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Abstract: In recent decades, non-alcoholic fatty liver disease (NAFLD) has become the most common
liver disease in the Western world, and the occurrence of its complications, such as hepatocellular
carcinoma (HCC), has rapidly increased. Obesity and diabetes are considered not only the main
triggers for the development of the disease, but also two independent risk factors for HCC. Single
nucleotide polymorphisms (such as PNPLA3, TM6SF2 and MBOAT7) are related to the susceptibility
to the development of HCC and its progression. Therefore, an appropriate follow-up of these patients
is needed for the early diagnosis and treatment of HCC. To date, international guidelines recommend
the use of ultrasonography with or without alpha-fetoprotein (AFP) in patients with advanced fibrosis.
Furthermore, the use of non-invasive tools could represent a strategy to implement surveillance
performance. In this review, we analyzed the main risk factors of NAFLD-related HCC, the validated
screening methods and the future perspectives.

Keywords: non-alcoholic fatty liver disease; NAFLD; hepatocellular carcinoma; HCC; PNPLA3;
TM6SF2; miRNA; micro RNA; lncRNA; long non-conding RNA

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is a metabolic disorder including a spectrum of
pathological conditions ranging from simple steatosis (NAFL) to steatohepatitis (NASH) and cirrhosis.

NAFLD represents the most common liver disease worldwide, with a global prevalence of 25% [1].
Environmental (especially diabetes and obesity) and genetic factors seem to influence geographical
distribution of NAFLD, which is higher in Asia and South America and lower in Africa.

The pandemic of NAFLD represents the heaviest burden among modern liver diseases, not only
due to its epidemiology, but also because of the risk of progression to cirrhosis and its complications,
such as hepatic decompensation, hepatocellular carcinoma (HCC) and death. Ekstedt et al. [2] showed
an increased overall mortality (HR 1.29), with increased risk of cardiovascular disease (HR 1.55) and
HCC (HR 6.55) in biopsy-proven NAFLD patients compared to a general population.

2. The Burden of NAFLD-Related HCC

HCC represents the fifth most common cancer worldwide. To date, it is the second most frequent
cause of cancer-related death globally, with a progressive growing trend. [3]
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In more than 80% of cases, HCC develops in cirrhosis with different underlying etiologies,
mainly viral hepatitis (HCV–HBV) and fatty liver (alcoholic and non-alcoholic related). While the
epidemiological data concerning HCC in viral and alcoholic hepatitis are consolidated, there is a lack
of strong epidemiological data concerning the incidence and prevalence of HCC in NAFLD.

In recent last years, we observed a different pattern of incidence of HCC among the different
etiologies of liver disease. Several international studies [4,5] conducted in the last decade confirmed this
evidence. Goldberg and colleagues collected data of 1853 patients with cirrhosis and HCC, showing
a decrease in the percentage of HCV- and alcohol-related HCC and an increase in NAFLD-related
HCC [6]. Liu et al. recently showed a global increase of incident cases of liver cancer of 114.0%,
from 471,000 in 1990 to 1,007,800 in 2016. Interesting highlights are the geographical changes in
epidemiology: Decrease in incidence was observed in some regions due to the control of HBV and HCV
infections, but an increase was observed in countries with a high socio-demographic index, including
the Netherlands, the UK, and the USA, with this issue probably being related to NAFLD. [7].

These epidemiological and etiological changes also reflect a reverse trend in patients on the waitlist
for liver transplant (LT). Younossi et al. evaluated 158,347 LT candidates and 26,121 (16.5%) of this
had HCC. The proportion of HCC increased from 6.4% (2002) to 23.0% (2016) (p < 0.0001). The study
showed not only a growing incidence of HCC during follow-up, but also a changing trend of etiology.
Over the study period, HCV remained the most common etiology for HCC (65%). The proportions of
HBV and alcohol-related HCC remained stable (both trend p > 0.10), HCV-related HCC decreased
3.1-fold (p < 0.0001), while the NASH one in HCC increased 7.7-fold (from 2.1% to 16.2%; p < 0.0001). [8]
Similar results were observed in the European Liver Transplant Registry (ELTR) during Direct-Acting
Antivirals agents (DAAs) era, on 60,527 LT candidates (28.3% with HCC) between January 2007 to June
2017 [9].

US data showed an increase in age-standardized NAFLD-related mortality compared to others
etiologies during the last 10 years (from 2007 to 2016). [10]. This evidence can probably be found
not only for steady increase of NAFLD incidence, but also for the growing incidence of HCC due to
NAFLD. In this way, Estes et al. developed a modeling approach to forecast the current and future
burden of disease due to NAFLD in the United States. NAFLD-related HCC prevalence is estimated
to increase, ranging from 47% in Japan to 130% in the US; similarly, its incidence is also estimated to
increase, ranging from of 44% in Japan to 122% in the US [11].

Overall, these data suggest that NAFLD is going to be the most relevant etiology of HCC in the
coming years. The explanation of the epidemiological changes discussed above may be related to
the development of antiviral therapies (i.e., DAAs for HCV infection) that were shown to be effective
in decreasing the risk of HCC occurrence and hepatic decompensation and to the rapid worldwide
increase of the prevalence and the incidence of metabolic disorders, such as diabetes and obesity. In the
future, epidemiological data able to reliably quantify the alarming growth of NAFLD-related HCC will
be needed, especially in patients without cirrhosis, as well as properly designed studies for assessing
the impact of therapy, both lifestyle and pharmacological approaches, on the risk for the development
of HCC.

3. The Impact of Metabolic and Genetic Risk Factors

The strong association between NAFLD and metabolic and genetic risk factors is widely known,
and these present themselves risk factors for cancer (not only HCC) (Figure 1).
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3.1. Obesity

Large cohort studies showed a strong association between obesity and cancer incidence (both
overall and for specific sites) [12].

Although the pathogenic molecular mechanisms are not completely clear, chronic low-level
inflammation associated with obesity plays a key role in damaging DNA and reducing repair [13].
Furthermore, obesity is associated with increased cancer-related mortality [14].

Particularly, in a large prospective cohort study assessed the relationship between BMI and the risk
of death from cancer in 900,053 subjects followed-up for 16 years [15], the authors showed a significant
positive linear trend in death rate with increasing BMI for different cancer sites, including HCC.

Interestingly, a different magnitude of risk according to sex was observed, and differences were
more pronounced for higher BMI values: The relative risks for death from HCC in patients with
severe obesity (BMI ≥ 35 kg/m2) were 4.52 in men and 1.68 in women, compared with normal-weight
subjects. The gender difference in the relationship between BMI and HCC was further assessed in a
meta-analysis of 17 studies, including 18,225 patients [16]. The positive association between overweight
and obesity with HCC was confirmed (RRs 1.16 (1.08–1.25) and 1.83 (1.60–2.09) respectively), using
normal weight as comparison, and subgroup analyses of obese patients showed a RR for liver cancer
of 2.04 (1.70–2.44) in men and 1.56 (1.37–1.78) in women, with a significant p-value for interaction
(p = 0.02). Conversely, interaction analysis showed no significant differences (p for interaction = 0.47)
between overweight men and women (RRs 1.18 (1.01–1.30) and 1.11 (1.00–1.24), respectively).

A sensitivity analysis conducted on 8 studies showed a nonlinear dose-response relationship
between BMI and risk of HCC, that increased of 4% for each 1 kg/m2 increase in BMI. An explanation
for this gender difference could be related to the possible effects of estrogens in protecting females
from developing HCC as the administration of estrogens before the initiating event resulted protective
against HCC in experimental liver carcinogenesis models [17].

3.2. Diabetes

Diabetes represents another emerging risk factor for both NAFLD/NASH and for HCC.
A large prospective cohort study conducted in 173,643 patients with diabetes and 650,620 without

diabetes revealed an incidence rate for HCC that was significantly higher among patients with diabetes
(2.39 versus 0.87 per 10,000 person-years. p < 0.0001) [18].

Multivariate analysis showed that diabetes was associated with a greater than 2-fold increase
in risk of HCC, after adjustment for anthropometric and demographic factors, and comorbidities.
A sensitivity analysis after exclusion of patients with HCV, HBV, alcohol consumption and fatty liver
confirmed the independent association between diabetes and HCC. Although it should be considered
that these data have been obtained in patients identified at hospitals of Veterans Affairs, similar results
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were observed in a US population-based study using Surveillance, Epidemiology and End-Results
(SEER) registries [19]. Specifically, after adjustment for well-known HCC risk factors, diabetes was
associated with a threefold increase in the risk of HCC.

The magnitude of this association decreased, but still remained significant, in the subgroup
of patients without major risk factors. Similar results were observed in a Japanese retrospective
population cohort study on 6,508 patients with ultrasound (US)-diagnosed NAFLD followed-up for a
median period of 5.6 years [20]. Although the incidence of HCC was quite low, the cumulative rate of
HCC was significantly higher in the group of patients with diabetes in comparison with those without
diabetes, and it was respectively 3.42% versus 0.10% at 12 years. These initial findings have been
subsequently confirmed by a systematic review with meta-analysis including 25 cohort studies that
showed an increased incidence of HCC in diabetic patients in comparison with those without diabetes,
with a pooled RR of 2.01 (95% CI 1.61–2.51) [21].

Although heterogeneity among studies was high and significant, after stratification for geographic
area, HBV or HCV infection, alcohol use, cirrhosis and duration of follow-up, the association between
diabetes and increased incidence of HCC remained significant. Notably, authors also assessed the HCC
mortality, that resulted increased in diabetic patients, compared with those without diabetes, with a
pooled RR of 1.56 (95% CI 1.30–1.87). An Italian multicenter prospective study compared the clinical
features between HCC patients with NAFLD (n = 145) and HCV-related liver disease (n = 611) [22].

Not surprisingly, the features of metabolic syndrome (including diabetes) were significantly more
prevalent among HCC patients with NAFLD, as well as other risk factors for HCC such as age, male sex,
and alcohol consumption. Interestingly, only about 50% of HCC patients with NAFLD had cirrhosis,
and the absence of HCC surveillance in these patients could explain the larger HCC sizes and the
more frequent infiltrative pattern observed in NAFLD patients, compared to HCV patients. Although
unadjusted analysis showed a significantly shorter survival in HCC patients with NAFLD than in
those with HCV, after propensity score matching no significant differences were observed in survival
between the two groups. More recently, the association between diabetes and HCC was assessed in
354 Mayo Clinic patients with NASH cirrhosis [23].

Multivariate analysis showed that diabetes (HR 4.2 95% CI 1.2–14.2, p = 0.02), age and low albumin
significantly predicted the development of HCC, differently from other metabolic risk factors, such
as BMI. Overall, the data presented provide a strong evidence that obesity and diabetes increase
the risk for HCC regardless of the presence of liver disease and they could influence the mortality
of these patients limiting the access to curative treatments for HCC, but the impact of these risk
factors among NAFLD patients should be further assessed in well-designed prospective studies and
pathogenic mechanisms should be understood more clearly, aiming to improve the cost-effectiveness
of surveillance programs and to develop novel targeted therapies.

3.3. Genetics Findings

Epidemiological and genetic studies indicate a strong pattern of heritability that may explain
some of the variability in NAFLD phenotype and risk of progression. Among the other risk factors,
inherited factors contribute to HCC susceptibility, and strong familial aggregation is observed [24].
To date, at least three common genetic variants in the patatin-like phospholipase domain-containing
protein 3 (PNPLA3), transmembrane 6 superfamily member 2 (TM6SF2), and membrane-bound
Oacyltransferase domain-containing 7 (MBOAT7) genes have been robustly linked to NAFLD in the
population. The function of these genes revealed novel pathways implicated in both the development
and progression of NAFLD. Table 1 summarizes some of the most relevant findings about the role of
genetic in NAFLD-related HCC.

