
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REVIEW ARTICLE 

 

Abstract 
 

Background: Hepatocellular Carcinoma (HCC) is the most common primary liver malignancy and the second leading cause of cancer 

related deaths worldwide. Chronic infection with Hepatitis B (HBV) and Hepatitis C (HCV) virus are significant risk factors of HCC. 

Aflatoxins, type of mycotoxin, produced by fungi Aspergillus flavus and Aspergillus parasiticus are potent liver carcinogen. This 

cancer risk assessment was conducted with aim to compare risk of aflatoxin attributable HCC in the countries of Eastern Mediterranean 

region with countries of region of Americas (East) and Western Pacific region (West). 

Methods: Cancer risk assessment was conducted using data on maize consumption for select countries from food balance sheets (FBS) 

database of the Food and Agriculture Organization of the United Nations (FAO), aflatoxin contamination level of the maize and 

chronic HBV infection prevalence from 37 publications retrieved from literature review. 

Results: Risk of HCC attributable to aflatoxin exposure in Iran is 0.02 (0.0001 – 0.095) HCC cases per 100,000 chronic HBV negative 

population which reflects in 15-75 HCC cases per year. Among the select WHO regions, most cases occur in China and Philippines 

from Western Pacific region and Mexico from region of Americas. 

Conclusion: Risk of aflatoxin related HCC in Iran is comparable to high income countries from region of Americas and Western 

Pacific region. 

 

Comparative Cancer Risk Assessment to Estimate Risk of 

Hepatocellular Carcinoma Attributable to Dietary Exposure of 

Aflatoxin through a Surrogate (Maize) in Eastern Mediterranean 

Region (Iran) as Compared to East (Canada) and West Pacific 

(China) Regions 
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HCV infection is the important risk factor in high income 

countries (5). Chronic dietary exposure to aflatoxin-B1 

through ingestion of aflatoxin contaminated food products is 

another major risk factor for HCC in low or middle-income 

countries. Other contributing risk factors include excessive 

consumption of alcohol, obesity, diabetes, non-alcoholic fatty 

liver disease and certain rare metabolic disorders, such as 

hemochromatosis, α – 1 antitrypsin deficiency and few types 

of porphyria (4). A synergistic action has been established 

between chronic HBV infection and dietary exposure to 

aflatoxin B1 for development of HCC (6). The risk of 

developing HCC in individuals with exposure of both chronic 

HBV infection and dietary aflatoxin B1 is 30 times greater 

than individuals exposed to aflatoxin B1 alone (7). 

Aflatoxins are difuranocoumarin derivatives, a type of 

mycotoxin, produced by fungi Aspergillus flavus and 

Aspergillus parasiticus (8). These mycotoxins exert high 

hepatotoxic, hepatocarcinogenic and mutagenic potential and 

can contaminate number of agricultural commodities 

______________ 

 

 

Hepatocellular Carcinoma (HCC) is the most common 

primary liver malignancy across the world. Each year more 

than 700,000 new cases of HCC are diagnosed worldwide 

(1). With average survival of 6-20 months and more than 

600,000 HCC attributable deaths per year, HCC has become 

the second leading cause of cancer related deaths worldwide 

(1–3). 

As compared to other cancers, the most distinct feature of 

HCC epidemiology is that major risk factors and 

predisposing factors have been clearly identified based on 

animal bioassays and human epidemiological studies (1). 

However, there is differential distribution of these risk factors 

in different regions of the world. Chronic infection with 

either Hepatitis B virus (HBV) or Hepatitis C virus (HCV) 

has been associated with almost 80% of HCC cases (4). 

Chronic HBV infection is the significant contributor towards 

HCC cases in low or middle-income countries and chronic 

__________ 
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including staple food like corn, groundnuts and rice in 

tropical and subtropical climate (9). Among the family of 20 

related fungal metabolites, four major aflatoxins which have 

predominant adverse effects on human health are aflatoxin 

B1, B2, G1 and G2. Unique feature of aflatoxin M1 is the 

transmission through milk (including breastmilk), hence if 

dairy cattle are fed with aflatoxin contaminated feeds then 

aflatoxin M1 is excreted in milk (9). 

Among all aflatoxins, aflatoxin B1 is known to be a potent 

human carcinogen (10). International Agency for Research on 

Cancer (IARC) and National Toxicology Program (NTP) of 

the United States have classified aflatoxins as “Group-1, 

carcinogen to human” and “known to be human carcinogen” 

respectively based on evidence from laboratory animal 

studies, human epidemiological studies and mechanistic data 

(10,11). Liu and Wu estimated that out of 555,000-600,000 

incident cases of HCC globally every year, about 25,000-

155,000 HCC cases may be attributable to dietary exposure 

to aflatoxin (12). 

