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Abstract
Purpose of Review We aim to review the epidemiology, risk
factors, diagnosis, and treatment of hepatocellular carcinoma
(HCC) in patients with non-alcoholic fatty liver disease
(NAFLD).
Recent Findings NAFLD-HCC is increasingly common in
Western countries and has become the third leading cause of
HCC in the USA.While cirrhosis is the most important risk
factor for NAFLD-HCC, one third of such patients are
non-cirrhotic. Few cases of NAFLD-HCC are identified
by screening, resulting in delayed presentation. Liver resec-
tion, transplantation, and local ablative therapy are curative
treatments for HCC. Although medical and surgical com-
plications are more common after surgery for NAFLD-HCC
because of obesity, the long-term outcome is similar to that
for other causes of HCC.
Summary NAFLD-HCC is expected to become a major cause
of morbidity and mortality. Better understanding of the risk
factors of NAFLD-HCC and development of prediction tools
will help select patients for screening and improve outcomes.

Keywords Fatty liver . Non-alcoholic steatohepatitis .
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most com-
mon chronic liver disease, affecting 25% of the global adult
population [1••, 2]. The active form of NAFLD, i.e., non-
alcoholic steatohepatitis (NASH), is associated with faster fi-
brosis progression, but some patients with simple steatosis or
non-alcoholic fatty liver may still have disease progression
[3•]. In the past decade, NAFLD/NASH has rapidly become
a major cause of hepatocellular carcinoma (HCC) and end-
stage liver disease in Western countries [4••, 5••]. However,
because previous studies on HCC included mainly patients
with chronic viral hepatitis or alcoholic liver disease, data on
NAFLD-related HCC remain scarce. In this article, we review
the epidemiology, risk factors and clinical characteristics of
NAFLD-HCC. Special emphasis is given to the issue of
non-cirrhotic HCC, which occurs in a significant proportion
of patients with NAFLD- HCC, and how this may affect HCC
surveillance. While there are limited data on the treatment of
NAFLD-HCC, we highlight challenges of applying treatment
to obese patients.

Epidemiology

HCC is the third leading cause of cancer death worldwide and
also accounts for 70–80% of the total liver cancer burden [6].
The majority of the cause of HCC is viral infection, namely by
hepatitis C in the US and hepatitis B globally [7]. However,
recently, statistics reveal NAFLD as an emerging cause of
HCC, particularly in the developed world (Fig. 1).
According to the Surveillance, Epidemiology and End
Results registries, NAFLD-HCC has shown a 9% annual in-
crease from 2004 to 2009 in the USA [4••]. In another hospital
cohort of 162 HCC patients in Germany, 22% were due to
NASH and 14% were cryptogenic, the latter probably largely
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due to burnt-out NASH [8]. The recent increase in NAFLD-
HCC may be attributed to an expanding population with met-
abolic disorder and increased awareness and screening for
HCC. Furthermore, the development of effective treatment
for chronic viral hepatitis has likely resulted in a relative in-
crease in the proportion of HCC due to NASH.

In terms of ethnicity, the highest incidences of HCC occur
among Asians and Pacific Islanders, followed by Hispanics,
American Indians, with the lowest occurrence among white
people [9]. However, in the USA, 76% of the patients with
NAFLD-HCC were whites [4••]. Similarly, longitudinal
NAFLD cohorts from Asia report very low incidence of
HCC in the range of 0.25–0.65% in 5 years [10, 11•, 12].
Yet, a longer follow-up period is needed for the study of liver
outcomes. Besides, since NAFLD takes decades to progress
and childhood obesity is a recent phenomenon in the devel-
oping world, major changes in global epidemiology is expect-
ed in the future [13]. Studies from Japan and Korea have
already reported increasing proportion of HCC attributable
to NAFLD [14, 15].

In addition, current statistics may underestimate how
NAFLD contributes to the development of HCC.
Cryptogenic cirrhosis may account for up to 30–40% of all
HCC cases [6], and thus, the role of NAFLD may be under-
stated. In addition, NAFLDmay act synergistically with other
metabolic factors such as obesity and type 2 diabetes in pro-
moting HCC. For instance, metabolic diseases and hepatic
steatosis are associated with increased risk of cirrhosis and
HCC in patients with chronic hepatitis B [16, 17].

