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DYZFC@-TICk% .--LT FOR 93SEAXX GX WCZ? (I113C) 

Tbe I n t m a t i m a l  P~ency for &search gn mcer h a s  

had s Imq-stm&"ig prcqame on liver disease, p h r t i d a r l y  

1 L.er czncer. This programre has been collcemed ~ r i w i l y  - 
jy-;E? the v a r i c u  facxors which have *. s u s ~ z t e d  t o  play 

a role Ly- ,?,e eucl.ag.~ of tLis czncer. a c e  have been 

tWes ,mm areas of interest: 5 2  m]ccto:&s, virus 

b-fecticns and alcoholism. It is ~rcSdDle that LT ',e 

-tern bkzditenaean, ale&-olism does not p i ~ y  a mjoz 

pxt. i~ 1 2 ~ ~  d_isease. 

1. m e  Aqer,cyls p r q m  on t!le axmiration of t'ls 

role of mycotoxins: !Eus has k e n  .minly conceme5 

~ i ; h  field sLL~&es i n  Africa. The p r ~ i c i p a l  sites of the 

studies have be~m in Ke?ya and S a z i L a d ,  a l thoqh  rhe -4gericy 

has reviewed the g r o b l e ~  of aflatsxi? cm+&ation of Emd- 

~ t . ~ f s  or1 a q:cM &is f ~ m  +.ire t o  ti%. l% raults of 

'-t?-e st*di.es ire stxm=rizd in a paper '7ieid S t m a s  on 

Liver Cell -.cer' (Annex I. ) , ad ~ r ,  adciiticilal revim 

-uap3r ' m e  !+&cotoxins as a I-:unan tie3lth Hszard' (Annex 11.) 

nignt Frove of rnterest t o  the meting. 

~ W e n t l y  the A g e n c y  has a study i? Swaziland in 

cciliaboratian with the United Kzticrs Envirmmzd 

R c g a i i  (LTEP). This stcdy is e ~ m t m ~ t i c n  of ear l ier  

~.~r,zk by the A g e i c y  which idi-;lia? an zsssclation becweec 

the ingestion of foodstuffs contaminated by aflatoxin and 

incidence of l i ver  cancer. The principal objectives of 

+ h s  study OL t o  ~-~a.Luate L5e atsscciatin z !  develop 



with the agricultural services of Swaziland mthcds of 

harvesting and storage which w i l l  prevent contanbation 
by af1atox.h. It k also envisaged that the hepatitis 3 

prevalence i n  Swaziland can be smeyed and that any 

inter-reaction hztwza the two factors, the mycotoxins 
and hepatitis B virus, can be evaluated there. 

Ihe Agency has also spansored saw studies on afla- 

toxin in Singapore and it likely that  these may 

be auqmmted by national investigations in the near future. 

2 .  V i r u s  inf ectkms ard liver (cancer: The 

ramxlature of v i r a l  hepatitis is developing. There are 

naw recognized hepatitis A and B with an ill-defined group: 

so far  designated 'non A hepatitis or non B hepatitis 

Hepatitis A is not associated w i t h  chronic liver disease 

or liver cancer. 7% relatianship of 'm A a d  B hepatitis' 

w i t h  liver cancer is still mder study. H m e v e r ,  the Agency 

has preserved an interest in hepaktis B virus infections 
ever since the daranstration of an association with liver 

cell cancer and with the Liver diseases which of themelves 
are known to play a role in the causation of tkis cancer. 

Riphasis was early placed on surveys of tbe prevalence a£ 
the v i ra l  antigens, both in the general Fopulation and in 

l i v e r  disease patients. In wllabaratim with othez units 

of Wxld Health Organizaticn, the Agericy was respzaible 

for prevalence s m v e p  in Africa and in the Far East. At 

that time, it was partiaularly important t o  define the 

s&+-yps of fa&. hepsLA+& j-&-jg ;n ;: && . J. - 
enclose a recent review of the role that hepatitis B 

virus may play in likr cancer, prepared by Dr Nubia M o z  

of AgencY. (Annex I11 .) 



The Aqmcy is sporsoring a abort s t i i y  on hepatitis 

carriers in Sinsapore EZ assess "he risk of these carries 

cievelopilg l iver cancer. The Chinese .*ation of 

Singapre has a high risk of liver cancer and preliminar17 

s t d i e s  have also sham a high prevalence cf Sepatitis B 

ir.fection in t ! ! s  ,wpulation. Such studies are 1anyte.m 

and eqensive but it is f e l t  where reliable cancer regis- 

+zation exists [as is the case in Singapre) cohort studies 

m y  prcvide definitive evieence of tlhe role L?at t ! ! s  v i r ~ ~  

m y  play i n  L&e e+dology of l iver cell cancsr. 

The Agency is conc?uctL?g a c ~ l l a b r a t i v e  stuc!y on post- 

mrtem matvia l  from selected dfrican, Asia, A r r i c m  md 

E'lrropean countries t o  assess the f r q x n c ~  of hepatitis B 

surface antigen in p r h q  l ive r  cancer, c M a s i s  ard other 

1i.m diseases, using orcein staining. 

Following the rreetiqg in Xmla L q u r  in 1977 of the 

Fbqional Directors of W ,  SEARD and WPW, Asi.ar,-Pzcific 
Associaticm for the S t u d y  of the Liver was established. 

This h3s based on the University of Singapre and was 

recognized by the Intermtional Association for the S t u d y  of 

the Liver. The International Association has for many y e k s  

been a prestiqious professional association of those interes- 

ted in l iver  disease. The interest of World Health Organization 

and the recognition of the increasing inportxmce of l iver 

disease glabally has sncouaged 'Lhe Liternational Association 

t.0 spnsor  regional activit ies.  There have been, of couzse , 
for scme time reqional activit ies as a part of ths  International 

Association in Europe and in North America, and It is now 
b n  +A& :t.?.l~ririe_~ ?ze ;l~_p~-.r'. frr- .GrLc3 l@.er t5e syns-r- 

ship Of Professor A.O. William of Nigeria. 



me Asian-Pacific Associaticn hss Jlready initiated spcific 
prcgramws both for chrwic hepatitis and liver cancer. A 

mJ&q span- by the Asian-Pacific Association on liver 

cancer and chrcmic liver disease is being held in Singapore 

frcm 2+22 October 1979 .and th is  meting has attracted 

international participaticn fmn well-)aLown eqe?As in th is  

fieM . The Agency was not d y  a fcnmdatkn fianber of the  

Asian-Pacific Association for the St* of the Liver, but 

also spansored participation of a nmber of cwntries in the 

Far East a t  the 
. . 

st'-@ groups. 

~ i m n t a l  st:des: A t  its ~ & i  mearch Centre 

in Kenya, the Agency carried out e x p r h m t a l  studies on 
babxms to assess ttr! role that the' &latoxins might play in 

l i v e r  disease. The kj-mcy's activities a t  this Centre have 

rm~ k e n  concluded and the centre has been hanc?ed over to tke 
n a t i d  authorities. 

mpximntal studies on the pssible role of the 

hepatitis B v i m s  in liver disease have a1.s kks~ spnsci-ed 

b y t h e A g e n c y b o t h a t t h e ~ S c h o o l o f H y g i e n e d  

Tropical -cine and the All-India Institute of Weal 

Sciences in New Delhi. Agency fellcw&ia have becn held 

in London by staff nmbers of the AU-Iridia Institute of 
Medical Sciences and the collaJmration bzheen the two 

institutes continues. 

-bin: The Agency has, ss you know, 
been interested in the prevalence of hepatitis and liver 

cancer in Ejypt .  Professor D. ~ i ' ~ 0 5  recently visited 

that camtry as a ansultant for t b  Agency a d  his final 

report is waited. It had been previously reprted the 

-all prevalence of hepatitis was high but that  liver 

canoer u8s inirequezit. As one of the f e w  situations that 



ckzillsged the associatim of this trhs wiL? t t e  cancer, 

it will be of great interest t o  claify this. The 

prel i i iary r e p r t  by Professor Tricbioulos izdicates 

thart the overall hiqh prevalace ,my ke less reported 

anc? that liver cylcer is not as rare as suspect&. 

In cor.clusicn, t!!e Agency .mu12 be ve] ir-tsrested 

iii  eater infomaCdan on liver . j isase in the East- 

~Xditerrea? region. Of the +kee factors that have bfer 

closely associated w i t h  this disease, dlmkiol would probably 

not be of iqcrtzr-ce in this region. cntmiz-ation of 

feedstuffs by a£latoxin. is minly a px&lev ef the 

harvest and storacje of g~our&.uts, m i z e  an6 rice. ?s 

*s mast a m m n  cereal in ti-e Wtem ~Wterrmean is 

~mbably wheat, th is  m y  not r ep remt  a major hazard 
in the region. However, it is desirable t!!at mre 
L?fonation is available on the ststus of hepatitis. 

This my be of particular urqency &s vacciries are &.g 

developd for primary preventi~n. The h e ~ t i t x s  i3 virs 
DNA has been cloned in bacteria recently ard t h i s  may 

- ?fc: ;m :.~.bsnati- ,a .x-em fo; -1;~ p - ~ ~ i i s i u ;  sf r . u t s ; i  

frcm hwcn vaccines can be prepared. A s  these vaccires 

may bwam available and their use as a public healL& 

measure m y  have to be considered, it is essential +ht 

we have mre Sackground i n fomt ion  on Ule extent of 

this disease i- all countries. 



Keprinled from Or-igitrr of Ilrtttrrrrr C'frtlccr 
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Field Studies on Liver Cell Cancer 

C. A. Linsell 

International Agency lor Research on Cancer, 69008 Lyon. France 

F. G. Peers 

Trup~cal Products Institute, London WClX 8LU, England 

..I \ L . I I U L ' I I ~ ~  01 C \ C I ~ I \  \\Ilick 111;1! dclillc t l i ~  role in litini;tn dise;isc of a dictnry 
c;iri,in<i?cn l'l-<ir~l tllc iclcntific;~tio~l or i t \  11copl:irtic (?ropcrticr to propo\:ll.; for 
pri111;try prc\ ention is \ t ~ ~ ~ c \ t c i l  r '1 ;ihIc 1 ) ,  -1 hi\ \cil~icnce i \  IIIII in~;triablc. 
btit. \r.i111 the I;ir$e nuillher 01' \uh\r ;~ncc~ hcirly tc\tccl b! a \aricty of labor:ltory 
t l ~ i t t  I -  c ~ c i n c ~ i .  t I b in~liciitc 111;111y ~~rohlenlq as- 
\oci;~tcd \\it11 t l~c  i n v c ~ t i ~ ; i t ~ ~ ~ n  of it c~c11ect clict;i~.y c:t~~cinogcn. Many w h -  
\lances tcstcd ma! rcmi~in l;~borator\ c~~rit>sitie\ :is the ii\hoci;llion \\ill1 Iii:In 
i \  I I I I ~ ~ I - ~ : I ~ I I .  but if i t  i \  ctrn\~t!crctl that tlrc! arc avail:rhlc in tlic diet. e i t L r  as 
;~d~iit i \c.  or c.on~;~~niiicult\. acciclcntal or n;iturall!. occt~rrinz, then field studies 
nr;i  bc rcquircil [(I ;t\\c\s the rick. 

