PEANUTBUTTERCONSUMPTIONANDHEPATOCELLULAR
CARCINOMAI NSUDAN

RagaaElHadiOmer

Promotor:

Prof.dr.ir. F.J.Kok
Wageningen Universiteit

Co-promotor:

Dr.ir.P.van 't Veer
Wageningen Universiteit

Samenstelling
Promotiecommissie:

Prof.dr. J.H.Koeman
Wageningen Universiteit
Prof.dr.ir. F.E.vanLeeuwen
Vrije Universiteit Amsterdam
Prof.dr. C.E.West
KatholiekeUniversiteit Nijmegen
Wageningen Universiteit
Prof.dr. J.Jansen
Katholieke Universiteit Nijmegen

PEANUT BUTTERCONSUMPTION AND HEPATOCELLULAR
CARCINOMA IN SUDAN

Ragaa ElHadiOmer

Proefschrift
terverkrijging van degraadvan doctor
opgezagvan derector magnificus
vanWageningen Universiteit
Prof.dr.ir. L.Speelman
inhetopenbaar teverdedigen
opmaandag 12maart2001
desnamiddagste 16.00uurindeAula

.QDlWO

The research described in this thesis was funded by the Sudanese Standards and Meteorology
Organisation (SSMO), Wageningen University and the University of Khartoum. Further
support was obtained from the RIKILT-DLO Institute in Wageningen and the Forestry
National Corporation in Khartoum. Financial support for the printing of this thesis was
obtained from theDr.JudithZwartzFoundation, Wageningen,TheNetherlands.

OmerElHadi,Ragaa
Peanutbutter consumption andhepatocellular carcinoma inSudan:acase-control study
ThesisWageningen University - Withref. - With summary inArabic
ISBN 90-5808-366-7
Printing:Grafisch bedrijf PonsenandLooijen B.V.,Wageningen,The Netherlands
© Omer2001

To thespiritof
mylovelyfather

Abstract
PEANUT BUTTERCONSUMPTION ANDHEPATOCELLULARCARCINOMA I N SUDAN

Ph.D. thesis by Ragaa El Hadi Omer, Division of Human Nutrition and Epidemiology,
Wageningen University, Wageningen, TheNetherlands.
12thMarch2001.
Hepatocellular carcinoma (HCC) is the sixth most common cancer in the world with 80%of
cases occurring in developing countries in sub-Saharan regions inAfrica, South-East Asia and
China. The cancer is highly fatal and survival is generally less than 1 year from diagnosis.
Clinical recordssuggestthattheincidence ofthiscancer ishighandincreasing inSudan. Major
risk factors of HCC have been identified as dietary exposure to aflatoxins, chronic infection
with hepatitis Bvirus (HBV) and other hepatitisviruses and the intake of alcoholic beverages.
Climaticconditions, agricultural practices andthe dietary patterns inSudan, aswell asinmany
of the sub-Saharan African countries, are contributing to the contamination of food with
aflatoxins andpossibly totheincidence ofHCC.

Theaimofthisstudywastoinvestigate theroleof aflatoxins from peanutbutter intheetiology
of HCC in Sudan, and to substantiate this by studying polymorphisms of potential relevant
genesfor aflatoxin metabolism.Theultimate goalof this studywastofind clues for prevention
and control of HCC in Sudan, by investigating the relative importance of aflatoxins (peanut
butter intake) and hepatitis infections. Accordingly, implications for agricultural and public
healthpolicy canbe substantiated.

First, an explorative study was conducted among 24 cases and 34 controls. This study
confirmed that high amounts of aflatoxins (20 times above the guidelines of the World Health
Organization) are present in Sudanese peanut butter and suggested that humid storage
conditions might contribute to the risk of HCC. Furthermore, procedures for the main study
were tested and adapted.

In the main study 150cases with HCC and 200 controls, matched for sex, were enrolled from
West and Central Sudan.In this study, an about four-fold increased risk of HCC was observed
among subjects with a high daily consumption of peanut butter. This association was
considerably stronger for subjects having genetic polymorphisms of glutathione S-transferase
Ml (GSTM1). For the polymorphisms in glutathione S-transferase Tl (GSTT1) and
microsomal epoxide hydrolase (EPHX),no association was observed. This might indicate that
GSTM1 is a more important rate-limiting factor in the metabolism of aflatoxins. In addition,
we observed apositive association between theintake of peanutbutter stored inhumid storage
conditions although less clear than it was in the explorative study. Regarding hepatitis
infections, a fifteen-fold increased risk was found for those who had experienced HBV
infections.
The results of our study point at both exposure to aflatoxins through peanut butter intake and
hepatitis Binfection asimportant risk factors of HCC in Sudan.Although hepatitis B infection
was a much stronger risk factor as compared to aflatoxins/peanut butter, the latter was almost
equally important to public health because of the high prevalence of aflatoxin contamination.
Aboutfifty percent of allcasesofHCCmightbeattributable tocontamination ofpeanut butter.

In order to reduce HCC in Sudan, pre and post harvest measures in agricultural policy need to
be reinforced. At the community level, specific attention should be given to selling and
processing ofpeanuts and their products at local markets. In addition, immunization of infants
and high-risk groups against HBV infections has to be considered as a short-term strategy.
Finally,future researchwould benefit from improved hospital andpopulation registries.

Propositions
l
Reducing the aflatoxin content of peanuts to permissible levels might halve the
numberofcasesofhepatocellular carcinomaamongtheSudanesepopulation(this
thesis).
2
Consumption ofpeanut butter contaminated with aflatoxins is an important cause
ofhepatocellular carcinomainSudan,especially amongsubjects with theGSTM1
null genotype, i.e.those who are unable to detoxify the aflatoxins properly(this
thesis).
3
Because of the biological interaction with aflatoxins, subjects with acquired
susceptibility (e.g.,hepatitis B infection) and subjects with genetic susceptibility
maybenefitmostfromaflatoxin reducingstrategies.
4
Geneticsusceptibility willoften bean important source of individual variation in
riskwithinpopulations,butlesssobetweenpopulations.
5
Epidemiological research indeveloping countriesiscrucial toimplement sensible
publichealthmeasuresadaptedtothelocalcircumstances.
6
Thereisnothinglikereturningtoaplacethatremainsunchanged tofind theways
inwhichyouyourselfhavealtered(NelsonMandela,A longwalkto freedom).
"Say:Iftheoceanwereink(wherewithtowriteout)thewordsofmyLord,sooner
would the oceanbe exhausted than would be the words of my Lord, even if we
addedanotheroceanlikeit,foritsaid."(Soera18, ayia109,HolyKoran).

Propositionsbelongingtothethesis
"PeanutbutterconsumptionandhepatocellularcarcinomainSudan'
RagaaElHadiOmer
Wageningen, 12March2001
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Introduction

Chapter1

Aflatoxins
Historicalbackground
Thepossibility thatcontamination of dietary staplesby aflatoxins isoneof the etiologic factors
for hepatotoxic disease,hasbeen suggested by many authors soon after the outbreak of Turkey
"X"disease anditwasputforward that afungal metabolite might be involved. Aflatoxins were
detected for the first time in Brazilian groundnuts, which caused the death of about 100,000
turkeysinBritain duringtheyear I9601'2.

However anumber of lesswell-described incidents inhumans and different animal specieshad
preceded thisoutbreak. In themid-1940s, a diet for laboratory animals that contained peanuts3
was associated with a non-infectious disease in guinea pigs and rats; this disease was
characterized by edema, ascites, and hepatic injury and ultimately by liver cancer in rats4'5.
During the period 1945-1953, an outbreak of a non-infectious, hepatotoxic disease in swine,
cattle and dogswas encountered in the southeastern United States;the swine and cattle disease
was associated with moldy feeds. In all documented outbreaks in dogs, the commercially
prepared feed contained peanut meal as a source of dietary protein. Later studies using diets
from thesamesourceproduced similar symptoms andlesions indogs;thepeanut meal in these
latterstudieswasfound tobecontaminated with aflatoxins6.
In humans there have been numerous outbreaks that tended to be endemic in certain areas
throughout years. In spite of limited clinical aflatoxicosis in humans, there is ample evidence
for substantial exposure of populations in many areas of the world7. For example, in the
Ukraine, the use of over-wintered wheat for bread making resulted in an epidemic of a fatal
disease known at that time as alimentary toxic aleukia8. The event was attributed to certain
fungal toxins ingested with food, but the toxin and its dose could not be specified. In children
in Thailand a disease was identified with symptoms of Reye's syndrome9'10 characterized by
vomiting, and fat infiltration in the liver, kidney and heart. As the symptoms of Reye's
syndrome are approximately similar to those observed with acute aflatoxicosis in monkeys11
aflatoxin poisoning was proposed as another possible explanation for the Thailand's children
disease.

Introduction

Thus aflatoxin-related diseases have been described in animals and humans in the decades
before the dramatic outbreak of Turkey "X" disease in 1960. However this outbreak marks a
turning point that demonstrated the seriousness of the problem, led to the recognition of the
carcinogenicity of aflatoxins, and ultimately led to the acknowledgement that aflatoxin isboth
aneconomicandpublichealthproblem inmany areasof theworld.

Aflatoxincontaminationoffoodsandoccurrence
Aflatoxins are a group of highly toxic metabolites produced by fungi, Aspergillusflavus and
the closely related speciesAspergillusparasiticus12. Not all isolates of the two fungi produce
aflatoxins,butthereareindications thatmany speciesarecapableoftoxinproduction.A. flavus
produces only aflatoxin Bi and occasionally B2, whereas A. parasiticus produces other
aflatoxins aswell(seepage4).
Aspergillusflavus andAspergillusparasiticus can infect peanuts and produce aflatoxins at pre
and post harvest stages. In addition, cereal grains have been proven to be good substrates for
aflatoxin production in laboratory studies. Aflatoxins can be found in peanut kernels, in
unrefined peanut oil, in peanut cake and in peanut butter processed from aflatoxincontaminated peanuts12. Generally, the preferred carbon sources for aflatoxin production are
glucose, sucrose orfructose. Amino acidssuch asglycine andglutamic acid were alsofound to
beessential for aflatoxin production13.
Among environmental factors, temperature and moisture content showed a stimulatory effect
on production of aflatoxins. The optimal growth conditions of A. flavus for aflatoxin
production are found to be at temperatures ranging between 28-30°C and moisture content
level 15-35%14. Therefore, it is likely that aflatoxin contamination of foods is ubiquitous in
areas of the world with hot, humid climates, including sub-Saharan Africa, South-East Asia
and China. In these countries, human exposure to aflatoxins results from contamination of
dietary staple foods. For instance in India high aflatoxin production was observed in food
samples stored at a temperature of 31°C and 81.0% relative humidity15; in this study, a
hazardous level of aflatoxin production was reached after 5 months of storage. The risk of
contamination with aflatoxins can be increased due to drought stress topeanut pods during the
pre harvest stage16;physical damage of peanut kernels can also lead to higher vulnerability to
mould growth especially during storageperiods.
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Contamination with aflatoxins can cause economic damage tofanners and merchants, national
losses through export reduction, cost of returning shipments of rejected crops and cost of
control at pre and post harvest stages. Thus, the frequent occurrence of these toxins in
agricultural commodities has a potential negative impact on the economies of the affected
regions, especially in developing countries where harvest and post harvest techniques are not
adequate to prevent mould growth. It has been estimated that around 25% of yearly world's
crops arecontaminated bymycotoxins17.Therefore, measures havebeen put forward by ajoint
FAO/WHO expert committee on food additives in 198718. More recently, the FAO/WHO19
committee (1999)supported theevidence that aflatoxins shouldbe treated ascarcinogenic food
contaminants,theintakeofwhich shouldbereduced asmuch asreasonably canbe achieved.In
addition,theyreferred tothepreviousmeasures.
In Sudan peanuts and its products are of great economic importance, and are important to
agricultural export. However, fungal contamination in Sudanese groundnuts from West Sudan
was reported tobe 64to 90%20. Sudanese groundnuts imported into the USA in the year 1981
were found to contain high levels of aflatoxins, i.e. more than 50% of the samples contained
over 26 (ig/kg21. It has been determined that improper handling and storage of peanuts in
Sudan lead to multiplication of aflatoxin producing fungi and hence production of high levels
of aflatoxins22.
Apart from economic losses, contamination with aflatoxins also constitutes a nutrition and
health problem. It has been suggested that consumption of aflatoxin contaminated foods may
be related to the occurrence of kwashiorkor22b, aflatoxicosis and liver cancer. In Sudan poor
quality peanut kernels tend to be mixed with the good ones to be used for local consumption.
Therefore, the health effects of aflatoxins may be most serious at local level communities,
wherepeanutsareused asanimportant dietary component.

Chemicalandphysicalstructureofaflatoxins
Four aflatoxins commonly occur in contaminated food and feeds: Aflatoxin Bi (AFBi), B 2
(AFB2),Gi (AFGi), and G2(AFG2)Fig(1).AFBiisusually found inthe highest concentration
followed by AFGi,AFB2and AFG2.A total of 17 aflatoxins have been isolated, but the term
refers generally tothefour metabolites ofthisgroup.
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Figure 1.Aflatoxins producedbyAspergillusflavusandAspergillusparasiticus
The four compounds are distinguished on the color of their fluorescence under long-wave
ultraviolet illumination (B = blue, G = green), with the subscripts relating to their relative
chromatographic mobility. Aflatoxins are slightly soluble in water (10-30 (xg/ml),insoluble in
non-polar solvents, and freely soluble in moderately polar organic solvents (e.g., chloroform
and methanol)23. The lactone ring is susceptible to alkaline hydrolysis, aflatoxins are also
degraded by ammonia or sodium hypochlorite. The melting points of aflatoxins are very high
ranging between 237-289 °C, so aflatoxins can not readily be degraded under normal home
cookingconditions suchasboiling andfrying (approx. 150°C)24.

Many investigators have proposed that all the other aflatoxins can be derived from aflatoxin
Bi25"27'However, the biosynthetic relationship between the AFBgroup and the AFG group is
controversial.

Biotransformation
Theliver istheprincipal target organ for aflatoxin metabolism.Acute structural and functional
liver damage has been observed in field outbreaks and hasbeen reproduced experimentally in
most laboratory animal species.
Following transport across the liver cell plasma membrane, the AFBi molecule is activated by
microsomal (tubular endoplasmic reticulum (ER)-associated) mixed-function monooxygenases, requiring presence of catalytic enzymes (cytochrome P450s) to form the highly
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reactiveAFBi-S^-epoxide28.AFBi exo-8,9-epoxide istheonly known genotoxicmetabolite of
AFBi that canbeformed by theP450s.Inhumans,P4503A4appears tobe the dominant P450
involved intheformation of theexo-epoxide at allAFBi concentrations29"31.This epoxide may
become hydrated to its dihydrodiol followed by sequential oxidation to dialdehyde and
condensation with amino groups of lysine,forming Schiff bases32.AFBi-8,9-epoxidemay also
conjugate to glutathione (GSH) mediated by glutathione S-transferase (GST)33'34. This AFBiglutathione conjugate can be excreted primarily through the bile35. It has been described that
polymorphisms in the GSTMiand epoxide-hydrolase (EPHX) genes may lead to less efficient
detoxification of the AFBi-exo-8,9-epoxide, resulting in higher levels of this highly reactive
compound. Since theglutathion S-transferase polymorphism iswidely distributed inthe human
population, theroleof thisparticular enzymeinliver cancercouldbeofgreatimportance.
Although AFBi-exo-8,9-epoxide is a very unstable molecule, it results in nuclear damage7
since it reacts efficiently with high concentrations of DNA to form the guanyl N7 adduct 36
(Figure2).

AFBi can alsobe oxidized by P450 1A2todeactivated products such as aflatoxin Mi (AFMi),
aflatoxin Qi(AFQi)andbothAFBi exo-8,9-epoxide andAFBi endo-8,9-epoxide.

Toxicityofaflatoxins
Aflatoxins are reported to be toxic to a wide range of organisms, from bacteria to vertebrates
and primates37. Wide differences in toxicity have been detected among the various chemical
membersof the aflatoxin family. Therelativepotency of thefour aflatoxin types asassessed in
ducklings is, AFBi > AFGi > AFB2> AFG2 with LD50 values of 0.36, 0.78, 1.70, and 3.44
mg/kg, respectively38. However, data on clinical aflatoxicosis in humans is limited although
evidenceexistsfor aflatoxicoses ofhuman populations inmany areasof theworld.Evidenceof
acute aflatoxin toxicity hasbeen reported from Taiwan and Uganda9,10 ;it is characterized by
vomiting, abdominal pain, pulmonary oedema, and fatty infiltration and necrosis of the liver,
but the intake level was not reported. An outbreak of aflatoxin poisoning as a result of the
consumption of a heavily moldy corn (6-16 mg aflatoxin/kg), was also described in Western
India10,39.Thehydroxylated metabolite of aflatoxin B 1; especially AFMi was detected in urine
of Filipinos consuming peanut butter contaminated with ~0.5 mg AFBi/kg40. Acute hepatic
encephalopathy, due to severe aflatoxicosis occurred among Malaysians (mainly children) in
theyear 1988 \ Epidemiological investigations determined that attackrateswere significantly

Introduction

0 0
Otheroxidative
metabolites

AflatoxinBr8,9-oxide

X ,

I

EPHX

H,O

9 9 Nucleicacidadducts 9

13 H
CONHCH2COOH

?V?>°°'

S

DNA

8,9-Dihydro-8-(s-glutathionyl)- '
9-hydroxy-aflatoxinB,
8,9-Dihydro-8-(N-guanyl)9-hydroxy-aflatoxinB^

OCH3

Hcr^crxr^^ocHa

8,9-Dihydro-8,9-dihydroxyaflatoxinB,

AFB^-guanineadduct
(urine)

Figure2.Metabolicpathwayforactivationandsubsequentdetoxification ofaflatoxin Bi
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higher among children who had eaten Chinese noodles one day before they died than those
who did not. High levels of aflatoxins and their metabolites were found in blood and other
postmortem tissuesof 10children outof 13deaths.

Carcinogenicityofaflatoxin
The aflatoxins are among the most potent mutagenic and carcinogenic substances known42"45.
AFBi isthemost important of this family and is a so-called category one human carcinogen21.
The liver is the principal target organ in all species studied, probably due to the fact that the
formation of AFBi-DNA adducts is greater in the liver than in other organs; which can be
explained by the enzymes expressed in the liver. The dose ofAFBi required for acertain level
of DNA-adduction in general correlates with species susceptibility46. Aflatoxin-epoxide can
bind to the N-7 guanine codon 249 of the p53 tumor suppressor gene in human liver cells to
cause a G - ) T transversion mutation at this site; this provides further evidence for a putative
role of aflatoxin exposure inp53 mutagenesis47. Formation of DNA adducts of AFBi-epoxide
iswell characterized e.g., ithasbeen observed that many aflatoxin-initiated hepatic tumours in
trout carry cellswith point mutations in theKi-rasproto-oncogene48. The dominant species for
all aflatoxins was a codon 12 GGA -> GTA transversion. So the susceptibility of AFBi
towards G->Ttransversions iscompatible toitsmutagenicproperties43.

Descriptive Epidemiologyof Hepatocellular carcinoma
Worldwideoccurrence
Liver cancer or hepatocellular carcinoma (HCC)hasbeen recognized for many years asoneof
the most common malignancies. It is the sixth most common cancer in the world, with an
estimated world wide incidence of about 540,000 in the year 1996, accounting for 5.2% of all
newcancers4 .HCCincidence varieslargely throughout theworld;it isconsidered toberarein
the United States and western countries, ranking 25' among cancers and occurring at a rateof
four to five per 100,000 population in North America, United States and Australia50'51. In the
developing world rates of HCC are much higher (about 6-9 times), e.g. 30 per 100,000 males
in Chad and 36per 100,000malesinChina52. HCCin developing countries accounts for more
than 80% of the global cases, while 55% of the world new cases are accounted for by China
alone53.Themortality of HCC ispractically 100%,which is about 7.5%of all cancer deaths49;
survival rates arevery low, estimated to be 6% in five years in the USA; and it might be even
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lower in developing countries. The incidence of HCC increases with age, affects men more
often thanwomen, (sexratioof3:1) anditusually occursinthe5thand 6thdecadesof life54.

OccurrenceofhepatocellularcarcinomainSudan
InSudan aswell asmany other countries of thedevelopingworld, nonational orregional wide
cancer registers have been established. Data on cancer risk in Sudan is very limited. Figures
from National Health Laboratory records reported liver cancer being 1.7% of total cancer
incidence in the period 1970-74 and 3.8% in the period 1979-84.This data suggest that HCC
might be indeed relevant to Sudan. In addition, a higher incidence was reported from West
Sudan thanfrom Central Sudan55.The supposed higher riskinWest Sudan might be real,since
the ethnicgroups inWestSudan arecomparable topopulations in Chad (neighboring country),
where HCC incidence is reported to be high (see page 8). Thus, despite the lack of wellestablished cancer registries, it islikely that HCC isarelevant publichealth problem to Sudan,
asitisfor othersub-Saharan African countries.

Etiologyofhepatocellularcarcinoma
Theprincipal etiological factors for hepatocellular carcinoma have been identified as exposure
to aflatoxins, chronic infection with viral hepatitis, and other factors such as alcohol
consumption,possibly tobaccosmoking56andoralcontraceptivesuse.

Exposuretoaflatoxins
Ingestion of aflatoxin contaminated foods has been studied as a risk factor of liver cancer by a
number of ecological and analytical epidemiological studies in different parts of the world. For
example,the incidence of liver cancer in eight regions inTaiwan waspositively associated with
HCC mortality rates57; a perfect linear relationship was observed between dietary aflatoxin
exposure and HCC mortality rates in four communities in southern China58. Table 1 shows the
associationbetween aflatoxins andHCCasobservedincohortstudies,nested case-control studies
and retrospective case-control studies.A total of four cohort studies havebeen reported and they
all observed statistically significant positive associations between HCC risk and markers of
aflatoxin exposure. Two studies from the same cohort59'60 used urinary aflatoxin as a marker of
exposure;theyreported apositiveassociationfor severalurinarymetabolitesofaflatoxins.Four
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nested case-control studies were reported from Taiwan; all of them reported OR/RRs exceeding
1.0 and most of them were statistically significant. Four case-control studies from four different
countries addressed dietary sources of aflatoxins; twoof these showed clear positive associations
whilethetwoothersfailed toobserveanassociation.
In conclusion, the four cohort studies and the four nested case-control studies reported RRs
rangingfrom about3to16forhighversuslowlevelsofbiomarkersofexposuretoaflatoxins.The
four case-control studies, addressing dietary intake, reported ORs between 1.0 and 35 for high
versuslowlevelofintake.

Virtually all studies in Table 1 were conducted in Asian countries. Since climatological
conditions in these countries are similar to sub-Saharan tropical countries like Sudan,
contamination offood with aflatoxins islikely toberelevant totheseAfrican countries aswell.
Sofar, thisisonly supported by ecological studiesfrom Kenya61.

Viralhepatitis
Infections with hepatitis viruses are considered to be major risk factors of liver diseases
including hepatocellular carcinoma. There are different hepaticvirus types,but they arenot all
considered tobecarcinogenic,e.g. hepatitisAandE.
Chronicinfection withhepatitisBviruscanactasboth initiator andpromotor of livercancer.It
results in deletion and alteration of the host DNAgenome; apoint mutation of the P53gene is
alsoobserved particularly inareaswherethere isaccompanying exposure of aflatoxins in food,
suggesting ajoint role of HBV infection and aflatoxin exposure in causing HCC72. Chronic
HBV results in widespread cell death and hence cell proliferation; this can lead to cirrhosis,
which can provide an environment for cell with specific genetic damage to have a growth
advantage. Hepatitis C virus is an RNA virus, and is therefore active via a mechanism other
thanintegration intothehostDNA.

The etiological role of chronic hepatitis B infection in the development of HCC has been
established extensively, numerous analytical epidemiological studies from around the world
indicate the importance of HBV in the etiology of HCC and also from a meta-analysis study
doneby Donato eta/.74.Theimportance of hepatitis Cvirus (HCV) intheetiology of HCCwas
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initially recognized by studies in Japan75'76. Further studies have demonstrated the strength of
this association77"79, but others did not80'81. Other viruses, such as hepatitis G virus (HGV)
werenotfound tobe amajor riskfactor for HCCinanHBVendemic areainThailand: therisk
of HGV was found to be ten times lower than that of HBV82. The etiological role of the new
human DNA virus named TT virus (1TV) on HCC was not supported, according to a casecontrol study undertaken in Italy, 199983. However, as the number of studies on these other
virusesisstilllimited, different resultsinfuture studiescannotbeexcluded yet.

