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Hepatocellular carcinoma (HCC) is an important cause of death all over theworld,more so inAsia andAfrica. The
representative data on epidemiology of HCC in India is very scanty and cancer is not a reportable disease in India
and the cancer registries in India are mostly urban. 45 million people who are suffering from chronic Hepatitis B
virus (HBV) infection and approximately 15million people who are afflicted with chronicHepatitis C virus (HCV)
infection in India.HBVandHCVinfection is consideredan important etiologic factor inHCC. Positive association
between HCC and consumption of alcohol where alcohol contribute as a cofactor for hepatotoxins and hepatitis
viruses. Aflatoxin contamination in the diets, Hepatitis B virus infection and liver cirrhosis in Andhra Pradesh,
India and direct chronic exposure to aflatoxins was shown to cause liver cirrhosis. Cirrhosis of liver of any cause
lead todevelop about 70%–90%ofHCC.Aflatoxin interact synergisticallywithHepatitis B virus (HBV)/Hepatitis C
virus (HCV) infectionwhich increase the risk ofHCC.HBV infection,HBV infectionwithAflatoxin exposure, viral
infection andalcohol consumption leading to overt cirrhosis of the liver, alcohol consumption leading to cirrhosis
of the liver with viral infection are the predominant risk factor for the development of HCC. HCV and alcohol are
also associated with HCC in India. Indians develop diabetes at younger age, Asians have strong genetic suscepti-
bility for type II diabetes. Diabetes mellitus is identified as a risk factor for HCC. Prevention of viral infection by
universal vaccinationagainsthepatitis virus,HCCsurveillanceprogram,preventing alcoholic liver diseases, fungal
contamination of grains and ground crops to prevent basically Aflatoxin exposure are importantmeasures to pre-
vent liver diseases and HCC among those at risk. ( J CLIN EXP HEPATOL 2014;4:S34–S42)
WHAT ARE THE RISK FACTORS FOR
HEPATOCELLULAR CARCINOMA IN INDIA?
Hepatocellular carcinoma (HCC) is an important
cause of death all over the world, more so in
Asia and Africa.1 Chronic viral hepatitis as an

important etiologic risk factor in the causation of HCC,
especially in endemic areas has been reported.2,3 Nearly
45 million people are suffering from chronic Hepatitis B
virus (HBV) infection and approximately 15 million
people are with chronic Hepatitis C virus (HCV)
infection in India. Hepatitis B virus is known to cause
genomic integration in the liver tissue resulting in
chromosomal deletions and in turn metaplasia. The p53
tumor suppressor gene can be altered in HCC under the
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transactivating potential of the HBx protein.4–6 Chronic
Hepatitis C virus infection is now considered an
important etiologic factor in HCC.7 HCV-related carcino-
genesis is possibly related to chronic inflammation and
cirrhosis.8 Nalpas et al 20019 reported a positive associa-
tion between HCC and consumption of alcohol in which
alcohol works as a cofactor for hepatotoxins and hepatitis
viruses.

Chronic alcoholism is also on the rise in India. Guptan
et al 199610 reported that although the possible role of
these viral infections and alcohol in the causation of
HCC has not been assessed in detail but nearly 25% of all
HBV-related chronic liver disease in India is caused by
mutant forms of HBV.10

HBV infection is the predominant risk factor for the
development of HCC, often related to mutant forms of
HBV in India. Chronic hepatitis B or C, alcohol, obesity
(non-alcoholic fatty liver disease), aflatoxin (cofactor with
HBV), tobacco, tyrosinosis, hemochromatosis (iron over-
load), a1-antitrypsin deficiency, autoimmune chronic active
hepatitis, primary biliary cirrhosis, alcoholic cirrhosis, non-
alcoholic steatohepatitis, diabetes, viral load, male sex, older
age, exposure to aflatoxins, concurrent alcohol abuse are the
main risk factors for HCC has been reported by World
Gastroenterology Organization: global guidelines.11

