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Abstract
Hepatocellular carcinoma (HCC) is the most rapidly increasing cause of cancer death in the
United States. Although many risk factors for HCC, including hepatitis B (HBV), hepatitis C
(HCV), and alcohol are well-defined, most series show that 5-30% of HCC patients lack a readily-
identifiable risk factor for their cancer. The majority of “cryptogenic” HCC in the U.S. is
attributed to non-alcoholic fatty liver disease (NAFLD), a hepatic manifestation of the metabolic
syndrome. Metabolic syndrome is a constellation of problems including insulin resistance, obesity,
hypertension, and hyperlipidemia. Increasingly, components of the metabolic syndrome are being
linked to various forms of cancer with respect to both increased risk of disease and worsened
outcome. In this review, we focus on the relationship between metabolic syndrome and
hepatocellular carcinoma. We discuss the increased risks of HCC in those with features of
metabolic syndrome, potentially worsened cancer outcomes in these patients, possible pathogenic
mechanisms to explain these relationships, and treatment options for those with NAFLD and its
progressive counterpart, non-alcoholic steatohepatitis (NASH). Metabolic syndrome is predicted
to lead to large increases in the incidence of HCC over the next decades. A better understanding of
the relationship between these two diseases should ultimately lead to improved screening and
treatment options for those with HCC.
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Introduction
Hepatocellular carcinoma (HCC) is the most rapidly increasing cause of cancer death in the
United States.1 Although many risk factors for HCC, including hepatitis B (HBV), hepatitis
C (HCV), and alcohol are well-defined, most series show that 5-30% of HCC patients lack a
readily-identifiable risk factor for their cancer.2 The majority of “cryptogenic” HCC in the
U.S. is attributed to non-alcoholic fatty liver disease (NAFLD),3 a hepatic manifestation of
the metabolic syndrome (Figure 1).

Metabolic syndrome is a constellation of problems including obesity, dyslipidemia, diabetes,
and insulin resistance.4 The prevalence of metabolic syndrome is increasing, paralleling the
obesity epidemic in this country. Nearly one quarter of the U.S. population meet criteria for
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the metabolic syndrome,5 and U.S. obesity rates (BMI >30 kg/m2) now also exceed 25% in
most regions of the country. Up to three quarters of obese adults will develop fatty liver
disease. Unlike the HCV epidemic, which is estimated to peak in 2010, the obesity/
metabolic syndrome epidemic shows no signs of abating.6

NAFLD comprises a spectrum of disorders, from fatty liver disease to progressive
inflammation and cirrhosis. The prevalence of NAFLD varies widely depending on the
method of assessment. About 2-5% of the U.S. population have “cryptogenic” elevated liver
enzymes consistent with NAFLD,7 and up to 90% of those with obesity have some degree of
fatty liver disease.8 Ultrasound and MRI studies from the U.S. and other Western countries
suggest that 20-30% of the population have evidence of fatty liver disease attributed to
NAFLD.9, 10, 11 About 10% of patients with NAFLD progress to nonalcoholic
steatohepatitis (NASH), and 8-26% of those with NASH progress to cirrhosis.12

Retrospective data suggest that after cirrhosis develops, 4%-27% cases of NASH transform
to HCC.13 These figures lead to theoretical HCC incidences which range from 0.6/100,000
to 210/100,000. (Figure 2) The obesity/metabolic syndrome epidemic is relatively recent,
and it is likely that several decades are required before NASH develops into cirrhosis. Thus,
the NASH-HCC “epidemic” may not have fully established itself yet. Currently, those with
NASH but no underlying cirrhosis are not routinely screened for HCC at most centers due to
the very low risk of HCC development. About 10-25% of those with NASH go on to
develop cirrhosis, but it is not yet clear what predisposes to this progression of disease. The
ability to better determine which patients will progress to cirrhosis will have important
screening implications for the future.

