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A.BSTRACf

Epid.miological .Iudi., contribul. 10 a.....m.nt of lh. human Caoce< ri,k
aSSOClated ..llh exposure to ChemICal, ,hrough bolh ,he acneralion and lesting of
h)l'Olhe.... For chemicals no.. eslablished a, c.ucinoacnic to humans. mosl of
Ih••videnc. ha, corne from cohon 'tudies (panicularly foUo..,ng occupat,onal
exposure) allhough ca.....onlrol "udi•• ha,·. mad. a comributlon, Wheth.r or
not .pidem,ological s,udies "'ill be able 10 del..:t a can~, hazant d.~nd, on the:
carc,nogtnic polency of the chem"'al concerned, the lc"c1 of human expasure to
it, lhe proponion of th. population e.posed, the duration of human ••po'ure to
lhe chemical aDd the incid.nce of the cana:r in th. absence of ..posun: 10 the
chemICaL
On~ a haunt .. detttled ,t" de.il1lble 10 model can~r ,i.k n. fooct,on of

dose ofchem'cat chal1lcteri"ics ofdose <!cliv.ry (includin, dose rate). lirne since
61'<' exposure and poss,bIe ,n'erlCun, factors Th,s has~n 'arel)' possibl. m th.
paS! becau.. of limitation. On lh. quall1j' of lhe .pi<!cmiolo"""l data available
Quality will be improvc<l. panicularly in <xcupational cohon \lud'es...hen lhe
n..,.,sary da,a are adequa'ely recordc<l. A. a mm,mum, indu>lrial record'
.hould conlain complet. identification ofe.ch worker. <!c,a,1s of.n proccs.ses 10
..hich he has b«n cxposcd. quan'itl'i,~ mea.urement. of lhe e,pasure
associa'ed ..ith each process. and e'pasure 10 inler'Clin, or confounding
"ariablcs,

I I~TRODUCTION

Epidem,olopeal >!udies in human. con'ribute to .ssessment of the risk ofcana:r
associated "'ilh exposure to chemical' ,n 1"'0 main "11)":

(l) ~r'lCralionof hypolheses lhal panicular chemICal' cau.. cancer: th,s may
In\'olvelUl hoc slUdy or continuing cplo:!em'ological $u....illan~_

(2) Testing of hypolheses about carcinogenesis.
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Valid Q,Uf,nliw,u\'e al5eS,mCnU of human cancer risk will u~U3lly come fTllm
hl'P"the"s t.stina stud,...

As...."..nt of risk can be ...n as both qualilative (no.. IhlS .h.m"",l cau..
...nct:r in humans?) and quanl1ta"'.. (Ho.... much .a~r IS eausod b)' 110",' m""h
of lhis .homical after ho"" lona sin.. fint exposure?). Quantilau\" a....smtnt
,..ill be difficult ortmpossible unlelS the dall are suffi.ient, first ofall. to support a
qual;tati~••onclus;on Thus. fa<tors ;nfluencina both qcalitat;'.. and quanlJlat_
"," assossmento ,,'m be re".,..od.

2 QUALITATlV£ ASPECTS

2.1 r.p;d~",ioloaical M~fltod.

Thrtt broad t}'pes ofepidwlIoloa";alstud,...ontributo data to the ......m.nt of
human cance1' risk-eohon >ludico.•a....,ontrol "udico and ecoloaical studies,
In .ddition. purely qualitative infonnation from .... repons of anceT in
humans ••powd to pani.ular .hem'.als is ofton grouped "'ith tbat from
epidemioloaial ",udie. (notably in IARC Monoaraph. on the Enlwo'ion of tbe
C.re,n",.ni. R,sk of Chemials to Hum.ns-r.ferred to h.rnftor a, IARC
Monoaraph.).

