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Abstract
Hepatocellular carcinoma (HCC) is the most common 
primary liver malignancy. The incidence of hepatocellu-
lar carcinoma has increased dramatically by 80% over 
the past two decades in the United States. Numerous 
basic science and clinical studies have documented a 
strong association between hepatocellular carcinoma 
and the metabolic syndrome. These studies have docu-
mented that, in most patients, non-alcoholic fatty liver 
disease is the hepatic manifestation of the metabolic 
syndrome, which may progress to hepatocellular carci-
noma through the cirrhotic process. However, minority 
of patients with non-alcoholic fatty liver disease may 
progress to hepatocellular carcinoma without cirrhosis. 
This review summarizes the current literature of the 
link between hepatocellular carcinoma and metabolic 
syndrome with special emphasis on various compo-
nents of the metabolic syndrome including risk of asso-

ciation with obesity, diabetes mellitus, hyperlipidemia, 
and hypertension. Current understanding of patho-
physiology, clinical features, treatments, outcomes, 
and surveillance of hepatocellular carcinoma in the 
background of metabolic syndrome and non-alcoholic 
fatty liver disease is reviewed. With the current epi-
demic of metabolic syndrome, the number of patients 
with non-alcoholic fatty liver disease is increasing. 
Subsequently, it is expected that the incidence and 
prevalence of HCC will also increase. It is very impor-
tant for the scientific community to shed more light 
on the pathogenesis of HCC with metabolic syndrome, 
both with and without cirrhosis. At the same time it 
is also important to quantify the risk of hepatocellular 
carcinoma associated with the metabolic syndrome in 
a prospective setting and develop surveillance recom-
mendations for detection of hepatocellular carcinoma 
in patients with metabolic syndrome.

© 2013 Baishideng. All rights reserved.

Key words: Liver; Hepatocellular carcinoma; Metabolic 
syndrome; Non-alcoholic fatty liver disease; Obesity

Core tip: Hepatocellular carcinoma is a common malig-
nancy with dismal outcome. The metabolic syndrome 
has been implicated for the recent increase in hepa-
tocellular carcinoma. Numerous studies have shown a 
strong association between hepatocellular carcinoma 
and the metabolic syndrome. This review summarizes 
the current literature linking hepatocellular carcinoma 
and the metabolic syndrome.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common 
primary liver malignancy with increasing incidence and 
prevalence both nationally and internationally that was 
evident more than a decade ago[1]. According to Inter-
national Agency for Research on Cancer (IARC), HCC 
has high fatality worldwide with overall ratio of  mortal-
ity to incidence of  0.93[2]. The incidence of  HCC has 
increased dramatically by 80% in the last two decades in 
the United States[3]. This phenomenon was also observed 
in many of  the developed countries of  the world[4]. The 
trend of  increased incidence of  HCC from hepatitis C 
virus is predicted to plateau by 2020 with no significant 
changes of  other known causes[5]. Most of  the high risk 
entities of  HCC including hepatitis B virus, hepatitis C 
virus, and alcohol are well defined. However, 5%-30% 
of  the HCC cases do not have any identifiable risk fac-
tor[6]. Moreover, some studies have indicated that even 
up to 50% cases of  HCC may not have any readily iden-
tifiable risk factor[7,8]. The majority of  these “cryptogenic” 
HCC in the United States and many other developed 
countries are now widely attributed to the metabolic syn-
drome, specially its hepatic manifestation non-alcoholic 
fatty liver disease (NAFLD)[9].

Metabolic syndrome (MetS), a cluster of  metabolic 
abnormalities is now considered a major public health 
issue worldwide. It is particularly important in the 
developed countries because of  the alarming obesity 
epidemic. MetS is also considered to be the central as-
sociation of  the current epidemic of  diabetes and car-
diovascular diseases[10]. It is estimated that 25% of  the 
United States population meet the diagnostic criteria of  
MetS[11]. According to the Third National Health and 
Nutrition Examination Survey (NHANES Ⅲ) criteria, 
about 47 million people have metabolic syndrome in the 
United States and the number is increasing at an alarm-
ing rate[12]. In the background of  increasing “cryptogenic” 
HCC, MetS and NAFLD, it is important to review the 
relationship between HCC and the MetS.

