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Introduction

Primary liver cancer is the sixth most commonly occurring cancer in the world and the 

second largest contributor to cancer mortality.1 Globally, the most common histology 

(approximately 80%) is hepatocellular carcinoma (HCC), a tumor of the parenchymal cells 

of the liver. The second most common histology (approximately 15%) is intrahepatic 

cholangiocarcinoma (ICC), which arises in the cholangiocytes of the intrahepatic bile duct. 

Large geographic disparities in incidence and mortality of all types of liver cancer exist.

Incidence and Mortality

The highest incidence rates of liver cancer in the world are in Asia and Africa (Fig. 1).1 

Approximately 75% of liver cancer occurs in Asia, with China accounting for over 50% of 

the world's burden. The country with the single highest incidence rate, however, is 

Mongolia, with an age-standardized rate (ASR) per 100,000 persons of 78.1.2 In contrast, 

the lowest incidence rates in the world occur in countries of Northern Europe, the Middle 

East, Oceania, and North and South America, while countries in Central Europe have 

intermediate rates. Even within specific geographic regions, however, there is great 

variability. For example, in Asian countries with cancer registries, the ASR of males range 

from 2.0 in Bhopal and Dindigul, India, to 77.5 in Qidong City, China.1

In the interval between 1983-1987 and 2003-2007, liver cancer incidence increased in many 

areas of the world, notably in India, Oceania, and North and South America, as well as in 

most European countries (Figs. 2-3). Recently, however, incidence in the United States has 

stabilized will little annual change in rate between 2009 and 2011 (Fig. 4).3 In contrast, 

incidence rates have declined in some Asian countries, Spain, and Italy. The decreasing 

incidence rates seen China are likely due to programs to reduce aflatoxin B1 (AFB1) 
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exposure and hepatitis B virus (HBV) transmission as well as other public health efforts.4 In 

Japan, the decreasing incidence of HCC is related to declining rates of hepatitis C virus 

(HCV) infection in the population.5

In the United States, the 5-year relative survival of liver cancer is only 14%.6 Prognosis is 

even poorer in less developed regions, thus incidence and mortality rates are roughly 

equivalent in all countries. In the U.S., mortality, unlike incidence, has not yet begun to 

stabilize; the annual percentage increase in rates was approximately 2.2 between 2000 and 

2011.3 In some countries, mortality can appear to be even higher than incidence as the liver 

is a common site for metastases and secondary liver cancer can be mistakenly counted as 

primary liver cancer.

Gender and racial/ethnic differences in rates

Gender disparity in incidence is notable in almost all countries, with rates among males 

being two to three-fold higher than rates among females (Fig. 1). High-rate areas do not, 

however, have greater gender disparity than other areas. In fact, the greatest disparity in 

incidence occurs in Central European countries where some registries have rates among 

males four to five-fold higher than rates among females. The gender disparity in rates is not 

well understood, although most liver cancer risk factors are more prevalent in men than 

women. It has also been hypothesized that differences in sex steroid hormones, immune 

responses and epigenetics could be related to the higher rates among men.

In addition to gender differences, racial/ethnic disparity within multiethnic populations is 

also notable. In the United States between 2006 and 2010, Asians/Pacific Islanders had the 

highest incidence rate per 100,000 (11.7), followed by Hispanics (9.5), blacks (7.5), and 

finally, whites (4.2).7 Rates of liver cancer among persons of the same ethnicity also vary by 

geographic location. For example, liver cancer rates among Chinese populations outside 

China are lower than the rates reported by Chinese registries. As with gender differences, 

racial/ethnic differences are likely due to variability in the prevalence of risk factors between 

racial/ethnic groups and between geographic locations.

