Chapter 9
Obesity, Inflammation, Nonalcoholic Fatty Liver
Disease, and Hepatocellular Carcinoma

Naim Alkhouri and Arthur McCullough

Abstract

* Hepatocellular carcinoma (HCC) is a common malignancy worldwide that is
increasing in incidence in the United States.

e Viral and alcohol-related liver diseases account for most cases; however, a sig-
nificant number of patients with HCC do not have a known underlying chronic
liver disease.

* New evidence suggests that obesity and type 2 diabetes may play a significant
role in the development of HCC.

* Nonalcoholic fatty liver disease (NAFLD) is very common in patients with obe-
sity and diabetes and may progress to cirrhosis and HCC.

* Insulin resistance, adipose tissue inflammation, adipokines, and inflammatory cyto-
kines comprise mechanistic pathways that link obesity with NAFLD and HCC.

9.1 Introduction: The Changing Epidemiologic
Pattern of HCC

Primary liver cancer is the sixth most common liver cancer worldwide and the third
most common cause of cancer-related death [1]. Hepatocellular carcinoma (HCC)
accounts for approximately 90 % of all primary liver cancers, and these two terms are
frequently used interchangeably [2]. Each year, 20,000 new cases of HCC are diag-
nosed in the United States with an incidence that has tripled over the past 2 decades
making HCC the fastest growing cause of cancer death in the male population [3].
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Liver cirrhosis is present in approximately 70-90 % of HCC cases. Although chronic
hepatitis B virus (HBV) infection is the major risk factor for HCC worldwide,
infection with hepatitis C virus (HCV) is the causal factor in the majority of cases in
the United States and Japan [4]. Other etiologies of chronic liver disease/cirrhosis
associated with HCC include alcoholic liver disease, exposure to aflatoxin, heredi-
tary hemochromatosis, al-antitrypsin deficiency, primary biliary cirrhosis, and
autoimmune hepatitis. However, a significant number of patients with HCC (15—
50 %) do not have a known underlying chronic liver disease (cryptogenic) [5].

New evidence suggests that obesity and obesity-related complications, such as
type 2 diabetes (DM2), metabolic syndrome (MetS), and nonalcoholic fatty liver
disease (NAFLD), play a significant role in the development of HCC in susceptible
patients.

In fact, epidemiological data have demonstrated a parallel increase in prevalence
of HCC and obesity. In multiple population-based cohort studies from the USA and
Europe [6-8], HCC was approximately twice as likely to develop in obese individu-
als as in those who were not obese, and similar results were found in patients with
DM2 compared to nondiabetic subjects [9, 10]. NAFLD is the hepatic manifestation
of MetS, and its prevalence (33 % of the adult US population) has been increasing
with the growing epidemics of obesity and DM2. In addition, NAFLD appears to be
a significant factor in the tumorigenesis of HCC in the setting of obesity [11].

9.2 Mechanistic Pathways Liking Obesity and Inflammation
to Chronic Liver Disease and HCC

It has become clear that a state of low-grade chronic inflammation is typically associ-
ated with obesity and plays a crucial role in the development of insulin resistance (IR)
[12, 13]. An important initiator of this inflammatory response is the adipose tissue,
which actively secretes a variety of products such as cytokines, adipokines, and fatty
acids into the circulation [14]. Abnormal adipose tissue metabolism has also been
identified as a critical mechanistic link between obesity and NAFLD [15, 16]. As
shown in Fig. 9.1, the increased release of free fatty acids (FFA) from adipose tissue
due to a state of insulin resistance, which is characteristic of obesity, represents the
main source of FFA during development of hepatic steatosis and progressive liver
injury in NAFLD [17]. A surplus of FFA in non-adipose cells (ectopic fat deposition)
may enter deleterious pathways leading to hepatocyte dysfunction (lipotoxicity) and
apoptotic cell death (lipoapoptosis) [18, 19] which can occur through death receptors,
the mitochondrial-lysosomal pathway, and endoplasmic reticulum (ER) stress [17].
The ensuing responses of cell repair, inflammation, regeneration, and fibrosis may all
be triggered by apoptosis of adjacent cells [20]. Of these processes in the liver, hepatic
fibrosis has the potential to be the most deleterious, as progressive fibrosis may result
in cirrhosis and end-stage liver disease [21, 22].

