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Abstract
An increase in the prevalence of obesity and diabetes mellitus has been associated with the rise in non​alcoholic fatty liver disease (NAFLD). Two-thirds of the obese and diabetic populations are estimated to develop NAFLD. Currently, NAFLD is the most common etiology for chronic liver disease globally. The clinical spectrum of NAFLD ranges from simple steatosis, an accumulation of fat greater than 5% of liver weight, to nonalcoholic steatohepatitis (NASH), a more aggressive form with necroinflammation and fibrosis. Among the patients who develop NASH, up to 20% may advance to cirrhosis and are at risk for complications of end-stage liver disease. One of the major complications observed in patients with NASH-related cirrhosis is hepatocellular carcinoma (HCC), which has emerged as the sixth most common cancer and second leading etiology of cancer-related deaths worldwide. The incidence of HCC in the United States alone has tripled over the last three decades. In addition, emerging data are suggesting that a small proportion of patients with NAFLD may be at higher risk for HCC in the absence of cirrhosis - implicating obesity and diabetes mellitus as potential risk factors for HCC. 
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Core tip: The worldwide rise in overweight and obesity has been associated with increasing rates of nonalcoholic fatty liver disease (NAFLD), which is now the most common etiology of chronic liver disease. The more aggressive form of NAFLD, nonalcoholic steatohepatitis (NASH), promotes the development of hepatocellular carcinoma (HCC). As NASH-related cirrhosis has emerged as the most rapidly increasing indication for HCC-related liver transplantation in the United States, new strategies for HCC surveillance and targeted therapies in this patient population are warranted.
INTRODUCTION
Increases in the prevalence of obesity and diabetes mellitus (DM) have been associated with the rise in nonalcoholic fatty liver disease (NAFLD). Currently, NAFLD is the most common cause of chronic liver disease worldwide. The clinical spectrum of NAFLD ranges from simple steatosis, an accumulation of fat greater than 5% of liver weight, to nonalcoholic steatohepatitis (NASH), a more aggressive form with inflammation and necrosis. NAFLD afflicts an estimated 30%-40% of the adult population in the United States. Even though the majority of these patients remain stable, up to 25% of patients with NAFLD can progress to NASH. Among the patients who develop NASH, many advance to cirrhosis and are at risk for complications of end-stage liver disease[1-4]. One of the major com​plications observed in patients with NASH-related cirrhosis is hepatocellular carcinoma (HCC), which has emerged as the sixth most common cancer and second leading etiology of cancer-related deaths worldwide[5].
NASH AND ITS ASSOCIATION WITH HCC

The incidence of HCC in the United States alone has tripled over the last three decades. A recent study evaluated the trends in the age-adjusted incidence rates of HCC utilizing the Surveillance, Epidemiology, and End Result (SEER) database. It revealed a rise in the incidence rate of HCC from 1.6 per 100000 in 1975 to 4.9 per 100000 in 2000[6]. A notable increase was observed among Hispanic, Black and White males (Figures 1 and 2). Historically, the leading etiologies underlying HCC have included hepatitis B virus (HBV), hepatitis C virus (HCV), alcoholic liver disease and other chronic liver diseases[7]. In the majority of cases, HCC develops in the setting of cirrhosis with the exception of HBV. A significant number of patients with HBV can develop HCC in the absence of cirrhosis because HBV itself is a known carcinogen. Emerging data are suggesting that a small proportion of patients with NAFLD may be at higher risk for HCC in the absence of cirrhosis - implicating obesity as an independent risk factor for HCC[7-10]. Globally, HBV-related liver disease is the leading etiology underlying HCC. In the United States, the increase in the incidence of HCC is mainly attributable to chronic HCV infection, particularly as the baby boomer generation ages. However, the etiology in a significant proportion of cases remains unclear, indicating that other risk factors play an important role as well. Nevertheless, as NAFLD has become the leading cause of chronic liver disease in developing and developed countries plagued by rising rates of obesity, DM and the metabolic syndrome, the prevalence and impact of NAFLD is expected to rise and drive the epidemic of HCC in the United States Two-thirds of those who suffer from obesity and DM are estimated to suffer from NAFLD as well[8,9]. NASH has a prevalence of 2%-5% in the United States, with up to 20% of patients exhibiting cirrhosis[10]. Similar to HCV patients with cirrhosis, patients with NASH-related cirrhosis are also at an increased risk of developing HCC. In a single-center study, Ascha et al[11] compared the incidence of HCV and NASH-related cirrhosis. Among 510 patients with cirrhosis, 195 had underlying NASH, while 315 had cirrhosis secondary to HCV. Median follow-up of 3.2 years revealed an annual cumulative HCC incidence of 2.6% for NASH-related cirrhosis as compared to 4% for HCV-related cirrhosis cases. Additional large population-based studies with longer durations of follow-up are needed to re-confirm that patients with NASH-related cirrhosis carry a significant risk of developing HCC and should be closely monitored.

