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Abstract The epidemiology of hepatocellular carcinoma
(HCC) in the Asia Pacific will undergo significant change over
the next few decades as the prevalence of viral hepatitis
declines and the burden of metabolic diseases increases. As the
Asia Pacific embraces continued affluence, obesity and dia-
betes rates are burgeoning, becoming increasingly important to
the incidence of HCC. Obesity and diabetes are established risk
factors for HCC, either as substrates for non-alcoholic fatty
liver disease (NAFLD) or as independent carcinogens them-
selves. This review summarises the epidemiological data on
changing HCC trends in the Asia Pacific, particularly as it
pertains to the emerging problem of NAFLD-related HCC.

Keywords Non-alcoholic fatty liver disease -
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Introduction

The Asia Pacific region has undergone massive socioeco-
nomic changes in the past 2 decades, and with this, a dra-
matic shift away from communicable diseases as public
health priorities to a health landscape dominated by obesity,
diabetes and their co-morbidities. The rates of obesity and
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diabetes are burgeoning in the Asia Pacific, driving not only
a growth in non-alcoholic fatty liver disease (NAFLD), but
also in NAFLD-related complications including hepato-
cellular carcinoma (HCC). NAFLD, the hepatic manifes-
tation of the metabolic syndrome, can no longer be
considered a disease of the West, as prevalence figures in
the Asia Pacific are comparable to many Western countries,
with estimates reaching up to 40 % [1]. There is compelling
epidemiological and biological evidence that non-alcoholic
steatohepatitis (NASH), the more aggressive entity in the
fatty liver disease spectrum, can progress to HCC [2, 3].
This has significant implications for the Asia Pacific, a
region that already has the heaviest burden of liver cancer.

HCC is the predominant type of primary liver cancer and
is the third leading cause of cancer death worldwide [4].
More than three-quarters of all HCC cases are from Asia,
where the dominant risk factors are chronic infection with
hepatitis B(HBV) or C (HCV) [5]. With the implementation
of HBV immunisation programmes and access to more
effective treatments for HBV and HCV, the prevalence of
viral hepatitis and thus its role in HCC are expected to
decrease over the coming decades. In this review, we outline
the changing trends in HCC epidemiology across the Asia
Pacific as the role of viral hepatitis declines and metabolic
risk factors become increasingly prevalent as the principal
risk for liver cancer. We also review data on the incidence,
clinical features and outcomes of NASH-related HCC in the
region and identify priorities for further research.

HCC in the Asia Pacific: burden of disease
and changing epidemiology

There is a striking disparity in the global distribution of
HCC, with the Asia Pacific representing the peak axis of

@ Springer



5824

Hepatol Int (2013) 7 (Suppl 2):S823-S832

HCC incidence and mortality. In the most recent estimate
from the International Agency for Research on Cancer
(IARC), approximately 750,000 new cases of liver cancer
were reported in 2008 [6]. The greatest burden lies in
Eastern and Southeastern Asia, Middle and Western Africa,
and the Western Pacific, with China alone reporting 55 %
of all new cases [7]. Age-standardised incidence rates
(ASIRs) for liver cancer in the Asia Pacific surpass rates in
most of the developed world including North America and
Northern Europe where the incidence is less than 5 per
100,000 persons [5, 8]. Registries in Korea, Japan, Viet-
nam, China, Shanghai and Hong Kong all report very high
incidence rates of greater than 20/100,000 persons [9].
However, robust epidemiological studies on HCC inci-
dence in the Asia Pacific, particularly in less developed
countries, are lacking. Figure 1 summarises the most recent
ASIR from selected countries in the region, using data from
GLOBOCAN 2008, an TARC database compiling infor-
mation from cancer registries across the world [6].