Liver fibrosis is strongly associated with the development of HCC; in fact, up to
90 % of HCC cases arise in cirrhotic livers [23]. As shown in Fig. 9.2, excess
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Fig. 9.1 The role of insulin resistance, free fatty acids, obesity, and diabetes in the development
and progression of nonalcoholic fatty liver disease (NAFLD)
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Fig. 9.2 The importance of fibrosis and the immune system for creating an environment in the
liver conducive for the development of hepatocellular carcinoma (HCC)



222 N. Alkhouri and A. McCullough

extracellular matrix and stiffness in cirrhotic livers provides a reservoir for bound
growth factors, promotes angiogenesis, enhances survival of pre-neoplastic hepato-
cytes and activated hepatic stellate cells (HSCs), and reduces the activity of natural
killer and natural killer T cells that have critical roles in tumor surveillance [24].

9.3 Obesity and Insulin Resistance in the Pathogenesis of HCC

9.3.1 Insulin Resistance/IGF Axis and HCC

IR is frequently present in obese individuals and can lead to a state of compensatory
hyperinsulinemia in order to maintain normal metabolic functions. As shown in
Fig. 9.3, hyperinsulinemia activates downstream pathways through the insulin receptor
substrate-1 (IRS-1), which inhibit apoptosis and increase mitogenesis promoting
tumorigenesis. IRS-1 plays an important role in cytokine signaling pathways and is
upregulated in HCC [25]. The c-Jun amino-terminal kinase 1 (JNK1) has emerged as a
key link between obesity and IR [26]. Obesity is associated with increased release of
FFA, pro-inflammatory cytokines, and reactive oxygen species, all potent activators of
JNK, which lead to phosphorylation of IRS-1 and IR. JNKI1 plays a significant role in
the development of nonalcoholic steatohepatitis (NASH) [27] and was found recently
to be associated with the development of HCC as more than 50 % of human HCC
samples were observed to have increased activation of JNK1 [11, 28, 29].

The liver synthesizes and secretes insulin-like growth factors (IGFs), in
response to growth hormone. Insulin upregulates hepatic growth hormone recep-
tors, which in turn increase the activation of IGFs. Accumulating nascent data
suggest that dysregulation of the IGF axis, which consists of IGF-1 and IGF-2,
their receptors IGF1R and IGF2R, and their binding proteins IGFBP1-6), plays
a role in the development of HCC in animal models and human HCC cell lines
[30, 31]. Binding of IGF-1 and IGF-2 to their cell surface receptor results in the
activation of the Ras-mitogen-activated protein kinase (MAPK)-ERK path-
way and the phosphoinositide 3-kinase (PI3K)/Akt/mTOR pathway, which are
major signaling pathways in cellular proliferation and apoptosis [32-34].
Hyperinsulinemia decreases liver production and blood levels of IGFBPs leading
to increased bioavailability of IGFs [35]. Indeed, decreased expression of
IGFBP-3 in HCC was found to be significantly associated with portal vein inva-
sion and poor prognosis [36], while the treatment of HCC cells with IGFBP-3
in vitro controlled cell proliferation [37].