3.3.1. PNPLA3

The rs738409 C > G variant in the PNPLA3 gene, encoding an I148M mutation, is an independent
genetic risk factor for NAFLD, associated with the wide spectrum of severity of NAFLD [25]. In the
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initial studies, the PNPLA3 I148M variant was associated with intrahepatic fat content and subsequently
found to be associated with NASH, hepatic fibrosis, and hepatocellular carcinoma (HCC) [26–28]. In a
cross-sectional study that evaluated the role of PNPLA3 rs738409 [G] risk allele, genotype frequencies
were compared between 100 European Caucasian patients with NAFLD-related HCC and 275 controls
with biopsy proven NAFLD without HCC, showing that CG and GG genotype was associated
with a 2- and 5-fold increased risk for HCC, respectively, in comparison with the CC genotype, by
multivariate analysis [29]. More recently, we performed a prospective study on 471 patients with
histologically diagnosed NAFLD demonstrating an independent association between PNPLA3 C > G
variant and HCC, by multivariate analysis (HR 2.10, 95% CI 1.03-4.29; p = 0.04) [30]. The PNPLA3
I148M variant is also associated with increased risk of fibrosis progression and HCC in alcoholic liver
disease and hepatitis C-related cirrhosis and independent of steatosis [27,28], suggesting a potential
direct contribution of the variant to fibrogenesis and carcinogenesis that are unrelated to intrahepatic
triglyceride accumulation [31]. These results suggest that PNPLA3 genotype could be used as a tool to
stratify the risk for HCC in combination with other well-known risk factors, e.g., liver function tests,
portal hypertension, and its surrogates. However, an external validation of these results is needed
before the PNPLA3 genotype could be used in clinical practice.

3.3.2. TM6SF2

Similar to the PNPLA3 I148M variant, the rs58542926 C > T variant in the TM6SF2 gene, encoding
an E167K mutation, was shown to be associated with hepatic steatosis and also with increased
risk of progressive liver disease and fibrosis [32–35], but its direct role in HCC predisposition is
disputed [35,36].

3.3.3. MBOAT7

The rs641738 C > T variant of the MBOAT7 gene was identified in alcoholic-related cirrhosis and
subsequently confirmed to increase risk of hepatic steatosis, progressive liver disease in NAFLD [37,38],
and HCC risk in non-cirrhotics with NAFLD, as well as non-cirrhotic chronic hepatitis C and alcoholic
liver disease [39]. An Italian study assessed the role of this variant, showing an association between the
carriage of T allele and HCC (OR 1.65, 95% CI 1.08–2.55), especially in patients without advanced fibrosis,
suggesting that MBOAT7 variation predisposes to HCC development, particularly in non-cirrhotic
patients [39]. Interestingly, a number of PNPLA3, TM6F2 and MBOAT7 risk variants significantly
predicted HCC, independently of other clinical factors, although this model did not significantly
improve the accuracy in the prediction of the risk for HCC. However, it must be emphasized that
these data were provided by cross-sectional studies, and that the identification of a single genetic
mutation critically involved in the increased susceptibility to develop HCC is difficult, considering that
inheritance of NAFLD is polygenic. Furthermore, prospective data evaluating the impact of selected
single nucleotide polymorphisms (SNPs) on HCC occurrence are still lacking.

All these data suggest that genetic variants predisposing to hepatic fat accumulation promote
hepatic carcinogenesis. Indeed, hepatocellular fat accumulation represents a key feature of hepatic
carcinogenesis [40,41].

3.3.4. Alpha-fetoprotein

AFP is a 70-kD glycoprotein synthetized by fetal yolk sac and fetal liver. Its levels markedly
decrease during the first year of life; therefore, tumors arising from endodermal lining of hepatic
diverticulum can be associated with an increase in serum levels. However, it should be considered
that inflammatory activity in chronic hepatitis can be associated with fluctuations of serum levels [42].
In patients with HCC, AFP levels range from normal to above 10,000 ng/mL, but about one third of
patients could have low AFP levels, also in the presence of advanced HCC [43]. Notably, a persistent
elevation in AFP levels represents a risk factor for the development of HCC, allowing the identification
of selected high-risk populations [44]. It should be considered that the accuracy of AFP in surveillance
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was suboptimal, making a translation of its diagnostic role in the surveillance setting misleading [45].
Values of 20 ng/mL showed good sensitivity and low specificity, while, as expected, levels above
200 ng/mL were associated with high specificity but lower sensitivity [46], although it must be observed
that these data were obtained in patients with viral hepatitis and data about the role of AFP in
surveillance and diagnosis of NAFD-related HCC are lacking. The role of the association between
ultrasound and AFP will be discussed below. On the other hand, AFP is a useful tool for the prediction
of the prognosis of patients with HCC [47]. The use of AFP isoforms has been proposed to improve the
accuracy of AFP in the early detection of HCC. According to the changes in the glycan terminal chain,
eleven isoforms of AFP have been identified. Specifically, it has been shown that a specific isoform
for HCC is able to bind lectins lens culinaris agglutinin-A (AFP-L3). A Japanese study showed that
AFP-L3 is positive in about one third of HCC smaller than 2 cm and that its appearance in serum could
anticipate the radiological detection of the tumor [48]. The role of AFP-L3 was subsequently assessed
in a North American study, which demonstrated a high specificity of AFP-L3 in patients with elevated
AFP levels [49]. The fractionating of AFP in four band using isoelectric focusing represents another
promising tool to improve the accuracy of this biomarker, although technical complexity and costs
limit its spread in the clinical daily practice [50].

Table 1. Genetic findings associated with NAFLD-related HCC.

SNP Number of Patients Study
Design Cirrhosis Country Covariate

Adjustment Reference

PNPLA3 I148M
(rs738409, C > G)

100 with
HCC-related

NAFLD
275 NAFLD controls

without HCC

Case-control,
retrospective 24.8% UK and

Switzerland
Age, sex, BMI,

diabetes, cirrhosis [29]

PNPLA3 I148M
(rs738409, C > G) 471 with NAFLD

Cohort
study,

propspective

34.4 %
(F3–F4) Italy

Age, BMI, platelet
count, albumin,

IFG/diabetes,
fibrosis F3–F4

[30]

TM6SF2 E167K
(rs58542926, C >T)

511 with liver
disease (44%

alcohol)
228 controls

Case-control,
retrospective 100% Italy NA [36]

MBOAT7
(rs641738, C > T)

132 with NAFLD
633 controls

Case-control,
retrospective

27.5%
(F3–F4) Italy

Age, sex, obesity,
diabetes, fibrosis
F3–F4, PNPLA3,

TM6SF2

[39]

Abbrevations: SNP, single nucleotide polymorphisms; NAFLD, nonalcoholic fatty liver disease; HCC, hepatocellular
carcinoma; IFG, impaired fasting glucose; BMI, body mass index; NA, not assessed.

4. The Issue of Screening

The identification of NAFLD patients needing a systematic screening for HCC still represents
a critical issue. This is related to the poor knowledge of the molecular pathways involved in
hepatocarcinogenesis, the wide heterogeneity existing among NAFLD patients, and the coexistence of
other risk factors for HCC, in addition to chronic liver disease. For this reasons, predictive biomarker
models able to identify specific high-risk subgroups remain an unmet clinical need, considering the
increasing incidence of NAFLD in general population and the possibility of the development of HCC
also in the absence of advanced fibrosis or cirrhosis. Therefore, the identification of personalized risk
profiles of HCC in NAFLD patients represents a clinical and methodological challenge.

4.1. Who Screen

The correct identification of NAFLD patients to be screened requires the accurate estimation of
the incidence of HCC in patients with or without cirrhosis.



Int. J. Mol. Sci. 2019, 20, 5613 7 of 20

Furthermore, among NAFLD noncirrhotic patients, incidence of HCC could be extremely
heterogeneous according to the technique (US versus histology) employed to obtain the diagnosis
of NAFLD. Although it has been reported in retrospective studies that HCC can also occur in
NASH without cirrhosis [51,52], large-scale prospective studies are lacking. This could lead to an
underestimation of the risk for HCC in NASH without cirrhosis and subsequently in the exclusion of
higher risk patients from surveillance programs. A recent meta-analysis of 7 studies including 1191
patients with noncirrhotic NASH and 21,868 controls with other etiologies of chronic liver disease
without cirrhosis has shown a prevalence of HCC in noncirrhotic NASH of 38% versus 14.2% in control
group (p < 0.001), with an increased risk for HCC of 26% [53].

However, the significant heterogeneity observed among the included studies and the lack of
data on fibrosis stages in noncirrhotic patients limit the usefulness of the results of this meta-analysis.
Among noncirrhotic patients, the way in which the diagnosis of NAFLD is performed could influence
the incidence of HCC, potentially reflecting a selection bias whereby patients who underwent liver
biopsy were those with more severe liver disease, and therefore with higher risk for HCC. In a Japanese
population study conducted on more than 6,000 patients with US-proven NAFLD, only 16 subjects
developed HCC over a 5.6-year follow-up, with a crude rate of 0.25% and a yearly cumulative HCC
incidence of 0.043%. Interestingly, the incidence of HCC was significantly higher in patients with
higher AST to Platelet ratio index (APRI) than in those with low APRI (p < 0.001), suggesting a
potential usefulness of this non-invasive tool in this clinical setting. However, the lack of a control
group is a limitation of this study, as well as the transferability of this data to Western populations.
In this sense, a retrospective multicenter cohort study conducted in 130 hospitals of Veterans Health
Administration in the USA compared 296,707 US-proven NAFLD patients with 296,707 age- and
sex-matched controls [54].

Incidence of HCC in NAFLD was 0.21/1000 person years and HCC was significantly more frequent
among NAFLD patients in comparison with controls, also after adjustment for race and metabolic
syndrome (HR 7.62. 95% CI 5.76–10.09). Notably, the incidence of HCC in NAFLD patients without
cirrhosis (0.08/1000 person years) was higher than that observed in the control group without NAFLD
(0.02/1000 person years), and the patients with higher risk were male, older, Hispanics and cirrhotics.

However, in patients without cirrhosis, the overall risk was too low to justify HCC screening.
Along these lines, our data on 471 biopsy-proven NAFLD patients followed-up for a median period
of 64.6 months showed that 13 patients (2.7%) developed HCC and all of them had F3–F4 fibrosis,
was independently associated with HCC occurrence, together with the PNPLA3 G > C variant in the
multivariate analysis [30].

The absence of HCC among patients with fibrosis F0–F2 in our cohort could be explained by the
young mean age of the included patients and by the moderately long follow-up.

Finally, the risk for HCC in patients with NASH cirrhosis was specifically investigated and
compared with those of HCV-related cirrhosis in a prospective study over a median follow-up of
3.2 years. HCC occurred in 25/195 of patients with NASH cirrhosis and in 64/315 of those with
HCV-related cirrhosis. Yearly cumulative incidence was not significantly higher in HCV-related
cirrhosis than in NASH cirrhosis (4% vs. 2.6%, respectively, p = 0.09) and multivariate analysis
identified older age and any alcohol consumption as independent risk factors for the occurrence of
HCC [55].

According to previously reported data, patients with NAFLD but without cirrhosis seem to have
a risk of HCC that is higher compared to subjects without liver disease and those with other etiologies
of noncirrhotic chronic liver disease, but considering that the surveillance for HCC is cost-effective if
incidence is higher than 1.5% per year, the risk for HCC in patients with noncirrhotic NAFLD appears
to be too low to justify an extensive surveillance program over the entire NAFLD population. If there
is no doubt that surveillance should be performed in patients with compensated cirrhosis, it is not
clear whether noncirrhotic F3 patients should also be included and European guidelines express a
weak recommendation on this issue [56].
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At the same time, not all cirrhotic patients have the same risk for HCC, and six-month abdominal
US do not represent a “one size fits all” approach. The development of scoring systems based on the
combination of demographic, anthropometric, clinical and biochemical features could be useful to
stratify the risk for HCC. Since the incidence of HCC is significantly different according to the etiology
of liver disease, the Toronto HCC index was developed to predict the disease-specific risk for HCC in
patients with cirrhosis [57].