Non-Alcoholic Fatty Liver Disease and Non-Alcoholic Steatohepatitis
The gold standard for the diagnosis of both NAFLD and NASH is tissue biopsy. NAFLD is
characterized by hepatic steatosis in the absence of a history of significant alcohol use or
other known liver disease. Alcohol intake as low as 20 grams/day in females and 30 grams/
day in males may be sufficient to cause alcohol-induced liver disease; 12 oz of beer (350
ml), 4 oz (120 ml) of wine, and 1.5 oz (45ml) of hard liquor each contain 10g of alcohol.14

NASH is a progressive form of NAFLD, and includes inflammatory components on
pathology. The NASH Clinical Research Network designed and validated a pathological
scoring system for NASH which is the sum of measures of steatosis, lobular inflammation,
and hepatocellular ballooning (a feature of cellular injury characterized by large
hepatocytes).15 Sampling error may be a problem using biopsy samples to diagnose NAFLD
and NASH.16 In addition, once cirrhosis has developed, NASH pathology may be difficult
to evaluate, because fat often disappears as NASH transforms into cirrhosis.17 Thus,
accurate non-pathologic markers which distinguish NASH from other underlying disorders
would be helpful to study this entity, but none has been found that is diagnostic. Imaging has
also not been a useful tool thus far for the diagnosis of NASH.18

Most cryptogenic cirrhosis in the United States is thought to be related to risk factors
associated with NASH and the metabolic syndrome.19 Several studies have now shown that
patients with cryptogenic cirrhosis are more likely to be obese and up to four times as likely
to be diabetic than those with other forms of cirrhosis.20, 21 Hispanics have the highest rates
of both cryptogenic cirrhosis and NASH in many studies, and they also have the most
rapidly increasing incidence of HCC in the United States.21, 22 One study defining rates of
the metabolic syndrome in the U.S. by ethnicity found that Mexican Americans have the
highest rates with 32%, while 24% of European-Americans and 22% of African Americans
meet criteria for the metabolic syndrome.23
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It is not clear why African Americans may have lower rates of NASH than other racial/
ethnic groups, despite a high prevalence of diabetes and obesity. Some investigators have
suggested that African American have less insulin resistance, despite other risk factors of the
metabolic syndrome. For instance, African Americans with adult onset diabetes have human
leukocyte antigen DQ differences which may lead to beta cell dysfunction, rather than
insulin resistance. In addition, adiponectin, a cytokine negatively related to obesity and
diabetes, does not seem to correlate with insulin resistance in African Americans. Others
have suggested differences in body fat distribution among African Americans. 24, 25,19, 21, 26

It is also currently unclear whether diabetes, obesity and the metabolic syndrome are risk
factors for HCC independently of the presence of NAFLD. However, it seems likely that
NAFLD usually mediates the relationship between metabolic syndrome and HCC based on
the high correlation between features of metabolic syndrome and NAFLD. Up to 70% of
those with type II diabetes, and up to 90% of obese patients have some degree of fatty liver
disease. 8 Although NAFLD can occur in the absence of metabolic syndrome, this appears to
be relatively uncommon. Marchesini and colleagues assessed the prevalence of the
metabolic syndrome in 304 patients with NAFLD, but no overt diabetes. 67% of those with
NAFLD and obesity had metabolic syndrome, compared with only 18% of normal-weight
patients. 27 Similarly, it is likely that the majority of those with metabolic syndrome who
develop HCC also have cirrhosis prior to their diagnosis, although this is also unproven.
Case reports have described patients with NASH who developed cirrhosis and then
HCC, 17, 28 and animal models have shown clear progression from NASH, to cirrhosis, to
cancer. 29 Large, prospective studies are needed to answer both of these questions more
definitively.

Confounding risks
Metabolic syndrome risk factors may also be modified by other underlying liver diseases
with respect to HCC risk. For instance, diabetes appears to be synergistic with both virally-
mediated and alcohol-related HCC.30 In a large prospective cohort study from Taiwan,
obesity led to a four-fold overall increased risk of HCC in those with hepatitis C. In those
without underlying viral infection, there was about a two-fold increased risk, while for those
with hepatitis B, BMI was not associated with HCC risk. Diabetes led to a two to three- fold
increase in HCC risk no matter what the underlying viral etiology was, and also had a
synergistic effect with obesity, leading to a greater than 100-fold increased cancer risk.31

Interestingly, these authors showed an inverse relationship between serum levels of HBV
DNA and triglyceride levels. They note that in culture models the HBV X protein inhibits
the secretion of apolipoprotein B, which is a component of very low density lipoprotein
(VLDL).32

