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Abstract

Nonalcoholic fatty liver disease (NAFLD) is considered the most common liver disorder worldwide, affecting 25.2% of the
general population. In fact, NAFLD is among the most common etiologies for hepatocellular carcinoma (HCC). The burden
of NAFLD is primarily driven by the epidemic of obesity and type 2 diabetes which are expected to worsen throughout
the world. In this context, the burden of NAFLD and associated HCC and cirrhosis are also expected to increase. Despite
its growing disease burden, diagnostic tools and treatment modalities remain very limited. This conundrum of increasing
prevalence and limited treatment options will be reflected as increasing number of NAFLD-related cirrhosis and HCC cases.
This article reviews the most updated information about NAFLD-related HCC and provides some insight into strategies that
must be considered to reduce its potential disease burden.

Keywords Non-alcoholic fatty liver disease - Non-alcoholic steatohepatitis - Cirrhosis - Hepatocellular carcinoma -
Hepatitis C virus - Hepatitis B virus

Abbreviations [1-3]. The pathologic spectrum of NAFLD ranges from
DM Diabetes mellitus simple steatosis to non-alcoholic steatohepatitis (NASH),
HBV Hepatitis B virus advanced fibrosis and cirrhosis which increases the risk of

HCC Hepatocellular carcinoma progression to end stage liver disease [4, 5]. Furthermore, it
HCV Hepatitis C virus is now recognized that cryptogenic cirrhosis is most likely
NAFLD  Non-alcoholic fatty liver disease burnt-out NASH [6]. Although simple steatosis is recog-
NASH Non-alcoholic steatohepatitis nized as a relatively benign liver disease with limited risk of
PNPLA3 Patatin-like phospholipase domain progression, NASH is clearly associated with a progressive
containing 3 course of disease where approximately 20% of patients could
SNPs Single-nucleotide polymorphisms potentially develop cirrhosis or its complications [7, 8].

The development of cirrhosis is associated with a signifi-
cantly increased risk of hepatocellular carcinoma (HCC),
with the annual incidence of HCC arising from cirrhosis

TM6SF2 Transmembrane 6 superfamily member 2

Non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) represents a
spectrum of metabolic fatty liver disorders, the hallmark of
which is excessive fat deposition in the hepatic parenchyma
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ranging from 2 to 5% [9, 10]. Although historically, chronic
viral hepatitis B (HBV) or C (HCV) have been responsible
for the majority of HCC cases, the advent of highly effec-
tive treatment for HBV and HCV is expected to change this
trajectory. On the other hand, the prevalence of NAFLD and
NASH is increasing with very limited effective treatment
options. This is leading to increasing numbers of NAFLD or
NASH-related HCC [11-15]. A recent study from the United
States revealed that among patients with HCC, NAFLD was
the most common underlying etiology in the Medicare data-
base [16].

In fact, worldwide, approximately 2 billion adults are
obese or overweight [17, 18] and an estimated 415 million
people have diabetes worldwide, which together are playing
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a significant role in the rise of NAFLD, especially in the
USA and Western countries [19-21]. Additionally, type 2
diabetes has become a daunting epidemic in the Asia Pacific
region, with some experts estimating a 150% increase in dia-
betes rate between 2000 and 2035, emphasizing the increas-
ing burden of the disease to that region of the world [22, 23].
The prevalence of NAFLD in the obese and diabetics can
be over 50%. Furthermore, the global prevalence of NAFLD
in the general population is about 25.2% with the highest
prevalence rates (over 30%) reported from the Middle East
and South America [17, 18]. However, due to its high popu-
lation and changing lifestyle habits, Asia is likely to have
the highest number of patients with diabetes and metabolic
syndrome, the conditions that boost the incident NAFLD
cases [24]. In this context, a recent meta-analysis revealed
that the prevalence of NAFLD in Asia is 30%, regardless of
the diagnostic method [25].

Other studies, which used steady-state prevalence mod-
els, reported higher prevalences of NAFLD with predictions
that 64 million people in the US and 52 million people in
Germany, France, Italy and the UK have NAFLD [17, 18].
In a separate modeling study, it was forecasted that cases
of NAFLD are to increase from 83 million cases in 2015 to
101 million by 2030, and NASH cases will increase from
1.5 to 2.7 million by 2030 [17, 26]. It should be noted that
the definition of obesity is not uniform across the globe and
individuals in the Asia—Pacific region tend to have a lower
BMI than the rest of the world. In this part of the world,
recent studies have also demonstrated a growing problem
with both obese NAFLD as well as lean NAFLD and lean
NASH. Interestingly, a study from Bangladesh reported that
among patients with NAFLD, 25% of the study population
was non-obese and the prevalence of NASH in the non-
obese patients was as high as 53% [27].

