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Abstract

It was estimated that from 2002 to 2008 the risk of developing cancer increased a quarter-fold in men and two-fold in women due to excessive BMI. Obesity, metabolic syndrome and type 2 diabetes mellitus are strictly related and are key pathogenetic factors of non-alcoholic fatty liver disease (NAFLD), the most frequent liver disease worldwide. The most important consequence of the “metabolic epidemics” is the probable rise in the incidence of hepatocarcinoma (HCC), and NAFLD is the major causative factor. Adipose tissue is not merely a storage organ where lipids are preserved as an energy source. It is an active organ with important endocrine, paracrine, and autocrine actions in addition to immune functions. Adipocytes produce a wide range of hormones, cytokines, and growth factors that can act locally in the adipose tissue microenvironment and systemically. In this article, the main roles of insulin growth factor (IGF)-1 and IGF-2 are discussed. The role of IGF-2 is not only confined to HCC, but it may also act in early hepato-carcinogenesis, as pre-neoplastic lesions express IGF-2 mRNA. IGF-1 and IGF-2 interact with specific receptors (IGF-1R and IGF-2R). IGF-1R is over-expressed in in vitro and in animal models of HCC and it was demonstrated that IGF ligands exerted their effects on HCC cells through IGF-1R and that it was involved in the degeneration of pre-neoplastic lesions via an increase in their mitotic activity. Both IGF-2R and TGF , a growth inhibitor, levels are reduced in human HCC compared with adjacent normal liver tissues. Another key mechanism involves peroxisome proliferator-activated receptor (PPAR). In in vitro studies, PPAR inhibited various carcinomas including HCC, most probably by regulating apoptosis via the p21, p53 and p27 pathways. Finally, as a clinical consequence, to improve survival, efforts to achieve a “healthier diet” should be promoted by physicians and politicians.
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Core tip: Obesity, metabolic syndrome and type 2 diabetes mellitus are strictly related and are key pathogenetic factors in non-alcoholic fatty liver disease, one of the most frequent liver diseases worldwide. It is necessary to stress that one of the most important consequences of the “metabolic epidemics” is the probable rise in the incidence of cancers, particularly hepatocarcinoma. Thus, to improve survival, efforts to achieve a “healthier diet” should be promoted by physicians and politicians, even though no changes in genes have been observed in the postprandial state induced after the acute effect of specific diets in patients exhibiting non-alcoholic fatty liver disease and insulin resistance.

COMMENTARY ON HOT TOPICS

Major risk factors for the development of hepatocellular carcinoma (HCC) are infection with hepatitis B virus (HBV) and hepatitis C virus (HCV), at least in developed countries. Moreover, the etiology of HCC is multifactorial and, in addition to infections, other factors such as alcohol consumption and intake of aflotoxin-contaminated food were found to contribute to HCC development[1]. Recently, it was determined that non-alcoholic fatty liver disease (NAFLD) is related to obesity, diabetes and metabolic syndrome (MS)[2]. NAFLD, the abnormal accumulation of fat in the liver, affects approximately 20%-30% of the total population in Western countries and the strict clinical and patho-physiological links with obesity, insulin resistance (IR) and type 2 diabetes mellitus (T2DM) have led to the recent suggestion that NAFLD can be considered a new criterion of MS[3]. HCC is the most common primary liver malignancy and is one of the most lethal cancers worldwide[4]. Epidemiologically, the incidence and mortality of HCC has increased over the past several decades in the United States, Japan and several European countries[4-7]. A correlation was noted between the raised incidence of HCC and obesity: overweight and obese individuals had an increased risk of developing HCC of 17% and 90%, respectively, compared to those with normal weight[8,9]. In 2013 an interesting study evaluated the performance status in HCC subjects and found that patients with worse performance status had not only higher Child-Turcotte-Pugh and Model for End-Stage Liver Disease scores, but also larger tumor volume, more frequent vascular invasion and T2DM (P < 0.001). T2DM was a prognostic predictor of increased risk of mortality. These data support the role of T2DM, not only in the genesis of HCC, but also in its progression and therefore its treatment[10]. An increased risk of developing HCC and having a worse prognosis after this diagnosis was demonstrated not only in T2DM patients, but also in obese subjects and those with the criteria of MS[11]. The purpose of our review is to summarize the principal findings on this issue focusing on the principal pathophysiologic aspects and epidemiologic evidence.

