver failure. Lancet 2019; 394: 869-881 [PMID: 31498101 DOI: 10.1016/S0140-6736(19)31894-X]

7 Suzuki Y, Suzuki A, Kakisaka K, Takikawa Y. Acute liver failure precipitated by acute Budd-Chiari syndrome and complete portal vein
thrombosis. Clin Case Rep 2021; 9: 04326 [PMID: 34084529 DOI: 10.1002/ccr3.4326]

8 Danion J, Genser L, Scatton O. Sleeve Gastrectomy: You Might Lose your Liver! Obes Surg 2019; 29: 350-352 [PMID: 30382462 DOI:
10.1007/s11695-018-3563-7]

9 Plessier A, Darwish-Murad S, Hernandez-Guerra M, Consigny Y, Fabris F, Trebicka J, Heller J, Morard I, Lasser L, Langlet P, Denninger
MH, Vidaud D, Condat B, Hadengue A, Primignani M, Garcia-Pagan JC, Janssen HL, Valla D; European Network for Vascular Disorders of
the Liver (EN-Vie). Acute portal vein thrombosis unrelated to cirrhosis: a prospective multicenter follow-up study. Hepatology 2010; 51: 210-
218 [PMID: 19821530 DOI: 10.1002/hep.23259]

10 Rudofsky G. [Pathogenesis, diagnosis and therapy of thrombophlebitis and varicophlebitis]. Herz 1989; 14: 283-286 [PMID: 2680851]

11 Miceli M, Atoui R, Thertulien R, Barlogie B, Anaissie E, Walker R, Jones-Jackson L. Deep septic thrombophlebitis: an unrecognized cause of
relapsing bacteremia in patients with cancer. J Clin Oncol 2004; 22: 1529-1531 [PMID: 15084634 DOI: 10.1200/jc0.2004.99.289]

)

w

W

uiedenge  VWIH | https:/ /www.wjgnet.com 107 January 27,2024 | Volume16 | Issuel |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0005-5661-6773
http://orcid.org/0009-0005-5661-6773
http://orcid.org/0000-0003-4963-5931
http://orcid.org/0000-0003-4963-5931
http://www.ncbi.nlm.nih.gov/pubmed/24369077
https://dx.doi.org/10.1056/NEJMra1208937
http://www.ncbi.nlm.nih.gov/pubmed/20827368
http://www.ncbi.nlm.nih.gov/pubmed/30414744
https://dx.doi.org/10.1016/j.ajem.2018.10.032
http://www.ncbi.nlm.nih.gov/pubmed/35006099
https://dx.doi.org/10.14309/ajg.0000000000001595
http://www.ncbi.nlm.nih.gov/pubmed/20949552
https://dx.doi.org/10.1002/hep.23937
http://www.ncbi.nlm.nih.gov/pubmed/31498101
https://dx.doi.org/10.1016/S0140-6736(19)31894-X
http://www.ncbi.nlm.nih.gov/pubmed/34084529
https://dx.doi.org/10.1002/ccr3.4326
http://www.ncbi.nlm.nih.gov/pubmed/30382462
https://dx.doi.org/10.1007/s11695-018-3563-7
http://www.ncbi.nlm.nih.gov/pubmed/19821530
https://dx.doi.org/10.1002/hep.23259
http://www.ncbi.nlm.nih.gov/pubmed/2680851
http://www.ncbi.nlm.nih.gov/pubmed/15084634
https://dx.doi.org/10.1200/jco.2004.99.289

Hapshy V et al. Acute liver failure in pylephlebitis

12

26

27

28

Abdallah M, Gohar A, Naryana Gowda S, Abdullah HM, Al-Hajjaj A. Pylephlebitis Associated with Inferior Mesenteric Vein Thrombosis
Treated Successfully with Anticoagulation and Antibiotics in a 37-Year-Old Male. Case Rep Gastrointest Med 2020; 2020: 3918080 [PMID:
32099692 DOI: 10.1155/2020/3918080]

