
© Hepatobiliary Surgery and Nutrition. All rights reserved. Hepatobiliary Surg Nutr 2013;2(2):89-96www.thehbsn.org

Hepatocellular carcinoma (HCC) is a globally important 
disease by any measure. As the most frequently occurring 
primary hepatic malignancy, it represents the fifth most 
common human cancer and the second most common cause 
of cancer death worldwide (1), accounting for an estimated 
500,000 fatal outcomes per year. These prevalence figures 
highlight a need for improved preventive strategies for 
HCC, especially in individuals known to be at increased 
risk. The medical challenges presented by HCC lie not just 
in the high incidence of the disorder, but also in its generally 
unfavorable clinical course, which includes a current 
overall mean 5-year survival from the time of diagnosis in 
the range of 10% (2). These unfavorable survival statistics 
clearly define a need for improved medical treatments and 
improved medical adjuncts to surgical treatment in patients 
diagnosed with HCC.

There is substantial clinical knowledge about factors 
predisposing to the development of HCC and potentially 

influencing the response to treatment. Multiple epidemiological 
studies have established a particularly strong association 
between chronic hepatitis B (HBV) and hepatitis C (HCV) 
infection and the development of HCC. It is estimated that 
approximately 80% of HCC worldwide occurs in the context 
of infection by these viruses (3). The risk of developing HCC 
in chronically virus-infected individuals correlates not just 
with viral infection, but with the presence of chronic hepatic 
cirrhosis. This association may be a mechanistic consequence 
of inflammatory processes typically present in hepatic cirrhosis, 
as well as associated changes in hepatocyte turnover and 
differentiation following liver cell injury. 

Beyond HBV and HCV infection, there is compelling 
evidence for the increased incidence of HCC in association 
with hepatic cirrhosis resulting from other causes. These 
non-viral causes include the genetic disorder hereditary 
hemochromatosis, in which hepatic inflammation and 
cirrhosis develop secondary to iron overload. While relatively 
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uncommon, hemochromatosis provides valuable insight into 
the potential for a metabolite or nutrient, in this instance 
the micronutrient iron, to induce an injury response in the 
liver leading to inflammation, cirrhosis, and increased risk 
of HCC. More common non-viral causes of HCC may 
similarly result from toxic effects of nutrients or metabolites 
in the liver, although the mechanisms are less well defined. 
Such disorders include chronic alcoholism, obesity, the 
metabolic syndrome, and type 2 diabetes. 

A role for nutrients or metabolites in causing primary 
liver cancer may ultimately have its basis in the central 
role of the liver in the processing of ingested nutrients, 
the synthesis, degradation and storage of body fuels, and 
the clearance of ingested toxins. In addition to the effects 
of nutrition and metabolic factors in predisposing to the 
development of HCC, it is of interest to consider the 
role of nutrition and metabolic processes in influencing 
responses to treatment of established HCC. This includes 
the potential for nutritional status to influence responses 
to surgical or medical treatments, and the possibility of 
purposefully utilizing nutritional or metabolic factors as 
adjuncts to treatment. 

Nutritional and metabolic factors in the genesis 
of HCC

HCC develops most commonly in the setting of chronic 
hepatic cirrhosis. In hepatitis virus-associated HCC, 70-
90 percent of HCC patients with chronic HBV and an even 
higher percentage of HCC patients with chronic HCV 
infection are reported to have hepatic cirrhosis (4,5). There 
is evidence that the specific mechanisms of progression to 
HCC may differ in these two types of viral infections, with a 
stronger role for elevated oncogene levels in HBV and more 
prominent inflammation-driven cell turnover responses in 
HCV (6,7). Irrespective of these initiating mechanisms, it is 
thought that the association of HCC and hepatic cirrhosis 
ultimately reflects their shared development as consequences 
of accelerated hepatocyte proliferation and turnover, with 
progressive emergence of sclerotic, dysplastic nodules 
in the liver parenchyma containing poorly differentiated 
hepatocytes that can transition to cancerous cells.

Hepatic cirrhosis and an associated increased risk of 
developing HCC independent of viral hepatitis frequently 
occurs consequent to fatty liver disease, which often has a 
nutritional basis. A well recognized example of this is the 
increased risk of HCC in alcohol-induced liver cirrhosis. 
Ethanol represents a specific macronutrient with metabolic 

properties overlapping those of dietary fat. While its 
metabolism in the liver generates caloric energy, ethanol 
also exerts toxic effects that can cause cellular injury and a 
reactive response culminating in hepatic cirrhosis. The extent 
of hepatic injury and the resulting proliferative and fibrotic 
response appears to be influenced by genetic factors and also 
by the not infrequent co-occurrence of HCV infection in 
individuals with chronic alcoholism. Epidemiologic data have 
raised the possibility that chronic alcohol exposure and HCV 
infection may not only have individual effects, but that these 
two factors may act synergistically to further augment risk of 
developing HCC (8).