HCC DEVELOPMENT

In recent decades many authors have focused their attention on the prevalence and/or incidence of HCC in subjects affected by MS, T2DM and obesity. Despite very recent data showing an association between liver cancer and MS, at least in HBV-and HCV-endemic areas such as Southern Taiwan[12], in 2012 this association was questioned in five meta-analyses, which all concluded that both increased body mass index (BMI) and altered glucose metabolism influence the risk of developing HCC. A systematic literature search in 2012 identified five studies evaluating the relationship between HCC and MS, T2DM and obesity. The results of this meta-analysis are shown in Table 1[13-17].

When examining the possible impact of lipid and glucose metabolism in the induction and progression of HCC, it should be remembered that there are many known risk factors associated with HCC, however, HCV and HBV infections are the most studied. Other known risk factors are alcohol abuse and toxin exposure (such as aflatoxin)[18]. In this scenario it is fundamental to emphasize that, even though the possibility of developing HCC in HBV or HCV subjects is higher than in patients affected by NAFLD or non-alcoholic steatohepatitis (NASH), it is also true that MS and its hepatic manifestation (NAFLD and then NASH) affects 20%-30% of the general population in Western countries, and its incidence is increasing (Table 2[19-30]). Based on these data, Siegel et al[21] estimated that 200000-500000 individuals are potentially at risk of developing HCC.
Epidemiological evidence concerning impaired glucose metabolism, insulin resistance and diabetes

In 2012, Campbell et al[31] conducted a large prospective cohort study which included over one million subjects and found that diabetic women and men had an increased risk of 1.40 (95%CI: 1.05-1.86) and 2.26 (95%CI: 1.89-2.70) for developing HCC, respectively. The increased incidence of HCC in obese and diabetic subjects has led to the necessity to characterize the role of MS in liver carcinogenesis. Glucose intolerance, hyperglycemia, T2DM, obesity, hypertension and dyslipidemia are the key components in MS[32]. Turati et al[33] carried out a case-control study in Southern Italy, and found not only an increased incidence of HCC in subjects affected by MS, but also that the risk increases with the number of MS criteria. Although the only two MS components associated with HCC were T2DM and obesity, the risk was increased four-fold in subjects with ≥ 2 MS components, and to over six-fold in subjects without chronic infection with HBV and/or HCV, compared with non-MS subjects.

Even if the role of impaired glucose metabolism is important in hepato-carcinogenesis, its impact on HCC natural history is still controversial. Recently, Howell et al[34] compared diabetic and-non diabetic subjects treated for HCC and found that there was no difference in survival between the two groups. In contrast, a meta-analysis by Wang et al[35] found that patients with coexisting T2DM had a shorter survival time and a higher risk for tumor recurrence after curative treatments. This evidence was subsequently confirmed and associated with macro-vascular invasion[36,37]. Moreover, Abe et al[38] demonstrated that intensive care of T2DM and abstinence from alcohol consumption improved prognosis in HCC patients. In some reports, authors deduced that in HIV/HCV positive subjects the presence of T2DM favors the progression of chronic liver disease to HCC[39-41]. These are only two examples in many studies to show that T2DM can worsen the prognosis of subjects with other known risk factors for the development of HCC.
Epidemiological evidence concerning obesity