The geographic variation in HCC incidence corresponds
to the distribution of the dominant risk factors, HBV and
HCV, a phenomenon termed “geographic parallelism”
[10]. HBV is highly endemic across the Asia Pacific with
more than 8 % of the population being surface antigen
positive compared to <2 % of the population in North
America and Northern Europe [8]. The HBV is a class 1
carcinogen and accounts for 80 % of HCC cases across the

Fig. 1 Age-standardised
incidence rates (ASIRs) per
100,000 persons of HCC in
select countries of the Asia
Pacific. Source GLOBOCAN
2008
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Asia Pacific [11]. The exception to this is Japan and Aus-
tralia, where HCV is the dominant risk factor. In the seminal
study by Beasley et al. [12] in 1981, the relative risk (RR) of
HCC in patients with chronic HBV was 223 compared to
uninfected persons. Subsequently, several prospective
cohort studies confirmed an RR between 5- and 100-fold for
developing HCC in persons with chronic hepatitis B
infection [9]. In contrast to the Asia Pacific, HCV is the
major risk factor for HCC in regions of low HCC incidence
and accounts for 10-20 % of all cases globally [8].

The dominant role of HBV in shaping HCC incidence is
declining. Since 1992 when the World Health Assembly
recommended universal vaccination against HBV for all
newborns, more than 90 % of countries have adopted the
policy and more than 70 % are delivering three immuni-
sation doses [13]. It is projected that notable decreases in
hepatitis B-related HCC will be seen over the next 2 to 3
decades, allowing for the latency between infection and
cancer development. Taiwan was one of the first countries
to vaccinate and give HBV immunoglobulin to newborns
in 1984 [14]. The impact of this programme is already
evident in children and adolescents, where liver cancer
incidence has significantly declined in vaccinated children
aged 6-19 compared to those unvaccinated at birth (RR
0.31, p < 0.001 age and sex adjusted) [15].

The epidemiology of HCV-related HCC is also
changing across the globe. In the US, the incidence of

I

e

-

-

-

= S“FEMALES

= “ MALES

e —

| ——

h.

r—-

—

o 20 4 60 s 100 120 140
ASIR per 100,000 persons



Hepatol Int (2013) 7 (Suppl 2):S823-S832

S825

HCC has tripled in the last 30 years, largely due to
chronic HCV infection [16]. This trend is expected to
plateau by 2020 [17] as the contribution from the cohort
infected in the 1960-1970s declines, and more effective
antiviral therapies become available. In Japan, where
79 % of HCCs are associated with HCV [11], principally
from an infection wave beginning in the 1920s and
increasing after World War II, the incidence has already
declined in the last decade [18]. The ASIR of HCC in
men in Osaka, Japan, rose from 29.2 to 41.9 cases per
100,000 persons between 1981 and 1987 and thereafter
progressively declined to 24 cases per 100,000 in 2003
[18].

Decreases in virus-related HCC are likely to be coun-
tered by the emergence of NAFLD as a major cause of liver
disease. Based on epidemiological data, and the trend to
continued affluence, NAFLD is likely to become the
dominant cause of HCC in the US and other developed
countries [17]. Likewise, as the Asia Pacific verges on the
brink of its own NAFLD and metabolic syndrome epi-
demic, NASH will become an important determinant of
HCC epidemiology in the region.

Obesity and diabetes in the Asia Pacific: increasing
substrates for NAFLD and NAFLD-related
complications

Obesity

According to the most recent World Health Organisation
estimate, more than 1.8 billion people are overweight and
this is expected to increase to 2.16 billion by 2030 [19].
Although in absolute terms the prevalence of overweight
individuals is low in Southeast Asia (14 % in both sexes)
compared to the Americas (62 % in both sexes) [20], the
most rapid increases in obesity prevalence have occurred in
Asia Pacific countries. In China, the prevalence of over-
weight and obesity increased by an alarming 414 %
between 1982 and 2002 from 3.7 to 19 % [21]. In Japan,
the prevalence increased by 46 % between 1980 and 2000
from 16.7 to 24 % [21].

Importantly, several studies have established that vis-
ceral adiposity is higher in Asians compared to Caucasians
with a similar BMI [22-24]. Abdominal obesity is highly
prevalent across the Asia Pacific, particularly in South Asia
(India and Pakistan), where 58 % of men and 78 % of
women are abdominally obese according to International
Diabetes Federation criteria [25]. This has important
implications as visceral adipose tissue (VAT) is immuno-
logically and metabolically active and associated with
multiple end-organ effects including NAFLD and hepatic
carcinogenesis [26].

