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Abstract: Due to an increase in the obesity-associated metabolic syndrome of epidemic
proportions, nonalcoholic fatty liver disease (NAFLD) is becoming a leading cause of
hepatocellular carcinoma (HCC) in western countries. This presents added challenges, as
NAFLD-associated HCC tends to present at an advanced stage in older patients with co-
morbidities. Their prognosis is generally poor with the benefits of standard therapies less
certain. The pathogenesis of NAFLD-associated HCC is multifactorial and not well under-
stood, although the risk of HCC developing undoubtedly increases as NAFLD progresses to
steatohepatitis and cirrhosis. Recent advances in our understanding of the drivers of NAFLD
and HCC will hopefully lead to the development of clinically relevant biomarkers, tools and
strategies to aid the identification of high-risk patients, inform preventive measures, and
introduction of better tolerated targeted therapies. Lifestyle modification and chemopreven-
tion with drugs such as anti-platelets, statins and anti-diabetics are being evaluated for HCC
prevention. The landmark IMBravel50 study introducing the combination of atezolizumab
and bevacizumab has recently transformed the landscape of systemic therapies in HCC, with
follow-up analyses and real-world data for patients with NAFLD-associated HCC eagerly
anticipated. While responses may vary in ways not yet appreciated, the rate of discovery and
progress suggests imminent change and opportunities.
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Introduction

Primary liver cancer is the sixth most common incident cancer and the fourth
leading cause of cancer-related mortality worldwide.! Hepatocellular carcinoma
(HCC) accounts for 90% of primary liver cancers and usually develops on the
background of liver cirrhosis.? Historically, the most common underlying etiologies
of cirrhosis associated with HCC have been chronic hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection.” In recent decades, the implementation of HBV
and HCV eradication programmes combined with the modern epidemic of lifestyle-
related diseases such as obesity, hypertension, dyslipidemia and type 2 diabetes
mellitus (T2DM) has led to nonalcoholic fatty liver disease (NAFLD) becoming
a leading cause of liver cirrhosis and HCC in many western countries.*> Survival
rates in HCC are dependent on stage at presentation, but poor overall, with an
average 5-year survival of 5-15%.°° Worryingly the mortality from HCC is
increasing compared to other cancers, in which mortality is generally
decreasing.”'” This growing clinical problem has led to a considerable focus of

research into the pathogenesis, diagnosis and management of NAFLD-HCC, often
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highlighting differences compared to HCC of other etiol-
ogies. This review will summarize recent progress in our
understanding of NAFLD-HCC, whilst highlighting areas
of unmet or ongoing research with the greatest potential.

Search Criteria

PubMed and MEDLINE databases were searched using
the keywords NAFLD, nonalcoholic steatohepatitis
(NASH) and HCC. Recent studies investigating pathogen-
esis, biomarkers, prevention and treatment of NAFLD-
HCC were included in this narrative review.

NAFLD-HCC: A Growing Problem

Nonalcoholic fatty liver disease (NAFLD) encompasses
a wide spectrum of liver disease ranging from simple stea-
tosis to nonalcoholic steatohepatitis (NASH) to liver fibrosis,
cirrhosis, end-stage liver disease and the development of
HCC. NAFLD is strongly associated with components of
the metabolic syndrome such as hypertension, type 2 dia-
betes mellitus (T2DM) and cardiovascular disease.!' The
relationship between NAFLD and the metabolic syndrome
is complex and bidirectional.'> NAFLD has become the most
common cause of chronic liver disease worldwide with an
estimated 25% of the world population being affected.''-"?
The natural history of NAFLD is highly variable with serial
biopsy studies demonstrating dynamic progression and
regression between stages, with the majority not progressing
to end-stage liver disease.'* '® The huge patient population,
combined with the lack of inexpensive, non-invasive and
reliable biomarkers, makes identifying NAFLD patients
with progressive disease and those at most risk of developing
HCC extremely difficult.

In keeping with the rise of NAFLD, the prevalence of
NAFLD-HCC is also increasing. Between 2004 and 2009
the incidence of NAFLD-HCC in the United States
increased by 9% annually.'” This was imitated in the
liver transplant programme in the United States, with
NAFLD-HCC being the fastest growing indication for
liver transplantation, increasing from 2.1% to 16.2%
between 2000 and 2016.° Between 2000 and 2010 the
north of England saw an over tenfold increase in HCC
related mortality from NAFLD and in 2010 NAFLD-
HCC accounted for 34.8% of all HCC.* Between
25-50% of NAFLD-HCC develops in the absence of
cirrhosis.*'* 2% Although HCC can develop in other etiol-
ogies of chronic liver disease in the absence of cirrhosis,
this appears to be more frequent in NAFLD.'® This pre-
sents a huge challenge, given that current evidence,

summarized in clinical guidelines, does not support
abdominal ultrasound surveillance for early-stage HCC
detection in patients without cirrhosis or at least advanced
fibrosis.”’ ?* Published series indicate that patients with
NAFLD-HCC generally have a worse prognosis compared
to HCC of other etiologies.*'**>® Contributory factors
include NAFLD-HCC being diagnosed at a more advanced
stage of disease, hand-in-hand with either ineffective or
absent surveillance, as well as NAFLD-HCC patients often
being older with more co-morbidities, limiting the use of
curative treatments such as liver resection and liver
transplantation.*'**>2” Current understanding of the
pathogenesis underlying the development of HCC, espe-
cially in the absence of cirrhosis is poorly understood. It is
hoped that by further understanding this, reliable non-
invasive biomarkers will be developed which will allow
effective screening and early diagnosis of HCC, particu-
larly in the non-cirrthotic NAFLD population. It is also
hoped that by understanding the pathogenesis better stra-
tegies to prevent the development of HCC from NAFLD
may be fostered. More effective and better tolerated sys-
temic therapies are also desperately needed, given the
majority of patients with NAFLD-HCC present at an
advanced stage.

