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Abstract

Hepatocellular carcinoma (HCC) is the fourth cause
of cancer related mortality, and its incidence is rapidly
increasing. Viral hepatitis, alcohol abuse, and exposure
to hepatotoxins are major risk factors, but nonalcoholic
fatty liver disease (NAFLD) associated with obesity, in-
sulin resistance, and type 2 diabetes, is an increasingly
recognized trigger, especially in developed countries.
Older age, severity of insulin resistance and diabetes,
and iron overload have been reported to predispose
to HCC in this context. Remarkably, HCCs have been
reported in non-cirrhotic livers in a higher proportion
of cases in NAFLD patients than in other etiologies. In-
herited factors have also been implicated to explain the
different individual susceptibility to develop HCC, and
their role seems magnified in fatty liver, where only a
minority of affected subjects progresses to cancer. In
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particular, the common I148M variant of the PNVPLA3
gene influencing hepatic lipid metabolism influences
HCC risk independently of its effect on the progression
of liver fibrosis. Recently, rare loss-of-function muta-
tions in Apolipoprotein B resulting in very low density li-
poproteins hepatic retention and in Telomerase reverse
transcriptase influencing cellular senescence have also
been linked to HCC in NAFLD. Indeed, hepatic stellate
cells senescence has been suggested to bridge tissue
aging with alterations of the intestinal microbiota in the
pathogenesis of obesity-related HCC. A deeper under-
standing of the mechanisms mediating hepatic carcino-
genesis during insulin resistance, and the identification
of its genetic determinants will hopefully provide new
diagnostic and therapeutic tools.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) as-
sociated with obesity, insulin resistance, and type 2
diabetes, is an increasingly recognized trigger of he-
patocellular carcinoma (HCC), even in non-cirrhotic
livers. The role of inherited factors seems magnified in
fatty liver. The common 1148M variant of the PVPLA3
gene influencing hepatic lipid metabolism has been
associated with HCC. Rare loss-of-function mutations
in apolipoprotein B resulting in very low density lipo-
proteins hepatic retention and in telomerase reverse
transcriptase influencing senescence have been linked
to HCC in NAFLD. Hepatic stellate cells senescence has
also been suggested to bridge tissue aging with micro-
biota alterations in the pathogenesis of obesity-related
HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer and the third cause of cancer-related mortal-
ity worldwide. It represents 90% of primary liver cancers,
and its incidence is increasing"”.

The major risk factor for HCC is represented by
chronic hepatitis, mostly related to hepatitis B and hepa-
titis C virus (HCV) infection”. Excessive alcohol intake,
hereditary hemochromatosis, and other inherited diseases
account for additional cases, and represent an important
cofactor in patients with viral hepatitis"". However, the
fraction of cases atising in the context of chronic liver
damage associated with nonalcoholic fatty liver (NAFLD)
related to systemic insulin resistance and obesity" is rap-
idly increasing, especially in Western countries'”.

The majority of HCC cases occurs in individuals
with cirrhosis, a subversion of liver histological archi-
tecture due to progressive fibrosis representing per se a
pre-cancerous condition. Overall, one-third of cirrhotic
individuals will develop HCC during lifetime'”, at an
incidence of 1%-8% per year. Male gender, older age,
cigarette smoking, obesity, the metabolic syndrome, and
type 2 diabetes are major risk factors, together with viral
features, the severity of liver damage, and serum alpha-
fetoprotein levels ™,

Besides viral, environmental, behavioral, and meta-
bolic features, inherited factors have also been implicated
to explain the different susceptibility to develop HCC.
Family history and ethnicity are strongly associated with
HCC, particularly in areas characterized by a high preva-
lence of chronic infection with hepatitis viruses. In the
last years, several studies have demonstrated the contri-
bution of single nucleotide polymorphisms (SNPs) to the
predisposition towards HCC!'*""

Liver fat deposition, most frequently related to sys-
temic insulin resistance (IR) defines NAFLD"", which
is considered the hepatic manifestation of the metabolic
syndrome. In susceptible individuals NAFLD is associ-
ated with inflammation and fibrogenesis, 7¢., nonalcoholic
steatohepatitis (NASH)!"”, which can progress to severe
fibrosis and lead to HCC™ even before cirrhosis ensues.
As NAFLD is now the most frequent liver disease af-
fecting at least 25% of the United States and European
population”*, it is predicted that it will fuel a rise HCC
cases in the future, reducing the benefit of new effective
antiviral therapies and of hepatitis B virus (HBV) vaccine
campaigns™.,