EPIDEMIOLOGY OF HCC
Worldwide, HCC is the fifth most common cancer in 
men and the seventh most common cancer in women 
according to the IARC. Most of  the disease burden of  
HCC resides in developing countries such as East Asia, 
South East Asia, and sub-Saharan Africa, where almost 
85% of  the cases occur. The overall gender ratio of  
male: female is 2.4. Low incidence rates are estimated 
in developed countries, with the exception of  Southern 
Europe where the incidence in men is significantly high-
er than in other developed regions. Worldwide, there was 
an estimated 694000 deaths from HCC in 2008 (477000 
in men, 217000 in women), making it the third most 
common cause of  death from cancer. The geographi-
cal distribution of  HCC mortality rates is similar to that 
observed for the incidence rates indicating more or less 

similar outcomes across the world[13]. 
In the United States, the average age of  diagnosis 

for HCC is 63 years (62 years for males, and 69 years for 
females). The age-adjusted incidence rate is 7.7/100000 
per year. The age-adjusted death rate from HCC is 
5.5/100000 per year. It is estimated that the median age 
at death for HCC is 68 years of  age. However, gender, 
race and ethnic disparities exist in the incidence and 
mortality rates of  HCC in the United States. Table 1 
summarizes the incidence and mortality rates of  HCC 
according to race, ethnicity and gender based on cases 
diagnosed in 2006-2010 from 18 Surveillance Epidemi-
ology and End Results (SEER) geographic areas[14,15].

The Centers for Disease Control and Prevention (CDC) 
examined all HCC cases (48596) diagnosed during 
2001-2006 that were reported to the National Program 
of  Cancer Registries (NPCR) or SEER from 45 cancer 
registries (covering 90.4% of  the United States popula-
tion). As shown in Table 2[16], the data document that 
the incidence rate of  HCC is on the rise in both genders.  
During this period, the annual percentage change (APC) 
for males (3.6%) was significantly higher than the APC 
for females (2.3%). The largest significant increase in 
HCC incidence rates were among Non-Hispanic Whites 
(APC = 3.8%), African American (APC = 4.8%), and 
persons aged 50-59 years (APC = 9.1%)[16].

METABOLIC SYNDROME
The World Health Organization (WHO) was the first to 
identify MetS as a global problem and took initiative to 
propose a definition and diagnostic criteria. The WHO 
used insulin resistance (IR) as the major criteria for de-
fining the MetS. However, in clinical practice it was dif-
ficult to quantify or qualify insulin resistance across the 
world[17]. Subsequently in 2001, the National Cholesterol 
Education Program expert panel on the detection, evalu-
ation and treatment of  high blood cholesterol in adults 
(Adult Treatment Panel Ⅲ or ATP Ⅲ) defined the meta-
bolic syndrome by the presence of  three parameters of  
the following criteria: hyperglycemia, hypertriglyceride-
mia, low HDL, abdominal obesity and hypertension[18]. 
Recently, the International Diabetes Federation (IDF) 
adopted a definition with emphasis on central obesity in 
MetS such that central obesity plus two additional fac-
tors are required in order to diagnose the MetS[19]. Table 
3 summarizes the criteria used to define the metabolic 
syndrome over time. 

The prevalence of  MetS varies worldwide depending 
on the geographic location, socioeconomic background, 
culture and ethnicity. It is estimated that the prevalence 
of  MetS is about 14% in China, 26% in South Asia, 19% 
in Australia, 9% in France and 18% in Italy. Although 
prevalence of  obesity as defined by the WHO is relative-
ly low in Asia compared to western countries, metabolic 
syndrome is growing into a significant public health 
problem. Comparative studies indicate that metabolic 
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responses to obesity may be greater in South and East 
Asians than their western counterparts at given body 
mass indexes (BMI)[10,20].