Despite the estimated low HCC incidence rate of 2.6% in patients with NASH-related cirrhosis, the surge in the number of cases with NAFLD is projected to lead to an increase in the number of patients with NASH-related HCC. A recent study by Wong et al[12] demonstrated a nearly fourfold increase in the prevalence of NASH-related HCC cases among liver transplant recipients since implementation of the model for end-stage liver disease in 2002[12]. In a large United States population-based study utilizing the United Network for Organ Sharing database from 2002-2012, Wong et al[12] reported 10061 patients with HCC among 61868 liver transplant recipients. In order to achieve a more accurate assessment of the true prevalence of NASH, Wong et al[12] created a modified NASH category, which included patients with a formal diagnosis of NASH as well as obese patients [body mass index (BMI) > 30 kg/m2] with cryptogenic cirrhosis and obese patients with unknown etiology of HCC. The proportion of HCC patients undergoing liver transplantation increased from 3.3% in the year 2000 to 23.3% in 2012 (Table 1). Although HCV remained the leading etiology of HCC, NASH was found to be the second leading cause of HCC in patients undergoing liver transplantation and the most rapidly growing indication for liver transplantation among patients with HCC in the United States. Yet, despite increased rates of liver transplantation among patients with NASH, these patients have poorer liver transplant waitlist survival and are less likely to undergo liver transplantation than patients with HCV or alcoholic liver disease[13]. 

RISK FACTORS FOR NASH-RELATED HCC

The remarkable increase in the number of HCC cases in developed countries is linked to several important risk factors. Half of the new cases of HCC are attributable to HCV, whereas the etiology of cirrhosis leading to HCC in 15%-50% of new cases remains unclear[1,6]. With the growing burden of obesity and DM in developed countries leading to NAFLD and NASH, there is cumulative evidence suggesting that NASH may account for a large proportion of these cases of idiopathic or cryptogenic cirrhosis[1,14]. NASH-related HCC patients undergoing liver transplantation have significantly higher rates of DM and higher BMI[12]. Similar to the NASH population, patients with cryptogenic cirrhosis have a high prevalence of obesity and DM as well. Additionally, a significant number of liver transplant recipients with cryptogenic cirrhosis develop NAFLD (25.4%) or NASH (15.7%) within 2 years following transplant surgery[15]. This provides further support that patients with end stage or burned out NASH are potentially being misclassified with cryptogenic cirrhosis. Typically, in patients with NASH-related cirrhosis characteristic histologic features of NASH, including steatosis, lobular inflammation, balloon degeneration, necrosis and Mallory bodies in zone 3 are not evident, and may lead to misdiagnosis.