Cohon and .a.....ontrol Studies are analytic.l in type:, relate ;nd;,idual
.xpomre to .h.mical, to individual risk of .anct:r. and aive ri .. to an ..timato of
r.lat;ve risk as the main m"sure of .ff<'C1. Cohon studi...an det.rm;n•. in
additinn. the absoluto ri'k of caneor;n th""" .xpowd and not .xposed to tbe
presumed carc,nogen

In ocoloaical "udios tbe units of in'..stiption are population. ratber tluin
P""plc: and .xposure nftbe population to tbe .g.nt undor study is ",Iatod to il5
a"",p'. uPO"''''''' of ...neer. Examples ,ncludo correlation studIO. (oe." fo'
.xampl., Hoc'..r and Frau""'ni, 1975) and time_tr.nd analysis (.... for example.
Armstrons and Doll. 1974),

eas.. r<pons ari.. s<nerally from the susp;e-.on. basc:d on <linial e.pone""".
tn.t the .oncur"""", of t"'" rare OI-.nt•. that is, .xposure to • panicular agent
and occ;Urr.neo of. C;l"""'. has happonod rathor mor-. frequt:ntly tluin would be
.xpected by cn.ncc:. They arc not .pidem,ological studi.. bccau.. they la.k.
u,caUy.•0mpl.1< a1<\'n.inment of .ases m .ny population, definiuon or
enumeration of the populauon at nsk .nd num....al ..umation of the upected
number of cas<, in the abscneo of .xposu""

All of ,h. abo~.me'hods may be usee! to ..norat. hypotheses about the causes
of human cance1'. Cohon .nd cal«Ontrol stud,es .... usee! most often in
hJ'p:lthes>s ,..tins. The uncenainties surroundins int.rp""ation of .a.. repon.
and ocoloaical sludi.. make it doubtful ....Ite'h.r .,tlter on. alon. ,,'ould be
sufficient.•=pl m rare 'nstances. to ..tabli,h a causal relationsh;p, The ra",
,nslances m'a-ht "'dudo. fo' ..... rcpom. tbe <kansri cance1" of the .kln of the
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lower abdomen and thighs caused by charcoal MalIna pot< ,n Ka.hm,,(Em.he.
1866) and, fOT ecological 'ludies. the geographical association of intake of
aflatOXin In food with primary hCT cancer (Linsell and Peers. 1977). ifil could he
sho.." lhal a suslained redUCIion in aflatoun intake sa'e rise 10 a sustained
redUCtion in '''''ide'''''' of primary her <an~r.

When taken tOgelhCT "itb analytical studie., relevant Case repons or
ecoloj;cal S1udi¢s may add materially to quahlati"e assessmenl of cancer ri.k
Thu•. for e>ample. evidence from c..e..,ontrol stud,es relating soft'l116ue
""'0101" to expo,ure 10 phenoxyacttic acid' and chlorophenols in Sweden
(Hardell and Sands'rom, 1979; Eriksson tlal.. 1981) has been .trengthened b)'
repons of ca... of soft-tiss... "'reoma In men "ho worked witb trichlorophenol
and 2.4,S·T in tM United States (Cook. 1981; Johnson el al.. 1981, Moses and
SdikotT. 1981)_ The eVldenc•. from ....-<ontrol slud;es, that conjugated
""strogens increase nsk ofendometrial cancer. has been 'trengthened by 'tudies
sbo"'ina that incidence ofendometrial ca""CT inc"'a.td In the United S,ates OVCT
a period in ..-hich usc: ofconjugated oestro",ns was increa,ina (Wei.. er al.. 1976)
and ha' decreased in a US population in which usc: ofconjugaled ""strogen' has
fallen (lick ./al. 1979).

2.2 The Use or Epldemiolotlcal Dala In IARC baluln,,1IS

The IARC Monoatapbs pro'ide I practical mU<ltation of the usc: of epi·
demiological dau in qualitati'.., a....."""',. of ca"""r ri.k d ... 10 exposure to
cbtml.al$. Supplffllt;nl 1 to the Mono"aph. (lARe. 1979) I'e\"'wed all available
evidence relatina 10 carcinogenicit)' of 54 Chemical. Or industnal processe' whicb
had been m'lCww in volumes I-XI of the seneslod for which there were some
human data. Thi. revie", ha' been brouabt up to date (IARC, 1982) for 'M lS3
chtmicalS or indus'rial pr~ "ith buman data (mdudma tM oriainal 54)
covered in '·olum... 1-29, but, a, it ha' become available only rettnlly. 'hIS
analy,;, i. based on the onainal 54