Valerio L, Riva N. Head, Neck, and Abdominopelvic Septic Thrombophlebitis: Current Evidence and Challenges in Diagnosis and Treatment.
Hamostaseologie 2020; 40: 301-310 [PMID: 32726825 DOI: 10.1055/a-1177-5127]

Al Duwaiki SM, Al Barwani AS, Taif S. Lemierre's Syndrome. Oman Med J 2018; 33: 523-526 [PMID: 30410696 DOI:
10.5001/0m;j.2018.95]

Lee BK, Ryu HH. A case of pylephlebitis secondary to cecal diverticulitis. J Emerg Med 2012; 42: e81-¢85 [PMID: 19443163 DOI:
10.1016/j.jemermed.2009.02.039]

Guerra F, Dorma MPF, Giuliani G, Caravaglios G, Coratti A. Pylephlebitis: An uncommon complication of sigmoid diverticulitis. Am J
Emerg Med 2023; 66: 174.€3-174.e5 [PMID: 36653228 DOI: 10.1016/j.ajem.2023.01.021]

Nouira K, Bedioui H, Azaiez O, Belhiba H, Messaoud MB, Ksantini R, Jouini M, Menif E. Percutaneous drainage of suppurative pylephlebitis
complicating acute pancreatitis. Cardiovasc Intervent Radiol 2007; 30: 1242-1244 [PMID: 17587080 DOI: 10.1007/s00270-007-9102-x]
Levin C, Koren A, Miron D, Lumelsky D, Nussinson E, Siplovich L, Horovitz Y. Pylephlebitis due to perforated appendicitis in a teenager.
Eur J Pediatr 2009; 168: 633-635 [PMID: 18762978 DOI: 10.1007/s00431-008-0817-8]

Plemmons RM, Dooley DP, Longfield RN. Septic thrombophlebitis of the portal vein (pylephlebitis): diagnosis and management in the
modern era. Clin Infect Dis 1995; 21: 1114-1120 [PMID: 8589130 DOI: 10.1093/clinids/21.5.1114]

Jaber MR, Holland C. Septic pylephlebitis mimicking biliary obstruction. Am J Gastroenterol 2008; 103: 807-808 [PMID: 18341508 DOI:
10.1111/.1572-0241.2007.01612_12.x]

Plessier A, Rautou PE, Valla DC. Management of hepatic vascular diseases. J Hepatol 2012; 56 Suppl 1: S25-S38 [PMID: 22300463 DOI:
10.1016/S0168-8278(12)60004-X]

Cohoon KP, Heit JA. Inherited and secondary thrombophilia. Circulation 2014; 129: 254-257 [PMID: 24421360 DOI:
10.1161/CIRCULATIONAHA.113.001943]

Harmanci O, Bayraktar Y. Portal hypertension due to portal venous thrombosis: etiology, clinical outcomes. World J Gastroenterol 2007; 13:
2535-2540 [PMID: 17552000 DOI: 10.3748/wjg.v13.118.2535]

Saxena R, Adolph M, Ziegler JR, Murphy W, Rutecki GW. Pylephlebitis: a case report and review of outcome in the antibiotic era. 4m J
Gastroenterol 1996; 91: 1251-1253 [PMID: 8651182]

Choudhry AJ, Baghdadi YM, Amr MA, Alzghari MJ, Jenkins DH, Zielinski MD. Pylephlebitis: a Review of 95 Cases. J Gastrointest Surg
2016; 20: 656-661 [PMID: 26160320 DOI: 10.1007/s11605-015-2875-3]

Kondo R, Kawaguchi N, McConnell MJ, Sonzogni A, Licini L, Valle C, Bonaffini PA, Sironi S, Alessio MG, Previtali G, Seghezzi M, Zhang
X, Sun Z, Utsumi T, Strazzabosco M, Iwakiri Y. Pathological characteristics of liver sinusoidal thrombosis in COVID-19 patients: A series of
43 cases. Hepatol Res 2021; 51: 1000-1006 [PMID: 34260803 DOI: 10.1111/hepr.13696]

