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Abstract

Hepatocellular carcinoma (HCC) is a common cause of cancer‐related

mortality and morbidity worldwide. With the obesity pandemic, NAFLD‐

related HCC is contributing to the burden of disease exponentially. Genetic

predisposition and clinical risk factors for NAFLD‐related HCC have been

identified. Cirrhosis is a well‐known and major risk factor for NAFLD‐related

HCC. However, the occurrence of NAFLD‐related HCC in patients without

cirrhosis is increasingly recognized and poses a significant challenge

regarding cancer surveillance. It is of paramount importance to develop

optimal risk stratification scores and models to identify subsets of the

population at high risk so they can be enrolled in surveillance programs. In

this review, we will discuss the risks and prediction models for NAFLD‐

related HCC.

INTRODUCTION

NAFLD is a spectrum of chronic liver disease (CLD)
ranging from isolated hepatic steatosis and NASH to
cirrhosis and/or hepatocellular carcinoma (HCC). A
recent meta‐analysis showed that the global prevalence
of NAFLD during 1990–2019 was approximately 30%,
with the trend analysis revealing that 37% of adults
worldwide may have NAFLD as of 2019.[1] HCC is the
fourth leading cause of cancer death worldwide and the
second‐leading cause of years of life lost to cancer.[2]

According to the Global Burden of Disease 2015 study,
there was an increase of 75% in liver cancer incidence

between 1990 and 2015.[3] Currently, NAFLD‐related
HCC accounts for 1%–38% of the HCC burden in
different countries/regions.[4] NAFLD‐related HCC likely
will increase significantly over time due to the growing
obesity epidemic. Studies assessing the temporal
trends in HCC attributed to NAFLD have alluded to this
fact (Figure 1). Among patients with NAFLD‐associated
cirrhotic liver (CL), the estimated annual incidence of
HCC complication ranges from 0.5% to 2.6%. Less
frequently, NAFLD‐related HCC has also been reported
in observational studies in patients with noncirrhotic
liver (NCL) at rates between 0.1 and 0.8 per 1000
patient‐years.[4–7]
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NAFLD‐related HCC is already becoming the leading
cause of HCC among liver transplant candidates in the
United States.[8–10] This alarming trend and poor
prognosis associated with NAFLD‐related HCC high-
lights the importance of early HCC detection based on
risk factors. In this review, we will summarize the risks
and prediction models for NAFLD‐related HCC. Future
HCC surveillance programs may incorporate risk
stratification methods using these prediction models.

SEARCH STRATEGY AND
SELECTION CRITERIA

A literature review was performed by searching
PUBMED for relevant full‐text articles through April
2003 for risk factors for NAFLD‐related HCC. The
authors searched for articles using keywords, “liver
cirrhosis,” “non‐alcoholic fatty liver,” “non‐alcoholic
steatohepatitis,” “non‐cirrhosis,” “hepatocellular carci-
noma,” “risk factors,” and “NAFLD‐related HCC,” in
various combinations and with various synonyms. A
separate search was conducted for each risk factor
identified in the initial search with the particular risk
factor in focus and NAFLD‐related HCC as the key-
words. Similarly for the HCC risk prediction models,
relevant full‐text articles through November 2014 were
included with search terms “NAFLD‐related hepatocel-
lular carcinoma,” “non‐alcoholic steatohepatitis,” “risk
stratification,” “prediction scores/models,” “cirrhosis,”
and “non‐cirrhosis” in various combinations. An addi-
tional search of article reference lists was performed
to identify further studies. Only English‐language

publications were considered. Articles using prediction
scores for other CLD‐related HCC without liver steatosis
(LS) or NAFLD were excluded.

RISK FACTORS FOR NAFLD ‐
RELATED HCC (Figure 2)

Diabetes mellitus

Diabetes mellitus (DM) is a recognized risk factor for
HCC regardless of the etiology of CLD. Yang et al.
found that among patients with NASH cirrhosis, the
presence of DM was associated with a fourfold increase
in HCC risk (hazard ratio [HR], 4.2; 95% confidence
interval [CI], 1.2–14.2; p = 0.02.[17] In a large European
cohort of 136,703 patients with NAFLD that included
6425 (4.7%) patients with advanced fibrosis, Alexander
et al. showed that DM was the strongest risk factor for
the development of HCC.[18] Kanwal et al. reported a
similarly strong association between DM and HCC; in a
US cohort of 271,906 patients with NAFLD where 253
had HCC, DM had the strongest association with HCC
(adjusted HR, 2.77; 95% CI, 2.03–3.77).[19] Duration of
DM was also found to correlate with the development of
HCC. Hassan et al. found that those who had DM for
10 years had a twofold increased cancer risk compared
to those with the disease for 5 years (odds ratio [OR],
2.2; 95% CI, 1.2–4.8).[20] In a UK cohort, Dyson et al.
observed more than a 10‐fold increase in NAFLD‐
related HCC between 2000 and 2010, and the elderly
population with DM or metabolic syndrome (MetS) had
the highest HCC‐associated mortality.[12]

F IGURE 1 Temporal trends of NAFLD‐related hepatocellular carcinoma (HCC) in different countries.[11–16]
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Medications

Studies have evaluated the impact of antidiabetic
medications on modifying HCC risk because diabetes
is a well‐known risk factor. A recent study by Kramer
et al. showed that adequate glycemic control was
associated with a 31% lower risk of HCC in patients with
NAFLD and DM. They also showed that metformin use
was associated with a 20% lower risk of HCC, whereas
insulin use in combination with other oral antidiabetics
increased HCC risk by 1.6–1.7 fold.[21] Similarly, Wang
et al. showed a reduced HCC risk with metformin (risk
ratio [RR], 0.3) and an increased HCC risk with
sulphonylureas or insulin (RR, 4.0).[22] Results from
two meta‐analyses showed a similar trend with metfor-
min being associated with approximately 50% HCC risk
reduction.[23,24] Contrary to these findings, a database
study that included 18,080 patients with NAFLD NCL
who were followed for 6.3 years did not find an
association between HCC and metformin use.[25]