The evidence fo' carcinogenicity ofeach Chemical in huma'" ..... classified by

an e'iX'n "'o,king "oup "' [ono"'$'

(1) Sufficknt ""idtnCl'-----indicat,.. a causal Issociation be1ween eaposuc¢ to the
agent.nd human ca"""r;

(2) L;",;ted .,-idtnN--indicates a possible carcinogen.. etToct In buman•.
Ilthouilb the data are not sufficient to &mon"rate a c.usal association;

(3) f>UJJequar• .,-io..nce-indiau.. that the daa a~ qualilat;'-el)' or quantitat·
ively in,ullk"nt 10 .n"",· Inj conclusion regardin. ~a",inoaenicity for
hl.lrnlns.

Tlble I .ummlri~u the evalua,ion of human .vid.nct for c.rcinogenicity of
1M S4 chemicals and processes in Supplemenl I Ind the ep,drnuoloa...1...'id=
,,'hicb conlributed to eacb. D.u from cohort "udie' ,...re ""ailable for 47 of the
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Tlb~ I Numbtl1 of dlem'Cal, Or indus"'a] processc> by Iypes of el"denuolop:a1
da'" CQ1ItrlbuuOI to ment of their ca"""OI<n", n,~ 10 bumao' .monl 54
chem...l. or IOO""naJ proc re,,,,w<d Ln Supplemenl 1to lhe !ARC MonoJl1lpbs
(IARC. 1979)

Typ<. of da'"

C1a"t60.tion of "id<nce fo'
""""MlenlClty In human,

SuIIicionl l.Imltod Inadequate T0"'1

Cohort >!udl"
Ca_nntrol "Lldi..
E<:oInpeal "ud...
c... report<
Alllyp<S

..,,....
"•,..
"

..
•••
"

""•
~

"
54 aiCnu and for all 18 of tho.. for ,,'hieh lhere ..-.. ',ufficienl ..'idence· of
car<,nogenicil}' Cohort ,'udi" were Ihe major lOurce of evidence; thi' i' partl}'
due 10 selection of Ihe a8enli for Ihe monol""ph. bUI also illu""".. th.
p,edominance of the retr<»pe<;ti"e or non-<;oncurrent cohort study in "udi.. of
~upalional carc.n0ll.ne,,, (Armst,ong. 1981)--37 of lhe 54 allenls i",olv«l
mainly 'ndumial eXp05ure. Cohon "lidie' lend lhemsel"" 10 .iluation, in .. hieh
a small. readIly identl~lbk I!JOup of worke's has hew expose<! hU'ily 10 the
ehemieal in queSllon and il i' dellred 10 .tlid)' lhe development of all fom" of
=r ralher lhan I specIfic caDeer Iype

Table I allO .ho"'. lhat lhe ..ideDee for carcinollenicit)' "·a. da"ified a.
IIm\led ,n 12 Inllanc" Ind .nadeqUtlle ,n 16,nllance< In Ihe presence ofdata from
cohort 51udi... The reasonS for theselimilation. on the evideoce are summarized
in rabk 2. The main reason ..-.s dIfficult) in. 0' Imp05sib,hly of. dlSliniUish,nll
eXp05ure 10 Ihe index chemical from eXp05ure to olhe, chemical. in lhe
...·orkplace (somelimes kno...·n and somellmes unkno...·n or nol described). This
WIS re<po",ible for 16 of th. 28 'IImited' or 'inadequate' cla"ificalion,. P""ible

Tible 2 MaLn ....""', fo' d..ifnalion of .,'ide""" of ..rcIM.....,ity as 'limited' or
',nadequate', ,n til< p.....nce of data f,om cohort Ilud.... io 29 chelllio:als ""ie>o-ed in
Supplomenl 1 to the IARC MOftOJ'opbs (IARC. 1979)

M.in ...."'" fo' limltlt;"" on"- C1a1Sifioo'iOll of "idCDCC
LlmJ«<l lnodequat.