Diabetes

In concert with the epidemic of obesity, the Asia Pacific
will undergo exponential increases in diabetes prevalence
over the next 2 decades. In a recent study by the China
National Diabetes and Metabolic Disorders Study Group,
the prevalence of diabetes in China was estimated at 9.7 %,
and pre-diabetes 15.5 % [27]. This translates to 92.4 mil-
lion people with diabetes and 148.2 million with pre-dia-
betes. By 2030, the worldwide prevalence of diabetes will
increase by a further 114 %, with India and China sharing
the highest burden [28]. Furthermore, among the top 10
countries to have the highest prevalence of diabetes in
2030, an additional four—Indonesia, Pakistan, Bangladesh
and the Philippines—are in Asia [28]. Of concern, in a
study by the Asia Pacific Cohort Studies Collaboration, the
current prevalence of diabetes in South Korea, Tonga and
Thailand already exceeds their projections for 2030 [29].

NAFLD

Obesity and diabetes are key substrates for the develop-
ment of NAFLD. Accordingly, along with the explosion of
obesity and diabetes in the Asia Pacific, a parallel rise in
NAFLD has been observed. Although large regional vari-
ations exist, at least 10 % of the population in Asia has
fatty liver detected on ultrasonography, while rates of over
25 % have been reported in several countries including
India, Japan, Sri Lanka and Korea (Table 1) [30-35]. The
prevalence of NASH is more difficult to estimate as studies
where histology is available are biased toward select
(usually tertiary hospital) populations. In the limited
number of cross-sectional studies where liver histology is
reported, over 50 % of Asian NAFLD patients are noted to
have NASH [36].

The metabolic risk factors associated with NAFLD in
the West are closely linked to the epidemiology of NAFLD
in Asia Pacific countries. In a study from India, 88 % of
patients with diabetes had evidence of fatty liver on
ultrasound [37]. Another from Shanghai indicated that the
presence of diabetes increased the risk of NAFLD by
31-fold [95 % confidence interval (CI) 14.18-70.35] [38].
NAFLD is also highly prevalent in the Asian obese. For
example, in Japan, using annual health check data, the
prevalence of NAFLD was 10-20 % in the non-obese,
50 % for those with a BMI between 25 and 30 kg/m?, and
80 % for those with a BMI over 30 [39].

In addition to affluence driving metabolic risk in the
Asia Pacific, Asians may also have a genetic predisposition
to developing fatty liver. Apolipoprotein C3 (APOC3) is a
protein inhibitor of lipoprotein lipase that hydrolyses tri-
glycerides in chylomicrons, VLDL, LDL and diacylgly-
cerols [40]. In a US study, polymorphisms in APOC3 were
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Table 1 Prevalence of NAFLD
in selected countries of the Asia
Pacific

NAFLD non-alcoholic fatty

Author (Ref.) Study types Countries Numbers Prevalence of
NAFLD (%)
Wong et al. [30] Population-based Hong Kong 922 27
Jimba et al. [31] Health survey Japan 1,950 29
Li et al. [32] Population-based China 8,925 12
Mohan et al. [33] Population-based India 541 32
Dassanayake et al. [34] Population-based Sri Lanka 2,985 33
Lee [35] Population-based Korea 13,621 26

liver disease

associated with NAFLD in 38 % of lean young Asian
Indian men compared to 9 % of non-Asian Indian men
[41]. The prevalence of NAFLD in wild-type homozygotes
(Asian or non-Asian) was 0 %. Furthermore, carriers of the
variant alleles (C-482T and T-455C) were found to have a
60 % increase in plasma triglyceride concentration and a
two-fold increase in post-prandial plasma triglyceride and
retinyl fatty ester concentrations after an oral fat-tolerance
test. The authors proposed that APOC3 variants result in
increased APOC3, which inhibits lipoprotein lipase. This
causes hypertriglyceridemia due to increased chylomicron
remnants, which are preferentially taken up by the liver,
resulting in NAFLD. This report has not been replicated
and thus larger cohort studies, inclusive of other ethnic
groups, are needed.