Points are assigned according to age, etiology, gender and platelet count, allowing stratification
into low-, medium- and high-risk subgroups. Particularly, authors observed in the derivation cohort a
10-year cumulative HCC incidence of 3%, 10% and 32%, respectively, and they validated these data in
an external cohort.

More recently, Ioannou et al. developed a simple model to estimate HCC risk using data from
7068 patients with NAFLD cirrhosis (1,278 with incident HCC) within the Veterans Affairs healthcare
system [58]. The model includes simply available covariates, such as age, gender, diabetes, BMI,
platelets, albumin and AST to ALT ratio, exhibiting an area under the receiver operating characteristic
curve (AUROC) of 0.75. The main limitation of such a model is the poor accuracy in the prediction of
the risk at single patient’s level, as suggested by the relatively low value of AUROC (which was similar
for patients with alcohol-related cirrhosis). However, authors showed that a risk-based screening
according this prediction model was associated with a higher standardized net benefit in comparison
with an approach to screen all.

Finally, an approach to HCC risk profiling based on the combination of clinical (i.e., diabetes,
obesity, severity of portal hypertension), biochemical (APRI), histological (severity of fibrosis) and
genetic (i.e., PNPLA3 and MBOAT7) features could identify personalized risk profiles associated
with the development of HCC in patients with NAFLD and further data will be needed to identify
NAFLD patients without cirrhosis at higher risk of HCC for whom a surveillance program could
result cost-effective.

4.2. How to Screen

According to the data mentioned above, it is still not clear which NAFLD patients without cirrhosis
should undergo HCC surveillance and among those with cirrhosis which subgroups are at higher risk
for HCC, needing a more stringent surveillance program (Figure 2).
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Figure 2. HCC surveillance in patients with NAFLD and advanced fibrosis: Present and
future perspectives.

At the same time, it is not even clear what technique should be used to screen NAFLD patients
for HCC. If several national and international guidelines agree on the use of 6-months abdominal US,
different are the recommendations about the use of serum biomarkers (i.e., alpha-fetoprotein [AFP]).
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While European guidelines [56] state that cost-effectiveness of available biomarkers is too low to
recommend a routine use in surveillance, American guidelines recommend the use of US with or without
AFP and Korean guidelines support the use of 6-month assessment of AFP levels, in combination with
US [59,60].

The performance of US, with or without AFP, in detecting HCC, was assessed in a meta-analysis
of 32 studies, including 13,367 patients, that reported sensitivity and specificity of different surveillance
strategies [61]. Pooled sensitivity of US for any HCC stage resulted quite good (84%, 95% CI 76%–92%),
but it decreased to a modest value with a wider confidence interval (47%, 95% CI 33%–61%), restricting
the analysis to the detection of only early stage HCC. Eighteen out of 32 studies compared the sensitivity
of US with or without AFP for the detection of HCC at any stage: the addition of AFP to US resulted in
an improvement of the sensitivity (97%, 95% CI 91%–99%) in comparison with US alone (78%, 95% CI
67%–86%).

However, the increased sensitivity associated with the combination of US and AFP affected the
specificity, increasing the rate of false positive results. Restricting the analysis to only studies (n = 8)
that assessed the detection of early HCC, a significant superiority of the combination of US and AFP
over US alone was observed in terms of sensitivity (63% vs. 45%, respectively, p = 0.002), but, not
surprisingly, at the cost of a decrease in terms of specificity.

The adherence to the HCC surveillance program represents another critical issue, as it has been
shown that it could have an impact on survival and other relevant outcomes.

A systematic review with a meta-analysis of 22 studies (19,511 patients) showed a poor overall
adherence rate (52%, 95% CI 38%–66%) with a significant heterogeneity within the included studies
and compared the adherence rate among different etiologies of liver disease, showing no significant
differences [62]. Study design resulted the only study-level covariate significantly associated with
screening adherence by multivariate meta-regression, and prospective studies were associated with
a significantly higher adherence rate compared to retrospective studies. Conversely, retrospective
data from ITALICA cohort revealed not only an increase during the two last decades of “non-viral”
HCC cases, but also a lower proportion of NASH-related HCC diagnosed during regular 6-month
surveillance in comparison with HCV-related HCC (respectively, 39% vs. 68%) [63]

In consideration of the underuse of the regular surveillance program and its potential impact
on survival, research focused on how to improve the adherence, for example through the use of a
mailed outreach strategy or navigation strategies (such as active encouragement of participation to
surveillance and the identification of the barriers to surveillance). A randomized controlled trial
compared these two approaches with the usual care in 1800 patients with chronic liver disease and
different ethnicity (16.6% had NASH as etiology and 79.6% of the overall cohort had cirrhosis) [64].
In the intention-to-treat analysis, the primary outcome (defined as the completion of abdominal imaging
every 6 months for 18 months) was reached in 7.3% of usual care patients, in 17.8% of outreach-alone
patients and in 23.3% of outreach/navigation patients. Particularly, a significant increase of 16% in
the surveillance completion rate was observed in patients underwent the combined approach of
outreach and navigation, compared to the usual approach. The ethnicity did not have a significant
impact on the primary outcome, and secondary outcome (the proportion of patients with a diagnosis
of early stage HCC) was not significantly different among the three intervention groups, although
the study was not powered to find differences in the tumor stage at diagnosis. However, patients
underwent surveillance had a significantly higher proportion of early stage HCC in comparison with
those diagnosed incidentally or after the appearance of symptoms. These data suggested that the
combination of mailed outreach invitations with patient navigation is an effective strategy to improve
the adherence to HCC surveillance screening over a period of 18 months. Further studies will be
needed to prove the effectiveness of this approach in other health systems and in cohorts of patients
with a higher proportion of NASH as etiology of liver disease.

Effectiveness of US in detecting early HCC stages is another critical issue, as it was reported
that US sensitivity could be very low (32%) in a clinical practice setting [65]. The inadequacy of US
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sensitivity lead to an increase of the proportion of patients diagnosed with late stages HCC, resulting
in a dismal prognosis. The identification of the factors associated with US failure in the detection
of HCC could be useful to select subgroups of patients which should be surveilled with alternative
imaging techniques or to improve the ultrasound imaging acquisition. A retrospective cohort study
was conducted on 941 patients with cirrhosis (11.7% with NASH as etiology) to assess the adequacy
of US and to identify clinical factors associated with inadequate quality of US in surveillance [66].
The quality of US was defined according to a subjective evaluation by expert radiologists in terms of
visualization of the entire liver and exclusion of focal lesions, including HCC. Interestingly, US was
considered inadequate in about 20% of cases, and multivariate analysis showed that increasing BMI
class and NASH were independently associated with an inadequate US quality. These findings could
be explained considering that obesity and the accumulation of subcutaneous fat affect the obtainment
of high-quality US images of the whole liver and that liver steatosis associated with NASH impairs
the attenuation of US pulse and the visualization of possible focal lesions. These results were largely
confirmed by a single-center study conducted on 352 patients referred to liver transplant with known
HCC [67].

Comparing the US sensitivity to that of computed tomography (CT) or magnetic resonance
imaging (MRI), authors showed that obesity and NASH were significantly associated with a lower
US sensitivity. Particularly, US sensitivity was 76% in obese patients (vs. 87% in non-obese patients,
p = 0.01) and 59% in NASH patients (vs. 84% in other etiologies, p = 0.02).

These data appear to be relevant as the burden of the obesity and of NASH-related HCC is
rapidly increasing. Alternative imaging techniques such as CT or MRI may resolve these issues in
the subgroups of patients prone to failing US surveillance, but both costs and radiation exposure
should be assessed before these techniques can be extended on large scale surveillance programs. For
these reasons, non-invasive accurate biomarkers urgently need to be combined with available imaging
techniques and to improve the quality of HCC surveillance in NAFLD high-risk patients.

5. Prevention Strategies

The development of HCC in patients with NAFLD without cirrhosis suggests a NAFLD-specific
mechanism of carcinogenesis that is probably independent of hepatic fibrosis [68].

5.1. Lifestyle Interventions

Because obesity and type 2 diabetes are independent risk factors of HCC (see above), the correction
of either could be a key strategy for preventing development of HCC in patients with NAFLD.
To support this hypothesis, in a meta-analysis of 13 case-control and 13 cohort studies, diabetes was
associated with increased HCC risk (OR, 2.5 and HR, 2.5, respectively) [69]. Furthermore, high body
mass index (BMI) was significantly associated with liver cancer risk (HR, 1.19 per BMI 5 kg/m2)
in 5 million subjects registered in the Clinical Practice Research Datalink [70]. Therefore, lifestyle
interventions could be useful in improving obesity and type 2 diabetes, and lifestyle interventions
may prevent HCC. This finding is suggested by observational studies. A meta-analysis of 19 studies,
involving 1,290,045 individuals, reported that healthy eating, especially a diet rich in vegetables, may
reduce HCC risk (RR, 0.72) [71]. In a prospective cohort of 428,584 subjects, higher physical activity
was associated with lower HCC risk (HR, 0.69) [72]. Specifically, Turati et al. showed, that adequate
adherence to a Mediterranean diet was protective against HCC in two cohorts of subjects—513 patients
with HCC and 722 controls (p < 0.001) [73]

5.2. Statins and Metformin

In addition to the correction of lifestyle, use of pharmacological therapy, such as statins
and metformin, for the prevention of HCC appears to be interesting. Statins have a variety of
pleotropic anti-neoplastic, in addition to cholesterol-lowering, effects. Statins inhibit oncogenic
pathways, such as Myc [74], nuclear factor κB (NF-κB), tumor necrosis factor (TNF)-mediated
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IL6 production [75], extracellular signal-regulated kinase 1/2 (ERK1/2) [76], whereas adenosine
monophosphate-activated protein kinase (AMPK) and p38/mitogen-activated protein kinase (MAPK)
pathways are activated [77,78], and they induce p53-dependent apoptosis [79]. Statins also inhibit
fibrogenic hepatic stellate cell activation via nitric oxide synthase, hepatocyte paracrine signals [80],
endothelial cells [81], induction of sterol regulatory element-binding protein 1 (SREBP-1) and
peroxisome proliferator-activated receptor (PPAR)-γ [82].

A dose-dependent reduction of HCC incidence was observed in two cohorts of patients: in the
first one were diabetics (ORs, 0.32 to 0.53) and in the second one were those infected with HBV (HR,
0.34 to 0.66) and HCV (HR, 0.33 to 0.66) respectively [83,84].

Some data suggest that statins have different effects on chemoprevention, and for this reason,
randomized trials are currently underway to determine their role in chemoprevention. In a systematic
pair-wise comparison, fluvastatin was shown to be more effective in reducing HCC risk (RR, 0.55)
compared to other statins [85], whereas atorvastatin and fluvastatin were associated with more
significant anti-fibrotic effects [86].

The high HCC risk in association with type 2 diabetes has been widely discussed
above, so anti-diabetic therapies may be rational HCC chemopreventive strategies. Metformin,
a biguanide derivate, is an insulin sensitizer drug that inhibits gluconeogenesis and elicits various
anti-neoplastic effects.

Metformin inhibits the mammalian target of rapamycin (mTOR) pathway via activation of
AMPK and its upstream regulator LKB1 [87] inhibits angiogenesis via suppression of vascular
endothelial growth factor (VEGF) and hypoxia inducible factor 1 α (HIF1A) [88], suppresses
cell survival-conferring NF-κB signaling by upregulating IκBα [89], and induces apoptosis via
p53-independent mechanism [90]. Moreover, metformin suppresses progenitor/stem cell activation,
thereby minimizing HCC development in a mouse model of cirrhosis-driven carcinogenesis. Although
the chemoprevention effect is observed only when metformin treatment is started before development
of cirrhosis [91].