Otherriskfactors
Alcohol consumption is considered to be a risk factor for liver cancer. In areas where the
prevalence of aflatoxins andHBVisvery low, itisclearthat alcohol consumption isassociated
with increased risk of the development of HCC, as shown in alcoholic drinkers from northern
EuropeandNorthAmerica84'85; acase-control study from Chinahasreported similar findings71
(Table 1). However, two cohort studies from China59 (Table 1) and Japan86 reported a nonsignificant positive association between alcohol consumption and HCC; the same conclusion
was also reached by a case-control study from Japan that investigated heavy drinking vs non
drinking87. Synergistic effects of alcohol consumption with aflatoxin intake and with hepatitis
infections have been shown in case-control studies from Philippine69 (Table 1) and Italy78
respectively.

Tobacco use may be a contributing factor in areas where liver cancer is not virally induced
since the increased HCC risk from tobacco use is apparent among HBsAg-negative subjects88.
Amoderateexcessriskof HCCamongcigarette smokershasbeen suggested by Ross,199259.
Exogenous steroids, i.e. the contraceptive hormones may also be relevant in the etiology of
HCC89. This is not likely being relevant among the poor socio-economic groups in the
developing world.
Toxinsfrom blue-green algaehavealsobeen considered asanetiological factor of HCC. Some
studies have suggested that people who drink bond-ditch water contaminated with blue-green
algaeexperience higher HCCmortality ratesthanpeoplewhodid drinkdeep-well water90.
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The role of various nutritional factors including protein, minerals and vitamins in liver cancer
isextensively reviewed53.
The evidence for many dietary factors such as cereal (grains), vegetables and fruits, meat and
dairy products in the association with liver cancer is limited and most of the study results are
inconsistent. In ecological studies, protein has been suggested to protect against liver cancer.
However, in areaswhereprotein intake is low, the prevalence of chronic hepatitis B infection
and exposure to aflatoxins tend tobehigh. However, noevidence isavailable from individualbased case-control and cohort studies, either addressing protein or other macronutrients.
Human and animal evidence concerning the effect of minerals such as iron and selenium on
liver cancer is not considered sufficient yet toprove this association. However, several studies
have suggested that iron overload might be involved in increasing the risk of liver cancer, and
deficient intake of selenium has been found to increase hepatocarcinogenesis in laboratory
animals. Epidemiological and animal studies have also shown that low serum retinol
concentration is associated with liver cancer, and dietary vitamin A has been suggested to
reducetheriskof hepatocellular carcinoma.
Regardingthemechanism involved, ithasbeen demonstrated thatvitaminsAand Ccaninhibit
theformation ofAFBi-DNAadducts inwoodchuck hepatocytes91.Along similar lines oltipraz,
a chemopreventive agent, is considered to decrease the metabolism of aflatoxin to its
carcinogenicform andtoincreasethedetoxification pathway92.
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Aimsandoutlineofthethesis
Aflatoxin contamination of food and hepatitis B viral infection are involved in the etiology of
hepatocellular carcinoma (HCC) in many developing countries. As appears from previous
sections, climatic conditions in Sudan are likely to contribute to the contamination of food with
aflatoxins, possibly contributing to the risk of HCC. So far only ecological studies have been
reported from African countries,while evidence from individual-based epidemiological studiesis
lacking.Thestudiesdescribed inthisthesisaredesignedtoidentify themost important etiological
factors relevant to the incidence of HCCin Sudan, one of sub-Saharan tropical regions in Africa
experiencingahighriskofHCC.
Objective. The primary aim of this study is to investigate the role of peanut butter contaminated
withaflatoxins intheetiology ofHCC,inordertofindcluesforprevention andcontrol amongthe
Sudanese population. Following an explorative study, a case-control study (main study) was
conducted in two regions in Sudan, supposed tobe different in exposure to aflatoxins aswell as
HCCrisk.

Explorativestudy.To investigate the possibilities and limitations of conducting a case-control
study in Sudan, we first conducted an explorative study in the two regions. The aims of this
study were to compare HCC risk factors in a supposed high risk area compared to a low risk
area, to pretest the questionnaire and the procedure for recruitment of cases and controls.
Furthermore, itwas meant toexplore thepossibilities toinclude collection of biological markers
inthemainstudy.Theresultsofthisstudyareincorporated inChapter2.

Mainstudy. The aimsof themain study are toaddress questionsof direct relevance to Sudan i.e.
toestablishtheroleofaflatoxins intheetiology ofHCC.Thisisevaluated atthelevelof life style
andenvironmental factors suchasfoodconsumption andstorageconditionsofpeanuts.Inorderto
achieve abetterunderstandingofthemodeof actionof aflatoxins, andtostrengthen the scientific
rationale we also addressed polymorphisms in susceptibility genes relevant to aflatoxin
metabolism.Thisisguidedbythefollowing researchquestions:

1. Istheusual intakeofpeanutbutterassociatedwithincreased riskofHCCinWestand Central
Sudan?AresubjectswholacktheGSTM1geneatparticularly highrisk?(Chapter3).
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2. Are other genetic polymorphisms involved in the metabolism of HCC relevant risk factors
and/ormodifiers ofHCCrisk?(Chapter4).
Subsequently, theallegedroleof aflatoxins needs tobe addressed relative toother riskfactors of
HCC.Thiswasguidedbythefollowing researchquestions:
3. What is the role of hepatitis B and C viral infections in the etiology of HCC in Sudan
(Chapter5).
4. What is the relevance of joint exposure to aflatoxins and hepatitis B virus infections to the
preventionandcontrolofHCCinSudan?(Chapter6).
Scope.The ultimate aim of this research project is to contribute to a feasible strategy to reduce
HCCin Sudan. However, thevalidity of theestimated publichealth effects of aflatoxins depend
on the internal validity of the study, the underlying biological mechanisms, and the
generalizability ofresults.Theseissuesareincorporated inthegeneraldiscussion(Chapter7).

References
Thereferences tothisintroduction areprovided attheendofChapter7.
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Abstract
Thisstudyinvestigatedwhetheraflatoxin contaminationofpeanutproductsmaycontributetothe
incidence of hepatocellular carcinoma (HCC) in Sudan. Thirty-seven peanut butter and peanut
sampleswerecollectedfromlocalmarkets.Aflatoxin concentrations were significantly higherin
WestSudan [87.4± 197.3(SD) ug/kg],ahigh-riskarea,comparedwith Central Sudan(8.5±6.8
Ug/kg),a lowrisk area. InWest Sudan, humid local storage conditions of peanut products were
related to high aflatoxin concentrations. In a small case-control study of HCC patients (n=24)
andcontrols (n=34),anoddsratio of7.5(95%confidence interval = 1.4-40.2)was observed for
humid versus dry local storage conditions. Development of an index of individual HCC
exposurewaslesssuccessful, probablyduetoyear-to-year variability inaflatoxins infood. These
preliminary findings justify further research into the role of aflatoxins and hepatitis in HCC
incidenceinSudan.
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Introduction
Aflatoxin contamination of groundnuts is a serious problem in many parts of the world. It is
considered to be an important cause of hepatocellular carcinoma (HCC), one of the most
common cancers in developing tropical countries1. Studies in Mozambique, Swaziland, China
and Korea2"5 have reported high frequency of liver cancer, compared with western countries6.
Food mycotoxins like aflatoxin, malnutrition, hepatitis B virus infection, hepatitis C virus
infection, alcohol intake and various parasitic infections are frequently found to coexist with
HCC inmany areas ofthe developing world, andthere is evidence that these factors interact in
theetiologyofHCC7,8.

The groundnut is an important crop in Sudan and one of the major export products. Few
systematic surveys to study aflatoxin contamination of Sudanese groundnut have been
conducted. Habish andAbdalla9reported awiderangeofaflatoxins levelsingroundnut samples
from West Sudan. Ahmed10 reported on a consignment of the Sudanese groundnut, which was
rejected as export because of aflatoxin contamination. Omer11 showed that low quality kernels,
becauseof groundnut damagebyinsectsand moulds,areseriously contaminated with aflatoxin.
These groundnuts ofpoorerquality containing thehigher levelsof aflatoxins, areused locally as
aninexpensivecheapsourceofproteinespeciallyamongthepoor.
Population-based incidence data arenotavailable,but figures from the Sudan Cancer Registry12
show a doubling of the proportion of HCC among all cancers over the period 1970-1974 to
1979-1984 (from 1.7% to 3.8%); although this increase might partially be due to initial
underdiagnosis because of a low percentage of biopsies or autopsies, these figures suggest an
increasing incidence. Clinical experience and Khartoum hospital records, raised the suspicion
that incidence of HCC is substantially higher in the West than in the Central Sudan. Field and
laboratorystudieshaveattributedthehigherincidenceofHCCinWest SudantohepatitisBvirus
infection13.Nostudywasperformed toinvestigatetheroleofaflatoxin onHCCinSudan.

To assess whether aflatoxin contamination inpeanut products contributes tothe HCC incidence
in Sudan, we compared peanut consumption, aflatoxin levels and types of storage in an alleged
high-incidence area (West Sudan) and a low-incidence are (Central Sudan). Furthermore, we
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exploredthefeasibility ofconductingacase-control studyintheseregionstoevaluatetheroleof
aflatoxins intheetiologyinHCCinSudan.

Methods
Studyperiodandstudyarea
A surveywasconducted overaperiod of seven months (May-Nov. 1995),inWest and Central
Sudan, representing regions of higher and lower incidence of liver cancer. Sudan is situated in
NorthEastAfrica betweenlatitude4and23degreesnorthandlongitudes22and38degreeseast,
within the African tropical zone.West Sudan (North Kordofan State) is an area of 229,694 km2,
and a population size of 1,500,000. The groundnut is one of the major cultivated crops in this
region, and its cultivation is critically dependent on rain as the only source of water. Central
Sudan (Gazira State) is an area of 151,639km2, and apopulation size of2-3,000,000. Here,the
groundnut isoneofthemainproductsaswell;however, cultivation dependsmainly onirrigation
systemsforwatersupply.

Peanutbuttersamples
FromWestandCentral Sudan,threeprovinceswerechosenrandomly;ineachprovinceadistrict
and in each district one health service were chosen randomly. Peanut butter samples were
collectedfrom alocalmarketofeachvillagewherethehealth serviceswere located,eachmarket
serving approximately 1500 subjects. Twenty-three peanut butter samples and four groundnut
samples were collected from the West Sudan after seven months of local storage. Ten peanut
butter sampleswerecollected from Central Sudanafterfivemonthsoflocalstorage.Samplesize
(0.5-1 kg),samplingdate,andtype of storage wererecorded. The samples werethen transferred
toKhartoum,wheretheywerekeptinarefrigerator (5°C).

Storage was classified as mud building, dry grass house and brick house or a combination of
these. A mud building is constructed of raw mud, the floor is not covered by any means of
infrastructure, and it has athatched roof.Adry grass house has walls and a roof made of straw
supported by rafter and studs; the floor is not concrete. A brick house is constructed of mud
bricks stacked together by means of amixture made of mortar plasticizer and sand, theflooris
concrete,andtheroofiscoveredwithmetalsheets.
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AflatoxinAnalysis
The samples were analyzed at the Department for Food Safety and Health at RIKILT-DLO by
high-performance liquidchromatography usinganextractionprocedurebased onAOAC-method
No. 993.1714.Asaprinciple ofthismethod, aflatoxin Bi (AFBi)is extracted from samples with
85:15 (vol/vol)methanol/water.The filtrate isdiluted 1:1 with 10%NaCl solution and defatted
with hexane. AFBi is partitioned into chloroform, which is then removed by evaporation.
Extracts arepurified using 0.5g silica gel columns (Baker) and quantified by high-performance
liquidchromatography. Thesampleswereinjected ontoanLC18DBcolumn (250x4.6mmI.D;
Supelco, Zwijndrecht, The Netherlands), and eluted with 1N 400:510:40:50 (vol/vol/vol/vol)
methanol/water/acetonitrile/(formic acid/NaOH-buffer), pH 3.6. Aflatoxins were detected by
ultraviolet absorption at 365 nm. Except for three of the groundnut samples, the analyses were
done in two independent samples, originating from the same portion as bought at the market
place.The standard error of these duplicate analyses was 31%. Because these samples were not
homogenized before analysis, this value represents within-sample heterogeneity rather than
laboratory error. The mean values of the duplicates were used in further statistical analyses.
Recoveries of AFBi in samples spiked at 16and 250 ppb were 108and 74%,respectively. We
report data for Aflatoxin Bi, the most toxic and the most commonly occurring aflatoxin15;
however, Anatoxin B2was observed as well, in particular in the highly contaminated samples,
comprising20-40%oftheAFBilevels.

CaseandControlRecruitment
Twenty-four patients (20-75 yearsofage)were obtained byusingtheadmission listsoffour out
of six Khartoum (capital) hospitals during the survey period. This resulted in 15 patients from
West Sudan and 9 patients from Central Sudan. Because HCC cannot be treated in the health
centers in West and Central Sudan, patients from West and Central Sudan who are seriously ill
tend to receive their treatments at Khartoum hospitals,where better diagnosis and treatment are
possible. Diagnosis of HCC was based on a series of tests with increasing certainty, i.e. liver
function test (enzymes and protein), ultrasound investigations and liver biopsy. In this study 14
(58%)caseshadbeendiagnosedbybiopsy.
Controlswererecruitedfromthehealthservicesasmentioned inPeanut Butter Samples.Ateach
health service, five to seven controls (24-72 yr of age),who had no liver, stomach, or intestinal
complaints,were randomly chosen from the admission lists. The controls were matched for sex
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and age. This resulted in a total of 16 subjects from West and 18 from Central Sudan. The
responseratewas 100%sinceallinvitedcasesandcontrolsagreedtoparticipate inthestudy.
ExposureAssessment
A questionnaire was developed to evaluate the degree of exposure among the two groups in a
standardized manner.Questionnaireswerecompleted duringanoralinterview.Thequestionnaire
contained 36itemsandfocused onfood habitsandespeciallyonpeanutbutterandotherformsof
groundnut consumption interms of frequency, main composition of meals,quantity and storage
conditions. To estimate aflatoxin intake of the subjects, an aflatoxin index was constructed,
containing the following factors: frequency and quantity (portion size) of the peanut butter
consumption, and aflatoxin content of peanut butter according to storage conditions and region.
The oral questionnaire also inquired about potential confounders of the association of interest,
i.e.,hepatitisinfections, alcoholconsumption,andbilharzia.

DataAnalysis
Because the AFBi concentrations of the samples were not normally distributed we tested for
statistical significance between levels of AFBi between region and between storage conditions
usingaWilcoxonrank-sumtest. Infurther analysesthedistribution wasnormalized byusingthe
10

logAFBi concentrations,andStudent'st-testandregressionanalyseswereused.

Crude and Mantel-Haenszel adjusted odds ratios (ORs) were computed for factors representing
theexposure to aflatoxin and other risk factors of HCC.Adjustment was carried outfor agebut
notfor gender,becauseofthefewwomeninthedataset.

Results
Table 1showstheprevalence of life style andrisk factors for HCC inthe alleged high-low risk
areas (West and Central Sudan, respectively). West Sudan is socioeconomically less well
developed: the increased odds ratio's show that people are less educated and more frequently
farmer andlaborers.Differences alsorelatetofood pattern:inWest Sudan,peanutbutter iseaten
inlargerquantities and groundnuts areeatenmore frequently; roastedpeanutbutter istypical for
Central Sudan. Furthermore, storage conditions differ between West and Central Sudan: in
Central Sudan, a mud building, which is considered to have the highest humidity, is used most
often (56%),whileinWestSudan,only 13%usemudbuildings.Incontrast,47%ofthecases
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Table 1.Prevalence ofLifestyleandRiskfactors forHepatocellular CarcinomainWestan
Central Sudan,BasedontheControlgroupoftheCase-Controlstudy
Variables
Demographic factors
Age
50-75yr
20-49yr
Gender
Male
Female
Socioeconomic factors
Literacy
Illiterate
Literate
Occupation
Farmer/laborer
Merchant/soldier
Peanutbutter consumption
Frequency
>3times/week
<3times/week
Quantity
Full meal
Partmealorless
Preparation
Roasted
Unroasted
Typeofstorage'
Mudbuilding
Drygrasshouse
Brick House
Groundnut consumption
Frequency
>1 ounce/day
<1 ounce/day
Risk factors liverdisease
Hepatitis infection
Yes
No
Bilharzia infection
Yes
No
Alcohol consumption
>10 bottles/month
<10 bottles/month
None
Yearsofalcohol consumption
>10yr
<10yr

WestSudan"
(highrisk area)

Central Sudan"
(lowrisk area)

PrevalenceOR*

7(44)
9(57)

15 (83)
3(17)

3.9 (0.8-19.0)
1.0

3.0

0.08

13(81)
3(19)

17(94)
1 (6)

0.3 (0.02-2.7)
1.0

1.4

0.23

10(63)
6(37)

4(22)
14(78)

5.8(1.3-26.2)
1.0

5.7

0.02

11 (69)
5(31)

9(50)
9(50)

2.2 (0.5-9.0)
1.0

1.2

0.3

9(56)
7(44)

8(44)
10(56)

1.6(0.4-6.2)
1.0

0.5

0.5

14(88)
2(12)

8(44)
10 (56)

8.8(1.5-50.3)
1.0

6.9

0.01

6(37)
10 (63)

17(94)
1 (6)

0.04 (0.004-0.3)
1.0

12.6

0.000

2(12)
8(50)
6(38)

10(56)
1 (6)
6(33)

0.2(0.03-1.3)
8.0(0.8-85.3)
1.0

3.0
3.5

0.08
0.06

11(69)
5(31)

4(22)
14 (78)

7.7(1.7-35.7)
1.0

7.4

0.006

13(81)
3(19)

8(44)
10 (56)

5.4(1.1-25.8)
1.0

4.9

0.03

4(25)
12 (75)

8(44)
10 (56)

0.4(0.1-1.8)
1.0

1.4

0.2

4(24)
5(31)
7(44)

4(22)
7(39)
7(39)

1.0(0.2-5.7)
0.7 (0.2-3.4)
1.0

0.0
0.2

1.0
0.7

6(37)
10(63)

6(33)
12(67)

1.2(0.3-4.9)
1.0

0.1

0.8

x2

p-value

"' Value inParentheses ispercentage.b:Value inParentheses is95%confidence interval.OR, odds ratio.
'One control inCentral Sudan combined mud building and dry grass house

c
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from West Sudan use mud buildings. Hepatitis infections were reported with high frequency
(21 of34controls, 62%),far more frequent in West Sudan (prevalence 81% as compared with
44%inCentralSudan).

The AFBi concentrations are between <1 ug/kg (detection limit is 1 ug/kg) and 781 ug/kg.
Sixty-three percent of the samples from West Sudan were above the permissible level of 10
ug/kg,and 50%ofthe samplesfromCentral Sudanexceeded this level (Figure 1).MeanAFBi
concentration differ significantly between West (87.4 ± 197.3 (SD)) and Central (8.54 ± 6.75
ug/kg) Sudan (p = 0.04, Wilcoxon rank-sum test). Aflatoxin concentrations in groundnuts and
peanut butter were similar. The highest concentrations were found in samples from mud
buildings in West Sudan (Table 2). Mean AFBi concentration of samples from mud buildings
anddrygrasshouseswithinWestSudandiffer significantly (p=0.005,Wilcoxonrank-sumtest);
in Central Sudannodifferences werefound between thetypes of storage.Multiple regression of
10

log AFBi concentrations showed independent associations of region (p=0.031) and storage

conditions (p=0.010). Although adding an interaction term between region and storage
conditions did not significantly improve the fit of the model (p=0.23), the mean and observed
values by region and storage conditions (Figure 1,Table 2) suggest that storage conditions are
relevanttoaflatoxin concentrations inWestSudanonly.
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Table2.MeanaflatoxinBi concentrations inpeanutproductsbyregionandtypeof
„a.b
storage
Storage

WestSudan

CentralSudan

MudBuilding

55.2(21.6-141.1)*

5.5(2.2-13.4)*

DryGrassHouse

5.5(2.1-14.1)

4.9(1.3-19.6)

BrickHouse

19.8(6.8-57.6)t

7.4(2.0-27.0)§

Overall

17.8(8.9-35.4)°

5.8(3.2-10.6)

a

Valuesaremeansexpressedinng/kgwith95%confidenceintervalinparentheses.Concentrationswere
transformedfromanalysesonalog10 scale.
statisticalsignificancenisasfollows:*:p=0.003;f:p=0.13;notdifferentfromdrygrasshouseinCentralSudan;
{:p=0.69; §,p=0.90; :borderlinesignificantlydifferentfromoverallinCentralSudan(p=0.07).

b

Table 3 shows risk factors of HCC among cases and controls. The use of mud buildings for
storagewasstronglyandsignificantly associatedwithHCC,whichremained after adjustment for
age and hepatitis infection or for education as an indicator of socioeconomic conditions. In
addition, Table 3showsthe association oftheaflatoxin index and HCC.This index wasweakly
associatedwithHCC(OR= 1.2),andwasslightlystrengthenedwithinthesubjects infected with
hepatitis virus (OR= 1.5, 95%CI =0.9-2.5).Norelation was found between HCC and hepatitis
infection, but it became weakly positive when adjusted for age. Low socioeconomic status, as
indicated by illiteracy and job, was positively associated with HCC, but this association was
weakened whenadjusted for age,andwasalsorelatedtoregion (not adjusted for). Other factors
didnotaffect theassociationbetweentheaflatoxin indexandHCCinthissmalldataset.
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Table3.Association ofHepatocellularCarcinomaWithFactorsRepresentingExposureto
Aflatoxin,RiskFactorsforLiverDisease,SocioeconomicandDemographic factors
n
Variables
ExDosureto aflatoxin
Peanut butter
frequency
>3times/week
<3times/week

Cases

OR"
Controls

Crude

ageadjusted MH-OR

age+hepatitis adjusted
MH-OR

12
12

17
17

1.0(0.4-2.8)
1.0

1.2(0.4-3.6)
1.0

1.1 (0.4-3.4)
1.0

Peanutbutter quantity
Fullmeal
Partmealorless

16
S

22
12

1.1 (0.4-3.6)
1.0

1.3(0.4-4.5)
1.0

1.3(0.4-4.6)
1.0

Typeofstorage
Mudbuildingb
DryGrassHouse
BrickHouse

15
5
2

12
9
12

7.5(1.4-40.2)
3.3(0.5-21.3)
1.0

6.1 (1.0-38.8)
1.7(0.3-8.9)
1.0

5.1 (1.0-25.2)
3.1 (0.4-23.4)
1.0

Aflatoxin indexc
High (index>20)
Low (index<20)

14
10

17
17

1.4(0.5-4.0)
1.0

1.4(0.4-4.2)
1.0

1.2(0.4-3.9)
1.0

Riskfactors for liverdisease
Hepatitis infection
Yes
No

15
9

Bilharzia infection
Yes
No

7
17

12
22

0.8(0.2-2.3)
1.0

0.8(0.3-2.8)
1.0

1.0(0.3-3.5)
1.0

Alcohol consumption
>10yr
<10yr

11
13

12
22

1.6(0.5-4.5)
1.0

1.1(0.3-3.4)
1.0

0.9(0.3-3.1)
1.0

Socio-economic factors
Region
West
Central

15
9

16
18

1.9(0.6-5.4)
1.0

1.5(0.5-4.6)
1.0

1.3(0.4-3.9)
1.0

Literacy
Illiterate
Literate

18
6

14
20

4.3(1.4-13.5) 2.6(0.7-9.3)
1.0
1.0

2.3(0.7-8.3)
1.0

Occupation
Farmer/laborer
Merchant/soldier

21
3

20
14

4.9(1.2-19.7) 3.7(0.9-14.7)
1.0
1.0

3.9(0.9-16.6)
1.0

a:

21
13

1.0(0.4-3.0)
1.0

1.4(0.4-4.6)
1.0

N.A.

Values inparentheses are95%confidence intervals.MH,Mantel-Haenzel;NA,notapplicable.
Twoadditional casesand 1 controlreportedauseofamudbuildingwithotherstoragecondition;depending onthe
classification,thismight slightly weaken orstrengthenthe association.
c
Aflatoxin index=frequency(times/month) *quantity (full meal=2/part meal= 1)*aflatoxin accordingto storage
conditionbasedonTable2;indexrangesfrom0to 1.042,withhighandlow indexdefined bymedian among
controls(index=20);onaverage,alow indexcorrespondsto 10andahighvalueto 175.
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Discussion
We found the highest peanut butter consumption and highest aflatoxin concentrations in West
Sudan,theregion withthe alleged highest liver cancer incidence. Inthis regionpeanut products
stored in mud buildings were related to the highest aflatoxin concentrations and mud buildings
were also associated with HCC in the case-control analysis. Although confirmation in a larger
study is required, these findings support the idea that peanut butter consumption and storage
conditions are important determinants of exposureto aflatoxins in Sudan. The study also shows
thatitisfeasible toconductacase-control studyintheseregionsinSudan.
ForAspergillusflavusandthemoreprevalentAspergillusparasiticus16theoptimal conditionsto
get maximum aflatoxin production are temperatures between 25 and 28°C, moisture content of
25% and a relative humidity up to 99%. Especially when combined with pre-harvest drought
stress, these post-harvest wet-storage conditions result in high aflatoxin contamination17. The
temperatures are quite similar in Central and West Sudan, but in Central Sudan higher
precipitation18 and better irrigation and drainage systems help to avoid drought stress in the
peanuts,whereas pre-harvest drought stress ismuch more common in West Sudan. In line with
this,weobservedthehighest aflatoxin concentrations inmud building inWest Sudan;however,
the small samples size and two months shorterpost-harvest storage time in Central Sudan may
provideanalternativeexplanationofthisobservation.

