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disease—one of a kind or two different enemies?
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Abstract: Hepatocellular cancer (HCC) is a cancer with an overall poor prognosis and an alarming globally
rising incidence. While viral etiology of chronic liver disease and HCC is down-trending, alcohol and
excess calorie intake have emerged as major culprits. Alcohol related liver disease (ALD) and non-alcoholic
fatty liver disease (NAFLD) share similar pathogenetic mechanism of hepatic injury and in promoting
development of HCC; yet some genetic and epigenetic features are distinct and may promise clinical udility.
Population based intervention are urgently needed to reduce alcohol use and improve metabolic factors
such as obesity and diabetes. The goal is to identify at-risk patients, to link these patients to care and to
provide effective management of chronic liver disease and HCC. This review focuses on the epidemiology,
pathophysiology including genetic and epigenetic altercation as well as clinical aspects of ALD and NAFLD
associated HCC.
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Introduction related HCC are globally down-trending, metabolic-

. . . related HCC has increased sharply across continents in
Liver cancer is the fifth most common cancer in men and . S . .
line with increasing rates of metabolic syndrome (MetS),
obesity, and insulin resistance (IR) (1,5). A similar trend is
seen with alcohol-related liver disease (ALD)-related HCC
(ALDHCC) (3,4,6,7).

ALD and non-alcoholic fatty liver disease (NAFLD)

share similar histologic features particularly steatosis,

ninth most common in women with hepatocellular cancer
(HCC) accounting for more than 90% of cases (1). Age-
adjusted incidence of HCC rose from 1.5 to 4.9 per 100,000
individuals over the past 30 years alone in the US (2).
Opverall, HCC has a poor prognosis with a high mortality.
In 2012, there were approximately 782,000 new cases
and 746,000 deaths from liver cancer worldwide (1). The
BRIDGE study accounted hepatitis C infection (HCV)

suggesting similar pathogenetic mechanisms of hepatic
inflammation and injury. Alcohol consumption and excessive
dietary caloric intake potentiate the risk of liver injury.

for the majority of cases in North America, Europe and
Japan, and hepatitis B (HBV) in China and South Korea (3).
HCC prevalence has been alarmingly rising with an
increased incidence of 75% between 1990 and 2015 (4); yet,
the overall picture is changing. While rates of viral hepatitis
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Naveau er al. showed that excess weight for at least 10 years
is an independent risk factor for cirrhosis, acute alcoholic
hepatitis and steatosis (8). With rising incidence and
prevalence of NAFLD and ALD, potentially compensating
for the down-trending chronic liver disease rates from other
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causes globally, the effect of ALDHCC and NAFLDHCC
is of special interest.

Patients with nonalcoholic steatohepatitis (NASH), the
aggressive form of NAFLD have a greater risk to develop
HCC (3,9); and HCC cases have been found in noncirrhotic
patients, potentially interfering with early detection of
small, potentially curable tumors and therefore leading to
morbidity and mortality in patients with otherwise mild
fibrosis and preserved liver function.

According to the HEPAHEALTH Project Report,
globally, in 2015, the second leading etiology of underlying
liver disease was alcohol use (10). The 2015 Global Burden
of Disease study estimated an incidence of 854,000 liver
cancer cases and 810,000 deaths globally with alcohol
accounting for 30% of all liver cancer cases (4).

Furthermore, both ALD and NAFLD interact with other
liver etiologies and deteriorate the disease processes (11,12).
Chronic, excessive alcohol use synergistically promotes liver
disease and HCC risk in NAFLD, HBV, and HCV patients
(13,14). Vice versa, obesity increases the vulnerability of
the liver to the toxic effect of alcohol and is an independent
predictor for HCC in patients with ALD (15).

In this review, we summarize current evidence regarding
epidemiology, tumorigenesis, clinical pathogenesis, and
management of HCC that develops in the context of both
ALD and NAFLD.

Epidemiology of NAFLD-related HCC (NAFLDHCC)

With NAFLD currently emerging as a global morbidity
it is not surprising that NAFLDHCC is on the rise
(1able I) NAFLD contributes to a large number of HCC
and NAFLDHCC has increased over the past decades
(3,16-21). Across continents large population-based
studies have reported proportions of NAFLDHCC
between 14.1% (19) and 21.5% (17), combined with an
annual increase of NAFLDHCC by 9% in the US (19),
greater than 10-fold increase between 2000 and 2010 in the
UK (17); as well as an increase from 3.8% during the
2001-2005 period to 12.2% during the 2006-2010 period
in Korea (16). NASH only accounts for a small portion of
NAFLD; yet it can be attributed to a significant proportion
of HCC. Prevalence of NASHHCC shows geographic
variations with a range of 10-12% in North America and
Europe and 1-6% in Asia (3). It seems to be the most
rapidly growing cause of HCC (19). The proportion of
NASHHCC increased from 0% in 2002 to 6.0% in 2012
in a cohort of 10,062 HCC patients who underwent liver
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transplantation (18) and from 2.1% in 2002 to 17.9% in
2017 in 28,935 HCC patients using the Scientific Registry
of Transplant Recipients (SRTR) data (21).

Overall, incidence of NAFLDHCC seems low
(6,14,22-32). A recent meta-analysis of 86 studies from
22 countries with a population of 8,515,431 reported a
NAFLDHCC incidence of 0.44 (0.29-0.66) per 1,000 person-
years (29). An annual incidence of NAFLDHCC of 0.043%
was reported in another large scale study (24) while a
small-scale Belgian study showed an accumulative risks of
NAFLDHCC of 3.1% and a 10-year cumulative incidence
rate of 23.7% (30). Another small-scale study from Brazil,
reported a 10-year accumulated NAFLDHCC rate of
9% (31). Differences between these study results are likely
due to the different proportions of NASH, fibrosis, or
cirrhosis patients in the sample pool. The risk to develop
HCC dramatically increases in the later stages of the
NAFLD spectrum. Amarapurkar er /. (25) reported a
0.46% annual rate of cirrhotic NASHHCC; two Japanese
studies reported a 5-year cumulative incidence of HCC
of 7.6% in NASH with advanced fibrosis which increased
to 11.3% in NASH with cirrhosis (22,23). Nonetheless,
compared with viral hepatitis, NAFLD is a low-risk factor
for HCC. Multiple studies consistently demonstrated that
the incidence of HCC in the context of NASH cirrhosis is
much lower than with HCV, which has a reporetd annual
HCC incidence of 3.6-4.0% and a 5-year cumulative
incidence of 11.3% (14,23,25). However, NAFLDHCC
incidence has increased from 0.0263% in 2002 to 0.0514%
in 2012 (6); thus among all the risk factors that might
induce HCC, the contribution of NAFLD will rise the most
noticeable.