Although the prevalence of NASH in the general popu-
lation is not available, it is estimated to be 1.5% and 6.5%
[15, 17, 28]. Although NAFLD and NASH both have >5%
hepatic steatosis, the inflammation with hepatocyte injury
which is present in NASH seems to be a surrogate of a more
progressive form of liver disease. This point is important as
it is the presence of fibrosis that is independently associated
with mortality in those with NAFLD/NASH [2, 29-32]. On
the other hand, the progression of fibrosis in NASH is non-
linear. In fact, it has been suggested that periods of fibrosis
progression in NASH may be followed by periods of regres-
sion. The exact factors promoting progression or regression
in NASH are not known. Nevertheless, on an average about
15-20% of patients with NASH can experience a progressive
course leading to cirrhosis [33].

As noted previously, the exact factors responsible for
progression in NASH are not known. Nevertheless, dis-
ease progression in NASH can be influenced by both bio-
logical and genetic mechanisms which include chronic

hyperinsulinemia, dysbiosis of gut microbiota (which
includes activation of the toll-like receptor 4), elevated levels
in the deoxycholic bile acid, and polymorphisms in the genes
patatin-like phospholipase domain-containing 3 (PNPLA3)
and transmembrane 6 superfamily member 2 (TM6SF2).
The exact interaction of these factors in determining the
course of NASH is not known.

As previously noted, fibrosis stage determines prognosis
in NASH. Although liver biopsy is the current gold standard
of staging fibrosis, it has major limitations. In this context,
a number of non-invasive tests such as NAFLD fibrosis
score (NFS), Fibrosis-4 (FIB-4), AST to platelet ratio index
(APRI) have been developed to risk stratify NASH patients
at risk for advanced fibrosis [34-36]. These non-invasive
tests are easy to use as they are compiled from routine labo-
ratory tests and clinical measurements. In addition to the risk
of advanced fibrosis, these patients are also at risk for HCC.
In this context, the GALAD score which is comprised of
gender, age, lens culinaris agglutinin-reactive a-fetoprotein,
a-fetoprotein, and des-y-carboxyprothrombin was developed
to determine the likelihood for an individual patient with
cirrhosis to have HCC [37]. Having these non-invasive tests
to risk stratify patients with NASH and advanced fibrosis
or even HCC may help clinician decide when a patient may
need to be sent for further diagnostic work-up without pre-
senting patients with undue risk.

The pathogenesis of NAFLD
and NAFLD-related HCC

Hepatic steatosis is caused by the accumulation of fat in
hepatocytes through various mechanisms. One mechanism is
related to increased free fatty acid supply to liver cells, either
due to increased dietary fat or by increased lipolysis in the
adipose tissue [38]. This increased influx of lipid particles
into the liver cells results in increased de novo hepatic lipo-
genesis, decreased free fatty acid oxidation, and decreased
very low-density lipoprotein secretion, all leading to accu-
mulation of fat in the liver [39].

In patients with NAFLD, the main type of lipid stored in
the hepatocytes are triglycerides. On the other hand, in some
patients with NAFLD, accumulation of free fatty acids in
the hepatocytes, especially in the mitochondria, can lead to
the formation of reactive oxygen radicals which can mediate
hepatocyte injury, leading to NASH and fibrosis [40]. Fur-
thermore, insulin resistance and hyperinsulinemia, typically
seen in patients with NAFLD, can lead to increased hepatic
lipogenesis, followed by impaired suppression of increased
lipolysis in adipose tissue, resulting in an increased influx
of free fatty acid to the liver, making hepatocytes more sus-
ceptible to various other insults, such as oxidative stress
from reactive oxygen radicals, activation of transforming
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growth factor beta (TGF-beta), dysregulated and increased
hepatocyte apoptosis, stellate cell activation, and dysregula-
tion of adipocytokines [38, 41]. These pathogenic processes
which result in hepatocyte injury fall under the “multiple-
hit hypothesis™ in which multiple hits to a fatty liver are
required to cause progressive liver disease.