9.3.2 Inflammatory Cytokines and HCC

Obesity is associated with the upregulation of pro-inflammatory cytokines such as
tumor necrosis factor-a (TNF-a) and interleukin 6 (IL-6), both of which can stimulate
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Fig. 9.3 The transcriptional factors and adipokines currently considered the most important car-
cinogenic in NAFLD

normal and malignant hepatocyte proliferation [38, 39]. The binding of TNF-a to its
receptor activates the nuclear factor-kB pathway (NF-«xB), which is considered a
major factor in determining the ability of pre-neoplastic and malignant cells to avoid
apoptosis and therefore providing a link between inflammation and cancer [40]. After
activation, NF-kB translocate dimers to the nucleus where they affect transcriptional
activation of hundreds of target genes. By using the Mdr-2 knockout mouse model,
which spontaneously develops cholestatic hepatitis leading to dysplasia and eventu-
ally HCC, Pikarsky et al. demonstrated that TNF-a expression was upregulated in
adjacent inflammatory and endothelial cells, triggering NF-kB signaling in hepato-
cytes, thereby promoting survival and the ultimate formation of HCC [41].
Furthermore, anti-TNF treatment suppressed NF-«kB activation resulting in apoptosis
of transformed hepatocytes and failure to progress to HCC. In contrast with the tumor-
promoting role of NF-kB pathway in the animal model described above, the inactiva-
tion of the pathway at an early stage in other models can also promote carcinogenesis
because of increased hepatocyte apoptosis which triggers compensatory hyperplasia,
regeneration, and fibrosis leading to malignant transformation [42].

Another important inflammation-associated pathway is the signal transducer and
activator of transcription 3 (STAT3) which is triggered by IL-6 and inhibited by
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SOCS3 (suppressor of cytokine signaling 3) [43]. In a study by He et al,
hepatocyte-specific STAT3-deficient mice (Staz3°"?) exhibit more than sixfold reduc-
tion in HCC load relative to Stat3"F in response to the chemical procarcinogen dieth-
ylnitrosamine (DEN)-induced liver tumorigenesis [44]. The authors also examined
the status of STAT3 activation in a large number of human HCC specimens and found
that approximately 60 % exhibited activated nuclear STAT3, with STAT3-positive
tumors being more aggressive. Furthermore, hepatocyte-specific SOCS3 deletion in
mice with DEN-induced HCC leads to larger and more numerous tumors [45].

9.3.3 Adipokines and HCC

Leptin is a specialized peptide hormone produced mainly by adipocytes (adipokine)
and is the product of the obese (ob) gene. Leptin regulates energy intake and expen-
diture through binding to its receptors in the central nervous system [46, 47]. In
overweight and obese subjects, leptin levels are elevated indicating a state of leptin
resistance. Using HCC cell lines, Saxena et al. demonstrated that leptin promoted
HCC through concomitant activation of the STAT3 and PI3K/Akt pathways and that
blocking these signaling pathways can effectively block leptin-mediated migration
and invasion of HCC cells [48]. Moreover, leptin can promote tumorigenesis by
protecting HCC cells from apoptosis induced by transforming growth factor-f§
(TGEF-B), which occurs by downregulating the pro-apoptotic Bax gene [49].

Adiponectin is another adipokine mainly secreted by visceral adipose tissue.
Adiponectin has three receptors, AdipoR1, AdipoR2, and T-cadherin, with AdipoR2
being the one predominantly expressed in the liver [50]. Unlike leptin, adiponectin
levels are markedly decreased in obesity, DM2, NAFLD, and atherosclerosis indi-
cating a protective effect of adiponectin against obesity-related disorders [51-53].
Similarly, reduced plasma or hepatic adiponectin correlates closely with the devel-
opment of HCC with an inverse relationship between adiponectin expression and
tumor size [54, 55]. Interestingly, adiponectin may inhibit tumor growth induced by
leptin by reducing STAT3 and PI3K/Akt activity and increasing SOCS3 which is a
negative regulator of leptin signaling [56].