These data are supported by a meta-analysis of 19 studies involving 550,882 diabetic subjects.
This suggested that metformin use reduced HCC incidence (OR, 0.52) compared to the control
group [92]. In exploratory subgroup analysis, metformin was protective against HCC in patients
with HBV/HCV infection (OR, 0.50), cirrhosis (OR, 0.49), and obesity (OR, 0.42). A phase 3 trial
(NCT02319200) to evaluate secondary HCC chemopreventive effect of metformin in compensated HCV
cirrhosis and insulin resistance was discontinued on the decision of investigator. Another phase 2 trial
(NCT02306070) is planned to evaluate change in liver fibrosis by metformin in HCV-infected patients
with or without HIV.

5.3. Anti-fibrotic Therapies

The rational of use of anti-fibrotic therapies as HCC chemoprevention is supported by halting
progression of fibrosis, one of the most independent risk factor of carcinogenesis.

Any chronic liver injury leads to release of inflammation molecules (including TNF, IL6, IL1β,
ROS and hedgehog ligands) as a triggers of fibrogenesis by hepatic stellate cell activation [93].

A phase 2 trial (NCT02466516) of ASK1 inhibitor, selonsertib (GS-4997), reduced liver fibrosis
(>1 stage) in 43% of NASH patients. Cenicriviroc, a dual inhibitor of fibrosis-promoting CCR2/CCR5
reduced liver fibrosis in a phase 2 trial (CENTAUR) [94], and is now being tested in a follow-up phase
3 trial (AURORA, NCT03028740). A PPARα/δ agonist, elafibranor, stopped fibrosis progression in
non-cirrhotic NASH in a phase 2 trial [95], and a follow-up phase 3 trial is ongoing (RESOLVE-IT,
NCT02704403). Despite the promising results, the framework for assessing anti-fibrotic therapies for
clinically meaningful HCC chemopreventive effects has not yet been established.
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6. Future perspectives

In this scenario, according to the growing interest of HCC and NAFLD, it is worthy identifying
and implementing screening strategies to increase surveillance adherence and new screening tools
or devices.

6.1. miRNA

There is a growing body of evidence suggesting that circulating microRNAs (miRNAs) play a
prominent role as pathogenic factors and diagnostic and prognostic cutting edge biomarkers in NAFLD.
miRNAs are small non-protein coding RNA molecules (19–22 nucleotides of length) which regulate
cross-talk processes between cells both silencing or enhancing target mRNAs and consequently protein
synthesis [96].

miRNAs have been detected in biological liquids (plasma, serum, saliva and urine), are usually
associated with proteins or packaged in exosomes [97], and thus are stable and protected from RNase
degradation. They might be released both passively during cell death or actively from cells [98].
Among miRNAs, the liver-specific miR-122, miR-34a and miR-16 were recently found increased in
serum of NAFLD patients and their expression was associated with liver enzymes, inflammation
and fibrosis [99], thus suggesting a potential role as non-invasive biomarkers in the progression from
steatosis to NASH [96].

These data were confirmed by Halasz et al., reporting that miR-122 is negatively correlated with
liver fibrosis as detected by histology and hepatic stiffness [100]. In addition, miR-122 decrease is
associated with fibrotic pathways upregulation by inducing hypoxia-inducible factor 1-α (HIF1α) and
mitogen-activated protein kinase 1 (MAPK1) [101].

Furthermore, Guo et al. reported miR-301a-3p, miR-34a-5p and miR-375 as altered liver patterns
associated with NAFLD severity in terms of altered lipid and carbohydrate metabolism [102].

Analyzing a panel of 84 miRNAs, Pirola et al. identified that miR-122, miR-192 and miR-375 were
dramatically enhanced in NASH compared to simple steatosis [96,103].

As described by Moshiri et al., HCC patients also present with elevated plasmatic levels of
miR-106b-3p, miR-101-3p and miR-1246 when compared to healthy control subjects, confirming the
utility of these three biomarkers for early detection of HCC in high-risk subjects [104].

Although several miRNA candidates have been identified as differently involved in the progression
of liver disease, some observations are inconsistent in certain cases due to patients’ inter-individual
variability, environmental factors, and HCC genetic and etiological background. Another contradiction
is the evidence of circulating miRNAs with different expression in plasma/serum and in tumor.

At the same time, the pathogenesis of fibrosis and tumorigenesis still need further investigation to
identify proper prevention strategies and therapeutic options [69,105].

Recent findings have shown, both in mice and humans, the key role of miR-223 in regulating the
progression of steatosis to NASH by a mechanism involving neutrophil maturation and activation.
miR-223 avoids evolution to NASH by targeting inflammatory genes such CXCL10 and TAZ, thus
exerting anti-infiammatory effects in hepatocytes. Therefore, the overexpression of miR-223 might be
considered a potential therapeutic target for the NASH treatment [106].

However, and based on these discoveries, the identification of specific miRNAs associated with
the severity of liver disease might be considered an encouraging non-invasive strategy for screening,
surveillance and treatment of NAFLD and HCC [107].

6.2. lncRNA

HCC, as well as other malignancies, is characterized by a progressive collection of genetic and
epigenetic alterations.

Recently, long non-coding RNAs (lncRNAs) have emerged as regulators of the onset and
progression of HCC. lncRNAs are ubiquitous transcripts (with a length of 200 bp), characterized by
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cell-type specificity and tumor-type specificity. A great body of evidence highlights the relationship
between lncRNAs and HCC and their role as biomarkers in HCC diagnosis and outcome prediction.

For this purpose, several databases have been created to facilitate research into these newly
discovered biomarkers and their interaction with other RNAs in conditioning the initiation, proliferation,
apoptosis processes and angiogenesis of cancer [108].

LINC00052, ZEB1-AS1 and LINC01225 have displayed oncogene properties by facilitating the
invasiveness and metastasis induction of HCC cells [109–111].

HCCL5, a novel cytoplasmic lncRNA, is activated by ZEB1 and promotes cell growth, G1-S
transition, HCC cell invasion and metastasis while protecting cancer cells from apoptosis [112].

Some other lncRNAs, such as XIST, HOST2, HOXA-AS2, CCHE1, and AFAP1-AS1, can induce
and accelerate cell proliferation while inhibiting apoptosis of HCC cells [108]. This feature might be
useful as a therapeutic target of HCC.

LncRNAs may also act in chemo-sensitivity or radio-resistance by blocking the cell cycle,
suppressing apoptosis and reinforcing the DNA injury repair [108]. For this reason, they can
be used as potential targets for discovering new approaches to chemotherapy and radiotherapy in
HCC-affected subjects, as demonstrated by Huang H. et al., who described that LncRNA NR2F1-AS1
regulates HCC oxaliplatin resistance by targeting ABCC1 via miR-363 [113].

Another important role of lncRNAs is exerted in autophagy, the physiological cell pathway to
maintaining cell homeostasis. In this context, LncRNA HULC has been identified as an inductor of
protective autophagy [108]. In conclusion, these lncRNAs look to be promising tools for HCC diagnosis,
prognosis and surveillance, and might be useful as targets for novel therapeutic approaches in HCC.

6.3. Exosomes

Recently, a role has been proposed for exosomes in liver diseases, and several studies are ongoing
to better understand their potential in new diagnostic and therapeutic approaches.

Exosomes are small vesicles (30–100 nm in size) derived from endosomal membranes, and it was
originally thought that they acted as removers of cell debris. Further studies have shown their role in
intercellular communication and the modulation of cellular functions. Exosomes are involved in HCC
progression by regulating proliferation, angiogenesis and invasion of the tumoral cells. Exosomes may
also regulate HCC hypoxia stress and drug resistance. Based on these observations, exosomes are
emerging as novel biomarkers of liver diseases [114].

Conigliaro et al. showed that the exposure of endothelial cells to CD90+ exosomes may increase
the number and length of vascular structures [115]. On the other hand, due to their biological safety
and stability potential, exosomes might be implemented for drug delivery, as well as in vaccination.
Nevertheless, further studies on exosomes are needed to figure out their physiological and pathological
role in liver diseases and their potential application as novel non-invasive biomarkers in NAFLD
and HCC.

6.4. Epigenetic

Epigenetic modifications consist in chromosomes alterations without changes in DNA sequence
and they have been proposed as a possible molecular explanation for the heterogeneity in individual
susceptibility to developing cirrhosis, HCC, and end-stage liver disease [116]. Chromatin remodeling
may be a critical step in the progression of simple steatosis to NASH and HCC, through impaired
regulation of pro-inflammatory cytokines; overexpression of ATP-dependent chromatin remodeling
proteins Brg1 and Brm was observed in hepatocytes cultured with free fatty acids [117]. These proteins
are involved in chromatin remodeling through the activation of pro-inflammatory genes and the
stabilization of the nuclear factor kappa B (NF-κB) binding. Mice models showed that experimentally
depleting Brg1 was associated with the suppression of steatosis, inflammation and fibrosis. DNA
methylation represents one of the primary relevant regulatory mechanisms in epigenetic modifications,
and it is involved in the pathogenesis of several human neoplasms. Interestingly, using whole-genome
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DNA hydroxymethylation, a recent study compared AFP-negative HCC to adjacent non-neoplastic
tissue, identifying 615 differentially hydroxymethylated regions [118]. The genes associated with
these regions exhibited significantly enrichment with respect to functions such as actin binding and
vascular morphogenesis, as well as in the MAPK pathway. Particularly, the authors identified key
hydroxymethylated genes involved in the regulation of chromatin that could be associated with the
occurrence of HCC in the absence of a significant elevation in AFP levels, suggesting their use as
potential biomarkers. Although the majority of evidence on epigenetic modifications has been obtained
in HBV- and HCV-related liver disease, their evaluation in patients with NAFLD appears to be an
attractive tool for improving the personalization and the effectiveness of the surveillance programs
and of the future treatments.
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References

1. Younossi, Z.M.; Koenig, A.B. Global epidemiology of non-alcoholic fatty liver disease—Meta-analytic
assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef] [PubMed]

2. Ekstedt, M.; Hagström, H. Fibrosis stage is the strongest predictor for disease-specific mortality in NAFLD
after up to 33 years of follow-up. Hepatology 2015, 61, 1547–1554. [CrossRef] [PubMed]

3. Akinyemiju, T.; Abera, S. The Burden of Primary Liver Cancer and Underlying Etiologies From 1990 to 2015
at the Global, Regional, and National Level: Results from the Global Burden of Disease Study. JAMA Oncol.
2017, 3, 1683–1691. [PubMed]

4. Dyson, J.; Jaques, B.; Chattopadyhay, D.; Lochan, R.; Graham, J.; Das, D.; Aslam, T.; Patanwala, I.; Gaggar, S.;
Cole, M.; et al. Hepatocellular cancer: The impact of obesity, type 2 diabetes and a multidisciplinary team.
J. Hepatol. 2014, 60, 110–117. [CrossRef]

5. Pais, R.; Fartoux, L.; Goumard, C.; Scatton, O.; Wendum, D.; Rosmorduc, O.; Ratziu, V. Temporal trends,
clinical patterns and outcomes of NAFLD-related HCC in patients undergoing liver resection over a 20-year
period. Aliment. Pharm. Ther. 2017, 46, 856–863. [CrossRef]

6. Goldberg, D.; Ditah, I.C.; Saeian, K.; Lalehzari, M.; Aronsohn, A.; Gorospe, E.C.; Charlton, M. Changes in the
Prevalence of Hepatitis C Virus Infection, Nonalcoholic Steatohepatitis, and Alcoholic Liver Disease Among
Patients with Cirrhosis or Liver Failure on the Waitlist for Liver Transplantation. Gastroenterology 2017, 152,
1090–1099. [CrossRef]