Exposun: 1o iOO.. chc:mical could nOl be sep­
.rated from "pol"," to OIber chemicals

Othe, posoible confound,ol facton
Cobon too "",,1I or follow·up IIt"o too obon
Othe, reasons (difficulty iD IDltrpret.,ion of

res"I". mu!liplt "'..k,,....•IC.)

,,,
•

,,
•,



or und""um~leduposur. to Other confound",. factors (panlCUlarly ciprellc
.moking in .tudi.. oflungcanccr) ....as a less frequent IImnallon, Tb< .mall .ll. of
th. cOhOrt or a short follo.. -up tim. (imponanl both ..'ilh r••pectto a«:umu­
lalion of porson years and palsag. of some minImum Induction poriod before
tumours a.. lik.ly to appoar) "'... mo.. imponant In 'inadc<jual" lhan ·Iimit.,f
c1a..ificauon.

Ca",.-;onlrol .tudi.. mad••urprisincJy lillie COnmbullon (0 as....menl ofth.
car<,nog.nlClty of lhese 54 aFn" (Tabl. I). Tb<y contributed 10 .ufficient
,,,,d.nce of carcinogonicity' of Ihr« compounds--di.thylotllboo\trOI (DES).
asbeStOS and benttn., Th.y ",.r. lho mam source: of data for DES, Th.y
contributed, ",lh cohon studies. 10 four ·limned· class,ficatlons (cadmIum and
cadmlUm compound•. phcnactun. phenoharhilon. and pheny'toin) and 10 four
'inadequale c1a..ification•. Th. mosl notable ofth. lall.r ",as Ih. c1a~slfication
of th••\lden~ for camnog.nlClt)' of I'C'I<rpl1>t: tht....... Il ..1"'lInl caoe·
conlrol .tudi... "'ilh ..Iali"e ri.ks "arying from 0.6 10 3,5 (IARC. 1980). Th.
madeqwu. cla'Slncalion ",as a compromlSC dra",n bet",een lho'" ,,'ho fa'oured
a ·nOial".., ",1denee' c1assificalion (pos.ible bUl nol used) and Ihose .. ho
fa"oured ·lImlted ",idenee' (in con.id.r1illion of SOm<: Itau""'ally .iamficant
positi," r•• ull. nm d.arly .xplained by bias or confounding),

l1Ic lack of impacl ofcase..:ontrol sludi.s on those "'1I1ua1l0ns I~ due panly 10
h"loncal reason. "hich inelude Ih. no,..,lly of u.ing ca",...ontrol .ledi.. and the
>mall number of ch.micals 10 ..'hich subslanhal numbers of ,nd",dual, are
.xposed, Mor. u'" of ca.....ontrol .lud.... he",'·.r. i. no" bemg made in
induSlrial .inunion. 10 ,-din. lhe de'aih of lh. rok,-anl uposure. once tho
PfC",ncc of an increased rilk of Cancer has bc<n ..labll>hed in a COhorl of
..'ork." (s«:. for ......"'ple. Check,o"'a\ .r al.. 1981),

Ecoloaical .ludi.. contrlbuled ""denee along "'ith cohon and. somelime.,
ca>e..:onlrol stud,.. to lhree da'iincauons of ·suffiCl.nt ",'id.n~· (a...nic .
• ,bestos and "myl cblonde), In 1"0. tho ":ololiCal associallon~ contributed
mal.rially 10 tho evidence (lhe association. bel,.'een arsenic in ""al.r .uppll...
arsen,c,sm and Ik,n cancer (IARC. 1913): and bet",ccn I",,"..sing U>e of
melphalan for lrealm.nt of mulhpl. m\..,loma and ,nc"knee of acUte leukaemia
(Adamson and SlCber. 1917»). Ecological data.....nllalll' alone. p'''' rise 10 Ihe
'limiled' cl...ificalion oflhe "' Iden« rtlahng aftatox,n Intak< to human pnmary'
Ii"", cancer whICh i' based .nu..ly on geographical correlation (Lin..ll and
Peers. 1977), Allhough the dala are all conSl.lenl wnh lhl5 al\OCiation. Ih.
C\id.nce wa, conild.rod ·lImned· because confounding. panicularl)' ..'ilh
hep;uitls B ,'irus inf<ellon. could nol be ruled oul.