Yu and colleagues recently published a prospective study of 2,903 male HBV surface-
antigen positive government employees from Taiwan. With mean follow-up of almost 15
years, they found that the hazard ratio for overweight men for incident HCC was 1.48 (95%
CI 1.04-2.12), while that for obese men was 1.96 (95% CI=0.72-5.38).33 These authors
found no significant effect of diabetes on the development of HCC after adjusting for
quartiles of BMI and other confounders, but noted that only 2.5% of their sample reported
diabetes at enrollment. Those with higher BMI were significantly more likely to have
underlying fatty liver disease (assessed by ultrasound) as well as cirrhosis, leading to the
question of whether there might have been confounding by ascites in the higher BMI
patients. However, as the authors note, the presence of chronic HBV may provide a
synergistic effect with obesity on hepatic lipid accumulation and the development of
steatosis.
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Thus, cancer risks related to underlying liver disease from either HBV/HCV or alcohol may
be worsened by features of metabolic syndrome. In addition, patients with insulin resistance
and NASH often have hepatic iron deposition which is distinct from hemochromatosis. 34

Further, those with NASH-related cirrhosis who have more stored iron in their livers (and do
not have hemochromatosis) seem to have a higher risk of cancer in a large retrospective
study.35 Given the heterogeneity of underlying risk factors in those with HCC, more study is
necessary to dissect out the relationships between these and the influence on HCC risk.

Obesity and Metabolic Syndrome
Metabolic syndrome may be defined as 1) increased waist circumference, or BMI> 30 kg/m2

and any two of the following: 1) Triglycerides >150 mg/dL or treatment for elevated
triglycerides 2) HDL cholesterol <40 mg/dL in men or <50 mg/dL in women, or treatment
for low HDL 3) Systolic blood pressure >130, diastolic blood pressure >85, or treatment for
hypertension 4) Fasting plasma glucose >100 mg/dL, or previously diagnosed type 2
diabetes.36 Obesity, a major component of the metabolic syndrome, can also be defined in
several ways. Body mass index, or BMI, is an individual's weight in kilograms divided by
the square of height in meters. Both the World Health Organization and the U.S. Department
of Health and Human Services define “overweight” as a BMI of 25 kg/m2-29.9 kg/m2,
“obese” as a BMI>30 kg/m2, and “normal” as between 18.5 and 24.9 kg/m2.37, 38 Others
have defined important correlates of obesity such as truncal obesity (measuring either waist
circumference or waist/hip ratio), or visceral fat (often measured by CT or MRI). These
anthropomorphic measurements may each be more sensitive measures of sequelae of obesity
such as metabolic syndrome and NASH than BMI. 39 These definitions have their own
complexity since different ethnic groups have different amounts of visceral fat accumulation
for given amounts of total body fat 40, 41 and women and older people also tend to have
higher percentages of body fat than men or younger people with the same BMI because of
differences in body composition.42 Similarly, the normal BMI range for Asians is lower than
for other racial/ethnic groups, with 23 kg/m2 considered to be an “action point” for public
health interventions in Asian patients. 43, 44

The Center for Disease Control (CDC)'s National Center for Health Statistics has conducted
a series of cross-sectional surveys, known as National Health and Nutrition Surveys
(NHANES). Beginning in 1960, these surveys recorded height and weight in nationally
representative samples of Americans. In 2003-2004, NHANES data showed that 33% of
adults age 20-74 were obese, compared to 11% of men and 16% of women in the 1960's,
with much of the increase occurring after 1980.45 There were also differences in age, with
older people, African Americans and Hispanic women and children more likely to be obese
than the general population.45 Obesity (BMI of 30 or more) increases the risk for many
types of health problems, including diabetes, hypertension, and cardiovascular disease, as
well as the overall risk of death.46, 47

Overall mortality is clearly related to obesity, but many have suggested that the relationship
may be “U-shaped” with optimal survivals at intermediate BMIs,48, 49 or “J-shaped,” with
thin patients having higher mortality than those in the middle.50 This may be because
smokers and those with chronic illness tend to be thin, and both tend to have high mortality
rates.