The prevalence of  MetS was evaluated in adults in 
the United States participating in the third National 
Health and Nutrition Examination Survey (NHANES 
Ⅲ, 1988 to 1994). The overall prevalence was 22%, with 
an age-dependent increase (6.7, 43.5, and 42.0% for ages 
20 to 29, 60 to 69, and > 70 years, respectively)[12]. Data 
from NHANES 1999 to 2000 demonstrate that the prev-
alence has continued to increase, particularly in women. 
The unrelenting increase in the prevalence of  obesity in 
the United States suggests that the current prevalence of  
the metabolic syndrome is now very likely higher than 
that estimated from 1988-1994 NHANES Ⅲdata[11]. Ac-
cording to CDC in 2008, the obesity rate among adult 
Americans was estimated at 32.2% for men and 35.5% 
for women; these rates were roughly confirmed again for 
2009-2010. Recent data indicate that 34% of  the adult in 
the United States met the criteria for MetS and the rate 
of  increment was equal in both sexes[21]. This rapidly 
increasing prevalence of  obesity among adults in the 
United States will lead to even higher rates of  the MetS 
now and in the near future[22]. Study has shown that 
susceptibility to obesity cannot simply be attributed to 
the combination of  genetic and environmental factors, 
but can also be triggered by influences on a baby’s de-
velopment during intrauterine period, including mother’
s dietary habit. A mother’s nutrition while pregnant can 
cause important epigenetic changes that contribute to 
her offspring’s risk of  obesity during childhood[23].

HEPATOCELLULAR CARCINOMA AND 
THE METABOLIC SYNDROME
HCC is one of  the most common malignancies in the 
world, with more than 500000 new cases per year[24]. 
Data from SEER which covers 28% of  the United States 
population, reported a total of  4032 cases of  HCC in 
2001. This number increased by 27% to 5122 in 2005 
and by 60% to 6464 in 2009[14]. It is predicted that the 
total number of  HCC will continue to increase in the fu-
ture[25]. Since the association is not readily identifiable in 
a significant percentage of  HCC cases, it was postulated, 

and now well established, that the MetS is contributing 
to the development of  HCC. With the current rising 
epidemic of  obesity and MetS in the general population, 
it is established that MetS is responsible for HCC cases 
with unaccounted association[26]. The prevalence of  
MetS is paralleling the epidemic of  obesity in the United 
States. Obesity and MetS are well documented risks fac-
tors associated with NAFLD, a metabolic hepatic dis-
order that can progress to nonalcoholic steatohepatitis 
(NASH) and fibrosis. A subset of  aggressive NAFLD 
can lead to cirrhosis and HCC. Worldwide, it is estimat-
ed that there are 400 million obese individuals, among 
whom 75% have NAFLD. Up to 20% have NASH and 
over 5-10 years, 33% of  whom will develop cirrho-
sis[27,28]. In another study, among patients with NAFLD 
followed for a mean of  8 years, the occurrence of  cir-
rhosis was 20% and the incidence of  HCC was 1%[29]. It 
is estimated that the prevalence of  NAFLD is 3-10 times 
higher than the prevalence of  hepatitis C virus (HCV) 
in the United States ranging from 5.5% to 31%[30,31]. 
Besides being the most rapidly increasing cause of  can-
cer death in the United States, the economic burden of  
HCC is also enormous with an estimated cost of  more 
than 437 million dollars per year[32]. It is very imperative 
for the medical care providers to appreciate the associa-
tion of  MetS and HCC with appropriate surveillance for 
the high risk population groups.