Inthecase-control studyweobservedanassociationbetweenstorageinmudbuildingsandHCC,
but the use of the aflatoxin index did not reveal a clear association. This apparent discrepancy
might originatefromlackofreliability intheaflatoxin indexasamarkeroflongterm individual
exposure,relevanttotheriskofHCC.Despitegreatexpansionofgroundnutproduction inSudan
during the past decades, food habits and storage conditions of the local population tend to be
stable over long periods of time, and aflatoxin contamination in West Sudan has been reported
already in 19719. In line with this, we observed higher consumption of peanut products and
higher levels of aflatoxins in West Sudan. In calculating the aflatoxin index for cases and
controls, however, several types of error are multiplied, i.e. mismeasurement of individual
dietary habits by the food frequency, weather-related year-to-year variability in contamination
levels, and the small sample size (of peanut products). Furthermore, as compared with the
population size of West Sudan, subjects from Central Sudan were underrepresented among the
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controls;becausetheyeatfewerpeanutproducts,theassociationbetweentheaflatoxin indexand
HCCwillbe further attenuated. Individual dietary assessment and aflatoxin analysisin different
food items hasbeen used successfully ina case-control study inthe Philippines, where a strong
significant association between primary liver cancer and overall mean aflatoxin load inthe diet
was found (relative risk = 17.0, significant at 0.05 level)19. In that study, however, aflatoxin
exposure mainly originated from two food products withhigh concentrations: 1)cassava and 2)
peanut butter. In Central and West Sudan, however, peanut butter is the main aflatoxin
containing staple food, and regional food patterns,weather and storage conditions might be the
maindeterminants ofexposureto aflatoxins.

Hepatitis infection canbe aconfounder inthe relation between aflatoxins and HCC.Indeed, we
observed the highest frequency of self-reported hepatitis infections in West Sudan, the region
with high consumption of peanut products and the alleged high incidence of HCC. The high
prevalence of self reported hepatitis (21 of 34 controls), however, suggests low specificity for
this question, resulting in misclassification. For this reason, hepatitis did not appear as a risk
factor in the case-control study and adjustment for confounding was insufficient. Furthermore,
theassociationbetweenaflatoxin andHCCmightbemodified byhepatitis.Rossandco-workers4
observed a strong interaction between hepatitis B surface antigen positivity and biomarkers of
aflatoxin exposure in risk of liver cancer. In future studies in Sudan, the role of hepatitis
infectionsneedbeaddressedusingbloodtests.

Inconclusion,thesmall sizeofourstudydoesnotpermit firm conclusions. However, the results
support the initial idea that contamination of peanut products with aflatoxin might indeed
contributeto HCCin Sudan. Iftheseresults areconfirmed ina larger study, improving methods
oflocalstorageofpeanutproductsmaycontributetoloweringlivercancerinSudan.
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Abstract
Hepatocellular carcinoma (HCC) is one of the major cancers in the world. In Sudan, the
incidence isthought tobehighand increasing.
Objective.This study aims to assess the association between peanut butter intake, as a source
of aflatoxins, and the genetic polymorphism of glutathione-S-transferase Ml (GSTM1) in the
etiology ofHCC.
Method. A case-control study was conducted among 150 patients and 205 controls from two
regions in Sudan. Food habits with special reference to peanut butter consumption as well as
peanuts storage systems have been investigated, as well as confounders such as hepatitis,
drinking and smoking habits,and demographic characteristics. GSTM1genotype was assessed
inDNAextracted from blood samples(110cases, 189controls).
Results. A positive association was observed for highest vs lowest quartile of peanut butter
intake,humid storage system and HCC,with OR's (95%CI)being 3.0 (1.6-5.5) and 1.6(1.12.5) respectively. The positive association with peanut butter intake was essentially limited to
subjects with GSTM1nullgenotypewith ORfor highestvslowestquartile 16.7(2.7-105).
Conclusion.Peanut butter consumption hasbeen identified as astrong risk factor of HCC in a
region with endemic aflatoxin contamination in Sudan and was essentially limited to subjects
with theGSTM1nullgenotype.

Key Words: Peanutbutter,genotype,livercarcinoma, Sudan
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Introduction
Aflatoxins are food-bome toxins, produced by the fungi Aspergillus flavus and Aspergillus
parasiticus1''',and are regarded as potent toxins, mutagens, teratogens and carcinogens4. The
most carcinogenic member of this group is aflatoxin Bi (AFBj)5, which is also the most
commonly found. Aflatoxins have been implicated in the etiology of hepatocellular carcinoma
(HCC), which is one of the major cancers in the world and a public health concern in many
developing countries. Several epidemiological studies in areas of high aflatoxin exposure
particularly in Africa, Southern China and Taiwan6"8 have further substantiated this idea. The
geographical variation of HCCalso suggests theinvolvement of environmental factors, such as
exposure to aflatoxins, interaction with hepatitis B (HBV) and hepatitis C viruses (HCV),
drinkingofcontaminated water, and alcohol consumption.
In Sudan, oil seeds areof great importance inthe traditional and irrigated agriculture practices.
Peanut isthemost important of theoilseeds,both for export and for local consumption. Peanut
butter, oneof themainpeanut products,isconsidered tobe apopular meal in different partsof
the country especially among thepoor socio economic groups.Improper agricultural practices,
storage and processing lead to multiplication of aflatoxin producing fungi and hence
production of high levels of mycotoxins. Peanuts kernels (used for peanut butter processing)
are frequently damaged by insects, rodents and moulds and are found to be seriously
contaminated with aflatoxins9. A wide range of aflatoxin levels has been reported in peanut
samples from West Sudan10. In an explorative study conducted in West and Central Sudan,
peanut butter samples from the western region scored the highest aflatoxin levels, three times
ashigh asin Central Sudan, coincidingwith the higher incidence of liver cancer inthis region.
The same study suggested that storage of peanuts inside humid types of stores contributes to
higher aflatoxin levels inpeanutbutter inWest Sudan (five fold theWHOpermissiblelevel)11.

The n-class enzyme glutathione-S-transferase Ml (GSTM1) plays an important role in the
defense of the body against reactive compounds. Detoxification of AFBi metabolites in
hepatocytes by conjugation toglutathione isoneof theactivities of thisphase IIenzyme .The
GSTM1 gene has been shown to be polymorphic13: individuals may lack GST \i enzyme
activity duetohomozygous deletion. Lackof theenzyme activity leavesmoreof the mutagenic
metabolite to bind to DNA14. Individuals homozygous for the null allele may therefore be at
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increased cancer risk when exposed to potential carcinogenic compounds. Former studies
suggest that the risk of cancer conferred to individuals homozygous for GSTM1 gene deletion
appears to be small, though interactions of GSTM1 with exposure factors and risk for lung
cancer have been described15. A small case-control study among hepatitis infected subjects in
Taiwan suggested that the GSTM1 genotype might be a modifier of the association between
aflatoxin exposure andHCC16.
In order to assess the potential involvement of dietary aflatoxin exposure in the etiology of
HCC in Sudan, we compared peanut butter consumption for cases and controls in West and
Central Sudan, as ahigh and low incidence area, respectively. GSTM1genotypes of cases and
controls were compared to determine the potential modification of the association between
aflatoxins andHCCbygenetic susceptibility.

Methods
Geographicalbackground
A case-control study was conducted during a period of two years (Sept. 1996-Sept. 1998), in
West and Central Sudan representing regions of higher and lower incidence of liver cancer
respectively. West Sudan (North Kordofan State) is an area of 230,000 km2, and a population
size of 1,500,000. Central Sudan (Gazira State) is an area of 152,000 km 2 , and a population
sizeof 2,500,000.Allcases andcontrolsresided inthese regions.Since adequate diagnosis and
treatment of liver cancer in not available in the regional hospitals, suspected cases are usually
referred to one of the hospitals in Khartoum, the capital of the country, situated 650 Km from
West Sudan and500Kmfrom Central Sudan.

Case recruitment
Anumber of 150patients between 21-70 years were enrolled from the two study regions, in a
period of two successive years. Cases were recruited from 5 out of 6 hospitals in Khartoum
(Tropical Medicine Hospital,Oumdurman Hospital, Khartoum Hospital, Soba Hospital andIbn
Sena Hospital). The admission lists from the departments of Internal Medicine in these
hospitals were screened weekly to identify newly admitted HCC cases; then the responsible
doctor and patients were contacted. Blood samples were obtained from 115 of these patients;
missing blood samples were attributable to study logistics only. For all included subjects
diagnosis of HCC was verified clinically, by liver function test and by ultrasound. Due to
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severity of thedisease,liverbiopsy examinations and histological confirmations were obtained
from 95% of the cases. All cases identified by these procedures agreed to participate in the
study.
Controlrecruitment
Controls were community-based subjects, recruited from the same catchment areas as the
cases; the number of controls was chosen proportional to the population size of the two areas.
Therefore, four localities from West Sudan and six localities from Central Sudan were chosen
randomly by means of amapof each region.In each locality there are 10-15 sugar shops,each
serving apopulation size of 2,000-2,500 households.The sugar shops hold a complete registry
of households with only names and sex (i.e. they were not identified by age); registration by
the shops is required for all inhabitants in the locality, irrespective of their income. From each
locality, one sugar shop was chosen randomly and twenty households were taken randomly
from the shoplist. Since liver cancer ismoreprevalent among men, this selection wasmade in
a ratio 1:3 women to men. A total of 205 controls aged 25-70 years were enrolled, from 199
blood sampleswere obtained (80from West and 119from Central).All chosen controls agreed
tocooperate inthestudy.

Diet andlifestylefactors
Based on the experience obtained during the explorative study11, we designed a questionnaire
to assess peanut butter intake in a standardized manner. All participating subjects were
interviewed personally, at hospitals for cases and at home for controls. All interviews were
done by oneperson (R.O.) using the standardized questionnaire. Almost all patients were able
to provide answers to the questionnaire except for a few who required the help of a family
member who isalways present inthe hospital to assist thepatient (so-called "co-patient"). The
questionnaire inquired on the frequency and quantity of peanut butter on a daily or weekly
basis. Frequency was inquired both "in season" and "off season", the former corresponding to
the period of the year with active agricultural practices following the start of the rainy season,
i.e. June - September (3 months), the latter is during the dry season, i.e. October-May (9
months). Quantity was assessed in two ways, first in terms of meal pattern, i.e. it was asked
whether peanut butter is eaten as a part of the meal or as a full meal; second, the amount of
peanut butter consumed per meal was inquired and divided by the number of subjects usually
sharing the meal. To calculate average monthly intake, a weighted average of the frequency
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consumption "in"and "off seasonwasused (seeTable2,noteY).Inaddition topeanut butter
consumption, we also assessed themode of storage of peanuts because this may be relevant to
theaflatoxin content of thepeanutbutter bought at thelocalmarkets.Storagewasclassified as
"Mud Building", "Dry Grass House", and "Brick Stones House". A Mud Building is
constructed of raw mud, the floor is not covered by any means of infrastructures, and it has a
thatched roof.A Dry Grass House has walls and aroof made of straw supported by rafter and
studs, the floor is not a concrete one. A Brick Stones House is constructed of mud bricks
stacked together by means of a mixture made of mortar plasticizer and sand, the floor is
concrete, and the roof is covered with metal sheets. As shown in our explorative study, the
Mudbuilding storagetypeisassociated withhighest aflatoxin levels,especially inWest Sudan
where agricultural practices are very poor1 . The questionnaire also identified the potential
confounders and other risk factors of HCC, e.g. hepatitis infections, smoking and drinking
habits.

Bloodsamples
Ten ml of blood was obtained from cases and controls using the venoject system, with tubes
containing a gel layer for separation of blood serum and cells (i.e. no coagulant material was
used).
From eachpatient, the obtained blood sample was centrifuged immediately after venapuncture
at (2000 round per minute)for 10 minutes; the separated blood cells were then kept at minus
20°C.Immediately after venapuncture, blood samples from controls were put in isolated foam
boxes (at 4°C); on the same day, the samples were transported to the regional hospital
laboratory where the serum and the cellswere separated asmentioned above.These vials were
kept at minus 20°C until they were transferred in isolated foam boxes at less than 0°C to
Khartoum National Health Laboratory where they were stored at minus 20°C. The blood
samples from both cases and controls were transported to Wageningen, the Netherlands in dry
ice,forfurther analysis.

Laboratoryanalysis
Blood samplesof 110cases and 189controlswere available for GSTM1genotyping. Lossof5
cases and 10 controls was caused by reasons unrelated to study design. DNA was extracted
from white blood cells present in a 200 |alblood residue using the QIAampblood kit (Qiagen
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Inc. Valencia, California, USA). The total yield of DNA varied between 12 and 70 \\.g. The
presence or absence of GSTM1and GSTT1was determined asproposed by Arand eta/.17,but
instead of amplification of the albumin gene,B-Globinwas coamplified as an internal positive
control18. Water controls were coamplified as external negative controls. GSTT1 results were
not used for analysis in this study. PCR reactions were carried out in 25 \x\ volume containing
approximately 100ngDNA, 10pmolof each GSTM1primer, 10pmol of each GSTT1primer,
5 pmol of B-globin gene primers, 7.5 |amol deoxynucleoside triphosphates, 0.25 units of DNA
TAQpolymerase (SphaeroQ) and2.5 \xl of SuperTAQbuffer (100mMTris-HClpH 9,15mM
MgCl2, 500 mM KC1,0.1%gelatin, 1% Triton X-100) (HT Biotechnology Ltd. Cambridge,
UK).After 4minutes at94°Cfor primary denaturation, thesampleswereprocessed through 36
temperature cyclesof 1 min at94°C, 1 minat58°C and 1min at72°C.Thelast elongation step
was extended to 5 min. All reactions were performed in a thermal cycler (PTC-100, MJ
Research, Inc. Watertown, Massachusetts, USA). The amplified products were visualized
underUVlight after DNAelectrophoresis onanethidiumbromide-stained 2%agarosegel.The
fragments of GSTM1,B-globin andGSTT1were215,350 and480bpinsize respectively.
Hepatitis Band hepatitis Cvirus infection, was determined in blood serum, and was based on
Hepatitis B surface antigen (HBsAg) and HCV antibodies, as determined by Hepanostika
HBsAg and ORTHO HCV 3.0 ELISA test System with Enhanced SAVe test kits (Organon
Teknika, Boxtel, The Netherlands). The tests were performed according to the manufactures
instructions.

Dataanalysis
The usual frequency and amount of peanut butter consumption, mode of storage and genotype
were compared between cases and controls followed by calculation of crude odds ratio's, X2
testing and determination of confidence intervals. Subsequently, analyses were stratified for
age,region,gender, hepatitisinfections, education andjob type aspotential confounders and/or
modifiers. A variable was considered an effect modifier if the X2 of the interaction term was
significant at p<0.05.Avariable was considered aconfounder if it altered the OR in the trend
test by 10%or more.The test for trend was conducted by scoring the subsequent categoriesof
intake from 1 to 4 and entering this score as a continuous variable in a logistic regression
model. Finally, multivariate analysis was used to establish the association between usual
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consumption of peanut butter and HCC, accounting simultaneously for the potential
confounders, and in strata for potential modifiers. The final model is adjusted for age, region,
hepatitis infections, storage type and stratified for genotype. All analyses were performed by
using SAS 6.12 (SAS Institute Inc., Cary, NC, USA).All odds ratios are presented with95%
confidence intervals(95%CI).Thefinal ORsfor testfor trend canbe interpreted astherelative
risk for developing HCC at high amount of peanut butter consumption compared to one class
lower amount of peanut butter consumption in West and Central Sudan. OR to the power 3
givesrelativeriskof thehighestvslowestquartileofpeanutbutter consumption.

Results
Table 1 providesmaincharacteristics of casesandcontrols.Regardingvariables thatare related
tothestudy design and conduct, thecases appeared tobe older because the intended frequency
matchingonagecould notbe realized duringthefieldwork. Ahigher percentage of caseswere
obtained from West Sudan, while the distribution among controls represents the population
size of the two areas, as intended. HCC was three times more frequent among males and
matchingongenderwas successful.

Concerning the potential confounders, indicators of poor socio-economic status, i.e. illiteracy
and being farmer or laborer were more prevalent among cases (P<0.001). As expected,
infection with hepatitis Bor Cwas muchmoreprevalent among cases,with OR=12.9(95%CI
6.9-24.2). For drinking and smoking habits, prevalence among cases and controls was similar
(P>0.05).
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Table 1.Maincharacteristics ofcasesandcontrols.
Potential risk factor

Cases
(n=150)
No. (%)

Controls
(n=205)
No. (%)

Designrelated variables
Age
<40
40-59
60+

15
53
82

(10)
(35)
(55)

81
99
25

(40)
(48)
(12)

Region
West
Central

93
57

(62)
(38)

80
119

(40)
(60)

Gender
Male
Female

113
37

(75)
(25)

153
52

(75)
(25)

Potential confouders
Education
Illiteracy
Literacy

107
43

(71)
(29)

72
133

(35)
(65)

Jobtype
Farmer+Laborer
Others

82
68

(55)
(45)

74
131

(36)
(64)

Drinkinghistory
Yes
No

57
93

(38)
(62)

63
142

(31)
(69)

Smokinghistory
Yes
No

55
95

(37)
(63)

78
127

(38)
(62)

HepatitisBorC
Yes
No

61
54

(53)
(47)

16
183

(8)
(92)
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Table 2 shows the reported food habits, storage methods and genotype. The frequency of
peanut butter consumption isfound tobe substantially higher for cases both in-season and offseason; meal serving size indicated either by meal pattern or portion size was also higher
among cases.For all indicators ofpeanut butter consumption, the ORs exceeded 2.0 and were
statistically significant. The above variables, combined to give the average consumption, show
oddsratios increasing from 1.0 to 3.0 withtest oftrend being statistically significant (OR=1.5,
95% 0=1.2-1.8). Otherdietary factors, susceptible to contamination by mycotoxins (sorghum,
millet and corn), were not materially associated to HCC; the age and region adjusted odds
ratios for their associations with HCC were 0.8 (0.4-1.7), 1.6 (0.8-2.9) and 1.5 (0.9-2.5) for
sorghum, millet and corn consumption respectively. Regarding storage, humid storage was
found tobe moreprevalent among cases than Brick Stones and Dry Grass House (dry) storage
types, with OR = 1.6 (95%CI=1.1-2.5). The GSTM1 null genotype, which indicates aflatoxin
detoxification inability,wasnot associated withriskofHCC(OR=0.9,0=0.6-1.5).
Table 3 compares potential risk factors of HCC and peanut butter consumption among the
control group. Age categories were approximately similar represented in both high and low
peanut butter consumption levels. Although socio-economic status shows a slight association
with peanut butter consumption, other dietary sources susceptible to be contaminated with
aflatoxins or othermycotoxins such as sorghum, millet and corn were similarly present among
high and lowpeanut butter consumption. Other variables such asregion, gender, smoking and
drinking habits showed almost no differences among the groups. Hepatitis infection was
slightly more frequent among those with high consumption of peanut butter. The GSTM1 null
genotypehad similar frequency (±40%)insubjectswithhighandlowintakeofpeanutbutter.
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Table2.Factors relevanttothe exposuretoaflatoxins amongcases andcontrols.
Potential risk factor

Cases (n=150)*
No.
(%)

Controls (n=205)*
No. (%)

Odds Ratio (95%CI)

Peanut butter consumption
Frequency consumption in season
<3times /week
>= 3times /week

76
70

(52)
(48)

152
52

(75)
(25)

1.0
2.7(1.7-4.2)

Frequency consumption offseason
< 3times /week
>= 3times /week

96
50

(66)
(34)

162
42

(79)
(21)

1.0
2.0(1.2-3.3)

Mealpattern in season
Partofameal
Full meal

49
97

(34)
(66)

Meal pattern off season
Partof ameal
Full meal

78
68

(53)
(47)

141
63

(69)
(31)

1.0
2.0(1.3-3.0)

Portion size [quantity /person]
Low portion size (< 25g)
Highportion size(>25g)

50
96

(34)
(66)

106
98

(52)
(48)

1.0
2.1 (1.3-3.2)

Average consumption (g/month)T
<70
71-150
151-300
>300

22
25
36
63

(15)
(17)
(25)
(43)

53
48
52
51

(26)
(24)
(25)
(25)

1.0
1.3 (0.6-2.5)
1.7(0.9-3.2)
3.0(1.6-5.5)

Main staple food consumption
Sorghum
No
Yes

26
124

(17)
(83)

25
180

(12)
(88)

1.0
0.7(0.4-1.2)

Millet
No
Yes

100
50

(67)
(33)

164
41

(80)
(20)

1.0
2.0(1.1-3.2)

Cora
No
Yes

100
50

(67)
(33)

137
68

(67)
(33)

1.0
1.0(0.6-1.6)

Storage tvpe
Drytype2
Humid type1

51
99

(34)
(66)

94
111

(46)
(54)

1.0
1.6(1.1-2.5)

Genotype
GSTMl*
Present
Null

65
45

(59)
(41)

115
74

(61)
(39)

1.0
0.9(0.6-1.5)

117
87

(57)
(43)

1.0
2.6(1.7-4.1)

*= Peanut butter consumption data from 4 cases and 1 control were missing.
Y=Calculated as: [3*freq "in season" +9*freq "offseason"] *[portion size] * V12(see methods section)
1
= Mud building storage system 2=Brick stones + dry grass house storage systems.
*= 110cases and 189controls.
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Table 3. Potential risk factors of hepatocellular carcinoma stratified by peanut butter
intake.
Potential risk factor

Low average peanut butter
High average peanut butter
consumption (n= 01)
consumption (n=103)
No.
No.
(%)"
(%)"

Age
<40
40-59
60+

45
44
12

(44)
(44)
(12)

36
54
13

(35)
(52)
(13)

Region
West
Central

44
57

(44)
(56)

38
65

(37)
(63)

Gender
Male
Female

76
25

(75)
(25)

76
27

(74)
(26)

Education
Illiteracy
Literacy

31
70

(31)
(69)

40
63

(39)
(61)

Jobtype
Farmer + Laborer
Others

32
69

(32)
(68)

41
62

(40)
(60)

Main staple food
Sorghum
Yes
No

86
15

(85)
(15)

93
10

(90)
(10)

Millet
Yes
No

18
83

(18)
(82)

23
80

(22)
(78)

Corn
Yes
No

34
67

(34)
(66)

33
70

(30)
(70)

Drinking history
Yes
No

29
72

(29)
(71)

34
69

(33)
(66)

Smoking history
Yes
No

41
60

(41)
(59)

37
66

(36)
(64)

Hepatitis B orC infection*
Yes
No

6
92

(6)
(94)

10
90

(10)
(90)

Genotype"
Null
Present

39
55

(42)
(58)

35
59

(37)
(63)

For each potential risk factor stratum frequencies forhigh and lowpeanutbutter consumption is shown.
n=199 "n=188
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Table 4 shows ORs in quartiles of peanut butter consumption with test for trend and X2 for
interaction. As compared to the crude analysis (Table 2), it appears that adjustment for age
tends to increase the OR slightly; since matching for age was intended, we adjusted for this
variable throughout further analysis. Moreover, the OR for the highest vs lowest level of
exposure was 3.0 in crude analysis (Table 2) and increased only slightly (to 3.3) upon
adjustment for age; furthermore, this OR approximately equals the OR for trend to the power
ofthree(e.g., 1.503 = 3.4). When the otherpotential confounders were added theresults for all
categories of intake remained essentially similar, as did the test for trend. When the potential
confounders were addedjointly (combinations of three) results were similar (data not shown).
The result for the test for trend was similar increased after adjustment for GSTM1 genotype.
Tests for interaction identified region, storage type and genotype as potential modifiers in the
association ofpeanutbutterconsumptionwithriskofHCC.

Hepatitis infections, a supposed modifier of the aflatoxin-HCC association, did not show a
significant interaction. After adjustment for age,ORand (95%CI) for thetest for trend among
hepatitis positive subjects was 1.23 (0.68-2.24), while it was 1.54 (1.13-2.11) among hepatitis
negative subjects.