9.4 HCC and Obesity

9.4.1 Obesity and HCC in the General Population

Obesity has been established as a risk factor for HCC by multiple large cohort
studies [57]. This increased risk may be related to the increased prevalence of
NAFLD and NASH in obese individuals, and the carcinogenic potential exerted
by obesity alone, as discussed above. In a large Danish study of nearly 44,000
obese individuals, Moller et al. found an overall 16 % increased incidence of
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cancers and a relative risk of 1.9 for liver cancer [7]. Wolk et al. found that obe-
sity was associated with a threefold increase in HCC risk in a large Swedish
study that included more than 28,000 obese patients [8]. A Korean study that
followed 781,283 males without a prior diagnosis of cancer for over a 10-year
period found a relative risk for HCC of 1.53 in obese patients compared to nor-
mal controls after controlling for HBV infection (the most common cause of
HCC in Korea) [58]. A mortality study conducted by the American Cancer
Society that followed more than 900,000 US adults initially free from cancer for
16 years demonstrated that the relative risk of dying from liver cancer was 1.68
times higher in women and 4.52 times higher in men who had a BMI>35 kg/m?
compared to lean controls with normal BMI (18.5-24.9 kg/m?) [6]. Of note, the
relative risk of liver cancer mortality among males was the highest of all the
cancers studied. A meta-analysis that included 11 cohort studies found that
compared to normal-weight individuals, the relative risk of liver cancer was
1.17 (95 % CI, 1.02—1.34) for overweight patients and 1.89 (95 % CI, 1.51-
2.36) for obese patients [57].

9.4.2 Obesity and HCC in Patients with Cirrhosis

In addition to the association between obesity and HCC in the general population,
obesity is an independent risk factor for HCC in patients with cirrhosis of different
etiologies. A review of the United Network of Organ Sharing (UNOS) database that
included 19,271 cirrhotic patients who had liver transplantation between 1991 and
2000 revealed that the overall incidence of HCC was higher in obese patients com-
pared to non-obese patients (4.0 % vs. 3.0 %, p=0.013) [59]. In the multivariate
analysis of this study, obesity was an independent predictor of HCC in cryptogenic
cirrhosis (OR=11.1, 95 % CI, 1.5-87.4) and alcoholic cirrhosis (OR=3.2, 95 % CI,
1.5-6.6) but not in cirrhosis due to viral hepatitis or autoimmune liver disease.
A prospective 7-year study in France that followed 771 patients with alcohol- or
HCV-related cirrhosis demonstrated that a BMI>30 kg/m? was associated with a
hazard ratio for HCC of 2.8 [60].

Beyond the effect of obesity (assessed by BMI) on the risk of HCC, it appears
that visceral fat accumulation per se may play a role in tumor initiation and progres-
sion. Visceral adipose tissue is a highly active endocrine organ that produces mul-
tiple pro-inflammatory cytokines (such as TNF-a and IL-6), promotes insulin
resistance, and causes hepatocyte fat accumulation with ensuing hepatocyte injury
and possibly carcinogenesis through FFA toxicity [31]. Ohki et al. studied the effect
of visceral fat area, as measured by contrast-enhanced dynamic CT, on the recur-
rence of HCC after curative ablation [61]. They found that patients with high vis-
ceral fat area (defined as >130 cm? in male and >90 cm? in female) had a cumulative
recurrence rates at 1 and 3 years of 15.9 % and 75.1 %, respectively, compared to
9.7 and 43.1 % in the control group (p=0.018).
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9.5 HCC and Type 2 Diabetes Mellitus (DM2)