In summary, NAFLD-HCC is becoming a common cause
of HCC worldwide. Not only are the numbers of patients
increasing, patients are older, with more co-morbidities, with
cancers detected at a more advanced stage. These features
adversely affect prognosis and the likelihood of treatment
benefit. Paradoxically, despite these features, liver function is
better preserved in those patients without cirrhosis, which
also impacts prognosis and treatment choice. The reality is
that patients with NAFLD-HCC, either in the presence or
absence of cirrhosis, are not well represented in the studies
on which clinical practice guidelines have been based.
Understanding the disease pathogenesis of NAFLD-HCC is
an essential need, in the search for biomarkers to guide
surveillance, diagnosis and prognosis, as well as targets for
prevention and systemic therapies. In addition, however, we
need to consider carefully the published and emerging data
from ongoing clinical trials, looking for evidence of benefit
in elderly patients with NAFLD-HCC.

Understanding of the Pathogenesis

of NAFLD-HCC
The development of HCC in NAFLD is complex, multi-
factorial and not fully understood. Systemically both
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obesity and insulin resistance contribute to HCC develop-
ment through systemic inflammation and promotion of
oncogenic pathways.”® Increased hepatic lipid storage
leads to lipotoxicity, endoplasmic reticulum stress and
reactive oxygen species-mediated DNA damage which
can further drive oncogenesis.”” The influence of certain
genetic polymorphisms, gender and an altered gut micro-
biome are also becoming apparent.”’ ! Here we will focus
on recent developments in the understanding of NAFLD-
HCC and highlight areas of ongoing research with the
most potential. These are summarized in Figure 1.

Sexual Dimorphism in NAFLD-HCC

There is evidence of sexual dimorphism in the prevalence
of NAFLD and HCC.*!*? Epidemiological studies indicate
that the prevalence of NAFLD may be higher in men
compared to pre-menopausal women.*>>> Gender-specific
biological factors such as body fat composition, lipid
metabolism and sex hormones likely contribute to this
dimorphism in NAFLD.> Similarly, the prevalence of
HCC is higher in men compared to women with the
proportional difference varying according to the underly-
ing etiology.** A combination of biological factors such as
MyD88-dependent interleukin (IL) 6 production, sex hor-
mones, adiponectin production and sex-related co-
morbidities as well as behavioural factors such as smoking
likely all 31,35-38

dimorphism gives us a naturally occurring disease model

contribute. Importantly this sexual
which identifies important underlying biological mechan-
isms driving HCC development in NAFLD. Further work
however is needed to translate these findings into strate-

gies to prevent or treat NAFLD-HCC.

Genetic and Epigenetic Drivers of
NAFLD-HCC

A genetic predisposition to HCC has long been recognised
and we have long anticipated that identifying genetic dri-
vers will aid early detection and preventive strategies. To
date, these goals have proved elusive. A number of single
nucleotide polymorphisms (SNPs) and epigenetic mechan-
isms have been identified as having roles in the pathogen-
esis of NAFLD-HCC, although no single factor has
changed clinical practice.

Single Nucleotide Polymorphisms
The SNPs presently identified as predisposing to HCC
development in NAFLD, essentially increase the level of

fat and the severity of NAFLD. Patatin-like

phospholipase domain containing 3 (PNPLA3) hydro-
lyses triglycerides and retinyl esters, with the PNPLA3
(rs738409 c.444 C>G, p.J148M) SNP
a methionine substitution in the protein which delays

encoding

its proteasomal degradation and hampers lipid mobilisa-
tion. The rs58542926 c.449 C>T, p.Glul67Lys SNP in
the gene encoding Transmembrane 6 superfamily mem-
ber 2 (TM6SF?2) accelerates degradation of the protein
which regulates lipoprotein export. SNPs in these two
genes, in addition to one in the phospholipid remodel-
ling gene, membrane bound 0-acyltransferase domain
containing 7 (MBOAT7; rs641738), have been linked to
NAFLD progression and development of HCC.>*
PNPLA3 15738409 confers an increased risk of steato-
hepatitis and fibrosis in both European and Japanese
populations and is an independent risk factor for the
development of HCC.*"***> MBOAT7 rs641738 confers
risk of fibrotic progression in a number of etiologies of
chronic liver disease, including NAFLD and has been
shown to be independently associated with the develop-
ment of HCC even in the absence of cirrhosis.*?**-*47
TMG6SF2 158542926 is again associated with NAFLD
progression to fibrosis but has conflicting reports of its
independent association with HCC.** Although a recent
meta-analysis of 5 studies including a total of 6873
patients has confirmed an independent association,*®
the requirement for such a large number of patients to
confirm the risk does draw attention to some of the
limitations of the predictive role of individual SNPs.
These SNPs do not predispose to a distinct monogenic
condition. They are instead modifiers of a complex,
polygenic disease trait - that is subject both to other
unknown genetic modifiers as well as fundamental
environmental influences. The clinical value of any
modifying risk factor needs to be considered in terms
of its sensitivity and specificity, often expressed as the
positive and negative predictive values. The positive
predictive value reports the probability that subjects
with the risk allele truly have HCC. As there are so
many individuals with the risk alleles who do not have
HCC, the positive predictive value of these single SNPs
is insufficient to be of any clinical use. The negative
predictive value reports the probability that subjects
without the risk allele truly do not have HCC. For
PNPLA3 rs738409, the negative predictive value has
been reported as over 80% for patients with cirrhosis
and high as 97% in patients with NAFLD-HCC in the
absence of cirrhosis.*” Negative predictive values may
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Figure | Recent progress in understanding the pathogenesis of NAFLD-associated HCC. Differential role of STATI| and STAT3 signalling. Oxidative stress induces
inactivation of TCPTP, which promotes STAT| and STAT3 signalling. STAT signalling is responsible for T cell recruitment and progression to NASH and fibrosis, whereas
STAT3 signalling is responsible for the development of HCC independent to NASH and fibrosis. Role of the altered microbiome. Cirrhotic patients with NAFLD-HCC have
been found to have increased Bacteroides and Ruminococcaceae bacteria compared to patients with NAFLD cirrhosis without HCC. This profile is associated with high
systemic levels of IL-8, IL-13, CCL3, CCL4, CCL5 and more activated monocytes in the circulation, which may be driving hepatic inflammation and subsequent HCC
development. Role of IgA* plasma cells. IgA" plasma cells have been found to accumulate in NASH fibrosis and suppress CD8+ T cells via PD-LI and IL-10 expression
resulting in HCC development. Role of GPlba platelet activation. Platelet activation and aggregation via GPlba is elevated in NASH compared to steatosis and drives hepatic
inflammation and HCC development via interaction with Kupffer cells and promotion of immune cell recruitment. Created with BioRender.com.

