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Chronic metabolic insult to the liver by alcohol and other nutritional abuse results in
alcoholic liver disease (ALD) and non-alcoholic fatty liver disease/non-alcoholic
steatohepatitis (NAFLD/NASH), both of which are well-recognized risk factors for
hepatocellular carcinoma (HCC). ALD is a leading HCC etiology in several European
countries, whilst the epidemic of obesity and associated metabolic syndrome, e.g., type 2
diabetes (T2D), has led to an increased recognition of NAFLD/NASH as a rapidly increasing
HCC risk factor globally, particularly in Western countries such as the US. Given the
disproportionally high population attributable fraction (PAF, the proportion of cases
attributable to a given risk factor) of ALD (24%) and obesity/T2D (37%) for HCC in the

US 1 and still incompletely understood risk factors, further studies are clearly needed to
establish strategies for clinical management of the patients. In this commentary article, we
overview shared or unique clinical and molecular factors linked to ALD and NAFLD/
NASH-related HCC, and highlight unmet needs to be addressed in future studies (Figure 1).

Clinical predisposing factors for ALD- or NAFLD-related HCC

Elucidation of HCC risk factors specific to ALD and NAFLD/NASH is critical for the
establishment of rational and accurate monitoring of cancer development and potential
preventive interventions (Table 1). A population-based US study of nearly 7,000 cases of
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Molecular

HCC and more than 250,000 controls confirmed that the odds ratio (OR) for developing
HCC in ALD is higher than that in NAFLD-associated T2D and/or obesity (OR 4.1 and 2.5
respectively) 1. Features of the metabolic syndrome, often accompanying NAFLD/NASH,
have been reported as independent risk factors for HCC development. A systematic review
of 11 cohort studies observed that the risk of developing HCC was 17% higher in
overweight and 89% higher in obese individuals 2. Obesity was also associated with
increased HCC risk in alcoholic cirrhosis (OR 3.2), although the magnitude was higher in
cryptogenic cirrhosis (assumed to be enriched with NAFLD/NASH; OR 11.1), but not viral
hepatitis 3. Insulin resistance or T2D have been recurrently reported as a risk factor for the
development of cancer, in particular HCC. A recent retrospective study of 480 subjects with
ALD or NAFLD showed that diabetes was associated with an increased cumulative
incidence of HCC in both ALD and NAFLD with higher absolute HCC incidence in ALD 4.
In a multicenter cohort study of 741 patients with ALD- or NAFLD-related HCC, diabetes,
hypertension, insulin resistance, and hypertriglyceridemia were more frequent in NAFLD °.
These reports collectively indicate that features of the metabolic syndrome are shared risk
factors associated with elevated HCC risk in both ALD and NAFLD, but more prominent in
the latter.

Advanced liver fibrosis or cirrhosis is a well-established HCC risk factor and is a primary
feature that justifies enrollment for regular HCC surveillance. However, a growing number
of recent epidemiological studies have consistently shown that established cirrhosis is less
frequent in NAFLD-related HCC (50-65%) compared to ALD-related HCC (69-89%) 5 6.
Prevalence of cirrhosis is lower in older subjects with ALD and HCC, whereas NAFLD
exhibited an opposite trend, suggesting distinct mechanisms of carcinogenesis between the
two conditions. Of note, there is a striking sex difference in prevalence of non-cirrhotic HCC
when comparing males (62%) to females (27%) which may be linked to genetic and/or
environmental factors °. Clarification of HCC predisposing factors, especially in NAFLD
patients without cirrhosis, is an urgent unmet need because there is no strategy of HCC
surveillance targeting this highly prevalent group of patients in current practice guidelines.