Similarly, statins have also been associated with having
anticarcinogenic effects.[26] A database study from Taiwan
that included 18,080 patients with NAFLD showed an
inverse association (OR, 0.29; 95% CI, 0.12–0.68)
between statin use and HCC.[25] German et al. evaluated
such an association in a retrospective case‐control study
of 102 patients with NAFLDwith 34 HCC cases, and statin
was found to be protective against HCC (OR, 0.20; 95%
CI, 0.07–0.60).[27] A recent retrospective study showed
that dose‐dependent statin use was associated with
significant HCC risk reduction in NASH cirrhosis.[28]

Although these studies show favorable findings, a study
with an NAFLD cohort of 458 patients with advanced
fibrosis showed no such association.[29]

The uncontrolled and retrospective nature of these
studies limits the interpretation of the potential chemo-
preventive benefits of these medications and as such
cannot be routinely recommended exclusively for HCC
prevention.

Obesity

Numerous studies identified the association of obesity
and HCC risk. Marrero et al. showed that among
patients with cirrhosis, obesity has a fourfold increased
HCC risk compared to subjects of normal weight (OR,
4.3; 95% CI, 2.1–8.4). Patients with obesity and
cirrhosis were 47 times more likely to have HCC
compared to persons without liver disease (OR, 47.8;
95% CI, 9.6–74.5).[30] Moreover, Ohki et al. found that
the presence of visceral fat was an independent risk
factor for HCC recurrence after curative treatment (RR,
1.08 per 1 cm2 of visceral fat).[31] Age of onset of
adiposity also impacts the development of HCC and
mortality. Obesity in early adulthood increased the risk
of HCC in both men (OR, 2.3; 95% CI, 1.2–4.4) and
women (OR, 3.6; 95% CI, 1.5–8.9).[32] A prospective
cohort study from the American Cancer Society found
that cancer mortality in men and women with overweight
was 52% and 62% higher compared to subjects with
normal weight, respectively.[33] These collective findings
provided strong evidence that obesity, especially early
age onset and presence of visceral fat, impacts HCC
development and the associated increase in mortality.

Recent studies have highlighted the role of bariatric
surgery and its oncologic benefits on HCC incidence.
Rustgi et al. used a retrospective administrative data-
base to analyze 98,090 patients with NAFLD and
severe obesity, of whom 33,435 (34.1%) underwent
bariatric surgery. In addition to reduced risk of obesity‐
related cancers, HCC risk was also found to be lowered,
with an adjusted HR of 0.48 (95% CI, 0.24–0.89).[34]

Similar findings were reciprocated by Ramai et al. in a
retrospective study that included 19,514,750 patients
(18,423,546 controls and 1,091,204 patients with
bariatric surgery). The study showed a pooled unad-
justed OR of 0.40 (95% CI, 0.28–0.57) for HCC
incidence, favoring bariatric surgery compared with no
surgery; however, the analysis was limited by high

F IGURE 2 Risk and protective factors for NAFLD‐related hepatocellular carcinoma (HCC). GCKR, glucokinase regulator; HSD17B13, 17‐β
hydroxysteroid dehydrogenase 13; MBOAT7, membrane bound O‐acyltransferase domain‐containing 7; PNPLA3; patatin‐like phospholipase
domain‐containing 3; TM6SF2, transmembrane 6 superfamily member 2.
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heterogeneity (I2 = 79%).[35] The beneficial outcomes
with bariatric surgery could be related to the reduction of
the inflammatory state, as studies have shown a
progressive reduction in hepatic fibrosis and NASH
with bariatric surgery.[36] In summary, clinical studies
evaluating bariatric surgery suggest its use beyond
weight loss strategy in patients at particularly high risk;
however, with the increasing global NAFLD burden, it
might not be feasible to expand the indication on a
population level.

Given the worldwide obesity pandemic, it is of utmost
importance to risk stratify obesity for HCC development.
In a case‐control study involving 518 HCC cases and
1036 frequency‐matched controls, Nasereldin et al.
assessed the association of HCC risk and obesity
based on individuals underlying metabolic dysfunction
(i.e., dyslipidemia, hypertension, and diabetes). Authors
did not find any association between HCC risk and
being overweight or obese in participants without any
metabolic abnormalities. However, among the partic-
ipants with metabolic dysfunction, being overweight
(OR, 1.89; 95% CI, 1.31–2.72) or obese (OR, 1.50; 95%
CI, 1.07–2.09) was associated with higher HCC risk.[37]

It is reasonable to assume that HCC risk might be
higher in noncirrhotic individuals with NASH compared
to individuals with obesity without NASH. However, it is
very premature to draw such conclusions at this time
given lack of prospective studies in a diverse NAFLD
population to establish these associations.

MetS

MetS is a constellation of conditions that includes
obesity, impaired glucose tolerance, dyslipidemia, and
hypertension. Besides its association with increased
risk of cardiovascular disease, MetS is also associated
with the development of HCC. In a large European
cohort study comprising 578,700 subjects where 155
had HCC, Borena et al. found that MetS had an RR of
1.46 (1.16–1.84) for HCC.[38] Similarly, Welzel et al.
analyzed the Surveillance, Epidemiology, and End
Results (SEER‐Medicare data) from 1993 to 2005 and
found that MetS was significantly associated with
increased HCC risk (OR, 2.13; 95% CI, 1.96–2.31;
p < 0.0001).[39]

Mild‐moderate alcohol drinking

The deleterious effects of continuous and excessive
ethanol intake on the liver are well established;
however, there is uncertainty regarding the effects of
mild to moderate ethanol consumption. Studies to date
provided inconsistent evidence. Chang et al. assessed
the relationship between mild‐moderate drinking and
worsening of noninvasive fibrosis scores in 58,927