Obesity and Cancer Risk
Several studies suggest that patients with obesity are also at increased risk for several types
of cancer, both in the United States and in other countries. 51, 52-54 A large meta-analysis
published in the Lancet showed that increased BMI was strongly associated with risk of
esophageal, thyroid, colon, and renal cell carcinomas in men. In women, endometrial,
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gallbladder, esophageal, and renal cell carcinomas were increased in those with a 5 kg/m2

increase in BMI.54 The Million Woman study, a large prospective cohort of women in
England and Scotland, also reported significant increases in several cancers in women with
increasing BMI, including postmenopausal breast cancer, pancreatic and ovarian cancers,
and several hematologic malignancies.55

Explanations for these increases in cancer incidence have focused on the relationship
between metabolic syndrome, adipokines, and hormone levels. For instance, post-
menopausal breast cancer and endometrial cancer risk in obese women may be mediated by
increased estrogen levels. In addition, the insulin-growth factor axis has been implicated in
risk of several types of cancer in both men and women. High levels of peripheral insulin-like
growth factor-1 (IGF-1) have been associated with increased risk of developing several
types of cancer including prostate, colon and breast. 56-58 Adipokines related to obesity,
such as leptin, also may mediate cancer risk via their effects on angiogenesis.59

Further, increasing evidence suggests that obesity may lead to a state of chronic
inflammation. Excess consumption of fatty acids and glucose can then lead to the increased
expression of several signaling molecules known to be important in carcinogenesis,
including NF-kB, EGF, and FGF.60, 61

Obesity and cancer outcome
Individuals with features of metabolic syndrome, such as obesity, may have worsened
outcomes from many different types of cancer, particularly HCC. An article by Calle and
colleagues in the New England Journal of Medicine showed that obesity is associated with
significantly increased cancer death rates, particularly from HCC (Figure 3).52

These findings were not replicated in a study of male Korean government employees and
teachers published by Park and colleagues. In this report, 14,578 subjects were followed
from 1996 until 2004. Unlike the Calle study, here a BMI of 25 kg/m2 or greater did not lead
to a statistically significant increase in mortality for HCC (HR=1.03, (0.92-1.14). This is
much less than the cutoff used in the Calle study of 40 or greater for the highest BMI, which
may explain the discordant findings 62

Reasons for these possibly worsened outcomes remain unclear. These may include
comorbidities such as coronary artery disease, and/or underdosing of chemotherapy in some
types of cancers in those who are obese.63 Unfavorable tumor characteristics may also be
associated with obesity due to delayed screening, or biological characteristics of the tumor
itself. However, several studies have suggested that the increased mortality seen with
obesity is not related to later diagnosis, since differences often persist after adjusting for
stage and tumor size.64, 65

Another possible mechanism connecting obesity to worsened clinical outcome may be
related to dysregulated angiogenesis. Adipose tissue induces expression of VEGF and other
adipokines in both human and animal models.66 In 58 patients with renal cell carcinoma,
high serum leptin levels were significantly associated with venous invasion in pathology
samples and aggressive clinical features.67 Adipose tissue induces expression of leptin, a
hormone that regulates body mass. Leptin, in turn, has been shown to promote angiogenesis
and mediate the progression of NASH to HCC in animal models.68 Leptin also upregulates
signal transduction pathways involved in cancer progression such as JAK/STAT, AKT and
ERK in HCC cells.69 These relationships suggest a possible association between the
metabolic syndrome and worsened clinical outcomes which may be mediated by adipokines
which lead to increased vascular invasion.
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Metabolic syndrome and HCC: Risk, Outcome, and NASH management
The mechanism mediating the interaction between NAFLD, NASH and HCC is not
completely elucidated. Some of the hypothetical mechanisms are illustrated in Figure 4. For
HCC, the relationship with obesity seems to be primarily mediated by factors related to
metabolic syndrome, NAFLD, and NASH. Insulin modulates intracellular signaling through
the tyrosine kinase activity of the insulin receptor. Defects in these signaling pathways are
thought to contribute to insulin resistance, which can then lead to hepatic fat accumulation
by lipolysis.14 Hepatic fat accumulation can then produce inflammatory changes in the
liver.14 In particular, free fatty acids may lead to hepatic inflammation through production
of cytokines such as TNF-α. Mitochondrial dysfunction is also thought to lead to free
radical production and oxidative stress, which may provide the “second hit” which allows
progression from steatosis to steatohepatitis and cirrhosis.14,70 Moreover, leptin levels have
been demonstrated to be increased in patients with NASH,71 pointing to a possible role for
increased angiogenesis and vascular invasiveness in HCC in the setting of metabolic
syndrome.