The most important factor responsible for the develop-
ment of hepatocellular carcinoma in the predominant
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north Indian population is chronic Hepatitis B virus infec-
tion, with tumors developing more often in a cirrhotic
(76%) than in a non-cirrhotic liver has been reported in a
prospective comprehensive study from the Indian subcon-
tinent. This pattern is supported by quite similar study
from areas where HBV infection is endemic, such as the
far east and sub-Saharan Africa. A positive association of
cirrhosis of the liver in 80–90% of patients with HCC
has been demonstrated in reports from Northern re-
gions.12–17 Oka et al. 199018 found the yearly incidence
rate of HCC in cirrhotics varies from 3% in the West19 to
as high as 11% in Japan. Tsukuma et al19908 in a prospec-
tive study from Japan reported liver cirrhosis and viral hep-
atitis as risk factors for HCC, each carrying a 3-year
cumulative risk of 12.5 and 3.8%, respectively. Colombo
et al 199119 described that the development of HCC during
the course of cirrhosis is not necessarily related to end-
stage liver disease. Cirrhotic liver contains various kinds
of hepatocellular nodules and these nodules were known
to cause HCC.20,21

Alcohol consumption has been implicated as a risk fac-
tor for developing HCC in many studies.22 Fifteen of HCC
patients had a history of chronic alcohol abuse and nearly
80% of them had evidence of concomitant HBV or HCV
infection. A high prevalence of HBV and HCV in alcoholic
patients with HCC was demonstrated by Paterlini et al
1993.5 Alcohol seems to be a cocarcinogen in the patho-
genesis of HCC, by inducing cirrhosis, and by increasing
the risk of viral infections (HBV and HCV), as well as via
its effects on P450 mixed function oxidase system, thus
causing enhanced activation of chemical carcinogens.5

Ozturk et al 199123 described Aflatoxin has been shown
to cause hepatocarcinogenesis by a guanine-to-thymidine
mutation at the third base of codon 249 in the p53 tumor
suppressor gene. The risk of HCC is highest when Afla-
toxin exposure is associated with the presence of HBsAg,
suggesting a viral–chemical interaction.24,25

The predominant factor responsible for the development
of HCC in India is chronic HBV infection.26 A fair propor-
tion of HCC patients in India are either HBeAg negative or
have undetectable HBsAg. Three quarters of the HCC pa-
tients in the population had distinct features of underlying
cirrhosis. It is also reported that the people who have Hepa-
titis B virus face up to a 100-fold increased risk of developing
HCC.27 Edman et al198028 defined thatHBsAgwhich is pre-
sent in the people infect with hepatitis virus is known to play
important role in developing HCC. Ishikawa et al 200929

described oncogenes such as c-myc activation in presence
of HBsAg since it transform nontumorigenic cell lines into
lines capable of growing as tumors in nudemice. It was sup-
ported by the hypothesis that HBsAg play an important role
in pathogenesis of HBV-associated liver cancer.29

Several studies have also suggested that diabetes melli-
tus may alter the risk of developing a variety of cancers,
and the associations are biologically plausible.30 Diabetes
Journal of Clinical and Experimental Hepatology | August 2014 | Vol. 4 | No
is associated with alterations in liver metabolism and im-
mune response that may influence postoperative recovery
and long-term survival after hepatectomy for cancer.31

Cancer patients who already have diabetes have a greater
chance of dying of the disease than cancer patients who
do not have the blood-sugar disorder.32 The risk of liver
cancer is common in people with diabetes who are heavy
drinkers and who may or may not have hepatitis. Insulin
made by the pancreas moves through the portal vein to
the liver and exposes the liver to high levels of the insulin
hormone. Non-alcoholic fatty liver disease, cirrhosis and
abnormal fat retention are diabetes related factors that in-
crease the risk of liver cancer. Obesity is a shared risk factor
for both diabetes and liver cancer.33,34
ARE INDIANS GENETICALLY MORE PRONE
TO HEPATOCELLULAR CARCINOMA?

The representative data on epidemiology of HCC in India
is not available. Cancer is not a reportable disease in India
and the cancer registries in India are mostly urban. Several
etiologic factors including hepatitis viruses, alcohol and
aflatoxin have been implicated in the pathogenesis of hepa-
tocellular carcinoma (HCC). There is, however, limited in-
formation from the Indian subcontinent.26 Chronic
Hepatitis C virus infection is possibly related to chronic
inflammation and cirrhosis7 now considered an important
etiologic factor in HBV-negative HCC cases.8 A positive as-
sociation between HCC and consumption of alcohol has
been reported from some countries. However, alcohol
probably works as a cofactor for hepatotoxins and hepati-
tis viruses. Viral infection and chronic alcoholism may
contribute to alteration in terms of mutation in genome
at molecular level.9

In India HBV infection, overt cirrhosis of the liver, HCV
and alcohol is the predominant factor for the development
of HCC.26 Asians have a strong genetic susceptibility for
type II diabetes35 and DM is a risk factor for HCC in India.