Table 4. Odds ratios and test of trend for peanut butter consumption and hepatocellular
carcinoma,adjusted forpossible confounders.
Peanut butter
Intake (g/month)
Adjusted for

<70

71-150

151-300

Age
Age +region
Age+ sex
Age + education
Age +job type
Age + storage
Age +hepatitis2
Age + GSTM13

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.3(0.6-2.9)
1.5(0.7-3.2)
1.3(0.6-2.9)
1.4(0.6-3.2)
1.3(0.6-2.7)
1.3(0.6-2.9)
1.6(0.6-4.4)
1.8(0.7-4.5)

1.9(0.9-3.9)
2.0(1.0-4.2)
1.9(0.9-3.9)
2.0(1.0-4.3)
1.8(0.9-4.0)
1.8(0.9-3.7)
1.9(0.7-5.1)
2.0 (0.8-5.0)

Test for trend1

Effect modification

>300

(95% CI)

X2

3.3 (1.7-6.5)
3.1 (1.6-6.3)
3.3(1.7-6.6)
3.2(1.6-6.4)
3.0(1.5-6.1)
3.5(1.8-7.1)
3.3(1.4-8.1)
4.0(1.8-9.2)

1.50(1.20-1.86)
1.46(1.18-1.82)
1.50(1.21-1.86)
1.47(1.18-1.83)
1.47(1.18-1.82)
1.53(1.23-1.91)
1.47(1.12-1.93)
1.56(1.21-2.00)

11.87(0.0001)
0.57 (0.4509)
0.61 (0.4365)
0.00 (0.9912)
3.92 (0.0478)
0.56 (0.4545)
4.44 (0.0350)

Odds Ratios (95%Confidence Interval)

(p-value)

= Categories scored 1 to4respectively; the ORrepresents the 'average' OR comparingtwo adjacent categories
of intake.OR tothe power 3approximately equals the OR for the highest vs lowest quartile of exposure.
= The analyses were limited toa subset of 115cases and 199controls for whom blood samples were available
andtested for hepatitis Band C.
3
=The analysis were limited toa subset of 110cases and 189controls for whom blood samples were available for
determination of genotype.
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Because of the modifiers identified, Table 5 shows results of simple stratified analysis with
adjustment for age only. It appeared that the association between peanut butter consumption
and HCC was essentially confined to West Sudan, dry storage type and the GSTMl null
genotype. When all potential confounders and the three interactions (see Table 4) were
included inamultivariate model,theORfor trendwas2.06 (0.95-4.47) and 1.73 (0.76-3.92) in
West and Central Sudan, with the interaction being negligible (OR=1.19, 95%CI: 0.61-2.34).
Wetherefore eliminatedthisinteractionterm infurther models.

However,theinteraction with storagetyperemained (ORfor interaction=0.51, 0.27-0.98),with
OR=1.73 (0.76-3.92) for dry storage and OR=0.88 (0.42-1.85) for humid storage. As these
associations arebothcompatiblewiththenull-hypothesis and inopposite direction, we decided
to simplify the final model by eliminating this interaction term. Again, elimination of this
interaction term did not materially alter the interaction term for GSTMl and peanut butter
intake, i.e. the strength of the association in the two strata for genotype remains the same.
Moreover, This GSTMl-peanut butter interaction remained in strata for region, and was not
affected whenotherdietary factors (sorghum,milletandcorn)were included inthemodel.

Table5:OddsRatios andtest oftrend for peanut butter consumption and hepatocellular
carcinoma,instrata forpossible effect modifiers.
Peanut butter
consumption

Age- adjusted oddsratios (95%confidence intervals)

Test for trend2
(95% CI)

<70

71-150

151-300

Simple stratified
Region
West
Central

>300

1.0
1.0

3.0(1.0-9.3)
0.6(0.2-1.8)

4.2(1.4-12.1)
0.8 (0.3-2.2)

8.7 (3.4-22.5)
0.7(0.2-2.1)

1.98(1.47-2.66)
0.93(0.66-1.32)

Storage
Humid
Dry

1.0
1.0

1.4(0.5-3.7)
1.4(0.3-5.4)

1.4(0.6-3.5)
2.9(0.8-11.0)

2.2 (0.9-5.6)
6.8(2.1-21.6)

1.28(0.96-1.71)
1.98(1.38-2.85)

GSTMl
Null
Present

1.0
1.0

4.0 (0.6-27.2)
1.3(0.5-3.7)

6.0(1.0-36.3)
1.3 (0.4-4.0)

18.9(3.1-116.6)
2.1 (0.8-5.4)

2.44(1.48-4.03)
1.27(0.95-1.71)

Multi-variate
GSTMl 1
Null
Present

1.0
1.0

2.8(0.4-19.5)
1.2(0.3-4.7)

4.1 (0.7-25.5)
1.1 (0.3-4.3)

16.7(2.7-104.8)
1.0 (0.3-3.3)

2.47(1.44-4.25)
0.98(0.67-1.44)

'= X2for interaction=7.00 (P=0.0081);model includes: age,region, storage type, hepatitis.
=See Table4,note 1.

2
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Thefinalmodel inTable 5shows ORsinstrata for GST,controlled for confounding effects. In
this model, storage type, genotype, region and hepatitis infection were added simultaneously,
andasbefore regionceasedtobeamodifier (Pfor 'interaction'>0.60); hepatitis wasstill found
tobeaconfounder, butaddition ofeducation andjob typedid not change the results ofthetest
for trend. GSTM1 null genotype remained a modifier throughout all analyses. In this final
model, the association of peanut butter consumption and HCC is significantly higher in
subjects with GSTM1 null genotype, compared to subjects with GSTM1 present. Risk by
humid storagetyperemainsapproximately unchanged, with OR=1.5(95%CI0.7-2.9).

Discussion
Apositive association has been observed in this study for highest vs lowest quartile of peanut
butter intake,humid storage system and HCC,with ORs (95%CI) being 3.0 (1.6-5.5) and 1.6
(1.1-2.5),respectively. Thepositive association with peanut butter intake is essentially limited
to subjects with the GSTM1 null genotype with OR (95% CI) being 16.7 (2.7-105) for the
highestvslowest quartile.
Cases were enrolled, using the registration lists of five out of six hospitals in Khartoum. In
these five hospitals almost all cases with HCC from the two study regions are diagnosed and
treated. Moreover, Ibn Sena hospital (one of the five hospitals) is a National Center for
Gastrointestinal and Liver diseases so alarge proportion of suspected HCC patients is referred
to this hospital. The only non-participating hospital serves a catchment area that is of minor
relevance to patients from West and Central Sudan. Therefore, we expect that our weekly
screening of the hospital admission lists will only have missed few patients, i.e. those who
mighthave been deceased before they could reach thehospital and those whohad been missed
during the periods of control recruitment (a total of four weeks during the two-year study
period);inSudan,thiscannotbeverified byhealthadministration systems,however.
Controls were chosen on a random basis, in a manner that it is independent of exposure to
dietary habits, with the number of controls from West and Central Sudan proportional to the
population size in these regions. For those regions several sugar shops were chosen randomly
(see: methods part). As social, cultural and demographic characteristics are homogeneous
within the two regions, the random chosen sugar shops are thought to be representative for
food habits and aflatoxin exposure in the regions at large. In theory, referral patterns of cases
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and controls might be associated with aflatoxin exposure, e.g. mediated by socioeconomic
factors such as education, job or sex. However, these factors were not materially associated
with peanut butter consumption (Table 3) and statistical adjustment for these factors did not
altertheresults(Table4).
In order to assess the usual intake of peanut butter, frequency and portion size were assessed
over a time frame of at least one year. For all indicators of peanut butter consumption, a
positive association withHCCwasobserved;moreover,the consumption frequency inand offseasonwerepositively correlated, aswasthequantityexpressed byeitherportion sizeorbythe
mealpattern suggesting a stable food pattern overthe year. Inthe Sudanese population, use of
peanut butter is a common and traditional practice and there is no knowledge or concern on
aflatoxin among the population. Given these stable food habits, the design and standardized
format of the questionnaire and the fact that all subjects were questioned by only one person,
systematic errors inassessment ofpeanut butter intake are not considered a serious problem to
our investigation. Therefore, information bias is not a likely explanation for the positive
association between peanut butter consumption and HCC; moreover, the observed interaction
withGSTM1genotype cannotbeaffected byinformation bias.
The assessment of storage conditions, however, might have been a less reliable indicator of
exposure to aflatoxins. The kernels used for local production of peanut butter may be the poor
onesthat arenot considered suitable for export.Moreover,theconsumers are not always aware
of the storage conditions and they may differ even when the peanut butter is bought from the
same local market. As reported earlier, the western region is considered to have a higher
incidence ofHCC11,19;peanutsfrom thisregionwerereportedtocontainhigh levelsand awide
range of aflatoxins10. We considered that this might be caused bythe use of mud storage type
inthis region,as inour small explorative case-control study a strong association was observed
for humid vs dry type of storage with OR (95%CI) of 7.5 (1.4-40.2)11. However, this positive
association is clearly much weaker in the present study (OR=l.6). Therefore, the results for
storageconditionneedtobeinterpreted withsomecaution.

Age, region, education level and job types were evaluated as potential confounders of the
association between peanut butter and HCC.Thepotential bias was accounted for by stratified
analysis (Mantel Haenszel method), followed by logistic regression that accounted for several
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confounders simultaneously. In fact only age appeared to be a mild confounder that required
adjustment infurther analyses.
The presence of three potential modifiers of the association between peanut butter intake and
HCCcomplicated the analysis and interpretation. Moreover, inordertoreduce chance findings
inthisrelatively small data set, stratification bytwo factors simultaneously wasnot considered
appropriate, and we have to interpret the findings using independent scientific information. In
this sectionwewillmotivate ourinterpretation by first discussingtherole of GST(ourprimary
hypothesis),followed byregionand storage conditions.
Inthis study,highconsumption ofpeanut butter gives a 17-fold increased risk onHCC, which
was limited to the subject with the GSTM1 null genotype. However, the prevalence of the
GSTM1 null genotype was similar in cases and controls (about 40%), with OR=0.9 (95%CI
0.6-1.5), indicatingthatgenotype aloneisnot arisk factor. Sincethe GSTM1 genecodes for a
carcinogen-detoxification enzyme, increased risk may be present only in individuals with
exposure to aflatoxins18. Thus, the effect modification by GSTM1 is in line with aflatoxins
being the actual risk factor for HCC in this population. In other studies, subjects with the
GSTM1 null genotype also tended to be at greater risk for HCC when exposed to aflatoxins16.
Moreover, the interaction between peanut butter consumption and GSTM1 remained
statistically significant inallmultivariate analysesweconducted.
Theresults of Table 4 suggest that region isalso an effect modifier of the association between
peanut butter intake and HCC, since the positive association was confined to the western
region.Intheory,modification byregionmightbeduetodifferences inethnicity existing inthe
tworegions, since West and Central Sudan arepopulated by subjects from African and Arabic
origin, respectively. Racial differences in GSTM1 genotype have been described: Frequencies
ofhomozygous deletions vary between 20%inAfricans from Nigeria and 50%inMalay from
Singapore15. Although differences might be present for other relevant genetic properties, the
frequency of GSTM1 null genotype was equal in both regions. Moreover, while the
modification by genotype remained, the modification by region ceased to exist in multivariate
and stratified analysis.
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Finally, a positive association was observed between humid storage conditions and HCC
(Table 2).However, the interaction between storage type and peanut butter intake observed in
Table 4 is difficult to interpret. Apart from apossible lack of reliability in its assessment, this
maybeduetoitslimitedrelevancetoaflatoxin exposureand statisticalreasons.
First, aflatoxin level inpeanuts varies about 3fold by storage type", whereas intake of peanut
butter varies 20-fold. In line with this, peanut butter consumption was much more stronger
associated with risk of HCC than was storage type, when both variables were included in the
model. Second, wewere surprised that peanut butter processed from humid storage conditions
showed a weaker association with HCC (OR=T.28) than peanut butter obtained from dry
storage conditions (OR=1.98, Table 5). When both the interaction with GSTM1 and region
were taken into account in the analysis, the estimates for humid and dry storage conditions
came close to 1 and lost statistical significance. By doing this, results for other variables
(GSTM1,theinteractionterm,ageandhepatitis)remained essentially similar.
Results from some other studies have suggested synergism between aflatoxin exposure and
chronic HBV infection in the causation of HCC ' ' . In our study, the OR for high vs low
peanut butter consumption was 1.23 (0.74-2.03) and 1.46 (1.10-1.95) for hepatitis positive vs
negative subjects. Thus, hepatitis and peanut butter consumption seem to be statistically
independent risk factors, affecting risk of HCC in a multiplicative fashion. Of course, as the
hepatitispositive subjects have atenfold increased risk of HCC, the attributable risk ofpeanut
butter consumption among these subjects will far exceed the attributable risk among the
hepatitis-negative subjects. Regarding the population attributable risk due to aflatoxin
contaminated peanut butter; it appears from our data that almost 50% of all HCC could be
avoided when peanut butter consumption would be limited to the lowest quartile, or when
aflatoxin intake could be reduced correspondingly. Among subjects with GSTM1 null
genotypethiswouldbeeven80-90%.
Theobserved positiverelationshipbetweenexposuretoaflatoxin and cancer20hasmodified the
believe that "aflatoxin ingestion may increase the risk of liver cancer"3, to a conclusion that
aflatoxin is a definite human carcinogen20. In Swaziland in regions of little variation of HBV
infection, HCC incidence was found to be coinciding with daily intake levels of aflatoxin6. In
Mozambique and Transkei, the mean daily aflatoxin intake, in particular AFBi, was found to
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be significantly related to the incidence of HCC21. Onthe other hand Campbell et al.2 , failed
to find a positive association between aflatoxin exposure and HCC mortality rate in a crosssectional study undertaken in China. Biomarkers of aflatoxin intake have been used to assess
the postulated association with HCC more clearly. Urinary aflatoxins were measured in eight
districts in Kenya, showing a reasonable correlation between HCC and AFBi23. Hatch etal.24
have also reported a correlation between aflatoxin urinary metabolites and HCC incidence in
regions in Taiwan. In nested case-control studies in Taiwan, AFBi-albumin adducts were
found to correlate with HCCrisk16'25. Inacohort study inan areawithhigh HCC in China,the
estimated AFBi intake waspositively correlated to HCC mortality rates7.Thus, ecological and
analytical epidemiologic studiessupportapositive associationbetween aflatoxin andHCC26"28.
In conclusion, in a region with endemic aflatoxin contamination of peanuts we identified
peanut butter consumption to be a strong risk factor of HCC, essentially limited to subjects
withthe GSTM1 null genotype, i.e.those who areconsidered unableto detoxify the aflatoxins
properly. Deletion of the GSTM1 gene is common in Sudan, as 40% of the study population
appearstohavethe null genotype. This impliesthat theproportion of cancer attributable to the
combination of aflatoxin exposure and this genetic polymorphism may be large in the general
populationin Sudan.
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Abstract
Exposure toaflatoxins isariskfactor for hepatocellular carcinoma (HCC).Afiatoxins occur in
peanut butter and are metabolized by genetically polymorphic enzymes such as glutathione-Stranferases, encoded by GSTM1 and GSTT1, and microsomal epoxide hydrolase encoded by
EPHX. The rate at which aflatoxins become activated or detoxified may depend on
polymorphisms in the encoding genes. GSTM1 homozygous was indeed found to modify the
associationbetweenpeanutbutterconsumptionandHCC. Inthispaper,weinvestigate possible
rolesofGSTT1andEPHXpolymorphisms inthisrelationship.
In this study, we analysed data of incident 112 cases and 194 controls. All participants were
interviewedusingastandardized questionnaireinquiringabout socialanddemographic factors,
peanutbutterconsumption,andotherknownHCCrisk factors.
Univariate analysis showed that GSTT1polymorphism wasnot associated with HCC,whereas
EPHX 113HH&139HH genotype increased risk of HCC (OR 3.10, 95% CI 1.18-8.12).
Adjustment for age and region of origin slightly attenuated this association (OR 2.56, 95 CI
0.83-7.95). Interestingly, unlike GSTM1, both GSTT1 and EPHX polymorphism did not
modify theassociation betweenpeanutbutter consumption andHCC.
In conclusion, these epidemiological findings do not suggest important roles of GSTT1 and
EPHX inanatoxin metabolism, although EPHX polymorphism ispossibly related to increased
risk of HCC. Further studies are needed to investigate mechanisms by which the EPHX
polymorphism potentially modifies cancer risk.
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Introduction
Hepatocellular carcinoma (HCC) is one of the major cancer types in developing countries,
where most important risk factors are chronic hepatitis virus infection and exposure to
aflatoxins1. Aflatoxins areproduced byAspergillus fungi which mainly occur inpoorly stored
maizeandpeanuts.In Sudan, aflatoxin exposuremost likelyoccursviaconsumption of peanut
butter which is a popular food2. As we reported previously3, peanut butter consumption is
indeed related to increased risk of HCC in Sudan. Genetic differences inaflatoxin metabolism
may explain the observed differences between prevalence rates of HCC4 in populations with
similaraflatoxin exposuresandhepatitisinfection rates.

The most potent mutagenic and carcinogenic of the aflatoxins is AFBi. Figure 1depicts the
metabolism of AFBi, which is mainly metabolized by cytochrome P450 3A4 into the
genotoxic metabolite AFBi-8,9-exo-epoxide. This metabolite canbind to DNA causing Gto T
transversions5 that may ultimately lead to cancer. Detoxification prevents formation of DNA
adducts;themetabolite maybe conjugated to glutathione by glutathione-S-transferases ormay
be hydrolyzed. Hydrolysis occurs spontaneously or is catalyzed by microsomal epoxide
hydrolase(mEH)6'7.

Two genetically polymorphic glutathione-S-transferases play a role in AFBi detoxification:
GST-u, encoded by the GSTM1 gene, and GST-0, encoded by GSTT1. Homozygous deletion
ofpart of these genes (null genotype) results in enzyme deficiency and might therefore lead to
hampered detoxification. Several studies, among which our own Sudanese case-control study,
showed that of populations exposed to aflatoxins only subjects carrying the GSTM1 null
genotype are at increased risk of HCC3'8'9.After GST-|a, GST-9 showed highest efficiency for
conjugation of glutathione to AFBi-8,9-exo-epoxide10"12 (Figure 1). Homozygous deletion of
the GSTT1 genewasrecorded in24to 38%ofpeoplefrom African origin13. Onestudy showed
a positive association between GSTT1 null genotype and aflatoxin-albumin adduct level
among chronic HBV antigen carriers8, but this was not confirmed by another study9.
Microsomal epoxide hydrolase might play a role in AFBr8,9-exo-epoxide hydrolysis14. The
encoding EPHX gene has two polymorphic sites occurring with allele frequencies of about
30%' 516 . In exon 3, the 113Y allele encodes tyrosine incorporation at position 113 of the
resulting proteinwhereas 113Hcodes forhistidine.Theallelicvariantsinexon4, 139Hand
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139R, result in proteins with histidine and arginine at position 139, respectively15. Both the
113H and the 139H allele are related to relatively decreased enzyme expression or
stability15'1718 and may therefore be associated with increased risk of HCC. Indeed, EPHX
113HHgenotype increased risk ofHCCina small case-control study19, butwasnot associated
toaflatoxin-albumin adductlevelsinanother study .
GSTT1 and EPHX polymorphisms may especially be important among subjects carrying the
GSTM1 null genotype. Few studies addressed the role of GSTT1 and EPHX polymorphism in
HCCetiology andonlyone9simultaneously studied GSTM1polymorphism. Moreover,thereis
some discrepancy between biochemical and epidemiological studies concerning possible roles
for GST-u, GST-9, and mEH in AFBi detoxification and ultimately in aflatoxin-related HCC
etiology. Therefore, we evaluate the possible roles of GSTT1 and EPHX polymorphism and
their interaction with aflatoxin exposure (as estimated by peanut butter consumption) in HCC
in a Sudanese case-control study, in all subjects and inthe subgroup of GSTM1 null genotype
carriers.

Methods
Population
A case-control study investigating risk factors for HCC was conducted in Sudan between
September 1996 and September 1998.The design and conduct of this study were described in
detail by Omer et al?. In short, subjects residing in West and Central Sudan were eligible.
HCC cases were diagnosed clinically by liver function test and ultrasound in five of the six
hospitals in the capital Khartoum situated between West and Central Sudan. Additional
diagnosis by liver biopsy and histological examination was available for 95%of cases. About
5% of HCC patients died before they could be contacted to participate in the study. All 150
contacted HCC patients provided oral informed consent. Community-based controls were
selected randomly ina 1:3 woman-to-men ratio,sinceHCC ismore prevalent among men, and
in proportion to the respective population sizes of the two regions. Recruitment was done
through sugar shops which hold a complete registration of inhabitants of their serving area. In
four randomly chosen localities in West Sudan and six localities in Central Sudan, one out of
the 10 to 15 sugar shops was selected randomly, and 20 households were selected from the
sugar shop's registration list. In each household one control was recruited. All 205 invited
subjects agreedtoparticipate.
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Datacollection
Based onthe experience obtained during the explorative study20, a questionnaire was designed
to assess peanut butter intake in a standardized manner. This questionnaire was administered
orally by one of the authors (R.E.O.). All participants were interviewed personally, although
some cases needed help of an accompanying family member because of serious illness. Cases
were interviewed in the hospital and controls were interviewed at home. Frequency of peanut
butter consumption was assessed ona daily or weekly basis and was inquired both 'in season'
and 'off season', the former corresponding to the period of the year with active agricultural
practices, usually June - September. To assess quantity of consumption we asked whether
peanut butter is eaten as a part of the meal or as a full meal and we inquired the amount of
peanut buttereatenpermealandthenumberofpersons suchameal isshared with.

Monthly frequency of peanut butter consumption was calculated as a weighted average of the
frequencies of peanut butter consumption 'in season' and 'offseason'. The quantity of peanut
butter consumed per month was subsequently calculated by multiplication of the average
frequency ofpeanut butter consumption bytheamountofpeanutbutter consumed permealper
person. The questionnaire also identified other HCC risk factors, such as hepatitis infection,
smoking,andalcohol consumption.

For determination of genotypes and chronic hepatitis infection, blood samples were collected
in 10-ml Venoject tubes. Blood samples of cases were drawn at the hospital, centrifuged
immediately and subsequently storedatminus20°C.Controlswere sampled athomeandblood
samples were first transferred in coolers at 4°C to regional hospital laboratories where they
were centrifuged and then transferred to Khartoum National Health Laboratory. Here, all
samples were kept at minus 20°C until transport to Wageningen, the Netherlands, for further
analysis.
Laboratoryanalysis
Blood samples of 115cases (77%of cases) and 199controls (97%of controls) were available
for genotyping. DNA was isolated from 200 ul whole blood using the QIAamp blood kit
(Qiagen Inc., USA), stored at 4°C, and directly used as a template in PCR analyses. A
multiplex PCR was done to determine presence or absence of the GSTM1 and GSTT1 genes
simultaneously according to Arand and co-workers21. As a positive PCR control, however, we
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used primers derived from B-globin22 instead of histidine. Primers derived from GSTM1,
GSTT1, andB-globinwere 5'-GAACTC CCT GAAAAG CTA AAG C-3' and 5'-GTT GGG
CTCAAATATACGGTGG-3\ 5'-TTC CTTACTGGTCCTCACATCTC-3'and 5'-TCA
CCG GAT CAT GGC CAG CA-3', and 5'-CAA CTT CAT CCA CGT TCA CC-3' and
5'-GAA GAG CCA AGG ACA GGT AC-3', respectively. After DNA electrophoresis on an
ethidium bromide stained agarose gel,the amplified products were visualized under UV light.
The GSTM1 fragment was 215 bp, the GSTT1 fragment was 480 bp, and the B-globin
fragment was350bpinsize.
Geneticpolymorphism inEPHXexon 3(113Yand 113Halleles)and exon 4(139H and 139R
alleles) were determined by RFLP analysis after amplification of the exons. For amplification
of exon 3weusedprimers described by Smith and Harrison23 (5'-GAT CGA TAA GTT CCG
TTT CAC C-3' and 5'-ATC TTA GTC TTG AAG TGA GGA T-3'). A mismatch in the
reverse primer incorporated an EcoRV restriction site in the amplicon of the 113Y allele
resulting in digestion products of 23 and 140 bp. The 113H allele remained undigested.
Amplification of exon 4 was done using primers described by Hassett eta/.15 (5'-GGG GTA
CCAGAGCCTGACCGT-3'and5'-AAC ACCGGGCCCACCCTTGGC-3'),followed by
restriction analysis with Rsal. The 139H allele was digested into two fragments (295 and 62
bp) and the 139R allele was digested into fragments of 174, 121 and 62 bp in size. The
amplified products were visualized under UV light after DNA electrophoresis on an ethidium
bromide stainedagarosegel.
Determination ofchronichepatitisBand Cvirusinfection wasdoneusingHepanostika HBsAg
and ORTHO HCV 3.0 ELISA test systems with enhanced SAVe test kits, according to the
instructions ofthe manufacturer.
Dataanalysis
Analyseswererestricted to subjects whocompleted the questionnaire and of whom genotyping
results were available for at least one polymorphism, i.e. 112 cases and 194 controls. The
GSTM1 and GSTT1 null genotypes were a priori considered as the high-risk genotypes. For
EPHX, we first conducted the analyses separately for both polymorphic sites. Thus, when
analyzing the exon 3 polymorphism, we did not consider the exon 4 polymorphism and vice
versa. Based on the available literature on the association between EPHX genotype and
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phenotype, we considered 113HH and 139HH genotypes and the combination of these to be
the EPHX high-risk genotypes24. Based on the median peanut butter consumption in controls,
we classified all subjects as low or high peanut butter consumers. Analyses were done using
the SAS statistical software package (release 6.12). After univariate analyses we adjusted for
age (in tertiles, according to age distribution in the control group). Multiple variables (e.g.,
education level, job type, region of origin and hepatitis infection) were considered to be
included inthe model if numbers inthe various cells were sufficiently large (i.e. more than 5
after one-way stratification). Variables remained in the model if their inclusion caused a
change of 10%or more inthe p-estimates. Although adjustment for age did not change the pestimates this variable was forced into the model since cases were significantly older than
controlsandageisknowntoberelatedbothtoseveralHCCriskfactors astothediseaseitself.