I-he prohlcmc facing tllc tr;tn\ition froin animal models tn human sludics 
:ire \\.ell recogni7cd. 'l'llc ~is\t Iii\tor! in mall i\  often \;igue: the genetic and 
cn\ironlncnt;tl hackyround i \  nio\t v;lricil: there i \  little hl>pc of control of 
tlict (11- other i;tri:ihlcs for c\tcndccl per-ic~ilc: cih\'r\;iticrn will he short. 
p;irticularl!. in rcl;~lion to the latcnt pcriod for canccr: and. above all. thcrr 
:Ire ethicill 1imit:ition ( H c p t c d  1975 I. A rcvicw O F  (lie evaluation of lintnvn 
clleniical carcinoyen\ ; I I ~ L I  thcir potential ri\h.; to ninn indicates a depressing 
lack of Iiurnai~ data. a11tl i t  i \  dillcult to Ji\ccrver 1112 rypc and standard of 
infornlation nccdcd bcl'orc I ~ ~ i s l i ~ t i v e  ;~ction or otlicr \ t e ~ \ ,  to prevent ex- 
iios~irc ;ire cv(~kcil. 'l.hc c i i ~ l i ~ ; ~ t i o ~ ~  (I!' t11c ri\k of human cancer from ;in 
c\po\urc mti<l rely. except for riitc ;~ccii l~\~it \ .  on thc mc;IstIrcn1cllt of Ilie rihl 
I I I  p(i~iuliitions with var! ins incidct~cc. To i1lustr;itc t l ~ c w  problcni~. this paper 
propow.; to con\idcr t l ~ c  \tuclich on tlic ri\k of human exposure to thc 
;tllatcixiti\ ancl their pcrsihlc as\crciation \vith li\.cr c.cll cancer. 

I l l c  drclniatic disco\cr! of f l ~ c  aflatnxins. ~nycottixin\ el;~horntcd by the 
:l\l~c~r.,~iI/rtr Iln\,rtr fungi, is \veil hno\vn. 'The f;iti~l cpiilcn~ic.; in pclultry from 
to\ic closcr were follo\vc~i by report\ o f  the potential cirrcinnpenic properties 
in m:ui\ ;~nimi~l\ .  hot11 acc~dcnt;\lly 2nd c\pc~-i~ncntall! cr;po.;ed. The early 
;t~~.uictics ol' I:~hor;itory \cic.nti\ts that this rnicht rcprc\cnt a risk to man were 
\trcngthcned wlicn unceluivocal liver cctnccr \v;t\ procluccd i l l  rnoi~ltcys after 
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Table 1 
Investigation of a Dietary Carcinogen 

Stage Method Agency 

1. IdentificatitYn as tests in animals for toxicity, laboratory 
carcinogen carcinogenicity, and 

mutagenicity 
' 2. Human exposure dietary availability demon- laboratory and field 

strated 
3. Association with correlation studies laboratory and field 

specific human 
tumor 

4. Intervention program monitor exposure and trends laboratory and field 
of incidence 

priniary prevention 
5. Eradication of the primary prevention sociopolitical 

cancer 

some 6 years of exposure (Adamson et al. 1973). It was soon realized that 
contamination of dietary staples by these naturally occurring carcinogens was 
much more likely in developing countries with subsistence farming and less 
technically developed harvesting and storage practices. It was also from these 
countries that high rates of liver cancer had been reported, and in some areas 
the rates were on the order of hundreds of times those of Europe and North 
America. The global na tup  of the hazard of aflatoxins was evident in the 
reports received from m y  anas of the developing world, but minor changes 
in harvesting and storage proaices could be seen to influence the danger 
markedly. Many of these reports werq based on material from markets and 
communal stores and ignored the problems of bias inherent in such samplings. 
It was shown also that the levels of contamination of stores of dietary staples 
did not reflect cimsumption accurately. In this case as in others, housewife 
selection and other simple practices play an important role in protection 
against food hazards. 

The studies which have investigated the association of the aflatoxins with 
liver cancer are surnmrvized in Table 2. Most of these studies started in 1968; 
at that time it wae felt that a preliminary assessment might bc madc by means 
of studies linking current exposure with cuirent cancer rates. It was known 
that diet, storage, and cooking habits had not changed over the reccnt past in 
these rural areas of Africa and Asia, where most food is grown on small, in- 
dividual farms. 

Keen and Martin (1971) analyzed market samples of peanuts, known to be 
a good substrate for aflatoxin elaboration, and the levels of contamination 
were related to cancer registration in three geographic areas of Swaziland 
which could be expected to yield different frequencies of aflatoxin contamina- 
tion. Although this study measured only one item of diet, the correlation of 
the frequency of contamination with the frequency of liver cancer was clear. 
The study by Alpert et al. (1971) in Uganda extended the range of food 
examined to other major dietary staples from home stores. Again an as- 
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Table 2 
St~idie\ Kel:iting Llvcr Cancer to All:ilo\in Ingcrtlon 

- -. - - 

Sire As.~nv R(,IVI c IIC.<. 

Swaziland ground nut crop 
Uganda market food samples 
\I,lran1hiqiie food ready for ingestion 

Thi~iland nlitrhct food \:1niple5: food 
rciidy f ~ o r  i~iyc$lioil 

Kcn! a tnod rc;ld!. (or ~ngot ion  
Su .~z~lnnd f~iod rc:~ily for in~est ion 
- p~ - 

- 

Kcen ;rild Martin (1971 ) 
Alpcrr ct al. ( 197 1 1 
IJurehase and Goncal\'c\ (I971 ) : 

\ 'an Rcnsburg ct .I!. ( 1974) 
Sh:~nk ct al. ( 1  972 I 

\ociatior b c t ~ e e 1 1  tlic ~ ~ \ . C I S  of contani ina t i~n  of beans. I I I ~ I ~ Z C .  and sorrhuni .  
rhc \taplcs most frccluently in\.olvcd. anrl n tribz~l distribution of liver canccr 
\va+ tlcmonstratcd. Tlic other  \tudies in Table 2 .  from Mozambique. Thailand. 
Kcny;~. ant1 a furthel- study in Swa71land. attempted to measure the aflatoxin 
cspo\urc i n  food ready for ingsstio~l and to rclat t  this to canccr incldsnce. T h e  
report from Ylozan~biquc. ;~ltllougll not yet conlpletc. a l lons  the association 
to bc c\.alu;~tctl it1 :in area \v~tIi thc highest reported incidence of liver cancer. 
The. canccr incidence in other  arcas iu  nlucll loacr .  but tlic associ;~tion be-  
t\r.i.cn :~flatosin ingested and  l i \er  cancer r;ltcs is preserved. The  study areas 
in Kcny;~.  Thailand. and S\va;riland could be cli\,ided inlo sub;~rcns .  A s  the 
fungi and the clnbor;~tion of thc mycotoxins arc tlepcndcnt on temperature 
and Ilunlidit!.. i t  \v;I\ hoped that ;I diffcrcnti;~l of contaminatior1 could b: cst:~b- 
li\llctl ~vitllin c ; ~ e h  stucly ;ire;) for ;I lnc;~lirctl arscssmcnt of the problem. In 
K c ~ ~ y a ,  the home\ of each suborca \\-crc ranilon~irtcl :111d samples of the total 
dict were collected froni the no~n ina t c J  h o ~ ~ ~ c h o l d s ,  frozen. and analyzcd for 
aflatoxin. Thc  study co r~ l in l~cd  lor  21 n l o ~ ~ t h s  t o  covcr all seasons and to 
assess variatic)n+ in harvesting and storage condirions. Al thot~gh registration 
of cancer \va\ ci~rr icd out lo r  7 years : ~ n d  hospital coverage was compared 
with that for  o t h t r  chronic iiscascs. i t  \\a\ known that thc \ub;lrc;~ wit11 tllc 
lo\\est incidcncc of canccr \<.as that with the lcast dcvclopcd mcdic;~l scr\.ices. 
Stvnziland could al\o b c  tli\,ided into altitudc areas. and the \ub:~rca with thc 
cupcctat io~i  of thc Io\r.cst incidcncc was. in contrast. that \\ith more co~ilplctc 
medical covcragc than thc Iiigll-incidence subarcac both in Sw;~zil ;~nd and 
Kenya. A study \tiis tllcrd'ore undcrtakcu in Swaziland. using the samc food 
sampling tcchniqucs. The  footl sunlplcs wcrc freeze-dried and Hown to the 
1.4RC Iaboratoric\ in  ken!,;^. Thc  Thailand studies \rcrc part of a country- 
a i d e  survey for  mycotoxins. ~vhicll identified areas nit11 different levels of 
aflatovin contnnlination. Food \\as samplcd from r a ~ ~ d o m l y  chosen fan~il ics  in 
rcprcsentativc villages and  an:~l!.zctl. Significant contamination was nntcd in 
garlic. dried chili peppers. and dricd fisli. none of which appear in the Afric;ln 
dict. \\here tlic nio\t heavily contaminated foods \\.ere peanuts. niaizc corn. 
ant1 sorghunih. The  major difficulty in :III the studicq was the rcgktration of 
canccr patients. and all the authors cvprcsseJ their rcscrvc in interpreting the 
data.  Table 3 dct ;~i ls  the registration of canccr patient\ in those studic< \vhich 
cxamincd food ready for ingestion. T h e  Swaziland studirs relied on  rcgistra- 



Table 3 
Details of Cancer Registration of the Aflatoxin/Liver Cancer Studies 
- - -- - - -- 