Nonalcoholic fatty liver disease (NAFLD) has more 
recently been recognized as another important nutrition-
related disorder associated with increased risk for hepatic 
cirrhosis and HCC. NAFLD is defined as the accumulation 
of hepatic intracellular triglycerides in individuals 
consuming less than 20 gm of alcohol per day (9). NAFLD 
often develops in the context of obesity, and it is particularly 
associated with central (visceral) obesity and with other 
features of the metabolic syndrome, including hypertension, 
dyslipidemia, and type 2 diabetes mellitus (1,10). As the 
prevalence and severity of obesity have increased worldwide 
in association with population level increases in daily 
calorie intake and decreases in exercise, the prevalence of 
NAFLD has become progressively more common, such 
that it now is the most frequently reported liver disorder in 
industrialized countries (11). Although the pathogenesis of 
NAFLD has not been fully elucidated, insulin resistance is 
thought to have an important mechanistic role in driving 
the accumulation of lipid stores in the liver (12). The 
frequent occurrence of insulin resistance in individuals with 
obesity and the metabolic syndrome thus may explain the 
epidemiological association of NAFLD with these disorders. 
While NAFLD may be a relatively benign abnormality 
in many individuals, a substantial subset of patients with 
NAFLD develop an associated inflammatory response. This 
disorder, which is designated nonalcoholic steatohepatitis 
(NASH), appears quite similar to alcoholic hepatitis on liver 
biopsy. As with alcohol-induced steatohepatitis, NASH 
progresses to cirrhosis and liver failure in a substantial 
percentage of patients, and it represents an important risk 
factor for the development of HCC (13). The mechanistic 
processes driving hepatocyte proliferation, dedifferentiation, 
and evolution to HCC in NASH are not well understood, 
but may involve the combined effects of insulin resistance 
(with altered insulin and insulin-like growth factor pathway 
signaling), inflammation, and oxidative injury. The exact 
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prevalence of NASH in individuals with NAFLD is difficult 
to establish, because the diagnosis of NASH requires liver 
biopsy, and this is not routinely done in NAFLD. It is likely, 
however, that the subset of individuals with NASH largely 
accounts for the increased incidence of HCC in obesity-
associated NAFLD. Both NAFLD and NASH occur in 
association with type 2 diabetes, and it is thought that 
the development of NASH and its progression to hepatic 
cirrhosis is a major factor accounting for the approximately 
2-fold increased risk of HCC in type 2 diabetes documented 
in several meta-analyses (14-16).

There is a need for better understanding of the metabolic 
events that lead to liver fat deposition and the transition from 
steatosis to steatohepatitis in the context obesity and the 
metabolic syndrome. In this regard, studies in mice genetically 
engineered for deficiency in the rate-limiting enzyme for 
hepatic triglyceride and glycerophospholipid synthesis, glycerol-
3-phosphate acyltransferase 1 (GPAT1), have demonstrated 
protection of these animals against hepatic fat accumulation 
during high-fat diet feeding (17). The Gpat1-/- mice have 
not only decreased liver fat accumulation on a high-fat diet, 
but also decreased formation of hepatic foci, adenomas, and 
HCC (18). This mouse model offers the potential to further 
examine whether the decrease in GPAT1 enzyme activity 
is protective against the development of HCC through the 
lowering of levels of specific toxic lipid metabolites or a more 
general effect on hepatocyte turnover (19). Perhaps more 
importantly, the recognition that the activity of a specific 
enzyme can profoundly influence the amount of hepatic 
fat accumulation on a lipogenic diet could prove to have 
practical relevance to human hepatic steatosis and the 
progression to steatohepatitis. A better understanding of 
human genetic variability in the GPAT1 gene and genetic 
factors controlling expression of the GPAT1 gene and 
related pathways might lead to strategies for identifying 
individuals particularly at risk for developing hepatic 
steatosis or progressing from steatosis to steatohepatitis 
and HCC. It can be further hypothesized that the GPAT1 
protein, plus related endogenous factors influencing 
hepatic lipid synthesis, such as the bile acid-activated 
farnesoid X receptor (20), may prove useful as targets 
for the development of new drugs that can decrease the 
development of fatty liver or the transition to steatohepatitis 
and HCC in susceptible individuals. 