HEPATOCELLULAR CARCINOMA RISK 
FACTORS ASSOCIATED WITH THE MET-
ABOLIC SYNDROME
Obesity
Many malignancies have been directly or indirectly asso-
ciated with obesity and HCC is among these established 
malignancies[33,34]. Meta-analysis of  11 studies conducted 
in United States, Europe and Asia demonstrated that 
both overweight (RR = 1.07, 95%CI: 1.01-1.15) and obe-
sity (RR = 1.85, 95%CI: 1.44-2.37) were associated with 
development of  HCC[35]. Even in patients with chronic 
HBV and HCV, coexisting obesity has been associated 
with increased risk for HCC by more than 100-fold[36]. 
A Large prospective trial showed that obesity has influ-
enced disease progression, and increased weight is as-
sociated with overall cancer mortality. In a prospective 
study of  United States adults, BMI > 35 kg/m2 nega-
tively impacted overall mortality from HCC with a rela-
tive risk (RR) of  1.68 times in women and 4.52 times in 
men. This was the highest for any malignancy analyzed 
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Table 1  Incidence and mortality rates of hepatocellular 
carcinoma according to race/ethnicity and gender, reported 
in Surveillance Epidemiology and End Results database 
2006-2010

Race/Ethnicity Incidence rate per 
100000

Mortality rate per 
100000

Male Female Male Female
All races 11.9    4.0   8.3    3.4
Non-Hispanic White 10.4    3.5   7.6    3.2
African American 15.1    4.5 11.8    4.1
Hispanics 18.3    6.9 12.3    5.4
Asian/Pacific Islander 21.4    8.2 14.4    6.0
American Indian/Alaska Native 20.6    7.7 13.2    6.1

Table 2  Changes in incidence rate of hepatocellular carci-
noma from 2001 to 2006

Incidence rate/100000 2001 2006

Overall 2.7 3.2
Male 4.5 5.4
Female 1.2 1.4



in the study[37]. Comparable conclusions were drawn in 
both Danish and Korean studies analyzing large cohorts 
of  obese patients[38,39]. SEER-Medicare data analysis 
from 1993 to 2005 showed that adjusted odd ratio (OR) 
of  obesity for HCC was 1.93 (95%CI: 1.71-2.18, P < 
0.0001)[40]. The Metabolic Syndrome and Cancer Project 
(Me-Can) from Norway, Sweden and Austria examining 
578700 subjects showed RR of  1.39 (95%CI: 1.24-1.58) 
for obesity in the development of  HCC[25]. Obesity is 
also an independent predictor of  HCC in obese trans-
planted patients (4% vs 3.4%)[34].

Moreover, in a large retrospective cohort of  342 con-
secutive patients who underwent liver transplantation for 
hepatocellular carcinoma, BMI was found to be an inde-
pendent predictor of  micro vascular invasion[41]. None-
theless, review of  the United Network of  Organ Sharing  
database on all liver transplantations performed in the 
United States, showed that obesity was an independent 
predictor of  HCC in patients with alcoholic cirrhosis 
and cryptogenic cirrhosis, but not for those with cirrho-
sis of  other associations[34].

Diabetes mellitus 
Diabetes mellitus (DM) is an independent risk factor 
for the development of  HCC. Analysis of  2061 patients 
with HCC showed a significant increase in the devel-
opment of  HCC (OR 2.87, 95%CI: 2.49-3.3) in the 
background of  DM regardless of  the presence of  other 
risk factors. There was a significant positive interaction 
between obesity and HCV (P < 0.0001) for HCC[42]. 
Multiple European studies showed RR of  4.5 of  HCC 
in male patients, with a lower, but still significant RR of  
1.86 in female patients with DM[43-45]. Moreover, a large 
longitudinal study analyzing 173643 DM and 650620 
non-DM controls over a period of  10- to 15-year re-
vealed a RR of  2. This risk estimation even persisted af-
ter exclusion of  the patients with viral hepatitis, alcohol 
use, or fatty liver disease[46]. DM was established as an 
independent risk factor for the development of  HCC in 
12 cohort studies after adjustment for infectious and al-
coholic associations[47]. In a large population based study 