Longitudinal studies on the natural history of NAFLD in
the Asia Pacific region are lacking. However, studies from
Western cohorts firmly establish the risk of steatohepatitis
progressing to cirrhosis and from there to HCC [42, 43].
Thus, it is reasonable to assume that the burden of NASH-
associated complications in the Asia Pacific will also
increase over the coming decades. If NASH supersedes
viral hepatitis as the dominant cause of liver cancer in the
region, it will represent one of the most dramatic shifts in
cancer epidemiology, warranting new paradigms in public
health policy and prevention strategies across the region.

Epidemiology of NASH HCC in the Asia Pacific

The true incidence of NASH HCC is difficult to establish
as there is a paucity of prospective longitudinal studies
worldwide, particularly so in the Asia Pacific. Studies on
this evolution are difficult to perform, largely owing to the
long, slowly progressive course of NAFLD [43]. From the
longitudinal studies available, it is clear that NASH can
progress to HCC and this risk is comparable to that from
hepatitis C-related cirrhosis. In a recent prospective cohort
study from the US, 25/195 (12.8 %) of NASH cirrhotic
patients developed HCC during a median follow-up of
3.2 years [44]. The yearly cumulative incidence of HCC
was 2.6 % in NASH cirrhosis compared to 4.0 % in HCV
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cirrhosis, a statistically insignificant difference (p = 0.09).
The study concluded that patients with NASH cirrhosis
have a greatly increased risk of HCC, rivalling the risk in
HCV cirrhosis. In another recent prospective cohort study
from centres in Australia, the US and Europe, 6/247
(2.4 %) patients with NASH cirrhosis/advanced fibrosis
developed HCC during a mean follow-up of 85.6 months
[42], suggesting a lower annual incidence of HCC.

To date, the only longitudinal study from Asia to
examine HCC in NAFLD is by Yatsuji et al. [45]. In this
Japanese study of 68 NASH patients with cirrhosis fol-
lowed for a mean of 41 months, the 5-year HCC rate was
11.3 %. The 5-year occurrence rate of HCC in controls
with HCV-related cirrhosis was higher at 30.5 %; however,
this difference was not significant (p = 0.185). In another,
large retrospective cohort study of 6,508 Japanese patients
with NAFLD, 184 patients with significant fibrosis were
identified using the AST-to-platelet ratio index [46]. In this
group, 6/184 (3.26 %) of patients developed HCC in the
6-year follow-up period. A limitation of this study was that
although patients with HCV antibody or hepatitis B surface
antigen were excluded, hepatitis B core antibodies were not
measured and thus occult HBV infection cannot be ruled
out. This has important implications, as demonstrated in a
recent meta-analysis of eight prospective studies (six from
Japan), which gave a pooled 2.44-fold increased risk of
HCC in patients with occult HBV infection [47]. The
prevalence of NASH HCC in Japan can also be estimated
from nationwide surveys. In a nationwide survey of 33,379
patients with cirrhosis, 2.1 % (n = 647) were attributed to
NASH and 31.5 % (n = 199) of those with NASH cir-
rhosis were found to have HCC [48].

Incidence and prevalence data on NASH HCC from
other Asia Pacific countries are lacking. India has one of
the highest rates of NAFLD in Asia. From what is known
about the prevalence of NAFLD in India, it is possible to
provide rough estimates of the prevalence of NASH-asso-
ciated HCC (Fig. 2). On current estimates, there may
be ~ 120 million people in India with NAFLD [49], and in
a recent prospective epidemiological study, 31 % of those
with NAFLD have NASH on histology [50]. This would
equate to a possible 37 million people with NASH. Overall,
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Fig. 2 Estimation of NASH-
HCC prevalence in India

120 million persons with NAFLD
in India [48]

31% with NAFLD have NASH =
37 million persons [49]

10% with NASH have cirrhosis =
3.7 million persons [2,50]

25% with NASH-cirrhosis have HCC =
930, 000 persons with NASH-HCC [2,51]

Legend: ’ﬁ‘ = approximately 1 million persons (figure not to scale)

NAFLD non alcoholic fatty liver disease; NASH non alcoholic steatohepatitis; HCC

hepatocellular carcinoma

NASH progresses to cirrhosis in 10 % of cases [2, 51],
equating to 3.7 million people. Retrospective studies sug-
gest that up to 25 % of NASH-cirrhosis cases are com-
plicated by HCC [2, 52], suggesting a potential staggering
930,000 people in India with NASH HCC. In the recent
landmark Million Death Study, cancer mortality rates in
India were estimated from verbal autopsy findings of
122,429 deaths from 1.1 million homes in India [53]. Liver
cancer was the fourth leading cause of cancer mortality
with an age-standardised cancer mortality rate of 6.8 per
100,000 (99 % CI 5.4-8.1).