Older age, male sex, and severe impairment of liver function are common HCC risk factors
shared by ALD and NAFLD, although subjects with NAFLD tend to be older and possibly
more often female 7+ 8. High serum y-glutamyl transferase (GGT) and a higher Child-Pugh
score were reported as risk factors for HCC in NAFLD 9. Excess iron deposition in
hepatocytes and the C282Y HFE mutation frequent in subjects of European descent, were
associated with elevated HCC risk in ALD patients, but not in HCV-infected patients 0.

predisposing factors to ALD- or NAFLD-related HCC

Several germline DNA variants have been identified as potential risk factors for ALD-
and/or NAFLD-related HCC. Two systematic reviews reported that a single-nucleotide
polymorphism (SNP) in the patatin-like phospholipase domain-containing 3 (PNPLAS3) gene
(rs738409, 1148M) was associated with ALD-and NASH-related HCC (OR = 1.3t0 2.2) as
well as fibrosis severity 11 12, Although the mechanism by which the SNP leads to HCC
development in ALD and NAFLD is yet to be elucidated, several reports have underlined
that the variant could cause lipid accumulation in hepatocytes through increased triglyceride
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synthesis and impaired hydrolysis. Recently, a SNP in the transmembrane 6 superfamily
member 2 (TM6SF2) gene (rs58542926), a regulator of liver fat metabolism associated with
presence of NAFLD and liver fibrosis, was found to be associated with NAFLD-related
HCC in univariable, but not in multivariable analysis adjusting for age, sex, body mass index
(BMI), T2D, and cirrhosis in a sub-cohort of 99 Caucasian patients 13. A SNP in the
neurocan (NCAN) gene (rs228603) previously found to be associated with ALD-related
HCC 14 was in fact in strong linkage disequilibrium with the 7AM65F2 SNP 13, Other SNP
implicated in HCC development in ALD patients include genes implicated in reactive
oxygen species formation (MPO, SOD) and in inflammation (RANTES) 1516,

Clinical demographics at the time of HCC diagnosis

Molecular

Clinical cohort or case series studies have elucidated several distinct clinical demographic
features of ALD- and NAFLD-related HCC (Table 1). These associations may arise from
unique etiology-specific mechanisms of carcinogenesis or from the clinical context at
diagnosis, i.e., incidental diagnosis or during the course of regular follow-up for liver or non-
liver diseases. Recurrently reported clinical characteristics of NAFLD-related HCC include a
single and relatively large tumor nodule with less vascular invasion as well as older age at
presentation when compared to ALD- or viral hepatitis-related HCC 8. These findings may
suggest a generally indolent nature, i.e., slow-growing and less-disseminative, of NAFLD-
related HCC tumors incidentally found at an older age. Frequent co-existence of the
metabolic syndrome is a key feature of NAFLD-related HCC or alternatively HCC in the
context of cryptogenic cirrhosis, thought to be closely associated to NAFLD or a previous
history of NAFLD 8. Histologically, tumors are similar, although better tumor differentiation
compared to other etiologies has been reported in NAFLD-HCC and alpha-fetoprotein
serum levels have been reported to be lower 7. In addition, a recently recognized histological
variant of HCC, steatohepatitic HCC, has been associated with features of NAFLD and
NASH 17,

features of ALD- and NAFLD-related HCC

Molecular, especially genomic, features of ALD- and NAFLD-related HCC are less well
characterized. In early genome-wide transcriptome profiling studies of approximately 80 to
90 HCC cases, aiming at depicting functional molecular pathway dysregulation, several
ALD-related HCC samples (up to 8% of the cohort) showed a trend or no association with a
less-aggressive molecular subclass, better post-surgical survival, low serum AFP level, and
well differentiated histology 18. Another transcriptome study of 57 HCC tumors, including a
larger fraction of ALD-related HCC (33%), reported somewhat contradictory finding: ALD-
related HCC was distributed across both aggressive and less-aggressive molecular
subclasses 19. In a recent study combining one of the human datasets with a genetic mouse
model of NAFLD-related HCC (MAT1A knock-out mouse), the murine HCC tumors co-
clustered with the less-aggressive subtype of human HCC 20,

A more recent study of somatic DNA mutations in 243 cases, including 41% ALD- and 18%
NAFLD-related HCC, showed that prevalence of recurrently mutated genes such as TERT
was generally comparable to other etiologies 21. A mutational signature (i.e., specific pattern
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of nucleotide sequence surrounding mutated site) no.3 was associated with alcohol (and
tobacco) exposure and ALD-related HCC tumors were associated with mutations in
CTNNBI1, TERT, CDKNZA, SMARCAZand HGF genes. No genetic aberration specific to
NAFLD-related HCC was identified potentially due to insufficient sample size. More studies
are clearly needed to fully characterize the HCC tumors with metabolic etiologies and
(dis)similarity to viral hepatitis-related HCC to elucidate etiology-specific therapeutic
strategies.