The World Health Organization (WHO) estimates that more than 1.4 billion people are overweight (BMI > 25 kg/m2), and more than 500 million are obese (BMI ≥ 30 kg/m2) worldwide[42]. It was estimated that obesity in the United States is responsible for up to 20% of all cancer deaths in women and 14% in men[43]. A recent meta-analysis focused on the incidence of various malignancies across 30 European countries in relation to increased BMI (BMI ≥ 25 kg/m2) and found that in 2002 over 70000 new cancer cases were attributable to excess body fat[44]. This meta-analysis did not investigate the risk of developing HCC in obese subjects, but many other reports showed that, not only MS and T2DM, but also obesity, related or unrelated to other signs or symptoms of MS, is a risk factor for the development of HCC[45]. In a 14-year prospective cohort study based on more 1200000 Koreans, cancer of the liver was found to be the second most common cancer in obese men (after gallbladder cancer) and the third in obese women (after breast and pancreatic cancer), indicating a positive association between BMI and the frequency of other cancers[46]. When the principal results of cohort studies from 1966 to 2007 are summarized, the relative risks of HCC were 1.17 (95%CI: 1.02-1.34) for overweight and 1.89 (95%CI: 1.51-2.36) for obese subjects[47], similar to the data shown in a meta-analysis by Tanaka et al[15] in 2012.
An Italian study found that subjects with a BMI > 25 had an approximately two-fold increase in HCC risk (OR = 1.9, 95%CI: 0.9-3.9) compared to normal weight subjects and the risk rose when HbsAg-negative and HCV-negative subjects were investigated (OR = 3.5)[48].
In 2002, Nair et al[49] focused their attention on the possibility that obesity might have a negative impact on the prognosis of HCC patients treated with curative surgical therapy such as orthotopic liver transplantation (OLT). Obesity was an independent predictor of mortality after OLT, especially long-term survival which was significantly lower in obese subjects. The authors deduced that the increased incidence of cardiovascular events was the main reason for these results. In a subsequent study by Mathur et al[50], it was confirmed that obesity predicts a poorer outcome after OLT for HCC, and that recurrence of HCC was doubled in overweight and obese patients.
LINKS BETWEEN NAFLD AND HCC

The relationship between T2DM, MS and HCC seems to be closely related to NAFLD development. However, it is still controversial as to whether these diseases should be considered as risk factors for the development of HCC independently of the presence of NAFLD. The relationships between T2DM, MS and HCC seem to be closely related to NAFLD development. Recent studies showed that the majority of obese patients or those with MS develop NAFLD. In a single topic conference held by the AASLD, it was shown that up to 70% of T2DM and obese subjects exhibited various degrees of NAFLD[51]. In accordance with this statement, the occurrence of NAFLD in the absence of MS seems to be relatively uncommon. In a study by Marchesini et al[52], 18% of normal weight subjects developed NAFLD, however, this percentage rose dramatically in obese and MS subjects, reaching 67%. Logistic regression analysis demonstrated that the presence of MS carried a high risk of a more severe form of NAFLD, i.e., NASH, with an OR of 3.2 after correction for sex, age, and BMI.

Fujii et al[53] in 2013 published an interesting study on a new NASH-HCC animal model that demonstrated the relationship between NAFLD-NASH, T2DM, MS and HCC development. A group of healthy male mice were treated with streptozocin (STZ) and a high-fat diet (HFD) or with STZ only or no treatment, and a group of healthy female mice were treated with STZ and a HFD. The infusion of STZ early after birth led to pancreatic islet injury and to diabetes, in addition, hepato-cellular injury with pathological fat accumulation, increased lipogenesis and fatty acid oxidation was induced by the HFD. At 6 wk after the beginning of the study, SFD-HFD mice developed fatty liver and NASH after 8 wk. Pericellular fibrosis around central veins was noted at 8 and 12 wk. HCC developed in all STZ-HFD male mice after 16 wk, but not in STZ-HFD female mice or in STZ male mice. Comparing these results the authors concluded that T2DM predisposes to HCC, but liver inflammation, NASH, and fibrosis were interrelated processes and were essential for HCC evolution.

HCC develops in two thirds of cases against the background of chronic liver disease caused by HCV and/or HBV infections or by alcohol abuse or hemochromatosis[54,55]. A third of HCC patients are classified as having cryptogenic cirrhosis due to the absence of these underlying diseases. To date, MS seems to be the principal noxious stimuli causing the majority of cryptogenic cirrhosis cases[56]. Moreover, recent evidence has shown that obesity and T2DM have a negative prognostic impact on the natural history of HCC. As we previously mentioned, Turati et al[33] in a recent report found a high risk of developing HCC in subjects with at least one of the MS components, increasing to up to four-fold if two or more factors were present. Moreover, obesity increased the risk of developing HCC and HCC mortality by 2-5 times, and T2DM doubled the HCC risk independently of the presence of alcoholic liver disease, viral hepatitis, or other demographic variables. A subsequent report also found that, in patients with viral hepatitis (HCV or HBV), the simultaneous presence of obesity and T2DM multiplied this risk by 100-fold[57].