Risk Factors

Demographic Factors

Like in other liver diseases, the incidence of NAFLD-HCC
increases with age (Table 1). In a retrospective cohort study of
6508NAFLDpatients from Japan, patients older than 60 years
had more than 4 times the risk of developing HCC than

younger individuals [10]. In most studies, patients with
NAFLD-HCC are older than those with other causes of
HCC, suggesting that NAFLD/NASH progressesmore slowly
than other liver diseases [4••, 18, 19].

HCC is well known to occur more commonly in male pa-
tients [20]. The same holds true for NAFLD-HCC as well,
though the male/female ratio varies widely from 1.6 to 11
across studies [4••, 21].

Lifestyle Factors

NAFLD is strongly associated with metabolic syndrome
[22•]. In the USA, obesity and diabetes account for 37% of
the population-attributable fraction of HCC, an effect even
stronger than that of viral hepatitis [23]. Patients with obesity
and diabetes are more likely to develop advanced fibrosis and
NAFLD-HCC [10, 24, 25•]. High body mass index (BMI) is
also associated with HCC development in patients with cryp-
togenic cirrhosis, a condition believed to be largely due to
burnt-out NASH [26]. At the population level, obesity in-
creases the risk of HCC in men and women irrespective of
the underlying liver disease [27, 28].

Furthermore, smoking has been linked to liver fibrosis and
HCC [29, 30]. Although the observation is subject to recall
bias and reverse causation, all NAFLD patients should quit
smoking because of numerous other health benefits. On the
other hand, studies on the effect of modest tomoderate alcohol
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Fig. 1 Percentage of HCC due to
NAFLD in the USA from 2004 to
2009 [Data source from the
Surveillance, Epidemiology and
End Results (SEER) registries
[4••]]

Table 1 Modifiable and unmodifiable risk factors of NAFLD-related
HCC

Modifiable factors Unmodifiable factors

- Obesity - Age

- Diabetes - Male gender

- Fibrosis stage - Genetics

- Smoking (?) - Family history
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consumption on NAFLD severity and outcomes have yielded
conflicting results [31].

Disease Severity

AlthoughNAFLD-HCCcan develop in a non-cirrhotic liver,
cirrhosis remains the most important risk factor for HCC
development in NAFLD patients. The incidence of HCC ex-
ceeds 1–2% per year in patients with advanced fibrosis or
cirrhosis [18, 19, 32]. Fibrosis stage is also associated with
liver-relatedmortality in a dose-dependentmanner [33•]. On
the other hand, whether the other histological features of
NASH such as hepatocyte ballooning and lobular inflamma-
tion are predictive of HCC is a matter of debate. In several
longitudinal studies, the association between NASH and
mortality became insignificant after adjusting for fibrosis
stage [34, 35].

Genetics

A number of gene variants have been shown to be associat-
ed with NAFLD in candidate-gene and genome-wide asso-
ciation studies. The most robust finding has been with the
patatin-like phospholipase domain-containing 3 (PNPLA3)
gene. It is associated with not only NAFLD but also its
histological severity [36, 37]. The rs738409 variant is a
loss-of-function mutation (I148M), resulting in reduced tri-
acylglycerol hydrolysis in hepatocytes and reduced secre-
tion of very low-density lipoprotein [38]. It also results in a
fibrogenic phenotype of hepatic stellate cells [39]. In human
studies, the at-risk genotype is more commonly found in
patients with NAFLD-HCC [21, 40].

The transmembrane 6 superfamily 2 (TM6SF2) gene vari-
ant (rs58542926, E167K) not only occurs at a low frequency
in the population but also increases the risk of NAFLD [41,
42]. It affects the lipidation of very low-density lipoprotein
[43]. It may also increase the risk of fibrosis, but data on
NAFLD-HCC are limited [44].

Non-cirrhotic HCC

A number of small case series suggest that 30–50% of patients
with NAFLD-HCC occur in a non-cirrhotic liver [8, 45].
Subsequently, a large cohort of 1500 HCC patients from US
Veterans hospitals confirmed that a third of NAFLD-related
and idiopathic HCCs might be non-cirrhotic based on histol-
ogy, clinical features, and non-invasive tests of fibrosis [46•].
While the observation may be partly due to selection bias, the
natural history of NAFLD and shared pathophysiology of
NASH and HCC may also explain the high proportion of
non-cirrhotic HCC in NAFLD patients (Table 2).