Regardless of the underlying cause of liver disease, cirrhosis is believed to be a major risk factor for the development of HCC. Yasui et al[16] performed a multi​center retrospective study in Japan to understand the pathological course of NASH progressing to HCC. These investigators identified 19 patients with histologically proven NASH who developed HCC during a median follow-up period of 3.8 years. Patients were screened and underwent surveillance using ultrasound, computed tomography, des-gamma-carboxyprothrombin testing, and AFP testing. The majority of the patients were elderly, obese (84%), diabetic (58%), and hypertensive (63%). When histopathology at the time of NASH diagnosis was compared to histopathology at the time of HCC diagnosis, the degree of steatosis remained unchanged in the majority of patients (86%), but the stage of fibrosis was significantly more advanced at the time of HCC diagnosis (P = 0.02). These findings suggest that fibrosis is a significant risk factor for the development of HCC among patients with NASH. However, there were 3 male patients (21%) of 19 who only had stage 2 fibrosis at the time of HCC diagnosis. Interestingly, in an earlier cross-sectional study performed by Yasui et al[16], 28% of NASH patients, with an older male predominance, only had stage 1 or stage 2 fibrosis at the time of HCC diagnosis. These findings indicate that HCC can occur in NASH patients regardless of the degree of fibrosis, particularly in older men. Although the association between cirrhosis secondary to NAFLD and HCC is well documented, few recent studies have pointed toward a positive correlation between non-cirrhotic fatty liver disease and HCC. The prevalence of histologically confirmed steatosis and steatohepatitis is about 54% and 15% in HCC cases without any underlying cirrhosis, respectively[17]. In another retrospective study, cirrhosis was detected in only 53% of NASH-related HCC patients, which was significantly less than in the group with non-NASH HCC (90%). Therefore, though cirrhosis is a crucial risk factor, NASH is likely a significant independent risk factor for HCC[18]. Future prospective, large population-based studies with longer durations of follow-up are needed to determine the validity of this potentially important observation.

NAFLD is considered the hepatic manifestation of the metabolic syndrome, which includes a cluster of interlinked metabolic risk factors, such as hypertension, hyperglycemia, central obesity and dyslipidemia. The majority of patients with HCC secondary to NAFLD have two or more types of metabolic disease, the most common being hyperglycemia due to insulin resistance. Based on a large United States population-based study using the SEER-Medicare database of patients over 65 years of age with histologically diagnosed HCC between 1994 and 2005, Welzel et al[19] concluded that the metabolic syndrome is an important risk factor for HCC development. Comparison with a randomly selected control group revealed that each component of the metabolic syndrome was individually associated with a statistically significant increased risk of HCC development (P < 0.0001). 
Obesity is considered a significant risk factor for the development of not only HCC but also for a number of other malignancies. Welzel et al[19] reported a 1.93-fold increased risk of HCC in the obese population. In a large prospective study by Calle et al[20], out of 900000 United States adults who were enrolled in the study in 1982, 57145 died from cancer during the 16 year follow-up period. Morbidly obese (BMI > 40 kg/m2) males had a 52% higher mortality, while morbidly obese women had a 62% higher mortality compared to corresponding mortality in their normal weight counterparts. There is growing evidence supporting a positive correlation between excess body weight and HCC risk. Results from a meta-analysis of 11 cohort studies performed in 2007 showed that the liver cancer risk was 17% among the overweight and 89% among the obese as compared to those with normal weight. Furthermore, it was estimated that 28% of liver cancer cases in men and 27% of liver cancer cases in women were linked to overweight or obesity (BMI > 25 kg/m2)[21]. Even among those with normal weight, visceral fat accumulation is considered pro-oncogenic and is a potential risk factor for the recurrence of HCC. Ohki et al[22] investigated whether visceral adiposity increased the risk of cancer recurrence in patients with NASH-related HCC after undergoing curative treatment with radiofrequency ablation. Those with higher visceral fat area (> 130 cm2 in males, > 90 cm2 in females) were at increased risk of recurrent HCC (75%), compared to those with lower visceral fat area (45%).