Case report. alone pormIHed a c1a",1'ICallon of 'IImned C\'id.nce· in one
,"stance-the ai$OCialion bet"'..n ox)'m.lholone and pnmary hver can<r;r
There ..ere reportS of len ca... ofl,,'n~1ltumour in patienl. who h.ad rccci"ed
IODR-ternl lhe:rapj wilh oXjRICtholoDe, This is the: tla.sical a>SOClaUon of a rare
Condlllon wah a rart .xposuro "h'ch <..II.. susp'clon



2.3 Tbc: Power of EpidcllliolO'gK:11 MClbods

Whether or nOl epidemiological method. "'ill he able to proVIde lb.ta for
as....sment of human cancer nok followtng cxpo<u~ to a J\lrticular chemical ",'ill
depend on the follo"'ing innate cbaracteri'l"" of the study 'ilU.ation

(l) T1>e carcinogen", potency of the chemical concemed-in simple term•. the
cban,. in cancer incidence indllCed by unIt change In dO$f of the ChemICal.
The higber tbe potency. the higher "''ill be the relative risk aWlCiated witb a
J\lnicular le"el of exposure and the areater will be tbe probabIlity that
<pidemtoloiical method. will be able to dflt<:t it,

(2) lbe level ofbuman fJlpo<ure 10 tbe chemical (i.e, tbe ran,. ofpo<slble doses).
(3) lbe proportton of the human populatlon expo5fd to the chemical. In thi.

C<lntfJIt. tb= a~ tWO is.su.., (a) The ab<olute number of pwple exposed-if
tbe number i. tOO 'mall (how small i. tOO small "'ill depend on carcinogenIC
potency, fJlpo,ure le,..1. etc.) It may not be po<"ble to accumulalf .uffiClent
experience of the e'po<ure to di.tinpi,h an increa5fd rate ofcancer in those
exposed from tbat pre'.-ailing in the unexposed; (b) T1>e ub,qulty of ,he
eXpo<u.-.--...pidemiolollie;,1 studi.. depend on belfrOl"neit}' of e'po<ure; if
exposure is ubiquitous they wm ba"e difficulty in dfl<etmg any consequent
increase in ri'k of carlCer.

(4) T1>e duration of human fJlposure to the chemical. There is an obhp'ory
induc,ion period from firste.po.ure 10 the e;,rcinogen '0 'he tlme at which
cancers may appear clinically. This period. J\lnicularly for initiating
e;,rcinogen. (perhap> much \es.s so for promoters) i. u.ually measured in Ifn'
of years. It .."ill be impo<sible to detect an mcrea5fd nok ofcancer In \es.s than
tbe minimum induction period. and the likelihood tbat it ..'ill be detected
l1>Cl'fIifi u tbe period since first exposure increases, -provided thll' upo<ure
conllnues.

(5) The incidence oftbe cancer in the absence of exposure to the chemical, If the
underlyina incidence of the e;,ncer i. hiii'. 'be incmnen, due to a panlClJlar
dose ofcamnogen ..ill prodllCf a .maller mereaSf ,n relati"e n.k tban if the
cancer IS rare, Thus. tbe more common the cancer, the harder ..,Il,t be
for epidemiological methods to detect an cfTt<:t of the carcinogen.

A"umina that human e'po<ure '0 a carcinogen has pff1i<ted for a genCrlllon
or mo.... twO eXll"fJ{leS may be defined with respect to ability of epidemiological
studies to det"'" an increa5fd risk of cancer.

(a) lbe chemocal IS a mona carcinol"n;
(bl The Clncer IS rare in the absence of expo<ure 10 the chenucal;
(c) A .ubstantial. readily identifiable ll'oup of individual. ha' been exposed to

the chemical at high level.;
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(d) The population In ~neral 's rda""e1y unexposed to 'he chemical.