In considering the mechanisms leading from hepatic 
steatosis to steatohepatitis  and HCC, it  has been 
hypothesized that specific toxic lipid metabolites may 
drive both the inflammatory response, and the altered 

hepatocyte proliferation and differentiation characteristic 
of steatohepatitis. In a sense, such toxic lipid metabolites 
might be seen as endogenously generated equivalents of 
ingested micronutrients and toxins with known links to 
the development of HCC. The role of ingested toxins 
in causing HCC has been well established though the 
examples of the fungal toxin, aflatoxin, and the blue-green 
algae toxin, microcystin (21,22). While exposures to these 
toxins are common only in specific geographic locations and 
uncommon worldwide as causes of HCC, their powerful 
effects illustrate the potential for specific toxins to induce 
HCC. In contrast to these toxic substances, which are not 
normally part of the human diet, iron represents an ingested 
micronutrient in the normal diet with the potential to cause 
HCC when absorbed in excess. High levels of ingested iron 
in certain populations, for example among Sub-Saharan 
Africans, has been associated with a substantially increased 
risk of HCC (23). The impact of iron overload as a cause 
of HCC has been most extensively investigated in the 
context of hereditary hemochromatosis, which results from 
a genetic defect causing increased absorption of dietary 
iron. Hepatocellular oxidative injury resulting from elevated 
iron levels is thought to mediate hepatic cirrhosis and 
inflammation in hereditary hemochromatosis, leading to a 
20-fold or greater increased risk of HCC (24). Studies on 
hemochromatosis have further shown that the prevention 
or remediation of iron overload with chelating agents 
can decrease the risk of developing HCC (25). One can 
speculate that additional yet unidentified macronutrients 
or micronutrients may explain the reported increases in 
HCC risk associated with the consumption of red meat or 
saturated fats (Freedman et al., Cross et al.) (26,27).

Role of nutritional and metabolic interventions 
in reducing HCC risk

It is of interest to consider potential protective effects of 
nutritional factors in decreasing risk for developing HCC. 
Multiple epidemiological studies have demonstrated 
increased risk of HCC in association with obesity, but 
it is important to appreciate that weight loss in obese 
individuals has not yet been convincingly shown to decrease 
HCC risk. While this appears logical given the positive 
association between obesity and HCC, adequately powered 
studies comparing HCC incidence in individuals who have 
achieved and maintained weight loss in comparison with 
persistently obese subjects are needed. The widespread use 
of bariatric surgical procedures and the marked degree of 
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weight loss achieved in most of these patients may provide 
an opportunity to test the effects on HCC risk, as would 
more effective weight loss drugs. 

In contrast with obesity treatment, which involves 
decreasing overall nutrient intake, there are intriguing data 
suggesting that increased intake of branched chain amino 
acids (BCAA), as specific nutrients, may protect against 
the development of HCC. This concept has its basis in 
the long-standing observation that the BCAA/aromatic 
amino acid ratio is typically decreased in hepatic cirrhosis. 
There may thus be a relative deficiency of BCAA in 
cirrhotic patients, which is hyypothesized to result from the 
combined effects of changes in nutritional intake, catabolic 
processes, and ammonia detoxification in association with 
compromised liver function (28). The administration of 
BCAA-enriched nutrition in the context of hepatic cirrhosis 
has been shown to decrease insulin resistance (29) and also 
has the potential to alter hepatic redox state and augment 
immune system function (30). These consequences of 
BCAA supplementation in a state of relative BCAA 
deficiency might be predicted to lower the risk of HCC. 

In a study published several years ago, the oral administration 
of 12 gm BCAA/day, in comparison with a diet matched 
in energy and protein intake, to patients with cirrhosis and 
liver dysfunction appeared to decrease incident HCC in 
a subgroup of the BCAA-treated subjects with a relatively 
high BMI and elevated alpha-fetoprotein levels (31). Further 
evidence for this effect of BCAA feeding is provided in a 
more recent controlled, prospective study on patients with 
both compensated and decompensated cirrhosis and no 
prior history of HCC (32). In 56 BCAA-treated subjects, 
oral administration of 12 gm BCAA per day as a dietary 
supplement for at least 6 months resulted in a decrease in 
HCC incidence in the BCAA-treatment group in comparison 
with 155 controls (hazard ratio 0.46, CI, 0.216-0.800, 
P=0.0085). While the magnitude of the effect is substantial, 
it will be important to confirm this finding in a larger 
number of subjects and investigate different population 
groups. In addition, longer term studies are needed to 
better distinguish between the potential alternative actions 
of BCAA supplementation in affecting the emergence of 
new foci of HCC vs. delaying the presentation of pre-
existing HCC. 