Carneiro C, Brito J, Bilreiro C, Barros M, Bahia C, Santiago I, Caseiro-Alves F. All about portal vein: a pictorial display to anatomy, variants
and physiopathology. Insights Imaging 2019; 10: 38 [PMID: 30900187 DOI: 10.1186/s13244-019-0716-8]

Ponziani FR, Zocco MA, Campanale C, Rinninella E, Tortora A, Di Maurizio L, Bombardieri G, De Cristofaro R, De Gaetano AM, Landolfi
R, Gasbarrini A. Portal vein thrombosis: insight into physiopathology, diagnosis, and treatment. World J Gastroenterol 2010; 16: 143-155
[PMID: 20066733 DOI: 10.3748/wjg.v16.i2.143]

Chang YS, Min SY, Joo SH, Lee SH. Septic thrombophlebitis of the porto-mesenteric veins as a complication of acute appendicitis. World J
Gastroenterol 2008; 14: 4580-4582 [PMID: 18680244 DOI: 10.3748/wjg.14.4580]

Garrett A, Carnish E, Das N, Slome M, Measley R. Once universally fatal: pylephlebitis. Am J Med 2014; 127: 595-597 [PMID: 24508414
DOI: 10.1016/j.amjmed.2014.01.020]

Baril N, Wren S, Radin R, Ralls P, Stain S. The role of anticoagulation in pylephlebitis. Am J Surg 1996; 172: 449-52; discussion 452 [PMID:
8942542 DOI: 10.1016/S0002-9610(96)00220-6]

Naymagon L, Tremblay D, Schiano T, Mascarenhas J. The role of anticoagulation in pylephlebitis: a retrospective examination of
characteristics and outcomes. J Thromb Thrombolysis 2020; 49: 325-331 [PMID: 31493290 DOI: 10.1007/s11239-019-01949-z]

Chau NG, Bhatia S, Raman M. Pylephlebitis and pyogenic liver abscesses: a complication of hemorrhoidal banding. Can J Gastroenterol
2007; 21: 601-603 [PMID: 17853956 DOI: 10.1155/2007/106946]

uiedenge  VWIH | https:/ /www.wjgnet.com 108 January 27,2024 | Volume16 | Issuel


http://www.ncbi.nlm.nih.gov/pubmed/32099692
https://dx.doi.org/10.1155/2020/3918080
http://www.ncbi.nlm.nih.gov/pubmed/32726825
https://dx.doi.org/10.1055/a-1177-5127
http://www.ncbi.nlm.nih.gov/pubmed/30410696
https://dx.doi.org/10.5001/omj.2018.95
http://www.ncbi.nlm.nih.gov/pubmed/19443163
https://dx.doi.org/10.1016/j.jemermed.2009.02.039
http://www.ncbi.nlm.nih.gov/pubmed/36653228
https://dx.doi.org/10.1016/j.ajem.2023.01.021
http://www.ncbi.nlm.nih.gov/pubmed/17587080
https://dx.doi.org/10.1007/s00270-007-9102-x
http://www.ncbi.nlm.nih.gov/pubmed/18762978
https://dx.doi.org/10.1007/s00431-008-0817-8
http://www.ncbi.nlm.nih.gov/pubmed/8589130
https://dx.doi.org/10.1093/clinids/21.5.1114
http://www.ncbi.nlm.nih.gov/pubmed/18341508
https://dx.doi.org/10.1111/j.1572-0241.2007.01612_12.x
http://www.ncbi.nlm.nih.gov/pubmed/22300463
https://dx.doi.org/10.1016/S0168-8278(12)60004-X
http://www.ncbi.nlm.nih.gov/pubmed/24421360
https://dx.doi.org/10.1161/CIRCULATIONAHA.113.001943
http://www.ncbi.nlm.nih.gov/pubmed/17552000
https://dx.doi.org/10.3748/wjg.v13.i18.2535
http://www.ncbi.nlm.nih.gov/pubmed/8651182
http://www.ncbi.nlm.nih.gov/pubmed/26160320
https://dx.doi.org/10.1007/s11605-015-2875-3
http://www.ncbi.nlm.nih.gov/pubmed/34260803
https://dx.doi.org/10.1111/hepr.13696
http://www.ncbi.nlm.nih.gov/pubmed/30900187
https://dx.doi.org/10.1186/s13244-019-0716-8
http://www.ncbi.nlm.nih.gov/pubmed/20066733
https://dx.doi.org/10.3748/wjg.v16.i2.143
http://www.ncbi.nlm.nih.gov/pubmed/18680244
https://dx.doi.org/10.3748/wjg.14.4580
http://www.ncbi.nlm.nih.gov/pubmed/24508414
https://dx.doi.org/10.1016/j.amjmed.2014.01.020
http://www.ncbi.nlm.nih.gov/pubmed/8942542
https://dx.doi.org/10.1016/S0002-9610(96)00220-6
http://www.ncbi.nlm.nih.gov/pubmed/31493290
https://dx.doi.org/10.1007/s11239-019-01949-z
http://www.ncbi.nlm.nih.gov/pubmed/17853956
https://dx.doi.org/10.1155/2007/106946