DM, another important risk factor for HCC, is associated with 2.90 fold increased risk of HCC[19]. Insulin resistance in patients with DM leads to the increased release of free fatty acids and pro-inflam​matory cytokines, including tumor necrosis factor (TNF) alpha, leptin, and interleukin-6 (IL-6), as well as reactive oxygen species, which favor fat deposition and inflammation in the liver[1,20]. Statins have been reported to have a cancer preventative effect if prescribed to patients with DM[23]. Among a large cohort of patients diagnosed with DM, a matched, nested case control study of 1303 diabetics with HCC and 5212 diabetics without HCC demonstrated that increased duration and frequency of statin prescriptions in diabetics was associated with a decreased incidence of HCC (risk reduction: 25%-40%). However, the study was limited by its retrospective design and relatively short length of follow-up (median 2.4 years). Further studies exploring this anti-inflammatory role of statins and their potentially beneficial role in preventing HCC development may have significant clinical implications. 

Hepatic iron overload is also being increasingly recognized as a clinically important risk factor contri​buting to the development of NASH and its progression to HCC[24]. In patients with hereditary hemochromatosis, excess iron deposits drive oxidative stress, leading to the production of iron catalyzed oxyradicals. These oxyradicals contribute to the progression of fibrosis to cirrhosis and later to HCC. Lesser degrees of iron accumulation are frequently observed in patients with other forms of liver diseases, such as alcoholic liver disease, HCV-related liver cirrhosis and NAFLD. A study by Sorrentino et al[24] retrospectively assessed the hepatic iron stores in 51 patients with HCC diagnosis and NASH-related cirrhosis and 102 HCC-free controls with NASH-related cirrhosis. Conditional regression analysis revealed that histologic sinusoidal iron deposition was larger in size and more frequent in HCC patients than in controls. 

In the aforementioned study by Ascha et al[11] that evaluated the annual cumulative incidence of HCC in patients with NASH-related cirrhosis, the investigators also studied and identified additional risk factors impacting HCC development in these patients. Old age (P = 0.006) and any lifetime alcohol consumption (P = 0.002) were statistically significant risk factors for progression to NASH-related cirrhosis and development of HCC. While heavy consumption of alcoholic beverages is widely considered a major risk factor for development of HCC, the study highlights that any lifetime alcohol consumption among patients with NASH was associated with a 3.6 times increased risk of HCC compared to those without lifetime alcohol consumption (P = 0.003). This suggests that alcohol consumption is a modifiable risk factor; even in quantities generally considered safe may increase the risk of HCC development in patients with NASH-related cirrhosis.
MECHANISMS UNDERLYING NASH-RELATED HCC

Numerous unique mechanisms underlie the pathogen​esis of NASH-related HCC (Figure 3). Insulin resistance, associated with NAFLD, predisposes to the production of free fatty acids and several pro-inflammatory cytokines, including TNF-( and IL-6[1]. TNF-( promotes pro-oncogenic pathways, which specifically involve nuclear factor (B, c-Jun amino acid-terminal kinase (JNK), and mammalian target of rapamycin complex (mTOR)[25,26]. Obesity is associated with increased IL-6 levels, while weight loss reduces levels of TNF-( and IL-6, resulting in a decreased inflammatory and potentially carcinogenic response[27]. Prolonged upregulation of the IL-6/STAT3 axis results in an increased probability that hepatocytes that have already acquired oncogenic mutations from exposure to carcinogens will continue malignant trans​formation[28]. Insulin resistance upregulates the pro​duction of insulin-like growth factor-1 (IGF-1). IGF-1 promotes processes linked to HCC development, such as expression of proto-oncogenes c-fos and c-jun in vitro and activating mitogen activated protein kinases (MAPK)[29]. JNK, a MAPK, is activated by IR and down​regulated by weight loss[30]. Histopathological analysis reveals that 70% of HCC tissue specimens stain positive for phosphorylated JNK, suggesting its role in the development of HCC[31]. Overall, several mechanisms underlying NASH-related HCC have been elucidated and pave the way for new therapeutic targets. 