Even in the non-fibrotic liver, MS seems to be a risk factor for the development of HCC, similar to that in the cirrhotic liver. Kawada et al[58] enrolled a total of 1168 patients with HCC and found that HCC developed in 75% of cases with non-cirrhotic liver affected by NASH (6 of 8 NASH subjects). This result was of poor significance due to the small number of examined cases. However, in 2012 Baffy et al[59] in an interesting review reported that from 2004 to 2011 at least 116 cases of HCC had been demonstrated in histologically-confirmed NAFLD without cirrhosis. It seems that simple MS and NAFLD, in the absence of NASH, can promote the development of HCC, as shown by Guzman et al[60].

MECHANISMS IN DETERMINING HCC

Major role of the IGF pathway 

Hyperglycemia exerts deleterious metabolic effects on the liver, disrupting glucose, lipid, bile acid and triglyceride metabolism and leading to the impairment of several cellular processes[61-63]. It should be stressed that IR leads to an inflammatory systemic state, with hyper-production of pro-inflammatory cytokines such as TNF and IL-6, and some adipokines such as leptin, whereas other molecules with anti-inflammatory properties are decreased, such as adiponectin[64]. These findings are not surprising as IR is almost always associated with obesity, and both are fundamental components of MS. In this sense, it is obvious that IR and obesity, through the development of a systemic chronic inflammatory state, leads to the promotion of inflammation and fibrosis in the liver, which are prodromal signs of hepato-carcinogenesis[65]. Decreased adiponectin level is almost always found in subjects with IR and in subjects with increased BMI in the setting of NASH and is linked to the development of hepatic fibrosis[66].

Moreover, IR and hyperinsulinemia can up-regulate the production of insulin-like growth factor-1 (IGF-1) and generally deregulate the insulin-like growth factor (IGF) pathway[67].

The aberrant activation of growth factor signaling pathways is an important mechanism in the development and progression of HCC. The most studied growth factor signaling pathways are the transforming growth factor  (TGF-)/EGF-R, transforming growth factor  (TGF )/TR, hepatocyte growth factor/MET and wingless (Wnt/frizzled/-catenin)-signaling pathways[68]. Coupled with these, dysregulation of the IGF pathway, involved in the fine regulation of proliferation and anti-apoptosis of HCC cells, is of critical importance[69,70] (Figure 1[70]).

Many studies have demonstrated that IGF-1 mRNA was under-expressed in HCC tissues[71], while in animal models and in humans with HCC, IGF-2 was overexpressed[70]. These molecules are mostly produced in the liver and it was proposed that the reduction in IGF-1 production may be correlated with reduced hepatic function, due to the simultaneous presence of chronic liver disease or cirrhosis, or with the reduced expression of growth hormone receptors in tumoral tissues[71,72].

A separate discussion should be included for IGF-2. Physiologically the expression of IGF-2 is restricted during fetal development. A mono-allelic, maternally imprinted, IGF-2 is produced and in adulthood it is replaced by a bi-allelic form[72]. During hepato-carcinogenesis, reactivation of the fetal promoter leads to the overexpression of fetal IGF-2[73]. IGF-2 has a stimulatory effect on cell proliferation[74] and angiogenesis[75], in addition, it has an anti-apoptotic effect and its concentrations are positively associated with the expression of vascular endothelial growth factor (VEGF) in in vitro studies[76]. The role of IGF-2 is not only confined to HCC, but it may also act in early hepato-carcinogenesis, as pre-neoplastic lesions express IGF-2 mRNA[77,78].