Results
Table 1shows the characteristics of the study population. Cases were older than controls, less
educated, and more often resided in West Sudan. They also consumed significantly more
peanut butter, both in amount as in frequency per month. Besides, more cases were chronic
carriers of the hepatitis B or C virus. Frequencies of the GSTM1 and GSTT1 null genotypes
were similar for cases and controls. There were no statistically significant differences in
frequency of EPHX variants in exons 3 and 4. However, cases more often had the EPHX
113HH genotype in combination with the EPHX 139HH genotype than controls (Table 1).
Allelic variants of the studied polymorphic genes occurred at similar frequencies among
controls from West and Central Sudan. Maximal differences were observed for EPHX exon3:
113HHand 113YHgenotypes occurred in 10%and 30%of West Sudanesecontrols and in6%
and 23%of Central Sudanese controls, respectively. Adjustment for age did not change these
results importantly.
InTable 2,ORs ofHCCare shown for genetic polymorphism of GSTM1, GSTT1 and EPHX.
Univariate ORs indicate that only the combination of the EPHX 113HH and 139HH increased
risk of HCC.Adjustment for ageand region in amultivariate model did not changethe results
on GST polymorphisms, although the association between the EPHX 113HH&139HH
genotype and HCC lost statistical significance. Even though inclusion of a variable for
hepatitis infection changed ORs importantly (by increasing ORs and 95%CIs for the GSTM1
null and EPHX 139HH and 139HR genotypes to statistically significant values), it was not
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included inthe multivariate model becausethis substantially inflated the standard errors of the
P-estimates. This was probably due to limited data: only 16 controls showed evidence of
hepatitis infection, of whom onepresented the EPHX 113HH&139HH genotype and 5 carried
theGSTM1nullgenotype.
Table 1.General characteristics ofthestudy population
Cases (n=112)

Controls(n=194)

Demographic variables
Mean age (SD)
Gender, %males (se) a
Region, % from West Sudan (se)
Education, % illiterate (se)

57.0(12.2)
76.8 (4.0)
63.4 (4.6)
69.6 (4.3)

44.9 (10.9) c
75.3 (3.1)
41.2(3.5)°
34.5 (3.4) c

Peanutbutter consumption,mean (SD)
Average consumption (kg/month)
Average frequency (times/month)

0.68(1.1)
11.3(11.8)

0.29 (0.6) c
7.9(9.1) "

Otherrisk factors, frequency (se)
Hepatitis Bor C infectionsb
Positive history ofalcohol consumption
Positive history of smoking

52.3 (4.7)
39.3 (4.6)
40.2 (4.6)

8.3 (2.0) c
30.9 (3.3)
39.2 (3.5)

Genotype, frequency (se)
GSTMlnull b
GSTTlnull b

42.7 (4.7)
35.8 (4.6)

38.8 (3.6)
37.8 (3.5)

EPHX exon 3b
113YY
113YH
113HH

61.8(4.6)
25.5 (4.2)
12.7 (3.2)

66.3 (3.4)
25.9 (3.2)
7.8(1.9)

EPHX exon4b
139HH
139HR
139RR

57.3 (4.7)
40.0 (4.7)
2.7(1.5)

55.4 (3.7)
37.5 (3.6)
7.1 (1.9)

EPHX exon 3&4 combined, 113HH&139HH

10.9 (3.0)

3.8(1.4)'

*standard errorswerecalculated as follows: se=V(p(l-p)/n)*100
information onhepatitis infections wasavailable of 109cases and 193controls, information on GSTM1
and GSTT1 geneticpolymorphism of 109cases and 188controls, onEPHX exon 3of 110cases and 193
controls, and onEPHX exon 4 of 110cases and 184controls.
c
significantly different from cases (P< 0.05)

b
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Table2.Genotypes ofGSTM1,GSTT1,andEPHXandriskofHCC
Univariate

ORs(95% CI)
Adjusted for age

Multivariate"

GSTMl
Present
Null

1.00 (Referent)
1.18(0.73-1.90)

1.00 (Referent)
1.26(0.73-2.16)

1.00 (Referent)
1.26(0.73-2.19)

GSTT1
Present
Null

1.00 (Referent)
0.92(0.56-1.50)

1.00 (Referent)
0.94(0.54-1.64)

1.00 (Referent)
0.94(0.54-1.65)

EPHX exon 3
113YY
113YH
113HH

1.00 (Referent)
1.05(0.61-1.82)
1.76(0.80-3.85)

1.00 (Referent)
0.94(0.51-1.73)
1.68(0.69-4.09)

1.00 (Referent)
0.93(0.50-1.71)
1.51 (0.61-3.75)

EPHX exon4
139RR
139HR
139HH

1.00 (Referent)
2.75 (0.75-10.25)
2.68 (0.73-9.76)

1.00 (Referent)
3.67(0.89-15.06)
3.19(0.80-12.79)

1.00 (Referent)
3.63(0.88-15.02)
3.22(0.80-13.01)

EPHX exon3&4 combined
All other combinations
113HH&139HH

1.00 (Referent)
3.10(1.18-8.12)

1.00 (Referent)
2.97 (0.99-8.85)

1.00 (Referent)
2.56 (0.83-7.95)

"multivariate model adjusted for age (tertiles) andregion of origin.

To investigate if geneticpolymorphism of GSTT1or EPHX modified the association between
peanut butter consumption and HCC, we stratified for peanut butter consumption. Results are
shown in Table 3.Wepreviously showed that peanut butter consumption was a risk factor for
HCC especially in GSTMl null genotype carriers3. Interestingly, we observed no effect
modification by GSTT1 or EPHX genotype (ORs for the interaction terms were 1.3 and 1.0,
respectively).Theseresultsdidnotchangeimportantly after adjustment for ageandregion.
In GSTMl null genotype carriers, presence of the GSTT1 null genotype or the EPHX
113HH&139HH genotype did not increase risk of HCC; ORs and 95%CIs were 0.7, 0.3-1.9
and 2.0, 0.4-11.2, respectively. Strikingly, only those with GSTMl non-null genotypes in
combinationwiththeEPHX 113HH&139HHgenotypewereatincreasedriskofHCC(OR5.7,
95% CI 1.2-28.2). Similarly, subjects with GSTT1 non-null genotypes and the EPHX
113HH&139HH genotype had increased risk of HCC (OR 22.2, 95% CI 2.4-205.8). Since
there were no cases and only three controls carrying a combination of all three high-risk
genotypes, i.e., GSTMl null, GSTT1 null, and EPHX 113HH&139HH, we could not evaluate
ifpresenceofthiscombination specifically increased riskofHCC.
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Table3.Genotypes ofGSTM1,GSTT1andEPHXasriskfactors forHCC, stratified
forpeanutbutterconsumption"
Genotype

Peanutbutter consumption
low
high

All genotypes

1.00 (Referent)

GSTM1
Present
Null

1.00 (Referent)
0.55 (0.21-1.47)

1.57 (0.77-3.17)
2.75 (1.30-5.78)

1.00 (Referent)
0.55 (0.21-1.47)

1.43 (0.70-2.93)
2.60 (1.22-5.54)

GSTT1
Present
Null

1.00 (Referent)
1.25(0.51-3.11)

2.71 (1.30-5.63)
2.28 (0.99-5.23)

1.00 (Referent)
1.26 (0.51-3.11)

2.71 (1.30-5.63)
2.28 (0.99-5.23)

EPHX exon 3
113YY
113YH
113HH

1.00 (Referent)
0.74 (0.25-2.23)
1.47 (0.35-6.20)

2.47 (1.24-4.94)
2.34 (1.02-5.38)
4.54 (1.33-15.49)

1.00 (Referent)
0.66 (0.22-2.01)
1.35 (0.31-5.78)

2.26 (1.12-4.56)
2.28 (0.99-5.25)
3.75 (1.07-13.12)

EPHX exon4
139RR
139HR
139HH

1.00 (Referent)
1.90 (0.12-31.48)
2.48 (0.24-25.30) 7.85 (0.83-74.67)
2.88 (0.30-27.44) 6.54 (0.69-61.37)

1.00 (Referent)
1.70 (0.10-28.24)
2.37 (0.23-24.07) 7.18 (0.76-67.98)
2.82 (0.30-26.80) 6.02 (0.64-56.22)

EPHX exons 3&4 combined
All othercombinations 1.00 (Referent)
2.57 (1.43-4.62)
113HH&139HH
3.02(0.51-18.01) 7.68(1.65-35.69)

1.00 (Referent)
2.43 (1.34-4.39)
2.60 (0.41-16.69) 6.31 (1.32-30.05)

a

2.62 (1.50-4.57)

Peanutbutterconsumption0
low
high
1.00 (Referent)

2.50 (1.43-4.38)

lowconsumption defined asconsumption of <135gofpeanut butterper month,high consumption defined as
consumption of> 135gofpeanutbutterpermonth,based onthe median consumption among controls,
adjusted for age (tertiles).
adjusted for age (tertiles) andregion of origin.

Discussion
GSTTl null genotype alone or in combination with peanut butter consumption was not a risk
factor for HCC inthis Sudanese case-control study.EPHXpolymorphism might play amodest
roleinHCC.However, nointeraction withpeanut butter consumption wasobserved, indicating
thatthemEHenzymemaynotbeimportant inaflatoxin detoxification.
As inallcase-control studies,severaltypes ofbiasmighthaveoccurred inthis study. Selection
bias probably did not occur, since almost all suspected HCC cases are referred to one of the
participating hospitals. Therefore, we estimate that only few cases from the two selected
regions were missed. Only cases being able to travel to Khartoum were included in this study
and of these, we analyzed results of those providing blood and for whom genotyping results
were available.Thesemightbetherelatively mildly diseased ones,since few casesmight have
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died before reaching the hospital andblood sampling failed for severely ill cases. Itis unlikely
that this introduced selection bias, since HCC is fatal in almost all cases and survival time is
very short1.Moreover, wedonotexpect GSTandEPHX genotypesto influence HCCsurvival.
We think the control population correctly reflects the Sudanese population in the two regions
with respect to habitual peanut butter consumption and exposure to other HCC risk factors,
since both regions are inhabited by homogeneous populations with culturally determined,
relatively constant food habits.Also,the frequency ofthe GSTM1 null genotype inour control
group was inbetween frequencies reported for Europeans and sub-Saharan Africans13'16'25 and
the frequency of the GSTT1 null genotype was equal to prevalences found in other African
studies9'13.EPHXgenotype distributions variedbetween West and Central Sudan, although not
withstatistical significance. EPHXpolymorphism isknowntovary greatly acrosspopulations9
and ahigh geneticvariation inEPHXgenotype frequencies between populations living atclose
distancefromeach other was also found by Masimirembwa and colleagues16, who determined
EPHXgenotype inVendaandZimbabweanblooddonors.

Controls were frequency matched to cases for sex. No age matching was done, since
information onagewasnotavailable from sugar shopregistries.Because caseswereolderthan
controls we adjusted for age in all analyses, although this did not change the results
importantly. Controlswereenrolled from the sametworegionsasthecases,proportional tothe
population sizeofeach region.These regions were chosen to investigate if differences inHCC
prevalence may be explained by differences in aflatoxin exposure. Since Central Sudan has
more inhabitants than West Sudan whereas HCC is more prevalent in West Sudan, controls
were more likely to be from Central Sudan and cases were more likely to be West-Sudanese.
Apart from HCC prevalence and peanut butter consumption, other life style factors (but not
hepatitis prevalence) and genetic composition differed between the regions, since the West
Sudanesepopulation isAfrican whereasCentral Sudan ismainly Arabic.Thus,region oforigin
was an important factor in our analyses, both as a co-factor and as a potential effect modifier.
Effect modification was not observed, but region indeed contributed to the model as a cofactor: adding this variable to the model weakened the associations between EPHX genotypes
andHCC.Thiscouldbetheresult ofreduction ofthedifference inEPHXgenotype frequencies
betweenthetworegions.
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Information bias is not a major consideration in this study, since the population has no
knowledge on aflatoxin contamination and its potential hazards. Moreover, we used a
standardized questionnaire and all interviewswereconducted bythesameperson.
Like GSTM1, the GSTT1 null genotype itself was not associated with HCC in this study. In
contrast to GSTM1, GSTT1 did not modify the relation between peanut butter consumption
and HCC. This may suggest that GSTT1 polymorphism is not important in aflatoxin
metabolism or in HCCetiology. Possibly, conjugation of glutathione toAFBi-8,9-exo-epoxide
is efficiently catalyzed by GST-u and in case of GST-jx deficiency GST-0 does not take over
the function of GST-|x, but the metabolite is detoxified via hydrolysis instead. Our results
correspond with those of a study in Gambia including 328 healthy subjects, showing that
GSTT1 polymorphism was not related to aflatoxin-albumin adduct levels9. Chen and
colleagues,however, reported that HBVpositive, GSTT1 null genotype carriers,had increased
albumin adduct levels and were at increased risk of HCC in a small study on 32 cases and 73
controls8.

WefoundthatthecombinationofEPHX 113HHand 139HHgenotypes increased risk ofHCC.
In a study in China including 52 cases and 116 controls, McGlynn and colleagues found that
carriers of the 113HH genotype were at increased risk of HCC19. Wild and colleagues,
however, reported thatthis genotype wasnot associated with aflatoxin-albumin adducts9. Both
research groups did not study the EPHX exon 4 polymorphism. We found no indications for
the EPHX polymorphism to modify the relationship between peanut butter consumption and
HCC. Biochemical studies showed that mEH-catalyzed hydrolysis is probably not a ratelimiting step in aflatoxin detoxification, since hydrolysis of the AFBi-8,9-exo-epoxide can
occur spontaneously at a rate comparable to that of mEH-catalyzed hydrolysis14. The role of
mEH in detoxification of polycyclic aromatic hydrocarbons might be more important26. This
could explainthe increased riskof liver19, ovarian27, and colon cancer28 associated with several
allelic variants of EPHX. However, in vitro studies did not reveal a clear genotype-phenotype
correlation for the polymorphic sites of EPHX15'18'29'30; the studied polymorphic sitesmight be
linkedtoother genetically polymorphic sites,e.g., innon-coding regions,modifying regulation
ofgenetranscription31.

Wild andcoworkersfound thatpresence ofGSTM1andGSTT1 null genotypes in combination
with the EPHX 113HH genotype was related to elevated aflatoxin-albumin adduct levels,
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although not statistically significant9. We could not evaluate the effect of such a combination,
sincenone ofthecasesand onlythree controlsinour study had this combination ofgenotypes.
However, the combinations of GSTM1 or GSTT1 non-null genotypes with the EPHX
113HH&139HH genotype increased risk of HCC, which is not in line with the proposed
metabolism (see Figure 1).These unexpected findings might be due to chance because of low
cell counts, but they might also indicate that mEH is involved in other metabolic pathways
ratherthanAFBj detoxification.
We have estimated that about 50% of HCC cases in Sudan might be attributed to hepatitis B
virus infection. Hepatitis infection has been reported to modify the relation between genetic
polymorphism and HCC19'32. However, we could not study such effect modification in our
study population, since only the number of controls with evidence of hepatitis B or C virus
infection wastoosmall.
Although being the largest study on aflatoxin-associated HCC and genetic polymorphism to
date, the population was still small to study relatively weak gene-environment interactions.
Especially our results on EPHX should be interpreted with care, because several variants
occurred atlowfrequency and after stratification somecellshad lessthanfiveobservations.
In conclusion, our results do not indicate that GSTT1 plays a role in HCC. EPHX
polymorphism mightberelatedtoHCC,althoughtheencoded enzymemaynotbeimportant in
AFBidetoxification inwhich GST-u plays amajor role.This seems to be in line with in vitro
studies11. Since EPHX polymorphism appears to be associated with cancer risk, the specific
effect ofthispolymorphism ongene expression and enzyme function, and the role ofthemEH
enzymeinvariousmetabolicpathwaysneedtobeaddressed infuture studies.
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Abstract
Background: In Sudan, the incidence of hepatocellular carcinoma (HCC) is high and
increasing. Hepatitis Bvirus (HBV) and hepatitis Cvirus (HCV) are important risk factors of
HCC. This study aims to assess the role of HBV and HCV viral infections in the incidence of
HCCintworegionsof Sudan.
Methods.Acase-control studywasconducted among 150HCCpatients and 205 controls from
two regions in Sudan. Their demographic characteristics as well as food habits and chronic
conditions have been investigated. In this study, 115 cases and 199 controls were tested for
HBsAgandHCVantibodies.
Results. Strong positive associations were found between HBV, HCV, and HCC with odds
ratios(OR)9.8(95%CI5.1-18.9) and 8.3 (95%CI2.3-29.9) respectively. After adjustment for
age, by logistic regression, the ORs for HBV and HCV were 16.1 (95%CI 7.4-34.9) and 4.5
(95% CI 1.1-18.6)respectively. Further adjustment for region,education levelandjobtype did
notappreciably affect theresults.
Conclusion. Given prevalence of HBV and HCV of 7.0% and 1.5% among controls, about
57%ofallHCCcasescanbeattributed totheseviral infections. Hepatitis infections seemtobe
important riskfactors for HCCinSudan.

Keywords: HepatitisBvirus,hepatitisCvirus,HCC,Sudan.
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Introduction
Hepatocellular carcinoma (HCC) isthe sixthmost frequent tumor inthe world. Although it is
relatively rare in Western Europe,North America and Australia, it is considered to be one of
themost commonmalignancies in sub-Saharan Africa, South EastAsiaand China1. In spite of
the fact that the tumor was under diagnosed because of lack of autopsies and biopsies, HCC
has shown an increasing incidence in the past two decades, in The Sudan2. Daoud et a/.3,
reported 35 cases of HCC (2.7% of all malignancies) seen in Khartoum hospitals in the year
1968; more recently, medical workers at Khartoum hospitals have reported much higher
numbers,especially from West Sudan4.
It is well-established world wide that HCC is strongly associated with chronic infection with
hepatitis Bvirus5.HBV infections have alsobeenreported in Sudanese patients with HCC6.In
someAsiancountries,suchasTaiwan,HongKong,mainland China,and countrieswithinsubSaharan Africa, HBV prevalence is high and considered to be a major cause of HCC, either
actingonitsownorincombination with aflatoxins7"11.
The association between non-A non-B transfusion hepatitis and HCC was investigated soon
after the hepatitis C virus (HCV) genome had been cloned and specific assays for circulating
anti-HCV were developed12. Several case-control studies suggest that HCV mayhave arole in
the etiology of HCC, in most of these a significant association between anti-HCV positive
cases and HCC was found13"20. In Japan the rising incidence of HCC has been linked to the
increasing prevalence of HCV infection, even in regions with moderate HBV21. The
importance of HCV as an etiologic factor of chronic liver diseases including HCC was also
observed in Egypt22. Onthe other hand, in Senegal, where HBV remains the main viral cause
ofHCC,theepidemiological associationbetweenHCVandHCCwasnotproven23.
Inorderto assessthepotential contribution ofHBVand HCV viral infections tothe incidence
of HCC in Sudan, we compared hepatitis B surface antigen (HBsAg) and anti-HCV for HCC
casesandcontrolscollectedfrom twoareasinSudan.
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Methods
A case-control study was conducted during a period of two years (Sept. 1996-Sept. 1998), in
West and Central Sudan representing regions of higher and lower incidence of liver cancer
respectively. West Sudan (North Kordofan State) is an area of 230,000 km2, and a population
size of 1,500,000. Central Sudan (Gazira State) is an area of 152,000 km2, and a population
size of 2,500,000. All cases and controls were recruited from these regions; subjects consent
wasobtained after theyhadbeen informed.
Case recruitment
Atotalof 150HCCcasesbetween 21-70yearswererecruited from thetwo study regions,ina
period oftwo successive years; from 115of these blood samples were obtained and tested for
HBsAgand HCVantibodies.Caseswererecruited from 5outof6Khartoum (capital) hospitals
(Tropical Medicine Hospital,Oumdurman Hospital,Khartoum Hospital, SobaHospital andIbn
Sena Hospital). In these hospitals liver cancers are diagnosed, following referral from the
regional hospitals. The admission lists from the departments of Internal Medicine in the above
mentioned hospitals were weekly screened to identify new admitted cases and the responsible
doctor and patients were contacted. For all 115 cases, the diagnosis of HCC was verified
clinically,byliverfunction testsandbyhistopathological examinationofaliverbiopsy.

Controlrecruitment
Controls were community-based subjects, recruited from the same catchment areas as the
cases;the number of controls was chosen proportional to the population size of the two areas.
Therefore, four localities were chosen from West Sudan and six localities in Central Sudan.
From each locality one sugar shop was chosen randomly; these sugar shops hold a complete
registry of all inhabitants inthe locality and registration bythe shops isrequired for obtaining
subsidized sugars,aproduct that ishighly appreciated in regions of Sudan. Twenty households
were taken randomly from the shop list. Since liver cancer is more prevalent among men, the
households selection was made in a ratio 1:3 women to men. A total of 199 controls were
enrolled (80from Westand 119from Central) aged 25-70years.All chosen subjects agreed to
cooperate inthe study.
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Bloodsamples
Blood samples from cases were centrifuged immediately at about 1200g for 10 min, and the
sera were then kept at -20°C for HBV and HCV testing. Blood samples from controls were
kept immediately after venapuncture in isolated foam boxes containing cooling materials at
4°C, to be transported from the locality to the regional hospital laboratory where it was
separated using the same technique as mentioned above. The separated blood sera were then
kept at -20°C until they were transferred in isolated foam boxes at less than 0°C to Khartoum
National HealthLaboratory wheretheywerekeptat-20°C.

Hepatitisanalysis
ThesampleswereanalysedattheNationalHealthLaboratory -Virology Department. Hepatitis
Bvirus surface antigen (HBsAg) was determined by Hepanostika HBsAg. In short, 100 uL of
(undiluted) sample and control were pipetted into assigned wells. Each well was then soaked
and washed four times with phosphate buffer after ithad been incubated at 37 ± 2 °C for one
hour. 100 uL of TMB substrate was then pipetted into each well. The strips were then
incubated at 18-25 °Cfor 30min. 100 uLof sulfuric acid (lmol/L)was added toeachwellto
stopthe reaction. Theabsorbency ofthe solution in each well was read at450 ± 5nm.25%of
the positive samples (selected randomly) were also positive when confirmed by the
Hepanostica HBsAgUni-form microelisa system.
Detection ofhepatitis Cvirus (HCV)wasdoneby ORTHOHCV 3.0 ELISATest System with
Enhanced SAVe.Forthisassayadilutedtest specimenwasincubated inatestwell at37°C for
30 min. Then it was washed five times to remove unbound serum proteins. 200 uL of murine
monoclonal antibody conjugated to horseradish peroxidase was added to the micro well and
incubated for 30 min. at 37°C. This was followed by subsequent washing for five times to
removetheunbound conjugate. Thespecimenwasthenincubated for 15min.after the addition
of an enzyme detection system composed of o-phenylene-diamine (OPD) and hydrogen
peroxide. 50 uL of 4N sulfuric acid was then added to stop the reaction. The colour intensity
was measured with a micro-well reader (photometer) using 492 nm filter. Positive samples
werethenconfirmed byCHIRON* RIBA*HCV 3.0SIA.

73

Chapter5

Backgrounddata
The orally administered questionnaire was designed to identify the potential confounders and
other risk factors of HCC. The data for cases and controls were collected by the same
investigator(RO)andentered inthedatabase.
Dataanalysis
Prevalence of hepatitis B and C were compared between cases and controls, followed by
calculation of crude odds ratio's, X2 testing and determination of confidence intervals.
Subsequently, analyses were stratified by the potential confounders age, region, gender,
education andjob type. Finally, logistic regression analysis was used SAS 6.12 (SAS Institute
Inc., Cary, NC, USA) to establish the association between hepatitis B or C and HCC
accounting for potential confounders such as age, region, education and job type. Variables
were considered aspotential confounders, whentheir inclusion inthe model altered the OR for
HBVorHCVby 10%ormore.