Infection with HBV and HCV are the major risk factors
for the development of HCC in Indian patients. Presence of
HBV antibodies even in the absence of HBsAg conferred
increased risk for HCC in the presence or absence of
cirrhosis. Anti-HCV positivity in the absence of HCV
RNA conferred no increased risk. HCV RNA positivity
and heavy alcohol use significantly increased the risk of
HCC among cirrhotic patients, but not non-cirrhotic pa-
tients.36 The association of HBV and HCV as risk for hepa-
tocellular carcinoma and their interaction with genetic
factor needs to be further explored in our country.

Genetic variant in low penetrance gene such as GSTM1
and GSTT1 is associated with an increased risk of liver can-
cer. The influence of GSTM1/T1 null genotypes may
contribute in the etiology of HCC in patients with higher
levels of AFB1-N7-guanine adducts, who are heavy
smokers and those who consume alcohol.37,38
. S3 | S34–S42 S35
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Genotype D is the most common genotype in HBV-
associated HCC as reported from different series.39 The
b-catenin pathway appears not to be significantly involved
in HBV-related HCC in India. The very low frequency of
TP53 mutation suggests low levels of Aflatoxin B1
exposure.40

Because of the discrepant and isolated reports on ge-
netic risk factors for HCC it can be concluded that
currently data is insufficient to implicate any genetic risk
factor for HCC in India.
WHAT ARE THE REGIONAL DIFFERENCES OF
RISK FACTORS FOR HEPATOCELLULAR
CARCINOMA IN INDIA?

Hepatocellular carcinoma (HCC) is an important cause of
death in Asia and Africa.1 HBV and HCV are the major
risk factors for HCC in Northern India. Presence of any
HBVmarker (HBsAg positive or presence of HBV antibodies
even in absence of HBsAg) increases the risk of HCC. Kumar
et al 200736 investigated the risk of various causative agents
among HCC patients without cirrhosis. Table 1 shows
among the HCC patients without cirrhosis, 63.46% were
positive for HBV markers, 1.92% for HCV markers and
none had markers for both. History of heavy alcohol intake
was found in 9.62%. HCV RNA positivity and heavy alcohol
use significantly increased the risk of HCC among cirrhotic
patients, but not non-cirrhotic patients.36

India, one of the most populous developing countries in
which chronic alcoholism is on the rise. Furthermore, it
has been shown earlier that nearly 25% of all HBV-related
chronic liver disease in India is caused by mutant forms
of HBV.10

ANorth Indian study carried out in Delhi by Sarma et al
2012,41 revealed that Patients of chronic HBV infection fol-
lowed by chronic HCV infection were at higher risk of
developing HCC in India. Chronic alcohol consumption
Table 1 Distribution of HCC Patients with and without Cirrhosis A

Risk factor HCC with cirrhosis (n = 1

n (%) OR (9

HBV status

Any marker+ 97 (70.80) 48.90 (24

HBsAg+ve, antibody+ve 85 (62.04) 39.88 (19

HBsAg �ve, antibody�ve 12 (8.76) 12.10 (2.

HCV status

Anti-HCV+ve overall 22 (16.06) 7.91 (3.

Anti-HCV+ve, HCV RNA+ve 18 (13.14) 7.53 (2.

Anti-HCV�ve, HCV RNA–ve 4 (2.92) 7.61 (0.

Heavy alcohol use

+ve 25 (18.25) 3.32 (1.

S36
was found to be a risk factor in cirrhotic cases only when
it was associated with HCV RNA positivity. Most of the pa-
tients had a large tumor size (>5 cm) with multiple liver
nodules, indicating an advanced stage of the disease thus
making curative therapies difficult.41

In another North Indian study carried out in AIIMS,
Delhi by Paul et al 200742 suggested that the incidence
of HCC among patients with liver cirrhosis was intermedi-
ate, being lower than that in Japan but higher than that re-
ported from Europe.