Clinical Characteristics

Data on the clinical characteristics of NAFLD-HCC are
scarce. Because NAFLD is the hepatic manifestation of met-
abolic syndrome, the majority of patients with NAFLD-HCC
have diabetes and hypertension [47••, 48]. Delayed diagnosis
is common for NAFLD-HCC [47••, 49]. Unlike patients with
chronic viral hepatitis, NAFLD patients seldom undergo reg-
ular ultrasound surveillance. When a patient presents with
symptoms such as right upper quadrant pain and jaundice,
the cancer is usually at an advanced stage. As a result, such
patients are less likely to receive curative HCC treatment. In
an Italian cohort, Piscaglia and colleagues found that patients
with NAFLD-HCC had shorter overall survival than those
with hepatitis C-related HCC (HCV-HCC) (27.2 vs.
34.4 months), and the difference persisted after propensity
score matching (30.2 vs. 36.9 months) [47••]. However, there
was no significant difference in liver-related mortality be-
tween the two causes of HCC, and the difference was instead
driven by cardiovascular mortality. Late diagnosis may be due
to the absence of risk factors such as cirrhosis. Patients with
NAFLD-HCC may also have lower alpha-fetoprotein levels,
thus failing to trigger a diagnostic workup [48]. Even when
abdominal ultrasonography is performed for screening or di-
agnostic purposes, its performance is suboptimal in obese pa-
tients [47••]. Furthermore, owing to cardiovascular risk and
comorbidities as well as the requirement of larger liver grafts
because of body size, patients with NAFLD-HCC are less
likely to receive liver transplantation [48]. Together with more
advanced cancer staging, this further limits treatment options
for patients with NAFLD-HCC. Future research should be
directed to identifying patients with NAFLD who require sur-
veillance so that they can be treated earlier and have a better
prognosis.

As for tumor characteristics, a higher percentage of
NAFLD-HCC patients have a larger, infiltrative tumor
[47••]. This is largely due to delayed diagnosis, similar to what
is observed for patients with other liver diseases who do not
have regular surveillance [50].

Screening

Current guidelines recommend cirrhotic patients undergo 6-
month abdominal ultrasonography and/or alpha-fetoprotein
(AFP) testing for HCC screening regardless of etiologies
[51, 52]. Abdominal ultrasonography is frequently used be-
cause of its non-invasive nature, low cost, and high avail-
ability. However, it may not be a sensitive tool for NAFLD
patients who are often obese [53]. While computed tomog-
raphy and magnetic resonance imaging would achieve a
higher diagnostic accuracy, the radiation exposure (comput-
ed tomography), cost, and availability limit their role as
routine screening tools. The HCC biomarker AFP is also
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often used. Nevertheless, AFP is normal in up to 30% of
HCC patients, and limited data suggest that AFP may even
be less sensitive for NAFLD-HCC [45, 47••]. Des-γ-
carboxy prothrombin (DCP) is another HCC biomarker
commonly used in Japan together with AFP to improve
the sensitivity for HCC detection, but a significant propor-
tion of patients with NAFLD-HCC also have normal DCP
[45]. Further studies are required to define the optimal
screening method.

Recent studies indicate that NAFLD-HCC can arise from
cirrhotic and non-cirrhotic livers (see above), thereby raising
the question whether there is a need for surveillance on non-
cirrhotic population. Given the huge number of NAFLD pa-
tients, mass screening for all would not be feasible. Studies
should better define HCC risk factors in the non-cirrhotic pop-
ulation, and it would be helpful to develop prediction scores as
in the case of chronic hepatitis B [54].

Diagnosis

The diagnosis of HCC in a NAFLD patient is no different
from patients with other liver diseases. Dynamic cross-
sectional imaging using four-phase computed tomography
or magnetic resonance imaging with contrast is the pre-
ferred diagnostic test [51, 52]. Early arterial enhancement
and portal venous washout reflect the difference in blood
supply for HCC (predominantly hepatic artery) and the
adjacent liver parenchyma (predominantly portal vein)
and can be used to distinguish HCC from other liver le-
sions. Whether these tests perform differently for NAFLD-
HCC is currently unclear. However, because NAFLD pa-
tients have a higher BMI, contrast-enhanced ultrasonogra-
phy is expected to have inferior performance and cannot be
recommended. In case a diagnosis cannot be made through
imaging studies, targeted biopsy of the liver lesion may be
considered.

Treatment

Treatment options are limited for patients with decompensated
liver disease even if the tumor is small. Therefore, most HCC

staging systems incorporate both tumor factors and liver
function in guiding treatment. The Barcelona Clinic Liver
Cancer (BCLC) system is one of the most commonly used
systems [51, 52]. For stage A (early stage), curative treat-
ments such as liver resection, liver transplantation, and
local ablative therapy may be performed. Transarterial
chemoembolization (TACE) for stage B (intermediate
stage), sorafenib for stage C (advanced stage), and support-
ive treatment for stage D (terminal stage) are recommend-
ed. At the moment, most studies on liver resection and
transplantation for NAFLD-HCC have been retrospective.
Furthermore, most studies on local ablative therapy,
TACE, and sorafenib treatment did not specifically exam-
ine patients with NAFLD-HCC.