Epidemiology of ALD-related HCC (ALDHCC)

As in NAFLD the risk of developing HCC is higher at a
later stage of ALD (33). ALD has a great disease burden and
alcohol accounts for 30% of liver cancer deaths globally (4).
Table 2 summarizes prevalence and incidence of ALDHCC.
In the BRIDGE study, ALD contributed to a larger portion
of HCC cases in North America (21%) and Europe (37%)
compared to East Asia (4-13%) (3). Three large-scale
retrospective US cohort studies have shown consistent
results. Younossi et a/. utilized SEER registries reporting
a proportion of ALDHCC of 16.4% over 5 years from
2004-2009 (19). Another retrospective cohort study using
15 years of data from the SRTR including 28,935 HCC
patients on the liver transplant (LT) waitlist found that

Transl Gastroenterol Hepatol 2019;4:72 | http://dx.doi.org/10.21037/tgh.2019.09.01



Translational Gastroenterology and Hepatology, 2019

Table 1 Prevalence and Incidence of NAFLDHCC
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Study Design Population Study period Diagnostic method Findings
Choetal., Retrospective  South Korea, 329 patients 2001-2010 Imaging Increased proportion of
2011 (16) cohort with non-B non-C, NAFLDHCC from 3.8%
non-alcohol or specific (2001-2005) to 12.2%
cause-related HCC
Dyson et al., Retrospective UK, 632 patients with HCC  2000-2010  Imaging or biopsy Proportion of NAFLDHCC:
2014 (17) cohort 21.5% (136/632) in 2010,
proportion of NAFLD HCC death:
34.8% (35/114) by 2010
Proportion of NAFLD HCC with
10-fold increase over the
10 years
Wong et al., Retrospective  US, UNOS registry; 2002-2012  NASH: not specified; Proportion of NASHHCC
2014 (18) cohort 61,868 adults with LT modified NASH increased: 0% [2002] vs.
including 10,061 with HCC category: previous 4.0% [2007] vs. 6.0% [2012];
diagnosis of NASH, modified NASH category criteria:
Cryptogenic cirrhosis,  proportion of NASHHCC: 8.3%
unknown cirrhosis with  [2002] vs. 10.3% [2007] vs.
obesity 13.5% [2012]
Younossi et al., Retrospective  US, SEER registries, 2004-2009 ICD-9 NAFLD or Proportion of NAFLDHCC:
2015 (19) cohort 4,929 HCC cases cryptogenic liver 14.1%; 9% annual increase of
disease, cirrhosis with  NAFLDHCC; among HCC patient
diabetes/obesity who received LT only 5% were
NAFLDHCC
Park et al., Retrospective  BRIDGE, 14 countries, 2005-2012  Not specified Proportion of NASHHCC: North
2015 (3) cohort 42 sites, 18,031 HCC America 12%, Europe 10%,
patients China 5%, South Korea 6%,
Japan 2%
Sadler et al., Retrospective  US. Two medical centers 2004-2014 Biopsy or clinical Proportion of NASHHCC:
2018 (20) cohort with 929 HCC patients who diagnosis 6.5% (60/929)
underwent LT
Younossi et al., Retrospective US, SRTR, 170,540 patients, 2002-2017  Not specified Proportion of NASHHCC
2019 (21) cohort 28,935 (17.0%) had HCC on increased 8.5-fold from 2.1%
LT waitlist [2002] to 17.9% [2017]
Hashimoto Prospective Japan, 137 NASH patients ~ 1990-2007 Liver biopsy 5-year cumulative incidence
et al., 2009 (22) cohort of HCC: 7.6% in NASH with
advanced fibrosis
Yatsuiji et al., Prospective Japan, 68 patients with 1990-2006 Liver biopsy 5-year cumulative incidence of
2009 (23) cohort cirrhotic NASH HCC: 11.3% in NASH cirrhosis
Ascha et al., Prospective us, 195 2003-2007 Not specified Annual incidence of HCC: 2.6%
2010 (14) cohort NASH cirrhosis in cirrhotic NASH
Kawamura Retrospective  Japan, 6,508 patients with  1997-2010 Imaging Annual incidence of NAFLDHCC:
etal., 2012 (24) cohort NAFLD (ultrasonography) 0.043%. Cumulative rates of

NAFLDHCC were 0.02% (year 4),
0.19% (year 8), 0.51% (year 12)

Table 1 (continued)
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Study Design Population Study period Diagnostic method Findings

Amarapurkar Retrospective  India, 585 patients with 2010-2011 Biopsy Annual rate of cirrhotic

etal., 2013 (25) cohort cirrhosis NASHHCC: 0.46%

Kodamaetal., Retrospective Japan, 72 patients with 1990-2010 Biopsy 5-year HCC accumulative

2013 (26) cohort NASH cirrhosis, 85 with incidence: 10.5% in NASH
ALD cirrhosis cirrhosis

Paranagua- Prospective Brazil, 884 patients with 1998-2008 Biopsy, cryptogenic 5-year accumulative incidence:

Vezozzo et al., cohort compensated cirrhosis cirrhosis account as 4% in NASH cirrhosis

2014 (27) NASH cirrhosis

Tateishi et al., Retrospective  Japan, 33,782 patients with  1991-2010 Imaging or biopsy Proportion of non-viral etiologies

2015 (28) cohort HCC, 53 hospitals, induced HCC incidence increased
5,326 (15.8 %) were from 10% to 24.1%. Proportion
categorized as non-viral of NAFLDHCC among non-viral
related HCC. HCC: 11.2%

Beste et al., Retrospective  US, 129,998 cirrhosis, 2001-2013  ICD-9 of cirrhosis Incidence NAFLDHCC increased

2015 (6) cohort 21,326 HCC Veterans without other risk from 2.63 to 5.14 per 100, 000

factors
Younossi et al., Meta-analysis 86 studies from 22 countries 1989-2015 Imaging Global prevalence of NAFLD:

2016 (29) with population of 8,515,431 25.24%, HCC incidence among
NAFLD patients: 0.44 per
1,000 person-years
Marot et al., Retrospective  Belgium, 752 patients with  1995-2014  Biopsy, cryptogenic Annual risks of NAFLDHCC:
2016 (30) cohort cirrhosis cirrhosis with features ~ 3.1%; 10-year cumulative
of MetS incidence rate: 23.7%
Vilar-Gomez Retrospective  Multi-national institutes, 1995-2016 Biopsy 10 years accumulated
etal., 2018 (31) cohort 458 NAFLD patients, NAFLDHCC rate: 9% Cirrhotic
bridging fibrosis/ had more HCC (17%) compared
compensated cirrhosis with bridging fibrosis (2.3%)
Kimura et al., Retrospective  Japan, 301 NAFLD patients 2003-2016 Biopsy 6-year accumulated NAFLDHCC
2018 (32) cohort rate: 3% (9/301). Mild alcohol use

had higher risk (6.5%) to develop
HCC compared with non-alcohol
group (1.4%)

ALDHCC increased from 8.3% in 2002 to 14.2% in
2017 (21). A Veterans’ Affairs (VA) study on 129,998 cirrhosis
patients including 21,326 with HCC found that 11% were
ALD related (6). In the UK, the proportion of ALDHCC is
much higher, accounting for 28.2% by 2010 (17).