As this process continues, inflammatory pathways and
stellate cells are activated leading to hepatic fibrosis and in
some patients, cirrhosis. Furthermore, cirrhosis can predis-
pose some of these patients with NASH to hepatocellular
carcinoma (HCC). Although HCC in NAFLD primarily
arises in patients with underlying cirrhosis, some patients
with NAFLD or NASH can develop HCC in the absence
of cirrhosis. The exact pathogenesis of HCC in NAFLD
has not been fully described but both obesity and diabetes
seem to play a critical role. In this context, secretion of pro-
inflammatory cytokines like TNF-alpha and interleukin-6
may lead to the activation of the signal transducer and the
activator of transcription 3, both of which are potentially
involved in tumor pathogenesis [42]. On the other hand, in
some patients, changes in the gut microbiota may cause pro-
duction of reactive oxygen species, which in turn leads to
DNA damage and increased risk of cancer development in
NASH [43]. Finally, as described below, there is a genetic
predisposition to cancer in some patients, especially in those
who carry PNPLA3 rs378409 allele in a homozygote way
[44].

The incidence of NAFLD-related HCC

Worldwide, primary liver cancer is the seventh most com-
mon form of newly diagnosed cancer, and the third leading
cause of cancer related death. [45, 46]. Although viral hepa-
titis remains responsible for an estimated 60-85% of HCC
cases worldwide, NAFLD/NASH-related HCC is increas-
ingly becoming an important cause of HCC. By some esti-
mates, NAFLD/NASH may be responsible for 30-40% of
HCC cases worldwide [47].

Although the exact incidence rates for HCC are not avail-
able for many countries in the world, one meta-analysis sug-
gests that the global annual incidence of HCC in persons
with NAFLD is estimated to be 0.44 per 1000 person-years,
while for those with NASH, the incidence of HCC is higher
at 5.29 per 1000 person years most likely due to the inflam-
matory state in those with NASH which promotes fibrosis
and disease progression [18]. In another study using data
from the Surveillance, Epidemiology, and End Results data-
base, investigators determined that there was a 9% annual
increase in the number of HCC cases attributed to NAFLD
covering a 6-year period of time from 2004 to 2009. These
investigators and others have also found that persons with
NAFLD-related HCC incur a shorter survival time after
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diagnosis which may be related to NAFLD-related HCC
being diagnosed at a more advanced stage as compared to
other liver disease such as viral hepatitis. Also, NAFLD-
related HCC seems to occur as a large solitary mass that is
moderately to well differentiated which makes them subopti-
mal candidates for curative resection or liver transplantation
[7,48-51].

Although the risk of HCC is higher in NASH-related cir-
rhosis, there is also evidence that HCC can occur in the
absence of cirrhosis in NAFLD and NASH [52]. In fact,
according to one study, only 35.5% of NAFLD related HCC
cases occurred in patients who had bridging fibrosis or cir-
rhosis on biopsy [7]. To compare with other liver diseases,
patients with NAFLD are five times more likely than patients
with HCV to develop HCC in the absence of cirrhosis [50,
53]. However, there is some evidence in regards to the inter-
action of hepatitis B virus (HBV) with NAFLD and liver
disease outcomes. In fact, the presence of fatty liver in those
with chronic hepatitis B (CHB) patients has been reported
to contribute to HBsAg seroclearance. Additionally, some
authors have reported an association between hepatic stea-
tosis and HBV with development of advanced liver fibrosis
and/or HCC. In contrast, other authors have failed to confirm
these findings [54-59]. Therefore, further study is warranted
before a determination can be made about the interaction of
NAFLD, CHB and liver outcomes [4, 15, 16].

Risk factors for NAFLD-related HCC

There are a number of important risk factors that can
potentially promote HCC in patients with NASH. In one
population-based cohort study, the incidence of primary
liver cancer was increased fourfold in patients with clini-
cal diabetes and this risk was independent of other factors
(i.e. alcoholism, cirrhosis and hepatitis) [60]. Other studies
have suggested that a combination of both T2DM and obe-
sity doubles the risk for HCC [50, 61, 62]. The mechanisms
involved in this increased risk related to diabetes is not well
understood, but it has been postulated that years of hyperin-
sulinemia and elevated levels of proinsulin and split prod-
ucts of proinsulin interact with liver cells which stimulate
mitogenesis or carcinogenesis [60].

Similar to other studies of HCC, men have been noted
to have an increased incidence of NASH-related HCC [63,
64]. A number of genetic factors have also been implicated.
In this context, a range of single-nucleotide polymorphisms
(SNPs) have been linked with the presence of NAFLD and
the risk of disease progression to advanced fibrosis [33, 65].
Patatin-like phospholipase domain containing 3 (PNPLA3)
and transmembrane 6 superfamily member 2 (TM6SF2) have
been strongly associated with the severity of steatosis [66].
PNPLA3 polymorphism is believed to impair mobilization
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of triglycerides from hepatic lipid droplets, and TM6SF2
variant is thought to impair the trafficking of pre-VLDL par-
ticles. PNPLA3 polymorphisms are noted to not only lead to
increased risk for steatohepatitis and fibrosis, but also to a
threefold increased risk of HCC. Risk is independent of age,
gender, body mass index (BMI), type 2 diabetes mellitus
(T2DM), and presence of fibrosis or cirrhosis [67].