With respect to obesity as a risk factor for HCC, the exact relationship between HCC and
risk is still being defined. Nair and colleagues used the United Network of Organ Sharing, a
database on all liver transplantations performed in the United States, and showed that
obesity was an independent predictor of HCC in patients with alcoholic cirrhosis, and
cryptogenic cirrhosis, but not for those with cirrhosis of other etiologies. 72A meta-analysis
of 11 cohort studies conducted in Europe, the United States, and Asia showed that those who
were overweight had a significantly increased relative risk of developing HCC (1.07 (95%
CI=1.01-1.15), while for those who were obese, the relative risk was even higher at 1.85
(95% CI=1.44-2.37). This analysis excluded studies which included cirrhotics in order to
avoid confounding by ascites.73

While earlier studies did not show a clear relationship between diabetes and HCC risk, more
recent epidemiologic data suggest that diabetes is likely associated with a 2-4-fold increased
risk of HCC. 74-76 It is not known whether insulin resistance causes NASH. Patients with
cirrhosis of all types may become insulin resistant within the liver because insulin is not
cleared properly.77,78 However, peripheral insulin resistance is thought to be “primary,”
leading to hepatic steatosis, which can then contribute to both peripheral and hepatic insulin
resistance.79 Steatosis, or fatty liver, can also be seen with hepatitis C infection, and those
with both hepatitis C and fatty liver changes have a greater risk of HCC than those with
hepatitis C alone.80 Thus, mechanisms of carcinogenesis may relate at least partially to the
intermediate steps of fatty change in the liver and insulin resistance rather than the “final
outcome” of cirrhosis. Data are available which suggest that diabetes precedes liver disease
and subsequently increases HCC risk. 76 Using data from a VA population, and excluding
those with chronic liver disease at baseline. Dr. El-Serag showed that the incidence of HCC
was doubled among patients with diabetes, and was higher among those with longer follow
up. Similar findings were recently reported in a Japanese cohort study.76, 81 These studies
strongly suggest that the insulin resistance precedes the cirrhosis and HCC.

We performed a preliminary retrospective analysis of patients undergoing surgery for HCC,
and found a dose-response relationship between increasing BMI and the percentage of
patients having microvascular invasion in their specimens, 82 supporting the idea that the
obese milieu may contribute to angiogenesis. As noted above, those with other etiologies of
fatty liver disease may also be at higher risk of cancer: a study of 99 patients undergoing
liver transplantation with underlying hepatitis C showed that those with steatosis had a
higher risk of having underlying HCC.80
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Given the likely relationships between metabolic syndrome and HCC risk, several strategies
have been attempted in the management of NASH. The most straightforward are
interventions which lead to weight loss. Bariatric surgery has shown clear improvements in
liver histology.83 In children, a two-year lifestyle intervention including diet and 45 minutes
per day of aerobic exercise improved metabolic parameters and liver histology.84

One pharmacologic intervention which has received attention as a potential treatment for
NASH is pioglitazone, a thiazolidinedione which improves insulin resistance and has anti-
inflammatory effects in patients with type II diabetes. In a proof-of-concept study, 55
patients with impaired glucose tolerance or type 2 diabetes received either a hypocaloric diet
plus pioglitazone (45 mg daily), or hypocaloric diet plus placebo. Patients assigned to the
diet plus pioglitazone group showed improved glycemic control, but also showed reduced
necroinflammation on pathology after 6 months of treatment.85 Unfortunately, these results
seem to reverse quickly when the medication is stopped, and weight gain is a major side
effect of the drug.86 Other insulin-sensitizing drugs, such as metformin, have been used,
with improvements seen in metabolic parameters.87