As in NAFLD, overall, the annual incidence of HCC in
ALD patients is low. Despite the increasing trend over the
past few years, in 2012, the reported incidence was only
5.14 per 100,000 in a large US VA cohort (6). However,
the cirrhotic ALD population repeatedly shows a much
higher annual incidence, ranging from 1.1-2.9% in multiple

© Translational Gastroenterology and Hepatology. All rights reserved.

cohorts (7,30,33). A 10-year cumulative incidence rate of
ALDHCC has been reported at 8.4% (30) while a 5-year
accumulative incidence of cirrhotic ALDHCC was found
to be 5.7% in Brazil (27) and 12.3% in Japan (26). Older
age, male gender, high baseline AFP, high bilirubin, low
platelet count, and elevated prothrombin time value were all
associated with a higher risk of HCC in alcoholic cirrhosis
patients (7,33).

Overall, these results reveal a high annual incidence of
HCC in alcoholic cirrhosis suggesting that HCC screening
would be cost-effective, may reduce HCC-related mortality
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Table 2 Prevalence and incidence of ALDHCC
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Study Design Population Study period Findings
Mancebo et al., Prospective  Spain, 450 patients with ALD cirrhosis 1992-2010  Annual incidence of HCC: 2.6%
2013 (7) cohort CTP A/B
Kodama et al., Retrospective Japan, 72 patients with NASH cirrhosis, 1990-2010  5-year HCC cumulative incidence: 12.3%
2013 (26) cohort 85 with ALD cirrhosis in ALD cirrhosis
Dyson et al., Retrospective UK, 632 patients with HCC 2000-2010  Proportion of ALDHCC: 28.2% by 2010
2014 (17) cohort
Paranagua-Vezozzo Prospective Brazil, 884 patients with compensated 1998-2008  5-year accumulative incidence of HCC:
etal., 2014 (27) cohort cirrhosis 5.7% in ALD cirrhosis
Tateishi et al., Retrospective Japan, 33,782 patients with HCC, 53 1991-2010  Proportion of ALDHCC: 26.7%
2015 (28) cohort hospitals, 5,326 (15.8 %) were categorized
as non-viral related HCC
Younossi et al., Retrospective US, SEER registries, with 4,929 HCC 2004-2009  Proportion of ALDHCC: 16.4%
2015 (19) cohort cases
Park et al., Retrospective BRIDGE, 14 countries, 42 sites, 8,031 2005-2012  Proportion of ALDHCC: North America
2015 (3) cohort HCC patients 21%, Europe 37%, China 5%, South
Korea 9%, Japan 13%
Beste et al., Retrospective US, 129,998 cirrhosis, 21,326 HCC 2001-2013 Incident ALDHCC increased from 3.92 to
2015 (6) cohort Veterans 6.16 per 100 000.
Akinyemiju, et al., Meta-analysis 195 countries or territories registration 1990-2015  Proportion of HCC deaths due to alcohol
2017 (4) system data and use was 30%
cancer registry
Marot et al., Retrospective Belgium, 752 patients with cirrhosis 1995-2014  Annual cumulative risks of ALDHCC:
2017 (30) cohort 1.1%; 10-year cumulative incidence rate
of ALDHCC: 8.4%
Ganne-Carrie et al., Prospectively France and 2010-2016  Annual incidence of HCC: 2.9%, 1- and
2018 (39) cohort Belgium, 652 patients with compensated 2-year cumulative incidences of 1.8%
ALD cirrhosis and 5.2%, respectively
Younossi et al., Retrospective US, SRTR, 170,540 adult patients on the 2002-2017  Proportion of ALDHCC increased from
2019 (21) cohort LT waitlist, 28,935 (17.0%) with HCC 8.3% to 14.2%

and improve survival.

HCC tumorigenesis
What drives NAFLDHCC?

Instead of the well-established two-hit hypothesis, a
multi-parallel hit theory seems to better explain NASH
development and its progression to HCC. It is thought
that NASH and HCC are consequences of numerous in
parallel acting conditions including genetic alterations,
abnormal lipid metabolism, chronic hyperinsulinemia,
altered bile acids, oxidative/endoplasmic reticulum (ER)

© Translational Gastroenterology and Hepatology. All rights reserved.

stress, mitochondrial dysfunction, altered immune system,
and dysbiosis in gut microbiota (34). According to this
theory, hepatic inflammation is the first cause of fibrosis
progression in NASH and HCC development. As in any
other chronic liver disease with progression to cirrhosis
there is increased cell turnover through mitosis with its
potential thread of genetic alterations.

NAFLDHCC and obesity

Obesity rates have increased dramatically in the US adult
population, from 15% in 1980 to 35% in 2010. Adipose
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tissue stimulates release of proinflammatory cytokines
with a subsequent chronic low-grade inflammatory state.
These cytokines in combination with insulin stimulate
pro-oncogenic pathways via JNK, NF-kB, the mammalian
target of rapamycin (mTOR), and extracellular signal-
regulated kinases. Multiple case-control and population-
based studies have shown an association between excess
weight and increased risk of HCC. A systematic review of
10 cohort studies with 7 million participants confirmed the
positive association between obesity and HCC risk [relative
risk (RR):1.4-4.1]. A meta-analysis estimated a summary RR
of HCC of 1.17 [95% confidence interval (CI):1.02-1.34]
for overweight persons and 1.89 (95% CI: 1.51-2.36) for
obese individuals compared with normal weight people (35).
In a prospective study of 900,000 US adults by Calle ez 4., a
body mass index (BMI) of greater than 35 kg/m’ was linked
to a 4.5 times higher HCC related mortality in men and
1.7 higher risk in women, respectively compared with
people with a normal BMI (36). A Danish record linkage
study (37) and a metanalysis of European studies (38)
showed similar results. Despite strong evidence supporting
an association between obesity and HCC comparison of
results between different study populations is difficult
subsequently impacting their wider generalization.
The majority of studies lack adjustments for potential
confounders (alcohol, viral hepatitis, other etiologies) or
certain categorical variables (gender, age, ethnicity).