Abbreviations: CCL, chemokine (C-C motif) ligand; GPlba, glycoprotein Iba; HCC, hepatocellular carcinoma; IL, interleukin; NAFLD, nonalcoholic fatty liver disease;
NASH, nonalcoholic steatohepatitis; PD-LI, programme cell death ligand |; STAT, signal transducer and activator of transcription; TCPTP, T cell protein tyrosine phosphate.

have value identifying those who do not need surveil-
lance, rather than those who do. Going forward, both
sensitivity and specificity may be improved using com-
binations of SNPs and Bianco et al have recently
reported the development of a polygenic risk score,

combining SNP data from PNPLA3, TM6SF2, and
MBOAT7, as well from glucokinase regulator (GCKR)
predicting an elevated risk, with that from another gene
called 17p-hydroxysteroid dehydrogenase type 13
(HSD17B13), which suppresses risk.>
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Epigenetics — Non-Coding RNAs

Non-coding RNAs (ncRNAs) are an important group of
epigenetic regulators. Their main function is to regulate
gene expression, which is achieved by interactions with
DNA and RNA causing alterations in gene transcription
and translation.”’ ncRNAs are classified by their size into
three main groups; long ncRNA (IncRNAs), small
ncRNAs and micro ncRNAs (miRNAs).”” The involve-
ment of IncRNAs and miRNAs in NAFLD-HCC patho-
genesis has recently become apparent and is a rapidly
developing area of research, with potential diagnostic and
therapeutic applications. Levels of miR-122, miR-192 and
miR-194 miRNAs are all reported decreased in both
NAFLD and HCC.>® Mechanistically these miRNAs
are thought to alter hepatic lipid metabolism and enhance
free fatty acid oxidation contributing to NAFLD progres-
sion, while also interfering with the c-Myc and epithelial—
mesenchymal transition (EMT) pathways that promote
HCC.>® Decreased expression of these miRNAs is asso-
ciated with a poorer prognosis in HCC and quantification
of their levels in tissues have been proposed as both
diagnostic and prognostic biomarkers.”**>** miR-21,
miR-34a, miR-16, miR-375, miR-10b, miR-155 and
miR-15b have also been linked to both the pathogenesis
of NAFLD and HCC.® Importantly these miRNAs can be
found in the blood of patients in the form of cell-free RNA
(cfRNA) with many of these being differentially expressed
in NAFLD compared to HCC making these promising
diagnostic biomarkers.®>®' Furthermore, many of these
circulating miRNAs have been shown to accurately select
for HCC when combined with other clinical or biochem-
ical parameters as well as correlate with disease stage in
various retrospective studies.®!

Increased tissue expression of the highly up-regulated in
liver cancer (HULC) IncRNA and the metastasis-associated
lung adenocarcinoma transcript 1 (MALAT1) IncRNA have
been observed in both NAFLD and HCC.®**” HULC is
thought to contribute to NAFLD progression through its
effect on mitogen-activated protein kinase (MAPK) signal-
ling and promote HCC proliferation and metastasis through
the miR-200a-3p/ZEB1 EMT pathway.®>*>% MALATI
promotes NAFLD fibrosis via the silent information regu-
lator 1 (SIRT1), transforming growth factor beta 1 (TGF-
B1) pathways in hepatic stellate cells, while promoting HCC
growth via upregulation of serine/arginine-rich splicing fac-
tor 1 (SRSF1) and the activation of Wnt signalling.***’
MALAT]1 appears to be a sensitive marker of human HCC

with overexpression corresponding to recurrence after liver

transplantation.®*’®  Similar to miRNAs circulating
IncRNAs are also found in HCC patients and have the
potential to be wused as diagnostic biomarkers.®’

Circulating levels of IncRNA-CTBP, LINC00151, RP11-
160H22.5, XLOCO014171 and LINC00974 have all been
found to differentiate between HCC and chronic liver
disease.®!

Epigenetics — DNA Methylation

Dysregulation in DNA methylation has been increasingly
recognised as an important driver of carcinogenesis.”' The
streptozotocin + high-fat diet (STAM) model of NASH
NASH-associated HCC in
a combination of streptozotocin-induced type 1 diabetes

mimics mice using
and high-fat diet-induced steatosis giving rise to HCC at
around 16 weeks of age.”? A recent study using this model
revealed that increasing hypomethylation and overexpres-
sion of the tubulin beta 2B class IIB (Tubb2b) gene
occurred during the development and progression of
HCC.” Tubb2b overexpression was also found in the
human HepG2 cell line suggesting this could be
a potential biomarker or therapeutic target.”> DNA methy-
lation may also be an important biomarker for identifying
NAFLD progression. DNA methylation patterns from liver
biopsies are known to correlate to NAFLD severity.”*”
Importantly the methylation of circulating cell-free DNA
(cfDNA) can be analysed. Hardy et al demonstrated that
plasma DNA methylation of peroxisome proliferation-
activated receptor gamma (PPARy) corresponds to
NAFLD stage and changes in hepatocellular DNA
methylation.”® Although this requires further validation
this identifies circulating DNA methylation as a potential
biomarker to identify patients with advanced NAFLD.
Although this study did not specifically address NAFLD-
HCC risk, cases with advanced fibrosis may also be at
greater risk of developing HCC. Further studies with
greater longitudinal follow-up will be required to address
this.