with 615532 DM patients and 614871 controls, the over-
all hazard rate for the development of  HCC in males 
and females was 32.76 and 17.41 per 10000 patients-
years, respectively. Furthermore, in a recent Italian case-
control study including 185 HCC cases and 404 controls, 
diabetes and obesity were positively associated with 
HCC risk, with ORs of  4.33 (95%CI: 1.89-9.86) and 1.97 
(95%CI: 1.03-3.79), respectively[48]. DM with cirrhosis 
demonstrated the highest risk of  HCC development (RR 
= 82.25, 95%CI: 76.84-94.58)[49]. SEER-Medicare data 
analysis from 1993 to 2005 showed that adjusted OR of  
DM for HCC was 2.9 (95%CI: 2.71-3.1, P < 0.0001)[40]. 
The Me-Can from Norway, Sweden and Austria ex-
amining 578700 subjects showed RR of  2.13 (95%CI: 
1.55-2.94) for DM in the development of  HCC[25].

Hyperlipidemia
Hyperlipidemia is an integral part of  the MetS. Although 
there have been several studies examining the associa-
tion of  HCC with MetS, only few studies reported the 
association of  HCC with hyperlipidemia individually. 
Hyperlipidemia, in many instances is closely related with 
the central mechanism of  insulin resistance in MetS. 
SEER-Medicare data analysis from 1993 to 2005 showed 
that adjusted OR of  dyslipoproteinemia for HCC was 
1.35 (95%CI: 1.26-2.45, P < 0.0001)[40]. The Me-Can 
from Norway, Sweden and Austria examining 578700 
subjects showed RR of  0.85 (95%CI: 0.65-1.10) in the 
development of  HCC[25]. Although not well understood, 
this discrepancy between Me-Can study[25] and SEER-
Medicare data analysis[40] could be secondary to the short 
follow up period in the Me-Can study.

Hypertension
Similar to hyperlipidemia, hypertension is one of  the 
parameters of  the metabolic syndrome. Very few studies 
examined the individual association of  HCC with hyper-
tension. SEER-Medicare data analysis from 1993 to 2005 
showed that adjusted OR of  hypertension for HCC was 
2.22 (95%CI: 2.04-2.42, P < 0.0001)[40]. In a study from 
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Table 3  Criteria used to define the metabolic syndrome

Diagnostic criterion WHO (1999) ATP (2005) IDF (2006)

Abdominal obesity BMI - Waist/hip ratio > 0.9 (men) or 
> 0.85 (women) or BMI ≥ 30 kg/m2

Central - Waist ≥ 102 cm (men) 
or ≥ 88 cm (women)

Central - Waist ≥ 102 cm 
(men) or ≥ 88 cm (women)

Hypertension ≥ 140/90 mmHg ≥ 130/85 mmHg 
or drug treatment for hypertension

≥ 130/85 mmHg or drug 
treatment for hypertension

Fasting glucose IPG/HOMA ≥ 5.6 mol/L ≥ 6.1 mol/L
Hypertriglyceridemia ≥ 1.7 mmol/L (150 mg/dL) or drug 

treatment for elevated triglycerides
≥ 1.7 mmol/L (150 mg/dL) or drug 
treatment for elevated triglycerides

≥ 1.7 mmol/L (150 mg/dL) or drug 
treatment for elevated triglycerides

Low HDL cholesterol Not used < 1.0 mmol/L (40 mg/dL) (men); < 1.3 mmol/L (50 
mg/dL) (women) or drug treatment for low HDL