As additional specific dietary factors that should be further 
investigated, the ingestion of fish and omega-3 fatty acids 
have been associated with decreased risk of HCC through 
mechanisms that are not yet understood (33). Similarly, coffee 
ingestion has been associated with decreased risk of HCC in 

two meta-analyses (34,35). This could hypothetically result 
from either antioxidant effects or a decrease in hepatic 
cirrhosis and hepatocyte turnover mediated by components 
of coffee. Understanding the potential role of such dietary 
interventions in modifying HCC risk in vulnerable 
individuals is limited in general by a lack of prospective, 
controlled studies. The challenge is to design studies of 
adequate power and duration in the context of slow and 
variably progressive cirrhosis and development of HCC. 

As an alternative approach to modifying the metabolic 
milieu in individuals at increased risk for HCC, there is 
substantial current interest in the potential for metabolic 
regulatory drugs to decrease the risk of HCC as well as 
several other cancer types. As noted above, type 2 diabetes is 
associated with an approximately 2-fold increased incidence 
of HCC (14-16). It is hypothesized that insulin resistance, 
which is commonly present in type 2 diabetes and obesity, 
may be a causal factor in the development of HCC through 
mechanisms that could include direct trophic actions on 
hepatocytes (36) and indirect effects in promoting hepatic 
lipid deposition, NAFLD, and NASH (37). Metabolic 
regulatory drugs that decrease insulin resistance and lower 
insulin levels may therefore have the potential to decrease 
the risk of HCC in insulin resistant states. This concept 
is supported by recent observational and retrospective 
case-control studies that have shown a very strong inverse 
correlation between use of the insulin-sensitizing drug 
metformin and the development of HCC in patients 
with type 2 diabetes, with a relative risk on the order of 
0.15 (38,39). The magnitude of the metformin effect is 
compelling even in the absence of prospective, controlled 
trials on metformin and HCC, which have not yet been 
reported. Metformin might lower HCC risk by decreasing 
insulin resistance and ameliorating hyperinsulinemia, 
and there also are multiple other molecular mechanisms 
that could contribute to anti-tumor effects of the drug. 
These include potential direct anti-tumor actions from 
metformin activation of AMPK, leading to increased levels 
of the LKB1 tumor suppressor, or modified signaling via 
cell growth regulatory pathways, such as mTOR (40,41). 
Additionally, metformin has the potential to decrease the 
development of HCC indirectly by suppressing hepatic fat 
deposition, or through anti-oxidant, anti-inflammatory, 
growth inhibitory, or anti-angiogenic actions (42-44).

More limited data on a second insulin-sensitizing drug, 
the thiazolidinedione, pioglitazone, further support the 
potential role of insulin resistance and insulin sensitizing 
drugs in modifying HCC risk. In a recently published large 
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population-based study in Taiwan, the incidence of HCC 
was confirmed to be increased in type 2 diabetes, with an 
adjusted hazard ratio of 1.7, and this risk was decreased 
in individuals on pioglitazone (hazard ratio 0.56) (45). 
The same study also showed decreased risk of HCC with 
metformin (hazard ratio 0.49). Further investigation will be 
required to confirm the metformin and pioglitazone effects 
and to examine the multiple possible causal mechanisms.

As another class of metabolic regulatory drugs, there 
has been recent interest in a role for statins in decreasing 
the risk of developing HCC. Observational studies initially 
suggested that statins may decrease risk for multiple cancer 
types (46-49), although these anti-tumor effects of statins 
have not been confirmed in meta-analyses of randomized 
trials (50-54). Data specifically on HCC risk with statin 
treatment are more limited, but also have been conflicting. 
A population based study in Taiwan showed decreased HCC 
risk in association with statins (55), whereas no association 
was observed in a Danish study (47). A nested case-control 
study reported that statin use in diabetes patients was 
associated with decreased risk of HCC (56). Most recently, 
a very large population-based study in HBV patients in 
Taiwan showed a significant decrease in HCC incidence with 
statins, which appeared to be dose-related (hazard ratio of 
0.34 with statin use for more than 365 days) (57). Potential 
mechanisms proposed for decreased HCC risk with statins 
include disruption of the generation of geranylgeranyl 
pyrophosphate and farnesyl pyrophosphate (thus interfering 
with the growth of malignant cells), inhibition of the 
proteasome pathway (and consequent interference with 
mitosis), and inhibition of cholesterol synthesis (resulting in 
slower HBV replication) (57).