Visceral adipose fat deposition often measured by
waist to hip ration (WHR) plays a special role in HCC
development and outcome. In the EPIC study, the WHR
was associated with a 3.5 times higher HCC risk in those
with a WHR in the upper tertile (RR: 3.5; 95% CI:
2.09-5.87; P<0.0001) (39). Japanese patients with increased
abdominal fat had a two-fold higher HCC recurrence
after initial curative radiofrequency ablation (40). A large
retrospective cohort study of 1,257 HCC patients confirmed
visceral adiposity as an independent predictor of mortality
and that body composition rather than BMI determines
prognosis in patients with HCC (41).

Obesity increases the HCC risk in patients with cirrhosis
from other etiologies than NAFLD; for example in ALD
and antecedent steatosis, the risk of HCC was found to be
3.2 times higher than in alcoholic cirrhosis alone (15).

NAFLDHCC and MetS

MetS is defined by the US National Cholesterol
Education Program Adult Treatment Panel IIT as the
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presence of at least three of the following conditions:
elevated waist circumference/central obesity, dyslipidemia,
elevated triglycerides, lowered high-density lipoprotein,
hypertension, and impaired fasting glucose. An US study
of the SEER-Medicare-linked database showed a twofold
increased prevalence of MetS among patients with HCC
(37.1 vs. 17.1%, P<0.0001); even after adjusting for other
factors a significant association with HCC was found [odds
ratio (OR) 2.13; 95% CI: 1.96-2.31, P<0.0001) suggesting
a primary causative effect (42). Dyson er al. reported that
66% of patients with HCC had one or more metabolic
risk factors (17). IR is a key factor in HCC development
and prognosis as evidenced by case series (43) and cohort
studies (44-48). Diabetes was an independent risk factor
for the development of HCC in 12 cohort studies after
adjustment for viral and alcoholic confounders (49).
Hyperinsulinemia leads to reduced level of insulin growth
factor-binding proteins and subsequent increased levels of
bioavailable insulin growth factor 1 (IGF-1) (50) leading to
cell proliferation and altered apoptosis. Chun ez 4/. reported
that in patients with HCC IGF level was not influenced
by cause of liver disease; but increased IGF-1 expression
in liver tissue adjacent to HCC was linked to poorer
survival after resection (median survival 22 vs. 72 months,
P<0.006) (51). Takuma et al. reported an increased risk
for HCC recurrence after curative therapy in patients
with diabetes (52). Cohort studies from Greece (46)
and Scandinavia (44,45) demonstrated an increased risk
of HCC among patients with diabetes. Another large
longitudinal US study reported a HCC incidence rate
of 2.39 vs. 0.87 per 100,000 persons per year favoring
a causal relationship with diabetes preceding HCC
development as well as an increasing risk depending on
the length of diabetes, yet independent of alcohol use or
concomitant viral hepatitis (53). A meta-analysis showed
that diabetes was significantly associated with HCC in
case control studies (pooled OR =2.5; 95% CI: 1.8-3.5)
as well as cohort studies (pooled risk ratio: 2.5; 95% CI:
1.9-3.2) in different populations and different geographic
locations (47). Another study of 185 HCC cases and
404 controls documented that diabetes (OR: 4.33; 95%
CI: 1.89-9.86) and obesity (OR:1.97; 95% CI: 1.03-3.79)
increased HCC risk (54). Diabetes also increased HCC
risk in person with hepatitis C (RR: 3.52; 95% CI:
1.29-9.24) and hepatitis B infection (RR: 2.27; 95% CI:
1.10-4.66) (43). As expected, a combination of diabetes and
cirrhosis demonstrated the highest risk of HCC (RR: 82.25;
95% CI: 76.84-94.58) (55). A large population based study
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including 578,700 persons from Norway, Sweden, and
Austria showed a RR of HCC of 2.13 (95% CI: 1.55-2.94)
in those with diabetes (56). In another large case-control
study using the SEER-Medicare-linked database with
adjustments made HCV, HBYV, alcoholic liver disease, and
hemochromatosis, diabetes was associated with a threefold
higher risk of HCC. Even in patients without other risk
factors, the diabetes-adjusted OR remained significant
elevated (adjusted OR =2.87; 95% CI: 2.49-3.30) (48). In
patients with HCV the cumulative probability of death
after 10-year follow-up was higher in patients with diabetes
regardless of the presence of HCC although diabetes
significantly increased the risk for transition from “start-
to-HCC” (adjusted hazard ratio aHR =1.36; 95% CI:
1.16-1.59; P<0.001), “start-to-death” (aHR =2.61; 95% CI:
2.05-3.33; P<0.001), and “HCC-to-death” (aHR =1.36;
95% CI: 1.10-1.68; P=0.005) (57).

Diabetes seems to increase the risk of HCC by two- to
three-fold overall, but especially in the presence of other
risk factors. Ethnicity may play a role. African Americans
known to have a higher prevalence of obesity and diabetes
had a higher risk of HCC compared with persons of
European descent; although they had a fourfold lower
incidence of NAFLD-related cirrhosis (58). Discrepancies
between reported results from available studies may be
due to underlying differences in the study design, study
populations, sample size, defining diagnoses, course, and
treatment of diabetes. A generalized causal link between
IR, diabetes, and HCC cannot be established, yet and no
data are linking HCC with the degree of IR or lack of
diabetes control. It remains uncertain if optimal control of
metabolic factors including diabetes reduces HCC risk and
if and how diabetes therapy with exogenous insulin impact
development and growth of HCC.

NAFLDHCC and its association with IR, ER and oxidative
stress

IR promotes carcinogenesis through ER and oxidative
stress. Animal studies have provided solid evidence
for the close association between IR, adiponectin, and
leptin on a cellular level and shown that liver steatosis,
fibrosis and hyperplastic nodules develop in adiponectin
knockout mice compared to wild type mice (58). Leptin
stimulates neovascularization through VEGF leading to
liver fibrosis and HCC in NASH (59). IR inhibits hepatic
mitochondrial fatty acid oxidation with subsequent higher
level of intracellular fatty acids causing oxidative DNA

© Translational Gastroenterology and Hepatology. All rights reserved.
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damage (60) at the p53 gene, a well-known mutational
hotspot in HCC (61). Reactive oxygen species (ROS)
activate fibrosis. HCC can develop when oxidative injury
occurs and oxidative stress inactivates expression of the Nrfl
gene which regulates gene transcription encoding enzymatic
antioxidants. Ishii ez 4. showed that eicosapentaenoic acid
(EPA) counteracts steatohepatitis leading to reduced level
of serum ROS and inhibited HCC development suggesting
that therapy with EPA may reduce the risk of HCC
development in patients with NASH (59).