Results
Table 1shows the main characteristics of HCC cases and controls from the two study regions
West and Central Sudan. The prevalence of hepatitis B and C infections are higher among
casesthan controls;theprevalence ofeitherhepatitisBorCisalso higher (cases 53%, controls
8%). Cases are older than controls, more often of the western residence, less educated and
more frequently farmers and laborers.No difference was observed between cases and controls
for ahistoryofalcohol consumption.

To identify potential confounders, Table 2 shows the association between hepatitis and age,
region, gender, education andjob type. Hepatitis B virus prevalence is higher among people
less than 40 years old, and among the western population, less educated people, and farmers
and laborers.Alcohol history wasnot related toHBV.Theprevalence of HCV among controls
was much lower than prevalence of HBV. Although the few data do not permit conclusions
there isnoreasonto suspectthat theprevalence of HCV over strata ofpotential confounders is
different thanthedistribution ofHBV.
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Table 1.Main characteristics ofcasesandcontrols.
Potentialrisk factor
Hepatitis infections
HepatitisB
Yes
No

Cases
(n=115)
No. (%)

Controls
(n=199)
No. (%)

49 (43)
66 (57)

14 (7)
185 (93)

13 (11)
102 (89)

3 (2)
196 (98)

HepatitisBorC
Yes
No

61 (53)
54 (47)

16 (8)
183 (92)

Designrelated variables
Age
<40
40-59
60+

11 (10)
38 (33)
66 (57)

80 (40)
96 (48)
23 (12)

Region
West
Central

74 (64)
41 (36)

80 (40)
119 (60)

Gender
Male
Female

88 (77)
27 (23)

150 (75)
49 (25)

Potential confouders
Education
Illiteracy
Literacy

80 (70)
35 (30)

68 (34)
131 (66)

Jobtype
Farmer+Labour
Others

66 (57)
49 (43)

70 (35)
129 (65)

Alcoholhistory
Yes
No

45 (39)
70 (61)

61 (31)
138 (69)

HepatitisC
Yes
No
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Table2.Potential riskfactors forlivercancerandHBV,HCV infection.
Potential risk factor
Overall

HBV(n= =199)
Positive (%)
14/199
(7)

HCV (n= =199)
Positive (%)
3/199
(1.5)

Age
<40
40-59
60+

7
7
0

(9)
(7)
(0)

1
2
0

0)

Region
West
Central

7
7

(9)
(6)

1
2

(1)
(2)

Gender
Male
Female

10
4

(7)
(8)

2
1

(1)
(2)

Education
Illiteracy
Literacy

8
6

(12)
(5)

2
1

(3)
(1)

Jobtype
Farmer+Laborer
Others

9
5

(13)
(4)

2
1

(3)
(1)

Alcoholhistory
Yes
No

5
9

(8)
(7)

0
3

(0)
(100)

(2)
(0)

Strong associations of HBV and HCV with the incidence ofHCC are observed (Table 3).Age
appears a clear negative confounder for HBV; hence the odds ratio rises from 9.8 (crude) to
16.1 (adjusted), while it acts as a positive confounder for HCV and HCC. Region, education
andjob type are no clear confounders for HBV; region and education appeared to be negative
confounders for HCV, although confidence intervals are very wide. After adjustment for age,
the variablesregion, education andjob type were no substantial counfounders anymore. Thus,
the age adjusted ORs of 16.1 for HBV and 4.5 for HCV provide reasonable estimates of the
associationbetweenhepatitisinfections andHCCinthispopulation.
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Table3.Crudeandadjusted OddsRatiosforhepatitisBandhepatitisCvirus infection
andlivercancer.

CrudeOR

HBV
OR(95%CI)
9.8(5.1-18.9)

HCV
OR(95%CI)
8.3(2.3-29.9)

Adjusted For
Age
Region
Education
JobType

16.1(7.4-34.9)
9.0(4.6-17.6)
8.7(4.4-17.4)
8.5(4.4-16.7)

4.5(1.1-18.6)
10.1(2.7-37.4)
13.1(3.4-50.2)
7.6(2.1-27.8)

Adjusted For
Age+Region
Age+Education
Age+JobType

15.0(6.9-32.7)
14.5(6.7-31.6)
14.8(6.8-32.3)

5.5(1.3-23.9)
6.0(1.4-24.8)
4.5(1.0-19.3)

Discussion
Inthis study we found that HBV and HCV virus infections are strongly associated with HCC
in Sudan. The data suggested that HBV infection have a stronger association with HCC than
HCV infection. The prevalence of HBV was also found to be higher (7.0%) than the
prevalence ofHCV(1.5%) amongthis study population.
Regarding selection of cases in our study, the use of registration lists of five hospitals in
Khartoum for case recruitment, enabled all cases from the two regions to be included in the
study, except for those who might have been deceased before they could be included in the
study; furthermore few were missed during the two periods of control recruitment accounting
for atotaloffour weeksduringthetwo-yearstudyperiod.
Moreover,oneofthefivehospitals isaNational Center for Gastrointestinal and Liverdiseases,
so that HCC patients from all over the country are sent to that hospital for further diagnoses
andbettertreatment. Fromfiveofsixhospitals inKhartouml50caseswereobtained during the
two study years. This number clearly exceeds the number of 42 liver and gall bladder cancer
casesreported from Khartoum hospitalsby(Daoud etal.)duringtheperiod 1957-1965.
Selection of controls was done at random basis, with number of controls from West and
Central Sudan proportional to the population size, and these regions are the catchment areas
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that provided cases in the study. From those regions several sugar shops (see: methods part)
were chosen randomly. As social, cultural and demographic characteristics are homogeneous
within the two regions, the random chosen sugar shops are thought to yield a representative
sampleofthesubjects livingintheregionatlarge.
Age, place of origin, education level andjob type were evaluated as possible confounders of
the association between HBV or HCV and HCC. The potential bias was excluded by Mantel
Haenszel analysis, followed by logistic regression that accounted for several confounders
simultaneously. Infact, age appeared to be the only relevant confounder; alcohol drinking and
genderwerenotconsidered asconfounders sincetheywerenotrelatedtoHCC inthedata.
Regarding hepatitis infections, a study conducted in the year 1989 in Sudan showed that
HBsAg and HBcAb (200X) were detected more often in HCC patients than in controls6. The
summary odds ratios for HBsAg positivity and anti-HCV/HCV RNA positivity from 32
published case-control studies included inameta-analysis byDonato etal.24,were found to be
13.7and 11.5respectively. InareaswhereHBV infection waslowtointermediate endemicand
HCV infection is predominant among HCC cases, the summary odds ratios for HBsAg and
anti-HCV/HCV RNApositivity were 8.5 and 16.8respectively. Inthe same study, inatotal of
14studies from sub-Saharan and southern African countries where HBV is endemic, summary
oddsratiosof 16.7for HBsAg and6.2 for anti-HCV/HCV RNA were observed. Ourresults for
HBsAg and anti-HCV positivity coincide with the findings of Donato et al, for sub-Saharan
countries with high HBV prevalence. Despite to the ethnical and cultural heterogeneity of the
different regionsofSudan,this suggeststhatourresultsmay also applyto alarge geographical
areaincluding mostotherregions of Sudan.Giventheobserved prevalence ofhepatitis and the
ORs in this study, HBV might account for 52%, and HCV would account of 5% for HCC in
Sudan.

In addition, the study by Donato et al. suggested synergism between the 2 viruses i.e. the
increase inHCCriskwhenbothHBV andHCV infections werepresent ishigher as compared
with each infection alone. However, since inour study HBV and HCV infections coincided in
only one case and one control, we were not able to study this synergism especially because of
theverylowprevalenceofHCV(1.5%).TheaverageageofHCCcasesinareaswhereHBV is
endemic is lower than among cases from areas where HCC is predominantly due to HCV
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infection (Donato et al). Similarly in our study, the mean age of HCC patients whom are
positive for HBsAg was 55 ± 10 while it was 65 ± 5 for cases positive for anti-HCV. This
different age distribution, along with the lower OR for HCV might be related to different ages
at hepatitis infection or differences in pathogenesis. Thus studies are needed to determine the
ageofinfection andmodeoftransmission ofhepatitisviruses inthe Sudanese population.
Apart from the role of HBV and HCV in the etiology of HCC, clues have also been obtained
from studiesinotherAfrican and Asiancountrieswith similar demographic, social and cultural
characteristics. In most of these countries, HBV is believed to act in combination with other
environmental and dietary exposures such as aflatoxins. In these areas where food and feed
stuffs arehighly contaminated with aflatoxins, the interaction between aflatoxins exposure and
chronic HBV infection has been suspected to play an important role in the incidence ofHCC.
For instance, it is thought that HBV increases HCC risk by either integrating in the DNA or
causing proliferation of cells with a mutated p53 gene, which is seen in areas where there is
excessive exposure to aflatoxin in foods. Therefore, the strong association we observed with
HBV may partially result from synergism with aflatoxin exposure, which is common in some
regions inSudan,including West Sudan25.

In conclusion, hepatitis infections, especially HBV, are important risk factors for HCC in
Sudan.Theymayaccount for about 57%ofHCC,whichmaypartially beduetoa combination
with exposuretoenvironmental carcinogens suchas aflatoxins.
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Abstract
Objective. This study aimsto assess the effect of exposure to aflatoxins (through peanut butter
intake) and hepatitis Bvirus (HBV) infection, either alone or in combination in the etiology of
hepatocellular carcinoma (HCC)inSudan.
Method.A case-control study was conducted among 150patients and 205 controls from Sudan.
Peanut butter consumption and HBV have been investigated, as well as drinking and smoking
habits, and demographic characteristics. HBV infection was assessed from blood samples (115
casesand 199controls).
Results. A clear dose-response relation was observed between increasing peanut butter
consumption and HCC. In virus negative subjects, age-adjusted OR for the highest vs lowest
quartile of aflatoxin exposure was 5.1,with test for trend being statistically significant; the OR
for HBV in the lowest category ofpeanut butter was 32.Thejoint exposure to aflatoxin intake
and HBV infection in increasing HCC risk appeared to be more than the sum and less than the
product ofthe ORs for each factor alone.Based onthese data, about 80%of the HCC cases are
attributable to peanut butter consumption and HBV infection in Sudan. Depending on
assumptions inthe dataanalysis,39-60%ofallcases canbe attributed to aflatoxin exposure and
49-52% to HBV infection; of these figures, 7-34% reflects a shared responsibility of the two
factors.
Conclusion. Reduction of aflatoxin exposure may be a useful long-term strategy in HCC
prevention in Sudan, while hepatitis B virus vaccination of children and high risk groups in
endemicareasmightbeafeasible short-term strategy.

Key Words: Peanutbutter intake,HepatitisBvirus,Publichealth,HCC,Sudan.
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Introduction
Hepatocellular carcinoma (HCC) is the sixth most frequent tumor in the world. Aflatoxins,
hepatitis B virus (HBV) and C virus (HCV) infections are major risk factors for this cancer in
many areas of the developing world. There are currently 300-400 million chronic HBV carriers
worldwide who continue to be at risk of HCC, and many oftheseare inparts of the world with
highexposuretoaflatoxin contaminated foods1.
Epidemiological studies2"6 suggest a multiplicative increase in HCC risk in individuals
chronically infected with HBV and exposed to dietary aflatoxins. This is supported by
experimental studies in HBV transgenic mice and woodchucks, which suggest a biological
interaction between these two risk factors in HCC induction7'8. This was not the case in ducks,
however, where liver injury associated with chronic HBV infection is less marked than in the
former twomodels .
In public health policy aiming to reduce cancer risk among exposed populations, it is not only
important to understand the biological background of disease, but also to quantify the relative
contribution ofhepatitisinfections andaflatoxin toHCC.

The aim of the present analysis is to quantify the potential impact of public health measures in
Sudan, where both HBV infections and dietary intake of aflatoxins are common. The results
obtained from this study may helpto develop afeasible strategy for prevention of HCC optimal
to Sudan.

Methods
Studypopulation
The design of the case-control study has been described in detail previously10. Briefly, a casecontrol was conducted during a period of two years (Sept. 1996- Sept. 1998), in West and
Central Sudan representing regions of higher and lower incidence of liver cancer respectively.
West Sudan (North Kordofan State) is an area of 230,000 km2, and a population size of
1,500,000. Central Sudan (Gazira State) is an area of 152,000 km2, and a population size of
2,500,000. All cases and controls were recruited from these regions; subjects consent was
obtained after theyhadbeen informed.
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Recruitment
A total of 150 HCC cases and 205 controls between 21-70 years were recruited from the two
study regions, in a period of two successive years. Cases were recruited from 5 out of 6
Khartoum (capital) hospitals. In these hospitals liver cancers are diagnosed, following referral
from the regional hospitals. The admission lists from the departments of Internal Medicine in
these five hospitals were weekly screened to identify new admitted cases and the responsible
doctor and patients were contacted. For all cases,the diagnosis of HCC was verified clinically,
by liver function tests and by ultrasound, due to the severity of the disease histopathological
examination ofaliverbiopsycouldbeverified for 95%oftheparticipated cases.
Controls wererecruited from the same catchment areas asthe cases;the number of controls was
chosen proportional to the population size of the two areas. Therefore, four localities were
chosen from West Sudan and six localities in Central Sudan. From each locality one sugar shop
waschosenrandomly;these sugarshopsholdacompleteregistryofallinhabitants inthe locality
andregistration bythe shops isrequired for obtaining subsidized sugars,aproduct that ishighly
appreciated in these regions of Sudan. Twenty households were taken randomly from the shop
list. Since livercancerismoreprevalent amongmen,selection wasmade inaratio 1:3 womento
men.All subjects agreedtocooperate inthestudy.
Dietandlifestylefactors
Based onthe experience obtained during the explorative study11,we designed a questionnaire to
assesspeanut butter intake inastandardized manner. Allparticipating subjects were interviewed
personally, at hospitals for cases and at home for controls. All interviews were done by oneperson (R.O.) usingthe standardized questionnaire. The questionnaire inquired onthe frequency
and quantity of peanut butter on a daily or weekly basis. Frequency was inquired both "in
season" and "off season", the former corresponding to the period of the year with active
agricultural practices following the start oftherainy season, i.e. June-September (3 months),the
latter isduringthedry season, i.e. October-May (9months).Quantity wasassessed intwo ways,
first interms ofmealpattern, i.e. it was asked whether peanut butter iseaten aspart of the meal
or as full meal; second, the amount of peanut butter consumed per meal was inquired and
divided by the number of subjects usually sharing the meal. To calculate average monthly
intake, a weighted average of the frequency consumption "in" and "off season was used. In
addition topeanut butter consumption, we also assessed the mode of storage of peanuts because
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thismayberelevanttotheaflatoxin contentofthepeanutbutter boughtatthelocalmarkets.The
questionnaire also identified the potential confounders and other risk factors of HCC, e.g.
smokinganddrinkinghabits.
Bloodsamples
Blood samples from cases were centrifuged immediately at rpm 2*1000 U/min (2000 round per
minute units) in 10minutes, and the serawere then kept atminus 20°C for HBV testing. Blood
samples from controls were kept immediately after venapuncture in a foam fridge containing
cooling materials at 4°C, to be transported from the locality to the regional hospital laboratory
where it was separated using the sametechnique as mentioned above. The separated blood sera
were then kept at minus 20°C until they were transferred in a foam fridge at less than 0°C to
KhartoumNationalHeathLaboratorywheretheywerekeptatminus20°C.

Hepatitisanalysis
The samples were analyzed at the National Health Laboratory - Virology Department. HBV
surface antigen (HBsAg)wasdetermined byHepanostikaHBsAg.Inshort, 100ulof (undiluted)
sample and control were pipetted into assigned wells. Each well was then soaked and washed
four timeswithphosphate buffer after ithad been incubated at 37+ 2°C for onehour. 100(4.1 of
TNB substrate was then pipetted into each well. The strips were then incubated at 18-25°C for
30 minutes. lOOul of sulfuric acid (1 mol/1) was added to each well to stop the reaction. The
absorbency of the solution in each well was read at 450 ± 5 run. Twenty five percent of the
positive samples (selected randomly) were also positive when confirmed by the Hepanostica
HBsAgUni-form microelisa system.

Data-analysis
We analyzed data of 114 cases and 198 controls. Blood samples were obtained and tested for
HBsAg antibodies from 115 cases and 199 controls (80 from West and 119 from Center);
missing blood samples were not related to the study design. Food consumption data from one
caseandonecontrol weremissing.
To examine the interaction of dietary aflatoxin exposure (peanut butter consumption) and HBV
infection, the joint distribution of these factors was compared between cases and controls,
followed by calculation of crude odds ratio's (ORs) and confidence intervals (CIs).
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Subsequently, logistic regression analysis was used (SAS statistical package) to adjust the
association between peanut butter consumption, HBV infection and HCC for potential
confounders such as sex, age, region, education, occupation, cigarette smoking and alcohol
consumption (oneatatime).Onlyageappeared toberelevant asa confounder.

The ORs describing thejoint effect of peanut butter consumption and HBV infection on HCC
were obtained in four different ways,aimingto obtain thebest estimate ofthe separate andjoint
effect underdifferent assumptions.
First, we described the data without any assumption on additivity or multiplicativity of effects.
This was done by fitting a model, with indicator variables for each of the 7 combinations of
peanut butter consumption and HBV infections (versus the reference group). Second, we
assumed multiplicativity of effects and obtained ORs from logistic regression models with only
maineffects for peanut butter consumption and HBV infection (i.e.without a statistical product
term or interaction). Third, we obtained ORs assuming additivity of the two factors by
inspecting the results from the first model (Figure 1) and using the ORs for peanut butter
consumptionamong(therelatively large groupof) virusnegative subjects. Finally,wecombined
our results with other studies to obtain an overall summary estimate with respect to the OR for
peanut butter consumption, HBV, and their joint effect. To quantify these results, we used
inverse variance weighted pooled estimates of the In-transformed ORs from three studies
published before2'4. Inorderto allowpooling with these other studies,wedichotomized our data
for peanutbutter consumptionbyjoining thethreehighest categories.

Calculationoftheetiologicalfraction
The aim of this study is to quantify the relative contribution of HBV infections and aflatoxin
exposure to HCC, i.e., the (population) attributable risk (percent), also denoted as the
attributable or etiological fraction (EF). The EF represents the proportion of all new cases in a
given period that are attributable to the risk factors of interest. For a combination of two risk
factors with levels i=l to 4 (categories of low to high peanut butter consumption), and j=l,2
(without, withHBVinfection), the EFiscalculatedas:
EF++ =(ID++-ID,,)/ID++ = 1-(ID,,/EgF,j*IDU)= 1-(1/ 2yFy* IDRy)
where ID++ is the overall incidence density in the candidate population with exposure to both
factors, IDn is the rate in the reference group, IDRn=1.0 and the summation is over i and j 1 2 .
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Thus,theEFisafunction oftwotypesofinformation: (1)thefrequency oftheriskfactors inthe
candidate population (Fy),and (2)the strength ofthe association between the risk factor and the
disease (IDRy). It is chiefly the first quantity that makes the EF specific to a particular
population,whilethesecondisestimatedbytheORyobtainedfrom ourcase-control study.
Subsequently, we usedthe ORsderived underthe four different assumptions (see data-analysis)
tocalculatetheEF.Forpeanutbutterconsumption,wecalculated
EFpb= 1 - (ZjF+j*IDR,j)/(SyFy^DRy)
andforHBVinfection wecalculated
EFhbv= 1 - (SiFi+ *IDRu)/(£yFy*IDRy)
In these formula Fj+ and F+j represent the marginal exposure distribution for peanut butter
consumption and HBV respectively; IDR,i and IDRy denote the IDRs for peanut butter among
virus negative subjects and of HBV among the reference category for peanut butter intake, as
estimatedunderthebefore-mentioned four assumptions,respectively.
AsarguedbyRothman13publichealtheffects mustbeevaluatedonanadditive scale.Thepartof
the EF shared by both factors, denoted by EF* is a measure of super additivity or public health
interaction by both factors and can be calculated as EF* = EFPb + EFhbv- EF++.This formula
can be derived by determining IDR*y assuming additivity of the observed separate effects, i.e.
IDR*y = 1+ (IDRii-1) + (IDRij-1) and calculation of EF* = (ID++ - ID*++)/ ID++ = 1- Ey
Fy*IDRy*/ZyFy*IDRjj, whichreducesalgebraically totheeasier formula ofEF* given before.

Results
Inthis analysis, 114cases and 198controls were included. As shownpreviously, cases appeared
to be older because the intended frequency matching on age could not be realized during
fieldwork. A higher percentage of cases were obtained from West Sudan, while distribution
among controls represents the population size of the two areas, as intended. HCC was three
times more frequent among males. Illiteracy and being farmer or laborer were more prevalent
among cases. For drinking and smoking habits, prevalence among cases and controls was
similar. Age, sex, region, education level andjob type were evaluated as potential confounders
of the association between peanut butter and HCC. The potential bias was accounted for by
stratified analysis, followed by logistic regression that accounted for several confounders
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simultaneously. When the potential confounders were added to the models the results for all
categories of exposure remained essentially similar (datanot shown). Only age appeared to bea
mildconfounder andwasadjusted for inallanalyses.
The combined effects of peanut butter consumption and HBsAg carrier status on the
development of HCC are shown in Table 1. A clear dose-response relation between increasing
peanut butter consumption and HCC was observed. In virus negative subjects, the OR for the
highestvslowestlevelofexposurewas4.18incrudeanalysisandincreased only slightlyto 5.06
upon adjustment for age, with the test for trend being statistically significant. Furthermore, the
ORsfor viruspositive subjects weremuchhigherthanfor virusnegative subjects: TheORinthe
highest category of peanut butter consumption was 41.5, while it was 32.2 for the reference
category. Thus, the OR for peanut butter consumption among virus positive subjects was
41.5/32.2 = 1.3 and the test for trend for peanut butter consumption among this subgroup was
not statistically significant. Partially due to the small number of HBV positive subjects, the X2
for statistical interaction between hepatitis virus infection and peanut butter consumption was
notsignificant either(p=0.17).

Table 1. Combined effects of peanut butter intake and HBsAg antibody status on the
development ofhepatocellular carcinoma.
Peanutbutter intake
Virus negative
Virus positive
cases
controls OR* (95% Cis)
controls OR* (95%CIs)
(g/m)
cases
<70
1.00
32.16 (4.02-257.45)
8
49
6
2
71-150
11
45
1.89 (0.60-5.95)
10
2
46.46 (6.82-316.73)
151-300
2.67 (0.91-7.87)
16
46
10
35.00 (5.87-208.59)
3
>300
44
5.06 (1.84-13.91)
30
23
7
41.52 (11.15-154.54)
*ORadjusted for age.
Test for trend;X2=10.94 (p<0.01) among virus negative subjects, X2 =0.02 (p=0.88) among virus positive subjects;
X2 for interaction between peanutbutterconsumption and HBV = 1.89(p=0.17).

Figure 1shows the best estimates of ORsbased onthe former estimates (thick lines), aswell as
assuming a multiplicative effect between peanut butter consumption and hepatitis B infection
(thin lines). The ORs of the multiplicative model fit within the confidence intervals of the
previous model, suggesting that both models adequately describe the data. Moreover, the figure
also suggests that an additive model for peanut butter consumption and HBV infection might
describe the data equally well. The figure suggest that an additive effect might be estimated by
about 35 units on the OR scale. Moreover, the size of our study lacks the statistical power
required todiscriminate betweenthesedifferent models.
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Figure 1. Association between peanut butter consumption, hepatitis B virus infection and
HCC, fitted by different statistical models (see legend).
Legend tofigure 1.Subjects withpeanut butter consumption <70g/month and without HBV infection served as the
reference category. Thick lines connect the estimates fitted with 7dummies for all combinations ofpeanut butter
consumption and 95%confidence intervals for these estimates are indicated asvertical lines (HBV-negative:
continuous lines;HBV-positive: dashed lines).Thin lines connect estimates ofthe OR fitted usingthe assumption
of multiplicativity ofORs for peanut butter consumption and HBV infection. All models were adjusted for age.

In order to obtain a better estimate for thejoint effect of peanut butter consumption and HBV
infection, and to evaluate the relation between aflatoxin exposure, HBV infection, and HCC
quantitatively, we pooled ORs and 95%CI's of our study with three previous individual-based
studies2"4(Table2).Results for peanutbutterconsumption from our study (OR=3.3, Table 2)are
obtained by thejoining the three highest categories of consumption with the reference category
(asshown inTable 1);intheother studies detectable vsnon detectable levels were compared for
urinary levelsofaflatoxin-metabolites andadducts.Thepooled ORfor HBsAg-negative subjects
with high aflatoxin exposure was 2.78 (95%CI= 1.5-5.0).The pooled ORs for HBsAg-positive
subjects with low and high aflatoxin exposure were respectively 9.55 (95% 0=4.5-20.4), and
55.2 (95% 0=26.1-117). Thus, even when combined with our results, the OR for the joint
exposure (55.2) exceeded multiplicativity (9.6*2.8=26.9) of the separate associations by about a
factor 2.
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Table2.Overview offourstudies addressingtheseparate andjointeffect of aflatoxins
andHBV.