To determine their physiological and pathological functions, IGF-1 and IGF-2 need to interact with specific receptors (IGF-1R and IGF-2R). IGF-1R is overexpressed in in vitro and in animal models of HCC[72,74] and it was demonstrated that IGF ligands exerted their effects on HCC cells through IGF-1R, and that it was involved in the degeneration of pre-neoplastic lesions via an increase in their mitotic activity[79]. IGF-2R is a clearance site for IGF-2, so it may exert inhibitory effects on the IGF pathway[80]. IGF-2R was under-expressed in in vitro studies, animal models and human HCC[70]. The levels of IGF-2R and TGF, another growth inhibitor, are reduced in human HCC compared with adjacent normal liver tissues[81]. From all of these findings, it is easy to imagine that the IGF substrates, IRS-1 and IRS-2, are both able to promote HCC formation and progression. Conversely, IGF-binding proteins (IGFBPs), due to the reduced bio-availability of free IGF-1 and IGF-2 in the bloodstream, seem to be able to inhibit the growth of HCC. Indeed IGFBP-3 and IGFBP-7 levels are decreased in HCC tissues and the addition of these molecules in HCC models reduces the growth and volume of hepatic tumor formation[70].

On the basis of the evidence linking IR and T2DM to HCC, in the last decade many studies have tried to analyze the possible role of anti-diabetic drugs in HCC therapy. Recently Singh et al[82] conducted a meta-analysis and concluded that some agents, such as metformin, can reduce the risk of HCC, while others, such as insulin, can increase the risk of HCC. In the same report, thiazolidinediones (TZD) did not seem to modify the risk, but several in vitro[83] and animal[84] studies have found that these molecules might act as regulators of the cell cycle, inhibiting HCC growth.
Role of transcriptional factors

TZD acts on peroxisome proliferator-activated receptors (PPAR). PPAR, , and  are members of the nuclear receptor superfamily of ligand-activated transcription factors that have central roles in the storage and catabolism of fatty acids. Each of the three PPAR subtypes is expressed in a distinct, tissue-specific pattern. PPAR is highly expressed in the liver, heart, kidney, skeletal muscle, and brown adipose tissues which are metabolically very active. PPAR is most highly expressed in white and brown adipose tissue, large intestine, and spleen. In contrast to PPAR and PPARy, which are abundantly expressed in just a few tissues, PPAR is virtually expressed in all tissues at comparable levels. Another important function of PPARs is to regulate the cell cycle, and due to this property, they are involved in carcinogenesis[85].

PPAR seems to inhibit carcinogenesis, having anti-angiogenetic activity, via the production of thrombospondin, and anti-inflammatory properties (it suppresses interleukin 1, TNF and ICAM1 expression)[86-88]. On the other hand, the stimulation of PPAR by agonists induces hepatomegaly and HCC following long-term therapy in animal models[89]. Physiologic stimulation of PPAR may suppress cancer through the modulation of microenvironment and microcirculation, however, its continuous abnormal stimulation may promote hepato-carcinogenesis[90]. PPAR is overexpressed in fatty liver and is constitutionally expressed in adipose tissue and macrophages[91]. There are contrasting data on its role in hepato-carcinogenesis as it is over-, normally or under-expressed in various studies[83,92,93]. In in vitro studies, PPAR inhibits various carcinomas including HCC, most probably by regulating apoptosis via the p21, p53 and p27 pathways[90]. A recent study by Pang et al[94] confirmed the inhibitory action of PPAR on hepato-carcinogenesis, via the up-regulation of plasminogen activator factor 1 (PAI 1).
Role of pro-inflammatory and anti-inflammatory molecules

Adipose tissue is not merely a storage organ where lipids are preserved as an energy source. It is an active organ with important endocrine, paracrine, and autocrine actions as well as immune functions. Adipocytes produce a wide range of hormones, cytokines, and growth factors that can act locally in the adipose tissue microenvironment and systemically[95]. Pathologic hypertrophy and hyperplasia of adipocytes that can be found in obese subjects lead to a dysregulation of many endocrine functions with important consequences[96]. The maturation of adipocytes is impaired in obesity. This leads to a relative increase in pre-adipocyte populations and consequently a modification in the local microenvironment. Pre-adipocytes produce cytokines with pro-inflammatory and angiogenetic properties, ideal for their own proliferation. Cytokines overproduced in adipocytes during obesity include interleukin (IL)-6, Il-8, Il-1, tumor necrosis factor  (TNF), VEGF, and chemokine ligand 2 and 5 (CCL2 and CCL5), which can promote the recruitment of immune cells and vasculogenesis[97]. Moreover, the production of proinflammatory and chemoattractant molecules by adipose tissue leads to macrophage recruitment and activation, which are able to increase the chronic low-grade inflammatory response[98]. The pro-inflammatory state is also able to self-renew as many of the overexpressed cytokines, such as TNF, IL-1, TGF and interferon , are able to block the maturation of pre-adipocytes to adipocytes. The low-grade chronic inflammatory state was linked to IR in obese mice[99], and in particular TNF seems to play a fundamental role by inhibiting the tyrosine phosphorylation of Ir[100] and enhancing the production of another important pro-inflammatory cytokine, IL-6[101]. Shimizu et al[102] recently reviewed the principal evidence linking obesity, inflammation and HCC development.