HEPATOCELLULAR CARCINOMA AND
STEATOSIS

NAFLD is now a recognized and inctreasingly observed
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cause of HCC™. In the Newcastle area, United Kingdom,
where the incidence of HCC was historically low due to
eliminare do a low prevalence of viral hepatitis, NAFLD
became the leading etiological factor associated with
HCC by 2010",

It should be noted that besides cases ascribed to
NAFLD, 5%-30% of HCCs are cryptogenic, ze. do not
have any identifiable risk factor™, and it has been sug-
gested that they represent the evolution of severe forms
of NAFLD (“burn out nonalcoholic steatohepatitis”)lzo].
Several case-control studies have described that HCC
patients with cryptogenic cirrhosis tend to have typical
clinical features of NASH, compared with sex- and age-
matched HCC patients arising in cirrhosis of well-defined
etiology™*?’. Tn a South Korean study in 480 HCC pa-
tients, cryptogenic cirrhosis accounted for 7% of cases,
and was associated with older age, metabolic syndrome
and tumor characteristics, all features that have been as-
sociated with NAFLD-related HCC*".

However, given the enormous prevalence of the
metabolic syndrome, in the absence of other cofactors
such as viral infections and alcohol abuse, HCC remains
a distinctly rare complication of obesity, type 2 diabetes,
and NAFLD!"", although the exact incidence of this
complication is not known.

Most NAFLD-related HCCs are believed to develop
in the background of a cirrhotic liver™ . However, the
incidence of HCC in patients with cirrhosis ot advanced
fibrosis related to NAFLD seems lower to that conferred
by other etiologies, such as CHC, and requires the pres-
ence of other metabolic cofactors such as a long history
of diabetes” and typically develop in older males”>>!.
Notwithstanding, due to the diffusion of the vaccination
against HBV, the availability of novel antiviral treatments,
and the epidemics of obesity, NASH is projected to be-
come the leading cause of HCC in Western countries in
the next future.

Steatohepatitis represents also a key step in the de-
velopment of progressive liver damage and HCC in
patients with chronic alcohol abuse™. Evidence is ac-
cumulating that steatosis is a risk factor for HCC also in
patients with chronic HCV infection, persisting after viral
eradication”™. In addition, a specific subtype of HCC
(steatohepatitic HCC) have been described in HCV posi-
tive patients with risk factors for NAFLD, suggesting the
existence of a specific NASH-HCC pathwaym].

HCC may develop in patients with NASH and even
simple steatosis even in the absence of advanced liver
fibrosis™*". In a small number of cases NAFLD may
progress to HCC in the background of metabolic syn-
drome especially with type 2 diabetes and obesity[41J
Indeed, HCC:s arising in patients with features of meta-
bolic syndrome are larger, more differentiated and mainly
occur in the absence of significant fibrosis'™ compared
than those arising in chronic viral hepatitis. An overview
of the literature supporting increased incidence of HCC
in nonalcoholic fatty liver disease without cirrhosis is pre-
sented in Table 1.

In conclusion, the different natural history, specific
histhological features of hepatocellular carcinoma in
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Table 1 Literature supporting increased incidence of hepatocellular carcinoma diagnosed in non-cirrhotic liver in nonalcoholic fatty

liver disease

Ref. Cases (1) Other etiologies (7)  Cryptogenic cirrhosis (17) Design

Marrero et al™ 105 75 30 Population study
Bugianesi et al™” 641 597 44 Retrospective case-control study
Regimbeau et al™ 210 192 18 Case-control study

Lee et al™ 480 446 34 Case-control study
Pekow et al™ 32 32 Retrospective case-control study
Ascha et al™” 89 64 25 Case-control study

HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease.

individuals with fatty liver and inflaimmation suggests a
specific mechanism underlying the NAFLD-HCC carci-
nogenesis.