Prevalence figures for NASH HCC are an underestimate
if the contribution of NASH to cryptogenic cirrhosis (CC)
is taken into account. There is compelling evidence that a
majority of patients with CC have undiagnosed NASH
[54]. In a US study of 105 patients with HCC, 29 % were
found to have CC [55]. Of those with CC, half had clinical
or histological features consistent with NAFLD. Similar
evidence has emerged from the Asia Pacific. In a study
from India of living-donor liver transplant recipients, two-
thirds of patients with a pre-transplant diagnosis of CC
were ultimately diagnosed with NAFLD on their explant
liver [56]. Likewise, in a case-control study from Japan,
clinical features of NAFLD—obesity, visceral adiposity,
diabetes and hypertriglyceridemia—were more frequent in
CC patients than in controls with virus-associated cirrhosis
[57].

Clinical characteristics of NASH HCC in the Asia
Pacific

Interestingly, despite the scarcity of incidence and preva-
lence data on NASH HCC in Asia, there is some literature
on the characteristics of the tumors, particularly from Japan
[1]. In a cross-sectional Japanese study, the clinical fea-
tures of 87 patients with histology-proven NASH who
developed HCC were assessed [58]. The median age was
72 years. The male-to-female ratio was 1.6:1, which is
consistent with the gender disparity seen in HCC of other
etiologies. Over half of the patients had obesity, diabetes
and hypertension. Importantly, although cirrhosis and
advanced fibrosis were the key risk factors for HCC
(present in 51 and 72 % of cases, respectively), 28 %
(n = 25) of tumors developed in those with stage 1 or 2
fibrosis. This finding in the largest cohort of non-cirrhotic
NASH-HCC patients to date supports multiple worldwide
case reports and series of HCC in NASH occurring in the
absence of cirrhosis [17]. Further prospective studies are
needed to elucidate the true frequency of this entity.
Studies on the prognosis and outcomes of NASH HCC
are limited. To date, the only long-term prospective cohort
study on outcomes is from Japan [59]. In that study, 34
NASH-HCC patients were age- and sex-matched to 56
patients with HCV HCC. The 5-year recurrence rate after
curative treatment was 69.8 % in NASH HCC and 83.1 %
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in HCV-related HCC, a difference that was not statistically
significant. Risk factors for recurrence in NASH-HCC
patients were fibrosis stage and tumor size, and in the
HCV-HCC group, obesity, diabetes and tumor burden. The
5-year survival rate between the two groups was also
comparable at 55.2 % in NASH-HCC and 50.6 % in HCV-
HCC patients. These findings differ from a recent retro-
spective study from the US where patients with NASH
HCC were found to have better overall survival after
curative therapy than patients with HCV or alcohol-related
HCC (at 3 years, 61 vs. 36 %, respectively, p = 0.029)
[60]. In this study, however, the groups differed signifi-
cantly in their clinical and tumor characteristics and were
not case-control matched.

Thus, although the literature on NASH HCC in Asia is
limited, of variable quality and arises predominantly from
Japan, clinicians need to be aware that HCC can develop
in NASH cirrhosis at a rate rivalling HCV cirrhosis.
NASH-HCC patients tend to be older, male, and often
have multiple metabolic co-morbidities that will contrib-
ute not only to their liver-related mortality but also
overall mortality. Importantly, even though current HCC
surveillance guidelines do not address the risk of non-
cirrhotic NASH HCC, clinicians need to be aware of this
entity.