Korean adults with NAFLD and initially low fibrosis
scores for a median of 4.9 years. In total, 5303 (9%)
subjects had progression of FIB‐4 from low to inter-
mediate or high scores. Those with moderate drinking
were more likely to have increased fibrosis compared to
nondrinkers with HR 1.29 (95% CI, 1.23).[40] Excessive
alcohol consumption predisposes for liver cancer.[41]

There are limited data on the association of mild to
moderate ethanol intake and HCC risk in NAFLD. A
study by Ascha et al. found that even mild drinking habit
increased risk of carcinogenesis in a NASH‐associated
cirrhosis cohort with HR 3.8 (95% CI, 1.6–8.9;
p = 0.002). A limitation of the study was that only
patients with decompensated liver disease were
included.[42] A multivariate analysis of a recent study
that included patients with biopsy‐proven NAFLD with a
spectrum of liver fibrosis severity showed that mild
alcohol intake of <20 g/day increased the HCC risk,
especially among those with advanced F3–4 fibrosis
(p = 0.04; RR, 4.83).[43]

Smoking

Smoking, in general, has been associated with liver
cancer. The 2014 US Surgeon General’s report found
that current and former smoking was associated with a
70% and 40% increased risk of liver cancer,
respectively.[44] Similarly, in a meta‐analysis of 81
studies by Abdel‐Rahman et al., the pooled ORs for
HCC development were 1.55 (95% CI, 1.46–1.65) in
current smokers and 1.39 (95% CI, 1.26–1.52) in former
smokers.[45] There are no specific data on the effect of
smoking in NAFLD‐related HCC risk currently.

Gut microbiome and bile acids

Increased gut permeability and altered microbiome com-
position are associated with NAFLD and its disease
severity.[46] Preclinical models have suggested the contrib-
uting role of gut microbiota in hepatocarcinogenesis.[47]

One of the first culture‐based studies from Poland
prospectively analyzed the gut microbial profile of 15
patients with HCC and 15 non‐HCC patients and found
that HCC was associated with significantly increased fecal
counts of Escherichia coli (p = 0.025).[48] Another study by
Ponziani et al. on a NASH cohort demonstrated a
reduction in Akkermansia and Bifidobacterium species
among patients with HCC compared to those with cirrhosis
without HCC.[49] These bacterial species have also
been studied in animal models, and their reduced
abundance was found to be correlated with increased
hepatic inflammation, which in turn can promote
hepatocarcinogenesis.[50]

The gut microbiome has been shown to affect the
diversity and pool of bile acids.[51] Gut microbiome has
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been implicated in modulating the farnesoid X receptor
(FXR), a bile acid‐activated nuclear receptor. There is
evidence that FXR prevents liver injury and carcino-
genesis and modulates fibrosis.[52,53]

Ethnicity and Genetics

Genome‐wide association studies have uncovered
variations in genes such as patatin‐like phospholipase
domain‐containing protein 3 (PNPLA3), transmembrane
6 superfamily member 2 (TM6SF2), membrane bound
O‐acyltransferase domain‐containing 7 (MBOAT7), glu-
cokinase regulator (GCKR), and 17‐β hydroxysteroid
dehydrogenase 13 (HSD17B13) that can influence the
natural history of NAFLD. Worldwide, variations in
genetic and metabolic makeup that contribute to
NAFLD have been identified (Figure 3). In Japanese
populations, various studies have shown association of
genetic polymorphism with NAFLD including PNPLA3
(rs738409‐GG genotype), microsomal triglyceride
transfer protein [‐493(G/T)], adiponectin (+45GG),
angiotensinogen (rs 7079), and angiotensin II
(rs3772622, rs3772633, rs2276736, rs3772630,
rs3772627).[54–58] A different set of genetic makeup
has been associated with NAFLD in Asian Indians,
including apolipoprotein C3 (rs651821 C‐482T, T‐455C)
and peroxisome proliferator‐activated receptor γ
(Pro12Ala).[59,60] On the European side, heterogeneity
also exists in the genetic composition associated the
with NAFLD. For instance, Italian cohort studies have
identified adiponectin (+45T/G), ectoenzyme nucleo-

tide pyrophosphate phosphodiesterase 1 (ENPP1)
(Lys121Gln), and IL28B rs12979860 (cc).[61–63]

Similarly, in a United Kingdom and Italian cohort,
ENPP1 121Gln and insulin receptor substrate‐1 972Arg
polymorphisms were found to be associated with
severity in patients with NAFLD.[62] In a Mexican
cohort, lysophospholipase‐like 1, protein phosphatase 1
regulatory subunit 3B, and GCKR were found to be
associated with NAFLD.[64]

There are significant racial and ethnic disparities in the
prevalence of NAFLD in the US, with the highest
prevalence in Hispanic populations and lowest in Black
populations.[65] Hispanic populations are noted to have the
highest rate of MetS, intraperitoneal and hepatic fat content,
and NAFLD‐related HCC.[66–68] A study by Kallwitz et al.
showed that Hispanics with American ancestry had
increased risk for NAFLD whereas those with African and
European ancestry had inverse relation with NAFLD.[69]

More recently, there is an increased awareness of the
genetic predispositions of NAFLD and HCC. PNPLA3 has
very strong association with NAFLD.[70–72] In a case‐control
study, Hassan et al. investigated the impact of PNPLA3
genetic variation (rs738409: C>G) on HCC risk between
257 histologically confirmed HCC (60.7% cirrhotic) and 494
healthy controls and found that the GG genotype was
found to a have higher risk of HCC for subjects than CC or
CG genotypes (OR, 3.21; 95% CI, 1.7–6.4).[73] Similarly, a
study by Liu et al. looked at the PNPLA3 rs738409
genotype frequencies between 100 subjects with NAFLD‐
related HCC and 275 controls with histologically proven
NAFLD. Their study showed that after adjusting for age,
sex, DM, body mass index (BMI), and presence of