Yrs. 
No. registra- Crude 

Risk area cases tion Popululio~l ir~cider~ce 

Kenya (low) 4 7 46,279 1.2 
Thailand (low) 2 1 97,867 2.0 
Swaziland (low) 11 5 100.7 19 2.2 
Kenya (medium) 3 3 7 187,514 2.5 
Swaziland (medium) 29 5 151,430 3.8 
Kenya (high) 49 7 174,525 4.0 
Swaziland (medium) 4 5 18,747 4.3 
Thailand (high) 6 I 99,537 6.0 
Swaziland (high) 42 5 91,471 9.2 
Mozambique (high) (A) 101 1 576,782 16.1 
Mozambique (high) (B) ? 3 ? 25.4 

tion carried out previously by Keen and Martin, who had provided a free 
histological service for the country and instituted an active registration pro- 
gram in government and mission hospitals. The first Mozambique study 
collected cases from the records of the hospitals in the Inhambane district of 
Mozambique, and the second study calculated the rate from a local hospital 
registration program and from records of gold miners from the study area 
who were working in South Africa. These levels are thought to be an under- 
estimation, although there is evidence that the incidence in this study area, 
previously reported to be the highest in the world (Prates and Torres 1965), 
has decreased in recent years (Haringtonand McGlashan 1973). In the 
Kenya study, registration was set up in the Murang'a district using a network 
of hospitals and dispensaries, and record linkage was established with the 
major hospitals serving the area. Alpha-fetoprotein estimations were also 
made available to the medical services. The observations from Kenya and 
Swaziland are summarized in Figure 1, and the value of these data and a 
comparison with the other studies when updating the Kenya study using 7 
years of cancer registration.are discussed by Peers and Linsell ( 1976). 

May we conclude, therefore, that the carcinogen is available and consumed 
in Africa and Asia and that there is at l h s t  circumstantial evidence of an 
association, in a number of areas, between its ingestion and liver cancer? The 
strength of this association will be influenced by whether the levels found in 
the food could be expected to produce a biological effect. The levels are low. 
but the potency of aflatoxin as a carcinogen must b e  recalled. Wogan ( 1975) 
has calculated that the highest levels from Thailand amount to 20-30% of 
comparable intakes which induce nearly 100% tumor incidence in rats fol- 
lowing continuous exposure. The intakes both in Thailand and Africa are 
expressed as family or  cluster-center averages, and individual exposures could 
undoubtedly be higher. The levels from Mozambique are 2 to 3 times higher 
than those From Thailand. 

The field studies we have reviewed, although not constituting proof of a 
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AFLATOXIN og,kg,day 

F i g u r e  1 
i i i ~  lur,~ng':l I h l )  ;11111 S\\i~zilil~lcl ( S )  JJI;~. Sifliplc l i ~ i c ~ r  ~ ~ ~ r r c l : ~ t i ~ ~ i i  

c;iu\al rcl;~lioriillil). 110 cover 111;1t ht;tyc in tllc \ i l g e ~ t c d  S ~ ~ ~ L I ~ I I C C  dC;iling \vith 
dmc-rcsl~on\c and justif!. seeking more tlcliniti\.c proof h!. an i~~ tc r \ cn t ion  
prrigr;1111. One call cot>\idtr rnounti~ltl_ str>r;l~c-improvc111~11t \clicmcs t o  lo\ver 
tllc Ic\cl of atlatoxin cc)tttamitlatio~i of dietar!. staples ant1 moni tor i~~g the 
t r c r ~ ~ i  111' c;lnccr i~ lc ids~~cc .  or o n c  can ;~dopt the p;t\sivc sole of monitt~ring the 
ciatur;~l c~pcrirncnt \\hicli i \  raking place in the wahc of i~~tlust~-ialii.;~tio~l i n  
d ~ , \ c l o p i n ~  countric\. The IogiStic5 of intervention, apart from the pr0hlc111~ 
C I I '  rhc control a~lcl monitoring of ;~lt;ltclsin contamination ant1 the diliicultic\ 
111' rcgi\tcring cancer in dcvclopinp countries. brine us to t l ~ c  oftcn r'pc'otcd 
liiitn) tI t ; i t  i.anccr i \  nlultifactorial and rlonc niorc $0 than livcr c;rnccr. 

' I - l ~ i .  factor\ that h;~\.c hccn \ ~ t ~ ~ e s t e d  ;IS etiologic ; I F C I ~ I \  for liver c;ulcer arc 
~r~rrl?erc)~rs ;cnrl cl i  csottc ; t i  the co~rntric\ in t\,hich thc tunlor is corn~non. 
Octtli. ( I0h-l) examined thcsc ant1 put hi\ rnclncy on rn!rntorin co~i(arni~t:i- 
tion and bird hepatitis. also k~icnvn to he frcquc~?t in  Africa. Since tllc 
dsn1c:nstration 01' the hepatitis I3 a ~ i t i ~ c n s ,  the rolc o f  ;it lcnq onc typc of 
hclxititi\ in the etiology r:ln he studied. t'rflcr tlie u.;ual dcl;ly\ ns\ociatcJ ivith 
~ h c  dc\clopmcnt of \~lccilic and sc~lsiti\.c tc.t\ for thc antigen\ :1ric1 the. Inall- 
ping of thc global distribution of \uht)pc% (Si\Iiio!i;~ ct 31. 1975 ) .  i t  iz  no\v 
cvillcnr that ticpatiti\ 13 i \  more common it1 dc\-clopirip criuntric.; and tI1;1t tlic 
c:rrricr \1;1lc i? ; I \ \ ( I C ~ : I ~ T ~  with liver canccr. Pcrinatol tr:~n.;mi.c\ion of Ihe 
itntiscri is hiph in strmc cornnlunitics (Table 1) 1 Schwcit;rcr 1975 ) .  I t  113s 
bccn rcportcd from Japan that HBsAg- ;tnd c-antigcri pnsit i \ i t  in n~c)tIicr\ is 
related to tlic de\clopn~cnt of HB<Ag in the cjff\pri~l~. H13s:'ig a~ltigc~icnii;~ clid 
11ot appear tr1 dcvclop in bahic\ born to mother\ \ \ I t ( i  were Hl3\.Ag-antigc1,- 
pwitivc but e-antigen-~legati\.c. Ex;~~ninntion o l  the rnc~thcr+ of li\cr c;~rlccr 
p;~ticrlts i l l  Scncg;~l revealed that 70-805 of them arc no\\ and prcwmabl! 
\yere carrier4 clf the antigen during the peri11at;ll period of rhc cancer patient, 
(.I able 5 )  (Blurnbcrg ct al. 1975 ). Thc normal e.xpect;~tion of \\omen o\cr  
40 carrying the antigen can be judged from tlie prevalc~lce rate3 in the gc~icral 
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Table 4 
Frequency of Transmission of HBV from HBs-carrier Mothers 
to Infants 

Percent 
pcrir~aral 

Pairs trans- 
I~t~~esfi~ator Area srr~diijd ~~rissiorr 

Nishioka Japan 250 60.0 
Beasley Taiwan 158 40.0 
Schweitzer U.S.A. 36 16.5 
Papaevangelou Greece 15 6.5 
Skinhoj Denmark 36 0 
Punyappata Thailand 14 0 

Senegalese population, where the expected level of antigenemia would be 
a~~roximate lv  5% (Szmuness et al. 1973). The mechanisms of whv the - - 
carriers are unable to deal with the antigens is unknown. and, in an acute 
attack of hepatitis, the persistence of the antigen does not usually exceed 3 
months. We may suggest that an infection acquired perinatally could develop 
morereadily into a chronic. persistent hepatitis, presenting a higher risk for 
liver cancer. A prospective study of antigen carriers is required, and any 
monitoring program for liver cancer must include an appraisal of the natural 
history of hepatitis B in the study population. Interest in the protection 
of other high-risk groups for hepatitis-medical attendants and inmates of 
renal dialysis units and other special medical services, and indeed the popula- 
tion at large-has stimulated much scientific effort, and the production of a 
protective vaccine is now considered to b~ a real possibility (Anon. 1976). 
So far, we have been dealing principally with the influence of these factors in 
communities, but we must now consider the problem of many being exposed 
and few being chosen. It has been suggested that the aflatoxin studies do not 
explain satisfactorily the prepoklerance of male victims, since, as far as we 
know, both sexes are exposed to the same risk from food contamination, 
apart from the fact that the drinking of home-brewed beer is not usual among 
African women. Drawing on evidence from animal experiments, there may be 
grounds for believing that males metabolize the ultimate carcinogen less well 
than females. Butler ( 197 1 ) has shown that males are more susceptible than 
females to the acute toxicity and chronic carcinogenic effects of aflatoxin. 

Table 5 
Liver Cancer Patients and Their Parents 

HBsAp-  

No. RO. % 

Cancer patients 28 22 78.6 
n e i r  fathem 27 5 18.5 
Their mothen 28 20 71.6 
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Sin~ultaneous diethylstilbcstrol administration diminishes the carcinogenic 
cflcct in rats (Ncwberne and Williams 1969);  hypophysectomy (Goodall and 
Butler 1969) and castration [Cardeilhac and Nair 1973) also inhibit aflatoxin 
carcinogencsis. Whcrever this sexual distinction has been studicd, hepatitis B 
has definitely been shown to affect males more frequently than females, and 
the carrier state itself is more frequent in males (Sherlock 1976).  