< 1.0 mmol/L (40 mg/dL) (men); < 1.3 
mmol/L (50 mg/dL) (women) or drug 

treatment for low HDL
Micro albuminuria Used Not used Not used

ATP: Adult Treatment Panel; BMI: Body mass index; HDL: High-density lipoprotein; IDF: International Diabetes Federation; IPG/HOMA: Impaired plas-
ma glucose/homeostatic model assessment; WHO: World Health Organization.



a single center, among 209 NBNC-HCC patients, 38% 
had hypertension, and 11% had hyperlipidemia[50]. The 
Me-Can from Norway, Sweden and Austria examining 
578700 subjects showed RR of  2.08 (95%CI: 0.95-4.73) 
for hypertension in the development of  HCC[25].

PATHOPHYSIOLOGY OF HEPATOCEL-
LULAR CARCINOMA ASSOCIATED WITH 
THE METABOLIC SYNDROME
Hepatocellular carcinoma generally arises in the back-
ground of  cirrhosis (Figure 1). Factors that are associated 
with development of  the metabolic syndrome and HCC 
maybe inherently linked (Table 4). It is well postulated and 
established that insulin resistance is the principal domina-
tor that links all the components of  MetS. Insulin resis-
tance exerts a major role in the development of  NAFLD 
even in lean subjects with appropriate glycemic control[51]. 
Insulin resistance leads to fat accumulation in the he-
patocytes by lipolysis and hyperinsulinemia. Aberrant 
adipose tissue accumulation, release of  pro-inflammatory 

cytokines, inhibition of  anti-inflammatory cytokines and 
lipotoxicity collectively promote and propagate both 
systemic and hepatic insulin resistance, leading to hyper-
insulinemia[52]. Multiple mechanisms have been proposed 
that may work simultaneously and complementary to each 
other to provide a tumor promoting environment in MetS. 
This may distinguish the pathogenesis of  HCC related to 
NAFLD from that of  infectious and alcoholic associa-
tions[53,54]. Hyperinsulinemia results in increased insulin 
growth factor-1 (IGF-1) which has important proliferative 
and antiapoptotic effects. IGF-1 promotes angiogenesis 
through increased vascular endothelial growth factor pro-
duction, which in turn leads to cancer cell proliferation. 
Upregulation in IGF-1/IRS1 pathway has been shown to 
contribute to the pathogenesis of  HCC[55]. Likewise, per-
oxisome proliferator-activated receptors (PPARs) regulate 
a network of  genes encoding protein involved in fatty 
acids uptake, enzymes required for the β-oxidation of  
fatty acids, and enzymes required for ketogenesis. PPARs 
play an important role in fatty liver, and its involvement in 
carcinogenesis has been clarified. Abnormal stimulation 
of  PPAR-α has been shown to induce HCC in animal 
models[56]. 

Expansion of  adipose tissue in obesity may lead to 
release of  pro-inflammatory cytokines. Visceral fat ac-
cumulation has been shown to be an independent risk 
factor for HCC recurrence after curative treatment[57]. 

Further, Interleukin-6 (IL-6) has been linked to obesity-
associated inflammatory response such that it activates 
STAT3 potentiating cell proliferation and anti-apoptotic 
mechanisms. Tumor necrosis factor (TNF) activates pro-
oncogenic pathways including JNK, NF-kB, mTOR, and 
the extracellular signal-regulated kinases[58,59]. In experi-
mental models, both TNF and IL-6 strongly promote 
HCC growth induced by diethyl nitrosamine in mice. 
Both dietary and genetic obesity promote liver inflam-
mation and tumorigenesis by enhancing IL-6 and TNF 
expression[60].