Surgical Treatment

Liver resection is only suitable for 15–30% patients with
single nodules smaller than 5 cm, good liver function, and
no portal hypertension (Child-Pugh class A) [51, 52].
Several studies have shown that patients with NAFLD-
HCC have similar or even better resection outcomes com-
pared with those with HCV-HCC [55, 56]. In a multicenter
Italian study, patients with metabolic syndrome-related
HCC had better 5-year overall survival (65.6 vs. 61.4%),
better recurrence free survival (37.0 vs. 27.5%), and lower
recurrence rate (44.6 vs. 65.2%) than those with HCV-
HCC after liver resection [57]. Nevertheless, advanced fi-
brosis and necroinflammatory activity are associated with a
higher risk of major complications after liver resection in
patients with metabolic syndrome-related HCC, which
calls for better peri-operative management [58].

Liver transplantation not only removes HCC but also
grants a healthy liver to the patient. It is however limited
by the supply of organs. Currently, transplantation listing
is based on the model for end-stage liver disease (MELD)
score in many countries, and there is considerable differ-
ence in the policy of whether patients with HCC should
have priority over patients with chronic liver failure.

Because of late presentation and high cardiovascular
risk, few patients with NAFLD-HCC can receive liver

Table 2 Potential causes of a
high proportion of NAFLD-
related HCC arising from non-
cirrhotic livers

Selection bias Since some patients with burnt-out NASH are classified as having cryptogenic cirrhosis, not
counting them as having NAFLD-HCC would reduce the proportion of cirrhotic patients.

Natural
history

In general, NAFLD patients have a slower rate of fibrosis progression than those with other
liver diseases such as chronic viral hepatitis. As a result, cirrhosis is less common among
NAFLD patients. Given the huge population of non-cirrhotic NAFLD patients, there would
also be many cases of non-cirrhotic HCC.

Mechanistic
link

Proinflammatory and metabolic pathways are involved in the pathophysiology of both NASH
and HCC. Metabolic conditions may promote faster hepatocarcinogenesis before cirrhosis
sets in. This phenomenon is observed in not only NASH but also other chronic liver
diseases.
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transplantation [48, 59]. On the other hand, NAFLD pa-
tients who receive liver transplantation have similar sur-
vival as patients with chronic hepatitis C and alcoholic
liver cirrhosis [48, 60]. In a 10-year follow-up study,
NAFLD-HCC patients may even have higher disease-free
survival than HCV-HCC patients (85 vs. 65%), indicating
less aggressive HCC [61]. Moreover, patients with morbid
obesity have a lower graft and overall survival than those
with a lower BMI [62]. It is important to note that while
obese patients suffer from more surgical complications,
they are also at risk of cardiovascular events and infection
following surgery. When feasibility of treatment, treatment
choice, response, and complications are all taken into ac-
count, patients with NAFLD-HCC have a lower overall
survival than those with other etiologies [59].

Local Ablative Therapy

Local ablative therapy can be performed percutaneously,
laparoscopically, or during open surgery under image
guidance to destroy tumors for patients who cannot toler-
ate liver resection. Radiofrequency ablation (RFA) pro-
duces a necrotic area up to 4 cm and is the preferred
option. Because of heterogeneity in study populations,
the comparative effectiveness of RFA and liver resection
remains uncertain [63]. For lesions smaller than 3 cm,
RFA may achieve a similar overall survival, though the
local recurrence rate appears slightly increased. In some
series, RFA is more often performed than liver resection
or transplantation [48]. Obesity adds minor technical dif-
ficulties to RFA, as obese HCC patients require more
sessions of RFA. However, HCC patients with or without
obesity have similar rates of major complications and
overall survival [64].

Percutaneous ethanol injection rarely achieves com-
plete tumor necrosis when the tumor is larger than 3 cm,
and it is less effective than RFA in eliminating microscop-
ic satellite lesions. Nonetheless, it still has a role when
RFA cannot be performed because of close proximity to
major blood vessels or the diaphragm. Other techniques
such as microwave ablation and high-intensity focused
ultrasound are increasingly available; data on their perfor-
mance on NAFLD-HCC are eagerly awaited.