It has bccn suggested that liver cancer is an excellent model for the study of 
thc interaction of two well-defined factors, one chemical and the other viral. 
It is a tumor with an established biological marker. the alpha-fetoprotein, the 
estimatc of \vhich can make thc definition of the individual case more ac- 
curate, pat-titularly in those arcas where biopcy and autopsy present major 
diflicultics. The chemical agent has been stigmatized as one of the most potent 
hcpatocareinogens known. and morc sensitive methods for its detection to 
allow individual cxposure to be morc sharply defined. or to permit more 
tlerailcd studies of metabolism, arc possib!~. The linking of the aflatoxins to 
lat-gcr nio1cculc.s will allow more sensitive and specific radioimmunoassavs to 
bc dcvelnped (Lansoclc and Van Vunakiq 1976: Carruthers ct al. 1976). 
l'licrc arc alqo aspcctc in the suggcstcd viral etiology which would allow in- 
ilivldual zusccptibility to bc assessed. It is emphasized that although thls canccr 
is not frcqucnl in Europc and North America, it is in many populous area? 
of the \vorld, and i f  the prclirninary rcports from the People's Repi~blic of 
China arc confirn~cd. i t  may be onc of thc world's major canccr problems. 
With thc pos\ibility of nssr.ssiog the two factors and with prospccts of activc 
intcrvcr~tion. \vc may ccinsidcr thc transition t c ~  tlic final target of thc scqucncc 
of. invcstipntion, that of primary prevention. If it is possiblc to iniplcrncnt this 
by rctlucinp n~yccjloxin ccrntan~inntion :u~d controlling hcpatitis. at worst \vc 
\rill h a w  climinatcd twcl major health hi~zards, and at bcst \ve \rill have prc- 
vc11tciI a cancer. frcqucnt in the Third World. wl~ich has at present no 
cffcclivc treatment. 
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TFE3 WCOTOXIVS AS A FVJbN WALI'H HAZA_RD 

Allen Linsell 

3nternational F.gency for .%search on Cancer, Lyon, France 

The mycotoxins are prduc t s  of fungi and are related t o  tha t  
important group of life-saving drugs, the antibiotics. Of those 
which have been thought to present a carcinogenic r i sk ,  and which 
are naturally occurring, cyclochlorotine and luteoskyrin are both 
related t o  the h @ s  Pen ic i l l im ioe land im.  Although t h i s  fungus 
has ken isolated rarely from f d  in Japan and Africa there is no 
evidence of it representinq a major focd hazard. Sterigmtocystin, 
for which there is good a n b l  evidence of carcinogenicity, has not, 
hmever, been found as a frequent contaminant of f d  and there is no 
evidence so far of it being a h m  hazard. The aflatoxins, which 
have at tracted a great deal of laboratory and f ie ld  research in 
veterinary and human Iredicine, are, on the other hand, n m  beaming a 
m j o r  e c o n d c  and legal issue in many countries. There are four 
major rrembers of the group, aflatoxin B l  being the mst potent, and 
therefore tha t  mst frequentlv used in  laboratory research. The 
compounds have pronounced a u t e  toxic properties, and this was 
clearly i l lus t ra ted  by the report of an epidemic of aflatoxicosis in 
India i n  1975 (1) where over 100 persons are said to  have died. 

The possibi l i ty t h a t  the aflatoxins in small doses m y  be re- 
lated to cancer is, hmever, a different  problem, theoretically a t  
leas t  always present i n  many areas of the world, particularly those 
where the p o p l e  l ive  by subsistence farming. The evidence in mn 
of aflatoxin constituting a chronic hazard therefore indicates tha t  a 
defini te  human exposure exists i n  certain areas of Africa and Asia 
and that  correlation stvdies d m s t r a t e  a dose-related response when 
carpared with cancer incidence. 

To review briefly the experirrental evidence in animals, it can 
be said tha t  the  aflatoxins are p e r f u l  carcinogens, prcducing 
t m u r s ,  mostly i n  the l i v e r ,  in  m v  animals, both in agriculture 
and i n  the laboratory. There is great variation in the suscep- 
t i b i l i t y  of animals t o  the aflatoxins, althouuh a s  always it is 
d i f f i cu l t  t o  ~mrre la te  the  varying paramters of different  expcri- 
m n t s  (2) (Table 1) . 

The r a t  has been the  mst ccmmnly used exprirrental animal and 
the dose response i n  a particularly susceptible s t r a in  is sham in 
Table 2 ( 3 ) .  A t  a dose of 1 part p r  bi l l ion  (ppb) aflatoxin B1, 
approximately 10% of the animals had cancer. ??he respnse  is dose 
related t o  100 ppb w i t h  cancer in all animals surviving 18 months. 
Tumurs have been reported in r a t s  a year a f t e r  a single dose of afla-  
toxin and subsequent n o m l  £feed (4) . 
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TABLE 1. Carcinogenicity of aflatoxin 

species Dose Duration of ??wmur 
observation frequency 

Duck 30 pqfi-g in d i e t  14 mths 8 in 11 - 72% 

Trout 8 pg/lcg in  diet 1 Y= 27 in 65 - 40% 

Tree shrew 24 - 66 mg total 3 years 9 in 12 - 75% 

Namcset 5.0 ug M- 2 years  2 in 3 - 65% 

~ Y S  100 - 800 n q  total over 2 years 3 in 42 - 7% 

Rats 100 pqbg in diet 54 - 88 weeks 25 in 28 - 100% 

Mice 150 mg/kg in d i e t  80 weeks 0 in 60 - 0% 

TAEXE 2. Dose-respame to aflatoxin B1 in mle Fisher rats 

Dietary levels mat i& Liver cancer 
in weeks fresuenc~ 

Recognizing that a dose of 1 g/kg w i l l  induce tumurs in rats 
in 10% of the group exposed, the i? i f e t h  r i s k  f o r  r a t s  has been can- 
pted at 240 p r  100,000 at a 1-1 of O.lpg/kg and 1,100 per 
100,000 a t  a dosage of 0.3~q/kg (5) . This w i l l  be relevant when 7 r ~  

consider later the extrapolation of animal evidence to man. 
E'ran Table 1 it w i l l  be noted that the nouse is re s i s t an t  to  

doses m y  t i m s  greater fhose vhich prodaced t u r n s  in rats. 
m v e r ,  infant hybrid m i c e  develop tumurs when given repeated 
injecticns of a law dose in the perinatdl 'period (6) .  This leads us 
to the f i r s t  fadars which rrvly influence respmse - age of exposure 
as w e l l  as var ia th  of susceptibility between species. 

Several studies have sham that f d e  r a t s  are mre res i s t an t  
to .bth tcixic and carcinogenic effects (7) and this t e n h c y  is 
ohwxed even at  lower dwes of aflatcorin. 0 t h ~ ~  fac tors  which could 
influence the response in m have been examined in animal e x p r h t s .  

evidence of the influence of protein m l n u t r i t i o n ,  so important i n  
those areas of the mld where l i v e r  cancer is camon, is contra- 
dictory. Experhats an deficiencies  of spec i f ic  dietary lipotropes, 
such as n-ethionh, show ~ a n e  protectim against  the tmic e f f ec t s  but 
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a higher frequency of t u l l ~ ~ s  ih deficient aninals (8).  me effects 
of sunlight, asain, would he of interest  in our consideration of the 
applicability of these results  to man, as  l iver ccmmr is mre 
frequent in the tropics. Rats irradiated af ter  lw doses of afla- 
toxin show a decrease of twur frequency and it is sugqested tha t  
endogenous photo-sensitized riboflavin may complex with the aflatoxin 
and inhibit the prduction-of the ultimate carcinogenic agent ( 9 ) .  
A protective role against the carcinogenicity of afl~atoxin has been 
demonstrated in ra t s  with sodium phenobarbital, and it has been 
suggested that  induction of l iver  micros& e n z w s  that  mtabolize 
the aflatoxin t o  non-carcinogenic products my  be responsible (10 - 
11) . . . 

To sunmarize the a n h l  evidene which may relate to the 
a e t i o l w  of liver cancer i n  man, we  c !  state that: 

(a) aflatoxin is carcinogenic in &my s.pcies, includ- monkevs; 
(b) aflatoxin is a very potent cqcjmogen: , 

(c) a dose-response relationship has been AmnstraGd;  
(d) tmurs are mr8 readily procluced in males and in the yo-. 
It was recognized at..an early stage,of the investigations in man 

that the aflatoxins, although avai lable 'world~i~e,  m l d  be foimd 
mst ccmmnly i n  hot, hutttid c l h t i c  conditions. It was .precisely 
f r m  countries with such a climate that higher frequencies.of l ive r  
cancer had been reported. Investigation+ soan denonstrated that 
samples of cereals and nuts f r m  markets h d  h a  stores i n  tropical 
countries had inpess ive  levels of wn+nhation. However, such 
high levels were not detecfRd when fccd'ready for inqestion was 
aamined. Housewife selectim- of cereals and &$er.,sFple cooking- . 
~ t h c d s  play an i m p r t ~ t  ro l e . i n  protecrtian a g a s t  these hazdrds. 
Long-term studies of p l a k  samples of focd ready for  ingestion were 
therefore undertaken, assuming,*at an assessrent of current exposure 
would be relevant to .orentent cancer rates. This is perhaps a bold 
assunption 'but it is hmam *at d ie t ,  'storage and ccoking habits had 
not changed markedly over we years i n  rural  Africa and Asia, where 
mst fccd is gram on s m a l l  individual f v .  The s i t i ng  of these 
studies was dictated by the possibility of masuring cancer frequen- 
cies, not an easy task ' in countries w i t h '  a minirral infrastructure of 
health services predominantly concerned with 'infectious tropical 
diseases. The recognition of a b i o l q i c a l  marker fo r  hepatocellular 
cancer, alpha-fetoprotein, enabled a m e  accurate d i a ~ i s  t o  be 
rrade under these mndi t ims  than previously heen possible. The 
results  of studies to  assess the level of contamination and cancer 
frequency, both in Africa qd. Mia, are sham i n  Table 3 (12) It 
m y  be unwise to use these otatb,t.iqs in any sophisticated analysis 
without recognizing the nmrous 'b iases  which might be present in 
such f ie ld  studies. This, is particu1,arly pertinent when considering 
the registration of cancer cases in rural  Africa apd Asia. Tn the 
Kenya study the area of low fre&ency was th+t with the less w e l l -  
developed mdical  services, and as  the nmber of cancer cases was 
swi l l ,  the detection of every case was vi ta l .  To check th i s ,  a 
study similar in design w a s  carried out i n  h z i l a n d ,  where the r a t i o  
of hospitals t o  l ive r  cancer frequency was reversed and where one 
could be mre confident of case de,tection. (14) .. T t  muld appear, 
however, that what evidence we have in man does indicate a dose response. 
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TABIS 3.  S u m ~ l r y  of available data on ailataxin ingestion levels and 
prirrary liver cancer incidence in adults 

Country Area Aflatoxin Liver cancer 
Estimated average No. of Incidence 
daily intake in cases p r  105 
adults: n g h a  of t o t a l  
M y  weight/day* ppula t ion 

/Ire= 

Kenya High altitude 3.5 4 1 . 2  

Thailand Sonqkhla 5.0 2 2.0 

Swaziland High veld 5.1 11 2.2 

Kenya Middle altitude 5.9 33 2.5 

Swaziland Mid-veld 8.9 29 3.8 

Kenya Icw altitude 10.0 49 4.0 

Swaziland Lebanbo 15.4 4 4.3 

Thailand Ratburi 45.0 6 6.0 

Swaziland I.tm ve: 43.1 42 

Wzmbigue Inhanbane 222.4 460 ,J. Of*  

m l u d e s  any aff  atoxin pre-t in n a m e  b@ers 
**Revie mi- e s t h t e  taken fran Van Rensburg (13) 

J of the great d i f f icul t ies  in the transfer  of the experhen- 
~vidence  to the human situation is the dispari tg of levels of 

-sure, and you w i l l  have noted that the human studies record 
exposures of nanogram amunts of aflatoxin. H w e v e r ,  we must recog- 
nize the  potency of aflqtoxin, a t  l eas t  in scm a n b l s .  It n u s t  be 
noted also that by the currently used physico-chaical methds, the 
1-r level  of detection is around 1 nanogram p r  kilogram. 