Hepatocellular Carcinoma (HCC) Risk Factors and Prevention

The dominant risk factors for HCC vary in high and low-rate regions. In most high-rate 

countries of Asia and Africa, chronic HBV infection and AFB1 exposure are the major risk 

factors. In contrast, HCV infection, excessive alcohol consumption, and diabetes/obesity/

metabolic syndrome play more important roles in low-rate areas. Exceptions to these 

patterns are seen in Japan and Egypt where the dominant risk factor is HCV infection. Of the 

two HCC-related viruses, HBV is responsible for 75 to 80% of virus-associated HCC, while 

HCV is responsible for 10 to 20%.8 In addition to the major risk factors, certain inherited 

metabolic disorders such as hemochromatosis, α–1 antitrypsin deficiency, tyrosinemia and 

several porphyrias also increase risk. The rarity of these disorders, however, results in them 

contributing little to risk at the population level.

The global pattern of HCC incidence is related to the history of the major HCC risk factors 

and the length of time the factors have been present in human populations. Evidence 
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suggests that HBV entered human populations about 33,600 years ago,9 while HCV dates 

back less than 1000 years and only became globally widely dispersed during the twentieth 

century.10 Alcohol consumption has been a common exposure among humans during all 

recorded history, while high rates of obesity, diabetes and metabolic syndrome are 

phenomena of the late twentieth century.

Hepatitis B virus (HBV)

In 1994, the International Agency for Research on Cancer (IARC) classified HBV as 

carcinogenic to humans.11 Currently, about 5% of the world's population (240-350 million 

people) is chronically infected.12 The evidence supporting the causal association of HBV 

with HCC is substantive. Countries with a chronic HBV infection prevalence of greater than 

2% have increased incidence and mortality rates of HCC.13 Case-control studies in all 

regions of the world have shown that chronic HBV infection is significantly more common 

among HCC cases than controls with odds ratios ranging between 5:1 and 65:1.11 Similarly, 

prospective studies of HBV carriers have consistently demonstrated high relative risks for 

HCC, ranging from 5 to 103.11 In high-rate HCC areas where HBV infection is common, 

approximately 70% of HBV infections are acquired in the perinatal period or in early 

childhood.13,14 HBV DNA is integrated into the genome of liver tissues in almost all HCC 

cases who are HBV carriers. Investigators have also detected HBV DNA sequences in 10% 

to 20% of HCC tumors from patients who were seronegative for hepatitis B surface antigen 

(HBsAg).15

Among chronic carriers of HBV, risks of HCC vary by several factors, the major one being 

serum HBV DNA levels (viral load).16,17 Although there is no discrete cut-off level, having 

>105/ml viral copies confers a 2.5 to 3 fold greater risk over an 8-10 year follow-up period, 

than does having a lower viral load. Eight major HBV genotypes (A to H) and a number of 

sub-genotypes have been reported.18 In multiple population-based studies, genotype C has 

been associated with a higher risk of HCC than genotypes A2, Ba, Bj, and D.19 In studies 

that controlled for genotype, double mutations in the basal core promoter (BCP) of the HBV 

genome were independent predictors of increased risk. Mutations in the precore (PC) region 

of the viral genome have also been associated with risk, although less consistently so.20 The 

lifetime risk of HCC among HBV carriers is estimated to be 10% to 25%. Estimates suggest 

that, annually, 780,000 chronically infected people die from HCC and chronic liver disease 

and, eventually, 35 to 87 million of the 240 - 350 million HBV carriers will die of HCC.21

Prevention of chronic HBV infection via vaccination drastically reduces the risk of HCC,22 

although the vaccine is ineffective in 5% of individuals.23 On the population level, it is 

anticipated that the widespread neonatal vaccination that started in the mid-1980s in most 

east Asian countries will result in a 70-85% decrease in the incidence of HBV-related 

HCC.22 In Taiwan, 30 years after the initiation of universal newborn vaccination, HBV 

carrier rates in persons under age 30 have fallen from 10-17% to 0.7-1.7%24 and rates of 

HCC have fallen 80%.25 Similar low rates of HBsAg prevalence are being achieved in 

China26 and Singapore27, thus declines in HCC incidence similar to Taiwan's can be 

expected. Currently, all countries in Asia and eastern Europe have integrated newborn HBV 

vaccination into their routine vaccination programs and are delivering 3 immunization 
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doses. Perinatal transmission of HBV in Africa is rare14 and vaccination, without a birth 

dose, is now routine in >50% of sub-Saharan Africa countries. To eradicate HBV, new 

therapies for chronic infections need to be devised. With the identification of the cell 

receptor for HBV29 and new approaches to targeting cccDNA, the mini-chromosome of 

HBV,30 such drugs will soon become a reality.