7. Liu, Z.; Yan, F.J. The trends in incidence of primary liver cancer caused by specific etiologies: Results from
the Global Burden of Disease Study 2016 and implications for liver cancer prevention. J. Hepatol. 2016, 70,
674–683. [CrossRef]

8. Younossi, Z.; Stepanova, M.; Ong, J.P.; Jacobson, I.M.; Bugianesi, E.; Duseja, A.; Eguchi, Y.; Wong, V.W.;
Negro, F.; Yilmaz, Y.; et al. Nonalcoholic Steatohepatitis Is the Fastest Growing Cause of Hepatocellular
Carcinoma in Liver Transplant Candidates. Clin. Gastroenterol. Hepatol. 2019, 17, 748–755. [CrossRef]

9. Belli, L.S.; Perricone, G.; Adam, R.; Cortesi, P.A.; Strazzabosco, M.; Facchetti, R.; Karam, V.; Salizzoni, M.;
Andújar, R.L.; Fondevila, C.; et al. Impact of DAAs on liver transplantation: Major effects on the evolution of
indications and results. An ELITA study based on the ELTR registry. J. Hepatol. 2018, 69, 810–817. [CrossRef]

10. Kim, D.; Li, A.A.; Gadiparthi, C.; Khan, M.A.; Cholankeril, G.; Glenn, J.S.; Ahmed, A. Changing Trends
in Etiology-Based Annual Mortality from Chronic Liver Disease. Gastroenterology 2018, 155, 1154–1163.
[CrossRef]

11. Estes, C.; Razavi, H. Modeling the epidemic of nonalcoholic fatty liver disease demonstrates an exponential
increase in burden of disease. Hepatology 2018, 67, 123–133. [CrossRef] [PubMed]

12. Basen-Engquist, K.; Chang, M. Obesity and Cancer Risk: Recent Review and Evidence. Curr. Oncol. Rep.
2011, 13, 71–76. [CrossRef] [PubMed]

13. Tahergorabi, Z.; Khazaei, M.; Moodi, M.; Chamani, E. From obesity to cancer: A review on proposed
mechanisms. Cell Biochem. Funct. 2016, 34, 533–545. [CrossRef] [PubMed]

14. Vucenik, I.; Stains, J.P. Obesity and cancer risk: Evidence, mechanisms, and recommendations. Ann. N. Y.
Acad. Sci. 2012, 1271, 37–43. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
http://dx.doi.org/10.1002/hep.27368
http://www.ncbi.nlm.nih.gov/pubmed/25125077
http://www.ncbi.nlm.nih.gov/pubmed/28983565
http://dx.doi.org/10.1016/j.jhep.2013.08.011
http://dx.doi.org/10.1111/apt.14261
http://dx.doi.org/10.1053/j.gastro.2017.01.003
http://dx.doi.org/10.1016/j.jhep.2018.12.001
http://dx.doi.org/10.1016/j.cgh.2018.05.057
http://dx.doi.org/10.1016/j.jhep.2018.06.010
http://dx.doi.org/10.1053/j.gastro.2018.07.008
http://dx.doi.org/10.1002/hep.29466
http://www.ncbi.nlm.nih.gov/pubmed/28802062
http://dx.doi.org/10.1007/s11912-010-0139-7
http://www.ncbi.nlm.nih.gov/pubmed/21080117
http://dx.doi.org/10.1002/cbf.3229
http://www.ncbi.nlm.nih.gov/pubmed/27859423
http://dx.doi.org/10.1111/j.1749-6632.2012.06750.x
http://www.ncbi.nlm.nih.gov/pubmed/23050962


Int. J. Mol. Sci. 2019, 20, 5613 15 of 20

15. Walker-Thurmond, K.; Thun, M.J.; Calle, E.E.; Rodriguez, C. Overweight, Obesity, and Mortality from Cancer
in a Prospectively Studied Cohort of U.S. Adults. N. Engl. J. Med. 2003, 348, 1625–1638.

16. Yao, K.F.; Ma, M. Meta-analysis reveals gender difference in the association of liver cancer incidence and
excess BMI. Oncotarget 2017, 8, 72959–72971. [CrossRef] [PubMed]

17. Villa, E. Role of estrogen in liver cancer. Womens Health 2008, 4, 41–50. [CrossRef]
18. El-Serag, H.B.; Tran, T.; Everhart, J.E. Diabetes increases the risk of chronic liver disease and hepatocellular

carcinoma. Gastroenterology 2004, 126, 460–468. [CrossRef]
19. Dávila, J.; Morgan, R.; Shaib, Y.; McGlynn, K.; El-Serag, H.B. Diabetes increases the risk of hepatocellular

carcinoma in the United States: A population based case control study. Gut 2005, 54, 533–539. [CrossRef]
20. Kawamura, Y.; Arase, Y.; Ikeda, K.; Seko, Y.; Imai, N.; Hosaka, T.; Kobayashi, M.; Saitoh, S.; Sezaki, H.;

Akuta, N.; et al. Large-Scale Long-Term Follow-Up Study of Japanese Patients with Non-Alcoholic Fatty
Liver Disease for the Onset of Hepatocellular Carcinoma. Am. J. Gastroenterol. 2012, 107, 253–261. [CrossRef]

21. Wang, C.; Wang, X. Increased risk of hepatocellular carcinoma in patients with diabetes mellitus: A systematic
review and meta-analysis of cohort studies. Int. J. Cancer 2012, 130, 1639–1648. [CrossRef] [PubMed]

22. Piscaglia, F.; Svegliati-Baroni, G.; Barchetti, A.; Pecorelli, A.; Marinelli, S.; Tiribelli, C.; HCC-NAFLD Italian
Study Group. Clinical patterns of hepatocellular carcinoma in nonalcoholic fatty liver disease: A multicenter
prospective study. Hepatology 2016, 63, 827–838. [CrossRef] [PubMed]

23. Baffy, G.; Brunt, E.M.; Caldwell, S.H. Diabetes is Associated with Increased Risk of Hepatocellular Carcinoma
in Cirrhosis Patients with Nonalcoholic Fatty Liver Disease. Hepatology 2019, 56, 1384–1391. [CrossRef]
[PubMed]

24. Turati, F.; Edefonti, V.C.; Talamini, R.; Ferraroni, M.; Malvezzi, M.; Bravi, F.; Franceschi, S.; Montella, M.;
Polesel, J.; Zucchetto, A.; et al. Family history of liver cancer and hepatocellular carcinoma. Hepatology 2012,
55, 1416–1425. [CrossRef] [PubMed]

25. Romeo, S.; Kozlitina, J.; Xing, C.; Pertsemlidis, A.; Cox, D.; Pennacchio, L.A.; Boerwinkle, E.; Cohen, J.C.;
Hobbs, H.H. Genetic variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat. Genet.
2008, 40, 1461–1465. [CrossRef]

26. Singal, A.G.; Manjunath, H.; Yopp, A.C.; Beg, M.S.; Marrero, J.A.; Gopal, P.; Waljee, A.K. The effect of PNPLA3
on fibrosis progression and development of hepatocellular carcinoma: A meta-analysis. Am. J. Gastroenterol.
2014, 109, 325–334. [CrossRef]

27. Trépo, E.; Nahon, P.; Bontempi, G.; Valenti, L.; Falleti, E.; Nischalke, H.-D.; Hamza, S.; Corradini, S.G.;
Burza, M.A.; Guyot, E.; et al. Association between thePNPLA3 (rs738409 C > G) variant and hepatocellular
carcinoma: Evidence from a meta-analysis of individual participant data. Hepatology 2014, 59, 2170–2177.
[CrossRef]

28. Valenti, L.; Alisi, A.; Galmozzi, E.; Bartuli, A.; Del Menico, B.; Alterio, A. I148M patatin-like phospholipase
domain-containing 3 gene variant and severity of pediatric nonalcoholic fatty liver disease. Hepatology 2010,
52, 1274–1280. [CrossRef]

29. Liu, Y.L.; Patman, G.L.; Leathart, J.B.S.; Piguet, A.C.; Burt, A.D.; Dufour, J.F. Carriage of the PNPLA3 rs738409
C >G polymorphism confers an increased risk of non-alcoholic fatty liver disease associated hepatocellular
carcinoma. J. Hepatol. 2014, 61, 75–81. [CrossRef]

30. Grimaudo, S.; Pipitone, R.M.; Pennisi, G.; Celsa, C.; Cammà, C.; Di Marco, V.; Barcellona, M.R.; Boemi, R.;
Enea, M.; Giannetti, A.; et al. Association Between PNPLA3 rs738409 C > G Variant and Liver-Related
Outcomes in Patients with Non-alcoholic Fatty Liver Disease. Clin. Gastroenterol. Hepatol. 2019, in press.
[CrossRef]

31. Valenti, L.; Motta, B.M.; Soardo, G.; Iavarone, M.; Donati, B.; Sangiovanni, A. PNPLA3 I148M polymorphism,
clinical presentation, and survival in patients with hepatocellular carcinoma. PLoS ONE 2013, 8, e75982.
[CrossRef] [PubMed]

32. Speliotes, E.K.; Yerges-Armstrong, L.M.; Wu, J.; Hernaez, R.; Kim, L.J.; Palmer, C.D.; Gudnason, V.;
Eiriksdottir, G.; Garcia, M.E.; Launer, L.J.; et al. Genome-Wide Association Analysis Identifies Variants
Associated with Nonalcoholic Fatty Liver Disease That Have Distinct Effects on Metabolic Traits. PLoS Genet.
2011, 7, e1001324. [CrossRef] [PubMed]

33. Petta, S.; Miele, L.; Bugianesi, E.; Cammà, C.; Rosso, C.; Boccia, S. Glucokinase regulatory protein gene
polymorphism affects liver fibrosis in nonalcoholic fatty liver disease. PLoS ONE 2014, 9, e87523. [CrossRef]
[PubMed]

http://dx.doi.org/10.18632/oncotarget.20127
http://www.ncbi.nlm.nih.gov/pubmed/29069840
http://dx.doi.org/10.2217/17455057.4.1.41
http://dx.doi.org/10.1053/j.gastro.2003.10.065
http://dx.doi.org/10.1136/gut.2004.052167
http://dx.doi.org/10.1038/ajg.2011.327
http://dx.doi.org/10.1002/ijc.26165
http://www.ncbi.nlm.nih.gov/pubmed/21544812
http://dx.doi.org/10.1002/hep.28368
http://www.ncbi.nlm.nih.gov/pubmed/26599351
http://dx.doi.org/10.1016/j.jhep.2011.10.027
http://www.ncbi.nlm.nih.gov/pubmed/22326465
http://dx.doi.org/10.1002/hep.24794
http://www.ncbi.nlm.nih.gov/pubmed/22095619
http://dx.doi.org/10.1038/ng.257
http://dx.doi.org/10.1038/ajg.2013.476
http://dx.doi.org/10.1002/hep.26767
http://dx.doi.org/10.1002/hep.23823
http://dx.doi.org/10.1016/j.jhep.2014.02.030
http://dx.doi.org/10.1016/j.cgh.2019.08.011
http://dx.doi.org/10.1371/journal.pone.0075982
http://www.ncbi.nlm.nih.gov/pubmed/24155878
http://dx.doi.org/10.1371/journal.pgen.1001324
http://www.ncbi.nlm.nih.gov/pubmed/21423719
http://dx.doi.org/10.1371/journal.pone.0087523
http://www.ncbi.nlm.nih.gov/pubmed/24498332


Int. J. Mol. Sci. 2019, 20, 5613 16 of 20

34. Kozlitina, J.; Smagris, E.; Stender, S.; Nordestgaard, B.G.; Zhou, H.H.; Tybjærg-Hansen, A.; Vogt, T.F.;
Hobbs, H.H.; Cohen, J.C. Exome-wide association study identifies a TM6SF2 variant that confers susceptibility
to nonalcoholic fatty liver disease. Nat. Genet. 2014, 46, 352–356. [CrossRef]