Establishing the causal relationship between diabetes and HCC has proven difficult
for multiple reasons. First, cirrhosis and end-stage liver disease can cause impaired
glucose tolerance and overt diabetes [62] introducing potential bias in case—control
studies. Second, some etiologies of chronic liver disease such as HCV and hemo-
chromatosis are associated with increased diabetes risk [63]. Finally, diabetes is a
strong risk factor for NAFLD and NASH which can progress to cirrhosis and HCC
[64]. However, several large cohort studies have established the presence of DM2 as
an independent risk factor for the development of HCC. Earlier population-based
studies from Sweden and Denmark [65, 66] have shown a significant increase in
HCC risk among patients with diabetes alone and in the presence of viral hepatitis,
alcoholic liver disease, and cirrhosis. A large longitudinal study from the USA fol-
lowed 173,643 diabetic patients and 650,620 patients without diabetes for 10—15
years and found that diabetes was associated with a hazard ratio for HCC of 2.16
(95 % confidence interval [CI], 1.86—1.09; p<0.0001) even after excluding patients
with HCV, HBYV, and alcoholic liver disease [67]. Importantly, this study provided
evidence for a causal association between DM?2 and HCC by demonstrating that
diabetes preceded the development of chronic liver disease, as well as an increased
risk for HCC in patients with longer duration of diabetes. Similar findings were
reported from a hospital-based case—control study with diabetes being present in
87 % of cases before the diagnosis of HCC and patients with diabetes duration >10
years having an adjusted hazard ratio for HCC of 2.2 (95 % CI, 1.2-4.8) compared
to those with a diabetes duration of 2-5 years. More robust support for diabetes as
a risk factor for HCC came from a meta-analysis of 13 cohort studies that aimed to
assess the association between diabetes and HCC. The analysis revealed a statisti-
cally significant 2.5-fold increase in HCC incidence among diabetic patients (95 %
CI, 1.9-3.2; p<0.01) [9]. A more recent meta-analysis that included a total of 17
case—control studies and 32 cohort studies confirmed the association between dia-
betes and risk of HCC with a pooled relative risk of 2.31 for HCC among diabetic
patients (95 % CI, 1.87-2.84) [68].

9.5.1 Association of Diabetes Treatment with HCC Risk

Several lines of evidence suggest that the type of antidiabetic therapy may increase
or decrease HCC risk contingent upon mechanism of action [68].

On one hand, insulin sensitizers such as metformin can improve insulin sensitiv-
ity and suppress cell growth by activating the AMP-activated protein kinase yield-
ing a protective effect on cancer risk [69]. A retrospective study from Italy that
included 465 patients with HCC, 618 cirrhotics, and 490 controls found a statisti-
cally significant reduction in HCC risk for diabetics receiving metformin (OR =0.33;
95 % CI, 0.1-0.61) [70]. Another study from the University of Texas reported a
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similar decrease in the risk for HCC with metformin (OR=0.3; 95 % CI, 0.2-0.6)
[71]. Moreover, a recent study demonstrated that metformin decreased the risk of
HCC in diabetic patients in a dose-dependent manner with a 7 % risk reduction of
HCC for each incremental year increase in metformin use [72]. Interestingly, met-
formin inhibited hepatoma cell line proliferation by inducing cell cycle arrest at the
GO0/G1 phase via AMP-activated protein kinase. Furthermore, metformin had che-
mosensitizing effect in combination with doxorubicin to accelerate HCC regression
in a mouse xenograft model.

On the other hand, exogenous insulin and sulfonylureas lead to an increase in
circulating insulin levels promoting carcinogenesis and increasing the risk for HCC.
Donadon et al. found a statistically significant increase in HCC risk for diabetics
receiving sulfonylureas or insulin (OR=2.99; 95 % CI, 1.34-6.65), and similar
findings were also reported by Hassan et al. (insulin use was associated with HCC
OR of 1.9; 95 % CI, 0.8-4.6, and sulfonylurea use was associated with HCC OR of
7.1;95 % CI, 2.9-16.9) [70, 71].

Overall, in the meta-analysis by Wang et al., the pooled risk estimates for devel-
oping HCC were 0.31 (95 % CI, 0.19-0.49) for diabetics treated with metformin
and 4.0 (95 % CI, 1.94-8.24) for those treated with sulfonylurea or exogenous insu-
lin [68].