Genetics and Epigenetics — Future Opportunities

Many of these genetic and epigenetic factors associate
with both NAFLD progression and the presence of
NAFLD-HCC, identifying lipid handling, cell prolifera-
tion, fibrogenesis and DNA methylation mechanisms as
being involved in HCC development, with the potential for
exploitation as clinically relevant biomarkers or therapeu-
tic strategies. The precise interplay between these factors
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and the pathogenesis of NAFLD-HCC remains unclear
and further research is needed to uncover the complex
underlying biology.

Many of these epigenetic markers are specific to HCC,
have prognostic value and can be isolated from peripheral
blood giving these the potential to be used as biomarkers
or “liquid biopsies” for surveillance, diagnosis and
prognosis.””’”"® Multiple ncRNAs can be found in the
blood of NAFLD and HCC patients and have been shown
to accurately select for HCC in retrospective studies, espe-
cially when combined with other clinical or biochemical
parameters.®’ Further larger prospective studies are needed
to validate these as useful biomarkers for either surveil-
lance and/or diagnosis of HCC.

From a therapeutic perspective, several preclinical stu-
dies have demonstrated that restoration of miRNAs in
HCC can suppress tumour progression and improve
7980 A Phase I
a miRNA mimic showed evidence of efficacy in a subset

chemosensitivity. clinical trial of
of HCC patients, but was stopped due to serious immune-
related adverse events.®' Further work is needed to
develop targeted genetic and epigenetic-based therapies
which are both effective against HCC and have an accep-

table safety profile.

Role of the Microbiome in NAFLD-HCC
Microbiome dysbiosis has been well described in obesity,
T2DM, NAFLD and alcoholic liver disease.®> ®° Increased
gut permeability, translocation of lipopolysaccharides,
immune activation and altered bile acid signalling likely
all contribute to liver inflammation and fibrosis in
NAFLD.? An association between microbiome dysbiosis
and NAFLD-HCC has also recently been reported.®® Within
their gut microbiome, cirrthotic NAFLD-HCC patients have
increased Bacteroides and Ruminococcaceae populations
compared to patients with NALFD cirrhosis and no
HCC.*® The microbiota profile found in NAFLD-HCC
patients correlated with higher levels of interleukin (IL) 8,
IL-13, chemokine (C-C motif) ligand (CCL) 3, CCL4 and
CCLS5, as well as activated circulating monocytes, in blood.
While these HCC-associated changes in microbiota may be
bystanders or consequences of the cancer, it is also possible
that they precede the development of HCC, exacerbating
inflammation and driving hepatocarcinogenesis
(Figure 1).% As the reported study was relatively small
and was restricted to patients with similar ethnicity, diet
and body mass index, larger and more heterogeneous cohort

studies will be needed to confirm associations and explore

the microbiome signatures as biomarkers of risk, diagnosis
and prognosis in HCC.*® Studies using pre-clinical models
to explore the causal relationship and mechanism linking
microbiota to HCC are also needed. If a causal relationship
is confirmed it is hoped that this may pave the way for
future therapeutic approaches aimed at modifying the
microbiome for the prevention or treatment of NAFLD-
HCC.

Signalling Pathways — The Role of STAT-3

in NAFLD-HCC

The interleukin-6 (IL-6), janus-activated kinase (JAK),
and signal transducer and activator of transcription
(STAT) signalling pathways are established as drivers in
the development and progression of HCC.*"* Recently, it
has been suggested that there are differences in obesity-
related STAT signalling driving NASH or HCC.”® Using
high-fat diet (HFD) and choline-deficient high-fat diet
(CD-HFD) models of NAFLD, it was shown that the
oxidative hepatic environment in obesity increased STAT-
1 and STAT-3 signalling, via the inactivation of STAT-1
and STAT-3 phosphatase T cell protein tyrosine phosphate
(TCPTP), promoting hepatic T cell recruitment, NASH,
fibrosis and HCC. Using a series of deletion and enhance-
ment experiments, STAT-1 signalling was identified as
responsible for T cell recruitment and the development of
NASH and fibrosis but not HCC, while STAT-3 signalling
was responsible for the development of HCC independent
of NASH and fibrosis (Figure 1).”° The identification of
a pathway central to the development of HCC but not the
fibrotic healing response makes it attractive to explore as
a therapeutic target. The androgen receptor-driven onco-
gene, cell cycle-related kinase (CCRK) has likewise been
identified as a driver of HCC in a NAFLD model by its
induction of STAT-3 and the mTORCI1/4E-BP1/S6K/
SREBP1 pathway.”' Interestingly, CCRK knockdown
resulted in protection against the development of both
NASH and HCC although STAT-1 signalling was not
investigated.”’ While confirmatory studies in human
NAFLD are needed to confirm the importance of STAT-1
and STAT-3 inhibition in NASH, fibrosis and HCC,
respectively, a phase I clinical trial of an oral STAT-3
inhibitor (OPB-111077) in patients with advanced HCC
after failing sorafenib has demonstrated that the drug is
reasonably well tolerated.”” While the focus in these trials
is on anti-tumour activity, the recent mechanistic work
suggesting a role for STAT-3 in the development of HCC
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suggests that its inhibition may be of value in the early or
pre-malignant stages of HCC.