The risk of alcobol and HCC

Ethanol is classified as a carcinogen and acts synergistically
with other risk factors. Intake of more than 50 g/day
of ethanol exhibited 1.4-fold risk for HCC. ALDHCC
develops with advanced liver disease and fibrosis. Animal
models have demonstrated that alcoholic steatohepatitis
accelerates development of HCC by up-regulating
inflammation, cell proliferation, stemness, and miR-122
loss (60). Genetic variations in the alcohol metabolizing
enzymes responsible for the amount of the resulting
carcinogenic aldehyde are thought as potential inherited
markers of HCC. Patients with ALD homozygous for the
ADHIC*I allele seems to be more vulnerable to HCC.
The weakly active ALDH2*2 allele has been associated
with HCC in moderate-to-heavy drinkers. Specifically,
the ALDH2*2 phenotype has a distinct geographical
distribution being present in 50% of the eastern Asian
population (61,62).

Oxidative stress due to ROS derived from alcohol
metabolism, inflammation and increased iron storage
has been identified as an important mechanism
in hepatocarcinogenesis. ROS damages cellular
macromolecules and forms lipid peroxides promoting
HCC. It also stimulates production of cytokines, immune
processes and upregulates angiogenesis. Accumulation
of ROS affects DNA structurally and functionally with
subsequent cell cycle arrest and apoptosis. Genetic
alteration such as dimorphism in the 2 G-MPO alleles in
combination with at least one Ala-SOD?2 allele were found
to be independent risk factors for HCC (63) and linked
to hepatic iron overload which also is associated with an
increased risk of HCC along with the usual HFE gene
mutations (64).

Alcohol disturbs production of s-adenosyl-L-methionine
(SAMe) and maintenance of methylation status which are
directly linked to HCC development (65,66) In animal
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models, administration of SAMe showed reduced tumor
progression (67) however SAMe did not provide any
meaningful benefits for treatment of ALD. Potential
therapeutic value in preventing progression of HCC needs

to be clarified further (68).

The genetic background and its role in ALD, NAFLD and
related HCC

Genome-wide expression profiling has substantially helped
to identify novel diagnostic and prognostic molecular
biomarkers. Associations between genetics and HCC in
ALD and NAFLD are summarized in Table 3.

Gene regulatory networks facilitate the understanding of
the underlying molecular mechanisms of disease progression
by defining pathways from upstream regions (UR) to
downstream targets from carcinogenesis, angiogenesis,
metastasis, and epithelial-mesenchymal transition. These
regulatory networks are considerably different between
HCC related to different etiologies. In HBC-related
HCC, UR showed activated E2F1 which regulates genes
involved in cell cycle and DNA replication, while HNF4A4
and HNF1A were found as inhibited UR. In HCV-related
HCC, interferon-y was activated, while ILIRN, a mitogen-
activated protein kinase was inhibited. In ALDHCC,
ERBB2 which regulates inflammatory response and cellular
movement was activated and both HNF44 and NUPRI
were inhibited. In NAFLDHCC, miR-1249-5p was
activated, while NUPR1 involved in cell cycle and apoptosis
was inhibited. Determining the potential prognostic value
of genes in these regulatory networks seems promising and
warrants further investigation.

Single nucleotide polymorphisms (SNPs) in genes
encoding for alcohol and lipid metabolism are clearly
different in ALD and NAFLD. The 15738409 polymorphism
(encoding 1148M) in the patatin-like phospholipase 3 (PNPLA3)
gene has been identified as an important genetic factor
(Tuble 3). The PNPLA3 G allele was found to be associated
with the development and progression of both ALD and
NAFLD. A recent study on 318 Japanese patients with
cirrhosis and HCC investigating genotype frequencies
of 10 SNPs found that the genotype TT of the frequency
of the potassium voltage-gated channel subfamily Q member
I (KCNQ1I) was increased significantly in ALD-related
cirrhosis but not in non-cirrhotic ALD. PNPLA3 genotype
CC was decreased significantly in NAFLD-related cirrhosis.
A comparison of patients with and without HCC showed
that the KCNQI genotype TT was increased significantly in
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ALDHCC and NAFLDHCC. Strong associations between
the KCN715 genotype GG and ALDHCC and the G allele of
PNPLA3 and NAFLDHCC were identified (49).

Gut microbiota an emergent contributor in ALDHCC and
NAFLDHCC

Among the numerous mechanisms associated with the
pathophysiology of HCC (Figure I) the gut microbiome
has emerged as an important contributor (34). Obesity,
diet, alcohol, and genetics affect the microbiome resulting
in intestinal bacterial overgrowth, dysbiosis, impaired
intestinal permeability, bacterial translocation and
endotoxemia which potentiate hepatic injury including
those from NAFLD and ALD (76) and contribute to
development of HCC. Dysbiosis boosts the secretion of
inflammatory cytokines (TNF-a, IL-8, IL1p,) by Kupffer
cells stimulating lipid accumulation and cell death in
hepatocytes, leading to NAFLD, NASH and cirrhosis (77).
Dysbiosis promotes the development of NAFLDHCC by
altering bile acid metabolism. A change in the composition
of the gut microbiota leads to increased deoxycholic acid,
which innervates the senescence-associated secretory
phenotype of stellate cells resulting in increased secretion
of inflammatory and tumor promoting factors stimulating
HCC progression (78). In animal models, accumulation
of cholesterol and secondary bile acids promoted hepatic
inflammation and injury stimulating carcinogenesis (79).
Increased level of lipopolysaccharide (LPS) were found
to be a mediator of inflammation-associated HCC (80).
Dapito et al. reported that TLR-4 (toll-like-receptor) and
intestinal microbiota were not required for HCC initiation
but for HCC promotion by stimulating proliferation and
preventing apoptosis (81). Gut sterilization in advanced
liver injury reduced development of HCC, suggesting
that intestinal microbiota and TLR-4 represent potential
therapeutic targets for HCC prevention in advanced liver
disease (81). Probiotic treatment reduced HCC growth
and tumor size by decreasing the Th17 cell level and the
production of IL-17 in a mouse model of HCC (82).

The gut flora composition is critically involved in the
pathogenesis of HCC by creating an anti-inflammatory
microenvironment. Certain species (Oscillibacter; Bacteroides,
Parabacteroides) stimulate anti-inflammatory IL-10
production (82); others (Alistipes shahii) tends to modulate
the gut and reducing tumor growth (82).