In addition to the effects of antidiabetic therapy on the risk for liver cancer, statin
use in diabetics appears to have a protective effect against HCC. Proposed mecha-
nisms include the inhibition of downstream products of the mevalonate pathway
which are important for the growth of malignant cells [73] and the inhibition of HSC
proliferation and their production of collagen [74]. In a nested, matched, case—control
study in diabetics, El-Serag et al. examined 1,303 cases and 5,212 controls and found
arisk reduction for the development of HCC that ranged between 25 and 40 % provid-
ing evidence of the cancer-preventive effect of statins specific to HCC [75].

9.6 HCC and Nonalcoholic Fatty Liver Disease

9.6.1 The Epidemic of NAFLD

NAFLD is considered the hepatic manifestation of MetS and as such has become
the most common form of chronic liver disease in the world [76-78]. NAFLD
encompasses a wide histological spectrum of disease ranging from simple steatosis
characterized by lipid accumulation in the liver in the form of triglyceride (TG) to
NASH characterized by the association of lipid accumulation with evidence of
hepatocyte injury, inflammation, and various degrees of fibrosis [79]. NASH is a
serious condition that can progress to cirrhosis and its feared complications of por-
tal hypertension and end-stage liver disease requiring liver transplantation. It is esti-
mated that in the United States, NAFLD affects 30-45 % of the general population
and as high as 90 % of the morbidly obese [80, 81]. Furthermore, the aggressive
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form of NASH affects between 5 and 13 % of Americans, making this entity a rising
cause of liver-related morbidity and mortality and potentially the main indication
for liver transplantation in the next decade [82]. A recent study found that among
diabetic patients, NAFLD was present in 74 % and NASH in 22.2 % [81].

9.6.2 HCC and Cryptogenic Cirrhosis

When NASH progresses to cirrhosis, most of the classic histological features of the
disease disappear, making the diagnosis of the underlying etiology difficult [83]. It
has been proposed that NASH accounts for the majority of cases of cryptogenic cir-
rhosis (CC) because these patients have a significantly higher prevalence of condi-
tions associated with NASH including obesity and diabetes compared to patients
with cirrhosis of well-defined etiology [84, 85]. Three landmark studies published
in 2002 expanded the spectrum of NAFLD from CC to HCC. In the first study,
Bugianesi et al. retrospectively identified 646 Italian patients with cirrhosis-
associated HCC and found that the prevalence of CC was 6.9 % compared to 55 %
for HCV-cirrhosis, 16 % for HBV-cirrhosis, and 13 % for alcoholic cirrhosis [86].
Interestingly, the prevalence of pre-cirrhotic obesity, DM2, and dyslipidemia were
more than twice as prevalent in patients who had CC as in the control group (p value
<0.05 for all metabolic factors). The second study by Marrero et al. demonstrated
that CC was the second most common etiology of underlying liver disease (29 %)
after HCV (51 %) in a group of 105 patients with HCC from Michigan likely related
to the high prevalence of obesity in the United States [87]. The third study by Ratziu
et al. in France found CC in 27 % of HCC patients and corroborated the association
between DM2, IR, and dyslipidemia with both CC and HCC [88].

9.6.3 HCC and NASH-Cirrhosis

Several studies have directly examined the incidence of HCC in patients with
NAFLD or NASH-cirrhosis (Table 9.1). In a large cohort study that included 7,326
patients discharged with a diagnosis of fatty liver from Danish hospitals over a
16-year period, Sorensen et al. found that the risk for primary liver cancer was sig-
nificantly elevated in NAFLD patients compared to the Danish general population
with a standardized incidence ratio of 4.4 (95 % CI, 1.2—-11.4) [89]. A large prospec-
tive US study compared 152 patients with NASH-cirrhosis (median age of 55 years)
with 150 matched patients with HCV-cirrhosis. Those with NASH-cirrhosis had
significantly lower risk of developing HCC over a 10-year follow-up period (6.7 %
vs. 17 %, respectively, p<0.01) [90]. Hashimoto et al. conducted a case-controlled
study that included 34 NASH patients with HCC and 348 patients NASH patients
without HCC [91]. Risk factors for HCC in this study included older age, low AST
level, low NAFLD activity score, and advanced fibrosis stage. A prospective cohort
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Table 9.1 Studies that evaluated the incidence of hepatocellular carcinoma (HCC) in patients with
nonalcoholic fatty liver disease (NAFLD)