The Role of the Immune Response in the
Development of NAFLD-HCC

The current knowledge of the roles of the immune
response in NAFLD and HCC has been comprehensively
summarized elsewhere.?’ In brief, chronic inflammation -
in part driven by damage-associated molecular patterns
(DAMPs) and pathogen-associated molecular patterns
(PAMPs) -
hepatocarcinogenesis.”** Immune escape from anti-

appear to be a significant driver of
tumour responses is also vital, with populations of
T regulatory cells (Tregs) and myeloid-derived suppressor
cells (MDSCs) exerting immunosuppressive effects on
cytotoxic CD8" T cells and natural killer (NK) cells.?
The recruitment of these immune cells into the liver is
an important and potentially targetable step in the patho-
genesis of NASH and HCC, with a recent study identify-
ing platelets as playing a key role worthy of special
mention.”> Malehmir et al demonstrated that platelet num-
ber, activation and aggregation in the liver were increased
in NASH but not steatosis, with antiplatelet therapies
limiting immune cell infiltration and preventing the devel-
opment of NASH and HCC in the CD-HFD model of
NASH (Figure 1). Kupffer cells and platelet glycoprotein
Iba (GPIba) were shown to be key mediators, while plate-
let inhibitors (aspirin and ticagrelor) were proposed as
treatments to suppress NASH and prevent the develop-
ment of HCC. A small pilot study in patients starting anti-
platelet therapy at the time of stenting for coronary artery
disease, confirmed a significant reduction in liver fat mass
and liver volume after 6 months using imaging techniques,
compared to baseline and compared to patients not treated
with anti-platelet therapy.”> While encouraging, larger stu-
dies are needed to confirm the potential of anti-platelet
therapy in preventing NAFLD progression and HCC.

The role of adaptive immunity in the development of
NAFLD-HCC has also become apparent. Shalapour et al
demonstrated that a population of IgA" plasma cells accu-
mulates in NASH fibrosis and contributes to the develop-
ment of NAFLD-HCC by suppressing CD8+ T cells via
programmed cell death ligand 1 (PD-L1) and interleukin
10 (IL-10) expression (Figure 1).”® Given that IgA regu-
lates mucosal immunity these immunosuppressive IgA™
plasma cells may be a key effector in the gut microbiome —

liver axis that contributes to hepatocarcinogenesis. Further
work is needed to confirm this in humans.

Biomarkers for Surveillance,

Diagnosis and Prognosis

Effective HCC surveillance strategies and early diagnostic
tools represent huge areas of unmet need. Surveillance
with 6-monthly abdominal ultrasound has benefit in
patients with advanced fibrosis and cirrhosis,?'* but
despite this still has multiple limitations and questionable
Identifying NAFLD patients with
fibrosis remains challenging due to the large size of the at-

cost-effectiveness.”’

risk population and the variable natural history of NAFLD
progression.'* Therefore, better biomarkers are needed to
identify NAFLD patients with advanced fibrosis who
would benefit from HCC surveillance, and to detect early-
stage HCC. These biomarkers should be inexpensive,
quick, easily accessible and have superior predictive
values to current biomarkers. Here we will highlight the
most promising recent advances in biomarker develop-
ment. These are also summarized in Figure 2.

Biomarkers of NAFLD Progression

Current biomarkers used in routine clinical practice to
identify fibrotic progression in NAFLD include; simple
scores such as the fibrosis-4 (FIB4) index, specific fibrosis
panels such as the enhanced liver fibrosis (ELF) panel and
imaging biomarkers such as FibroScan.”® Liver biopsy
remains the gold standard for identifying fibrotic progres-
sion however is limited by its invasiveness and sample
variability.”® Advanced imaging techniques such as mag-
netic resonance elastography (MRE) have superior perfor-
mance but are limited to clinical trials due to high costs
and limited availability.”®

Collagen Neo-Epitope PRO-C3 in the FIBC3 and
ADAPT Scores

N-terminal type III collagen propeptide (PRO-C3),
a marker of type IIl collagen formation, is thought to
correspond to hepatic fibrogenesis and can be measured
using an enzyme-linked immunosorbent assay on periph-
eral blood. Two recent studies have incorporated PRO-C3
into composite scores to assess for advanced fibrosis in
large NAFLD cohorts with extensive clinical and liver
biopsy data. The ADAPT score, based on age, presence
of diabetes, PRO-C3 and platelet count, correlated with
fibrosis stage, exhibiting an area under the receiver oper-
ating curve (AUROC) of 0.86 in the derivation and 0.87 in
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Figure 2 Biomarkers of NAFLD progression and HCC development. NAFLD is a spectrum of liver disease ranging from steatosis to NASH, fibrosis and eventually cirrhosis.
HCC mainly develops on the background of liver cirrhosis however between 25-50% of HCC develops in the absence of cirrhosis. Biomarkers of NAFLD and HCC risk.
SNPs in PNPLA3, TM6SF2 and MBOAT7 genes are associated with both NAFLD progression and the development of NAFLD-HCC. TM6SF2 in particular is an independent
risk factor for HCC development in the absence of cirrhosis. The predictive values of these SNPs are insufficient to be used in clinical practice on their own, however risk
stratification tools may be developed using combinations of SNPs. Biomarkers of NAFLD progression. Biomarkers currently used in clinical practice to detect NAFLD
fibrotic progression include; simple fibrosis scores such as the FIB4 score, panels using collagen biomarkers such as the ELF panel and imaging techniques such as FibroScan
and MRE. Biomarkers currently under development include; PPARy methylation of cell-free DNA, scoring systems using the PRO-C3 collagen neo-epitope (ADAPT and
FIBC3) and circulating cell-free RNA. Biomarkers of HCC development. Current clinical guidelines recommend screening for HCC development with 6-monthly abdominal
US with or without AFP measurements in patients with cirrhosis or advanced fibrosis. Biomarkers being developed to better detect HCC include; the GALAD score,
measurement of serum ITIH4 and detection of cell-free RNA. Created with BioRender.com.