Nutritional and metabolic factors in HCC 
treatment

In patients with established HCC undergoing treatment, 
optimal nutritional management has potential benefits 
on morbidity and mortality. The treatment of choice for 
HCC, when feasible, is complete tumor resection. This 
often requires removal of a significant portion of cirrhotic, 
functionally compromised liver. Postoperative nutrition 
support appears to be an important factor in the success of 
such surgical procedures (58,59), possibly serving to both 
improve hepatocyte survival and promote a regenerative 
response in remaining liver segments. Preoperative 
nutritional status, as well as postoperative management, 
may also be a key determinant of success in liver resection, 

although this has been less extensively investigated (60). 
Since preoperative nutritional status might simply serve as a 
surrogate index for the state of advancement of liver disease 
in association with HCC and the extent of remaining 
viable liver function, more data are needed to clarify the 
potential benefits of preoperative nutritional interventions 
in promoting survival and recovery from HCC resection 
surgery.

For patients with advanced HCC who are not candidates 
for resection, further study is needed to evaluate several 
nutritional or metabolic interventions with theortical 
potential for clinical benefit. These include modifications 
in macronutrient composition of the diet, such as the 
use of BCAA supplementation (32), and consideration of 
micronutrient modifications, such as iron chelation even in 
the absence of hemochromatosis (61). There also is a need 
to further investigate opportunities for pharmacologically 
targeting nutritional and metabolic pathways as adjuncts 
to the treatment of non-resectable HCC. In this regard, 
an inhibitor of the nutrient-regulated mTOR pathway in 
currently is in phase III trials for the treatment of HCC (62). 
Agents that modify the GPAT-1 linked pathways or the bile 
acid-activated farnesoid receptor are of theoretical interest 
as adjuncts to HCC (see discussion of these pathways 
above), although clinically practical examples of such 
compounds have not yet been developed.

Summary and conclusions

There are compelling clinical data implicating nutritional 
status (exemplified by obesity) and metabolic state (e.g., 
type 2 diabetes) as risk factors for HCC. The impact of 
these nutritional and metabolic disorders as causal factors 
in HCC can be expected to increase substantially, if the 
prevalence of obesity and type 2 diabetes continue to rise 
as predicted over the next several decades. It is likely that 
these and other nutritional factors operate through multiple 
mechanisms influencing the development of HCC, both 
in the presence and absence of chronic hepatitis virus 
infection. 

Although nutritional and metabolic mechanisms may 
have causal roles in the development of HCC, it has not 
yet been possible to translate current knowledge into 
mechanistic- or evidence-driven guidelines for nutritional 
management of individuals at risk for HCC or being treated 
for HCC (63). It is possible, however, to define specific 
questions and areas of investigation with considerable 
promise for informing nutritional and metabolic approaches 
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to reducing risk of HCC and managing existing HCC. 
One important goal is determining whether there are 
strategies for weight reduction in obese individuals that can 
decrease the risk for HCC. Using NAFLD and NASH as 
surrogates for HCC risk, and ultimately directly assessing 
incident HCC, it will be important to link effects on 
HCC risk to specific patient groups (e.g., obese subjects 
with or without the metabolic syndrome), as well as the 
magnitude of weight loss. It also will be important to assess 
the impact of different strategies for achieving weight loss, 
including specific diet protocols, bariatric surgery, and a 
now increasing spectrum of pharmacological agents for 
weight loss in obesity. Studies currently in progress should 
help to resolve the question of whether metformin has 
clinically useful benefit in ameliorating the increased risk 
of HCC in type 2 diabetes, and whether there may be role 
for metformin in prediabetes. There is need for a better 
understanding of the mechanisms of anti-neoplastic effects 
of metformin, as well as the potential effects on HCC 
risk of other existing pharmacological agents, such as the 
thiazolidinedione, pioglitazone. Similarly, more clinical 
and mechanistic data are needed on the potential effects 
of statins on HCC risk. This might be helpful not only in 
determining whether the use of statins to reduce HCC risk 
is indicated in some groups of patients, but also whether 
there may be other useful strategies for modifying HCC 
risk linked to the ingestion or metabolism of complex lipids.

Acknowledgements

Disclosure: The author has no financial conflicts to report.