It has been suggested that the exposures of ran and rats may be 
of the sm order; of magnitude (15). As w e  have seen, a 1 $g/kg 
d i e t  produces a 10% t w u r  frequency in rats, and i f  a 250 gram r a t  
is ass& t o  e a t  15 grams a day then the daily consunption w i l l  be 
G. 0 mg/kg. The level of daily consunption by rr)an in the f i e l d  
studies in Table 3 rose in Thailand to 50 ng/kg of body weight, and 
a t  this level  the twur incidence was re'mrded at 6 -Der 100,000 per 
year. 

It mst be stressed that  the observations for  man are average 
ingestions and individual exposures could have been much higher. 
Hanrever, any approximation of the l i f e  r i s k  for l ive r  cancer in man, 
in this context, would indicate a mu* lmer susceptibility and this 
we would expect, f r m  s o m  of the experimntal studies which have 
been quoted. 

There is much further research which needs to be done to test the 
speci f ic i ty  of the aflatoxin/liver cancer asswiation.  This can be 



d i n e d  with studies on how the e l a h r a t i o n  of the toxin on cereals 
can be prevented under rura l  conditions. The long-term effec t  of 
such intervention can be measured, as indecd cm the r isk  for  cohorts 
of those exposed t o  known doses of aflatoxin, but it w i l l  be m y  
years before these natural exper in~nts  can be assess&. 

There is a strong l i k l i h d  of m ~ t h e r  factor - hepati t is  - 
playing a part in the induction of l ive r  canccr, and another 
presentation a t  this, s p p s i u m  w i l l  give the detailed. evidence and 
any p s s i b l e  interaction between the factors (16) .  

It w i l l  be a g e d  t h a t  aflatoxin is a hazard - an acute one and 
very probably a chronic one. m e r e  is ' l i t t l e  t h a t  can be done for  
acute toxici ty,  except general supportive care and, of course, 
prevention. 

It has been sugqcsted that after the recognition of an environ- 
mental  hazard the prob lqs  and solutions are swial and economic, but 
this should not absolve us - the bench and f i e ld  cancer sc ien t i s t s  - 
from considering them. !These factors qx?q well flavour our approrich 
t o  the evaluation i n  l a b r a t o r y  and f i e ld ,  and lrost certainly w i l l  
affect  the  resources we are given to carry out our work. "e must 
remain with the attempts to.cope w i t h  the  hazqd,  as  essential ly we 
are a l l  interested i n  prevention and wecan learn much f m  such 
efforts ,  a s  w h i l s t  evaluating them rv-e m y  well detect other r i sk  
factors or e t h o d s  which can of fe r  a mre imnediate r&y. me 
problems assmiated with prevention of a naturally occurring hazard 
are di f ferent  and mre complex than those associated with a 
delibera* f d  ,additive o r  3 .habit.ar ."life skylet: . fwtor ; ' su~h.as  
alcohol ingestion. 

The global 5qmrtancc.of ij-e cereals which a m  suslceptible t o  
aflatoxin contamination include the p t  L ~ r t a n t  of .the world's 
basic s taple foods, and there are three control situations. which have 
t o  be ansidered:  

1. Countries, l i ke  the U.S, .A. ,  w i t h  a large d m s t i c  market as 
w e l l  as export markets for maize and pcmuks. 

2. Regions, l i k e  Europe, where the main fear of this type of 
f& contamhati? is from c a t t l e  fed?, w i t h  a l l  the related 
problems of economic loss t o  those anmtr ies exporting such feeds t o  
Europe. 

3. The problem in rural comtumities i n  Africa and Asia, where 
l i v e r  cancer i s  a problem, but where the provision of suff icient  food 
is the f i r s t  priori ty.  

In the f i r s t  s i tuat ion we have t o  work out +m acceptable r i sk  
for  the d m s t i c  population, and this is very d i f f i cu l t .  The 
current trend is t o  suggest levels  s o  lm tha t  the cost of achieving 
them m y  be q e q t  enough to a f f e d .  the 'cconamics of the marketing of 
crops. It calls, in fac t ,  fo r  a d i f f i c u l t  balance of social ,  econ- 
d c  and sc ien t i f i c  values which perhaps everyone would l ike  t o  a m i d  
but cannot. 

The si tuat ion in m o p e  evokes d i f ferent  issues. Wqula toq 
controls can be, and have been, intraciuced by the m r t i n q  countries, 
but these are d i f f i c u l t  to irrplemnt. If  it is wieconomic t o  sa t i s -  
fy the import regulations, then the incm of the prducers ,  minly 
in developing countries, w i l l  f a l l  d r w t i c a l l y  and the ensuing loss 
w i l l  resul t  i n  a further  health hazard from lack of financial supprt 
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of mdica l  services,  as w e l l  as imrediate ha rbh ip  for  the p a n u t  
f m r s .  

The t h i rd  control problem, that of subsistence farming in r u r a l  
camunit ies  of developing countries, m y  represent the grea tes t  
hazard t o  man frm these nycotoxins. The danger of qco tox in  con- 
tamination of food is mainly relate3 to p r  storage, and l i t t le  is 
k m  about the extent of disease associated w i t h  this hazard. 
Recognizing this, agr icu l tur i s t s  worlciwide, including the Food and 
Agriculture Organization of the United Nations, have in i t i a t ed  a 
nwnhr of r u r a l  p r o g r m s  to  study the  p r e v w t i m  of post-harvest 
food losses. It is hoped t h a t  these w i l l  have a considerable impact 
on mycotoxin contamination i n  a l l  the ar.eas which have lxen considered. 

The n-etlds elaborated under these p r q r m s  w i l l  help solve the 
problems of bulk storage of exporting -tries, as w e l l  as those of 
ru ra l  exposure to the mycotoxins. Better food storage, of oourse, 
w i l l  a l so  oape with hazards from insects, r a t s ,  etc., which play an 
indi rec t  ro l e  in aflatoxin contamination, but which of themselves 
waste e n o m u s  quant i t ies  of £4. 

In swimmy, it is suggested t h a t  the animal evidence and human 
exposure leave us  i n  no doubt that, whamr *'exact m l e c u l a r  ro le  
of af latoxins in the induction of human liver cancer, they are a h m  
kalth hazard. 
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I n t e r d i s c i p l i n a r y  Progrzrmo azd Internatiocal L i a i s o n  
U n i t ,  I n t e r n a t i o n a l  .Agsncy , f o r  -qes.sarch e n  .Cancer ,  Ly3i1, 
Frznce . 

G70GPS'.?tiIC.1.L DISYRIZUTION 'OF. LI'JX~ CELL CAVCZZ? 

7 < .  
d L  ger  call cancer (SCC) . i s  oFe, 05 'If;p .rnosk -ccmmcn 

ma1bgnar.t  t'&ZiGqiTS i n  sub-Saharan Africz an9 i n  South -. ~ a s t . l s i a  and i t  i s  a l s o  r s l a t i v e l y  Zrsquent i n  scme 
E. lzo~eac  cour.:r.ies, such. r s  S~a.+n,  ,Sxi.;zerl.ar.ci and, ~G-r~ece. 
m . 
& h i s  g e o g r a ~ n i c a l  c i s t r2 'b .u - '  ,-on 1s czzi-rc&. frcg rS?:eral 
sources.  

These  dzts m s i  be accepted wirh qaut ion,  since K?ey 
are very  rouqn es t i naces  of the  froqiency o ? ' c a s l ~ e r ,  as 
they a r a  s c j f e c t  cc racy- bias.es, tut the are the on l y  
data a v a i l a b l s  foe  sone arazs of vprrildt , The i e r q e n r -  
2ge of LCC i n  autopsy s e r i e s  va rFes  fzcm 2 . 4  t o  5 . 3  % ia  
?.frica and S o u t h  Eas t  A s i a  (1'-3) ,' and from 0 . 2  E, to 1 . 5  4 
i n  Lat in  .L?lezica, t h e  U.S..?., Earcpe, 15dia and t;:e 
U . S . S . 3 .  ( 4 - 7 ) .  

.!$ORTALITY DATA 

. .  . These Z a t a  a l so  kave s e r i c u s  ~ i x ~ t a t i s n s ,  ?ar t icc lezLy 
because 05 t h e  c o n s i d e r a b l f  z r o p n r k i o n  of  ceses Zlaqnosed 
as liver c a n c e r  of xnspecified origin. The propoztion of 
these cases t o  t h e  cotal i n c i 2 e n c e  ' ~ f  liver c a n c e r  ranqss 
from 1 f to 100 % i n  2 2  countr ies  ( 6 ) .  Tt is mors ::?an 
9 0  9 in % a u r i t i u s ,  j apan  2nd Grsoce; it v a r i e s  <ram 5 :  3 
to 7 5  3 in France, I t a l y  azd Gsrnzcy, zr2 I t  is lsss ??.an 
2.6 9 i~ t h e  r a n z i n d e r  of  E n r ~ s ? ,  Israel 253 ?:ev Zezilan: 
( 8 1 .  

. . The ccmbinsd Z e a t b  r a z e  lor ? r i m r y  i ~ v s r  csccsr 
plus i l~ .sp ic iFi .ec?  1i:-sr c a ~ c e r  c o i n c i d e s  ~ F t h  prf.;Fous 
stuCies Lased  on r ~ ! a t i v + =  ? r - ~ - ? n ~ i = c  z z?  .::it:: c.:=srz.:z~.z . - 
'nc<Cozcn 53tZ. - *. T>,Cs < o r r 3 y ~ + <  rzte 2 3  h i j h  (ya1::-.2" 
6 . 0  ger I O C  0 0 0  ~ 2 1 ~ s )  rn  2 s ~ ~  3:?q, .jz3anr ? r 3 2 ~ 9 ,  2 3 6 1  n, . . 
Gresce 2-2 ic coun:z<es i? tzs:srx Ec rzpe :  incer:es:>>:? . - .. (3.13 - 5 . 9  =er 1 0 0  050 a a l e s )  ic sene co3:;.,2rlas in .V.:ca~s 

, -  and Yorthern Zarcpe, 222 isw ; L ~ S S  cksn 3 . 0  ser 10C C 3 0  
males) i n  S o r t h e r n  :izerLca, S c ~ a n i a  2nd scxe c o c n f r i s s  i n  
X O T ~ ~ E T :  Zurope  i 8 )  . 