Abbreviations: AFP, alpha-fetoprotein; AFP-L3, alpha-fetoprotein L3; DCP, des-gamma-carboxy-prothrombin; ELF, enhanced liver fibrosis; FIB4, fibrosis-4; HCC, hepato-
cellular carcinoma; ITIH4, inter-alpha-trypsin inhibitor heavy chain 4; IncRNAs, long non-coding RNAs; MBOAT7, membrane-bound 0-acyltransferase domain containing 7;
miRNAs, micro non-coding RNAs; MRE, magnetic resonance elastography; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; PNPLA3, patatin-
like phospholipase domain containing 3; PIIINP, type lll procollagen peptide; PPARYy, peroxisome proliferation-activated receptor gamma; PRO-C3, N-terminal type llI
collagen propeptide; SNPs, single nucleotide polymorphisms; TIMPI, tissue inhibitor of metalloproteinases |; TM6SF2, transmembrane 6 superfamily member 2; US,
ultrasound.
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the validation cohorts, respectively.”” The FIBC3 score,
based on age, body mass index, presence of diabetes,
platelet count and PRO-C3, correlated with fibrosis stage
and was associated with the presence of advanced fibrosis
with a weighted AUROC of 0.89 and 0.83 in independent
derivation and validation cohorts, respectively.'® Both
scores were superior to current ‘simple scores’, such as
FIB-4.°>'% While further independent validation of both
scores are required, the FIBC3 and ADAPT scores offer
the potential to more easily identify NAFLD patients with
advanced fibrosis and enter them into the HCC surveil-
lance programme. Comparisons with imaging-based bio-
markers, as well exploring its usefulness in high-risk
populations such as patients with T2DM, would also be
valuable.

Experimental Biomarkers of NAFLD Progression

As discussed earlier the role of epigenetic factors such as
ncRNAs and DNA methylation in the pathogenesis of
NAFLD has recently become apparent and has identified
circulating cfDNA and cfRNA as potential biomarkers of
NAFLD progression. For example levels of circulating
miRNA-122 and methylation of PPARy in circulating
cfDNA have been correlated to NAFLD progression and
offer promise as biomarkers.>>’® Further prospective stu-
dies evaluating these biomarkers are awaited.

HCC Biomarkers

Serum Inter-Alpha-Trypsin Inhibitor Heavy Chain 4
(IT1H4)

Serum inter-alpha-trypsin inhibitor heavy chain 4 (ITTH4)
is another potential biomarker of both NAFLD progression
and HCC development.'®" A preclinical study using a pig
model of NAFLD demonstrated that ITIH4 expression was
increased in both hepatocytes and HCC cells in NAFLD
and that serum ITIH4 levels correlated to both NAFLD
progression and HCC development. Serum ITTH4 was also
elevated in patients with NAFLD-HCC compared to
NASH and steatosis in a small patient cohort.'" As for
ADAPT, further validation of ITIH4 as a biomarker guid-
ing HCC surveillance is required.

The GALAD Score

The GALAD score is based on gender, age, alpha-
fetoprotein (AFP), AFP-L3 and Des-gamma-carboxy-
prothrombin (DCP) and has shown promise as a sensitive
biomarker for HCC.'"*'* In a case-control study, the
GALAD score detected HCC with an AUROC of
0.96.'" Importantly in a small prospective study, the

GALAD score was higher in patients with NASH who
developed HCC compared to those who did not develop
HCC up to 1.5 years before HCC diagnosis.'” Although
large prospective validation studies using the GALAD
score as a surveillance tool are awaited, the cumulative
data are compelling and in March 2020 the Food and Drug
Administration (FDA) granted breakthrough device desig-
nation to the GALAD Score for the early diagnosis of
HCC, with its marketing by Roche anticipated.'®*

HCC Arising in the Absence of Cirrhosis
HCC occurring in the absence of cirrhosis is
a significant challenge. A reported 25-50% of NAFLD-
HCC develop in the absence of cirrhosis, meaning few
are diagnosed early.*'®2° While these individuals with
better liver reserve may be more likely to be offered
curative resection, their late stage at presentation con-
tributes to poorer prognosis overall.*'*2° HCC sur-
in NAFLD patients

fibrosis or cirrhosis is currently not recommended.

veillance without advanced
The incidence of around 0.01% in this population is
so small, surveillance - despite the increased chance of
surgical cure with early detection, is far from cost-
effective.”” It is hoped that by better understanding
the pathogenesis of non-cirrhotic NAFLD-HCC bio-
markers to identify those at risk will be identified. As
discussed above there has been extensive work inves-
tigating the genetic and epigenetic drivers of HCC in
NAFLD. Their use as biomarkers promises potential as
a risk stratification tool to identify those at high risk of
developing non-cirrhotic HCC whom will benefit from
regular surveillance. With advances in the understand-
ing of disease pathogenesis, in combination with risk
calculation tools based on genotypes combined with
clinical variables, there is hope that cost-effective

approaches will emerge.””"!3

Prevention of NAFLD-HCC

Reducing the risk of HCC development in the growing
NAFLD patient population needs to be a priority. As
obesity and T2DM are risk factors for NAFLD progression
as well as independent risk factors for HCC development,
lifestyle interventions to combat these should be at the
centre of preventative strategies.'’ ' Here we will dis-
cuss both lifestyle and chemoprevention strategies, which

are also summarized in Table 1.
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Table | Interventions That May Prevent the Development of NAFLD-Associated HCC