35. Liu, Y.-L.; Reeves, H.L.; Burt, A.D.; Tiniakos, D.; McPherson, S.; Leathart, J.B.S.; Allison, M.E.D.; Alexander, G.J.;
Piguet, A.-C.; Anty, R.; et al. TM6SF2 rs58542926 influences hepatic fibrosis progression in patients with
non-alcoholic fatty liver disease. Nat. Commun. 2014, 5, 4309. [CrossRef]

36. Falleti, E.; Cussigh, A.; Cmet, S.; Fabris, C.; Toniutto, P. PNPLA3 rs738409 and TM6SF2 rs58542926 variants
increase the risk of hepatocellular carcinoma in alcoholic cirrhosis. Dig. Liver Dis. 2016, 48, 69–75. [CrossRef]

37. Mancina, R.M.; Dongiovanni, P.; Petta, S.; Pingitore, P.; Meroni, M.; Rametta, R. The MBOAT7-TMC4 variant
rs641738 increases risk of nonalcoholic fatty liver disease in individuals of European descent. Gastroenterology
2016, 150, 1219–1230. [CrossRef]

38. Buch, S.; Stickel, F.; Trépo, E.; Way, M.; Herrmann, A.; Nischalke, H.D. A genome-wide association study
confirms PNPLA3 and identifies TM6SF2 and MBOAT7 as risk loci for alcohol-related cirrhosis. Nat. Genet.
2015, 47, 1443–1448. [CrossRef]

39. Donati, B.; Dongiovanni, P.; Romeo, S.; Meroni, M.; McCain, M.; Miele, L. MBOAT7 rs641738 variant and
hepatocellular carcinoma in non-cirrhotic individuals. Sci. Rep. 2017, 7, 4492. [CrossRef]

40. Björnson, E.; Mukhopadhyay, B.; Asplund, A.; Pristovšek, N.; Cinar, R.; Romeo, S.; Uhlén, M.; Kunos, G.;
Nielsen, J.; Mardinoglu, A. Stratification of Hepatocellular Carcinoma Patients Based on Acetate Utilization.
Cell Rep. 2015, 13, 2014–2026. [CrossRef]

41. Li, L.; Che, L.; Tharp, K.M.; Park, H.-M.; Pilo, M.G.; Cao, D.; Cigliano, A.; Latte, G.; Xu, Z.; Ribback, S.; et al.
Differential requirement for de novo lipogenesis in cholangiocarcinoma and hepatocellular carcinoma of
mice and humans. Hepatology 2016, 63, 1900–1913. [CrossRef] [PubMed]

42. Johnson, P.J. The role of serum alpha-fetoprotein estimation in the diagnosis and management of hepatocellular
carcinoma. Clin. Liver Dis. 2001, 5, 145–159. [CrossRef]

43. Colombo, M. Screening for cancer in viral hepatitis. Clin. Liver Dis. 2001, 5, 109–122. [CrossRef]
44. Tsukuma, H.; Hiyama, T.; Tanaka, S.; Nakao, M.; Yabuuchi, T.; Kitamura, T.; Nakanishi, K.; Fujimoto, I.;

Inoue, A.; Yamazaki, H.; et al. Risk Factors for Hepatocellular Carcinoma among Patients with Chronic Liver
Disease. N. Engl. J. Med. 1993, 328, 1797–1801. [CrossRef]

45. Chen, J.-G.; Parkin, D.M.; Chen, Q.-G.; Lu, J.-H.; Shen, Q.-J.; Zhang, B.-C.; Zhu, Y.-R. Screening for liver cancer:
Results of a randomised controlled trial in Qidong, China. J. Med. Screen. 2003, 10, 204–209. [CrossRef]

46. Trevisani, F.; D’Intino, P.; Morselli-Labate, A.M.; Mazzella, G.; Accogli, E.; Caraceni, P.; Domenicali, M.; De
Notariis, S.; Roda, E.; Bernardi, M. Serum alpha-fetoprotein for diagnosis of hepatocellular carcinoma in
patients with chronic liver disease: Influence of HBsAg and anti-HCV status. J. Hepatol. 2001, 34, 570–575.
[CrossRef]

47. Mazzaferro, V.; Sposito, C.; Zhou, J.; Pinna, A.D.; De Carlis, L.; Fan, J. Metroticket 2.0 model for analysis of
competing risks of death following liver transplantation for hepatocellular carcinoma. Gastroenterology 2018,
154, 128–139. [CrossRef]

48. Taketa, K.; Endo, Y.; Sekiya, C.; Tanikawa, K.; Koji, T.; Taga, H. A collaborative study for the evaluation
of lectin-reactive alpha-fetoproteins in early detection of hepatocellular carcinoma. Cancer Res. 1993, 53,
5419–5423.

49. Sterling, R.K.; Jeffers, L.; Gordon, F.; Sherman, M.; Venook, A.P.; Reddy, K.R.; Satomura, S.; Schwartz, M.E.
Clinical Utility of AFP-L3% Measurement in North American Patients with HCV-Related Cirrhosis.
Am. J. Gastroenterol. 2007, 102, 2196–2205. [CrossRef]

50. Johnson, P.; Leung, N.; Cheng, P.; Welby, C.; Leung, W.; Lau, W.; Yu, S.; Ho, S. ‘Hepatoma-specific’
alphafetoprotein may permit preclinical diagnosis of malignant change in patients with chronic liver disease.
Br. J. Cancer 1997, 75, 236–240. [CrossRef]

51. Mittal, S.; Sada, Y.H.; El-Serag, H.B.; Kanwal, F.; Duan, Z.; Temple, S. Temporal trends of nonalcoholic fatty
liver disease-related hepatocellular carcinoma in the veteran affairs population. Clin. Gastroenterol. Hepatol.
2015, 13, 594–601. [CrossRef] [PubMed]

52. Paradis, V.; Zalinski, S.; Chelbi, E.; Guedj, N.; Degos, F.; Vilgrain, V.; Bedossa, P.; Belghiti, J. Hepatocellular
carcinomas in patients with metabolic syndrome often develop without significant liver fibrosis:
A pathological analysi. Hepatology 2009, 49, 851–859. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/ng.2901
http://dx.doi.org/10.1038/ncomms5309
http://dx.doi.org/10.1016/j.dld.2015.09.009
http://dx.doi.org/10.1053/j.gastro.2016.01.032
http://dx.doi.org/10.1038/ng.3417
http://dx.doi.org/10.1038/s41598-017-04991-0
http://dx.doi.org/10.1016/j.celrep.2015.10.045
http://dx.doi.org/10.1002/hep.28508
http://www.ncbi.nlm.nih.gov/pubmed/26910791
http://dx.doi.org/10.1016/S1089-3261(05)70158-6
http://dx.doi.org/10.1016/S1089-3261(05)70156-2
http://dx.doi.org/10.1056/NEJM199306243282501
http://dx.doi.org/10.1258/096914103771773320
http://dx.doi.org/10.1016/S0168-8278(00)00053-2
http://dx.doi.org/10.1053/j.gastro.2017.09.025
http://dx.doi.org/10.1111/j.1572-0241.2007.01405.x
http://dx.doi.org/10.1038/bjc.1997.39
http://dx.doi.org/10.1016/j.cgh.2014.08.013
http://www.ncbi.nlm.nih.gov/pubmed/25148760
http://dx.doi.org/10.1002/hep.22734
http://www.ncbi.nlm.nih.gov/pubmed/19115377


Int. J. Mol. Sci. 2019, 20, 5613 17 of 20

53. Stine, J.G.; Wentworth, B.J.; Zimmet, A.; Rinella, M.E.; Loomba, R.; Caldwell, S.H.; Argo, C.K. Systematic
review with meta-analysis: Risk of hepatocellular carcinoma in non-alcoholic steatohepatitis without cirrhosis
compared to other liver diseases. Aliment. Pharm. Ther. 2018, 48, 696–703. [CrossRef] [PubMed]

54. Kanwal, F.; Kramer, J.R.; Mapakshi, S.; Natarajan, Y.; Chayanupatkul, M.; Richardson, P.A. Risk of
Hepatocellular Cancer in Patients with Non-Alcoholic Fatty Liver Disease. Gastroenterology 2018, 155,
1828–1837. [CrossRef] [PubMed]

55. Ascha, M.S.; Hanouneh, I.A.; Lopez, R.; Tamimi, T.A.-R.; Feldstein, A.F.; Zein, N.N. The incidence and
risk factors of hepatocellular carcinoma in patients with nonalcoholic steatohepatitis. Hepatology 2010, 51,
1972–1978. [CrossRef]

56. European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of
hepatocellular carcinoma. J. Hepatol. 2018, 69, 182–236. [CrossRef]

57. Sharma, S.A.; Kowgier, M.; Hansen, B.E.; Brouwer, W.P.; Maan, R.; Wong, D. Toronto HCC risk index:
A validated scoring system to predict 10-year risk of HCC in patients with cirrhosis. J. Hepatol. 2017, 86,
92–96. [CrossRef]

58. Ioannou, G.N.; Green, P.; Kerr, K.F.; Berry, K. Models estimating risk of hepatocellular carcinoma in patients
with alcohol or NAFLD-related cirrhosis for risk stratification. J. Hepatol. 2019, 71, 523–533. [CrossRef]

59. Marrero, J.A.; Kulik, L.M.; Sirlin, C.B.; Zhu, A.X.; Finn, R.S.; Abecassis, M.M.; Roberts, L.R.; Heimbach, J.K.
Diagnosis, Staging, and Management of Hepatocellular Carcinoma: 2018 Practice Guidance by the American
Association for the Study of Liver Diseases. Hepatology 2018, 68, 723–750. [CrossRef]

60. Korean Liver Cancer Association; National Cancer Center. 2018 Korean Liver Cancer Association-National
Cancer Center Korea Practice Guidelines for the Management of Hepatocellular Carcinoma. Gut Liver 2019,
13, 227–299. [CrossRef]

61. Tzartzeva, K.; Obi, J.; Rich, N.E.; Parikh, N.D.; Marrero, J.A.; Yopp, A. Surveillance Imaging and Alpha
Fetoprotein for Early Detection of Hepatocellular Carcinoma in Patients with Cirrhosis: A Meta-analysis.
Gastroenterology 2018, 154, 1706–1718. [CrossRef] [PubMed]

62. Zhao, C.; Jin, M.; Le, R.H.; Le, M.H.; Chen, V.L.; Jin, M. Poor adherence to hepatocellular carcinoma
surveillance: A systematic review and meta-analysis of a complex issue. Liver Int. 2018, 38, 503–514.
[CrossRef] [PubMed]

63. Bucci, L.; Garuti, F.; Lenzi, B.; Pecorelli, A.; Farinati, F.; Giannini, E.G. The evolutionary scenario of
hepatocellular carcinoma in Italy: An update. Liver Int. 2017, 37, 259–270. [CrossRef]

64. Singal, A.G.; Tiro, J.A.; Murphy, C.C.; Marrero, J.A.; McCallister, K.; Fullington, H. Mailed Outreach
Invitations Significantly Improve HCC Surveillance Rates in Patients with Cirrhosis: A Randomized Clinical
Trial. Hepatology 2019, 69, 121–130. [CrossRef] [PubMed]

65. Singal, A.G.; Conjeevaram, H.S.; Volk, M.L.; Fu, S.; Fontana, R.J.; Askari, F.; Su, G.L.; Lok, A.S.; Marrero, J.A.
Effectiveness of hepatocellular carcinoma surveillance in patients with cirrhosis. Cancer Epidemiol. Biomark.
Prev. 2012, 21, 793–799. [CrossRef] [PubMed]