F IGURE 3 Global genetic variation contributing to NAFLD. AGT, angiotensinogen; AGTR1, angiotensin II; APOC3, apolipoprotein C3;
ENPP1, ectoenzyme nucleotide pyrophosphate phosphodiesterase 1; IRS, insulin receptor substrate; MTP, microsomal triglyceride transfer
protein; PNPLA3, patatin‐like phospholipase domain‐containing protein 3; PPAR, peroxisome proliferator‐activated receptor.[57–67]
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cirrhosis, carriage of each copy of the rs738409 minor (G)
allele conferred an additive risk for HCC (adjusted OR 2.26
[95% CI, 1.23–4.14]; p = 0.0082), with GG homozygotes
exhibiting a fivefold [1.47–17.29], p = 0.01 increased risk
over CC. This risk effect was even more pronounced when
GG homozygotes were compared with the general
population of the UK CC homozygotes (OR, 12.19; 95%
CI, 6.89–21.58; p < 0.0001).[71]

A meta‐analysis of 24 studies with 9915 patients
looking at the effect of PNPLA3 on fibrosis progression
and HCC occurrence showed that PNPLA3 was
associated with a higher risk of HCC in patients with
cirrhosis (OR, 1.4; 95% CI, 1.12–1.75). This risk was
even higher in patients with NASH or alcohol‐related
cirrhosis (OR, 1.67; 95% CI, 1.27–2.21) in a subgroup
analysis but not with other etiologies of cirrhosis.[74] In
multivariate models after adjusting for confounding
factors in a cohort of 1020 patients with HCC, 2484
healthy subjects, and 2021 patients with CLDs, Yang
et al. showed that both the PNPLA3 and TM6SF2
polymorphism were associated with the development of
HCC (OR, 1.67 and 1.45, respectively).[75]

In a Japanese cohort of 902 patients with histolog-
ically proven NAFLD, including 58 NASH‐HCC cases, a
significant association of PNPLA3 was observed
between NASH‐HCC and controls (OR, 3.37; 95% CI,
2.21–5.14; p = 1.8 × 10‐8).[76] Another retrospective
study by Seko et al. included a Japanese cohort of 238
patients with biopsy‐proven NAFLD. Over a follow‐up of
6.1 years, 10 patients (4.2%) developed NASH‐HCC,
and PNPLA3 genotype GG was found to be an
independent risk factor for HCC with HR 6.36;
p = 0.019.[77]

PATTERNS AND RISKS OF NAFLD ‐
RELATED HCC (Figure 4)

The rates of progression of NAFLD to HCC varied
according to different fibrosis stages.[78,79] A recent
meta‐analysis showed that the incidence of HCC
increased from 0.4/1000 (95% CI, 0.29–0.66) in isolated
steatosis to 5.29/1000 (95% CI, 0.75–37.5) in estab-
lished NASH, which is an increase over 10‐fold.[80]

Similarly, in a Swedish study, the absolute rates of
HCC per 1000 patients/year with isolated steatosis,
NASH without fibrosis, early fibrosis, and cirrhosis
progressively increased from 0.8, 1.2, 2.3, to 6.2,
respectively.[7] Studies have attempted to determine
the relative importance of histological parameters such
as steatosis, inflammation, and fibrosis in contributing
HCC development. In a Veterans Affairs (VA) study,
patients with MetS were found to have more than a
fivefold risk of developing HCC in the absence of
cirrhosis compared with patients with hepatitis‐related
HCC.[81] Angulo et al. found that fibrosis was an
independent risk of HCC regardless of the presence
of steatosis and inflammation in NAFLD.[82]

There are differential patterns and risks of NAFLD‐
related HCC in NCL and CL as summarized in Table 1
and Figure 4. In a prospective Japanese cohort of 935
patients with NAFLD, Tobari et al. identified that NCL
HCC were more likely to be associated with older age,
male sex, and large tumor size compared to those with
CL HCC. There were, however, no differences in tumor
histology or differentiation between the two groups.
Those with NCL HCC had significantly higher 5‐ and 10‐
year survival rates of 68.6% NCL versus 47.8% CL and

F IGURE 4 Natural history of NAFLD‐related hepatocellular carcinoma (HCC). Data for reported incidences from references.[7,80,89,90]

Reported HCC incidence in simple steatosis and NASH in the figure are based on studies that utilized histological diagnosis as inclusion criteria.
Given the limited number of studies, these rates might not be a robust reflection of actual incidence.
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57.3% NCL versus 12.9% CL, respectively. That was
most likely due to a lower recurrence rate and
preserved liver function in NCL HCC.[83] In a Swedish
cohort of 225 patients with NAFLD‐related HCC, 83 with
NCL HCC were compared with 142 with CL HCC.[84]

The NCL HCC cohort was significantly older, had a low
prevalence of type 2 diabetes mellitus (T2DM), had
larger tumors, and more frequently had tumor resection
but liver transplantation (LT) was less frequent. There
was no significant difference in survival; the median
survival was 16 months in this cohort.[84] In a
retrospective analysis in the US, Mohamad et al.
reported similar findings among 36 patients with NCL
HCC and NAFLD and 47 patients with CL HCC and
NAFLD. Patients with NCL HCC were older, less likely
to have diabetes, presented with a single nodule and
large tumor size, and were more likely to undergo tumor
resection than LT.[85] Leung et al. studied the
characteristics of HCC in an Australian cohort of 8
NCL HCC with 46 CL HCC and found that patients with
NCL had larger tumor size at diagnosis and failed to
meet Milan criteria for LT, whereas no significant
difference was seen in age, T2DM, or HCC
differentiation.[86] These HCC risk predispositions
between patients with NAFLD NCL and patients with
CL NAFLD were further evaluated in a recent
international retrospective study.[87] Among 470 with
NCL HCC and 770 with CL HCC, Chen et al. reported
that the NCL HCC cohort had more male patients, had
less frequent diabetes, had higher rates of unifocal
cancer, and were more likely to have tumor resection
than LT. No survival difference was seen.[87] The study
results of Kodama et al. reinforced the observations that
in patients without advanced stage 3–4 fibrosis, their
tumor size tended to be significantly larger but HCC
recurrence was lower after curative treatment.[88]