Dietary fiber has been linked to icteric HCC in dysbiotic
mice while inhibition of gut fermentation and exclusion
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patients with HCV
cirrhosis

locus upregulated in HCC with the 6p21.1 amplicon, in parallel
with a decrease in cyclin D1 expression. Cyclin D1 negative
regulated by CUL7 and function to decrease cell proliferation
and increased apoptosis
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Table 3 Association between genetics, ALDHCC and NAFLDHCC
Study Design Population Findings Conclusion
Zain Retrospective  Malaysia, Rare/novel CNVs located at 12q24.33, 13q12.11, 21p11.1- Four CNV loci were
etal., cohort; GWA of 49 NAFLD 11.2, 12q13.2, which could influence the pathogenesis of unique to NASH, and
2014 (69) copy number  patients, NASH. CNVs located at 13q72.11 and 12q13.2 harbor the two of them might link
variation (CNV) 49 controls exportin 4 (XPO4) and phosphodiesterase 1B (PDE1B) genes to cirrhosis and HCC
linked to cirrhosis and HCC.
Falleti Retrospective  Italy, 483 cirrhotic ~ Cirrhosis: HCC patients more likely to be G/G homozygotes PNPLA 3 rs7384009;
etal., cohort; patients, (26%) compared with non-HCC patients (16%, P<0.02) C > G polymorphism
2011 (70) Genotyped 279 underwent LT  PNPLA3 rs738409 polymorphism was independent predictor of is associated with
PNPLA HCC occurrence (OR: 1.76, P<0.05); Association between the  cirrhosis. In synergy
rs738409 PNPLA3 rs738409 C > G polymorphism and HCC was mainly  with gender, itis a
frequency driven by gender; male with higher HCC risk (43.1%) in G/G strong predictor of HCC
homozygous carrier compared with female (30.4%) in cirrhosis patients.
Valenti Retrospective- Italy, 460 HCC PNPLA3 1148M Homozygous allele was enriched in HCC PNPLA3 148M
etal., prospective patients, of whom patients with ALD & NAFLD (RR: 5.9; 95% ClI: 3.5-9.9), vs. homozygosity positively
2013 (71) study; 353 with follow-up other liver diseases (RR: 1.9; 95% CI: 1.1-3.4). In ALD&NAFLD: related with HCC in ALD
Rs738409 C PNPLA3 148M allele was associated with younger age, HCC & NAFLD, is associated
> @G (1148M) diagnosis at less advanced (Child A) cirrhosis stage, and lower with HCC found at early
PNPLA3 HCC differentiation grade. PNPLA3 148M Homozygous allele  stage of cirrhosis, poor
polymorphism was associated with reduced survival, more HCC lesions at differentiation, and poor
was genotyped presentation and reduced survival in ALD&NAFLD patients, prognosis
but not in those with HCC related to other etiologies. At
multivariate Homozygosity for PNPLA3 148M was the only
negative predictor of survival in ALD & NAFLD
Singal Metanalysis Literature search ~ PNPLA3 was associated with fibrosis severity. Among nine PNPLAS is associated
etal., for PNPLA3. Total studies, with 2,937 patients, PNPLA3 was associated with with fibrosis progression
2014 (72) 24 studies, with increased risk of HCC in cirrhosis patients (OR: 1.40; 95% in all etiologies; PNPLA3
9,915 patients Cl 1.12-1.75). Increased risk of HCC in patients with NASH is an independent risk
included or ALD cirrhosis (OR: 1.67; 95% CI: 1.27-2.21), not in other factor for HCC in NASH
etiologies of cirrhosis (OR 1.33; 95% Cl: 0.96-1.82) and ALD
Liuetal., Retrospective UK and Carriage of each copy of the rs738409 G allele has a 2.26- PNPLAS rs738409
2014 (73) cohort Switzerland. fold (95% CI: 1.23-4.14, P=0.0082) increased HCC risk; GG C > G polymorphism is
100 NAFLD HCC  homozygotes a 5-fold (95% Cl: 1.47-17.29, P=0.01) increased associated with greater
vs. 275 NAFLD HCC risk. Compared to the UK general population, the risk- risk of HCC
without HCC; effect of rs738409 G was more pronounced (GC vs. CC:
PNPLA3 rs738409 unadjusted OR:2.52, 1.55-4.10, P=0.0002; GG vs. CC: OR:
was genotyped 12.19; 6.89-21.58, P<0.0001).
Guyot Prospective France, 279 ALD  PNPLA3 rs738409 (G/G) was an independent predictor for PNPLAS rs738409
etal., study cirrhosis and HCC in ALD cirrhosis (HR =1.72; 95% Cl: 1.21-2.45), log rank  (G/G) is associated with
2013 (74) 253 HCV cirrhosis; =0.002) as well as gender, age, high BMI. PNPLAS rs738409 greater risk of HCC in
Genotyped genotypes did not influence the risk of HCC in HCV cirrhosis ~ ALD cirrhosis
PNPLA3 rs738409
Paradis Clinical and France, 20 HCC Amplification of chromosome region 6p21.1. 6p21.1 most CUL7 as a novel gene
etal., basic research patients with common overall; more common in MetSHCC (60%) compared potentially involved in
2013 (75) MetS vs. 10 HCC  with HCVHCC (20%, P<0.01). Cullin7 (CUL7), at the 6p21.1 liver carcinogenesis

associated with MetS;
amplification of CUL7
might promote HCC cell
proliferation
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Figure 1 Alcohol, diet, obesity, and genetic factors—all affect gut microbiota leading to dysbiosis with intestinal bacterial overgrowth,

increased intestinal permeability with subsequent bacterial translocation and endotoxemia stimulating development of HCC. Figure was
created and adapted from Gupta er 4. 2019 (34). HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; HSC,
hepatic stellate cell; ROS, reactive oxygen species; TLR, toll-like receptor; IR, insulin resistance; LPS, lipopolysaccharide; TNE, tumor

necrosis factor; SCFA, short-chain fatty acid; DAMP, damage-associated molecular patterns; PAMPs, pathogen-associated molecular

patterns; TMA, trimethylamine.

of dietary soluble fiber prevented HCC. Pharmacologic
inhibition of the fermentation or depletion of fermenting
bacteria markedly reduced HCC (83).

Chronic alcohol consumption increases intestinal
permeability with subsequent high levels of endotoxins and
LPS produced by gram-negative bacteria. The mechanisms
of alcohol-related liver inflammation and injury have
been established, yet the functional processes of the gut
microbiota—TLR-4 axis in cirrhosis and HCC, are not well
understood, potentially due to obstacles involved in the
animal model of ALD.

There is limited information on mechanism of viral
hepatitis on altered microbiome mediated HCC although
some data suggested that gut microbiota may support virus
related inflammation progressing to fibrosis and HCC.
Certain Bifidobacterium species were found predominantly
in HBV-related cirrhosis. TLR-4 dependent innate
immunity influences HBV clearance and TLR-4 induction
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and activation stipulates carcinogenesis by promoting am
additive effect of alcohol and HCV (34).