Hepatitis C Virus (HCV)

Hepatitis C virus (HCV) was identified in 1989.31 Reliable serologic tests for antibody to 

HCV (anti-HCV) became available in 1990, and in 1994 IARC classified HCV as 

carcinogenic to humans.11 Phylogenetic analysis of HCV has identified at least six major 

genotypes (1 to 6) and numerous subtypes (denoted by lowercase letters).32,33 Evidence 

indicates that HCV existed as a long-term, low-level, endemic virus prior to the 20th 

century, but spread worldwide, via a number of transmission routes, starting around 1900.34 

How HCV was maintained as an endemic infection prior to the twentieth century is 

uncertain35 The highest rates of chronic HCV infection in the world occur in northern 

Africa, particularly Egypt, where the rate is estimated at 18%.36 In Asia, the HCV infection 

rate is highest in Mongolia (10%)36, while rates in Europe (0.5-2.5%) are similar to the U.S. 

(1.8%), but higher than Canada (0.1-0.8%) which has one of the world's lowest rates.

The population dispersal times of HCV in Japan are consistent with the introduction of anti-

schistosomal therapy using intravenous antimony sodium tartrate which began in the 

1920s.37,38 Molecular clock studies of HCV in Egypt and have also suggested spread via 

intravenous anti-schistosomal therapy.39 Anti-schistosomal campaigns likely also spread 

HBV but the risk of an adult becoming a chronic HBV carrier after infection is low (∼10%), 

while the risk of an adult developing a chronic HCV infection after exposure is high 

(∼80%).

Molecular analysis of HCV genotype 1a in the U.S. suggests that the virus first entered the 

population around 1910 and became more widely disseminated in the 1960s.37 The reason 

for dissemination of HCV more widely in the 1960s is less clear, but the timing of the 

dissemination is consistent with the estimates derived from mathematical modeling.40,41 

Although several models infer that HCC incidence could hit the very high levels seen earlier 

in Japan, other studies suggest that the long-term risk of HCC among HCV-infected 

Americans will be lower.42 As HCV circulated in the US blood supply for fewer years than 

it did in Japan, and newer, more effective anti-viral agents are being used to treat HCV 

infection, the long-term effect of HCV on HCC rates is likely to be less dramatic in the US 

than in Japan.

Until 2014, HCV infection was difficult to eradicate. With the discovery of sofosbuvir43 and 

other anti-viral drugs, almost all HCV infection could be cured.44 These medications are 

currently very expensive, but their price will decline as more drugs come on the market and 

with widespread use, the incidence of HCV-related HCC should rapidly decline.
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Aflatoxin

Aflatoxin, a mycotoxin produced by molds of the Aspergillus species (Aspergillus flavus and 

Aspergillus parasiticus), contaminates maize, groundnuts and tree nuts in warm, humid 

environments and is a known hepatic carcinogen. Aflatoxin B1 (AFB1), the most potent 

aflatoxin, has been classified by IARC as a group 1 human carcinogen.45 The regions of the 

world with the highest levels of AFB1 exposure are sub-Saharan Africa, Southeast Asia and 

China. Within these areas, higher levels are found among rural than urban populations46, 

among males than females47,48 and among persons chronically infected with HBV.48 

Exposure to AFB1 is associated with a signature DNA mutation in the p53 cancer suppressor 

gene at the third base of codon 249 (p53 249ser mutation).

There is a synergistic association between AFB1 and HBV in increasing risk of HCC. 