Thi' eXlreme i' exemplified b)' oocapa'ional cancerS such as me"llheli"ma
associa,ed "'ith a'bes'os. angiosarc"ma "fthe her a,socia,ed ""h vioyl chloride
and bladder cancer a"""'iated ""h 2·napth)'lamine. These a»«,a"on, are
C<lmpanlti,'e1y ,aty '0 detcct by epidemi"l"gical method' and figare prominentl}'
among th"", f"r ,,'hicb tbere i' ',ufficient ",'idence' ofcarcin"gcnicit)' in buman,
(lARe.1979).

Extrtmt 2

(a) The chemical" a "eal: ca"'Mgen:
(bl The cancer i' c"mm"n in Ibe aMenc< of exposure to the chemical;
(c) The majorit)' of the population it e'posed to ,he chtmical ,n ,mall am""n«

and to aboul 1M ",me degree.

Th" ex'reme " exemplified b) tbe postula'ed relation,hip bet"-cen dietaf}' meat
and colon cancer (Armstronll 01 al.. 1982). In i' the probltm of ubiqul1y of
exposare bas been o'..reome, to ""me extent, by the idenlification of population,
,,-hich do show sabslan"al beterO~nelly in 'n<ll\',dual mtn lntakt (Ha",anan
Iapane"" Haenszel tl o/.. 1973; Se"enth-day Ad"enti"'. Phillips. 1975) or b)'
foUo",ing a COhon wi'h low rather 'han high ..posare 10 mtat (Se"enth-day
Ad'..nti" ' ..getarian,. Phillips, 1975). In thi' silualion association' may be
more "'dent in ecological >ladies than cohon or case-<:ontrol OIadi.. because
there may be more hetero~neit}' in ..posure bet"...n population, lhan ",Ibin
populat,ons (as i' probably the case for allalo"n contamina"on of food)_

Bel"-cen these t"·o extreme, identification of carcinogenicity' ,,'ill be more or
\tu d,fficalt, depend,ng on the e;t:;lC1 si'ua'ion, and case..:ontrol or cohon 'ladies
"'il1 be more or I.., tfficienl. Ca~ntrol "udie' are mosl ellieienl ,,'hen about
equal propoTllon, of lbt popula'ion are upo<e<! and no, exposed to lhe
cMmical. The relall'" absence of case..:"ntTol s,tid,es from Table I. althoagh
pardy due to "'lection. may indicale that f,equenl uposure 10 me3,urable Ie"els
of chemical carc,nogens 's unusual,

2,4 T~e Qualily or EpldemlolO'llnl s".o:Ii..

St'-eral facIo.., more or Ie" under Ihe in""lipto,'s control, w,l1 ,nfluence the
likelihood that a study win contribute useful evidence bearing on Ibe carcino~n·
icity of a cbemical They "'c1ude'

(I) Stud}' size. S,ze refe.. 10 numbe.. of cases and control, onize of exposed
and unexposed cobons and duration of follo"··up-the b,gger the 'tudy the
more likely it is 10 delect an increased mit of canee.-.

(2) hi'te""" of appreciable numbers of ,ubjt'CtS ,n lhe study ,,-ho ha'" been



296 Me/hods fOT ESlimatin{j RISk of CMmkoJ In)IITY

~x~ for mo~ tIwl th~ mmllnum In4U1:uon perioo(sec >CCtion 2.3 aoo\'e).
(3) Vahd and quanutauvc d<xuR>(ntalion ofexJ'OSu~to th~ chemical, Random

misdassification ofsubject' with .....poct to expo>u", will bia' the relat"·c ri'k
10""rd' unity,

(4) ldentificalion. quantitalion and control of all "I.,'anl confoundin. faelon,
indudio. olher chemical. in the ,",ork siluation ("hen an indunrial chemical
is under study). and hfe,slyk faclors whIch TrUI}' be ",I"'anllo lhe Cancer in
quesllon,