References

1. Jemal A, Bray F, Center MM, et al. Global cancer statistics. 
CA Cancer J Clin 2011;61:69-90.

2. Blechacz B, Mishra L. Hepatocellular carcinoma biology. 
Recent Results Cancer Res 2013;190:1-20.

3. Perz JF, Armstrong GL, Farrington LA, et al. The 
contributions of hepatitis B virus and hepatitis C virus 
infections to cirrhosis and primary liver cancer worldwide. 
J Hepatol 2006;45:529-38.

4. Beasley RP. Hepatitis B virus. The major etiology of 
hepatocellular carcinoma. Cancer 1988;61:1942-56.

5. Lok AS, Seeff LB, Morgan TR, et al. Incidence 
of hepatocellular carcinoma and associated risk 
factors in hepatitis C-related advanced liver disease. 
Gastroenterology 2009;136:138-48.

6. Budhu A, Wang XW. The role of cytokines in hepatocellular 
carcinoma. J Leukoc Biol 2006;80:1197-213.

7. Kew MC. Hepatitis B virus x protein in the pathogenesis 
of hepatitis B virus-induced hepatocellular carcinoma. J 
Gastroenterol Hepatol 2011;26:144-52.

8. Hassan MM, Hwang LY, Hatten CJ, et al. Risk factors for 
hepatocellular carcinoma: synergism of alcohol with viral 
hepatitis and diabetes mellitus. Hepatology 2002;36:1206-13.

9. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic 
steatohepatitis: summary of an AASLD Single Topic 
Conference. Hepatology 2003;37:1202-19.

10. Yang JD, Harmsen WS, Slettedahl SW, et al. Factors 
that affect risk for hepatocellular carcinoma and effects of 
surveillance. Clin Gastroenterol Hepatol 2011;9:617-23.

11. Younossi ZM, Stepanova M, Afendy M, et al. Changes 
in the prevalence of the most common causes of chronic 
liver diseases in the United States from 1988 to 2008. Clin 
Gastroenterol Hepatol 2011;9:524-530.

12. Marchesini G, Brizi M, Morselli-Labate AM, et al. 
Association of nonalcoholic fatty liver disease with insulin 
resistance. Am J Med 1999;107:450-5.

13. Ascha MS, Hanouneh IA, Lopez R, et al. The incidence 
and risk factors of hepatocellular carcinoma in 
patients with nonalcoholic steatohepatitis. Hepatology 
2010;51:1972-8.

14. Wang P, Kang D, Cao W, et al. Diabetes mellitus and risk 
of hepatocellular carcinoma: a systematic review and meta-
analysis. Diabetes Metab Res Rev 2012;28:109-22.

15. Yang WS, Va P, Bray F, et al. The role of pre-existing 
diabetes mellitus on hepatocellular carcinoma occurrence 
and prognosis: a meta-analysis of prospective cohort 
studies. PLoS One 2011;6:e27326.

16. Wang C, Wang X, Gong G, et al. Increased risk of 
hepatocellular carcinoma in patients with diabetes mellitus: 
a systematic review and meta-analysis of cohort studies. Int 
J Cancer 2012;130:1639-48.

17. Hammond LE, Neschen S, Romanelli AJ, et al. 
Mitochondrial glycerol-3-phosphate acyltransferase-1 is 
essential in liver for the metabolism of excess acyl-CoAs. J 
Biol Chem 2005;280:25629-36.

18. Ellis JM, Paul DS, Depetrillo MA, et al. Mice deficient 
in glycerol-3-phosphate acyltransferase-1 have a reduced 
susceptibility to liver cancer. Toxicol Pathol 2012;40:513-21.

19. Jou J, Choi SS, Diehl AM. Mechanisms of disease 
progression in nonalcoholic fatty liver disease. Semin Liver 
Dis 2008;28:370-9.

20. Fuchs M. Non-alcoholic Fatty liver disease: the bile Acid-
activated farnesoid x receptor as an emerging treatment 



95HepatoBiliary Surgery and Nutrition, Vol 2, No 2 April 2013

© Hepatobiliary Surgery and Nutrition. All rights reserved. Hepatobiliary Surg Nutr 2013;2(2):89-96www.thehbsn.org

target. J Lipids 2012;2012:934396.
21. Van Rensburg SJ, Cook-Mozaffari P, Van Schalkwyk DJ, 

et al. Hepatocellular carcinoma and dietary aflatoxin in 
Mozambique and Transkei. Br J Cancer 1985;51:713-26.