In summary, NAFLD‐related HCC among NCL
usually presents in older male individuals with a larger
unifocal tumor and are more likely to undergo resection
than LT compared to NCL HCC. There were conflicting
findings on mortality; some studies found no difference,
whereas others reported that NCL HCC had better
survival over CL HCC. This could be secondary to
overall preserved liver function and lower tumor
recurrence of patients with NCL HCC.[66]

RISK PREDICTION MODELS FOR
NAFLD‐RELATED HCC IN PATIENTS
WITH CIRRHOSIS

There are established guidelines for HCC surveillance
in all patients with cirrhosis regardless of the under-
lying etiology. Because HCC risk is not uniform across
all patients with cirrhosis, many prediction models
were developed to better risk stratify the patients
(Table 2). One of the first such models is the

ADRESS‐HCC risk model that was applied to
estimate the 1‐year probability of HCC among
34,932 patients with cirrhosis with various etiologies.
Six baseline clinical variables age, diabetes, race,
etiology of cirrhosis, sex, and severity of liver
dysfunction were found to be independently
associated with HCC and were used to develop the
ADRESS prediction model. After rigorous internal and
external validation, the model was found to have a
moderate ability to separate patients with cirrhosis
who will or will not develop HCC based on a
concordance index (c‐index) of 0.7.[91] Knowing the
disease‐specific incidence of HCC is very important to
guide the frequency of HCC surveillance. Sharma
et al. developed a score known as the Toronto HCC
Risk Index (THRI). Their cohort consisted of 2079
patients with cirrhosis with different etiologies and 226
(10.8%) developed HCC. Their model was able to
separate patients into risk groups based on scores.
The 10‐year cumulative HCC incidence was predicted
to be 3%, 10%, and 32% with scores <120, 120–240,
and >240, respectively.[92] Morat et al. further vali-
dated the THRI score in a weighted multivariate
model. There were 752 patients with cirrhosis who
had ALD (n = 529), chronic hepatitis C virus (HCV)
infection (n = 145), and NAFLD (n = 78). Among them,
85 patients (11%) developed HCC. They concluded
that an individualized model is more useful for the
prediction of HCC occurrence in patients with
cirrhosis.[93] Ioannou et al. developed models estimat-
ing HCC risk in patients from a VA cohort of 7068
patients with cirrhosis and NAFLD. The mean annual-
ized HCC incidence was 1.56%. The final model
included seven predictors: age, sex, diabetes, BMI,
platelet count, serum albumin, and aspartate amino-
transferase/alanine aminotransferase (ALT) ratio. The
models exhibited a very good area under the receiver
operating characteristic curve (AUROC) of 0.75 for
NAFLD‐cirrhosis.[94] In an Italian study consisted of a
long follow‐up of 471 consecutive patients with
NAFLD‐related cirrhosis, Grimaudo et al. confirmed
that the combined values of PNPLA3 genotypes, liver
function tests, and portal hypertension status were
able to stratify the HCC risk.[95] More recently,
Lambrecht et al. developed an APAC score based
on age, soluble platelet‐derived growth factor receptor
beta, α‐fetoprotein (AFP), and creatinine. The score
was evaluated in a cohort of 267 patients with cirrhosis
with various etiologies; among them, 122 had HCC.
The APAC score was able to predict HCC more
accurately than the GALAD score (area under curve
[AUC] 0.95 vs. 0.90, p = 0.003). In a subanalysis of
NAFLD‐related cirrhosis, the APAC score performed
equally well with an AUC of 0.95. The results suggest
that the diagnostic accuracy of the APAC score was
independent of the etiology of the underlying
disease.[96]
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TABLE 1 Studies comparing NAFLD‐related HCC in patients who are noncirrhotic versus patients who are cirrhotic

Country, study period
No. of patients
with HCC Survival/mortality rate

Recurrence rate (no. of patients)
(rate) (Noncirrhotic NAFLD vs. cirrhotic NAFLD)

Japan, 1991–2018[83] 48 vs. 71 10‐year survival 57.3% vs.
12.9% (p < 0.01)

(34 HCC vs. 49) 5‐year 40.9% vs.
85% (p < 0.01)

>Male sex, >age, >light drinker, >tumor size,
>dyslipidemia, <T2D, =HCC histology and
differentiation

Sweden, 2004–2017[84] 83 vs. 142 Mortality rate 71% vs. 69%
(aHR, 0.93; 95% CI,
0.58–1.51; p = 0.78)

>Age, =male sex, <T2D, =HCC differentiation, >tumor
size, <LT, >resection

USA, 2003–2012[85] 36 vs. 47 Mortality rate (aHR, 1.5; 95%
CI, 0.57–4; p = 0.4)

21 HCC vs. 37 86% vs. 14%
(p < 0.001)

>Age, =male sex, <T2D, =HCC differentiation, >tumor
size, >single nodule, <LT, >resection,

Australia, 2000–2012[86] 8 vs. 46 Male sex not assessed, =age, =T2D, =HCC
differentiation, >tumor size larger, =median no of
HCC, >failed the Milan criteria for LT, >resection

USA and East/Southeast Asia,
2005–2017[87]

470 vs. 770 Survival (HR, 1.14; 95% CI,
0.94–1.37)

>Male sex, =age, <T2D, HCC differentiation not
assessed, >tumor size larger in noncirrhotic
p < 0.001, >unifocal cancer, >resection, <LT