Adiponectin (an anti-inflammatory cytokine) is ex-
pressed at reduced levels in MetS and NAFLD, which 
may not sufficient to suppress endotoxin-mediated in-
flammatory signaling. On the other hand, high circulat-
ing levels of  leptin in NAFLD exert pro-inflammatory 
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Table 4  Association of different components of metabolic syndrome and the development of hepatocellular carcinoma

Author Type of Study Risk Parameter Obesity DM Hyperlipidemia HTN

Larsson et al[35] Meta analysis RR 1.85
Calle et al[37] Prospective RR 4.52 (Male)

1.68 (Female)
Welzel et al[40] Retrospective OR 1.93    2.9 1.35 2.2
Borena et al[25] Prospective RR 1.39      2.13 0.85   2.08
Turati et al[48] Retrospective OR 1.97      4.33
Davila et al[42] Retrospective OR      2.87
Lagiou et al[43] Prospective RR 4.5 (Male)

1.86 (Female)
El-Serag et al[46] Prospective RR 2
Tomimaru et al[55] Prospective RR 82.2 (with cirrhosis)

RR: Relative risk; OR: Odd ratio; DM: Diabetes mellitus; HTN: Hypertension.

Figure 1  Pathogenesis of hepatocellular carcinoma in the background 
of metabolic syndrome. PPAR: Peroxisome proliferator-activated receptors; 
NASH: Nonalcoholic steatohepatitis; FFA: Free fatty acid; IRS-1: Insulin recep-
tor substrate 1; TNF-α: Tumor necrosis factor α.

Obesity
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High FFA flux Hyperglycemia Hyperinsulinemia
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Fatty liver NASH
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and pro-fibrogenic effects in NAFLD[61-63]. In addition, 
there is evidence that lipid peroxides and free radicals 
are elevated in MetS, which may cause oxidative injury, 
endoplasmic reticulum stress, mitochondrial dysfunction, 
and apoptosis[64].

CLINICAL FEATURES OF HCC IN THE 
BACKGROUND OF METABOLIC SYN-
DROME
NAFLD leading to cirrhosis can predispose to HCC. 
There are several reports that patients may even de-
velop HCC from steatosis without cirrhosis. However, 
the degree of  developing HCC from NAFLD is less in 
comparison to infectious and alcoholic associations[65]. 

Patients who develop HCC in the background of  MetS 
are predominantly males. The average age of  diagno-
sis is older than HCC secondary to other causes; and 
HCC secondary to NAFLD is generally well differenti-
ated with early stages at diagnosis[53]. An analysis of  87 
Japanese patients with HCC in the background of  MetS 
showed a median age of  72 years, and the male patients 
appear to develop HCC at a less-advanced stage of  liver 
fibrosis[66]. Similar results were also confirmed by another 
Japanese study[67]. Male predominance, older age at diag-
nosis, and early stages were also found in a prospective 
study comparing 34 NASH cases with HCC with 348 
NASH patients without HCC[68]. A recent study from 
China examined 169 patients with NAFLD associated 
HCC. The result showed 73% male predominance with 
average age of  diagnosis of  67 years, 99% had at least 
one component of  MetS, 76% with solitary nodule (mean 
3.4 cm) and most of  the patients were well or moder-
ately differentiated. In more than 40% patients, HCC 
developed in the absence of  cirrhosis[69]. Comparable 
results were reported by different studies with different 
population groups[70-72].

TREATMENT AND OUTCOMES OF HCC 
IN THE BACKGROUND OF METABOLIC 
SYNDROME
Unfortunately there is no specific recommendation for 
treatment of  HCC developing in the background of  
MetS. It is thought that HCC secondary to MetS may 
have better prognosis than its other counterparts partly 
because of  early diagnosis with favorable prognostic 
markers. Because of  lack of  specific guidelines at pres-
ent, HCC secondary to MetS are treated like HCC from 
other major associations. Insulin-sensitizing therapy may 
also improve the outcome of  HCC. Metformin therapy 
is associated with lower mortality in diabetic patients 
with early stage HCC after radiofrequency ablation[73]. In 
another study, 100 diabetic patients with hepatitis C virus 
and cirrhosis were prospectively followed for 2.3-8.3 years 
and evaluated for the development of  HCC, liver-related 