Excess bepatic iron as risk factor for HCC

Iron increases oxidative stress, leading to cell toxicity and
stimulating pathways involved in fibrogenesis such as
lipid peroxidation with production of malondialdehyde,
an important activator of hepatic stellate cells and
carcinogenesis (84). Excess hepatic iron deposition is caused
by increased iron influx due to hepcidin deficiency as seen
in hereditary hemochromatosis (C282YHFE mutation).
Lauret ez al. (85) showed that HCC patients with alcohol-
induced cirrhosis had a greater frequency (20.9%) of C282Y
heterozygosity than patients with alcohol-induced cirrhosis
without HCC (4.4%). Overall, C282Y heterozygosity leads
to minor increased iron levels, which however may be
important during heavy alcohol consumption as chronic
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alcohol abuse increases intestinal iron absorption. ROS
from free iron, DNA strand breaks, p53 mutation, and
DNA adducts, are all factors that promote HCC related to
iron overload (86).

Hepatic iron deposit is also thought a risk factor for
HCC in NASH cirrhosis. In a retrospective study of liver
biopsies of 153 patients (51 with HCC) matched for age,
sex, stage of liver disease) iron deposits were low with
corrected total iron score (Deugnier score) of equal or lower
than 33 (range: 0-60). The iron score was significantly
higher in NASHHCC compared with patients without
HCC (87). Phlebotomy to reduce excess iron storage can
been done; some date suggesting it may reduce risk of
HCC. Nirei et al. (88) reported a significantly lower HCC
incidence in HCV patients receiving phlebotomy (10.3%)
compared with those without phlebotomy (43.7%) during
an 8-year follow-up period; even in patients with a normal
baseline ferritin level (0.0% vs. 36.0%). The investigators
concluded that phlebotomy may be protective against HCC
development in these patients by a risk ratio of 0.13.

An association between iron storage and NAFLD has been
evidenced on a molecular level. Iron-induced oxidative DNA
damage (hepatic 8-0xodG) was associated with abnormal
glucose and insulin level in more severe hepatic steatosis
in NASH patients compared with simple steatosis (89).
Increased expression of transferrin receptors in surgical
HCC samples with higher level of a-fetoprotein and
gamma carboxyprothrombin (P<0.05) (90) were reported by
Sakuri et al. Controversially, Younossi ez 4/. (19) and Angulo
et al. (91) did not find an association between hepatic
iron level and fibrosis or significant iron accumulation in
NASH patients. Which role hepatic iron in the sequence
of progression from NAFLD to NASH to HCC plays
remains uncertain; yet, may be important in some patients.
Contributing factors including genetics, dysregulation of
iron-regulatory pathways, and phagocytosis by Kupffer
cells may be responsible for hepatic iron storage in NASH
stipulating further studies to clarify the role of excess hepatic
iron and whether iron depletion may influence long-term
outcome in NAFLD- and NASH-associated HCC.

The synergistic effect of carcinogenesis of ALD and
NAFLD on chronic viral bepatitis

Alcohol can affect HCC progression by acting
synergistically at multiple levels (92). There is strong
evidence that alcohol intake increases the risk of HCC in
HCV infected persons. In a multivariate analysis lack of
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virus eradication and alcohol consumption were associated
with a 3-fold increased risk of HCC (HR =3.43; 95%
CI: 1.49-7.92, P=0.004) (93). In diabetic patients, heavy
alcohol of greater than 80 g/day the risk of HCC rose from
2.4 t0 9.9 (94). Obesity also has a synergistically effect (60).

Conversely, data suggesting that alcohol cessation
reduces HCC risk; however a “washout” period of more
than 20 years is needed to achieve the same incidence of
HCC seen in abstinent patients (95).

The clinical perspective of NAFLD and ALD
related HCC

Prevention of HCC: what can we do?

Preventing or reversing obesity, MetS, and diabetes on a
population-based level would be a cost-effective way to
reduce HCC risk, but remains challenging (1). Lifestyle
modifications are recommended to reverse metabolic-
related morbidities. A prospective cohort study of 428,584
persons and 1,668 HCC cases showed a clear risk reduction
related to physical activity after 8.5 years of follow-up,
and the protective effect correlated with the intensity of
physical activity (96). Another large-scale prospective
cohort study on a population of 507,897 with a 10-year
follow-up reported similar results (97). Animal studies have
established that exercise activates the phosphorylation of
AMPK resulting in a down-regulation of mTOR kinase
activity (98).

Alcohol is an independent risk factor of HCC and
stimulates HCC development in the context of NAFLD.
According to Kimura et 4/. even mild alcohol consumption
led to the development of HCC compared with the non-
alcohol users (6.5% wvs. 1.4%) (32). A meta-analysis indicated
that HCC risk is reduced by 6-7% annually after alcohol
cessation (95). Therefore, alcohol cessation is a crucial
recommendation to both NAFLD and ALD patients. Diet
modification may provide additional protection against
HCC. Various studies from Asia and Europe showed that a
diet rich in green vegetables correlates with a reduced HCC
risk speculating that the effect is linked to antioxidants like
vitamin C, vitamin E, and selenium (99-101).

More recently, data suggest that in the context of
NAFLD, commonly used medications may prevent
HCC. Multiple studies have consistently demonstrated
that metformin significantly reduces the risk of HCC.
Metformin was associated with an estimated 62% risk
reduction of HCC among 105,495 patients with type
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2 diabetes in one study (102); another study showed an
estimated 76% HCC-risk reduction among diabetes
patients (103). Sulfonylurea and insulin have been associated
with increasing HCC risk in diabetic patients (103,104).
Metformin affects incidence of HCC via activation of AMPK
phosphorylate with subsequent inhibition of the mTOR
pathway and regulating IGFs or other downstream target
effectors, a similar process which occurs during physical
exercise (98,105). Statins have also shown to reduces HCC
risk. A meta-analysis including 10 studies on 4,298 cases
of HCC among 1,459,417 patients, concluded that statins
are associated with a reduced risk of HCC (OR: 0.63; 95%
CI: 0.52-0.76) in Western and Asian populations (106). As
the benefits of metformin and statins seem to extend from
metabolic and cardiovascular improvement to perhaps HCC
prevention their clinical utility in patients for sole purpose
of treating NAFLD needs to be determined.

Screening for HCC in NAFLD/NASH and ALD: is
cirrbosis the watershed?