66. Simmons, O.; Fetzer, D.T.; Yokoo, T.; Marrero, J.A.; Yopp, A.; Kono, Y. Predictors of adequate ultrasound
quality for hepatocellular carcinoma surveillance in patients with cirrhosis. Aliment. Pharm. Ther. 2017, 45,
169–177. [CrossRef]

67. Samoylova, M.L.; Mehta, N.; Roberts, J.P.; Yao, F.Y. Predictors of Ultrasound Failure to Detect Hepatocellular
Carcinoma. Liver Transplant. 2018, 24, 1171–1177. [CrossRef]

68. Mittal, S.; El-Serag, H.B.; Sada, Y.H.; Kanwal, F.; Duan, Z. Hepatocellular Carcinoma in the Absence of
Cirrhosis in United States Veterans is Associated with Nonalcoholic Fatty Liver Disease. Clin. Gastroenterol.
Hepatol. 2016, 14, 124–131. [CrossRef]

69. El-Serag, H.B.; Hampel, H.; Javadi, F. The Association Between Diabetes and Hepatocellular Carcinoma:
A Systematic Review of Epidemiologic Evidence. Clin. Gastroenterol. Hepatol. 2006, 4, 369–380. [CrossRef]

70. Bhaskaran, K.; Douglas, I.; Forbes, H.; dos-Santos-Silva, I.; Leon, D.A.; Smeeth, L. Body-mass index and risk
of 22 specific cancers: A population-based cohort study of 5·24 million UK adults. Lancet 2014, 384, 755–765.
[CrossRef]

71. Yang, Y.; Zhang, D.; Feng, N.; Chen, G.; Liu, J.; Chen, G.; Zhu, Y. Increased intake of vegetables, but not fruit,
reduces risk for hepatocellular carcinoma: A meta-analysis. Gastroenterology 2014, 147, 1031–1042. [CrossRef]
[PubMed]

http://dx.doi.org/10.1111/apt.14937
http://www.ncbi.nlm.nih.gov/pubmed/30136293
http://dx.doi.org/10.1053/j.gastro.2018.08.024
http://www.ncbi.nlm.nih.gov/pubmed/30144434
http://dx.doi.org/10.1002/hep.23527
http://dx.doi.org/10.1016/j.jhep.2018.03.019
http://dx.doi.org/10.1016/j.jhep.2017.07.033
http://dx.doi.org/10.1016/j.jhep.2019.05.008
http://dx.doi.org/10.1002/hep.29913
http://dx.doi.org/10.5009/gnl19024
http://dx.doi.org/10.1053/j.gastro.2018.01.064
http://www.ncbi.nlm.nih.gov/pubmed/29425931
http://dx.doi.org/10.1111/liv.13555
http://www.ncbi.nlm.nih.gov/pubmed/28834146
http://dx.doi.org/10.1111/liv.13204
http://dx.doi.org/10.1002/hep.30129
http://www.ncbi.nlm.nih.gov/pubmed/30070379
http://dx.doi.org/10.1158/1055-9965.EPI-11-1005
http://www.ncbi.nlm.nih.gov/pubmed/22374994
http://dx.doi.org/10.1111/apt.13841
http://dx.doi.org/10.1002/lt.25202
http://dx.doi.org/10.1016/j.cgh.2015.07.019
http://dx.doi.org/10.1016/j.cgh.2005.12.007
http://dx.doi.org/10.1016/S0140-6736(14)60892-8
http://dx.doi.org/10.1053/j.gastro.2014.08.005
http://www.ncbi.nlm.nih.gov/pubmed/25127680


Int. J. Mol. Sci. 2019, 20, 5613 18 of 20

72. Wen, C.-P.; Lin, J.; Yang, Y.C.; Tsai, M.K.; Tsao, C.K.; Etzel, C.; Huang, M.; Hsu, C.Y.; Ye, Y.; Mishra, L.;
et al. Hepatocellular Carcinoma Risk Prediction Model for the General Population: The Predictive Power of
Transaminases. J. Natl. Cancer Inst. 2012, 104, 1599–1611. [CrossRef] [PubMed]

73. Turati, F.; Trichopoulos, D.; Polesel, J.; Bravi, F.; Rossi, M.; Talamini, R.; Franceschi, S.; Montella, M.;
Trichopoulou, A.; La Vecchia, C.; et al. Mediterranean diet and hepatocellular carcinoma. J. Hepatol. 2014, 60,
606–611. [CrossRef] [PubMed]

74. Cao, Z.; Fan-Minogue, H.; Bellovin, D.I.; Yevtodiyenko, A.; Arzeno, J.; Yang, Q. MYC phosphorylation,
activation, and tumorigenic potential in hepatocellular carcinoma are regulated by HMG-CoA reductase.
Cancer Res. 2011, 71, 2286–2297. [CrossRef] [PubMed]

75. Wang, J.; Tokoro, T.; Higa, S.; Kitajima, I. Anti-inflammatory effect of pitavastatin on NF-kappaB activated by
TNF-alpha in hepatocellular carcinoma cells. Boil. Pharm. Bull. 2006, 29, 634–639. [CrossRef]

76. Higashi, T.; Hayashi, H.; Kitano, Y.; Yamamura, K.; Kaida, T.; Arima, K. Statin attenuates cell proliferative
ability via TAZ (WWTR1) in hepatocellular carcinoma. Med. Oncol. 2016, 33, 123. [CrossRef]

77. Yang, P.M.; Liu, Y.L.; Lin, Y.C.; Shun, C.T.; Wu, M.S.; Chen, C.C. Inhibition of autophagy enhances anticancer
effects of atorvastatin in digestive malignancies. Cancer Res. 2010, 70, 7699–7709. [CrossRef]

78. Sutter, A.P.; Maaser, K.; Höpfner, M.; Huether, A.; Schuppan, D.; Scherübl, H. Cell cycle arrest and apoptosis
induction in hepatocellular carcinoma cells by HMG-CoA reductase inhibitors. Synergistic antiproliferative
action with ligands of the peripheral benzodiazepine receptor. J. Hepatol. 2005, 43, 808–816. [CrossRef]

79. Kah, J.; Wüstenberg, A.; Keller, A.D.; Sirma, H.; Montalbano, R.; Ocker, M. Selective induction of apoptosis
by HMG-CoA reductase inhibitors in hepatoma cells and dependence on p53 expression. Oncol. Rep. 2012,
28, 1077–1083. [CrossRef]

80. Wang, W.; Zhao, C.; Zhou, J.; Zhen, Z.; Wang, Y.; Shen, C. Simvastatin Ameliorates Liver Fibrosis via
Mediating Nitric Oxide Synthase in Rats with Non-Alcoholic Steatohepatitis-Related Liver Fibrosis. PLoS
ONE 2013, 8, e76538. [CrossRef]

81. Chong, L.W.; Hsu, Y.C.; Lee, T.F.; Lin, Y.; Chiu, Y.T.; Yang, K.C. Fluvastatin attenuates hepatic steatosis-induced
fibrogenesis in rats through inhibiting paracrine effect of hepatocyte on hepatic stellate cells. BMC Gastroenterol.
2015, 15, 22. [CrossRef] [PubMed]

82. Marrone, G.; Russo, L.; Rosado, E.; Hide, D.; García-Cardeña, G. The transcription factor KLF2 mediates
hepatic endothelial protection and paracrine endothelial-stellate cell deactivation induced by statins. J. Hepatol.
2013, 58, 98–103. [CrossRef] [PubMed]

83. Marinho, T.D.S.; Kawasaki, A.; Bryntesson, M.; Souza-Mello, V.; Barbosa-da-Silva, S.; Aguila, M.B.;
Mandarim-de-Lacerda, C.A. Rosuvastatin limits the activation of hepatic stellate cells in diet-induced
obese mice. Hepatol. Res. 2017, 47, 928–940. [CrossRef] [PubMed]

84. Tsan, Y.T.; Lee, C.H.; Wang, J.D.; Chen, P.C. Statins and the risk of hepatocellular carcinoma in patients with
hepatitis B virus infection. J. Clin. Oncol. 2012, 30, 623–630. [CrossRef]

85. Tsan, Y.T.; Lee, C.H.; Ho, W.C.; Lin, M.H.; Wang, J.D.; Chen, P.C. Statins and the risk of hepatocellular
carcinoma in patients with hepatitis C virus infection. J. Clin. Oncol. 2013, 31, 1514–1521. [CrossRef]

86. Zhou, Y.-Y.; Zhu, G.-Q.; Wang, Y.; Zheng, J.-N.; Ruan, L.-Y.; Cheng, Z.; Hu, B.; Fu, S.-W.; Zheng, M.-H.
Systematic review with network meta-analysis: Statins and risk of hepatocellular carcinoma. Oncotarget
2016, 7, 21753–21762. [CrossRef]

87. Simon, T.G.; Bonilla, H.; Yan, P.; Chung, R.T.; Butt, A.A. Atorvastatin and fluvastatin are associated with
dose-dependent reductions in cirrhosis and hepatocellular carcinoma, among patients with hepatitis C virus:
Results from ERCHIVES. Hepatology 2016, 64, 47–57. [CrossRef]

88. Zheng, L.; Yang, W.; Wu, F.; Wang, C.; Yu, L.; Tang, L.; Qiu, B.; Li, Y.; Guo, L.; Wu, M.; et al. Prognostic
Significance of AMPK Activation and Therapeutic Effects of Metformin in Hepatocellular Carcinoma.
Clin. Cancer Res. 2013, 19, 5372–5380. [CrossRef]

89. Zhou, X.; Chen, J.; Yi, G.; Deng, M.; Liu, H.; Liang, M. Metformin suppresses hypoxia-induced stabilization
of HIF-1alpha through reprogramming of oxygen metabolism in hepatocellular carcinoma. Oncotarget 2016,
7, 873–884.

90. Buzzai, M.; Jones, R.G.; Amaravadi, R.K.; Lum, J.J.; DeBerardinis, R.J.; Zhao, F.; Viollet, B.; Thompson, C.B.
Systemic Treatment with the Antidiabetic Drug Metformin Selectively Impairs p53-Deficient Tumor Cell
Growth. Cancer Res. 2007, 67, 6745–6752. [CrossRef]

http://dx.doi.org/10.1093/jnci/djs372
http://www.ncbi.nlm.nih.gov/pubmed/23073549
http://dx.doi.org/10.1016/j.jhep.2013.10.034
http://www.ncbi.nlm.nih.gov/pubmed/24240052
http://dx.doi.org/10.1158/0008-5472.CAN-10-3367
http://www.ncbi.nlm.nih.gov/pubmed/21262914
http://dx.doi.org/10.1248/bpb.29.634
http://dx.doi.org/10.1007/s12032-016-0845-6
http://dx.doi.org/10.1158/0008-5472.CAN-10-1626
http://dx.doi.org/10.1016/j.jhep.2005.04.010
http://dx.doi.org/10.3892/or.2012.1860
http://dx.doi.org/10.1371/journal.pone.0076538
http://dx.doi.org/10.1186/s12876-015-0248-8
http://www.ncbi.nlm.nih.gov/pubmed/25886887
http://dx.doi.org/10.1016/j.jhep.2012.08.026
http://www.ncbi.nlm.nih.gov/pubmed/22989565
http://dx.doi.org/10.1111/hepr.12821
http://www.ncbi.nlm.nih.gov/pubmed/27653239
http://dx.doi.org/10.1200/JCO.2011.36.0917
http://dx.doi.org/10.1200/JCO.2012.44.6831
http://dx.doi.org/10.18632/oncotarget.7832
http://dx.doi.org/10.1002/hep.28506
http://dx.doi.org/10.1158/1078-0432.CCR-13-0203
http://dx.doi.org/10.1158/0008-5472.CAN-06-4447