Obesity and diabetes as risk factors for HCC,
independent of NAFLD

Obesity and diabetes increase the burden of HCC in the
Asia Pacific not only via the development of NAFLD, but
perhaps also as an independent co-carcinogen. Extensive
epidemiological studies have demonstrated a strong asso-
ciation between obesity and HCC. In a recent systematic
review of ten cohort studies, one nested case-control study
and two case-control studies, obese individuals were found
to have a 1.4-4.1 RR of HCC [61]. Four out of the 13
studies included were from the Asia Pacific—two from
Japan, one from Taiwan and one from Korea—representing
a total Asian cohort of more than 1.5 million. In a sys-
tematic review of obesity and liver cancer in the Japanese,
five out of nine cohort studies reported a weak to strong
positive association between BMI and liver cancer risk,
while three case-control studies reported a strong positive
association [62]. Overall, overweight/obese individuals had
an RR of 1.74 (95 % CI 1.33-2.28) for developing liver
cancer compared with individuals with normal weight.
However, an important caveat is that the data do not
exclude the possibility that patients with obesity and dia-
betes developed NAFLD that then progressed to HCC.
There is emerging literature that the association between
obesity and various cancers, including HCC, is mediated
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by visceral rather than generalised body fat [26]. VAT is
directly related to the degree of inflammation and fibrosis
in NASH [63] and is thus linked to the progression to
NASH HCC. VAT also promotes a pro-tumorigenic envi-
ronment of systemic chronic inflammation that can have
effects on the liver and other tissues [26]. Of interest, in a
Japanese cross-sectional study, individuals with a higher
visceral fat area on CT (>130 cm? in males and >90 cm? in
females) had higher rates of HCC recurrence after curative
treatment than those with lower visceral fat areas (75.1 vs.
43.1 %, respectively at 3 years, p = 0.018) [64]. This has
important ramifications for the Asia Pacific given that
Asians (particularly South Asians) have a tendency to
greater VAT accumulation than their Western counterparts.

Diabetes has also been established as an independent
risk factor for HCC. Several large-scale population-based
cohort studies from the US and Europe demonstrated a
1.86- to 4-fold increase in HCC risk with diabetes [2].
Asian people with diabetes also have a higher risk of HCC.
For example, in a systematic review and meta-analysis of
four cohort studies and one case-control study from Japan,
diabetes was associated with a significantly increased risk
of HCC (OR 3.64, 95 % CI 2.61-5.07) [65]. In a recent
large population-based cohort study from Taiwan by Lai
et al. [66], the incidence of HCC was twice as high in
diabetic patients than in non-diabetics.

Importantly for the Asia Pacific, there appears to be a
synergistic effect of obesity and diabetes with viral hepa-
titis on HCC risk. In the Lai et al. study [66], the hazard
ratio for HCC associated with diabetes was 1.73 (95 %
CI = 1.47-2.03), and this increased to 72.4 (95 %
CI = 42.9-122) among patients with diabetes, hepatitis C
and cirrhosis. In a study of 23,820 participants in Taiwan
with 14 years of follow-up, a BMI over 30 in individuals
without viral hepatitis was associated with a two-fold
increased risk of HCC [67]. In individuals with HCV,
obesity increased the risk of HCC four-fold. Diabetes
increased the risk of HCC three-fold in HCV and two-fold
in HBV. When both obesity and DM were present with
either virus, the risk of HCC increased by a staggering
100-fold. NAFLD itself, independent of obesity and dia-
betes, also appears to act synergistically with viral hepatitis
to increase HCC risk. In a prospective study of 161 Japa-
nese patients with chronic hepatitis C, steatosis indepen-
dently increased the risk of HCC by 2.89-fold (95 %
CI = 1.24-6.37; p < 0.0135) compared to hepatitis C
patients without steatosis [68]. This association was not
confirmed in an Australian study that, unlike the Japanese
study, matched patients for fibrosis and therefore excluded
the potential confounding effect of fibrosis on HCC
development [69]. Further prospective studies with larger
cohorts are needed to define this relationship among NA-
FLD, viral hepatitis and HCC risk.
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Mechanisms of hepatocarcinogenesis in NASH