Although HCC is more prevalent in low or middle 

income countries from World Health Organization (WHO) 

regions of Africa, Southeast Asia and Western Pacific 

region, there is evidence that incidence of HCC is increasing 

in high income countries of Eastern Mediterranean, 

European region and North America (1). In the countries of 

Eastern Mediterranean region, HCC is a major concern, 

specially among men, in certain countries such as Egypt and 

Saudi Arabia and to a lesser extent in other countries of this 

region (5). This quantitative cancer risk assessment was 

conducted to compare risk of HCC attributable to dietary 

exposure to aflatoxin in Eastern Mediterranean region with 

risk in countries of Western Pacific region and region of 

America. 

 

This risk assessment was conducted with an aim to 

compare dietary aflatoxin exposure and risk of HCC 

attributable to dietary exposure of aflatoxin through maize in 

select countries of Eastern Mediterranean region, Western 

Pacific region and region of Americas. 

 

 

Risk assessment is the process of quantifying the 

magnitude and exposure, or probability, of a harmful effect to 

individuals or populations from certain agents or activities. 

Four steps involved in the process of risk assessment are: 

hazard identification, dose-response assessment, exposure 

assessment and risk characterization (13). This risk 

assessment involved comprehensive literature review to 

obtain and compile information about level of aflatoxin 

contamination in maize, food consumption pattern (for 

maize), chronic HBV infection prevalence and population 

size in select countries from Eastern Mediterranean region, 

Western Pacific region and region of Americas. 

Hazard identification: Hazard Identification is the process 

of determining whether exposure to a stressor can cause an 

increase in the incidence of specific adverse health effects 

(e.g., cancer, birth defects) (13). Aflatoxins are most 

extensively researched group of mycotoxins due to 

manifestations of carcinogenic and toxic health effects in 

__________ 

livestock, laboratory animals and human beings. Based on  

weight of evidence from animal and human studies 

supporting increased risk of HCC from dietary exposure to 

aflatoxin, International Agency for Research on Cancer 

(IARC) and US National Toxicology Program (NTP) have 

classified naturally occurring mixture of aflatoxins as 

“Group-1 human carcinogen” and “Known to be human 

carcinogen” respectively (10,11). 
Dose-response assessment: A dose-response relationship 

describes how the likelihood and severity of adverse health 

effects (the responses) are related to the amount and condition 

of exposure to an agent (the dose provided) (13). Aflatoxin 

exerts its carcinogenic potential by mutagenic mode of action 

through interaction of its reactive metabolite with DNA and 

it is assumed that there is no threshold of exposure to 

aflatoxin below which cancer would never occur, supporting 

a linear dose response assessment (6,11). Dose response 

assessment for carcinogenic compounds is based on 

calculating the slope of linear dose response curve which is 

known as slope factor or cancer potency factor (13). Aflatoxin 

is a potent liver carcinogen and due to it’s synergistic action 

with chronic HBV infection, risk of developing HCC in 

individual exposed to chronic HBV infection and aflatoxin is 

up to 30 times greater then risk in individuals exposed to 

aflatoxin alone (7,14–16). The forty-ninth meeting of Joint 

FAO/WHO Expert Committee on Food Additives (JECFA) 

provided differential slope factors for aflatoxin; 0.3 HCC 

cases per year per 100,000 population per ng AFB1 exposure 

per kg bodyweight per day for HBsAg+ population and 0.01 

HCC cases per year per 100,000 population per ng AFB1 

exposure per kg bodyweight per day for HBsAg- population, 

based on multifactor risk model by Bowers et al, 1993 which 

used data from a prospective cohort study in China (16–18). 

This risk assessment we have considered these cancer 

potency factor values in assessing risk of HCC due to dietary 

exposure to aflatoxin. 

Exposure Assessment: Exposure assessment is the process 

of measuring or estimating the magnitude, frequency, and 

duration of human exposure to an agent in the environment, 

or estimating future exposures for an agent that has not yet 

been released (13). Three critical steps involved in exposure 

assessment include; i) characterizing exposure setting i.e. 

physical environment and description of the human 

populations exposed to the agent, ii) identifying exposure 

pathway for the population and iii) quantifying exposure (6). 

Aflatoxins contaminate staple foods like maize, peanuts 

and cereal grains in tropical and subtropical climate (12,19). 