Follow-up HCC

References NASH patients (1) (years) incidence (%) Risk factors
Sanyal et al. [90] 152 10 6.7 None stated
Hashimoto et al. 34 (case-controlled study) 5 7.6 Older age
[91] 137 (prospective study) Low AST
Low NAFLD
activity score
Advanced fibrosis
Ascha et al. [92] 195 3.2 12.8 Older age
Any alcohol
consumption

study of 137 NASH patients with advanced fibrosis was included in that same study;
this prospective cohort demonstrated that the 5-year cumulative incidence of HCC
was 7.6 % [91]. Finally, a study from the Cleveland Clinic compared 195 patients
with NASH-cirrhosis to 315 patients with HCV-cirrhosis that were evaluated for
liver transplantation between 2003 and 2007 [92]. The yearly cumulative incidence
of HCC in cirrhotic patients with NASH was 2.6 % compared to 4.0 % for those
with hepatitis C infection. Interestingly, older age at the time of cirrhosis diagnosis
and any alcohol consumption were independently associated with the development
of HCC in the multivariate analysis (hazard ratio of 1.08 and 3.8, respectively;
p<0.005), supporting the notion that alcohol intake even in small quantities may
increase the risk of HCC development in the setting of cirrhosis.

9.6.4 HCC and Non-cirrhotic NAFLD

New data indicate that HCC can arise in steatotic livers in the absence of cirrhosis.
In fact, several case series have described the occurrence of HCC in non-cirrhotic
NAFLD patients. In a Japanese study that included 9 patients with HCC in the set-
ting of NAFLD, one third of patients only had mild hepatic fibrosis and no evidence
of cirrhosis [93]. Hashimoto et al. confirmed these findings by demonstrating that
12 % of their patients with NASH-HCC had mild fibrosis (fibrosis stage 1-2) [91].

In a large nationwide survey of 14,530 HCC patients in Japan, NAFLD-HCC and
unknown HCC accounted for 7.1 % of all cases, but only 62 % of NAFLD-HCC had
cirrhosis [94]. A European study by Ertle et al. that enrolled 150 patients with HCC
(including 36 with NAFLD) intriguingly found that only 58 % of patients with
NAFLD-HCC had evidence of cirrhosis [95]. These studies underscore the impor-
tance of HCC screening in high-risk NAFLD patients such as those with family
history of HCC.
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9.7 Summary

NAFLD has emerged as the most prevalent chronic liver disease. Population-based
studies in the United States estimate that the prevalence of NAFLD is at least 30 %
in adults and as high as 80 % in obese patients and in patients with type 2 diabetes.
Of additional concern is the fact that the incidence of NAFLD has increased from
4.5/100,000 to 38/100,000 over the epoch of 1980-1999. Consistent with these data
is the recognition that obesity and diabetes are risk factors for both NAFLD and
HCC. Although viral and alcohol-related liver disease account for the majority of
HCC, the increased incidence of HCC has occurred in parallel with incidences of
NAFLD, obesity, and diabetes, with the latter two being risk factors for both the
development and progression of NAFLD. This increased incidence of HCC in
NAFLD and the fact that there is a predilection for HCC to develop in NAFLD even
in the absence of cirrhosis has important clinical implications that may change the
current paradigms for cancer surveillance in these patients. Finally, our increased
knowledge of the mechanistic pathways that link obesity and diabetes to the patho-
genesis of HCC in NAFLD (discussed above) provide strategies for both the clinical
management of NAFLD and the development of targeted treatments for HCC asso-
ciated with NAFLD.
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