22. Ueno Y, Nagata S, Tsutsumi T, et al. Detection of 
microcystins, a blue-green algal hepatotoxin, in drinking 
water sampled in Haimen and Fusui, endemic areas 
of primary liver cancer in China, by highly sensitive 
immunoassay. Carcinogenesis 1996;17:1317-21.

23. Mandishona E, MacPhail AP, Gordeuk VR, et al. Dietary 
iron overload as a risk factor for hepatocellular carcinoma 
in Black Africans. Hepatology 1998;27:1563-6.

24. Elmberg M, Hultcrantz R, Ekbom A, et al. Cancer risk 
in patients with hereditary hemochromatosis and in their 
first-degree relatives. Gastroenterology 2003;125:1733-41.

25. Niederau C, Fischer R, Pürschel A, et al. Long-term 
survival in patients with hereditary hemochromatosis. 
Gastroenterology 1996;110:1107-19.

26. Freedman ND, Cross AJ, McGlynn KA, et al. Association 
of meat and fat intake with liver disease and hepatocellular 
carcinoma in the NIH-AARP cohort. J Natl Cancer Inst 
2010;102:1354-65.

27. Cross AJ, Leitzmann MF, Gail MH, et al. A prospective 
study of red and processed meat intake in relation to 
cancer risk. PLoS Med 2007;4:e325.

28. Yamato M, Muto Y, Yoshida T, et al. Clearance rate of 
plasma branched-chain amino acids correlates significantly 
with blood ammonia level in patients with liver cirrhosis. 
Int Hepatol Commun 1995;3:91-6.

29. Kawaguchi T, Nagao Y, Matsuoka H, et al. Branched-
chain amino acid-enriched supplementation improves 
insulin resistance in patients with chronic liver disease. Int 
J Mol Med 2008;22:105-12.

30. Kawaguchi T, Izumi N, Charlton MR, et al. Branched-
chain amino acids as pharmacological nutrients in chronic 
liver disease. Hepatology 2011;54:1063-70.

31. Muto Y, Sato S, Watanabe A, et al. Overweight and 
obesity increase the risk for liver cancer in patients 
with liver cirrhosis and long-term oral supplementation 
with branched-chain amino acid granules inhibits liver 
carcinogenesis in heavier patients with liver cirrhosis. 
Hepatol Res 2006;35:204-14.

32. Hayaishi S, Chung H, Kudo M, et al. Oral branched-chain 
amino acid granules reduce the incidence of hepatocellular 
carcinoma and improve event-free survival in patients with 
liver cirrhosis. Dig Dis 2011;29:326-32.

33. Sawada N, Inoue M, Iwasaki M, et al. Consumption of 
n-3 fatty acids and fish reduces risk of hepatocellular 

carcinoma. Gastroenterology 2012;142:1468-75.
34. Larsson SC, Wolk A. Coffee consumption and risk of liver 

cancer: a meta-analysis. Gastroenterology 2007;132:1740-5.
35. Bravi F, Bosetti C, Tavani A, et al. Coffee drinking and 

hepatocellular carcinoma risk: a meta-analysis. Hepatology 
2007;46:430-5.

36. Dombrowski F, Mathieu C, Evert M. Hepatocellular 
neoplasms induced by low-number pancreatic islet 
transplants in autoimmune diabetic BB/Pfd rats. Cancer 
Res 2006;66:1833-43.

37. Siegel AB, Zhu AX. Metabolic syndrome and 
hepatocellular carcinoma: two growing epidemics with a 
potential link. Cancer 2009;115:5651-61.

38. Donadon V, Balbi M, Mas MD, et al. Metformin and 
reduced risk of hepatocellular carcinoma in diabetic patients 
with chronic liver disease. Liver Int 2010;30:750-8.

39. Nkontchou G, Cosson E, Aout M, et al. Impact of 
metformin on the prognosis of cirrhosis induced by viral 
hepatitis C in diabetic patients. J Clin Endocrinol Metab 
2011;96:2601-8.

40. Dowling RJ, Zakikhani M, Fantus IG, et al. Metformin 
inhibits mammalian target of rapamycin-dependent 
translation initiation in breast cancer cells. Cancer Res 
2007;67:10804-12.

41. Luo Z, Zang M, Guo W. AMPK as a metabolic tumor 
suppressor: control of metabolism and cell growth. Future 
Oncol 2010;6:457-70.

42. Garinis GA, Fruci B, Mazza A, et al. Metformin versus 
dietary treatment in nonalcoholic hepatic steatosis: a 
randomized study. Int J Obes (Lond) 2010;34:1255-64.