Biological markers such as aflatoxin-albumin adducts in 

serum or aflatoxin-N7-guanine in urine provides more precise 

estimates of aflatoxin exposure in the population, but it is 

relatively recent technology and exposure estimates based on 

their use are geographically restricted to a small fraction of 

low or middle income countries (9,12,20). In the absence of 

availability of these biomarker data, more conventional 

approach to quantify exposure is by estimating average 

consumption of food products (maize, peanuts or rice) and 

level of aflatoxin contamination in these food products. Due 

to lack of nationally representative data about aflatoxin 

biomarkers, exposure assessment in this risk assessment was 

________ 

 METHODS 

https://www.epa.gov/risk/conducting-human-health-risk-assessment#self
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carried out by estimating average consumption of maize and 

maize products and average aflatoxin contamination levels 

in these food products (Table-3). 

DExp = (MaizeCons x MaizeCont) / Rfwt  

Where DExp is estimated dietary exposure of aflatoxin 

through maize in nanogram(ng)/kg body weight/day; 

MaizeCons is per capita average daily consumption of maize 

in grams/day; MaizeCont is average level aflatoxin 

contamination in maize in ng/gram; Rfwt is reference body 

weight in kg. 

Average per capita daily maize consumption was 

estimated based on data of maize and maize products 

consumption from supply utilization accounts (SUA) and 

food balance sheets (FBS) database of the Food and 

Agriculture Organization of the United Nations (FAO) for 

the year 2011,2012 and 2013 (21). WHO’s Global 

Environment Monitoring System (GEMS)/Food Cluster 

Diets database uses the FAO food balance sheets (FBS) and 

supply utilization account (SUA) data to determine food 

consumption pattern in clusters of different countries which 

are commonly used in dietary risk assessments conducted at 

international level (22–24). Average aflatoxin contamination 

level in maize and maize food products is estimated from 

multiple resources through literature review. Total 36 

publications with data on aflatoxin contamination in maize 

or maize products published between 1999-2017 were 

retrieved (Table-3). 

Risk characterization: Risk characterization, the final step 
in risk assessment, combines the information on exposure 

assessment and dose–response assessment to describe 

overall nature and magnitude of risk based on exposure to a 

hazardous agent (6). In this risk assessment, risk of aflatoxin 

exposure was described by estimating annual incidence 

_________ 
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(cancer risk) of hepatocellular carcinoma (HCC) in chronic 

HBV infection positive and negative population. Incidence 

of HCC was calculated by multiplying the cancer potency 

factors with estimated aflatoxin exposure for select countries 

(Table-4). 

HCCrisk = DExp x SF 

Where HCCrisk is estimated annual incidence of HCC per 

100,000 population; DExp is estimated dietary exposure of 

aflatoxin through maize consumption in ng/kg body 

weight/day; SF is slope factor (cancer potency factor) which 

is 0.3 HCC cases/year/100,000 population/ng AFB1 

exposure/kg bodyweight/day for chronic HBV infection 

positive population and 0.01 HCC cases/year/100,000 

population/ng AFB1 exposure/kg bodyweight/day for 

chronic HBV infection negative population. 

Estimated number of annual HCC cases attributable to 

dietary aflatoxin exposure through maize in select countries 

were calculated by multiplying incidence of HCC with 

chronic HBV infection positive and negative population, 

estimated based on chronic HBV prevalence and total 

country population (Table-5). The worldwide estimated 

prevalence of chronic HBV infection published by 

Schweitzer et al, 2015 was used to estimate the prevalence 

of chronic HBV infection in select countries (25). 

 

 

For comparison of risk of HCC attributable to dietary 

aflatoxin exposure through maize in population of Iran with 

countries of Western and Eastern part of world, countries 

were selected from and grouped together based on WHO 

designated regions (WHO, 2016). Table-1 lists average per 

capita maize consumption in gram/day in select countries 

from Eastern Mediterranean, Western Pacific region and 

__________ 

Table 1. Maize consumption in select countries 

WHO Region/ Country 
Maize Consumptiona 

(g/person/day) 

Region of the Americas 

Canada 52.0 

Argentina 29.0 

Brazil 73.0 

Mexico 319.0 

Eastern Mediterranean Region 

Egypt 173.0 

Iran 7.0 

Pakistan 40.0 

Western Pacific Region 

China 18.0 

Malaysia 36.0 

Philippines 51.0 

Republic of Korea 34.0 
a Based on data from the Food and Agriculture Organization of the 

United Nations (FAO) food balance sheets (21) 

 