Note: > significantly higher/larger, <significantly lower/smaller, =no significant difference.
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; LT, liver transplantation; T2D, type 2 diabetes mellitus.
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TABLE 2 Risk prediction models for NAFLD‐related HCC in patients with cirrhosis

Model Country Study design Output Variables Major etiology Predictive ability Validation

THRI score[92] Canada Retrospective 10‐year HCC
incidence

Age, sex, etiology, platelets Steatohepatitis, viral,
PBC, AIH

C Statistic Internal

Low risk: 3% Validation cohort: 0.77 External

Medium risk: 10% Derivation cohort: 0.77

High risk: 32%

ADRESS‐HCC[91] USA Retrospective 1‐year HCC risk Age, diabetes, race, etiology,
sex, Child‐Pugh score

NASH, HCV, alcohol,
HBV, other

C Statistic Internal

Score ≥ 4.67:
≥1.5% per year

Derivation: 0.704 External

Validation: 0.691

Grimaudo et al.[95] Italy Prospective
longitudinal

aHR PNPLA3 rs738409, F3–4
fibrosis, liver function,
portal hypertension

NAFLD No

PNPLA3 G
variant: 2.68;
p = 0.04

F3–4 fibrosis (Inf
p < 0.001)

Morat et al.[93] Belgium Observational 10‐year HCC
incidence

Weighted scores NAFLD, HCV, alcohol Validation of
THRI score

Low risk: 9.1% Age, sex, etiology, platelets

Medium risk:
15.7%

High risk: 29%

Ioannou et al.[94] USA Retrospective 5‐year HCC risk Age, sex, diabetes, BMI,
platelet count, serum
albumin and AST/√ALT
ratio

NAFLD, alcohol C Statistic 0.75 for HCC in
NAFLD‐cirrhosis

Internal

Low risk: <5%

Medium risk: 5%–

15%

High risk: >15%

Annual HCC risk

Low risk: 0%–1%

Medium risk:
>1%–3%

High risk: >3%

APAC score[96] Germany Observational
cohort study

Age, sPDGFRβ, AFP, and
creatinine

NAFLD, viral, alcohol AUROC 0.95 (95% CI,
0.91–0.99) SN: 84.62%, SP:
90.91% for HCC in NAFLD‐
cirrhosis

Internal

Abbreviations: AFP, α‐fetoprotein; aHR, adjusted hazard ratio; AIH, autoimmune hepatitis; AST, aspartate aminotransferase; AUC, area under curve; AUROC, area under the receiver operating characteristic curve; BMI, body
mass index; CI, confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; PBC, primary biliary cholangitis; PNPLA3, patatin‐like phospholipase domain‐containing protein 3; SN,
sensitivity; SP, specificity; sPDGFRβ, soluble platelet‐derived growth factor receptor beta; THRI, Toronto HCC Risk Index.
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RISK PREDICTION MODELS FOR
NAFLD‐RELATED HCC IN PATIENTS
WITHOUT CIRRHOSIS

Current guidelines recommend HCC surveillance if the
annual HCC risk is >1.5%. That was based on the cost‐
effective analysis. This recommendation is appropriate for
patients with NAFLD and cirrhosis.[97] However, up to 30%
of patients with NAFLD‐related HCC do not have
cirrhosis,[98] and HCC risk in NAFLD NCL is approximately
0.1 to 0.8 per 1000 patient‐years.[4–7] Given this dilemma,
cost‐effective HCC surveillance strategies based on
individualized genetic and clinical profiles to identify
patients with high‐risk NAFLD without cirrhosis are
needed. The polygenic risk score (PRS) has shown
encouraging performance in diagnosing HCC among
patients with NAFLD NCL. One of the first studies utilizing
PRS along with clinical factors was done in an Italian
cohort of 765 patients with NAFLD NCL. Donati et al.
developed a combined risk score incorporating the clinical
(age, sex, obesity, T2DM, advanced fibrosis) and genetic
risk factors (PNPLA3 I148M, TM6SF2 E167K, and
MBOAT7 rs641738 C>T). The resulting model had a
0.96± 0.4 AUROC for detecting HCC cases with 96%
sensitivity and 89% specificity. When they only applied the
clinical factors to the model, the AUROC (0.93± 0.5)
remained favorable. Thus, the addition of a polygenic
component to their model did not significantly improve the
predictive accuracy of clinical factors. This nonsignificance
was maintained even in a subgroup analysis of patients
without severe fibrosis.[99] Another study by Pelusi et al.
evaluated the contributions of rare pathogenic variants in
addition to known genetic variants to HCC risk in a
European cohort of 142 with NAFLD‐HCC, 59 with
NAFLD with advanced fibrosis, 50 matched healthy
controls, and 404 healthy individuals from the
1000Genomes database. They were able to detect
enrichment of rare pathologic variants in the candidate
genes among NAFLD‐HCC cases versus controls (OR,
3.5; 95% CI, 2.2‐inf; p= 1.9 × 10‐6). Their comprehensive
PRS, including the rare variants, predicted NAFLD‐HCC
with higher diagnostic accuracy (OR, 4.96; 95% CI,
3.29–7.55), and it significantly outperformed the common
genetic risk factors, including the PNPLA3 I148M variant
alone, or a combination of PNPLA3 I148M and TM6SF2
E167K variant. Also, addition of the PRS to a model
based on the classical risk factors (age, sex, presence of
type 2 diabetes and of advanced fibrosis) increased the
ability to discriminate NAFLD‐HCC (AUC 0.903 vs. 0.89,
p = 0.03).[100] As noted in previous studies, different
genetic polymorphisms had variable effects on HCC risks;
HSD17B13, for example, has protective effects, whereas
others like PNPLA3 (I148M variant) increase the
risk.[101,102] PRS with weighted effect of each genetic
variant likely would be more predictive. Bianco et al.
applied the weighted effect of known genetic variants to
compose HCC risk scores for patients with NAFLD with