Compared to persons with neither risk factor, the risk of HCC is reported to be 4-fold greater 

among persons with elevated levels of AFB1, 7-fold greater among chronic HBV carriers, 

and 60-fold greater among persons with both factors.49,50 Evidence suggests that there is 

also a synergistic effect between AFB1 and HCV infection.51 AFB1 exposure, however, is 

more common in areas where HBV is the dominant virus. A recent examination of the 

population attributable risk of AFB1 in high rate areas reported that between 8.8% and 21% 

of liver cancer could be attributed to AFB1.52

In general, in areas of the world where AFB1 exposure is high, chronic HBV infection is 

highly prevalent. As little can be done to alter the HBV chronic infection state, eradicating 

AFB1 from the food supply is an important strategy to reduce HCC incidence.53 In areas of 

the world of the world where AFB1 eradication programs have been implemented, such as 

China, notable reductions in HCC rates have been documented.54

Alcohol consumption

Although the relationship of alcohol consumption to HCC has been widely studied, 

deciphering the association has been challenging as heavy consumption frequently leads to 

chronic liver disease, which in turn results in a cessation of consumption. In general, 

however, past studies in low-rate populations have found alcohol to increase risk of HCC, 

while studies from high-rate areas have been less consistent.55 The disparity between low 

and high-rate regions may have been due to lower mean alcohol consumption in high-rate 

populations and/or differences in the interaction between alcohol with other risk factors. 

Evidence suggests that both HBV and HCV, in conjunction with alcohol, have synergistic 

effects on HCC risk.56-58 Based on the accumulated evidence, IARC concluded in 1988 that 

alcohol consumption was causally related to liver cancer59 while a 2007 World Cancer 

Research Fund/American Institute for Cancer Research report concluded that alcohol 

consumption was a probable cause of liver cancer.60 A recent meta-analysis of nineteen 

prospective studies estimated a 16% increased risk of liver cancer among consumers of 3 or 

more drinks per day and a 22% increased risk among consumers of 6 or more drinks per 

day.61

Between 1960 and 2000, per capita consumption declined in European, North American and 

African countries. During the same interval, consumption levels increased in Southeast Asia 
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and Western Pacific countries. As excessive alcohol consumption has historically been a 

more important HCC risk factor in low-rate HCC areas, declines in consumption suggest a 

favorable effect on HCC rates in those areas. Increasing consumption in Southeast Asia and 

the Western Pacific countries is a concern, however. For example, high alcohol consumption 

among men in Mongolia is thought to be contributing to that country's very high HCC 

rate.62

Obesity, Diabetes Mellitus and Metabolic Syndrome

The related metabolic disorders of obesity, type II diabetes and metabolic syndrome, with its 

hepatic manifestation of non-alcoholic fatty liver disease, have been increasing in frequency 

in many countries. Studies of each of the conditions have indicated that they are 

significantly related to the development of HCC. Meta-analyses of diabetes and HCC have 

consistently estimated relative risks of 2.0-2.5 and have found the relationship is consistent 

across various populations and is independent of other risk factors.63-66 A number of 

studies, as summarized in recent reviews, have reported that obesity is also related to liver 

cancer.67 In comparing normal weight persons with overweight and obese persons, a meta-

analysis of 11 cohort studies found significant liver cancer risks was 1.17 among overweight 

(OR=1.17) and obese (OR=1.87) persons.68 Similarly, a meta-analysis of four studies of 

metabolic syndrome and HCC estimated a significant relative risk of 1.81.69

While the relative risks of diabetes, obesity and metabolic syndrome do not approach those 

of HCV or HBV, they are far more prevalent conditions in developed countries. In 

developing countries, the prevalence of diabetes is growing much faster than it is in 

developed countries.70 It has been estimated that there are currently 285 million persons in 

the world, or 6.4% of the global population, with diabetes.70 Further, the prevalence is 

projected to increase by 69% in developing countries, and 20% in developed countries, by 

the year 2030. Similarly, increases in BMI have been documented in many countries since 

1980.71 Given the increasing prevalence of these conditions, the proportion of HCC related 

to obesity, diabetes and metabolic syndrome will likely grow in the future.