Prognostic factors after HCC diagnosis/treatment.

Prognostic factors are similarly understudied in the metabolic etiologies especially NAFLD.
Although a recent Brazilian study demonstrated that the current American Association for
the Study of Liver Diseases (or Barcelona Clinic Liver Cancer) prognostic staging system
could be applicable to NAFLD-related HCC patients 22, refinement of HCC management
guidelines with ALD and NAFLD-specific recommendations will be required to account for
the difference in clinical presentation at the time of diagnosis. For example, the older age of
NAFLD-related HCC patients and increased comorbidities leads to increased postoperative
complications and 30-day mortality compared to HCV-related HCC, although post-surgical
long-term outcomes are generally more favorable 23. A Sri Lankan study including 150
consecutive HCC patients with cryptogenic (assumed to be enriched for NAFLD) or ALD
found that cryptogenic HCC was associated with single HCC nodules and better survival,
whilst ALD-related HCC was associated with worse liver function at presentation, diffuse
tumors with vascular invasion, and worse survival 24. In a tertiary center in the UK, NAFLD-
related HCC showed similar survival to other etiologies despite older age and later incidental
detection outside the regular surveillance due to absence of cirrhosis 2°.

Prognostic relevance of the genetic polymorphism in the PNPLA3 gene (rs738409) has been
evaluated in ALD- and NAFLD-related HCC. In a Japanese study of 638 consecutive HCCs,
the subgroup of ALD with the GG genotype and low BMI had a worse survival than those
with a BMI over 25kg/m?, however the result was not statistically significant, and no
prognostic association was observed in NAFLD subjects 26. In an Italian study of 460
subjects, ALD- or NAFLD-HCC subjects with the PNPLA3 GG genotype were younger,
had less advanced cirrhosis at presentation, a higher number of HCC lesions and worse
survival compared to other ALD- and NAFLD-HCC subjects 27. This prognostic association
was not found in subjects with non-ALD or NAFLD etiologies of HCC, however, these
findings are based on limited patient series and should be confirmed in future studies
covering a wider range of clinical and racial/ethnic diversities.

Potential HCC-preventive intervention

Despite intensive efforts, a specific HCC preventive intervention has yet to be endorsed by
international guidelines. Although a systematic review showed that alcohol abstinence
reduced the risk of developing HCC in ALD, it also indicated uncertainty in clinically
meaningful risk reduction 28, Similarly, it remains unclear whether treatment of NAFLD, or
features of the metabolic syndrome associated with NAFLD, reduces the risk of developing
HCC although one case-control study involving patients with HCC from multiple etiologies

Gastroenterology. Author manuscript; available in PMC 2017 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Goossens and Hoshida Page 5

found that treatment of diabetes with biguanides or thiazolidinediones was associated with a
70% HCC risk reduction among diabetics 2°. In another large population-based cohort study,
aspirin use was associated with a reduced incidence of HCC (risk ratio 0.59), in which
20.6% and 7.5% of subjects had a BMI over 30kg/m? and consumed more than 3 alcoholic
drinks per day, respectively 30. Animal experiments in a PTEN knock-out model of mice
developing spontaneous steatohepatitis and HCC found a reduction of HCC development in
mice undergoing regular exercise for 32 weeks compared to non-exercised controls although
there was no improvement in steatosis or histological activity score 31. More research is
evidently needed to establish HCC-preventive interventions, in particular for subjects with
ALD and NAFLD.

Conclusions

As outlined in this commentary, there are still multiple gaps in our knowledge of the natural
history of ALD- and NAFLD-related HCC. Given the growing epidemic of obesity and
metabolic disorders accompanied with NAFLD and the elevated HCC risk in non-cirrhotic
NAFLD, future studies should focus on identification of clinical and/or molecular
predisposing factors to specify target populations for HCC surveillance and preventive
intervention. Further clarification of clinical demographics such as older age and more
frequent comorbidities in NAFLD-related HCC will enable the design of cost-effective
implementations of surveillance, treatment, and follow-up strategies applicable in clinical
practice.
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Figure 1.
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