CL and NCL. They developed two scoring systems,
namely, PRS‐HFC with four variants (PNPLA3, TM6SF2,
MBOAT7, GCKR) and PRS‐5, a modified PRS‐HFC
score with adjustment for the rs72613567 HSD17B13
variant. These scores were evaluated in an NAFLD cohort
of 2566 patients that included 226 with HCC (Italian and
UK cohort). The scores were subsequently validated with
a cohort of 427 German patients with NAFLD (16.8% with
HCC, n = 72) and 364,048 subjects from general
population of UK Biobank cohort that included 202 with
HCC. These scores were able to predict HCC equally well
in subjects with NAFLD both with and without cirrhosis.[103]

Similarly, Gellert‐Kristensen et al. showed large popula-
tions of 110,761 individuals from the Danish general
population and 334,691 individuals from the UK Biobank
in whom PNPLA3, TM6SF2, and HSD17B13 variants
were assessed and translated into PRS ranging from 0 to
6 risk. This PRS was found to be associated with up to 12‐
fold higher risk of cirrhosis and up to 29‐fold higher risk of
HCC.[104] These results of PRS are promising in identify-
ing patients with increased HCC risk; however, there are
limitations. Firstly, most studies used AUROC as a
prediction tool in defined patient populations that needs
to be carefully validated in the population. Secondly, these
scores were derived from individuals of European descent
and may not be generalizable to populations of other
ethnicities. It is very likely that different PRS need to be
developed for patients with various ethnicity‐specific
genetic backgrounds.

More recently, risk stratification scores have been
developed in predicting NAFLD‐related HCC among
those with NCL without using any genetic input as a
variable. The GALAD score (based on patient sex; age;
and serum levels of AFP, AFP isoform L3, and des‐
gamma‐carboxy prothrombin) has been applied in
several studies with favorable results. In a German
study, GALAD score was evaluated in 356 patients with
NAFLD (125 with and 231 without HCC), and it was able
to identify patients with various stages of HCC with an
AUROC of 0.96. In a subgroup analysis that included
only patients with NCL NASH (HCC, n = 30 vs. 182
controls), GALAD achieved an AUROC of 0.98 for
detection of HCC with 93.3% sensitivity and 96.1%
specificity. This study demonstrated that the GALAD
score could predict HCC regardless of the cirrhosis
status of patients with similar accuracy.[105] Sinn et al.
developed and validated a novel risk score for HCC
using six independent risk factors including age, sex,
ALT, total cholesterol, DM, and smoking. The score was
developed in a general population cohort (n = 467,206)
in South Korea that excluded patients with viral
hepatitis, cirrhosis, and heavy alcohol use. The model
was able to stratify patients with 10‐year risk HCC risk
ranging from 0.0% (lowest) to 6.16% (highest) with
AUROC of 0.83 (95% CI, 0.77–0.88). The validation
cohort (n = 91,357) had AUROC 0.92 (95% CI,
0.89–0.95). This study was limited because the
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TABLE 3 Risk prediction models for NAFLD‐related hepatocellular carcinoma in patients without cirrhosis

Model Study design Variables Population Country
Predictive ability
(AUROC, HR) Validation

Bianco et al.[103] Cross‐sectional PRS‐HFC: PNPLA3‐TM6SF2‐
MBOAT7‐GCKR

NAFLD with NCL Italy PRS‐HFC: 0.64 (43% SN,
80% SP)

Yes

PRS‐5: PRS‐HFC score adjusted for
rs72613567 HSD17B13 variant

UK PRS‐5: 0.65 (43% SN,
79% SP)

Germany

Gellert‐Kristensen
et al.[104]

Prospective PRS: PNPLA3+TM6SF2+HSD17B13 General population UK HR 29 (95% CI, 17–51),
p < 0.001

No

Denmark

Pelusi et al.[100] Retrospective cohort PRS: PNPLA3+TM6SF2+MBOAT7
+variants

NAFLD with NCL Italy 0.9 ± 0.04 (93% SN, 86%
SP)

Yes

Clinical: Age, sex, obesity, T2DM,
severe fibrosis

UK

Non‐Finnish
Europeans

Donati et al.[99] Retrospective cohort PRS: PNPLA3, TM6SF2, and MBOAT7 NAFLD with NCL Italy 0.96 ± 0.04 (96% SN, 89%
SP)

No

Clinical: Age, sex, obesity, T2DM,
severe fibrosis

Sinn et al.[106] Retrospective cohort Age, sex, smoking, DM, total
cholesterol, ALT

General population South Korea 0.83 (95% CI, 0.77–0.88) Yes

Best et al.[105]

GALAD score
Retrospective cohort Sex, age, AFP‐L3, AFP, des‐gamma

carboxyprothrombin
NAFLD with NCL
and CL

Germany CL 0.93 (93.3% SN and
96.1% SP)

Validation of
established NSS

NCL 0.98 (85.7% SN and
96.2% SP)

NFS Longitudinal Study
Younes et al.[107]

Age, BMI, DM, AST, ALT, platelets,
albumin

NAFLD with NCL
and CL

UK 0.901 ± 0.0302a Validation of
established NSS

FIB‐4 Age, AST, ALT, platelets Italy 0.853 ± 0.0516

APRI AST, ALT, platelet Spain 0.788 ± 0.0362

BARD BMI, AST, ALT, T2DM 0.772 ± 0.0345

HFS Age, sex, AST, albumin, HOMA, DM,
platelets

0.824 ± 0.0578)