Two important adiponectins are involved in this process. Adiponectin has anti-angiogenetic and anti-proliferative properties, but is also under-expressed in obese subjects in favor of an increased expression of leptin[103,104]. Levels of adiponectin are inversely proportional to BMI[105], thus, hypo-adiponectinemia is associated with the development of most consequences of obesity, such as cerebrovascular diseases and dyslipidemia[106]. Animal models showed that hypo-adiponectinemia could have a role in hepato-carcinogenesis, especially when inflammation and necrosis are present (NASH)[107,108]. Studies on humans have shown that adiponectin might be useful as a prognostic factor in HCC as its serum concentration seems to be positively correlated with a poorer prognosis[109,110], even if in early HCC it seems to have less relevance[111].
Complex role of leptin, visfatin and PAI-1 

Leptin is a protein encoded by the ob gene[112] involved in the regulation of body weight and energy balance and it is produced mainly by adipocytes[113]. Obese patients have increased levels of circulating leptin, and are also resistant to its activity[103]. In the liver, leptin prevents lipid accumulation and lipotoxicity[114]. On the other hand, animal models have shown that it has pro-fibrogenic properties, increasing the expression of procollagen I, TGF-1, smooth muscle actin and increasing the production of tissue inhibitor of metalloprotease 1 in activated hepatic stellate cells (HSCs)[115,116], the principal players in liver fibrosis. Moreover, leptin promotes HSC proliferation inhibiting their apoptosis[117], and activated HSCs are themselves able to produce leptin[118]. This adipokine production, and consequently its action, is impaired not only in obese, but also in NAFLD subjects with or without NASH, even if the relationships between its serum levels are, to date, not correlated to the severity of liver fibrosis, as expected due to its fibrogenic properties[114]. The possible role of leptin in hepato-carcinogenesis is likely due to its pro-inflammatory[119,120] and pro-fibrogenic[121] actions, however, recent studies have also found that increased leptin levels are associated with the induction of VEGF in HSCs[122] and with venous invasion in renal cancer[123,124], suggesting a possible similar role in HCC. However, there are many contrasting data on this issue. The immune-modulator effect of leptin may lead to natural killer cell proliferation and activation and consequently to a reduction in tumor size[125]. Two subsequent studies by Wang et al[126,127] support the affirmation that leptin may have positive prognostic significance in HCC, improving overall survival.

Although leptin and adiponectin are the most studied adipokines, adipose tissue produces a wide range of molecules classified in this group. Some cytokines (TNF, TGF, IL-1, IL-6, IL-8, IL-10), chemokines and acute phase proteins (haptoglobin, serum amyloid-A, and PAI-1) are classified in this group[128]. As we previously described, they are involved in the initiation and progression of the systemic, chronic inflammatory status found in obese subjects, which in turn is related to HCC pathogenesis. In 1999, a study found that PAI-1 could inhibit the invasion and proliferation of HCC cells in vitro[129]. This evidence contrasts with the concept that PAI-1 is overexpressed in obese subjects and that higher concentrations of this adipokine worsen IR and impair lipid metabolism[130]. Recently, the first theory was confirmed in a report that correlated inhibition of HCC progression with PPAR stimulation via PAI-1 activation[94]. Conversely, visfatin, another adipokine, seems to have a negative impact on hepato-carcinogenesis, indicating that adipokines have different roles in HCC progression[131].
CONTRASTING EVIDENCE