43. Martin-Castillo B, Vazquez-Martin A, Oliveras-Ferraros 
C, et al. Metformin and cancer: doses, mechanisms and 
the dandelion and hormetic phenomena. Cell Cycle 
2010;9:1057-64.

44. Tan BK, Adya R, Chen J, et al. Metformin decreases 
angiogenesis via NF-kappaB and Erk1/2/Erk5 pathways 
by increasing the antiangiogenic thrombospondin-1. 
Cardiovasc Res 2009;83:566-74.

45. Lai SW, Chen PC, Liao KF, et al. Risk of hepatocellular 
carcinoma in diabetic patients and risk reduction associated 
with anti-diabetic therapy: a population-based cohort 
study. Am J Gastroenterol 2012;107:46-52.

46. Jacobs EJ, Newton CC, Thun MJ, et al. Long-term use of 
cholesterol-lowering drugs and cancer incidence in a large 
United States cohort. Cancer Res 2011;71:1763-71.

47. Friis S, Poulsen AH, Johnsen SP, et al. Cancer risk among 
statin users: a population-based cohort study. Int J Cancer 
2005;114:643-7.



96 Smith. Nutrition in hepatocellular carcinoma

© Hepatobiliary Surgery and Nutrition. All rights reserved. Hepatobiliary Surg Nutr 2013;2(2):89-96www.thehbsn.org

48. Poynter JN, Gruber SB, Higgins PD, et al. Statins and the 
risk of colorectal cancer. N Engl J Med 2005;352:2184-92.

49. Karp I, Behlouli H, Lelorier J, et al. Statins and cancer 
risk. Am J Med 2008;121:302-9.

50. Baigent C, Keech A, Kearney PM, et al. Efficacy and safety 
of cholesterol-lowering treatment: prospective meta-
analysis of data from 90,056 participants in 14 randomised 
trials of statins. Lancet 2005;366:1267-78.

51. Dale KM, Coleman CI, Henyan NN, et al. Statins and 
cancer risk: a meta-analysis. JAMA 2006;295:74-80.

52. Browning DR, Martin RM. Statins and risk of cancer: 
a systematic review and metaanalysis. Int J Cancer 
2007;120:833-43.

53. Alsheikh-Ali AA, Maddukuri PV, Han H, et al. Effect of 
the magnitude of lipid lowering on risk of elevated liver 
enzymes, rhabdomyolysis, and cancer: insights from large 
randomized statin trials. J Am Coll Cardiol 2007;50:409-18.

54. Kim K. Statin and cancer risks: from tasseomancy of 
epidemiologic studies to meta-analyses. J Clin Oncol 
2006;24:4796-7.

55. Chiu HF, Ho SC, Chen CC, et al. Statin use and the risk 
of liver cancer: a population-based case–control study. Am 
J Gastroenterol 2011;106:894-8.

56. El-Serag HB, Johnson ML, Hachem C, et al. Statins 

are associated with a reduced risk of hepatocellular 
carcinoma in a large cohort of patients with diabetes. 
Gastroenterology 2009;136:1601-8.

57. Tsan YT, Lee CH, Wang JD, et al. Statins and the risk of 
hepatocellular carcinoma in patients with hepatitis B virus 
infection. J Clin Oncol 2012;30:623-30.

58. Sungurtekin H, Sungurtekin U, Balci C, et al. The 
influence of nutritional status on complications after major 
intraabdominal surgery. J Am Coll Nutr 2004;23:227-32.

59. Hassanain M, Schricker T, Metrakos P, et al. Hepatic 
protection by perioperative metabolic support? Nutrition 
2008;24:1217-9.

60. Ciuni R, Biondi A, Grosso G, et al. Nutritional aspects 
in patient undergoing liver resection. Updates Surg 
2011;63:249-52.

61. Ba Q, Hao M, Huang H, et al. Iron deprivation suppresses 
hepatocellular carcinoma growth in experimental studies. 
Clin Cancer Res 2011;17:7625-33.

62. Kudo M. mTOR inhibitor for the treatment of 
hepatocellular carcinoma. Dig Dis 2011;29:310-5.

63. Suzuki K, Endo R, Kohgo Y, et al. Guidelines on 
nutritional management in Japanese patients with liver 
cirrhosis from the perspective of preventing hepatocellular 
carcinoma. Hepatol Res 2012;42:621-6.

Cite this article as: Smith RJ. Nutrition and metabolism 
in hepatocellular carcinoma. Hepatobiliary Surg Nutr 
2013;2(2):89-96. doi: 10.3978/j.issn.2304-3881.2012.11.02