Tobacco

The effect of cigarette smoking on risk of HCC has been widely examined in studies from 

both high and low-rate countries.55 Inconsistent findings in studies of the same populations, 

and the correlation of smoking with other risk factors such as alcohol, have made the 

relationship between tobacco and HCC difficult to define. In 2004, however, IARC 

concluded that there was sufficient evidence that tobacco smoking caused liver cancer.72 

This same position was adopted by the 2014 U.S. Surgeon General's report.73 A recent 

meta-analysis estimated that there was a 1.5 fold increased risk of HCC among current 

smokers, a risk similar that imposed by obesity.74

Coffee and tea

Recent meta-analyses have examined the association between both coffee75 and tea76 and 

risk of HCC. Including 16 studies, the coffee meta-analysis found a significant 40% reduced 

risk of HCC among consumers.75 Based on 12 studies, tea was associated with a non-

significant 23% reduced risk.76 Since the publication of these results, an additional study 
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from Europe reported 72% and 59% significantly reduced risks associated with coffee and 

tea, respectively.77 The sole study of coffee from the US, thus far, reported a significant 

41% decreased risk of HCC.78

Compounds in coffee that potentially have chemopreventive effects include diterpenes (i.e., 

cafestol and kahweol), chlorogenic acid, and caffeine.79 Diterpenes are lipids that inhibit 

enzyme expression and enzymatic activity, induce detoxifying enzymes, and regulate 

signaling pathways.80 Chlorogenic acid is a polyphenol that increases activity of detoxifying 

enzymes.81 Caffeine has antioxidant properties and increases metabolic rate and energy 

expenditure, which could potentially regulate weight and reduce the risk of developing 

metabolic syndrome.82 Similarly, tea contains bioactive compounds, including caffeine and 

polyphenolic compounds. One specific polyphenol, (–)-epigallocatechin-3-gallate, has 

shown promise as a chemopreventive by inhibiting enzymatic activities, cell invasion, 

angiogenesis, and metastasis.83

Chemoprevention

Statins

Statins (3-hydroxy-3-methylglutaryl coenzyme A (HMG-Co-A) reductase inhibitors) are 

commonly prescribed cholesterol lowering medications used for the prevention of 

cardiovascular disease.84 Statins may also have anti-carcinogenic effects 85 related to 

inhibited angiogenesis, enhanced apoptosis and metastasis inhibition.86 Promising evidence 

that statins may decrease risk of HCC has been reported in observational studies in 

Taiwan.87-91 Two general population studies reported significant inverse associations 

between statins and HCC with odds ratios of 0.5387 and 0.44.89 In addition, significant 

inverse associations were reported in studies of HBV(+) persons91 and HCV(+) persons90 

and in association with individual statins.88 In contrast, early results from low-rate HCC 

areas reported null associations.92,93 Subsequent studies from these areas, however, have 

provided support for an inverse association. Studies from the U.S. Veterans Affairs' 

population have found inverse associations among men with diabetes94 and HCV 

infection95, while studies conducted among members of U.S. health maintenance 

organizations 96,97 and a large Swedish record-linkage study also reported significant 

inverse associations.98 Meta-analyses of these results concluded that an inverse relationship 

exists.99,100 Collectively, the evidence suggests that statin use could contribute to a decline 

in HCC incidence.

Anti-diabetic medications

The relationship between diabetes and HCC has suggested that anti-diabetic medication use 

could modify HCC risk. Metformin, a widely prescribed anti-diabetic drug which reduces 

levels of circulating glucose and insulin, is frequently prescribed as a first line treatment. As 

diabetes progresses, individuals often transition to use of other oral hypoglycemic drugs and 

ultimately, to insulin.

Three recent meta-analyses of metformin and HCC have evaluated the results of published 

studies and have reported significantly decreased risks with odds ratios between 0.24 and 

0.50.101-103 All studies included in the meta-analyses, however, compared use of metformin 
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to the use of other anti-diabetic drugs. The close correlation of the drugs with duration and 

severity of disease, however, has made the interpretation of these results unclear. Such 

comparisons are likely to overestimate the protective effect of metformin, an early disease 

treatment, and overestimate the risk imposed by insulin, a treatment of last resort. In a study 

published after the meta-analyses were conducted, data from the UK were used to compare 

metformin use with use of no medication and the results found no association between 

metformin and risk of HCC.104 Similarly, there was no increased risk with use of insulin. 