Transarterial Chemoembolization

TACE is not curative but has been shown to improve sur-
vival and is reasonably well tolerated. It is therefore sug-
gested for patients with intermediate stage HCC not ame-
nable to RFA. It involves delivering chemotherapy to the
tumor through cannulation and occluding its feeding artery
with embolizing agents, ideally sustaining a high concen-
tration of chemotherapy in the tumor leading to necrosis.

There is a variety of antineoplastic and embolizing agents
but there lacks a standardized protocol for TACE [63].
Patients with advanced cirrhosis and poor liver function
are not suitable for TACE, as embolization may lead to
liver failure and possibly death.

In one study, a larger proportion of NAFLD-HCC patients
were treated with TACE (41 vs. 28%) compared to HCV-HCC
patients probably due to late presentation [48]. Recognized
post-TACE complications include postembolization fever,
nausea and vomiting, abdominal pain, and infection.
Occasionally life-threatening complications including
acute hepatic decompensation and acute kidney injury
may develop. In NAFLD-HCC patients, a large tumor
diameter and a high bilirubin level are predictive of liver
decompensation [65]. Additionally, NAFLD patients may
have concomitant diabetic nephropathy or other causes of
chronic kidney disease placing them at higher risk for
contrast induced nephropathy.

Systemic Therapy and Supportive Care

Sorafenib is a multikinase inhibitor that has antitumor activity
through antiproliferative, antiangiogenic, and proapoptotic
effects [66]. It is the first-line systemic treatment for ad-
vanced HCC. Again, because of late diagnosis, more
NAFLD-HCC patients receive sorafenib than HCV-HCC
patients [59]. HCC patients with impaired liver function
(ALBI grade > 1, Child-Pugh B) may have a poorer out-
come and be better managed with supportive treatment.
Studies on the effects of combined therapy of TACE and
sorafenib produced mixed results [67]. Regorafenib, re-
cently approved by the FDA in April 2017, may improve
survival of HCC patients who do not respond to sorafenib
[68]. The use of sorafenib in patients undergoing dialysis
has not been studied. Patients with chronic kidney failure
from diabetes mellitus should be treated with caution.

Supportive treatment is reserved for patients who can
no longer tolerate other HCC treatment. It focuses on
the management of pain, ascites, edema, and hepatic
encephalopathy.

Prevention

Since HCC almost never develops in patients without liver
disease, NAFLD-HCC would not occur if we can prevent
NAFLD in the first place. Healthy diet and regular exercise
can effectively prevent NAFLD. Even in NAFLD patients, a
reduction of 10% or more of the body weight can reverse
NAFLD/NASH in the majority of cases and even improve
fibrosis [69, 70•]. Observational data and animal experiments
also show that exercise can prevent HCC development [71].

Although there is no registered pharmacological treat-
ment for NASH at present, four drugs have entered phase
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3 development and may be available for clinical use in the
near future. Among them, obeticholic acid, selonsertib, and
cenicriviroc were shown to improve fibrosis in phase 2 stud-
ies [72•]. While fibrosis is the most important predictor of
liver-related outcomes in NAFLD patients, long-term stud-
ies will be required to determine the clinical benefits of
these new agents [33•].

Among existing agents, metformin and statin have been
shown to reduce HCC in diabetic patients and patients with
chronic viral hepatitis [73, 74]. Because such data were
largely derived from observational studies, it is possible
that the perceived benefits are due to selection bias, with
metformin and statin less often used in patients with ad-
vanced liver disease. Nonetheless, the bottom line is that
the safety of these agents in patients with chronic liver
disease is well proven, and their metabolic and cardiovas-
cular benefits are beyond doubt.

Conclusions

With the global epidemic of obesity and NAFLD, NAFLD-
HCC is expected to become a major cause of morbidity and
mortality. Because of the large number of patients and the
issue of non-cirrhotic HCC, many patients with NAFLD-
HCC are not detected by screening and thus present at an
advanced stage, rendering curative treatment impossible.
While medical and surgical complications are more com-
mon after liver resection or transplantation for NAFLD-
HCC patients, the long-term outcome is comparable to that
in patients with other liver diseases. Therefore, further
studies on NAFLD-HCC risk prediction are worthwhile
and will inform practice. Lifestyle modification remains
the cornerstone for the prevention and treatment of
NAFLD/NASH. A number of pharmacological agents for
NASH are under evaluation, and long-term studies will
determine their impact on NAFLD-HCC.
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