Prognosis of NAFLD-associated HCC

Prognosis of NAFLD-related HCC seems to be worse than
other liver diseases. A recent prospective comparative obser-
vational study of patients with NAFLD-related HCC and
HCV-related HCC found that patients with NAFLD-asso-
ciated disease incurred a shorter survival than patients with
HCV-related disease [13]. This is likely due to late detection
with higher tumor burden with NAFLD-related HCC. When
matched for tumor stage, there was no difference in survival
between the groups suggesting that it was not NAFLD itself
that worsened the prognosis, but the tumor burden which
could have been related to timely and appropriate screening
[50, 68].

Currently, the American Association for the Study of
Liver Diseases (AASLD) recommends that all patients with
cirrhosis should undergo HCC surveillance with abdominal
US every 4-6 months [67, 69]. Unfortunately, surveillance
is less likely to detect early HCC in patients with NAFLD.
This may be related to a number of reasons one of which
is the failure of ultrasound to detect small HCC in patients
with visceral obesity. Added to this, occurrence of HCC in
the absence of cirrhosis will not target these individuals for
screening [67]. A recent study which looked at the cost-
effectiveness of screening all patients with NASH without
cirrhosis concluded that this strategy is not currently cost-
effective [70].

Treatment options

As with all cases of HCC, NAFLD-associated HCC staging
is based on liver function, performance status, along with
tumor number, size and spread [67]. The choice of treatment
is highly driven by the stage of HCC, the hepatic function
of the host, and the presence of other co-morbidities as well
as available expertise. In terms of staging, although there
are numerous staging algorithms available, Barcelona Clinic
Liver Cancer (BCLC) staging is one of the most commonly
used systems. Given the fact that NAFLD-associated disease
is typically diagnosed at later stages, treatment options are
typically limited. In the case that NAFLD-associated HCC is
detected at an early stage, local ablation, transarterial chem-
oembolization (TACE), resection and transplantation are

potential treatment options [47, 67]. Previous studies have
reported that liver transplantation is associated with a 75%
5-year survival rate in early-stage HCC [47]. Recent data
from the United States revealed that the number of patients
with NAFLD-associated HCC who underwent a transplant
increased by fourfold, making it the fastest growing indica-
tion for liver transplantation [17, 71]. However, given the
disease burden at the time of diagnosis, the vast majority
of NAFLD-associated HCC patients are treated with sup-
portive care.

Therefore, the focus of treatment in patients with NAFLD
will be to decrease their risk of progression to fibrosis, cir-
rhosis or HCC. Given the large metabolic syndrome compo-
nent of the disease, controlling diabetes, hypertension and
hyperlipidemia are paramount. More specifically, a recent
meta-analysis concluded that incidence of HCC was reduced
by 50% when metformin was used for diabetes treatment but
was increased with sulfonylurea or insulin, and unchanged
with glitazones [72, 73]. In another large study, investigators
determined that the use of liraglutide and sitagliptin with
metformin (but not insulin or glargine) significantly reduced
body weight, intrahepatic lipids, and visceral adipose tis-
sue in addition to improving glycemic control [74]. Statins,
through antiproliferative, proapoptotic, anti-angiogenic,
and immunomodulatory effects, may reduce HCC as well.
Another meta-analysis found, that with the use of statins, the
risk of HCC was reduced by 37% after adjusting for all other
confounders. Further reduction in other risks may comple-
ment and lead to a reduction in the rate of HCC [75, 76].

Summary

In conclusion, the incidence of NAFLD-associated HCC is
on the rise. As we continue to implement highly effective
treatments for HBV- and HCV-related liver disease, NAFLD
is rapidly becoming an important cause of HCC in the world.
However, NAFLD-associated HCC carries a poor prognosis
given that few patients with NASH-HCC are candidates for
curative treatment such as liver transplantation since most
patients have large tumors or significant comorbidities which
preclude curative interventions. Therefore, the most optimal
strategy is prevention of HCC. Thus, preventative interven-
tions should focus on risk mitigation through the manage-
ment of obesity, diabetes and hyperlipidemia and early
detection in patients at high risk for HCC such as those with
advanced fibrosis. Future research is needed to develop tests
that can better detect the early stages of disease as well as
a cost-effective non-invasive test that can reliably predict
development of HCC in NASH. These tests can become a
part of clinical guidelines to help clinicians more appropri-
ately manage NAFLD/NASH patients who are at high risk
for HCC.
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