The precise pathogenesis of HCC in NASH is not known,
but three key pathways postulated include: inflammation
and adipocytokines; hyperinsulinaemia and the insulin-like
growth factor (IGF)-1 axis; and the generation of reactive
oxygen species (ROS). Chronic inflammation is intimately
related to tumorigenesis, influencing the proliferation of
cancer cells, angiogenesis, the risk of metastases and
response to cancer treatment [70]. NASH and its principal
risk factors, obesity and diabetes, are associated with the
release of multiple proinflammatory cytokines and adipo-
cytokines including TNF-o and IL-6. In murine models,
NASH induced by dietary manipulation promoted diethyl
nitrosamine-initiated HCC development, and this process
was associated with increased TNF-o signalling [71].
Adiponectin, the most abundant adipokine, is secreted at
reduced levels in obesity and NAFLD, and this may also
contribute to hepatocarcinogenesis [17]. In mice, adipo-
nectin has been shown to substantially reduce HCC
development, and in tissue microarray of human HCC
patients, adiponectin was inversely correlated with HCC
size [72].

NASH is associated with insulin resistance and hyper-
insulinaemia. Chronic hyperinsulinaemia reduces the
expression of IGF binding protein (IGFBP)-1 and -2,
resulting in increased levels of free IGF-1 [73, 74]. It is
widely postulated, based on in vitro studies, that increased
IGF-1 promotes hepatocarcinogenesis through its mito-
genic and anti-apoptotic effects [73, 75]. However, recent
clinical studies have suggested that circulating IGF-1 levels
are in fact decreased in HCC and low IGF-1 has been
correlated with poor overall survival [76]. A possible
explanation is that as IGF-1 is synthesised mainly in the
liver, levels decline in HCC and cirrhosis [77]. The rela-
tionship between the IGF-axis and HCC development
remains incompletely understood, and further in vitro and
epidemiological studies are needed to define this.

NASH generates ROS in the liver and this has also been
implicated in HCC development [2] through its proin-
flammatory and -oncogenic signals [78]. ROS may directly
induce oncogenic gene mutations including those of the
pS53 tumor suppressor gene and of the nuclear respiratory
factor (Nrf 1) [2]. Importantly, ROSs promote sustained
activation of c-Jun amino-terminal kinase (JNK1) and this
has been strongly associated with HCC development. In
one study, JNKI1 activation was present in over 50 % of
human HCC samples compared to adjacent non-cancerous
tissue [79]. Sustained JNK1 activation increases several
genes essential for hepatocyte proliferation [80]. Further
research is needed to identify potential JNK1-associated
HCC signature genes as these may be potential future
therapeutic targets [80].

Future directions

The future burden of NASH associated HCC in the Asia
Pacific is becoming increasingly apparent, but there is a
clear lack of high-quality epidemiological data across the
region. Prospective longitudinal studies on the evolution of
HCC in NAFLD are urgently needed to estimate the true
incidence of this cancer. Liver biopsies to diagnose NASH
are clearly not feasible in large cohorts; however, the use of
non-invasive modalities including transient elastography
and validated NAFLD fibrosis scoring systems need to be
utilised in clinical studies. Although there are a number of
studies from Japan that report the clinical characteristics of
NASH HCC, the Asia Pacific is such a diverse region that
more representative studies, for example from areas of
South Asia where the burden of NAFLD is heaviest, are
also needed. Our understanding of the frequency and nat-
ural history of HCC in non-cirrhotic NASH is in its
infancy, and more studies are needed as this has implica-
tions for HCC surveillance.

The potential for a genetic predisposition to NASH-
associated liver cancer needs further investigation.
Emerging evidence suggests polymorphisms in APOC3
may increase the risk of NAFLD in South Asians [41], but
whether this and other mutations increase the propensity to
HCC development is not known.

Conclusion

With the burgeoning rates of obesity and diabetes, NA-
FLD and NAFLD-related HCC are public health priorities
for the region. Over the next few decades, the epidemi-
ology of liver cancer in the Asia Pacific will significantly
alter as the prevalence of viral hepatitis declines and that
of NASH increases. There is currently an unmet and
urgent need for large-scale, cross-country, prospective
studies on the incidence, clinical characteristics and out-
comes of NASH HCC in the region. Based on the liter-
ature to date, clinicians need to recognise that NASH-
related liver cancer occurs more frequently in older men,
that metabolic co-morbidities including obesity, diabetes
and hypertension often coexist, and that although cirrhosis
greatly increases the risk of HCC, tumors may also
develop in its absence.
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