(S) Mlnlmluuon ,..hc'" possIble and. othu"iS(. d<Xumcntalion and control of
faclors whicb may bias Ih~ cslimat~of ",Iali,~ risk (e", the <heallhy "'orker'
bias in occupationally defined cohon nudi"" McMlCha~l. 1976)

Some of Ihc>c issuc:s have been sumJ11<lri2cd in lh~ OSHA recommcndalion that
an ad"'lual~ nudy demonstraung th~ absence of a substantial Cancer haurd
should inyol" 20 )nrs of ~xpo>un: (duralion of ~xposu!'C i' often lakeo as a
surropt~ for IOlal dOM' ~auS( <bta on the dOM' rate ar~ nol usually a'"lIdable).
30 y~ars of ob..,,'ation follo"'iog fim ~xposu", (the indUCtion JX'riod) and a
population ofsufficicnt slU 10 show at least a ~ \ incn:a.. in ca"",r Qttulttl'l<'C.
""~!'C it prncnt. ""ith 95', <enainly (N~l",n. (981),

J QUANTITATlV[ ASP[CTS

3.1 Statistical Mookllia. of CIU>CU Rl$k

Th~ uhimate objectlvc of quanlitativc assessmenl of human cancer risk In
!'Clation to exposu!'C to a pani.."lar chemical is th~ stalistical medellin. of
absolul~ risk of cancer as a function of'

(I) dose of ehem>eal;
(2) characlerisucs ofdoS( dchel)' (for eumpk. dose ra(c. "'hether conunuous

or Intenllltten,);
(l) time since first ~xposu",;

(4) possIble Intuaelln. factors mch as sex. agc. ~thoic origin, ~xposu!'C to other
chemicals.

Ad"'luate modc1ling ",11 nOt be possible uol",,,

(1) the study SI'ua'ioo. dcsii" and condUCt an: such as to JX'rmi' qualitati'"
Usessmcn, of carcinogenicity ($tt SC<UOn$ 2.3 and 2.4 abo..-.);

(2) th~ study d~,i.n and analysis an: such as 10 accOUOt fully and quantitatively
for any likdy b....ln. or e<>nfoundln. factor$;

(3) <bta on d"'" ofcanillOl"o. dat~of first exposure. dural ion ofuposur~and
characteristICS of d"'" d~li""'Y an: of hlP quality;

(4) <bta of Slmilar qualily ar~ availablc OU possiblc Inleracting factors.



Peto ~1 ai, (1982) provide an IUUS'tlI."on of quan,,'at,,'e a><eMmen' of ri'k,
from qridtmiolQikal dala, in their modeninll of mesolhelioma mortahty in [our
cohom of ",'orke.. e.po5ed to ubos'os, The:y sho,,'ed ,Ita, mortahly from
me:sothelioma i. appro"malelj' relaled 10 time since fim occupa'ional e.posure
to a,boslo, in lhe [ollo""nll way'

m _ b'"
where m _ mOrlality from lhe tmsolhelioma. /_ ume SInce firs' e.posure, and
k _ 3.2 (derived empirically), The conllanl b (al"" deri"ed empirically) varied
""'"""'ltal bc:t,,-een Ihe four $Iud," (2.94-S,1 S) and IS prt<umably a funcl;on of
the na,ure of lhe fibre to which lhe men were e.posed. lhe total dose of fibre. etc.
II appeared that risk ofmosothehoma al any tIme "nct firsl ..posure to ashestos
w.. independent of age al fi..t e.posure.

Whether or nOl absolute or only rtla"ve risk of cancer can he modeUed will
depend on "'helher lhe data are pro"ided by cohon or case-control studIes. Only
rdati"e nsk is a"ailable dlrecIly from case-eontrol ..ud~, ahhough. if lhe
'ncidence of the cancer is kno""n in the popula'ion lli'ing rise to Ihe cascs and
conlrol" and Ihe cases and control' are represenlal;'~. respecI.l"ely. in rt1e>'anl
respects, ofan cases and non<ases in lhe population, the absolule nsk ofcatlC\'r
in ..posed indi,';duals may be computed from lhe rela!lve nsk