Intervention Proposed Mechanism of Action Studies
Exercise Prevents NAFLD progression Multinational prospective cohort study of 467,336 individuals showing
Modulation of proliferation and angiogenesis a multivariable-adjusted hazards ratio for developing HCC of 0.55 for active
signalling pathways compared to inactive individuals.'%®
Modulation of sirtuin activity
Diet Prevents NAFLD progression Case control study of 518 HCC cases and 772 controls demonstrating poor
Cholesterol driving HCC development through adherence to Mediterranean diet being associated with HCC risk.''
alterations in the gut microbiome
Metformin Inhibits hepatocyte proliferation through cell cycle | Case control study demonstrating 7% reduction in HCC risk per year of
arrest metformin treatment.''®
Meta-analysis of 19 studies involving 550,882 patients showing risk ratio
reduction of 48% with metformin.''®
Statins Modulation of proliferation and angiogenesis Retrospective propensity score matched cohort study of 16,668 patients
signalling pathways with viral hepatitis showing protective effect of lipophilic statins. '
Aspirin May prevent NAFLD progression Retrospective propensity score matched cohort study of 50,275 patients
with viral hepatitis demonstrating significantly reduced incidence of HCC
and liver related mortality in patients on long term aspirin.|25
Effects on hepatic stellate cells, platelets, immune | Large meta-analysis of all previous observational studies finding aspirin was
cell recruitment and cyclooxygenase 2 inhibition associated with reduced HCC risk.'>*

Abbreviations: NAFLD, nonalcoholic fatty liver disease; HCC, hepatocellular carcinoma.

Lifestyle Intervention

Exercise

A recently published large multinational cohort study has
demonstrated that physical activity can reduce the risk of
developing HCC.'” The investigators identified 275 HCC
cases developing in a cohort of 467,336 individuals in the
European Prospective Investigation into Cancer and
Nutrition cohort (EPIC), followed up for a median of
14.9 years. The multivariable-adjusted hazard ratio of
HCC was 0.55 (95% CI 0.38-0.80) comparing active and
inactive individuals and 0.50 (95% CI 0.33-0.76) for those
reporting >2 hours/week vigorous activity compared to
those with no vigorous activity. This reduction was found
to be independent of other liver cancer risk factors, as well
as age, gender, body weight, alcohol consumption and
smoking. Preclinical studies suggest exercise attenuates
HCC progression by altering key signalling pathways in
proliferation and angiogenesis.''*'"" Bianchi et al have
recently taken this forward in an exercise study using
nuclear factor kappa B subunit 1 knockout (nfkbl-/-)
mice, which develop inflammation, steatosis and cancer
with age.''? They found that 3 months of moderate aerobic
exercise was sufficient to suppress inflammatory liver dis-
ease and cancer.''? The exercise intervention reversed

steatosis within the liver and reduced inflammation,

oxidative damage and cellular senescence. Changes in
the activity of sirtuin, an enzyme that deacetylates tran-
scription factors that contribute to cellular regulation, were

proposed as underpinning the changes seen.''?

Dietary Prevention

Together with exercise, a balanced and healthy diet is the
cornerstone of NAFLD management. In particular, the
Mediterranean diet which is rich in fibre, unsaturated
fats, vitamins and natural anti-oxidants and low in choles-
terol has been reported to be beneficial in NAFLD.'"?
Studies also support the Mediterranean diet as being pro-
tective in HCC.'" In a case—control study of 518 HCC
and 772 the
Mediterranean diet was associated with HCC risk with

cases controls poor adherence to
this risk being amplified in cases with underlying chronic
HBV or HCV infection."'* A recent study using the high-
fat/high cholesterol (HFHC) diet model of NAFLD-
associated HCC in mice demonstrated that cholesterol
HCC development by the
microbiota.''> They found that only mice fed with the
high cholesterol diet developed HCC on top of NAFLD

and that this was associated with a defined change in the

drives altering gut

gut microbiota and metabolites. They showed that the
change in gut microbiota and metabolites may be driving
HCC by transplanting the fecal microbiota from HFHC fed
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mice into germ-free mice fed with normal chow who then

NAFLD
115

developed and increased  hepatocyte

proliferation.

Chemoprevention

Anti-Diabetic Drugs

The chemopreventive properties of metformin have been
demonstrated in a number of large studies."'*'"” Metformin
may well have chemoprotective properties beyond its effect
on diabetic control, as protection against HCC development
is not conferred by other hypoglycemic drugs such as
sulphonylureas and insulin.''” In a large case—control
study a 7% reduction in HCC risk for each year a diabetic
patient was on metformin was observed.''® Furthermore,
a large meta-analysis of 19 studies involving 550,882
patients found that metformin reduced the risk ratio of
HCC development by 48%.''® Mechanistically metformin
is thought to have direct anti-tumour effects. In vitro studies
demonstrate that metformin inhibits hepatocyte proliferation
by inducing cell cycle arrest at GO/G1 through p21/Cipl
p27/Kipl
downregulation.''® Tt is worth also noting that metformin

and upregulation and cyclin DI
use may be associated with poorer responses to sorafenib as
an anti-cancer treatment.""” It is proposed that both metfor-
min and sorafenib exert anti-tumour effects via inhibition of
the mammalian target of rapamycin (mTOR), with metfor-
min users who develop HCC, developing tumours with

inherent mTOR resistance.'"”