References

Aflatoxin
exp.

Odds Ratios (95%CI)
Hepatitis Bvirus (HBV)
Negative
Positive

Prevalence
ofHBV

ORsadjusted for

Wang4 (1996)
38cases
low
136controls high

1.0
1.7(0.3-10.8)

22.8 (3.6-143.4)
111.9(13.8-905.0)

15%

Alcohol drinking
Cigarette smoking

Qian3 (1994)
50 cases
Low
267 controls High

1.0
3.4(1.1-10.0)

7.3 (2.2-24.4)
59.4 (16.6-212.0)

14%

Cigarette smoking

Ross2(1992)
22 cases
Low
140controls High

1.0
1.9(0.5-7.5)

4.8(1.2-19.7)
60.1 (6.4-561.8)

11%

Omer(this paper)
114cases Low
198controls High

1.0
3.3(1.3-8.3)

32.0 (4.0-255.8)
40.7(12.7-130.9)

7%

Pooled results
224 cases Low
741controls High

1.0
2.8(1.5-5.0)

9.6 (4.5-20.4.8)
55.2(26.1-117)

Age

Figure 2 shows the proportion of cases among the population that can be attributed to peanut
butter consumption and hepatitis i.e. the etiological fraction. This was calculated based on
estimates obtained from the four previously mentioned statistical models. First, additivity was
assumed with independence of the effect of the two risk factors i.e. no biological interaction
between peanut butter consumption and HBV infection. Under this assumption, the population
attributable risk for peanut butter and hepatitis were 27% and 52% respectively; results were
only slightly different when asmaller (30)or larger (40)ORfor hepatitiswasused. Second, the
logistic model with seven dummy variables was used (as in Table 1). For this model, the
population attributable risk for peanut butter consumption was 39%and for HBV was 49%;for
the joint exposure to HBV and peanut butter consumption, the model showed an excess to
additivity of 7%, suggesting some synergism between these factors. The multiplicative model
(Figure2,column 3,seealso Figure 1)resulted ina shared responsibility for thetworisk factors
of about 34%; in this case, the population attributable risk of aflatoxins (60%) exceeds that of
HBV (52%). When ORs from the four pooled studies (including ours) were used, the shared
responsibility of both factors was even larger (48%) and the population attributable risk of
aflatoxins exceeded 70%.All four models showed that around 80%of the HCC cases in Sudan
areattributabletothesetworisk factors.
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Figure 2. Percent of cases attributable to peanut butter consumption, hepatitis and their
jointeffect (shared responsibility) accordingtodifferent assumptions indataanalysis.

Discussion
In the present study, we investigated the combined effects of HBV infection and aflatoxin
exposure onthedevelopment of HCC.Acleardose-response relation between increasing peanut
butter consumption and liver cancer was observed. Moreover, HBV infection was strongly
associated withHCC.Therisk forjoint exposuretoHBVandaflatoxin consumption appeared to
be more than additive but less than multiplicative for each factor alone. Based on these data,
32% all cases can be attributed to aflatoxin exposure alone, 42%to HBV infections alone and
7%toasharedresponsibility ofthetwofactors, i.e.exceedingadditivity ofboth effects.
There is no obvious source of bias to explain our results. Regarding selection and information
bias we would like to refer to a previous paper' . Briefly, we weekly screened the hospital
admission lists ofall 5relevant hospitals in Khartoum, enabling us to include all cases from the
two regions in the study; we only missed the few that were admitted during the periods of
control recruitment (a total of four weeks during the two years study-period) and those that
might have been deceased before they could reach the hospital. Although we expect that we
included most cases,we might have missed the most severely ill subjects who might have been
more likely to be exposed, i.e. the strength of the association may have been underestimated.
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Selection of controls was done at random basis, from the same catchment areas that provided
cases; the total number of controls from each region was proportional to the population size in
eachregion.Inordertoassesstheusual intake ofpeanut butter, frequency and portion size were
assessed over atime frame of at least oneyear. Inthe Sudanese population, use ofpeanut butter
is acommon practice and there isno knowledge or concern on aflatoxin among the population.
Giventhesefood habits,thedesign andstandardized format ofthequestionnaire andthe fact that
allsubjects werequestioned byonlyoneperson,systematic errors inassessment ofpeanut butter
intake are not considered a serious problem to our investigation. Therefore, information bias is
not a likely explanation for the positive association between peanut butter consumption and
HCC.

Regarding the pooled analysis, several issues need to be addressed. First, we must be careful in
interpreting the quantitative outcomes of the pooled ORs, because the previous studies used
aflatoxin guanine-adducts and/or urinary aflatoxin metabolites as markers of aflatoxin. In
contrast,weusedpeanutbutter intake asameasure ofaflatoxin exposure.Aflatoxin isdetectable
invariousfoods,butthelevel ofcontamination isusually low.Peanuts,peanut-containing foods,
and soy sauce(notrelevanttoSudan)areimportant exceptions.

Urinary aflatoxin metabolites including aflatoxin guanine-adducts may reflect only recent
dietary exposure to aflatoxins (24 hours), and they show considerable day-to-day variation in
their excretion. Dietary aflatoxin exposure reflects amuch longer period of exposure e.g. in our
study one year before the disease became clinically manifest (for cases); furthermore, eating
pattern through different seasons was also accounted for in our dietary questionnaire. Secondly,
it should be noted that each of the four studies has limited statistical power, which justifies
pooling oftheresultstoarrive atmore stable estimates.Although our results (Table 1,Figure 1)
suggest that thejoint effect of both exposures is between additivity and multiplicativity of the
separate effects, thepooling results clearly suggests super-multiplicativity. Therefore, the results
from Sudanappeartobecompatible withtheusual assumption ofmultiplicativity.

Regarding HBV alone as a risk factor of HCC, results from the pooling with the three other
studies, resulted in an OR of 9.6 (95% CI 4.5 - 20.4). This is in line with the results from a
meta-analysis study by Donato et al.,u which included 32 published case-control studies from
different parts of the world (OR for HBV = 13.7).The pooled odds ratio of 14 of these studies
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conducted insub-Saharan, SouthernAfrican andAsian regionswhere HBV isendemicwas 16.7
(95% CI 14.5-19.3). The strong relative risk of HBV seems to overrule the risk of aflatoxin
exposure.However, regarding aflatoxin exposure,amongHBV carriers inChinaitwasobserved
that the mortality rate from liver cancer was 10 times higher in villages where the individual
dietary exposure to aflatoxins was high compared to individuals from villages with lower
aflatoxin exposure5.Acase-control study conducted inthe PhilippinesBulatao etal.,15observed
a risk ratio (RR) of 17.0 in individuals exposed to very high levels of dietary aflatoxins (>7ug
per day), and a RR of 13.9 in those exposed to moderate levels (4 to 6 (ag per day) when
compared tothosewhowere exposed torelatively lowlevels(0to4|agper day).Sincethe latter
study did not measure HBV serology of the subjects and the Philippines are a HBV endemic
region, it is uncertain how much ofthis significant association could also be attributed to HBV
carrier status.Thus,wearguethattherisk ofHCCseemstodepend ontheproportion exposed to
both factors.
In Sudan, HBV and aflatoxin exposure accounts for about 80% of HCC either alone, or in
combination. The results shown in Figure 2 (column 2), provide the best description of our
dataset obtained from modeling withproductterms.However, amultiplicative model (column 3)
is also compatible with our data and corresponds better to the pooled data. Thus, the
multiplicative model might give a valid estimate for Sudan, which brings the population
attributable risk for aflatoxins in Sudan to 60% exceeding that for hepatitis (52%). As for
primary prevention strategies,the purpose isto limitthe incidence of liver cancer by controlling
exposure toriskfactors orby increasing individual resistance tothem (e.g.by vaccination). The
proportion in a population that could be prevented depends on the RRs and prevalence of the
exposure (either HBV or aflatoxins). Reduction of aflatoxins from Sudanese food may serve as
along-term strategy for Sudan, but a short-term strategy by HBV immunization of children as
well ashighriskgroups inendemicareasisalso feasible.
In summary, peanut butter consumption and hepatitis infections, are important risk factors of
HCC. In Sudan, reduction of aflatoxin contamination of foods seems to be slightly more
important fortheprevention ofHCCthanHBV immunization.
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Chapter 7

Introduction
The studies reported in this thesis were designed to quantify the impact of aflatoxins on the
etiology of hepatocellular carcinoma (HCC) particularly in Sudan. The ultimate objective was
tofind cluesfor prevention andcontrol ofHCCamongthe Sudanesepopulation. This objective
waspursued by conducting acase-control study intworegions in Sudan (West and Central),in
order to maximize heterogeneity in exposure to aflatoxins and HCC risk. Apart from these
issues of direct relevance to the Sudanese population, we also addressed issues of general
scientific interest that help to substantiate our findings e.g. genetic factors and albumin
adducts.
First, an explorative study was carried out (Chapter 2), aiming to address contamination of
peanuts with aflatoxins and to investigate the feasibility of conducting a case-control study. In
this study we also compared the population from both regions, we tested the questionnaire to
be used in the main study, and we identified the possibilities to include biological markers in
themainstudy.

Themaincase-control study included ca 150casesand 200controls.Inthis studyweevaluated
the risk ofpeanut butter consumption, storage conditions and GSTM1 (Chapter 3).In addition
the possible role of polymorphisms in GSTT1 and EPXH has been investigated in detail
(Chapter 4). Subsequently, hepatitis B and C infections have been studied as important risk
factors of HCC (Chapter 5). In order to evaluate potential public health measures for HCC
prevention in Sudan, the combined effect of hepatitis B virus and intake of aflatoxins was
studied inmoredetail (Chapter6).
In this chapter, the main findings of our studies are summarized (Table 1). Methodological
issues that may interfere with the interpretation of the results are discussed (page 101-110).
Subsequently, our results are compared to those from related studies (page 110-113). Relevant
public health measures and directions for future research will be presented at the end of this
chapter (page 113-116).
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Table 1.Mainfindingsofthestudiesdescribed inthisthesis.
Relevant subject

Mainfindings

Contamination ofpeanutswith
aflatoxins (Chapter2)

Meancontamination levelis20timestheWHO
permissible level (10(xg/kg).

Peanutbutterconsumption and
HCC (Chapter3)

Strongpositive association especially among
subjectsdeficient inaflatoxin detoxification,
(GSTM1nullgenotype).

Genetic susceptibility
(Chapter3,4)

WhereasGSTM1hasamajor rolein aflatoxins
detoxification, GSTT1playsnoroleinHCC.
ForEPHXpolymorphisms,nointeraction with
peanutbutter consumptionwas observed.

Hepatitisinfections andHCC
(Chapter5)

Hepatitisinfections aremajor riskfactors, showing
strongassociationswithHCC.

Publichealth (Chapter 6)

Around 80%ofHCCcasesareattributableto
exposuretoaflatoxins (peanutbutter intake)and
hepatitisBinfection. Ca50%isdueto aflatoxins
whereassimilarpercentage couldbeattributed to
hepatitisBvirusinfection.

Methodological issues
Epidemiological studies are susceptible to several forms of bias. Issues related to validity and
precision of the studies presented in this thesis will be discussed in this chapter. Due to poor
infrastructures in a developing country like Sudan, special consideration will be paid to the
conduct of these studies under such circumstances. Internal validity will be discussed in terms
of selection bias (recruitment of subjects, page 101), information bias (assessment of exposure
and use of biomarkers, page 104 and 105, respectively) and confounding and effect
modification (in the comparison between regions, page 106). Conclusions of the above
mentioned willbepresented onpage 109.

Recruitmentofcases
Inacase-control study theproper ascertainment of cases and controls isof crucial importance.
Apart from objective criteria for the diagnosis of the disease and eligibility criteria for cases
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and controls (extensively described in Chapter 3), this also requires unbiased recruitment
procedures.
With respect to recruitment procedures, cases might be identified through regional health
registers,throughrecordsoflargeambulatory-care practices,orthrough admission tohospitals.
In this study cases were recruited from the admission lists of five out of six hospitals in
Khartoum for the main study (four in the explorative study, chapter 2). The use of these lists
enabled us to include cases from the two study regions irrespective of their exposure history.
SinceHCCisarareand seriousdisease,newsuspected incident cases areusually referred from
the regional tothehospitals in Khartoum for adequate diagnosis and treatment. Moreover, one
ofthe hospitals,which served as a main source for cases inboththe explorative and the main
study,isanational centrefor gastro-intestinal diseasesinSudan;HCCcasesdiagnosed inother
hospitals in Khartoum are referred to this centre for treatment. This leaves the one (two) noncooperating hospital(s) even less important; furthermore, the latter hospital(s) is of minor
importance to case-recruitment since it obtains the majority of its cases from northern Sudan
i.e. itdoesnotrepresentthecatchment areaofcasesoriginating from Westand Central Sudan.
During the conduct of this study, it appeared that absence of proper hospital registries in
Sudan, made it rather difficult to verify completeness of case recruitment, and qualitative
arguments have to be used indeed. One might expect that some cases were missed especially
from the larger western region, which is situated at a slightly further distance from Khartoum.
Therefore, the difference in risk between the two regions (and the association with intake of
peanut butter) might be underestimated. Nevertheless, as we anticipated, we do see a higher
riskofHCCinthewestern region.
Therefore, improvement of registries in the study regions as well as in other regions in Sudan
seems to be of crucial importance as it could provide reliable incidence figures for comparing
the regions inthis study and it could offer better possibilities for monitoring and evaluation of
public health in Sudan. Furthermore, such registries might helpto compare the health issues in
Sudantoother countries. For instance, duetothe lack of proper cancer registries, currently no
dataon cancer incidence areavailable from Sudan inthe WHO-IARC series "cancer incidence
infivecontinents", 199793.
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Inconclusion,weareconfident thatthecasesthathavebeenmissed havenot seriously affected
our results. However, in order to substantiate such a statement quantitatively, hospitals and
healthregisters inSudanneedtobe improved.

Recruitmentofcontrols
The studies focused especially on two regions in Sudan (West and Central), where peanut
consumption isconsidered tobehabitual andthatwere suspected tobe different inexposure to
aflatoxins as well as the incidence of HCC. This approach was intended to increase the
heterogeneity of exposure to aflatoxins. Controls were obtained randomly by the use of
infrastructure available inthe area e.g. health centers (explorative study) or sugar shops (main
study).
Inthe explorative study,the controls from both regions were recruited from subjects attending
three health centers chosen randomly by means of a multistage sampling procedure. The same
statistical procedure was adopted in the main study for the random selection of sugar shops
from West and Central Sudan (four and six sugar shops, respectively). Registration by sugar
shops is required for all inhabitants in the region irrespective to their income status. Controls
werethen randomly recruited out ofthe sugar shop lists. In Sudan, this wasthe only available
infrastructure that canprovide a frame of potentially eligible controls in the target population;
the population enrolled via the health centers can be biased as compared to the target
population under consideration, because of their illness and complaints. The sugar shop lists
provide advantages over the health centers lists as they could give an unbiased procedure for
control recruitment.
Unfortunately the sugar shop lists do not provide inhabitant's ages. Therefore, age matching
could notbeproperly attained for the control groups inthis study, because itwould requiretoo
much extra work and time. However, because of time constraints in the conduct of our study,
we had to make a choice between proper age matching of controls and blood collection from
controls. Weconsidered the lattertobemore important toproperly addresshepatitis infections,
genetic susceptibility and albuminadducts.

From the former, the necessity of population registries establishment arises. Such registries
could make age matching more easy and feasible for studies like ours. In addition, they may
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provide good sources for descriptive data relevant to other studies, as well as producing
statisticsontheoccurrenceofcancerinSudantobecomparedtoothercountries.
In conclusion, although recruitment of controls by means of sugar shop lists did not allow
matching by age,we consider the controls in this study representative of the target population
when age is accounted for by statistical methods. Yet, the presence of population registries
would enable age matching and improve the statistical efficiency of similar studies. When
combined with cancer registries, such registries could provide a proper estimate of the
incidence figures ofdifferent tumorsinSudan.

Assessmentofexposuretoaflatoxins
In retrospective studies, dietary questionnaires should be designed to investigate the exposure
of cases and controls with similar validity, with the reference period coinciding with the
etiologicalrelevanttimeframe. Inthepresent study,intakeofaflatoxins inthedecade(s) before
disease occurrence is considered relevant to the etiology of HCC. The intake of aflatoxins
depends on both the food pattern and the aflatoxin content of foods. In Sudan, these two
determinants ofaflatoxin intakehavedifferent characteristics,relevanttoexposure assessment.

Foodpattern. In this respect the questionnaire investigates the food habits especially peanut
butter consumption in terms of frequency, daily quantity and number of consumers (resulting
in average consumption). In order to account for seasonal differences in eating pattern, intake
was assessed over a whole year by using questions on intake during harvest period "inseason"
and "off season". Except for this seasonal variation, food patterns tend to be constant for long
periods of time because of limited food sources and possible variations. Other main
components of meals, which are suspected to be possible sources of aflatoxins (i.e. sorghum,
millet or corn), were also investigated. Therefore, given these stable foods habits and the
design ofthequestionnaire,recallbiasisnotconsidered aseriousproblem.Asdietaryhabitsof
cases tend to change when symptoms of liver cancer arise, the reference period for this food
pattern was one year before symptoms occurred. Misclassification of exposure might occur
when a population is in a transition stage e.g. due to changes inthe economic situation. Thus,
as aresult of the recent economic decline in Sudan, the central region might be in a transition
stage regarding food habits i.e. people tend to shift to a cheaper source of protein (peanut
butter).
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Aflatoxin contentoffoods. To assessthe extent of aflatoxin contamination, duration and type of
storage were investigated as indicators of this contamination. Samples of peanut butter were
collectedrandomlyatdifferent timeintervalsafter harvestandfrom different storagetypesinthe
two study regions. Subsequently the level of aflatoxins was determined in these samples.
However, we suspected that aflatoxin content of peanut butter might be highly heterogeneous
withinthesamestoragetype,andfrom year-to-year;thisisprobablyduetotheyearlyvariationof
environmental factors such as temperature, humidity and precipitation. Therefore, aflatoxins
content of samples is not considered reliable enough to calculate the individual exposure to
aflatoxins overalongtimeperiod.
Genetic polymorphisms. Considerable differences regarding the metabolism of aflatoxins
determine the susceptibility to liver cancer. The carcinogenicity of aflatoxins partially results
from the incapability of producing aflatoxin-detoxification enzymes e.g. glutathione Stransferase (GSTM1).Geneticpolymorphisms insuchenzymesresultinhigher exposure ofthe
targetorgan (targetDNAmolecules)tocarcinogenic aflatoxin metabolites.

Assessmentofexposure usingbiologicalmarkers
Hepatitis infections.The high prevalence of self-reported hepatitis infections observed in the
explorative study aswell asthemain studywasduetothehighprevalence of non-carcinogenic
types of hepatitis. Thusthe prevalence of anti-hepatitis Avirus in adult Sudanese subjects was
found to be96%94. However, only hepatitis Band Cviruses are relevant to liver cancer. Inthe
explorative study self-reported hepatitis was not associated to HCC, which was attributed to
the low specificity of self-reported hepatitis, leading to misclassification results of the
biologically relevant forms of hepatitis. For this reason, the laboratory checking for this
important risk factor was considered a necessity in the main study, even more important than
improved statistical efficiency by matching for age (seepage 103). In the main study both the
questionnaire data andblood sampleswereavailable. Indeed, sensitivity and specificity ofselfreported hepatitis indicate that questionnaires are not suitable to assess hepatitis infections
(Table2).
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Table 2. Lack of association between self-reported hepatitis infection and serological
laboratory data
Labresults
Yes

Self-reported hepatitis
No

Total

Test characteristics

HBV
Positive
Negative
Total

31
119
150

32
132
164

63
251
314

HCV
Positive
Negative
Total

6
144
150

10
154
164

16
298
314

Sensitivity =50%
Specificity =53%

Sensitivity =43%
Specificity =52%

Albumin adducts.Beyond the intake of aflatoxins, its metabolites can be measured in humans
and animals as markers of exposure. In an extension to this study, aflatoxin albumin adducts
will be measured in blood serum as an indicator of recent exposure (integrating over about
three months).However, cases might have changed their eating habits. In our study more than
80% of cases stopped eating peanut butter at the time they became diseased. Therefore,
aflatoxin albumin adducts are intended to be determined among the controls only and will be
used to compare the exposure of aflatoxins in the two regions and its association with peanut
butter intakeaswellaswithgenotype.
In conclusion. Human biomarkers are considered to provide useful information for
epidemiological research. Thus, the contribution of hepatitis infections in HCC can be
validatedproperlybytheuseofserological laboratory analysisfor hepatitismarkers.

Comparisonsbetweenregions.
Thepreviousfindings byZaki, 199155andtheclinical observations ofarelatively high number
of HCC cases from West Sudan as compared to Central Sudan contributed to the rationale of
the present study. The population of the two regions together was taken as the study
population, with the number of controls proportional to the population size of each region.
Thus, the range of exposure to aflatoxins was considered to be large, which might result in
observing a stronger association (provided that confounders did not differ markedly between
the regions). However, region appeared to be a modifier of the association between peanut
butter consumption and HCC in crude data analysis, although this disappeared largely in
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further analysis. Therefore, we systematically discuss the regional differences and the possible
background oftheeffect modification byregion(ifany)inthisparagraph.
In order to explain the risk difference between the high and lower HCC incidence region and
alsotoprovide information directly relevantto exposure toaflatoxins, comparisons weremade
atthe group level between the two regions. Our findings clearly show that the western region
has the higher incidence of HCC as compared to the central region (i.e. OR=1.9). Central
Sudan has a good infrastructure and higher socio-economic status so that people can possibly
reach Khartoum hospitalsmoreeasily whenthey arediseased. Thisway, casesthatwould have
been missed during the study period would probably be living in West Sudan.Thus,the ORof
1.9isnot likelytooverestimate theriskdifferences between theregions.Nevertheless,wewill
evaluatewhether thisriskdifference canbe explainedbyconfounding byotherriskfactors that
differ between the regions (i.e. life style, food patterns and hepatitis infections), or by effect
modification (i.e.stability offood habits,aflatoxin content offood andgenetic susceptibility).

Potentialconfounders underlyingtheregion effect
Life style. Alcohol consumption and cigarette smoking were found to differ between the two
regions. They were not materially associated with HCC, however. Thus, when they were
included inamultivariate regression modeltocontrol for their confounding effect, the regional
riskdifference remainedthesame.

Foodpatterns. Other food patterns differed between the two regions. When these foodstuffs
are suspected to be contaminated with aflatoxins or other mycotoxins (e.g. millet
consumption), this may play a role inthe risk difference between the regions. However, when
included in a multivariate logistic model the difference in the risk between the two regions
remained ofsimilar strength(OR=1.8).
Hepatitisinfections. Theassociation betweenregion and HCC maybe confounded by hepatitis
infections. However, theprevalence ofhepatitis infections is 10%and 8%in Westand Central
Sudan respectively. When multivariate logistic regression was conducted the risk difference
betweenthetworegionsremained ofsimilar strength.
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Potentialmodifiers underlyingtheregion effect
Aflatoxinscontent. Peanutbutter sampleswerecollected from different storagetypes inthetwo
regions. As mentioned before, these levels fluctuated highly during the explorative and the
main study periods (Table 3). Results from the explorative study are in line with previous
findings from West Sudan20. Incidentally the main study period 1997-1998 has shown very
high aflatoxins levels in peanuts from Central Sudan (reports from Quality Control Dept.
Sudan).Inaddition, the long-term aflatoxins exposure in West Sudan ismore likely to explain
thehigher HCCincidence inWestoverCentral Sudan.

Stability offood habits. Given the fact that most subjects in West Sudan are farmers and
labourers, consumption ofpeanut butter in West Sudan is more stable over longer periods. In
contrast, Central Sudan has recently become a transition society i.e. as a result of economic
decline in the latest period (3-4 years) people at different educational levels and occupations
are shifting to cheap sources of protein like peanut butter. Therefore, the food frequency
questionnaireoveraoneyearreference periodmaynotreflect long-term exposureto aflatoxins
in the central region, but it does in the western region. The resulting misclassiflcation of the
long-term exposuremayleadtoattenuation oftheassociation,especiallyinCentral Sudan.
Geneticfactors. Genetic factors not included in this study may, in theory, explain the risk
difference between the two regions. GSTM1, a main modifier of the association between
peanut butter intake and HCC was found to be similar inthe two regions. Genetic factors that
are different among Sudanese from Arab origin and those from African origin may partially
explain the difference in risk between the two regions, indeed the EPHX polymorphism was
slightlydifferent betweentheregions,butwelack sufficient powertoreachafirmconclusion.

