
Metabolic Syndrome and HCC

Jacob George



MetS and risk of HCC and ICC
• All with HCC and ICC between 1993 and 2005 identified in the 

Surveillance, Epidemiology, and End Results (SEER)-Medicare 
database. 

• For comparison, a 5% sample of individuals residing in the 
same regions as the SEER registries of the cases was selected

• 3649 HCC cases, 743 ICC cases, and 195,953 comparison 
persons

Welzel T et al; HEPATOLOGY 2011;54:463-471



• 900,053 subjects from the American Cancer Society’s 

Cancer Prevention Study II. 

• Average age at enrollment was 57 years. Baseline 

weight and height, plus smoking status, race, level of 

education attained, exercise, dietary information, 

medications, alcohol intake. 

• After 16 years of follow up, 32,303 deaths from 

cancer with detailed information on diagnosis for 

98.8%.



Morbid obesity and death due 
to cancers

Calle et al NEJM 2003



Calle et al NEJM 2003

Morbid obesity and death due 
to cancers



Diabetes and HCC
• Hospital discharge with diabetes between 1985 and 1990 VA. 

• 3 patients without diabetes for every patient with diabetes.

• Excluded patients with concomitant liver disease and followed to 2000

• 173,643 patients with diabetes and 650,620 patients without diabetes. 98% 
men

• Diabetes was associated with an HRR of 1.98 (95% CI: 1.88 to 2.09, P < 0.0001) 
of CNLD and an HRR of 2.16 (1.86 to2.52, P < 0.0001) of HCC

• Diabetes carried the highest risk among patients with >10 years follow-up.

El-Serag et al; GASTROENTEROLOGY 2004;126:460–468

Cirrhosis HCC



Is the substrate for NAFLD-
HCC increasing in Asia Pacific



National obesity trends



T2DM trends



NAFLD Prevalence in A-P

Mahady S et al, JCEH



Substrate for NAFLD-HCC is 
increasing in Asia Pacific: 

Why?



Stages of the nutrition transition

Mahady S et al adapted from Popkin BM, et al, Int J Ob & Rel Metab Disord 2004;28 Suppl 3:S2-9



Does MetS contribute to  
viral HCC



Cirrhosis and MetS, DM

G L-H Wong, Gut 2009;58:111–117; Veldt et al HEPATOLOGY 2008;47:1856-1862 
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NASH as a cofactor in HCC

Chen et al; GASTROENTEROLOGY 2008;135:111–121

• 23,820 residents in Taiwan; followed 14 y. 

• BMI >30 kg/m2 associated with 4-fold risk of HCC 
(RRa, 4.13; 95% CI, 1.38 –12.4) among HCV+; and 2-
fold risk (RRa, 2.36; 95% CI, 0.91– 6.17) without HBV 
and HCV infections, after controlling for other 
metabolic components, but not in HBsAg positive 
(RRa, 1.36; 95% CI, 0.64 –2.89).

• DM associated with HCC, with risk in those with HCV 
(RRa, 3.52; 95% CI, 1.29 –9.24) and in HBV (RRa, 2.27; 
95% CI, 1.10–4.66).

• >100-fold increased risk in HBV or HCV carriers with 
both obesity and diabetes



NASH as a cofactor in HCC

Chen et al; GASTROENTEROLOGY 2008;135:111–121



Clinical features of NASH-
HCC



Clin Features: NASH related HCC

Yasui et al CLINICAL GASTROENTEROLOGY AND HEPATOLOGY 2011;9:428–433



Pathology of metS HCC

Paradis et al, HEPATOLOGY 2009;49:851-859

• MetS HCC developed in older patients mean age (67 +/-7 versus 
59  +/- 14 years, P < 0.01)

• 5/31 developed in pre-existing liver cell adenoma, with three 
showing histological features of telangiectatic adenoma



Pathogenesis



Obesity, Inflammatory Signaling,
and HCC

Toffanin S et al; Cancer Cell 17, February 17, 2010



Inflammation
• Obesity and the metabolic syndrome are 

associated with a pro-inflammatory state:
Elevated CRP, ferritin, IL-6 and TNF

• Inflammation is recognised to be a driver of tumour
growth, supplying growth factors, proangiogenic
factors and matrix remodelling enzymes that 
promote invasion. 

• The generation of reactive oxygen species is an 
additional effect leading to chromosomal damage. 

 Sustaining proliferative signaling, activating invasion 
and resisting cell death



Insulin- IGF1 axis
• Hyperinsulinemia:

Has pro-mitotic and anti-apoptotic activity

Has been shown to promote aberrant crypt foci in the colon

Promotes growth of colon cancer cells in vitro

• Human colorectal adenocarcinomas express IR at high levels

• IGF-1 has stronger pro-mitotic and anti-apoptotic activity than 
insulin

• Some studies have shown positive associations with 
circulating IGF-1 levels and colorectal cancer incidence.

 Sustaining proliferative signaling and resisting cell death

From: Gunter et al (2008) Cancer Res



Adiponectin
• The most abundant fat derived hormone

• Levels are inversely related to body mass ie. Obesity is 
associated with low adiponectin

• Adiponectin:

Has anti-inflammatory properties

Has been shown to reduce proliferation of various cancer 
cells in vitro including liver tumour cells, colorectal cancer 
cells

Low levels in humans are associated with increased risks of 
endometrial cancer, breast cancer and colorectal cancer.



Animal models of HCC in NAFLD

•Liver and tumour tissue was fixed for histology and snap frozen for 

gene and protein expression.

•Tumour volume was estimated by measuring the surface diameter 

and calculating :

Vol = 4/3 πr3

•HCC induced in wild type (WT) and adiponectin knockout (ADN KO) mice 

using the carcinogen diethylnitrosamine (DEN)



Adiponectin KO mice have 

bigger tumours



PI3K-Akt-mTOR pathway

From: Chen, J (2011) Obesity Reviews



VAT and cancer

R. Vongsuvanh et al; Cancer Letters 330 (2013) 1–10



VAT and cancer

R. Vongsuvanh et al; Cancer Letters 330 (2013) 1–10



Metformin and HCC risk

Gut 2013;62:606–615. doi:10.1136/gutjnl-2011-3017

97 430 HCC patients and 194 860 age-,

gender- and physician visit date-matched controls



MetS and HCC
• Poor data across the region with variations in 

quality

• HBV-HCC will dramatically decline with 
vaccination

• HCV-HCC will begin to decline with newer 
therapies once treatment is affordable

• Diabesity will become a major cause of HCC

• Diabesity will be an important co-factor for viral 
hepatitis associated HCC 

• Outcomes highly variable depending on country
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