Statins

Statins have also been shown to reduce cancer incidence,
attributed to their tumour-suppressive actions on a number
of proliferation and angiogenic pathways.'?*'** A large
propensity-score matched cohort study of patients with
chronic HBV and HCV infection has suggested that not
all statins are equal, as HCC protection was observed from
lipophilic statins such as atorvastatin and simvastatin,
rather than from hydrophilic statins such as pravastatin
and rosuvastatin.'** The primary goal of these drugs is to
reduce cardiovascular risk and as yet, there is no prospec-
tive evidence supporting the use of lipophilic statins over
hydrophilic statins in patients with NAFLD.

Aspirin

NAFLD patients commonly take aspirin for either primary
or secondary prevention of cardiovascular disease, how-
ever recent studies reveal that aspirin may also be bene-
ficial in the treatment of NAFLD and prevention of

HCC.'**"'2¢ Aspirin is thought to ameliorate NAFLD pro-
gression and prevent HCC development through effects on
hepatic stellate cells, cyclooxygenase 2 inhibition and
immune cell recruitment.””'?""'2° A prospective cohort
study of 361 biopsy-proven NAFLD patients showed
a significantly lower odds ratio of progressing to NASH
or fibrosis (0.68 and 0.54, respectively) in patients taking
aspirin compared to those not taking aspirin.'*® A large
propensity score-matched cohort study of 50,275 patients
with chronic HBV or HCV
a significantly lower incidence of HCC and liver-related

infection demonstrated

mortality in patients taking aspirin compared to patients
not taking aspirin.'”> A subsequent meta-analysis con-
firmed this protective effect.'** Although these studies
are encouraging NAFLD patients are generally underre-
presented in these primary prevention studies, therefore
care is needed when extrapolating the results. Further
studies powered to detect the effect on HCC risk in
NAFLD specifically are awaited.

Combination Preventive Strategies

While further data with metformin, anti-platelet drugs and
lipophilic statins are awaited, to assess benefits and risks,
lifestyle interventions, tight glycaemic control and statins —
which are all central to the management of NAFLD —
should be adhered to as a matter of priority for HCC
prevention.'*® Research into methods to better implement
and ensure lasting adherence to lifestyle interventions in
NAFLD may be very worthwhile.

Systemic Therapies for

NAFLD-HCC

The Barcelona Clinic Liver Cancer (BCLC) algorithm is
widely used to guide treatments for patients with HCC.
Patients with early localized disease, good liver function
and good performance status (BCLC 0 and A) may be
offered curative treatments, such as liver resection, trans-
plantation or ablation.?!** Similarly, fit patients with more
advanced disease confined to their liver may be offered
locoregional therapies, such as transarterial chemoemboli-
zation (TACE).?"*> NAFLD-HCC patients, however, tend
to present with advanced disease and/or have poor perfor-
mance status meaning the majority are staged as BCLC
C or D.*!” For BCLC C, systemic therapies are advised
first line — although the evidence these benefit patients
with NAFLD-HCC is limited. If patients have small but
growing tumours, with preserved liver function, ablation
or TACE might be considered. Realistically though, these
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patients may live for longer receiving best supportive

care.4’19’2 1,22,26

The Changing Landscape and

Immuno-Oncology Therapies

Sorafenib has been the first-line systemic therapy for HCC
for the last decade, with Lenvatinib coming on to the scene
as an equally effective alternative — with a different side
effect profile, over the last 2 years."*""'** Although the
efficacy of sorafenib in NAFLD-HCC is reportedly less
than that seen in patients with HCV-HCC," it is has
been tolerated in patients with NAFLD-HCC in real-life
practice, with some successes.'** Elderly patients with
NAFLD were not represented in the Lenvatinib study,'’
but its use has been adopted in some centres, with real-
world data anticipated. However, changes in the immune-
oncology field with relevance to patients with HCC are
having a major impact. Both the programmed cell death
protein (PD-1) checkpoint inhibitors, nivolumab and pem-
brolizumab, are licensed in the USA for second-line therapy
for advanced HCC, based on data from non-randomized
clinical trials."*>'*® As a first line therapy, the randomized
study evaluating nivolumab versus sorafenib in patients
with unresectable HCC did not achieve statistical signifi-
cance for its primary endpoint of overall survival.'?”:'*®
However, the combination of the vascular endothelial
growth factor (VEGF) monoclonal antibody bevacizumab
with the programmed death ligand 1 (PD-L1) antibody
atezolizumab has proved to be a game changer, showing
superiority over sorafenib as a first line treatment.'*® In this
landmark study called IMbravel50, there was improved
overall survival, with progression-free survival 2.5 months
longer, in patients treated with the combination therapy
compared to sorafenib, whilst showing a comparable side
effect profile.'** IMbravel50 study patients were largely
those with viral hepatitis, with less than one-third being of
“non-viral” etiology.'*® Subgroup analysis suggests that
atezolizumab plus bevacizumab may be less effective in
non-viral HCC, so whether the combination is superior to
sorafenib in patients with NAFLD-HCC, especially those
elderly or classed as performance status 2, is not yet known.
These data are likely to emerge in the coming year or two,
as will results from other trials of systemic therapies, either
alone or in combination for first line and second line, that
are ongoing and likely to change practice in the not too
distant future.'**'#!

Summary of Progress and
Opportunities

Due to the increasing prevalence of the metabolic syndrome,
NAFLD is becoming a leading cause of HCC. Steady pro-
gress in basic and translational research is improving our
understanding of the disease pathogenesis, aiding the identi-
fication and exploration of biomarker candidates, as well as
strategies to prevent HCC development, some of which have
been summarized here. The positive impact of exercise is
perhaps one of the key take home messages, highlighting the
need to try and address levels of activity in our sedentary
NAFLD population. The landmark IMbrave150 study is also
a highlight of 2020. Although the implications for our
patients with NAFLD may not truly emerge for some time,
the recent increase in numbers of clinical trials of medical
therapies with positive outcomes has been highly encoura-
ging, with the prospect of greater opportunities for life-
prolonging treatments drawing closer.
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