Tripathy et al 200943 suggested that among the western
Indian population, certain HLA alleles or associated haplo-
type influence HCV infection as a host genetic factor.43

In a South Indian study by Anitha et al 201144 revealed
the chronic exposure to aflatoxin is a cause of liver
cirrhosis.

The major risk factor for the development of HCC is
cirrhosis of the liver due to HBV & HCV infection
(Table 2). However, about one quarter of HCC cases diag-
nosed in India do not have any known predisposing risk
factors. The major known risk factors for HCC are viral
(chronic hepatitis B and hepatitis C), toxic (alcohol and af-
latoxins), metabolic (diabetes and non-alcoholic fatty liver
disease, hereditary hemochromatosis) and immune-related
(primary biliary cirrhosis and autoimmune hepatitis).

Approximately, three fourths of all liver cancer deaths
are attributed to hepatitis B infection worldwide. In India
the hepatitis-B surface antigen (HBsAg) positivity in pa-
tients with HCC varies from 36% to 74% (mean of
47%).45 Underestimation of HBV infection in Indian pa-
tients with cirrhosis is likely due to the wide variability in
the testing methodology. The relative risk of developing
HCC in Indian patients with chronic HBsAg infection
was estimated to be 17.89 from various studies.36

A small proportion of Indian patients with chronic liver
disease or HCC have combined HBV and HCV infections.
Contamination of food with Aflatoxin is common in
ccording Major Risk Factors.36

37) HCC without cirrhosis (n = 52)

5% CI) n (%) OR (95% CI)

.61–97.19) 33 (63.46) 35.03 (15.59–78.66)

.41–81.97) 26 (50.00) 24.40 (10.60–56.18)

67–54.88) 7 (13.46) 19.60 (3.94–97.39)

12–20.03) 1 (1.92) 0.81 (0.09–6.88)

73–20.78) 1 (1.92) 0.97 (0.11–8.54)

84–68.77) 0 –

70–6.47) 5 (9.62) 1.58 (0.55–4.53)

© 2014, INASL



Table 2 Estimates of the Attributable Fractions of Cirrhosis and Hepatocellular Carcinoma due to Infection with HBV and HCV by
Different Parts of World Including India (SEAR-B & SEAR-D).94

Region Attributable fractions of cirrhosis Attributable fractions of HCC

HBV (%) HCV (%) Combined (%) HBV (%) HCV (%) Combined (%)

AFR-D/E 44 16 60 47 18 65

AMR-A 5 42 47 16 48 64

AMR-B/D 8 23 31 43 21 64

EMR-B 35 36 71 59 13 72

EMR-D 27 51 78 26 47 73

EUR-A 13 38 51 18 44 62

EUR-B/C 25 34 59 51 15 66

SEAR-B 28 30 58 37 27 64

SEAR-D 26 14 40 47 28 75

WPR-A 14 62 76 25 66 91

WPR-B 57 21 78 65 18 83

World 30 27 57 53 25 78

[(AFR, African; AMR, The Americas; EMR, Eastern Mediterranean; EUR, European; SEAR, South-East Asian; and WPR, Western Pacific), as defined in
the GBD 2000 project. Each region is designated by the three- or four-letter region code followed by a one-letter suffix, corresponding to the mortality
pattern of its member countries: A = very low child, low adult mortality; B = low child, low adult mortality; C = low child, high adult mortality; D = high
child, high adult mortality; and E = high child, very high adult mortality].
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tropics. Foodstuffs commonly contaminated with Afla-
toxin include maize, paraboiled rice, coconut kernel, and
groundnuts. Aflatoxin has been associated with toxic hep-
atitis and Indian childhood cirrhosis but there are no In-
dian studies on its role in HCC. The highest incidence
reports of HCC are in Asia and sub-Saharan Africa.46,47

According to the International Agency for Research on
Cancer (IARC) in 2002,48 worldwide incidence ratios were
15.8 cases per 100,000 per year for men and 5.8 cases per
100,000 per year for women. The highest incidence regions
in Asia and Africa have a high prevalence of chronic hepa-
titis B as well as significant exposure to dietary aflatoxins.49

The risk of HCC increases with age. There is a significant
effect of gender on the risk of development of HCC. The
worldwide male to female incidence ratio is 2.7:1.
Figure 1 Hepatitis C and diabetes mellitus.67
IMPACT OF DIABETES AS RISK FACTOR IN
HEPATOCELLULAR CARCINOMA

Diabetes mellitus (DM) is a complex metabolic condition
defined by the level of hyperglycemia giving rise to risk of
micro vascular or macro vascular complications.50 Dia-
betes mellitus is identified as a risk factor for HCC. DM
is shown to increase the risk of HCC by two to four folds
even after adjusting for other predisposing factors.