Since, in the context of NAFLD, HCC can occur before
the development of cirrhosis, how to balance the pros
of early HCC diagnosis and the cons of unnecessary
imaging or potential invasive procedures remains
challenging. The American Association for the Study of
Liver Diseases recommends a 1.5% annual incidence cut-
off for surveillance of HCC to be efficient. The benefit
of surveillance in NAFLD patients is uncertain due to
the low incidence of HCC (107). The large-scale, multi-
center cohort study conducted by Kawamura et al. reported
an annual incidence of NAFLD-related HCC of only
0.043% (24), and a meta-analysis published by Younossi
et al. concluded that the annual incidence of NAFLDHCC
was 0.044% (29). Therefore, conducting HCC surveillance
is unlikely to be cost-effective or provide significant clinical
benefit in terms of reducing mortality in NAFLD patients
without significant fibrosis (107). However, once NAFLD
has advanced to cirrhosis, the incidence of HCC increases
significantly. Ascha et al. reported an annual cumulative
incidence of HCC in a prospective study with 195 cases
of NASH cirrhosis of 2.6% (14); Yatsuji ez al. indicated a
S-year cumulative incidence of HCC in cirrhotic NASH
patients of 11.3% (23). Thus, HCC surveillance benefits
the cirrhotic NASH patient (107). Whether to conduct
HCC surveillance in a patient with NASH with advanced
fibrosis remains controversial. Hashimoto ez a/. (108)
reported a 5-year cumulative incidence of HCC of 7.6%
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in a prospective cohort of NASH patients with advanced
fibrosis making it difficult to yield a definitive conclusion
based on current guideline recommendations and evidence.
More high-quality studies are needed to reach consensus.

ALDHCC incidence rate is also low with 0.039% to
0.062% (6). Therefore surveillance is not recommended for
patients with ALD without cirrhosis. However, multiple
cohort studies have indicated that cirrhotic ALD has an
annual HCC incidence rate between 1.1% and 2.9%
(7,30,33), which is significant enough to initiate HCC
screening.

To date, it is recommended that all adult patients with
cirrhosis, regardless of etiology, should undergo HCC
surveillance (107).

Management and outcome of NAFLD/NASH- and ALD-
associated HCC: similar or different?

Both the American Association for the Study of Liver
Diseases and European Association for Study of the Liver
recommend the same therapeutic strategy for HCC
regardless of etiology. These strategies can be categorized
into (I) curative therapy that includes surgical resection,
orthotopic L'T; and thermal/radiofrequency ablation and (II)
noncurative therapies with transarterial chemoembolization,
transarterial radioembolization, stereotactic body radiation
therapy, and systemic chemotherapy (107,109).

As NAFLD and ALD patients often have poor HCC
surveillance tumors are found at a later stage challenging
potential curative treatment. Patients with NAFLDHCC
have co-existing metabolic and cardiovascular comorbidities
and are often elderly. Tumors are often larger with advanced
TNM stage compared with HCC arising from other
chronic liver diseases (17,19,110). Younossi et al. reported
a shorter survival time (NAFLD 14.17; HCV 17.85; HBV
21.45 months) and a higher 1-year mortality rate (NAFLD
61.2%; HCV 43.7%; HBV 51.3%) in NAFLDHCC
compared with viral hepatitis related HCC (19). However,
most studies showed a similar survival despite patients
having an older age at presentation (17,28,111) and
after matching patients with each tumor stage, a similar
prognosis to other HCC etiologies. An Italian multicenter
prospective survey reported that NAFLDHCC had reduced
survival compared with HCVHCC (25.5 vs. 33.7 months)
however after strictly patient matching with each tumor
stage to eliminate possible confounders, results showed
no significant differences between the two groups (112).
Multiple studies did not demonstrate an inferior prognosis
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of NAFLDHCC after surgical resection. Piscaglia et al.
reported no significant difference in survival duration
between NAFLDHCC and HCVHCC after curative
treatments (112). Reddy et /. conducted a retrospective
cohort study, enrolling 303 patients who underwent
curative HCC treatment between 2000 and 2010 and
determined that NASH has a recurrence-free survival
rate similar to that of HCV and ALD. Overall survival
of NASHHCC patients after curative treatment was
superior compared to HCV and ALDHCC patients; most
likely secondary to less severe liver dysfunction at HCC
diagnosis (113). Similar findings were reported in a
multiple-center matching analysis that enrolled more than
1,500 cases of surgical HCC resection. Morbidity and
liver failure rates were similar between HCC and NAFLD
groups, and steatohepatitis was not a major predictor of
severe morbidity and liver failure. NAFLDHCC had a
slightly better 5-year overall survival rate (65.6% vs. 61.4%)
and recurrence-free survival rate (37.0% vs. 27.5%) after
resection compared with HCVHCC (114).

Some studies reported a poor prognosis for ALDHCC.
In the SEER database, compared with HCV, HBV, and
NAFLD, ALDHCC had the shortest survival time and
highest 1-year mortality rate (19). Two recent large-scale
European studies utilizing the Barcelona Clinic Liver
Cancer (BCLC) staging system and comparing ALDHCC
with HCVHCC revealed different results. Using the
Italian Liver Cancer (ITA.LI.CA) database and including
1,642 HCV and 573 ALDHCC patients diagnosed between
2000 and 2012 patients with ALDHCC had a significantly
shorter median overall survival compared with patients
with HCVHCC (27.4 vs. 33.6 months). However, the
influence of etiology disappeared when survival was assessed
in each BCLC stage; Cox regression multivariate models
indicated that ALDHCC did not have worse treatment
outcome compared with its HCV counterpart. A French
prospective study on 894 patients with HCC diagnosed
between 2008-2009, and 5-year follow-up reported similar
results. ALDHCC had a significantly shorter survival
duration compared with non-ALD-related HCC (5.7 wvs.
9.7 months). However, the prognostic difference disappeared
when survival was assessed at each BCLC stage (115).

Based on current evidence, it appears that poor
surveillance of patients with ALD results in a delay in
cancer diagnosis and is associated with more advanced HCC
stage as well as worse liver function at presentation. These
factors, rather than cancer aggressiveness, adversely affect
the prognosis and clinical outcome compared with other

© Translational Gastroenterology and Hepatology. All rights reserved.

Page 13 of 18

HCC etiologies, which all have similar survival durations
within each tumor stage.

Potential biomarker to identify patients with ALD and
NASH at risk for progression to cirrhosis and HCC would
be beneficial, yet multifactorial nature of these entities and
limited number of sufficiently powered studies are among
the current limitations for validated biomarkers of clinical
utility (116).

Conclusions

HCC:s in alcoholic and non-alcoholic liver disease share
similar genetic and epigenetic hallmarks; yet also have distinct
features. Underlying culprits act synergistically potentiating
liver injury and HCC risk. Patients with ALD and NAFLD
related cirrhosis should be included in HCC surveillance
programs. Genetic variants associated with a higher risk
of HCC may potentially offer the unique opportunity of
individualized therapy. To date, large prospective cohort
studies of patients with ALD and NAFLD including the use
of biobanking is an unmet need. We need to better stratify
patients into different HCC risk classes and facilitate early
detection of tumors amenable to potential curative treatment.
Conclusively, we need to better understand how different
genetic markers, epigenetic alterations, dynamic changes of
potential biomarkers in combination with clinical data may
affect the management and outcome of these patients.
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