Int. J. Mol. Sci. 2019, 20, 5613 19 of 20

91. Deperalta, D.K.; Wei, L.; Ghoshal, S.; Schmidt, B.; Lauwers, G.Y.; Lanuti, M.; Chung, R.T.; Tanabe, K.K.;
Fuchs, B.C. Metformin prevents hepatocellular carcinoma development by suppressing hepatic progenitor
cell activation in a rat model of cirrhosis. Cancer 2016, 122, 1216–1227. [CrossRef] [PubMed]

92. Ma, S.; Zheng, Y.; Xiao, Y.; Zhou, P.; Tan, H. Meta-analysis of studies using metformin as a reducer for liver
cancer risk in diabetic patients. Medicine 2017, 96, e6888. [CrossRef] [PubMed]

93. Higashi, T.; Friedman, S.L.; Hoshida, Y. Hepatic stellate cells as key target in liver fibrosis. Adv. Drug
Deliv. Rev. 2017, 121, 27–42. [CrossRef] [PubMed]

94. Friedman, S.L.; Ratziu, V.; Harrison, S.A.; Abdelmalek, M.F.; Aithal, G.P.; Caballeria, J. A randomized,
placebo-controlled trial of cenicriviroc for treatment of nonalcoholic steatohepatitis with fibrosis. Hepatology
2018, 67, 1754–1767. [CrossRef] [PubMed]

95. Ratziu, V.; Harrison, S.A.; Francque, S.; Bedossa, P.; Lehert, P.; Serfaty, L. Elafibranor, an Agonist of
the Peroxisome Proliferator-Activated Receptor-alpha and -delta, Induces Resolution of Nonalcoholic
Steatohepatitis Without Fibrosis Worsening. Gastroenterology 2016, 150, 1147–1159. [CrossRef] [PubMed]

96. Dongiovanni, P.; Meroni, M.; Longo, M.; Fargion, S.; Fracanzani, A.L. miRNA signature in NAFLD: A turning
point for a non-invasive diagnosis. Int. J. Mol. Sci. 2018, 19, 3966. [CrossRef] [PubMed]

97. Lee, Y.; El Andaloussi, S.; Wood, M.J. Exosomes and microvesicles: Extracellular vesicles for genetic
information transfer and gene therapy. Hum. Mol. Genet. 2012, 21, 125–134. [CrossRef]

98. Enache, L.S.; Enache, E.L.; Ramière, C.; Diaz, O.; Bancu, L.; Sin, A.; André, P. Circulating RNA molecules as
biomarkers in liver disease. Int. J. Mol. Sci. 2017, 15, 17644–17666. [CrossRef]

99. Cermelli, S.; Ruggieri, A.; Marrero, J.A.; Ioannou, G.N.; Beretta, L. Circulating MicroRNAs in Patients with
Chronic Hepatitis C and Non-Alcoholic Fatty Liver Disease. PLoS ONE 2011, 6, e23937. [CrossRef]

100. Halász, T.; Horváth, G.; Pár, G.; Werling, K.; Kiss, A.; Schaff, Z.; Lendvai, G. miR-122 negatively correlates
with liver fibrosis as detected by histology and FibroScan. World J. Gastroenterol. 2015, 21, 7814–7823.
[CrossRef]

101. Eslam, M.; Valenti, L.; Romeo, S. Genetics and epigenetics of NAFLD and NASH: Clinical impact. J. Hepatol.
2018, 68, 268–279. [CrossRef] [PubMed]

102. Guo, Y.; Xiong, Y.; Sheng, Q.; Zhao, S.; Wattacheril, J.; Flynn, C.R. A micro-RNA expression signature for
human NAFLD progression. J. Gastroenterol. 2016, 51, 1022–1030. [CrossRef] [PubMed]

103. Pirola, C.J.; Gianotti, T.F.; Castaño, G.O.; Mallardi, P.; San Martino, J. Circulating microRNA signature in
non-alcoholic fatty liver disease: From serum non-coding RNA sto liver histology and disease pathogenesis.
Gut 2015, 64, 800–812. [CrossRef] [PubMed]

104. Moshiri, F.; Salvi, A.; Gramantieri, L.; SanGiovanni, A.; Guerriero, P.; De Petro, G.; Bassi, C.; Lupini, L.;
Sattari, A.; Cheung, D.; et al. Circulating miR-106b-3p, miR-101-3p and miR-1246 as diagnostic biomarkers
of hepatocellular carcinoma. Oncotarget 2018, 9, 15350–15364. [CrossRef] [PubMed]

105. Otsuka, M.; Kishikawa, T.; Yoshikawa, T.; Ohno, M.; Takata, A.; Shibata, C.; Koike, K. The role of microRNAs
in hepatocarcinogenesis: Current knowledge and future prospects. J. Gastroenterol. 2014, 49, 173–184.
[CrossRef] [PubMed]

106. He, Y.; Hwang, S.; Cai, Y.; Kim, S.J.; Xu, M.; Yang, D. MicroRNA-223 ameliorates nonalcoholic steatohepatitis
and cancer by targeting multiple inflammatory and oncogenis genes in hepatocytes. Hepatology 2019, 70,
1150–1167. [CrossRef] [PubMed]

107. Gori, M.; Arciello, M.; Balsano, C. MicroRNAs in Nonalcoholic Fatty Liver Disease: Novel Biomarkers
and Prognostic Tools during the Transition from Steatosis to Hepatocarcinoma. BioMed Res. Int. 2014,
2014, 741465. [CrossRef]

108. Peng, L.; Yuan, X.Q.; Zhang, C.Y.; Peng, J.Y.; Zhang, Y.Q.; Pan, X.; Li, G.C. The emergence of long non-coding
RNAs in hepatocellular carcinoma: An update. J. Cancer 2018, 9, 2549–2558. [CrossRef]

109. Xiong, D.; Sheng, Y.; Ding, S.; Chen, J.; Tan, X.; Zeng, T. LINC00052 regulates the expression of NTRK3 by
miR-485-3p to strengthen HCC cells invasion and migration. Oncotarget 2016, 7, 41593–41608. [CrossRef]

110. Li, T.; Xie, J.; Shen, C.; Cheng, D.; Shi, Y.; Wu, Z. Upregulation of long noncoding RNA ZEB1-AS1 promotes
tumor metastasis and predicts poor prognosis in hepatocellular carcinoma. Oncogene 2016, 35, 1575–1584.
[CrossRef]

111. Wang, X.; Zhang, W.; Tang, J.; Huang, R.; Li, J.; Xu, D.; Xie, Y.; Jiang, R.; Deng, L.; Zhang, X.; et al.
LINC01225 promotes occurrence and metastasis of hepatocellular carcinoma in an epidermal growth factor
receptor-dependent pathway. Cell Death Dis. 2016, 7, e2130. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/cncr.29912
http://www.ncbi.nlm.nih.gov/pubmed/26914713
http://dx.doi.org/10.1097/MD.0000000000006888
http://www.ncbi.nlm.nih.gov/pubmed/28489794
http://dx.doi.org/10.1016/j.addr.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28506744
http://dx.doi.org/10.1002/hep.29477
http://www.ncbi.nlm.nih.gov/pubmed/28833331
http://dx.doi.org/10.1053/j.gastro.2016.01.038
http://www.ncbi.nlm.nih.gov/pubmed/26874076
http://dx.doi.org/10.3390/ijms19123966
http://www.ncbi.nlm.nih.gov/pubmed/30544653
http://dx.doi.org/10.1093/hmg/dds317
http://dx.doi.org/10.3390/ijms151017644
http://dx.doi.org/10.1371/journal.pone.0023937
http://dx.doi.org/10.3748/wjg.v21.i25.7814
http://dx.doi.org/10.1016/j.jhep.2017.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29122391
http://dx.doi.org/10.1007/s00535-016-1178-0
http://www.ncbi.nlm.nih.gov/pubmed/26874844
http://dx.doi.org/10.1136/gutjnl-2014-306996
http://www.ncbi.nlm.nih.gov/pubmed/24973316
http://dx.doi.org/10.18632/oncotarget.24601
http://www.ncbi.nlm.nih.gov/pubmed/29632649
http://dx.doi.org/10.1007/s00535-013-0909-8
http://www.ncbi.nlm.nih.gov/pubmed/24258409
http://dx.doi.org/10.1002/hep.30645
http://www.ncbi.nlm.nih.gov/pubmed/30964207
http://dx.doi.org/10.1155/2014/741465
http://dx.doi.org/10.7150/jca.24560
http://dx.doi.org/10.18632/oncotarget.10250
http://dx.doi.org/10.1038/onc.2015.223
http://dx.doi.org/10.1038/cddis.2016.26
http://www.ncbi.nlm.nih.gov/pubmed/26938303


Int. J. Mol. Sci. 2019, 20, 5613 20 of 20

112. Peng, L.; Jiang, B.; Yuan, X.; Qiu, Y.; Peng, J.; Huang, Y. Super-enhancer-associated long noncoding RNA
HCCL5 is activated by ZEB1 and promotes the malignancy of hepatocellular carcinoma. Cancer Res. 2019, 79,
572–584. [CrossRef] [PubMed]

113. Huang, H.; Chen, J.; Ding, C.-M.; Jin, X.; Jia, Z.-M.; Peng, J. LncRNA NR2F1-AS1 regulates hepatocellular
carcinoma oxaliplatin resistance by targeting ABCC1 via miR-. J. Cell. Mol. Med. 2018, 22, 3238–3245.
[CrossRef] [PubMed]

114. Cai, S.; Cheng, X.; Pan, X.; Li, J. Emerging role of exosomes in liver physiology and pathology. Hepatol. Res.
2017, 47, 194–203. [CrossRef] [PubMed]

115. Conigliaro, A.; Costa, V.; Dico, A.L.; Saieva, L.; Buccheri, S.; Dieli, F. CD90+ liver cancer cells modulate
endothelial cell phenotype through the release of exosomes containing H19 lncRNA. Mol. Cancer 2015, 14,
155. [CrossRef] [PubMed]

116. Mann, D.A. Epigenetics in liver disease. Hepatology 2014, 60, 1418–1425. [CrossRef]
117. Tian, W.; Xu, H.; Fang, F.; Chen, Q.; Xu, Y.; Shen, A. Brahma-related gene 1 bridges epigenetic regulation of

proinflammatory cytokine production to steatohepatitis in mice. Hepatology 2013, 58, 576–588. [CrossRef]
118. Zhang, L.; Wang, K.; Deng, Q.; Li, W.; Zhang, X.; Liu, X. Identification of Key Hydroxymethylated Genes

and Transcription Factors Associated with Alpha-Fetoprotein-Negative Hepatocellular Carcinoma DNA.
Cell Biol. 2019, in press.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1158/0008-5472.CAN-18-0367
http://www.ncbi.nlm.nih.gov/pubmed/30482773
http://dx.doi.org/10.1111/jcmm.13605
http://www.ncbi.nlm.nih.gov/pubmed/29602203
http://dx.doi.org/10.1111/hepr.12794
http://www.ncbi.nlm.nih.gov/pubmed/27539153
http://dx.doi.org/10.1186/s12943-015-0426-x
http://www.ncbi.nlm.nih.gov/pubmed/26272696
http://dx.doi.org/10.1002/hep.27131
http://dx.doi.org/10.1002/hep.26207
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	The Burden of NAFLD-Related HCC 
	The Impact of Metabolic and Genetic Risk Factors 
	Obesity 
	Diabetes 
	Genetics Findings 
	PNPLA3 
	TM6SF2 
	MBOAT7 
	Alpha-fetoprotein 


	The Issue of Screening 
	Who Screen 
	How to Screen 

	Prevention Strategies 
	Lifestyle Interventions 
	Statins and Metformin 
	Anti-fibrotic Therapies 

	Future perspectives 
	miRNA 
	lncRNA 
	Exosomes 
	Epigenetic 

	References