The prevalence of diabetes in India is around 10% i.e. 31
million people are suffering from diabetes and this number
will increase to 80 million by year 2030.51,52 Indian
people develop diabetes at younger age, lower degree of
obesity and have increased risk of chronic diabetic
Journal of Clinical and Experimental Hepatology | August 2014 | Vol. 4 | No
complications. Asians have strong genetic susceptibility
for type II diabetes.51,53

The relation between the diabetes and liver disease can
be in three different ways—1) diabetes contributing or
causing liver disease 2) risk factors for liver disease and dia-
betes are similar and 3) liver disease causing diabetes.

Diabetes is associated with more advanced HCC and
poor outcome has been reported in prospective case con-
trol study. Diabetes appears to increase the recurrence of
HCC after potentially curative therapy regardless of etiol-
ogy of liver disease.51,54–56

Cirrhosis is associated with impaired glucose tolerance
(GT) in more than 80% of the patients.57,58 Overt
diabetes is seen around 20% of cirrhotics. Insulin
resistance is a feature in patients with liver cirrhosis in
the absence of diabetes. Pathogenesis of diabetes and
cirrhosis includes peripheral and hepatic insulin
resistance and decreased beta cell function (Figure 1).
Increased mortality and increased risk of HCC has been
shown in patients of cirrhosis who develop diabetes.54

Type II DM is common in Hepatitis C (HCV) infection
as compared to the controls.59 In India the prevalence of
. S3 | S34–S42 S37



Figure 2 Spectrum of relationship between NAFLD and diabetes.64
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HCV ranges from 0.3% to 4% in general population while
prevalence of DM is around 10%. An increased prevalence
of DM in patients of HCV as compared to the patients
with hepatitis B and controlled population has been
demonstrated in a prospective study. In non-cirrhotic pa-
tients increased prevalence is also seen in chronic HCV in-
fections and hence HCV infection may be a predisposing
factor for development of DM in Indian population in
addition to the presence of other risk factors for DM.
HCV is associated with peripheral and hepatic insulin
resistance in non obese, non diabetic patients with chronic
HCV infection was reported by Lawson et al 1986.60

Lawson et al60 revealed the relationship of DM with
HCC in which he surprisingly found a four-fold excess
of diabetic patients among the group with HCC. The as-
sociation between DM and HCC was found to be modi-
fied by hepatitis virus infection, heavy alcohol
consumption, and other known risk factors.51,61–63

Fujino et al 200161 found that the relative risk (RR) of
DM for primary liver cancers was 2.06 (95% CI, 1.01–
4.19) after adjustment for smoking, alcohol, and diseases
associated with liver cancer in a prospective study of dia-
betes and liver cancers in Japan. Diabetes increased the
risk of liver cancers in patients with hepatitis and/or
cirrhosis and it was concluded and confirmed by a few
subsequent reported studies, although the modified fac-
tors were different in different studies.51,62,63 Ei-Serag
et al54 also demonstrated that DM was also shown to in-
crease the risk of primary liver cancers only in the pres-
ence of other risk factors such as hepatitis C or B, or
alcoholic cirrhosis. In a cohort study, Lai et al63 found
that the association between type 2 DM and incidence
of HCC was modified by HCV status after controlling
for age, sex, HBV, HCV, smoking, and alcohol consump-
tion. However, the association was only statistically sig-
nificant (an adjusted hazard ratio of 2.08) for being
HCV negative. DM is a “true” independent risk factor
for HCC has been demonstrated.
S38
The strong epidemiological evidence suggested that the
risk of chronic liver disease, cirrhosis, HCC and increased
mortality due to liver disease has been found in patients
of diabetes compared to the controlled population. There
is an evidence for increased incidence of acute liver failure
in patients with diabetes who are on anti-hyperglycemic
therapy.51,54,55