Chiang et al[132] in an up-to-date prospective cohort study based on nationwide health screening units, found that T2DM (adjusted HR = 3.38) was positively associated with deaths due to HCC. Surprisingly, hypertriglyceridemia (HR = 0.38) and hypercholesterolemia (HR = 0.50) were inversely associated with HCC mortality. MS, as defined by the American Heart Association/National Heart Lung Blood Institute criteria (HR = 0.63) or by the International Diabetes Federation criteria (HR = 0.62), was inversely associated with deaths due to HCC, especially in men[132]. This finding has not been proved by another contemporary systemic review and meta-analysis analyzing four studies (3 cohorts and 1 case control) with a total of 829651 participants. The age range of the participants was between 30 and 84 years. The combined analysis showed an overall 81% increased risk of HCC in cases with MS (relative risk, 1.81)[133].

CONCLUSION

The global cancer burden doubled in the last thirty years of the twentieth century, and it is estimated that it will similarly increase between 2000 and 2020 and nearly triple by 2030[134]. In 2005, the WHO produced a document which emphasized that more than 50% of total cancers developed in countries where obesity was a prominent risk factor[135]. Subsequently, it was estimated that from 2002 to 2008 the risk of developing cancer increased a quarter-fold in men and two-fold in women due to excessive BMI. Obesity, MS and T2DM are strictly related and are key pathogenetic factors of NAFLD, one of the most frequent liver diseases worldwide. 

It is of crucial relevance to remember that one of the most important consequences of the “metabolic epidemics” is the probable rise in the incidence of cancers, such as HCC[70,80], even though other causes inducing HCC should not be neglected (Figure 2). Therefore, to improve survival[136], efforts to achieve a “healthier diet” should be promoted by physicians and politicians, even though no changes in genes were observed in the postprandial state induced after the acute effect of specific diets in patients exhibiting NAFLD and IR, who showed peripheral adipose tissue dysfunction and exhibited inappropriately low leptin biosynthesis[137]. Finally, new treatments for T2DM are expected to reduce the future burden of T2DM-related HCC[138]. 
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Figure 1  Insulin growth factor pathway scheme. The insulin-like growth factor (IGF) pathway is composed of several components. IGF ligands are IGF-1 and IGF-2, two peptides that share high similarities with insulin. A family of carrier proteins, called insulin-like growth factor binding proteins (IGFBPs), bind IGF-1 and IGF-2 in the blood. IGF-1 and IGF-2 act as autocrine, paracrine and endocrine growth factors and are mostly produced in the liver, especially IGF-1 in the postnatal era and IGF-2 during fetal development. They can act on various receptors, but have higher affinity with IGF-1R, a tyrosine kinase receptor structurally similar to the insulin receptor (Ir). IGF-1 can also bind Ir, but with lower affinity than IGF-1R, while IGF-2 binds Ir only during fetal development. IGF-2R is structurally similar to IGF-1R, but binds only IGF-2 and most probably acts on this growth hormone with an inhibitory effect, as a clearance site. Another receptor is a hybrid receptor consisting of insulin and IGF-1R hemireceptors which preferentially binds IGF-1, while insulin does not have optimal binding[70].
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Figure 2  Main causes and concomitant causes of hepatocellular carcinoma, focusing on the metabolic syndrome and type 2 diabetes mellitus. Hepatocellular carcinoma (HCC) development is often the final step in liver damage during chronic liver disease. Classically the step between a “normal” liver and HCC is liver cirrhosis. Liver cirrhosis causes disruption of the delicate and complex hepatic architecture. The formation of cirrhotic nodules has, per se, an important role in HCC development as the hepatic architecture is chronically replaced by fibrous tissue. This process is on the one hand, an attempt to repair the liver damage, and on the other hand, it leads to an increased hepatocellular turn-over with impaired vascularization, increased necrosis, apoptosis and inflammation. The final step is loss of control and the formation of malignant hepatic cells. It is easily understood that almost all causes of chronic liver damage, resulting in cirrhosis, can develop HCC. Recently type 2 diabetes (T2DM), MS and obesity have been identified as risk factors for HCC in the presence or absence of cirrhosis. In summary, these diseases are able to increase and accelerate the chronic necroinflammatory process present in cirrhotic liver, but their action is also important in the first steps of chronic liver damage. The altered metabolism of gluco-lipids leads to fat accumulation in the liver, causing non-alcoholic fatty liver disease (NAFLD). Fat is an important inducer of inflammation and can alter the normal cellular turn-over acting both locally in the liver and systemically via paracrine, autocrine and endocrine actions. Nonalcoholic steatohepatitis (NASH) is an eventual evolution of NAFLD and it is possible that not only NASH, with necroinflammation leading to cirrhosis, but also “simple” fatty liver can induce cancer development, as a first step, in the liver. This point merits further investigation. A separate discussion needs to be included for the so called “mutagens”. HBV and aflatoxin 1 are the two most important mutagens involved in HCC development and in the non-cirrhotic liver. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV: Hepatitis D virus. 
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Table 1  Results of a meta-analysis of hepatocellular carcinoma and metabolic syndrome, type 2 diabetes mellitus and obesity in 2012