HEPATOCELLULAR CARCINOMA:
ASSOCIATION WITH OBESITY, INSULIN
RESISTANCE, AND TYPE 2 DIABETES

Accumulating epidemiological studies indicate that over-
weight and obesity, the major determinant of insulin
resistance and NAFLD at population level, and whose
prevalence is markedly increasing, are associated with
higher risk of HCC. In a prospective population-based
study conducted in a large cohort of United States adults
stratified by severity of overweight, HCC-related death
rate was 4.5-fold higher in men with a body mass index
higher than 35 kg/ m” than in men with a normal body
mass index (BMD)",

Opverall evidence indicate that the risk of liver cancer is
17% and 89% higher in persons who are overweight and
obese, respectively, than in those of normal weight, and
that the relationship is stronger in men than in women™.
Obesity also increases the risk of HCC in subjects with
cirrhosis. Among 19271 United States patients who un-
derwent liver transplantation with cirrhosis, obesity was
an independent predictor of HCC in patients with alco-
holic and cryptogenic cirrhosis™™.

Epidemiological studies have also established an in-
dependent association between type 2 diabetes and HCC.
The first population study conducted in United States
revealed that diabetes was associated with 2.3-fold in-
crease in the risk of HCC, regardless of the presence of
other major HCC risk factors'™. Consistently, El-Serag
et al’" cartied out a large prospective cohort study, using
the national database of the Department of Veterans
Affairs, to examine HCC risk according to the presence
of diabetes, and found that among men with diabetes
the risk for HCC was doubled. Interestingly, it has been
hypothesized that a high concentration of insulin and
insulin growth factor 1 (IGF1) in type 2 diabetics may
have a hepatocarcinogenic effect™. This would suggest

that glucose lowering medications counteracting insulin
resistance, such as metformin, could reduce the risk of
HCC in diabetics"™™", but this hypothesis is still based on
indirect evidence and remains to be proven.
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Results of a meta-analysis which included four studies
(three prospective cohorts and one case-control study)
considering 829651 participants supported an increased
risk of HCC among individuals with metabolic syn-
drome®™”.

The population attributable fractions for established
HCC risk factors in the United States have been esti-
mated in a population-based case-control study. Among
individual risk factors, diabetes/obesity had the greatest
population attributable fraction. Overall, these data imply
that in Western countries decreasing diabetes and obesity
would be able to reduce the HCC incidence more than
the eradication of any other risk factors, including viral
hepatitis™.

Furthermore, the co-presence of both diabetes and
obesity may have a synergistic effect on hepatic carcino-
genesis in other etiologies. In 23820 Taiwan residents in-
fected with HBV or HCV followed up for 14 years, HCC
risk was more than 100-fold higher in those with both
obesity and diabetes™.

Summatizing, obesity is a strong risk factor for HCC
development especially in men. The presence of meta-
bolic syndrome and diabetes increases the risk exponen-
tially in obese individuals (Table 2).

PATHOGENESIS

The pathways linking steatosis to HCC are still under
definition. Potential carcinogenic mechanisms specifically
related to steatosis and steatohepatitis'~” are represented
by (1) the low-grade inflammatory status associated with
obesity and the metabolic syndrome, with increased re-
lease of tumor necrosis factors (TNF)-alpha and IL-6,
which has proliferative and anti-apoptotic effects through
the activation of the transcription factor STAT3"; (2)
altered release of adipokines influencing insulin resis-
tance and inflammation™; (3) increased lipogenesis and
cellular availability of fatty acids supporting energy for
rapidly growing cells”; (4) lipotoxicity influencing in-
tracellular signaling pathways”"; (5) oxidative stress and
DNA damage related to increased lipid peroxidation and
mitochondrial damage; and (6) hyperinsulinemia deter-
mining activation of proliferative pathways in hepato-

cytes and increased release of insulin-like growth factor-1
(IGF-1)",

Summarizing, intranuclear damage and changes pre-
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Table 2 Ascertained risk factors for hepatocellular carcinoma

in fatty liver

Risk factors

Age

Male gender

HCV/ HBV/0313638]

Alcohol abuse®™*

Severity of NAFLD/N ASH2528303339]
Diabetes/ obesity*”"**

Iron overload®”"

Genetic variants (PNPLA3, APOB, TERT)"> %1011 113114]

Hepatic stellate cells (HSCs) activation and senescence*""

HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Nonalcoholic
fatty liver disease; NASH: Nonalcoholic steatohepatitis; PNPLA3: Patatin-
like phospholipase domain-containing protein 3; APOB: Apolipoprotein B;
TERT: Telomerase reverse transcriptase.

disposing to HCC may be due to activation of insulin
mediated proliferative pathways, specific cytokine release,
intracellular lipid species, oxidative stress, and mitochon-
drial damage.