These results suggest that metformin may not be a good candidate for chemoprevention of 

HCC.

Aspirin

NSAIDs, including aspirin and non-aspirin NSAIDs, are widely used as analgesic drugs, and 

low-dose aspirin is commonly used in the chemoprevention of cardiovascular and 

cerebrovascular disease.105 In-vitro studies and animal experiments suggest that NSAIDs 

also have chemopreventive and therapeutic benefit for HCC.106-108 However, results of 

early human studies of NSAID use and HCC109,110 were inconsistent. More recently, a U.S. 

cohort study reported a 37% reduced risk of HCC in association with NSAID use.111 

Aspirin-only users had a 49% reduced risk of HCC, while there was no effect of non-aspirin 

NSAIDs. The protective effect of aspirin was consistent across frequency (daily, monthly, 

and weekly) of use. As daily aspirin use was likely to involve a low-dose formulation, these 

data may suggest that the same low-dose may be associated with a lower risk of HCC. 

Experimental and in-vivo evidence for a protective effect of NSAIDs against liver cancer 

offer biological plausibility for this association. NSAIDs modulate the risk of inflammation 

by inhibiting the COX enzymatic pathways necessary for synthesis of prostaglandins.112 

This inhibition, as well as decreases in epithelial proliferation and angiogenesis, coupled 

with increased apoptosis, results in the reduction of the inflammatory response, which has 

implications for prevention.113 It has also been suggested that aspirin and NSAIDs in 

general might play a protective role in hepatic carcinogenesis through other non-COX 

inhibitory pathways108,114 and down regulation of pro-inflammatory cytokines.115

Summary

As the second largest contributor to cancer mortality in the world, liver cancer is a huge 

contributor to the world's cancer burden, but it is a preventable disease. Vaccination against 

HBV will have a dramatic effect on HCC incidence in coming generations. New infections 

with HCV have declined in most countries since the early 1990s and new curative 

treatments for HCV infection should have a major impact when their use becomes more 

widespread. Aflatoxin eradication programs and decreasing levels of alcohol consumption in 

some populations may also have favorable effects on HCC rates. The epidemic of obesity, 

diabetes and metabolic syndrome in many areas, however, may prevent very steep declines 

in HCC rates that would otherwise be possible.
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Fig. 1. 
Age-adjusted incidences per 100,000 of liver cancer among men and women by region, 

2003-2007. Age-adjusted to world standard. (Data from Ferlay J, Parkin DM, Curado MP, et 

al. Cancer incidence in five continents, volumes I to X: IARC CANCERBase No. 10 

[Internet]. Available at: http://ci5.iarc.fr.)
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Fig. 2. 
Age-adjusted trends in liver cancer incidence among men by region, 1978-1982 to 

2003-2007. Age-adjusted to the world standard. (Data from Ferlay J, Parkin DM, Curado 

MP, et al. Cancer incidence in five continents, volumes I to X: IARC CANCERBase No. 10 

[Internet]. Available at: http://ci5.iarc.fr.)

McGlynn et al. Page 16

Clin Liver Dis. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ci5.iarc.fr


Fig. 3. 
Age-adjusted trends in liver cancer incidence among women by region, 1978-1982 to 

2003-2007. Age-adjusted to the world standard. (Data from Ferlay J, Parkin DM, Curado 

MP, et al. Cancer incidence in five continents, volumes I to X: IARC CANCERBase No. 10 

[Internet]. Available at: http://ci5.iarc.fr.)

McGlynn et al. Page 17

Clin Liver Dis. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ci5.iarc.fr


Fig. 4. 
Age-adjusted Surveillance, Epidemiology and End Results (SEER) liver cancer incidence 

and US liver cancer mortality rates by year; 2000-2011. Age-adjusted to the US standard. 

CI, confidence interval. Trend indicates annual percent change (APC). Joinpoint regression 

defines when a trend changes. *Slope of trend differs from zero (p<0.05).
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