Abbreviations: AFP, α‐fetoprotein; AFP‐L3, AFP isoform L3; ALT, alanine aminotransferase; AST, asparatate aminotransferase; AUROC, area under the receiver operating characteristic curve; BARD, BMI, AST/ALT ratio, and
diabetes; BMI, body mass index; CI, confidence interval; CL, cirrhotic liver; DM, diabetes mellitus; FIB‐4, fibrosis‐4; GCKR, glucokinase regulator; HFS, Hepamet fibrosis score; HOMA, homeostatic model assessment; HR,
hazard ratio; HSD17B13, 17‐β hydroxysteroid dehydrogenase 13; MBOAT7, membrane bound O‐acyltransferase domain‐containing 7; PRS, polygenic risk score; NCL, noncirrhotic liver; PNPLA3, patatin‐like phospholipase
domain‐containing protein 3; SN, sensitivity; SP, specificity; T2DM, type 2 diabetes mellitus; TM6SF2, transmembrane 6 superfamily member 2.
aDenotes statistically higher c‐indices with respect to the NSS without asterisk for the same comparison.
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diagnosis of NAFLD was not clearly defined; ALT was
used as a surrogate for NAFLD.[106] In a longitudinal
European study, Younes et al. applied a number of
established scoring systems; namely, NAFLD‐fibrosis
score (NFS), Fibrosis‐4 score (FIB‐4), BARD (BMI,
AST/ALT ratio, and diabetes) score, APRI score, and
the Hepamet fibrosis score (HFS) to predict HCC in
1173 patients with NAFLD with NCL. These patients
were followed for a mean follow‐up period of 81 months,
and 17 patients (1.5%) developed HCC. NFS performed
significantly better than any other NSS (c‐index
0.901 ± 0.0302; AUC ingrated across time
(iAUC) = 0.889 ± 0.048). This was followed by FIB‐4
(c‐index 0.853 ± 0.0516), HFS (c‐index
0.824 ± 0.0578), and BARD (c‐index 0.772 ± 0.0345),
in descending order.[107] In future studies, some of these
clinical scores could be combined with PRS for
comprehensive risk stratification of patients with NAFLD
(Table 3).

HCC RISK PREDICTION MODELS
WITH LS IN HCV AFTER DIRECT ‐
ACTING ANTIVIRAL

In the direct‐acting antiviral (DAA) era, the risk of HCC
continues to persist among patients with chronic
hepatitis C (CHC) despite the high rates of sustained
virological response (SVR) especially among those with
preexisting cirrhosis. At 1, 2, and 3‐year post‐SVR, the
cumulative incidence of HCC was 1.1%, 1.9%, and
2.8%, respectively.[108] In a number of studies, NAFLD

was believed to contribute to the HCC occurrence in a
subset of patients with CHC.[109–111] Peleg et al. showed
that LS is an independent and strong predictor of all‐
cause mortality and HCC among patients with CHC who
achieved SVR. In that study, 515 patients with CHC
who achieved DAA‐induced SVR were followed for a
mean duration of 24 months. In the first model, LS was
significantly associated with HCC (HR, 7.51; 95% CI,
3.61–13.36; p < 0.001) even after adjustment to other
components of the MetS. In the second model, patients
who had both LS and advanced fibrosis were found to
have the highest HCC risk and all‐cause mortality (HR,
17.56; 95% CI, 2.37–75.11; p = 0.005), which was
followed by the presence of LS without advanced
fibrosis (HR, 9.21; 95% CI, 1.11–62.53; p = 0.030).
[111] Degasperi et al. recently assessed the association
between PRS (consisting of PNPLA3, MBOAT7,
TM6SF2 , GCKR) of LS and HCC in patients with
CHC treated with DAAs in an Italian cohort. They
followed 509 consecutive patients with cirrhosis and
found that during a median follow‐up of 43 (3–57)
months, 36 of 452 (8%) patients developed de novo
HCC. They showed that PRS score >0.597 (HR, 2.30;
p = 0.04) was an independent predictor of de novo
HCC. Adding clinical factors (male sex, diabetes,
albumin) to the PRS model further improved HCC risk
prediction. Combining both genetic and clinical varia-
bles, patients with ≥ 3 risk factors had a significantly
higher 4‐year cumulative de novo HCC incidence than
those with <3 risk factors (80% vs. 8%). These data
strongly suggest that LS promotes HCC.[109] More
recently, Ji et al. evaluated a prospective cohort of

F IGURE 5 Model for risk stratification in NAFLD‐related hepatocellular carcinoma (HCC).
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patients with CHC who achieved SVR after DAA
(n = 519) and pegylated interferon‐based therapy
(n = 817), respectively. After a median post‐SVR
follow‐up of 48 months, HCC developed in 54 (4.4%)
subjects. They formulated a nomogram to estimate the
HCC risk among patients with CHC and SVR. The
presence of NAFLD contributed independently to the
HCC risks. The nomogram had a c‐index of 0.835 (95%
CI, 0.783–0.866).[110]

FUTURE PERSPECTIVE, RESEARCH
DIRECTIONS

The high NAFLD prevalence exponentially contributes
to the overall disease burden of CLD. NAFLD‐related
HCC in NCL is increasingly recognized and alarming.
New strategies are necessary for HCC screening in
these patient populations. Routine HCC surveillance of
all patients with NAFLD and NCL would severely
constrain the healthcare system and is not cost‐
effective. It is of paramount importance to develop
optimal risk stratification scores and models to identify
subsets of the population with high risks so they can be
enrolled in surveillance programs (Figure 5). Such HCC
prediction models need to be carefully validated in
prospective cohorts of diverse populations to confirm
their broad applicability. Because patients with NAFLD
and NCL are mostly encountered in primary care
settings, it would be ideal if the HCC prediction scores
can be generated with simple demographic and clinical
variables; that would facilitate the timely referral of
patients at greatest HCC risk. Allocated resources are
needed to develop the HCC surveillance programs.
Equally importantly, ongoing research efforts are
essential to identify disease modifying factors and
treatment options that can prevent NAFLD disease
progression and HCC complication.
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