OTHER ENVIRONMENTAL RISK
FACTORS: IRON OVERLOAD?

Liver iron overload, which is frequently observed in pa-
tients with chronic HCV hepeatitis, alcoholic liver disease,
NAFLD, NASH and end-stage liver disease, may also
exert a carcinogenic effect thus facilitating HCC devel-
opment. Oxidative stress resulting in the production of
oxygen free radicals is considered the main mechanism
underlying the progression of liver damage toward HCC
in genetic hemochromatosis®™ . Secondary iron over-
load worsens liver damage progression in other chronic
liver disease as well“*”. In particular, hepatic iron accu-
mulation seems to increase the risk of NASH progres-
sion and to be involved in the pathogenesis of insulin
resistance!”*’, while iron depletion by phlebotomy can
improve insulin sensitivity and liver function in patients
with NAFLD'"™. In a large case series of histological
NAFLD from Italy, liver iron depots were more frequent
and larger in patients who developed HCC than in those
who did not, and excess iron was mainly located within
non-parenchymal cells. Experimental studies indicate that
the cellular site of iron deposition in the liver is impor-
tant for its carcinogenic activity®"". Summarizing, iron
may be a risk factor for HCC, thus implying that iron
chelation/depletion may represent a strategy to prevent
liver disease progression and HCC patients with NAFLD
and increased iron stores, identified by the presence of
increased ferritin levels”"" (Table 2).

GENETICS

Familial, epidemiologic and twin studies suggest that
heritability plays a major role in the susceptibility towards
NAFLD and progressive forms of liver diseases associ-
ated with steatosis with possible evolution to HCC™ and
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both steatosis and genetics contribute to HCC risk!™",

Following the completion of the Human Genome Proj-
ect and the trail of technological advancements, in the
last years genomewide association studies (GWAS) that
screen the whole DNA for the association with a specific
phenotype have untrevealed the main common genetic
risk factor for complex traits and diseases, such as hepatic
fat content. Besides viral, environmental factors, behav-
ioral habits and metabolic features also inherited factors
have been implicated in the pathogenesis of HCC. Family
history and ethnicity are strong risk factor for HCC and
both candidate genes studies and GWAS are beginning
to discover the genetic determinants that may contribute
to HCC susceptibilitym. Recently, the first GWAS have
discovered new candidates, such as the 1p36.22 locus in
Chinese patients with chronic HBV infection™ and the
MICA 152596542 and rs1012068 DEPDCS5 single nucle-
otide polymorphisms (SNPs) in Japanese patients with
CHC™™ which however still require functional clarifica-
tion and replication in other ethnic groups.

Rapidly evolving knowledge has been generated sug-
gesting that NAFLD, fibrosis progression, and HCC
share common genetic determinants””. There is also
evidence that rare variants associated with a severe phe-
notype strongly contribute to steatosis and HCC risk in
specific individuals and their families”™ (Table 2).

Common variants: Patatin-like phospholipase domain-
containing 3

In 2008, two independent GWAS linked the common
rs738409 C>G SNP encoding for the 1148M sequence
variant of Patatin-like phospholipase domain-containing
protein 3 (PNPLA3 or adiponutrin) with hepatic fat con-
tent, steatosis and ALT levels'”*”. The 148M allele causes
a critical aminoacidic substitution next to the catalytic
domain, reducing the access of substrates and reducing
the PNPLA3 enzymatic activity towards glycerolipids,
thereby favoring to the development of macrovesicular
steatosis® ', partly mediated by very low density lipopro-
tein retention” . Furthermore, the 148M risk allele favors
disease progression in NAFLD™ ™ ALD™*" chronic
HCV hepatitis[ss’gg], and also in liver diseases unrelated to
steatosis”™".

Most importantly, the 1148M variant has been associ-
ated with the risk of HCC independently of its effect on
the progression of liver fibrosis”*", We first described an
association between 148M PNPILA3 variant and HCC in
a retrospective cohort of 325 patients affected by chronic
hepatitis C where homozygosity for the 148M risk allele
conferred a 2.2-fold higher risk of HCC, independently
of cirrhosis, age, diabetes, male gender, and eradication
of viral hepatitislsg]. These data have been replicated in
patients with HCV cirrhosis and alcoholic cirrhosis”>"*"%.
After a large European effort, a very recent meta-analysis
of the literature based on individual patient data of 2503
cirthotic patients concluded that the 1148M is an inde-
pendent risk factor for HCC in cirrhosis, and that the
size effect is larger in alcoholic than in HCV related liver
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disease!””.