Dacs f r o n  c a n c e r  r e q i s t r i n s  contaiaed i n  voiujnes I ,  I1 
and 111 of Zaxcer i n c i 2 e n c e  i n  ? i v e  C c n t b e n t s  (3-1:) 
~ r o v i l e s  3 % o r e  a c c u r a t e ,  b u t  a l s o  s e l e c t i v e ,  p i c t u r e  o f  
t h e  f r z q u e x y  o f  LCC. Tab le  1 shows s e l e c r e d  areas  
classified a r b i t r a r i l y  i n  "ree graups: h i q h  i n c i d e n c e  
( a q e - a d j u s t e d  i n c i z e n c e  r a t e  h i p h e r  chan 20 pe r  100 000 
ma le s )  ; i n t e r m e d i a t e  i n c i d e n c e  (races f r o m  5 t o  20 p e r  
100 000 m a l e s ) ,  and low i n c i d e n c e  (less than 5 p e r  100 000 
m a l e s ) .  3 i s h  r a t e s  a r e  seer. i n  ~ ~ p u l a t i o n s  i n  South and 
>lest  A f r i c a  and 0 - c c g  Chinese  p o g u 1 a ; i o ~ s  i n  S inqapo re  and 
i n  tke U . S . A . ;  i c ~ $ m e d i e i e  r a t e s  iz Malay and I n d i a -  
g o p c l a t i o n s  of S ingapo re ,  Yise,rls, "ecife, a z z z i l ,  5wi:zer- 
l a n d ,  Spa in ,  Po land ,  Xaori  p a p u l a t i c n s  of Now.Zealand, 
. Iner ican  I r id ian i n  Xer& Mexico, j ~ F i l a $ ~ j  an4 Ccba; l ~ w  
r a t e s  a ra  obse rved  iq o t h e r  g z p u l a t i o n s  i n  t h e  U.S.A., 
Latin -America, Euzope, .whice p o p u l a t i o n s  i n  South Africz, 
aid i n  I s r a e l  ane 'Izdia. 

TABLE I. Acje-ag j uszaat  zncii?Gnce r a t e s  05 ' - l i v e r .  c e l l  
c a n c z r  (M: ?!zlds: 7:' 7 e a a l a s )  

l E  jcsize& r.3 the wor l e  standard g o p n l s t i a n  
Frcn:  C a n c e r  I n s i ~ a n c s  i n  ?i-ze. C ~ i ? t i ~ e r , t ~ ,  V c l s  I, II 
2r.d 111. 



Oata from t h e  t h r e e  v o l ~ m e s  of  Cancer Inc idence  i n  
F ive  C o n t i n e n t s  have been ana lyzed  f o r  37 p o p u l a ~ i o n s  i n  
la c o u n t r i e s  over ac average p e r i o d  of  8 yea r s .  I n  18 
of the '  37 popu1atior.s  a s t a t i s t i c a l l y  s i g n i f i c a n t  median 
i n c r e a s e  of  3 . 7  pe r  y e a r  f o r  males  and of 6 . 7  f o r  females  
i n  15 p o p u l a t i c n s  w ~ s  observed.  T h i s  i n c r e a s e  was c l e a r l y  
i d e n t i f i a b l e  i n  ?o lend ,  Bombay, I n d i a ,  A l b e r t a  (Canada) ,  
Norway, Sweden, Geman Denocra t ic  Zepubl ic  and F in land .  
I n  t h e  o t h e r  popu la t ions  a  d e c r e a s e  w a s  observed b u t  i t  
was s t a t i s t i c a l l y  s i g n i f i c a n t  i n  o n l y  one p o p u l a t i o n ,  
L a t i n s  f r o m  E l  Daso (U.S.A.) ( 1 2 ) .  A d e c r e a s e  has a l s o  
been r e p o r t e d  among the h i g h - r i s k  group of mine workers 
froin Mozanbique working i n  South A f r i c a  (13). 

S2X AND AGE DISTRIi3UTION 

I n  g e n e r a l ,  males a r e  more prone t o  Zevelop LCC t h a n  
f ema les .  T h e  sex  r a t i o  ranges  from 0 . 9  i n  3omania t o  9 . 3  
i n  ? z e r i c a n  i n d i z n s  i n  Yew >lexica, U . S . A . .  I t  i s  of 
i n t e r e s t  t h a t  t h i g  sale predominance i s  lcst  i n  some L a t i 2  
p o p u l a t i o n s ,  such a s  Rec i f e ,  B r a z i l ,  C. .ba ,  C a l i  (Colombia) 
and Spa in  (Table  1). 

I n  a l l  p o p u l a t i o n s ,  i ndependen t ly  of t h e  r i s k ,  t h e  
i n c i d e n c e  r a t e s  i n c r e a s e  p r o g r e s s i v e l y  w i t h  age wi th  a 
tendency t o  l e v e l  o f f  i n  the o l d e r  a5e groups.  I n  t h e  
h i g h  i n c i d e n c e  a r e a s ,  s c c h  as ;2hod;esia, there, i s  a  shift 
towards t h e  younger age groups.  I n  t h e s e  p o p u l a t i o n s  t h e  
t7xnour is seen  no t  i n f r e q u e n t l y  under 4 0  y e a r s  of a g e ,  but 
it does n o t  occu r  a t  t h i s  age i n  p o p u l a t i o n s  w i t h  l o w  o r  
i n t e - m e d i a t e  r a t e s  (Fig. 1) . 
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? ic i l re  1. X j e  d i s t r i b u t i o n  of  l i v e r  cell cancer 



CIRRHOSIS AND LIVER CELL CANCER 

An a s s o c i a t i o n  between c i r r h o s i s  and l i v e r  c e l l  c a n c e r  
h a s  l ong  been r ecogn ized  b u t  it has  no t  been c l e a r l y  
unders tood .  No c o r r e l a t i o n  h a s  been observed  between t h e  
m o r t a l i t y  f o r  c i r r h o s i s  and t h e  m o r t a l i t y  f o r  LCC i n  
d i f f e r e n t  g e o g r a p h i c a l  azeas .  The h i g h e s t  d e a t h  r a t e s  
f o r  c i r r h o s i s  a r e  observed  i n  C h i l e ,  >¶exico,  P o r t u g a l ,  
France ,  P u e r t o  Rico ,  I t a l y ,  I r e l a n d  and A u s t r i a ,  which 
have low r a t e s  f o r  LCC, and lower d e a t h  r a t e s  f o r  c i r r h o s i s  
a r e  r e p o r t e d  i n  Tha i l and ,  Hong Kong, Greece and S w i t z e r l a n d ,  
which have h i g h  r a t e s  f o r  LCC (WIO f i o r t a l i t y  Data Bank) .  
C i r r h o s i s  is a dynamic c o n d i t i o n  of  v a r i e d  e t i o l o g i e s  and 
w i t h  d i f f e r e n t  ma l ignan t  p o t e n t i a l ,  which e x p l a i n s  why no 
a g r e e n e n t  h a s  been reached  conce rn ing  a morpho log ica l  
c l a s s i f i c a t i o n  and why no c o r r e l a t i o n  h a s  been observed  
b e t v e e n  d e a t h  r a t e s  f o r  c i r r h o s i s  a s  a x h o l e  and LCC. 
TSe s imp le  macroscopic  c l a s s i f i c a t i o n  of macronodular  and 
mic ronodu la r  is u s e f u l  t o  e x p l a i n  t h e  a s s o c i a t i o n  of  
c i r r h o s i s  w i t h  l i v e r  c a n c e r .  The macronodular t y p e  i s  
more f r e q u e n t  i n  A f r i c a  and South E a s t  As ia ,  h i g h  
i n c i d e n c e  a r e a s  f o r  LCC, and t h e  micronodular  t y p e  i s  
p r e v a l e n t  i n  the ,  l o w - r i s k a r e a s  of  Europe and t h e  U . S . A .  
The macronodular  t ype  a p p e a r s . t o  be  more o f t e n  a s s o c i a t e d  
w i t h  h e p a t i t i s  B v i r u s ,  a l t hough  it Is a l s o  seen  i n  c a s e s  
of reformed a l c o h o l i c s ,  and it seems t o  be  more prone  t o  
be compl i ca t ed  w i t h  LCC. I t  h a s  Seen e s t i m a t e d  t h a t  
40 3 t o  50 % of t h e  c i r r h o s i s  i n  A f r i c a  and South E a s t  
A s i a  t e r m i n a t e s  i n  LCC and  t h a t  60 % t o  80 4 of LCC a r i s e s  
i n  c i r r h o t i c  l i v e r s .  On t h e  o t h e r  hand, t h e  m i c r o n o d - ~ l a r  
t y p e  i s  p r e v a l e n t  i n  t h e  low-r isk a r e a s  f o r  LCC, i . e . ,  
Europe and t h e  U.S .A.,  and it i s  o f t e n  a l c o h o l i c .  Only 
5 4 t o  10 % of  t h e s e  c i r r h o s e s  appea r  t o  t e r m i n a t e  i n  LCC, 
b u t  a s  h i g h  a s  80 % t o  90 % of t h e  LCC i n  t h e s e  Ereas 
a r i s e  i n  c i r r h o t i c  l i v e r s  ! 3 - 7 ,  1 4 ,  15)  . 
LIVER CELL CANCER AND HEPATITIS B VIRVS 