Most common form of liver disease in patients with dia-
betes is non-alcoholic fatty liver disease (NAFLD)
(Figure 2). 20–50% patients with NAFLD have diabetes.
Diabetic patients with NAFLD at are increased risk of
advanced liver disease, cirrhosis and HCC. NAFLD is com-
mon from liver disease in diabetics. Both share common
pathogenesis i.e. insulin resistance. NAFLD is precursor
of diabetes. Diabetes is marker of progressive NAFLD lead-
ing to cirrhosis, HCC and increased mortality.35,51

Diabetes and obesity can cause hepatic inflammation,
leading to oxidative stress and lipid peroxidation of the
phospholipid constituents of hepatocyte and intracellular
membranes, resulting in hepatocyte injury and necrosis,
and subsequently HCC.64 Chen et.al47 found that extreme
obesity (body mass index $30 kg/m2) was independently
associated with a 4-fold risk of HCC among anti-HCV-
seropositive subjects and a 2-fold risk in persons without
HBV and HCV infections, after controlling for other meta-
bolic components, but not in HBsAg-seropositive subjects.
Diabetes was associated with HCC in the patients with
HBV, HCV, or without HBV and HCV infections, with
the highest risk in those with HCV infection also found
more than 100-fold increased risk in HBV or HCV carriers
with both obesity and diabetes. Diabetes is an independent
risk factor for prognosis after hepatic resection in patients
with HCC.64 Diabetes does not affect the long-term sur-
vival in HCV-related HCC, which conflicted with one
recent report conducted in Japan. It suggested that dia-
betes is a risk factor for the recurrence of HCV-related
HCC and decreases the overall survival rates after surgical
treatment. Poon et al65 also showed that diabetes did not
increase the preoperative morbidity or mortality after
resection of HCC and this was supported by an another
study conducted by Huo et al64 in Taiwan, China.
ROLE OF AFLATOXIN B CAUSES
HEPATOCELLULAR CARCINOMA IN INDIA

The incidence of HCC is reportedly low and varies from 0.2
to 1.9% in India.45 Age-adjusted incidence of HCC in rural
and urban Indian populations is low compared to that in
China, Japan and other Southeast Asian countries like In-
dia.45 The risk of HCC is greatly increased in chronic viral
carriers exposed to other recognized risk factors, including
exposure to aflatoxin B1 (AFB1).66,67

Aflatoxins, a secondary metabolite produced by Asper-
gillus flavus and Aspergillus parasiticus, are potent human
carcinogens implicated in HCC68 and also it is proved to
© 2014, INASL



Figure 3 Distribution of HCC cases attributable to aflatoxin in different
regions of the world and the distribution of HCC cases in South East Asia
is 27%.94
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have a significant association with HCC in India. The
impact seems to be a cumulative process, as revealed by
the AFB1 deposits in HCC liver tissue, even though the
serum levels were undetectable.68 Specific P450 enzymes
in the liver metabolize aflatoxin into a reactive oxygen spe-
cies (aflatoxin-8,9-epoxide), which may then bind to pro-
teins and cause acute toxicity (aflatoxicosis) or to DNA
to cause lesions that over time increase the risk of HCC.69

A causative role for aflatoxins in hepatocarcinogenesis
in humans has been strongly suggested based on various
epidemiological data. The degree of food contamination
by aflatoxins and HCC incidence are closely and signifi-
cantly correlated by Lin et al 1977.70 Carcinogenic activity
of aflatoxin is attributed to covalent adduct formation by
metabolically activated reactive intermediates with hepato-
cyte DNA, which could lead to mutations in the host
genome.71 Mutations of the p53 gene on chromosome
17 have been frequently found in primary liver cancer.72–
74 This hotspot mutation was originally described in
HCC from regions with high levels of dietary aflatoxins,
and is considered a hallmark of AFB1. The molecular
and cellular mechanisms underlying the carcinogenic
effects of aflatoxin have also been investigated on
numerous occasions in rodent models.