SURVEILLANCE OF HCC

The majority of cases of HCC occur in patients with known cirrhosis. United States and European societies recommend regular surveillance of HCC in cirrhotic patients on a semiannual basis[32,33]. Ultrasound is regar​ded as the most effective tool for regular surveillance, while the role of AFP as a reliable tool for surveillance is still controversial due to high false positive and negative rates[34]. Despite evidence of improved survival among patients who underwent regular surveillance for HCC[35], Davila et al[36] suggests that the actual implementation of HCC surveillance in the cirrhotic patient population is inadequate. Davila et al[36] utilized Medicare databases to identify 1873 HCC patients with underlying cirrhosis between 1994 and 2002 and noted that among these patients only 17% received regular surveillance, while 38% received inconsistent surveillance prior to the diagnosis of HCC. Moreover, among all patients who received regular surveillance, 52% had ultrasound and AFP levels, 2% received ultrasound only, and 46% were monitored with AFP level only. Disparities were noted in surveillance, with affluent patients and patients with higher education at increased likelihood of receiving regular surveillance. Future studies would be helpful to explore whether on-time HCC surveillance in NASH patients would be effective in decreasing morbidity and mortality from the disease.

CONCLUSION
Despite several gaps in our current knowledge of NAFLD and NASH, the increasing prevalence of NASH is partly responsible for the current growth in HCC incidence. Ascha et al[11] has reported HCC incidence of 2.6% per year in patients with NASH-related cirrhosis. Currently, NASH-related cirrhosis is the most rapidly increasing indication for HCC-related liver transplantation in the United States[12]. It is essential to control the growing epidemic of obesity and DM. The role of statins in reducing the risk of HCC in patients with DM is an interesting finding which needs to be further evaluated. Timely detection of HCC is difficult due to its indolent clinical course in the initial stages and high index of clinical suspicion is crucial to early diagnosis. Patients with NASH often present at an increased age and after having developed advanced complications of end-stage liver disease, which include inoperable HCC. Efforts to devise noninvasive methods of detecting NASH and maximizing the management of common risk factors shared by NASH and HCC can lead to a potential reduction in liver disease and liver cancer burden.
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Figure 1  Hepatocellular carcinoma incidence rates (per 100000) in males in the United States, age 50-59 years by race/ethnicity from 2000-2002 and 2003-2005[6]. The dark blue bars on the bottom of each panel indicate the overall incidence rates in men age 50-59 years during that time period.
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Figure 2  Hepatocellular carcinoma incidence rates (per 100000) in females in the United States, age 50-59 years by race/ethnicity from 2000-2002 and 2003-2005[6]. The dark blue bars on the bottom of each panel indicates the overall incidence rates in women age 50-59 years during that time period.
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Figure 3  Metabolic pathogenetic pathways to hepatocellular carcinoma. HCC: Hepatocellular carcinoma.
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Table 1  The etiologies of liver disease among hepatocellular carcinoma related liver transplant recipients following the implementation of model for end-stage liver disease system in 2002 for prioritizing of patients for liver transplant[12]


Etiologies of HCC


�
HCC patients undergoing liver 


transplantation in the MELD era�
�
�
2002


�
2007


�
2012


�
�
HCV


�
43.4%


�
46.3%


�
49.9%


�
�
NASH


�
     0%


�
  4.0%


�
  6.0%


�
�
ALD + HCV


�
  4.9%


�
  6.5%


�
  6.4%


�
�
HBV


�
10.2%


�
  8.3%


�
  4.6%


�
�
Modified NASH


�
  8.3%


�
10.3%


�
13.5%


�
�
HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease; HCV: Hepatitis C virus; NASH: Nonalcoholic steatohepatitis.