An a s s o c i a t i o n  between h e p a t i t i s  B v i r u s  (H3V) i n "  ~ e c -  
t i o n  and LCC h a s  been observed  i n  s e v e r a l  s e ro -ep ideq io -  
l o g i c a l  c a s e / c o n t r o l  s t u d i e s  ( 16-22) and they  have r e c e n t -  
l y  been reviewed (23-24) .  These s t z d i a s  show t h a t  
i n d i v i d u a l s  w i t h  a  c h r o n i c  a c t i v e  i n f e c t i o n  wich 2SV a r e  
a t  h i g h e r  r i s k  t o  deve lop  LCC t h a n  a p p r o p r i a t e  c o n t r o l s .  
In the  e a r l i e r  s e x ? - e p i d n n i n l s g i ~ a l  z ? ~ ? i s z ,  Scfc-s t ke  
i d e n t i Z i c a t i o n  of t k e  c o r e  ar , t igen rcd a n t i b o d y ,  t h e  p r z -  
s ence  of  h e p a t i t i s  9 s u r f a c e  a n t i g e n  (EBsAg) was used a s  
t h e  on ly  n a r k e r  o f  c h r o n i c  a c t i v e  HBV i n f e c t i o n .  Scne 
o f  t h e s e  s t u d i e s ,  i n  which s e n s i t i v e  'ne thoes  (radioinmuno- 
a s s a y  o r  immune adherence  hemagg lu t ina t ion  a s s a y )  have 
been iased, a r e  summarized i n  Tab le  2 .  I n  t h e  s t u d y  i n  
Senega l ,  two g roups  o f  sex-  and age-natched h o s p i t a l  
c o n t r o l s  were used: one non-cancer c o n t r o l  and one  o t h e r  
c a n c e r s  c o n t r o l  which i n c l u d e d  p a t i e n t s  w i t h  c a n c e r s  o t h e r  



TA3LZ 2 .  A s s o c i a t i o n  between h e p a t i t i s  E s - ~ r f a c e  z i n t i s s ~  
(HEsAg)  and l i v e r  c e l l  cancer  (LCC) 

Country  No. of parientn ?resence cf :iasAg 2zesence of BBsAg 
or antl-S2sAg 

- L;C - Csnrrol LCC C:nrrol LCC Control Relat ive  
'a % 4 % rlsK O - -  - -  

165 328 7 9 . 4  5 3 . 4  6 1 . 1  11.3 1 2 . 4  
Senegal 
116) 
S .  Africa 1 3 8  200 7 2 . 9  12.4 5 9 . 5  9.0  14 .9  

( l i l  

Xenya 4 2 4 5 0  i9.5 28 .7  5 4 . 2  4 . 7  2 4 . 7  

(18: 
2i5 LO??@ :2.3 21.2 36.7  2 .7  20.6 2apan 

!18) 

Srngapore 
7 - 117 liO 7 4  78 31.0 6 .0  12.1 Chinese 

(19) 

t han  LCC ( 1 6 )  . Only t h e  non-cancer c o n t r o l  i s  i n c l x d e d  
i n  t h i s  t a b l e .  The c o n c r o l  g roups  f o r  t h e  s t u d i e s  i n  
South A f r i c a ,  Kenya Sapan and S ingapore  wers b lood  donor s ,  
o r  a p p a r e n t l y  h e a l t h y  s T A j e c t s ,  n o t  matched by s e x  o r  age  
t o  t h e  c a s e s  (17-19).  I t  is  o f , i n t e r e s t  t o  n o t e  t h a t  t h e  
an t igenaemia  r a t e s  among t h e  c o n t r a 1  groups c o r r e l a t e  q u F ~ e  
w e l l  w i t h  t h e  LCC r i s k  i n  cbese  p o p u l a t i o n s .  - J e ~ a n  w i t h  
t h e  l owes t  r a t e s  has t h e  l owes t  a3t igenaemia r a t e :  
Senega l ,  South  A f r i c a  and Chinese  i n  S ingapore ,  w i t h  h i g h  
i n c i s e n c e  r a t e s  f o r  LCC, a l s o  have h igh  r a t e s  o f  a n t i -  
genaemia and Kenya h a s  i n t e r m e d i a t e  r a t e s  both f o r  LCC a n 2  
SBsAg. The p r a v a l e n c e  of p a s t  o r  g re senc  HBV i n f e c t i o n ,  
a s  evidenced by t h e  p r e s e n c e  o f  HBsAg o r  anti-HBs was 
h i g h e r  among t h e  LCC cases than  among the c o n t r o l s  In all 
p o p u l a t i o n s  and ranged from 42  3 i n  Japan t o  73  % i n  

' s e n e g a l .  However, t h e  main d i f f e r e n c e  bet-deen c a s e s  and 
c o n t r o l s  i s  s e e n  i n  t h e  p reya l ence  of an t igenaemia  w i t h  
r e l a t i v e  r i s k s  r a n g i n g  from i2 i n  t h e  Chinese i n  S ingapore  
to 2 5  i n  Kenya. 

Xore r e c e n t  c a s e - c o n t r o l  s t u d i e s  added t o  HSsAg the 
a n t i b o d i e s  t o  t h e  c o r e  a n t i g e n  as a marker of  c h r o n i c  
a c t i v e  9BV i n f e c t i o n .  S t u d i e s  wh ich  have used r a d i o -  
inmunoassay are su-iimarFzed i n  T a b l e  3 ( 2 0 - 2 2 ) .  ' T h e  
c o n t r o l s  f o r  t h e  South A f r i c a n  and Greek s t u d i e s  were 
h o s p i t a l  c o n t r o l s  matched f o r  sex ahd age t o  t h e  LCC 
p a t i e n t s ,  but t h e  c o n t r o l s  f o r  Zarbia  were h e a l t h y  vil l aTfzs ,  
ar.2 ZGT Gyanda were p a t l e n t s  w i t h  Kapos i ' s  s a r cona  o r  
nelaaorna, wh i l a  f o r  t h e  U . S . A .  t hey  were blood d o n o r s .  
Yone of  t h e s e  Groups were matched f o r  sax and age t o  t h e  
LCC oases .  Again a h i g h e r  pr2va lence  of F a s t  o r  g r s s e n t  
3SV i ~ f e c t i o n  was observed  among LCC p a t i e n t s  t han  Enong 
c o n t r o l s .  I t  r a ~ g e d  from 7 4  4 i n  t h e  LCC c a s e s  from t h e  
3.S.A. t o  1 0 0  % among t h e  LCC c a s e s  from Za.nbia, and from 
5 % i n  t h e  c o n t r o l s  o f  t h e  U . S . A .  t o  76 9 ax,ong t h e  rgandan 



TABLE 3. S s . o c i a t i o n  between h e p a t i t i s  3 v i r u s  ( 3 3 V )  
i n f e c t i o n  and l i v e r  c e l l  cancer  (LCC) 

C3urrUy Xo. of gatiants Present or  ?ast  Active 53V infsc=ion'* 
89V infection* 

LCC Control LCC Csntrol SCC Control Lelativa a - 8 k -- a - -  r isk  k - 
S.  Africa 7 4  104 96.0 62.3 ao.0 21.2 14.7 

(20) 

Graoce SO 160 80 .0  58.5 48.8  L0.0 10.4 

(21) 
Zlmbia 19 40 100.0 6 2 . 5  6 3 . 4  1 2 . 5  15.2 
(22) 
Gqanda 47 50 93.6 76.0 72.3 8.0 30.1 

(22) 
U. I .X .  27 200 4 .  5.0 4 0 . 7  1.3 68.1 

.=?siti7@ Sor on@ or more 3BV sarkzr 
4. pos i t i v s  for :DsAg (wi:! or witbout anti-3BSl or for anti-+ilc 

(wit>out anti-ZBs) 

c o n t r o l s .  A good c o r r e l a t i o n  between che prevalence of 
a c t i v e  HBV i n f e c t i o n  i n  t h e  c o n t r o l  popula t ions  and t h e  
LCC r i s k  is evident .  The prevalence  of a c t i v e  HBV 
i n f e c t i o n  is a t  most 1 % i n  U.S. blood donors and 0 .1  t o  
0 . 3  $ i n  t h e  genera l  popula t ion  and LCC r i s k  i s  very low. 
I n  South Af r ican  b lacks  t h e  prevalence  of a c t i v e  HBV 
i n f e c t i o n  w a s  21 % and their LCC r i s k  i s  very high.  
S t r i k i n g  d i f f e r e n c e s  i n  t l e  prevalence  of a c t i v e  HBV 
i n f e c t i o n  between cases  and c o n t r o l s  w e r e  a l s o  observed i n  
a l l  popula t ions .  Active HBV i n f e c t i o n w a s  2ef ined a s  t h e  
presence of HBsAg (with o r  wi thout  o t h e r  markers) o r  a n t i -  
9 B c  (wi thout  anti-HBs). The r e l a c i v e  r i s k s  ranged from 
10.4 i n  Greece t o  68.1 i n  t h e  U.S.A. .  

Very few r i s k  f a c t o r s  a s s o c i a t e d  w i t h  huinan caEcer  have 
given r e l a t i v e  r i s k s  of t h i s  magnitude (hezvy smoklng and 
lung cancer  RR = 10; d i e t h y l s t i l b o e s t r o l  and a d e n o c a r c i ~ o -  
ma of  the vagica  and c e r v i x  RR = 100) .  That t h i s  a ssoc ia -  
t i o n ,  be s ide s  being s t r o n g  is a l s o  s p e c i f i c ,  is  suggested 
by t h e  l a ck  o f  a s soc i a t i on  of HBV w i th  o t h e r  cancers  (16)  
and w i th  m e t a s t a t i c  l i v e r  cancer  ( 21 ) .  That t h e  associa-  
t i o n  does n o t  r e f l e c t  BBV i n f e c t i o n  of p a t i a n t s  who a l rea6y  
had LCC i s  suggested by t h e  r a s n l t s  o f  follow-up szud ies  
which have revealed  t h e  s e q u e n t i a l  development from acu t e  
and chron ic  h e p a t i t i s  wi th  p e r s i s t e n t  ant igenaenia  t o  
cirrhosis ane LCC (25 - 26) and by seroepidelniol ~i ral 
s t u d i e s  skowing t3ak t h e  peak of an t igecaen ia  i n  n c s t  pop=- 
l a t i o n s  occurs  i n  childhood o r  young adulthood (27 - 2 8 ) .  
That  a c t i v e  HBV i n f ec t i on  preceCes the development of LCC 
is z l s o  szggested by t h e  h igh r a t e  of p e r i n a t a l  HBV t r a n s -  
miss ion from asymptomatic carriar mothers t o  t h e i r  bab i e s  
i n  h igh-r isk  popula t ions  f o r  LCC i n  t h e  Far  Eas t  (29 -30) 
and by a  case-control  s tudy o f  2 8  LCC p a t i e n t s  and t h e i r  
fanilLes m d  28 c o n t r o l  p a t i e c t s  and t h e i r '  f a n i l l a s .  