Ref.�
Database�
Results�
�
Esposito et al[13]�
43 articles, including 38940 cases of cancer �
Metabolic syndrome was associated with liver cancer (relative risk 1.43, P < 0.0001), especially in Asian populations �
�
Chen et al[14] (2012) �
26 prospective studies, including 25337 primary liver cancer cases �
Overweight subjects have an increased risk of primary liver cancer of 1.48 (95%CI: 1.31-1.67), and obese subjects of 1.83 (95%CI: 1.59-2.11) �
�
Tanaka et al[15] (2012) �
9 cohort studies on Japanese populations �
Overweight/obese individuals had a relative risk of 1.74 (95%CI: 1.33-2.28) for developing liver cancer �
�
Wang et al[16] (2012) �
17 case-control studies and 32 cohort studies �
Statistically significant increased risk of HCC prevalence among diabetic individuals (RR = 2.31, 95%CI: 1.87-2.84). The pooled risk estimate of 17 case-control studies (OR = 2.40, 95%CI: 1.85-3.11) was slightly higher than that of 25 cohort studies (RR = 2.23, 95%CI: 1.68-2.96). Metformin treatment was potentially protective. Long duration of diabetes and sulfonylureas or insulin treatment possibly increased HCC risk. Increased risk of HCC mortality (RR = 2.43, 95%CI: 1.66-3.55) for individuals with (vs without) diabetes�
�
Wang et al[17] (2012) �
25 cohort studies �
Among these, 18 studies showed that DM was associated with an increased incidence of HCC (SRRs = 2.01, 95%CI: 1.61-2.51), compared with individuals without DM�
�
�
�
There was a statistically significant heterogeneity among these studies (Q = 136.68, P < 0.001, I(2) = 87.6%). Analyses sub-grouped by controlling confounders revealed that the increased incidence of HCC was independent of geographic location, alcohol consumption, history of cirrhosis, or infections with hepatitis B (HBV) or hepatitis C virus (HCV). In addition, DM was also positively associated with HCC mortality (SRR = 1.56; 95%CI: 1.30-1.87) �
�






Table 2  Principal risk factors for developing hepatocellular carcinoma, epidemiological evidence


Risk factors for HCC�
Incidence of HCC�
Epidemiology �
�
NAFLD�
1%-2%  overall[19]�
The prevalence of NAFLD in the general population of Western countries is 20%-30%[20]�
�
NASH�
4%-27% overall[21]�
About 2%-3% of the general population is estimated to have NASH[20]�
�
HBV�
3%-8% overall[22]�
Two billion people worldwide have been exposed to HBV, and 400 million people have chronic HBV infection[24]�
�
�
0%-5% per year[23]�
�
�
HCV�
1%-7%  overall[25]�
About 150 million people worldwide are infected with HCV[28]�
�
�
2%-8% per year[26,27]�
�
�
Alcohol�
1%-2% per year in cirrhotics[29]�
The WHO reports about two billion alcohol consumers worldwide and 76.3 million people with diagnosable alcohol use disorders[30]�
�
HCC: Hepatocellular carcinoma; NAFLD: Non-alcoholic fatty liver disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; WHO: World Health Organization. 
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