#

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

DOI: 10.4254 / wijh.v16.i1.109

World Journal of
Hepatology

World | Hepatol 2024 January 27; 16(1): 109-111

ISSN 1948-5182 (online)

LETTER TO THE EDITOR,

Review on article of effects of tenofovir alafenamide and entecavir in
chronic hepatitis B virus patients

Yu-Tong Sun, Qian-Qian Chen

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): 0

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

Grade D (Fair): D

Grade E (Poor): 0

P-Reviewer: Tanaka Y, Japan

Received: October 30, 2023
Peer-review started: October 30,
2023

First decision: November 22, 2023
Revised: December 4, 2023
Accepted: January 12, 2024

Article in press: January 12, 2024
Published online: January 27, 2024

Jaishideng

» WIH | https://www.wjgnet.com 109

Yu-Tong Sun, Qian-Qian Chen, Department of Gastroenterology, The First Medical Center of
Chinese PLA General Hospital, Beijing 100193, China

Corresponding author: Qian-Qian Chen, MD, Associate Chief Physician, Department of
Gastroenterology, The First Medical Center of Chinese PLA General Hospital, No. 28 Fuxing
Road, Haidian District, Beijing 100193, China. qian qian chen@163.com

Abstract

This letter comments on the article which reported that tenofovir alafenamide
may increase blood lipid levels compared with entecavir in patients with chronic
hepatitis B published on World | Hepatol 2023 August 27. We review the related
research content, topic selection, methodology, conclusions, strengths and
weaknesses of this article. And evaluate it in relation to other published relevant
articles.
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Core Tip: With the significant increase in the incidence of nonalcoholic fatty liver
disease (NAFLD) in China, the number of patients with co-morbid chronic hepatitis B
(CHB) and NAFLD has gradually increased. This letter comments on a published study
which showned that CHB patients treated with tenofovir alafenamide (TAF) had higher
levels of total cholesterol than CHB patients treated with entecavir; however, TAF-
induced dyslipidemia did not increase the incidence of NAFLD. We comment on the
article.
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TO THE EDITOR

The prevalence of nonalcoholic fatty liver disease (NAFLD) in China has increased significantly in recent decades, giving
rise to co-morbid chronic hepatitis B (CHB) and NAFLD in some patients. Many patients with hepatitis B virus (HBV)
infection require long-term antiviral drugs such as tenofovir alafenamide (TAF) and entecavir (ETV), which are
recommended as first-line agents in the guideline of HBV treatment. It has been shown that TAF has a lipid-enhancing
effect in patients with human immunodeficiency virus (HIV) infection. However, A comparison of the effects of TAF and
ETV on lipid patients with HBV has not yet been investigated.

The aim of this letter is to discuss the effects of TAF on blood lipid levels and the risk of developing NAFLD in CHB
patients, and to compare changes in lipid levels before and after antiviral therapy with TAF or ETV.