Aflatoxin appears to have a synergistic effect on Hepati-
tis C virus (HCV)-induced liver cancer.75–78 Other
important causative factors in the development of HCC,
in addition to HBV or HCV infection and aflatoxin
exposure, are the genetic characteristics of the virus,
alcohol consumption, and the age and sex of the infected
person.75 Aflatoxin may play a causative role in 4.6–28.2%
of all global HCC cases.79

Henry et al 199980 & IPCS/WHO 199881 reported that
chronic HBV prevalence based on HBsAg seroprevalence
is 2.4–4.7 in India. IPCS/WHO81 undertook an aflatoxin–
HCC risk assessment in 1998 to estimate the impact on
population cancer incidence by moving from a hypotheti-
cal total aflatoxin standard of 20 ng/g to 10 ng/g.
Assuming that all food containing higher levels of afla-
toxin than the standard was discarded and that enough
maize and nuts remained to preserve consumption pat-
terns, HCC incidence would decrease by about 300 cases
per year per billion people, if the stricter aflatoxin standard
were followed in nations with HBV prevalence of 25%.82

The risk of liver cancer in individuals exposed to chronic
HBV infection and aflatoxin is up to 30 times greater than
the risk in individuals exposed to aflatoxin only.70 Wild
and Gong83 presented HCC is a result of chronic aflatoxin
exposure in persons with chronic Hepatitis B virus (HBV)
infection. These two HCC risk factors—aflatoxin and
HBV, are prevalent in poor nations worldwide. Within
these nations, there is often a significant urban–rural dif-
ference in aflatoxin exposure and HBV prevalence, with
both these risk factors typically affecting rural populations
more strongly.
Journal of Clinical and Experimental Hepatology | August 2014 | Vol. 4 | No
Aflatoxin occurs in tropical and subtropical regions of
the world in which grains such as rice are stored under
tropical conditions.84 In the months after the monsoon
in Southeast Asia, stored grains reportedly contain high
levels of aflatoxin. The grains stored under such condi-
tions increase the risk of development of HCC, as afla-
toxin is a potent source of hepatocarcinogenesis. It has
shown that the effects of exposure to aflatoxin and Hep-
atitis B virus (HBV) infection are significantly associated
with the risk of death due to liver cancer.71,85 Ross
et al86 have revealed a strong statistical correlation be-
tween aflatoxin ingestion and incidence of HCC in several
areas of the world.

Murugavel et al 67 from South India revealed that liver
biopsies of HCC, the aflatoxin was detected in 58% of cases
and no cirrhosis case was found to be positive for aflatoxin.
It was therefore the patients had a possible history of
AFB1-contaminated foodstuffs, which has acted either as
a primary or additional risk factor for HCC. 58.1% of
HCC cases showed aflatoxin in liver biopsies was reported,
but all cirrhosis cases were negative for aflatoxin. Further-
more, 68.8% of HBsAg-negative HCC cases and 46.1% of
HBsAg positive patients were positive for aflatoxin in liver
biopsy and hence proved that aflatoxins have a significant
association with HCC in India.

A strong association between baseline levels of urinary
AFB metabolites, especially the major AFB–DNA adduct,
and HCC risk in study subjects has been demonstrated
in the biomarker-based, prospective Shanghai Cohort
Study.46,49,87 Several ecological studies have also shown a
significant association between dietary aflatoxin exposure
and hepatocarcinogenesis88,89 along with classification of
aflatoxin as a group 1 human carcinogen.90 However, the
association has also been refused on several occasions.91–
93 This inconsistency may be due to the difficulty of
. S3 | S34–S42 S39
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accurate assessment of aflatoxin exposure at the
population or individual level.

SUMMARY

HBV infection, HBV infection with Aflatoxin exposure,
viral infection and alcohol consumption leading to overt
cirrhosis of the liver, alcohol consumption leading to
cirrhosis of the liver with viral infection are the predomi-
nant risk factor for the development of HCC in India.
Therefore prevention of viral infection by universal vacci-
nation against hepatitis virus should be adopted in India.
Effective antiviral therapy of chronic hepatitis virus (hep B
& C virus) is very important measure to prevent HCC. He-
patocellular carcinoma surveillance program is a necessary
measure in India. All patients with diabetes and cirrhosis
are recommended for HCC surveillance. HCC screening
is also recommended for high risk patients with chronic
hepatitis B and C especially those aged more than 40 years
and serum viral load greater than their optimum limit. Pre-
venting alcoholic liver diseases should prevent some cases
of HCC in India. Prevention of fungal contamination of
grains and ground crops to prevent basically Aflatoxin
exposure are important measures to prevent liver diseases
and HCC among those at risk, particularly HBV infected
persons in endemic regions of the country (Figure 3).
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