Table 2. Chronic Hepatitis B virus infection prevalence in select 

countries 

WHO Region/ 

Country 

Chronic HBV 

Prevalence (%)a 
95 % CI 

Region of the Americas 

Canada 0.76 0.74-0.79 

Argentina 0.77 0.77-0.78 

Brazil 0.65 0.65-0.66 

Mexico 0.2 0.19-0.21 

Eastern Mediterranean Region 

Egypt 1.71 1.67-1.76 

Iran 0.96 0.95-0.96 

Pakistan 2.76 2.73-2.79 

Western Pacific Region 

China 5.49 5.47-5.50 

Malaysia 0.74 0.70-0.77 

Philippines 4.63 4.53-4.73 

Republic of Korea 4.36 4.36-4.37 

a based on HBsAg seroprevalence (25) 
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region of Americas based on food balance sheets (FBS) 

database of the Food and Agriculture Organization of the 

United Nations (FAO) for the year 2011,2012 and 2013 

(21). Maize consumption is lowest in Iran (7 grams/day) and 

highest in Mexico (319 grams/day) among select countries 

from three WHO regions. Average maize consumption in 

the Western Pacific region is in the range of 18-51 

_______________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

grams/day. 

Schweitzer et al, condcted systematic review and pooled 

analysis of the data published between 19965 to 2013 to 

estimate worldwide prevalence of chronic HBV infection 

(25). Burden of chronic Hepatitis B virus (HBV) infection 

is highest in countries from Western Pacific region (Table-

2). Prevalence of chronic HBV infection in Iran (0.96%) is 

___________ 

Table 3. Estimated dietary aflatoxin exposure through consumption of maize 

WHO Region/ country 

Aflatoxin Exposure 

Mean (Min. – Max.) 

ng/kg body weight/daya 

Reference 

Region of the Americas 

Canada 0.014 (0.003 – 2.3) 
(29) (Food Safety Action Plan Report – 2010-2011, 2011-2012, 

2013-2014) 

Argentina 4.0 (0.3 – 6.5) (30–32) 

Brazil 9.3 (0.4 –135.5) (33–36) 

Mexico 20.3 (3.0 – 310.0) 
(Castillo-Urueta, Carvajal, Méndez, Meza, & Gálvez, 2011; García 

& Heredia, 2006; Guzmán-de-Peña & Peña-Cabriales, 2005) 

Eastern Mediterranean Region 

Egypt 24.0 (0.7 – 263.5) (40–43) 

Iran 10.0 (0.1 – 48.5) (44–46) 

Pakistan 9.1 (0.5 –51.9) (47–50) 

Western Pacific Region 

China 25.7 (0.1 – 280.0) (51–55) 

Malaysia 3.6 (0.6 – 93.3) (56–58) 

Philippines 43.4 (1.0 – 127.8) (57,59) 

Republic of Korea 2.3 (0.0197 – 19.7) (60–62) 

a Assuming 62 kg body weight as reference body weight (63) 

 

 

Table 4. Estimated incidence of hepatocellular carcinoma (HCC) attributable to aflatoxin exposure through maize 

WHO Region/ country 

Estimated annual HCC (per 100,000) 

HBsAg – negative 

Mean (Min. - Max.) 

HBsAg – positive 

Mean (Min.- Max.) 

Region of the Americas 

Canada 0.00008 (0.00002 - 0.013) 0.0025 (0.0005 –0.4) 

Argentina 0.0013 (0.001 – 0.021) 0.39 (0.03 – 0.62) 

Brazil 0.104 (0.005 – 1.519) 3.13 (0.14 – 45.57) 

Mexico 1.043 (0.154 – 15.93) 31.30 (4.63 – 478.05) 

Eastern Mediterranean Region 

Egypt 0.295 (0.008 – 3.244) 8.85 (0.25 – 97.31) 

Iran 0.02 (0.0001 – 0.095) 0.59 (0.003 – 2.86) 

Pakistan 0.1 (0.006 –0.571) 3.0 (0.17 – 17.14) 

Western Pacific Region 

China 0.128 (0.001 – 1.394) 3.84 (0.02 – 41.81) 

Malaysia 0.035 (0.006 – 0.929) 1.06 (0.17 – 27.87) 

Philippines 0.362 (0.008 – 1.069) 10.86 (0.25 – 32.08) 

Republic of Korea 0.013 (0.0001-0.11) 0.38 (0.003 – 3.30) 
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comparable to that of countries from the region of 

Americas.  

Dietary aflatoxin exposure through maize are estimated 

using data of estimated per capita maize consumption and 

average aflatoxin contamination level in maize and maize 

products in these countries (Table-3). Aflatoxin exposure is 

high in Philippines, China, Egypt and Mexico where as it is 

moderate in Brazil and Iran and lowest in Canada. Risk of 

developing HCC attributable to dietary aflatoxin exposure 

in countries of Eastern Mediterranean region is compared 

with countries from regions of Americas and Western 

Pacific region by estimating incidence of HCC attributable 

to aflatoxin exposure in chronic HBV infection negative 

and positive population in select countries (Table-4). 