We have read with interest the article published on World | Hepatol by Lai et al[1]. In this study, 336 patients with CHB
treated with ETV or TAF were enrolled. The baseline data of patients with CHB and the clinical characteristics, lipids, and
metabolic factors before and approximately 1 year after TAF or ETV treatment were statistically analyzed using SPSS
23.0. In addition, the effects of ETV and TAF on high-density lipoprotein, low-density lipoprotein, triglycerides, and total
cholesterol (TCHO) were evaluated using a propensity score-matched model.

Post-treatment TCHO levels were significantly higher in the TAF group than in the ETV group. In the propensity
score-matched model, TCHO levels were significantly higher than baseline levels in patients in the TAF treatment group,
whereas there was no difference in the ETV group. Using logistic regression analysis, body mass index (BMI), gender and
other levels were significantly related to TCHO levels. But 1 year of TAF treatment did not increase the incidence of
NAFLD. Therefore, in this study TCHO was higher in patients treated with TAF than in patients with CHB who received
ETV, but there was no increase in the incidence of NAFLD due to TAF-induced dyslipidemia.

This is a comprehensive study. TAF has been used as a first-line treatment for HIV and CHB infected patients, and can
increase blood lipid levels in HIV patients[2]. In addition to comparing the baseline data and clinical features of patients
treated with TAF and ETV, this study compared changes in lipid profiles and determined whether NAFLD increased
before and after TAF or ETV therapy. The impact and extent of TAF achieving elevated lipid levels compared with ETV,
and the correlation between BMI, gender, hypertension, baseline TCHO, CK-MB levels and elevated TCHO levels were
assessed.

The research topic is new. In the context of the increasing prevalence of NAFLD and the 84 million people with HBV
infection in China, in addition to existing studies showing that TAF can increase lipid levels in patients with HIV, patients
treated with TAF had a greater reduction in their lipid profile than those treated with ETV([3,4]. Limited data are available
in terms of the effect of TAF on metabolism-related complications in patients with CHB and the effect of ETV on lipids
has not yet been reported in post-marketing studies. Therefore, it is important to investigate whether TAF raises lipid
levels and increases the prevalence of NAFLD in patients with CHB compared with ETV.

The study is scientifically sound in methodology. Patients with insufficient years of drug use, interference due to other
antiviral drugs or comorbidities associated with other liver-related diseases or heavy alcohol intake were excluded, and
336 CHB patients taking TAF or ETV in a single center were enrolled. They were divided into the group receiving TAF
and the group receiving ETV. Pre-treatment lipid profiles and repeat lipid assessments were performed 1 year after the
initiation of antiviral therapy. Baseline information and data related to clinical characteristics, metabolic levels, and lipids
were collected from the enrolled patients before antiviral therapy and after 1 year of treatment. Statistical analysis was
performed using SPSS 23.0. Normally distributed continuous variables were expressed as mean * SD, Student's f-tests
were performed to assess whether the differences in the treatment groups were statistically significant. Categorical
variables were described using frequencies and proportions. This article utilized suitable statistical techniques to examine
variables within the in-group and components. Differences in each lipid profile component between pre- and post-
treatment were calculated, and the data was analyzed using propensity matching score and logistic regression analysis.

The findings of this study are innovative. It was found that CHB patients treated with TAF had higher elevations in
TCHO than those treated with ETV and that metabolic factors were associated with elevated TCHO levels. There have
studies found that metabolic factors can reduce the danger of hepatocellular carcinoma in patients with HBV[5]. With few
studies on the subject, these findings provide guidance for future treatment of patients with CHB combined with NAFLD.

The study has the following shortcomings: The study period was short; whether TAF and ETV can increase the
prevalence of NAFLD in patients with CHB was not effectively verified; this study was a single-center retrospective
study, which is prone to retrospective bias and selection bias. Therefore, a large-sample multicenter prospective trial is
necessary to verify these findings.
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