The predisposing effect of the 1148M seems also
very strong in the context of severe obesity. Indeed, in
3473 obese subjects included in the Swedish Obese Study
(SOS) cohott followed up for 15 years, the 148M risk al-
lele conferred a very large increase in the risk of HCC
in subjects on conventional treatment, whereas the ef-
fect was not detected in those who improved metabolic
disease following weight loss due to bariatric surgery.
Importantly, the 1148M variant is also a strong risk factor
for HCC in patients with histological NAFLD",

Finally, the 1148M variant may also influence the
biological features, natural history, and response to treat-
ment of HCC. In 460 HCC Italian patients, PNPLA3
148M was over-represented in NAFLD and ALD-related
HCCs, and liver cancers arising in these subjects wete as-
sociated with eatlier age at presentation, lower differentia-
tion grade and larger diffusion at the diagnosis, and with
a worse prognosis' ", These data are in line with results
obtained in a United States cohort"".

In conclusion, the common PNPLA3 1148M variant
is a strong determinant of hepatic fat content and in the
presence of triggering factors (especially metabolic rather
than viral) strongly predisposes to HCC!"".

Rare variants

Apolipoprotein B: Hypobetalipoproteinemia (HBL)
represents a rare disorder of lipoprotein metabolism
characterized by reduced plasma levels of total choles-
terol, low-density lipoprotein-cholesterol (LDL-C) and
apolipoprotein B (APOB). Familial HBL. (FHBL) is the
most frequent monogenic form of HBL and it is associ-
ated with loss-of-function mutations in .4POB gene. Fatty
liver is a characteristic feature of FHBL as a consequence
of impaired hepatic export of very low density lipopro-
teins. Development of HCC in the absence of cirrhosis
was anedoctically reported in a subject with FHBL due to
a truncated form of ApoB[mz], as well as cryptogenic cir-
rhosis due to a truncated form of ApoB"”

Recently, evaluating by whole exome sequencing a
large family in which it was observed cosegregation of
FHBL with fatty liver and HCC, Cefald ¢ o/ identified
a novel nonsense mutation in ApoB gene (c.6718A>T,
K2240X) associated with the phenotype. Therefore,
APOB mutations represent a paradigm of rare variant
influencing liver fat content and HCC risk. In the general
perspective, the liver fat retention observed in individuals
with the common PNPI.A3 variant due to the defective

[83]

very low density lipoprotein secretion”™ may indicate a

common pathway for these genetic conditions.

Telomerase: The human telomerase reverse transcriptase
(TERT) gene encodes the catalytic reverse transcriptase
subunit of telomerase that maintain telometre length”os].
Increased telomerase activity has been indicated as one
of the hallmarks of human cancer, and transcriptional
up-regulation of TERT gene is the major cause of its
cancer-specific activation"""™. On the other hand, telo-
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mere diseases, exemplified by dyskeratosis congenita, are
characterized by premature senescence of the stem cell
compartment, tissue fibrosis and increased cancer risk
due to chromosome instability"™. TERT mutations have
been associated with a spectrum of familial hepatic liver
disease often characterized by histological steatosis and
iron accumulation, possibly as a consequence of hepa-
tocellular senescence”. TERT mutations are entiched
in cirrhosis, being observed in 3%-8% of unsclected pa-
tients with different liver diseases, in line with increased
telomere attrition in cirrhosis, and suggesting a role of
cellular aging in liver disease progression“m’“”. In addi-
tion, studies on TERT-deficient mice have demonstrated
that telomere shortening reduces the response to acute
and chronic liver damage inducing the formation of ste-
atosis and fibrosis" . TERT overexpression is frequently
observed in HCC related to chronic hepatitismzj, favoring
the replication of stem cell compartment. Point muta-
tions in the promoter of TERT gene increase telomerase
expression and are somatically acquired during hepatic
carcinogenesis, especially in males with chronic HCV
hepatitis''"”. On the other hand, HCC cases were re-
ported only in a few patients with loss-of-function TERT
mutations. Recently, we reported the occurrence of HCC
in a subject with cirrhosis associated with NAFLD and
diabetes, who carried the novel ¢.2062 C>G TERT mu-
tation encoding for the protein Glu668Asp substitution
in exon 5 of TERT"™. This mutation is located in the
reverse transcriptase domain of the protein, leading to
reduced telomere lenght by interfering with enzymatic
actiVity[“SJ. Additional studies are ongoing to evalu-
ate whether telomerase complex mutations are highly
enriched in patients who develop HCC in NAFLD. In
conclusion, the occurrence of HCC in the context of
NAFLD, which at the population level can be considered
a rare disease, seems to be influenced by common genetic
variants as PNPLA3 and by rare genetic variants such as