Table3.MeanvalueofAFBi concentration over1-yearperiodinsamplesof different
storagetypesinWestandCentralSudan.
Region
West Sudan
Central Sudan

Storage type
Dry storage
Humid storage
Drystorage
Humid storage

Main study (1997-1998)
^samples ug/kg*
(logio)
10
20.6
(1.32)
11
15.1
(1.18)
4
27.5
(1-44)
5
13.0
(1.11)

* =Concentrations wereretransformed from mean valueona log10scale.
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Explorative study (1995)
#samples ug/kg*
(logio)
16
8.7
(0.94)
11
55.2
(1.74)
6
6.0
(0.78)
4
5.5
(0.74)
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Thus, life style, food patterns and hepatitis infections can not explain the high HCC risk in
West Sudan as compared to Central Sudan. The strong association between peanut butter
consumption and HCC in West Sudan might in theory be due to a high aflatoxin content and
higher prevalence of EPHX polymorphisms in West Sudan and/or less stable food habits in
Central Sudan. Although the effect modification disappeared in multivariate analysis, it is
difficult to say whether this is truly and completely absent or whether its presence reflects
limitations ofthestudysizefor suchtypesofanalysis.

Conclusions
Selectionofcases.Cases enrolled inthis study were community-based subjects, from the same
catchment areaofthecontrols. In addition, caseswere clinically andpathologically confirmed
as HCC patients (95% of participating cases were histologically confirmed). Our weekly
screening of the admission lists of the five hospitals in Khartoum will enable almost all cases
fromthetworegionsindependenttotheirhistoryofexposuretoaflatoxins tobe included inthe
study.Those whomighthavebeenmissed duringtheconduct ofthe studywerenot considered
to affect the internal validity so much, but the completeness could not be verified by health
administration systemsinSudan, unfortunately.

Selection of controls. The random-based selection of controls enabled each control from the
target population irrespective to his or her exposure history to have an equal chance to
participate in the study. However, the ideal balance of age distribution in cases and controls
could notbeproperly attained;nevertheless,agedidnot appear tobestrongly related topeanut
butterconsumption andtherefore, itdidturnoutnottobeastrong confounder.
Assessment of exposureto aflatoxins. The use of peanut butter is considered to be common
practice inthe Sudanesepopulation, andthereisnoknowledge orconcernonaflatoxins among
the population. Given these stable food habits, the design and standardized format of the
questionnaire and the fact that only one person questioned all participating subjects,
information bias is not likely to explain the positive association between peanut butter
consumption and HCC. Moreover, the observed interaction with GSTM1 genotype cannot be
affected byinformation bias.
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Assessmentofhepatitisinfection. Hepatitis infections appeared tobe an independent risk factor
of HCC inthis study. Questionnaire information is less reliable for hepatitis infections, due to
thehighprevalenceofthenon-carcinogenic typesofhepatitisamong Sudanese.
Comparisonbetweenregions. Differences in life style, food patterns, and case ascertainment
can not explain the difference in HCC risk between the two regions. Aflatoxin content of
peanut butter is higher in West Sudan than in Central Sudan, although this was clearer in the
explorative study than in the main study. Peanut butter consumption is a habitual practice in
West Sudanwhereasitconsidered asarecenthabitinCentral Sudan (transition society),which
mayleadtomisclassification ofexposureespecially inCentral Sudan.
In conclusion. Thefindings reported from the studies inthisthesis (Table 1,page 101)arenot
likely to be seriously affected by issues related to the internal validity (i.e. selection bias,
information bias and confounding). However, to ensure the completeness of subject
recruitment, additional datafrom hospitalsandpopulationregistrieswould bewelcomed.

Comparisonwithotherstudies
Results from this case-control studyprovide evidence for anetiological role of aflatoxin intake
in hepatocellular carcinoma in Sudan. Inthis section, we will discussthe discrepancies of our
findings with the retrospective and prospective epidemiological studies mentioned in the
introduction (Chapter 1). Our findings on dietary exposure to aflatoxins will be compared to
other epidemiological studies, which used dietary sources of aflatoxins or/and markers of
exposure. The findings for genetic susceptibility and hepatitis infections will be compared to
other relevant studies presented previously. The potential interaction of hepatitis B virus with
aflatoxins has been compared to relevant literature in chapter 6; this chapter contains a
discussion onpotentialpublichealthimplications ofourfindingsfor Sudan.

Retrospective studies using dietary sources and biomarkers of aflatoxins
exposure
Thepositive association between the intake of aflatoxins orpeanut butter and HCC (chapter 3)
is in line with two large retrospective studies (Bulatao etal, 1982 and Zang et al, 1998)69'71,
whereas two other studies may have been too small to detect the association (e.g. Srivatanakul
et a/.,1991)7 . Furthermore, the latest two studies (Srivatanakul et al, 1991 and Lam et al,
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1982)68'70 addressed exposure of cases in the hospital, whereas usual exposure before
occurrence of symptoms was addressed in the present study. Thus,the apparent inconsistency
between our findings andthese two studiesmight bedueto altered diet inthe casesbecause of
illness.Indeed inourown study ca 80%ofcasesreportedthattheyhad reduced their intakeof
peanut butter recently, whereas 2%of controlsreported so.Forthe samereason comparison of
biomarkers of aflatoxins between cases and controls in case-control studies is of limited value
(e.g.Srivatanakul etal, 1991)70.Inthe study byLameta/.,68thelowrangeinthefrequency of
consumption of presumed afiatoxin-contaminated food might have led to misclassification of
exposure.Moreover, inthe latter study aflatoxin contamination of food wasbased onamarket
surveythathadbeenperformed 10yearsbefore the study.

Prospectivestudiesusingbiomarkersofaflatoxinsexposure
Our finding for dietary intake of peanuts (or aflatoxins) (Chapter 3) are consistent with the
cohort and the nested case-control studies mentioned in the introduction. In most of these
studies markers of aflatoxins (albumin and/or urinary adducts) were examined as recent
markers of exposure to aflatoxins. Since the samples were obtained from cases before the
disease became clinically manifest, the comparison of markers between cases and controls in
prospective studies is unlikely to be affected by altered dietary habits. However, the
comparison of dietary exposure of aflatoxins in our study allows to address a dose-response
relationship, whereas in most of the previously mentioned studies the comparison of albumin
andurinary adductshadtobemadefor adichotomy ofdetectablevs.non-detectable levels.

Geneticfactors
Humans differ with respect to the metabolism of AFB]-exo-8,9-epoxide conjugation to
glutathione S-transferase (GST). Our results on genotypes clearly show that the risk of HCC
from peanut butter consumption is mainly restricted to people who have the GSTM1 null
genotype (Chapter 3). Chen et al, 199665 reported similar findings; they observed that high
AFBi-adduct levels were restricted to subjects having the GSTM1 null genotype. Ourfinding
is in line also with others (e.g. McGlynn et al, 1995)95 who postulated that the high risk of
developing AFBi-adducts may be mainly among individuals with the GSTM1 null genotype.
Suchaninteraction between GSTM1 and albumin adductswas also shown inastudy including
328healthy Gambian subjects96.
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Therelationbetween GSTactivity and HCC isalso clear from interspecies differences; animal
speciesfound toberesistant toaflatoxin carcinogenesis suchasmouse,havethreetofive times
more GST activity than susceptible species, such as rats. Humans have even lower GST
activity than rats or mice and are supposed to experience higher risk of HCC . Thus, our
observations onthe interaction between peanut butter consumption and GSTM1 null genotype
arealso inlinewiththesebiochemical interspecies differences.

Apart from GST-n, other enzymes such as GST-0 and microsomal epoxide hydrolase (mEH)
might be involved in detoxification of aflatoxins in hepatocytes, although less prominent97.
However, we did not observe an association between the GSTT1 null genotype and HCC
(Chapter 4), whereas in a relatively small study (32 cases and 73 controls) 5 a positive
association between the GSTT1null genotype and HCCwas observed. Ourfindings arein line
with those in the Gambia study by Wild et al.96,who did not observe an association between
GSTT1 and AFBpadducts levels. As also described in Chapter 4, our results indicated that
with respect to EPHX polymorphism, carriage of the combination of EPHX 113HH and
139HH genotypes is associated to a moderately increased risk of HCC. It has been found by
McGlynn et al.,95that EPHX 113HH genotype carriers had a higher risk of HCC than those
without this genotype. These results however, could not be confirmed in the Gambian study
investigating the association between this genotype and high levels of AFBi-adducts, and
similarly our results did not indicate presence of an association between the EPHX 113HH
genotype and HCC. No interaction between EPHX genotype and peanut butter consumption
was observed in this study; this is consistent with biochemical studies which showed that
mEH-catalyzed hydrolysis may not be a limiting factor in aflatoxin detoxification since
hydrolysis ofaflatoxin 8,9-epoxide canoccur spontaneously atequallyhighefficiency .
In conclusion, the observation of an interaction between peanut butter consumption and
GSTM1 genotype is consistent with other epidemiological studies that used either AFBialbumin adducts levels orHCC as endpoints. This adds further credibility to the interpretation
thatthepeanutbutter consumption isindeed acausal factor ofHCCinSudan.

Hepatitisvirusinfections
In this study hepatitis B and hepatitis C viral infections were found to be strongly associated
withHCC(Chapter, 5).Ourfindings for thisassociation areconsistent withthe findings shown
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by Donato and colleagues74 from a meta-analysis of 32 published case-control studies from
different parts of the word. Thus,our findings were closely related tothe summary odds ratios
of 14 of these studies from sub-Saharan and Southern Africa regions where hepatitis B
infection is highly endemic. In our study, the prevalence of HBV among healthy subjects is
found to be higher than the prevalence of HCV, and was similar to what has been reported
from an Ethiopian population" (country neighbouring to Sudan). However, HBV prevalence
from our study was not in line with a small Sudanese study94 in which a HBV prevalence of
24% was assessed from 21 young blood donors. The anti-HCV prevalence in our study
population (1.5%) is quite similar of what has been published from Saudi Arabia (1.5%)10 .
Theprevalence ofboth HBV and HCV among HCC cases from our study (50%) are similar to
thefindings from aSudanesestudybyMoudawi etal. (59%)101.

Implicationsfor preventionandfutureresearch
Implicationsforagricultural policyandpublichealth
Theresults ofour studyhavepointed atbothaflatoxins andhepatitis asimportant factors inthe
etiology ofHCCin Sudan (Chapter 6).Therefore, both agricultural andpublic health measures
canbeconsidered inordertoreducethisrisk.
Measures in agriculturalpolicy could be proposed to reduce exposure to aflatoxins, including
action at the level of agricultural practices and at the level of human behavior. Regarding
agricultural practices, the following measures are considered relevant. They are known for
alongtimealreadyand ourresults suggestthattheyneedtobeimplemented inSudanaswell:
• Agricultural measures should aimtoreduce contamination with aflatoxins. In first instance
this should aim at minimizing mould growth. To do this, several pre-harvest control
measureshavebeenidentified (FAO/WHO, 1987)17,and havebeenreinforced (FAO/WHO
1999)18. These include selection of high resistance varieties especially at rain fed areas,
prevention ofphysical damagetocropbyinsects,and appropriatecroprotation.
• Similarlyharvest precautions shouldbetakene.g. harvesting ofthecropattheproper stage
of maturity, proper handling to avoid physical damage and removal of contaminated field
soils. Subsequently, contamination during sun drying can be avoided by introduction of
mechanical drying andsubsequentpackingofthecropincleanfumigated sacks.
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• Storage conditions are of major importance therefore; it should be promoted by
development ofdrystoragefacilities, bothatlocalproduction sitesaswellasinbigcities.
• Other important measures such as regular quality control at local selling points (markets)
and before processing of peanuts. An aflatoxin-detoxification plant, present in Port Sudan
city, should be re-established. This plant is built to chemically destruct aflatoxin Bi in
contaminated feed stuffs so as to prevent aflatoxins entering the human food chain. This
wouldprobably servebothnationalhealthissuesaswellaseconomicbenefits (export).

In addition to harvesting and storage precautions, the key persons to put agricultural advices
into practice need to be taken into account. From this point of view, the following issues are
considered relevant:
• Farmers and laborers arekey persons controlling the agricultural production. Improvement
of the health situation of populations in high-risk areas should focus on these key persons.
Ultimately, reduction of aflatoxin contamination will lead to better agricultural production,
animproved tradeposition andeconomic development.
• Screening of kernels by excluding the damaged or discolored peanuts manually or
mechanically orbyelectronicmethods,priortoprocessing and salesisanimportant wayof
minimizing exposure to aflatoxins. Since people in small communities benefit from selling
these small-sized and damaged kernels for peanut butterproduction, this isprobably one of
themostcriticalpointsinreducingexposuretoaflatoxins attheindividual level.
Based on our results (Chapter 6), the following public health priorities for Sudan can be put
forward:
• Measures could be taken to reduce the incidence of HBV and HCV infection, such as
immunization for HBV of infants in high incidence areas and of high-risk groups in low
incidenceareas.
• Screening of donor blood should not only address HBV but should be extended to HCV
antibodies as well. This might prevent HCV prevalence to reach the levels that are seen in
otherneighbouringcountriessuchasLibya102andEgypt103.
• Hospital registries should be improved and population-based cancer registries should be
established. Thiscanprovidefull information onthediseaseburden andgeographical patterns
ofcancerinSudan.Furthermore,thismighthelptofocusresearchonaetiologyandprevention
ofdiseasesoflargepublichealthimportance.
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In the preceeding part various agricultural and public health measures have been indicated to
reduce HCC in Sudan. The results of our study suggest that both measures are of similar
importanceregardingHCCpreventioninSudan.
Unless much cheapervaccinesbecome available,the costsrequired for hepatitisvaccination will
put a great burden onthe governmental and national economics. The immunization for HBV of
infants in high incidence areas and of high risk groups in both high and low incidence areas,
seemstobe ofhigh importance asa short-term prevention strategy for HCC.However, our data
suggestthateliminationofHBValonewouldnotbesufficient toeradicateHCCinSudan.
On the other hand, implementing agricultural policy with proper attention to key persons is put
forward toreducethecontamination ofpeanutswithaflatoxin. Reduced aflatoxin exposuremight
lead to improved health and higher productivity of farmers and labourers. Ultimately this may
leadtoabettertrade-position andhencethedevelopmentofthenationalincomeaswell.
In conclusion we do recommended that the measures in agricultural policy provide the best
strategy for a long-term and lasting contribution to the health of the Sudanese people. For the
short-term, however, immunization of HBV of infants and high-risk groups in areas where
hepatitisisendemic,hastobeconsideredaswell.

Futureresearch
Based on ourresults and insights obtained during this project, several types of research can be
considered. These include research directly related to aflatoxins, to their health effects, or
concerning prevention of hepatitis. In addition, questions of more general scientific interest
couldbeconsidered.
First, the occurrence of aflatoxins in other cereals (grain) products and the occurrence of other
mycotoxins such as fumonisins, ochratoxin etc. and their relevance to human health in Sudan
need a closer look. In addition, the use of bond-ditch water and the possibility of its
contamination byblue greenalgaetoxinsmayrequire investigation.

The rationale for reduction of aflatoxins in food in highly exposed regions in Sudan might be
strengthened by additional research on the role of aflatoxins in other diseases, nutritional
status, child growth and morbidity. Thus, aflatoxins are incriminated in neonataljaundice and
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are supposed to cause prenatal death and reduced birth weight. Aflatoxin Mi was found to
occur in up to 40% of breast milk samples from tropical Africa, and this might contribute to
kwashiorkor among breast-fed children .Furthermore, a role of aflatoxins has been proposed
in the pathogenesis of malaria. Aflatoxins may contribute to morbidity among young children,
and lossofeconomicproductivity bytheworking force.

In order to substantiate the public health measures to reduce hepatitis transmission among
Sudanese people, research questions relevant to hepatitis infections need to be addressed. These
include the mode of transmission of hepatitis B, e.g. by scars and other tattoo practices among
children particularly in regions where hepatitis is endemic. The relative importance of such
cultural-basedtransmission shouldbecomparedtopreventionmediatedbyhepatitisimmunisation
programs.
Research questions of general scientific interest are also worthwhile to be addressed in future
research including a comparison of aflatoxin albumin adducts in different regions in Sudan, or
evidenceofcodon249mutationsinthep53geneasafingerprintofexposuretoaflatoxins among
Sudanese HCC patients. Others topics might include intervention with oltipraz, a
chemopreventive agent that can lower the biological effect of aflatoxins by decreasing its
metabolismtotheultimatecarcinogenicformandincreasingthedetoxification pathway.

Despite of the research questions of direct relevance to Sudan and those of general scientific
interest, theresearch issues should notbeused asanargument topostpone the agricultural and
publichealthmeasuresmentioned intheprevioussection(page 113).
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Summary
Liver cancer orhepatocellular carcinoma (HCC)hasbeenrecognized for many years asoneof
themostcommonmalignancies insub-Saharan countries inAfrica, South-East Asiaand China.
Mortality ispractically 100%and anestimated number of 250,000 subjects dieannually, most
ofthemmiddle-aged males.Thedeathrateis still risingeven inlow-incidence areas.In Sudan,
clinical records suggested that liver cancer is high and increasing. Figures from the National
HealthLaboratory reflected anincrease intheincidenceovertheperiod 1970-74from 1.7% to
3.8% (ofallreported cancers)intheperiod 1979-84.

Aflatoxin contamination offood, hepatitis Bviral infection, malnutrition, andvarious parasitic
infestations are frequently found to coexist with HCC in many developing countries. Climatic
conditions, agricultural practices and the dietary pattern in Sudan, as well as in many of the
sub-Saharan African regions,arecontributing tothe contamination offood with aflatoxins and
possiblytothehazard ofHCC.

This study was designed to investigate the etiological factors relevant to the incidence of
hepatocellular carcinoma among the population in two regions in West and Central Sudan, in
order to find leads for prevention and control. The two regions were suspected to differ in
exposuretoaflatoxins andtheriskofHCC.Toourknowledge,thisisthefirst individual-based
epidemiological study so far to investigate the contribution of aflatoxin exposure on HCC
amonganAfrican population, sinceonlyecological studiesfrom Africa havebeenpublished.

In order to assess the feasibility of conducting a large case-control study, we first conducted a
smallexplorative study (Chapter 2)among24confirmed HCCpatientsand 34healthy subjects,
from the two study regions in Sudan. West Sudan, the region with the alleged highest liver
cancer incidence, showed the highest peanut butter consumption and highest aflatoxin
concentration (87.4 + 197.3) compared to Central Sudan (8.5 ± 6.8). In this region, peanut
butter stored in mud buildings was related to highest levels of aflatoxin concentration; these
mud buildings were also found tobe associated withHCC (OR 7.5,95%CI 1.4-40.2).Despite
of this, the use of a calculated index of individual aflatoxin intake did not reveal a clear
associationwithHCC,probably duetolackofreliability ofthisindexasamarkerof long-term

individual exposure. These results supported the idea that contamination ofpeanut butter with
aflatoxin mightcontributetoHCCinSudan.
In the explorative study, hepatitis infections were considered as a potential confounder in the
association of aflatoxin and HCC. However, since hepatitis infections were determined by
questionnaire, misclassification resulted in an unacceptable dilution of the association with
HCC and adjustment for potential confounding was not possible. This pointed at the need to
useserologicalbloodteststoassesshepatitisinfections inthemainstudy.
Inthemainstudytheroleofaflatoxinsfrompeanutbutter intheetiology ofHCC in Sudanwas
investigated (Chapter 3). The scientific evidence was further substantiated by addressing the
role of genetic polymorphisms involved in aflatoxin-mediated HCC (Chapter 3 and 4,
respectively). Therole of hepatitis infections as important risk factors of HCC is addressed in
Chapter 5.Thepotential relevance of simultaneous exposure to both peanut butter (aflatoxins)
and hepatitis B infection for the prevention and control of HCC in Sudan is addressed in
Chapter6.

Themain study included ca 150cases and 200controls enrolledfromthetwo studyregions in
Sudan(WestandCenter).Itaccounted forthelimited sizeandothermethodological limitations
of the explorative study. HCC cases from the two regions were recruited using of admission
lists of the five most important hospitals in Khartoum. Controls from each region were
recruited by means of amultistage sampling procedure using lists of inhabitants present at socalled "sugar shops" in each chosen locality. The population of the two regions together was
taken as the study population, with the number of controls proportional to the population size
of each region. Thus, the range of exposure to aflatoxins was considered to be large, which
may contribute to observing a strong association. All participants were investigated using a
standardized questionnaire inquiring about social and demographic factors, food habits with
special reference to peanut butter consumption and peanuts storage systems. In addition,
confounders suchashepatitishavebeeninvestigated aswellasdrinkingandsmokinghabits.

Theassociation between peanut butter intake,asadietary source ofexposure to aflatoxins and
the GSTM1 genotype in the etiology of HCC has been studied (Chapter 3). A positive
association wasobserved for the highest vslowest category of peanut butter consumption with

the OR (95%CI)being 3.0 (1.6-5.5).Thepositive association withpeanut butter consumption
was limited to subjects having the GSTM1 null genotype with the OR for highest vs lowest
quartile being 16.7 (2.7-105). However, the association between mud building storage types
and HCC was less clear in the main study (OR 1.6,1.1-2.5) than in the explorative study
(Chapter2).
The role of the genetic polymorphisms of GSTT1 and EPHX in aflatoxin-related HCC was
studied in Chapter 4. Like GSTM1, GSTT1 showed no association with HCC. The
combinations of EPHX 113HH/139HH genotype carriers showed a moderate increased risk of
HCC with OR 3.10 (1.2- 8.1), but in further analysis this association lost its significance.
Dissimilar to GSTM1, neither GSTT1 nor EPHX polymorphism modified the association
betweenpeanutbutter consumption and HCC.Thismight indicate thatthelattertwo genesare
notimportantlimitingfactors inthemetabolismof aflatoxins.

In Chapter 5, the role of hepatitis B virus and hepatitis C virus infections in the etiology of
HCC in the two study regions is described. The prevalence of HBV and HCV among healthy
subjects was found to be 7.0% and 1.5% respectively. Hepatitis infections appeared to be an
important risk factor of HCC since a strong positive association was found between HBV,
HCV and HCCwith oddsratios being 9.8 (5.1-18.9) and 8.3 (2.3-29.9) respectively. In further
logistic regression analysis,age-adjustment altered these ORsfor HBV and HCV to 16.1(7.434.9)and4.5(1.1-18.6) respectively.
The synergistic effect between hepatitisBvirusinfection andpeanut butter consumption inthe
etiology of HCC is illustrated in Chapter 6. The joint effect of aflatoxin exposure
(contamination ofpeanut butter) and hepatitis Binfection, was found to be morethan additive
but might also be compatible with amultiplicative effect. Together they may account for 80%
ofallHCCcasesinSudan,abouthalfofthisbeingattributableto aflatoxins.

The main findings of the studies presented in this thesis and the methodological issues that
might interfere with the interpretation oftheresults are discussed in Chapter 7.These findings
were subsequently compared to other related studies in the same field. Potential implications
for agriculture and public health measures are discussed including reduction of exposure to
aflatoxins, which can be achieved by addressing measures required for elimination of fungal

contamination of crops at both agricultural policy and community level. In addition, health
measures have to be considered such as immunization for HBV of infants in high incidence
areas and of high-risk groups in both high and low incidence areas. Finally, directions for
future research of direct relevance to Sudan and of more general scientific interest are
considered.
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AFB,AFM, etc

Aflatoxin B,aflatoxin M,etc.

CI

Confidence interval,usually 95% CI

DNA

Deoxyribo nucleicacid,molecular carrier of genetic information

EF

Etiological fraction, proportion ofcasesattributable to an
etiological factor

EPHX

DNAsequence codingfor microsomal epoxide hydrolase (mEH)

HBV

Hepatitis Bvirus

HBcAb

Hepatitis Bcore antibody

HBsAg

Hepatitis Bsurface antigen

HCV

Hepatitis C virus

HCC

Hepatocellular carcinoma, primary liver cancer

ID

Incidence density,rate ofdisease occurrence

IDR

Incidence density ratio,comparing IDin exposed versus
unexposed, this beestimated in a case-control study by the OR

GSTM1

DNAsequence codingfor glutathione-S-transferase 1(GST-mu)

GSTT1

DNAsequence codingfor glutathione-T-transferase 1(GST-theta)

MH-OR

MH-OR istheOR adjusted for potential confounders using the
Mantel-Haenszel procedure

OR

Odds ratio,estimate of disease risk in exposedversus unexposed

RNA

Ribo nucleic acid,transcript from DNAto betranslated to amino
acid sequence of proteins

RR

Relative risk, disease risk in exposedversus unexposed

SE

Standard error, sampling error ofthe estimate ofa mean (SE=
SD/Vn),proportion (SE= V[p(l-p)/n] or other for measures of
association (e.g.difference ofmeans orthe OR)

SD

Standard deviation