Table-5 lists total population in these countries based on 

world bank database and annual estimated HCC cases 

attributable to aflatoxin exposure in chronic HBV infection 

negative and positive population (27). 

Incidence of HCC in the Eastern Mediterranean region 

is 0.295 and 0.1 per 100,000 chronic HBV infection 

negative population in Egypt and Pakistan respectively. 

Risk of developing HCC in Iran is 0.02 per 100,000 chronic 

HBV infection negative population which is comparable to 

risk of aflatoxin related HCC in countries from region of 

Americas (Canada and Argentina) and Western Pacific 

region (Malaysia and Republic of Korea). Lowest risk of 

HCC was found in Canada (0.00008 HCC cases per 

100,000 chronic HBV infection negative population) and 

highest HCC risk was found in Mexico (1.043 HCC cases 

per 100,000 chronic HBV infection negative population) 

followed by Philippines (0.362 HCC cases per 100,000 

chronic HBV infection negative population). 
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In this risk assessment, we have compared dietary 

aflatoxin exposure through maize and risk of aflatoxin related 

HCC in select countries from the Eastern Mediterranean 

region with countries from region of Americas(East) and 

Western Pacific region (West) based on data from the 

published literature about aflatoxin contamination of maize, 

chronic HBV infection prevalence and maize consumption 

pattern from FAO’s food balance sheets. 

It is interesting to note that risk of HCC attributable to 

aflatoxin in maize is highest in Mexico where chronic HBV 

infection prevalence is low (0.2%). This high risk of HCC is 

mainly due to high per capita maize consumption and high 

level of aflatoxin contamination in maize in Mexico. Liu and 

Wu noted similar findings in their study (12). Burden of 

hepatocellular carcinoma is highest in the countries of 

Western Pacific region, specially China and Philippines (28). 

In this risk assessment, risk of HCC in these two countries is 

high due to high chronic HBV infection prevalence and high 

dietary exposure to aflatoxin. We have estimated 4545 (21-

49,530) and 854 (20-2453) annual HCC cases in China and 

Philippines respectively in this risk assessment. Risk of HCC 

in both chronic HBV infection positive and negative 

population in Iran is comparable to high income countries 

from region of Americas and Western Pacific region due to 

low aflatoxin contamination in maize and lowest per capita 

maize consumption (7 gram/day) among select countries. 

Scientific research focussing on contamination of 

agricultural commodities may not follow strict sampling 

methodology and generally include samples from a certain 

geographical area of the country or from an outbreak of 

__________ 

Table 5. Estimated number of hepatocellular carcinoma (HCC) cases per year attributable to aflatoxin exposure through maize 

WHO Region/ country 
Populationa 

(millions) 

Estimated numbers of annual HCC Cases 

Chronic HBV negative 

Mean (Min. - Max.) 

Chronic HBV positive 

Mean (Min. - Max.) 

Region of the Americas 

Canada 35.8 1 (1 – 5) 1 (1 – 2) 

Argentina 43.4 6 (1 – 9) 2 (1 – 2) 

Brazil 207.8 215 (10 – 3136) 42 (2 – 615) 

Mexico 127.0 1323 (195 – 20197) 80 (12 – 1214) 

Eastern Mediterranean Region 

Egypt 91.5 265 (8 – 2917) 138 (4 – 1523) 

Iran 79.1 15 (1 – 75) 4 (1 – 22) 

Pakistan 188.9 184 (11 – 1049) 156 (9 – 893) 

Western Pacific Region 

China 1371.2 1657 (8 – 18059) 2888 (13 – 31471) 

Malaysia 30.3 11 (2 – 279) 2 (1 – 62) 

Philippines 100.7 348 (8 – 1027) 506 (12 – 1496) 

Republic of Korea 50.6 6 (1 – 53) 8 (1 – 73) 

Total estimated cases in select countries  4031 (246 – 46,806) 3827 (57 – 37,373) 

a World Bank database (27) 

 

 DISCUSSION 
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contamination of the food crops only and not from monitoring 

or surveillance program which is more representative for their 

country. Higher incidence and aflatoxin exposure in this risk 

assessment may be due to higher aflatoxin levels in maize 

in published literature. Large range in the HCC risk and 

annual HCC cases estimates are because of uncertainty and 

variability in the data of chronic HBV infection prevalence, 

aflatoxin contamination in maize, and geographic as well as 

cultural and seasonal variability in dietary consumption of 

maize within the country. 
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