death, or liver transplantation. The 5-year HCC develop-
ment was lower in the group receiving metformin than 
in the group without metformin (9.5% vs 32.1%; P = 
0.001). Multivariate analysis showed that metformin 
treatment was independently associated with decreased 
HCC development (HR = 0.19; P = 0.023) and liver-
related death or transplantation in those patients (HR 
= 0.22; P = 0.049)[74]. Several other studies also dem-
onstrated that the use of  insulin-sensitizing agents in 
diabetes may reduce the risk of  HCC development[75-77]. 
The role of  rosuvastatin and ursodeoxycholic acid in the 
treatment of  NASH or NAFLD and in prevention of  
NASH or NAFLD associated HCC is well studied[78,79]. 
A recent systematic review and meta-analysis showed a 
50% reduction in HCC incidence with metformin use 
(OR = 0.50, 95%CI: 0.34-0.73). However, thiazolidin-
ediones did not modify the risk of  HCC (OR = 0.54, 
95%CI: 0.28-1.02)[80]. Moreover, post-hoc analysis of  
randomized controlled trials did not reveal any signifi-
cant association between antidiabetic medication use and 
risk of  HCC although there was considerable heteroge-
neity across studies[80].

SURVEILLANCE FOR HCC IN METABOLIC 
SYNDROME
HCC still remains one of  the malignancies with higher 
mortality ratio[2]. With better imaging studies, improvement 
of  surgical techniques, and targeted therapy, the prognosis 
for early stage HCC is improving. But for advanced HCC 
the prognosis still remains poor. There are well established 
recommendations for surveillance of  the patients with 
infectious risk factors and cirrhosis for HCC[81]. Evidence 
on metabolic syndrome as a risk factor for development 
of  HCC, especially in the background of  DM and obe-
sity, is growing rapidly. With the ongoing epidemic of  
obesity, increased number of  patients with DM, and the 
overall increase in the incidence and prevalence of  MetS, 
it is imperative to identify the high risk groups for the de-
velopment of  HCC with MetS and provide appropriate 
surveillance strategies. The patients, who develop cirrhosis 
in the background of  NAFLD, may be under surveillance 
as per current recommendations. But the question remains 
whether surveillance in patients who have NAFLD, without 
evidence of  cirrhosis, is appropriate.

Most of  the time, NAFLD will progress to cirrhosis 
before the development of  HCC. But in a very small 
number of  cases, it may progress to HCC without cir-
rhosis in the background of  MetS. With about one third 
(34%) of  the United States adult population meeting 
the criteria of  MetS, surveillance for HCC may cause a 
significant health related economic issue in this regard[22]. 
But nevertheless, there should be an urgent and collab-
orative process to resolve this issue in the near future.

SUMMARY
HCC is a common malignancy with dismal outcome. 
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The associations of  HCC have been identified in great 
details. With the recent increase in the incidence of  
HCC without any indefinable causes, major efforts have 
been undertaken to identify more causative factors. The 
metabolic syndrome, especially with obesity and DM, 
has been implicated for the recent increase in HCC. Nu-
merous basic science and clinical studies have shown a 
strong association between HCC and the metabolic syn-
drome. These studies have documented that NAFLD, to 
a large extent, is the hepatic manifestation of  MetS and 
may progress to HCC through the cirrhotic process. It 
has also been shown that in a very small fraction of  pa-
tients with NAFLD, HCC may develop without evidence 
of  cirrhosis.

With the current epidemic of  MetS, the number of  
patients with obesity and DM is increasing. Subsequently, 
it is expected that the incidence and prevalence of  HCC 
will also increase. It is very important for the scientific 
community to shed more light on the pathogenesis of  
HCC with MetS, both with and without cirrhosis. At 
the same time it is also important to quantify the risk of  
HCC associated with the MetS in prospective setting and 
develop surveillance recommendations to detect HCC 
for patients with MetS.
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