The an t igenaemia  prava lence  r a t e  i n  t h e  n o t h e r s  of LCC 
~ a t i e n t s  was 7 1  i ccmpared wi th  1 4  4 i n  the mochars o f  
c o n t r o l  p a t i e n t s  ( 3 1 ) .  These d a t a  sugges t  t h a t  n a t e r n a l  
t r ac s in i s s ion  of HBV du r ing  t h e  ~ e r i n a t a l  ~ e r i o d  is  a 
c r u c i a l  Eac to r  i n  t h e  development of  LCC. 

A good complement to t h e  se roepidern io logica l  s t u d i e s  
a r e  t h e  s t ~ d i e s  on t h e  l o c a l i z a t i o n  of  t h e  d i f f e r e n t  a n t i -  
gens o f  8 3 V  i n  f i x e d  l i v e r  t i s s u e .  Aecent ly  methodology 
has  been deve loped  which makes p o s s i b l e  t h e  d e t e r x i n a t i o n  
and l o c a l i z a t i o n  of t h e  d i f f e r a n t  HBV a n t i g e n s  n o t  o n l y  
i n  e l e c t r o n  mic roscop ica l  and f rozen  s e c t i o n s  o f  f r e s h  
l i v e r  t i s s u e ,  b u t  a l s o  i n  f i x e d  l i v e r  t i s s u e  by F ~ ~ E E o -  
s p e c i f i c  ( f l u o r e s c e n c e  and ~ e r o x i d a s e )  and o t h e r  e z p i r i c a l  
s t a i n s  ( S h i k a t a ' s  o r c e i n  s t a i n )  ( 3 2 ) .  I t  has  been shown 
t h a t  w h i l s  E B s A c  can be r e l i a b l y  l o c a l i z e d  by imituno- 
pe rox idase  and i ~ n u n o f l u o r e s z e n c e  t achn iques ,  S h i k a t a ' s  
o r c e i n  s t a i n  i s  a l s o  s p e c i f i c  f o r  t h i s  acticjen and o z f e r s  
g r e a t  advan tages  f o r  l a r g e  s c a l e  r e t r o s p e c t i v e  s t u d i e s  
(33)  . S i n c e  t h e  d i s t r i b u t i o n  of HBsAg i n ' t h e  l i v e r  
t i s s u e  is randomly f o c a l ,  t h e  s e n s i t i v i t y  of t h e s e  t ech -  
n iques  greatly depends on t h e  m o u n t  of  t i s s u e  s t u d i e d  
(33-34) . C o r r e l a t i o n  studies between EStJ a n t i g e m  i n  
serum and l i v e r  t i s s u e  have shown t h a t  ia  50 t o  85  9 of  
SBsAg s e r o p o s i t i v e  s u b j e c t s  the'H5s~g can be demons t ra ted  
i n  l i v e r  tissue (35-36) and t h a t  p a t i e n t s  w i t h  HBsAg or 
anti-HBc i n  t h e  serum have a l s o  HEsAg o r  HBcAg i.2 t h e  
Liver  t i s s u e  i n  9 3  4 of  t h e  c a s e s  ( 3 6 )  . 

To e x t e n d  t h e  o b s e r v a t i o n s  d e r i v e d  from seroe?idemio- 
l o g i c a l  s t u d i e s  a c o l l a b o r a t i v e  s tu6y  w+s c z r r i a d  o u t  on 
679  pos t zo r t em l i v e r  scecimens from p a t i a c t s  w i t h  LCC, 
c i r r h o s i s  and o t h e r  l i v e r  d i s e a s e s  from high and l o w  
i n c i d e n c e  a r e a s  f o r  LCC. The B B s A g  i n  l i v e r  t i s s u e  w a s  
d e t e r s i n e d  by S h i k a t a ' s  o r c e i n  s t a i n .  The r e s u l t s  a r e  
summarized i n  Tab le  4 .  A h igh  p reva lence  of BSsXg i n  the 
, l i v e r  t i s s u e  of  p a t i e n t s  w i t h  LCC acd non-a l coho l i c  
c i r r h o s i s  w a s  observed  i n  b o t h  h i g h  and low i n c i d e n c e  
a r e a s  f o r  LCC. On t h e  c o n t r a r y ,  very  low p reva lence  r a t e s  
of t h e  a n t i g e n  w e r e  o b s e r - ~ e d  i n  l i v e r  t i s s u e  o f  p a t i e n t s  
with a l c o h o l i c  c i r r h o s i s  and , rn i sce l laneous  l i v e r  d i s e a s e s .  
These f i n d i d g s  a r e  i n  agreement w i t h  p rev ious  r e p o r t s  from 
t h e  U . S . A .  ( 7 ,  36). 

Tab le  5 s m a r i z e s  t h e  a s s o c i a t i o n  o f  LCC w i t h  
c i r r h o s i s ,  EBV and a l c o h o l .  I t  can Se ,concluded t h a t  i n  
t h e  h i g h  i n c i d e n c e  areas f o r  LCC i n  A f r i c a  and Sou th  Z e s t  
A s i a ,  H8V i s  oce of t h e  main r i s k  f a c t b r s  and a lco i io l  does  
n o t  p l a y  a  r o l e ,  b u t  i n  Europe and t h e  U.S.A.  a l c o h o l  i s  
am., - - Y d - - y r  .I 1 1 c z  s72a more i n p o r t a n t  t han  nBV I n  t h e  etioloqy 
o f  LCC. There  a r e  long-s tanding  s p e c u l a t i o n s  t h a t  t h i s  
was indeed  s o  ( 3 ) ,  b u t  t h e  i d e n t i f i c a t i o n  of h e ~ a t i t i s  B 
and A. v i r u s a s ,  t h e  e s s o c i a t i c n  of c h r o n i c  l i v e r  d i s e a s e  
w i t h  o n l y  ABV, and t h e  a v a i l a b i l i t y  of markers of HBV 
i n f e c t i o n ,  have enab led  u s  t o  conf i rm t h i s .  For t h e  
first tizie t h e  p o s s i b i l i t y  of p r i s a r y  p r e v e n t i o n  can be 



?ABLE 4 .  ?e rcen taqe  of  o r c e i n  p c s i t i v e  l i v e r  d i s e a s e s  i n  
h igh-  and iow-risk,areas f o r  l i v e r  c a n c e r  

NO. I !10. 9 90. * NO. * '10. 9 - - - - - - - - - -  
Hiqh-:ilk areas 77/39 77 .8  3/4 0 .0  I f / ( &  6 4 6.5 104/19l 54.5 

icw-c:sY artas 35/70 30.0 2/'30 1.5 :4/120 2 . 3  21161 1.2 73 /481  15.2 

i - k  a :  ianegal. X;qcrla. Si2?apore, ;out5 A f n c ~  and r.5e Phlli~prnes 

--Tw-C:ak I T C L S :  Zapla. 1-dl=, i d ~ 2 - l  ~ a ~ i c l - l  =~in=:~es, 0 . S . A . .  0 . a . .  r'rmce m.d d u s t r a l i a  

consihered. Ic .South East Asia ,  where p e r i n a t d l  t r a n s -  
mi s s ion  appears t o  be t h e  determinant o f  LCC r i s k ,  a  
v a c c i n e  may n o t  be t h e  s o l e  s o l u t i o n ,  and i n t e r f e r o n  
therapy i s  be ing  nsed t o  p r e v e n t  t h e  mo the r - to - in fan t  
t r a n s m i s s i o n  ( 3 7 1 ,  b u t  i n  o t h e r  h i g h  r i s k  p o p u l a t i o n s ,  
such as  Greece ,  where t h e  a o t h e r - t o - i n f a n t  t r a n s m i s s i o n  
is n o t  f r e q u e n t  ( 3 8 1 ,  t h e  vacc ine  may be of  more F m e d i a t e  
u se .  

TABLE 5 .  A s s o a i r t i o n  of l i v e r  ce l l  c a n c e r  (LCC] w i t h  
c i r r h o s i s ,  HBV and a l c o h o l  

Africa and Europe and 
South-East Asia . lorth America 

Incidence of LCC High Low 

Age group affected Young to middle xiddle to old 
Type .of cirrhosis Often macronodular Often micronodular 
Etiology of cirrhosis Often HBV Of tan alcohol 

Cirrhosis terminating 
in liver cell cancer 40% - 50% 

Liver cell cancer with 
cirzhosis 60% - 80% 80% - 90% 

Son-alcoholic cirrhosis 
associated w i t h  3BV 50% - 80% 30% - 70% 

Alcoholic cirrhcsis 
asscdiatsd w i r n  HBV 0% - 10% 

LCC associated with 
active B3V infection 60% - 809 40% - 50% 

, X f l a t o x i n ,  another recognized r i s k  f a c t o r  for LCC, 
has n o t  been cons ide red  i n  t h i s  d i s c u s s i o n ,  b e c z ~ s e  i t  is  
rliscussed i n  d e t a i l  i n  a s e p a r a t e  paper (39) . The 
r ~ c o g n i z e d  r i s k  factors  f o r  LCC a r e  surninarizecl i n  Table 6 .  
The f i r s t  three - a f l a t o x i n ,  HBV and a l c o h o l  - probzbLy 



TXaLZ 6.  Risk  faczors  f o r  l i v e r  c e l l  c ance r  

Evidence o f  a s s o c i a t i o n  

Ex2e r inen ta l  Human 

if l a t o x i n  ii+ + 

Alcohol  

T h o r o t r a s t  + +  
Vinyl  c h l o r i d e  + + 
Androgenic s t e r o i d s  T i i 

o r a l  c o n t r a c e p t i v e s  + + + 

accoun t  f o r  n o s t  o f  t h e  LCC around t h e  world,  and they xay 
a c t  a l o n e  o r  i n t e r a c t  w i t h  each o t h e r .  Exposure t o  tho ro -  
trast and v i n y l  c h l o r i d e  is a s s o c i a t e d  mainly w i t h  angio-  
sarcoma o f  t h e  l i v e r ,  b u t  a l s o  w i t h  LCC ' (40-41) .  The 
n a t u r e  o f  liver c e l l  t m ~ u r s  a s s o c i a t e d  w i t h  a3d rocen ic  
s t e r o i d s  and oral c o n t r a c e p t i v e s  is s t i l l  under d i s c u s s i o c  
(42-43) .  
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