Because oxidative stress is thought to mediate the progression of simple steatosis to
steatohepatitis, antioxidants have also been tried in those with fatty liver disease. In the
lifestyle intervention in children described above, the addition of alpha-tocepherol (600 IU/
day) and ascorbic acid (500 mg/day) did not improve results compared with placebo (all
children received the exercise and lifestyle intervention).84 In adults, a randomized trial of
49 patients randomized to a combination of alpha-tocepherol and ascorbic acid or placebo
led to improvements in fibrosis after 6 months in the treatment group, the placebo group
unexpectedly did as well, making the interpretation of results unclear. 88,89A pilot study of
pentoxifylline, a drug which inhibits TNF alpha, also led to improvements in biochemical
markers, but the drug led to nausea in many subjects.90

Outcomes of those with metabolic syndrome and HCC are not well-studied. For instance,
little is known about how those with underlying NASH respond to systemic treatments for
their HCC. Leung and colleagues evaluated 149 patients treated with PIAF (cisplatin,
interferon-alpha, doxorubicin and 5-Fluorouracil) and found that the presence of hepatitis C
serology was an independent predictor of a worsened response rate. It is difficult to conclude
that these results are definitive since only 4 patients were HCV positive. Further, since
almost all the remaining patients had underlying HBV, the authors note that it is impossible
to determine outcomes in those with other etiologies of liver disease. The presence of
cirrhosis also led to worsened overall survival in patients treated with this regimen, similar
to results seen in past trials with single agent doxorubicin, and data from the recently
published Phase II trial of sorafenib in HCC. 92-94 Neither the SHARP trial nor the recently-
published Asia-pacific trial of HCC using sorafenib comment on outcomes of those with
non-viral disease.95, 96 In the SHARP trial, those with vascular invasion showed a
suggestion of a better response to sorafenib, although this was not statistically significant.
Thus, data showing a higher degree of vascular invasion in tumors of those with NASH may
have implications for response to anti-angiogenic agents like sorafenib.

Outcomes in obese patients with HCC after surgery may also be worse. One Japanese study
showed no effect on overall survival or disease recurrence for initial resection, but a
significantly worsened overall survival and disease recurrence in obese patients undergoing
repeat hepatectomy.97 Patients with hepatic steatosis may be at increased risk for tumor
recurrence after resection.98 Finally, diabetics also may have an increased risk of HCC
recurrence. Patients who underwent resection for HCC with hepatitis C and were diabetic
had significantly worsened survivals compared with those who were not diabetic. On
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multiple regression analysis, receiving insulin was an independent predictor of recurrence,
underscoring the possibility that insulin may have carcinogenic properties in vivo. 99

Summary and future directions
Obesity and the metabolic syndrome are growing epidemics in the United States and
worldwide. These diseases are associated with both increased risk for, and worsened
outcomes of many types of cancer. In the liver, inflammatory and angiogenic changes due to
underlying insulin resistance and fatty liver disease will likely lead to increased numbers of
patients with HCC in the near future. Much work needs to be done to define more clearly the
risks for development of HCC in those with underlying metabolic syndrome, the best
methods of screening those at risk, and ultimately, the best treatments targeting the
underlying mechanisms of pathogenesis.
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Figure 1.
Components of the Metabolic Syndrome
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Figure 2.
Relationship between NAFLD, NASH, and HCC
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Figure 3.
BMI category and relative risk of cancer death in men 52
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Figure 4.
NAFLD pathogenesis 100
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Table 1

Selected therapeutic strategies for non-alcoholic steatohepatitis

Treatment Strategy Selected references:

Lifestyle intervention (diet +/− exercise) Weight loss Huang et al, 101, Nobili et al 84

Bariatric surgery Weight loss Klein et al, 102 Mathurin et al 103

Tetrahydrolipstatin (Orlistat) Weight loss Harrison et al, 104 Assy et al 105

HMG-CoA reductase inhibitor (Atorvostatin) Lipid lowering Hyogo et al, 106

Thiazolidinedione (Pioglitazone) Insulin sensitizer Belfort et al, 85 Aithal et al 107

Biguanide (Metformin) Insulin sensitizer Bugianesi et al, 100 Marchesini et al 108

ATII inhibitor (Losartan) Antifibrotic Yokohama, 2004 109

Antioxidant (Vitamin E) ROS scavenger Harrison et al, 89Yakaryilmaz et al, 2007 110

Anti-inflammatory (Pentoxifyllin) TNF-α blockade Adams et al, 2004
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