those described in .APOB and TERT genesml.

STELLATE CELLS: A NEW PLAYER
IN OBESITY-RELATED HEPATIC
CARCINOGENESIS

Cellular senescence is a stress response occurting in not-
mal cells, which blocks proliferation through checkpoint
activation and cell-cycle arrest''”. It occurs not only in
hepatocytes, but also in nonparenchymal liver cells, and
in particular hepatic stellate cells (HSCs), which are key
players in the progression of liver fibrosis and hepatic
carcinogenesismﬂ. Senescent HSCs are biologically ac-
tive and characterized by a secretory profile called senes-
cence-associated secretory phenotype (SASP), composed
of inflammatory cytokines, chemokines and proteases,
which may promote hepatic carcinogenesisms]. In ex-
perimental models, dietary or genetic obesity induces
alterations of the gut microbiota increasing the levels of
microbial metabolites such as deoxycholic acid (DCA),
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Normal liver

Liver disease HCC

Figure 1 Graphical display of the ascertained risk factors for hepatocellular carcinoma in nonalcoholic fatty liver disease. HCC: Hepatocellular carcinoma;
NAFLD: Nonalcoholic fatty liver disease; Red lines: Metabolic risk factors; Violet lines: Genetic risk factors; HCV: Hepatitis C virus; HBV: Hepatitis B virus; TERT:
Telomerase reverse transcriptase; APOB: Apolipoprotein B; PNPLA3: Patatinlike phospholipase domain-containing protein 3.

which are DNA damaging. The enterohepatic circula-
tion can bring these metabolites to the liver inducing a
SASP phenotype in activated HSCs, which in turn secrete
tumor-promoting factors and favor HCC development
even in absence of fibrosis. In healthy male volunteers,
high-fat diet results in higher fecal DCA levels, suggesting
that DCA-induced senescent HSCs may partly contrib-
ute to obesity-associated HCC by SASP also in humans.
Moreover, signs of cellular senescence and SASP were
directly observed in HSCs not related to fibrotic areas,
but located in the proximity of HCC lesions occurring
in patients with NASH. These findings suggest that se-
nescent HSCs are characterized by an inflammatory but
not fibrogenic phenotype and may contribute to explain
NASH-associated hepatic carcinogenesis in non-cirrhotic
livers™"”. In conclusion, improved understanding of the
role of genetic predisposition, the type of diet, and gut
microbiota may lead to new therapeutic approaches to
prevent and control liver cancer related to NAFLD!"™,

CONCLUSION

NAFLD is increasingly being recognized as a frequent
cause of HCC, especially in Western countries, and is a
contributing factor in a large fraction of cases related to
past or active viral hepatitis and alcohol abuse. Besides vi-
ral, environmental factors, behavioral habits and metabol-
ic features, inherited factors have been implicated in the
pathogenesis of HCC. In particular, the common 1148M
variant of the PNPL.A3 gene has been associated with
HCC risk independently of the effect on the progression
of liver fibrosis. Recently, rare functional mutations in
genes influencing hepatic lipid metabolism and cellular
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senescence have also been linked to HCC in NAFLD.
Finally, it has been recently suggested that HSCs senes-
cence may represent a common effector in hepatic cat-
cinogenesis of the alterations in gut microbiota, genetic
factors and steatohepatitis. Better understanding the
driving factors and genetics HCC in patients with obesity
and diabetes will provide new therapeutic and diagnostic
targets and facilitate the prevention and early diagnosis
of the disease. The currently ascertained risk factors for
HCC in NAFLD ate presented in Figure 1.
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