Recenlly. anenlion ha' been dtll."'n 10 the possibilily ofeS1imalinll relalive ri'k
from ecmo,;cal llud,es(Berale, aI.. 1919). The: method In,'ol\'eslhe assumplion
lhat risk ;s relaled linearly '0 e.posure oWCr lhe d,ffe'en' popula'ion unllS
(defined lemporally. seOS"'phK:ally. e,c.). al'houllh olher malhem.;nic.al model'
m'llh, be assumed equally ",~I1, and. more important, lhal all ,he ,'arial;on to

disease frt<juency IS e.plained causally by "arialion In Ihe mea,ured e.posure
Nellhe, a""mphon is necessanly valtd; the forrnor ""n be teS'ed in the dala bu,
the lalter cannot he '''b''antiated from """losieal data alone. The melhod may
he useful. how'e"er. in demon"'a"n! coherence helween analytICal and <pi·
demiolo....l dala. Thus, for ex.ampk, fIt....1"aI. (1919) showe<! ,Ita, relau"e nsk
ofdeath from ovanan catlC\'r in W'Omen "'nh one or 1""0 pregnancies. compared
Wilh women Wilh thltt or four pregnancies. was 1.8 "'hen es,nna,ed from trend'
in ovarian cancer mOrlahty in ,ucceedinll binh cohorts of ",omen in Enpnd and
Wales, 2,4 "'hen es"male<! from correlal;on. 'nternationally, of o''''nan cancer
mOrlahty with a'~rase family 'izes. and 1.6~2,3 in a case..,onlrol study, Thi'
coherence add' malerially 10 the ,nferen«; tha' cance' of the ovary;s causally
related. Inversely, to child bcarillJ.

LinseU and Peers (1977) look a S1ntlla' appr~ch, ,,"boUl compu"",ion of
relat"'e nok, ,n s"mmanzin! dala relating average anatoxin inlake 10 incidence
of primary liver cancer. Wh,le lhere arc no dala from analy"cal $ludies wilh
v..hich lbest resullS can be comparrd. Ihe)' imply a much lowe! ~u:;cc:plibill1y 10
aflalo..n careinOJOneslS ,n wOmen than men, Th;s is conSISlenl ""':lh lbe
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unifonnl)' 10l'"tf I1lICS 01 Ilnmary Iivcr carn;tr in women than meo (Wall!Thoust PI
al., 1976) and lho lowe, sUSttPhb,jny offemale: than male rodenlltOexpenrn",,"
tal hepalocan:inogcnc>.il,

3.2 Meuur.m.," of lh..."I"",;"" Poriod

Tho lc:nglh of lhe IndUC1lon pe"od of Ca1>CO" (defined. empllically. U lhe time
from firlt expo,ure 10 carcinogen 10 clinical diagnosis ofcance'. ROlhman. 1981)
ha' r"""",'ed hllie expllCll conSlderat,on In analylical stud'es In ~anCcr epidem"
iology although il may be illOOrporaled readily in a romplCle 'isk mode1.
ROlhman (19gl) hu drawn auenlion recently 10 the powble o;onlequcnccl of
Inappropriate as"'mpllons. in study desl'" Of analysil. about the lenglh of lhe
indl>Ct'on pe"od, In panicular. ifc.posures which he outlide lhe time span oflhe
'ange of the induclion period are Included in the anal)',is, measurcs of relalive
ri'k '0',11 be a"enualed, ROlhman (1981) has suggesled lhal a range of mduclion
periods should be e..mined 10dClerminelhe one ,,'hich muimm:s the eslimate
of effecl. Proccdur... of th" Iype ,,'e... used by Gold'mnh ~I aI. (1980) ,n lhe
anal",,, of a e...-conl<olltud)' of caJl«r of the p,QSlate ,n a ~ohor1 of rubbe'
work." (Ihe analYli, luggelted a modal mduclion pe,iod of29 j'ea" with a range
of IS-J8 yea,,) and Laba'th. and O'Fallon (198(}) in a Sludy of r.«rp,n. and
br.a51 cancer (app.arem indUC1ion period of J )'Ca" or less).

Sm'th 0' al. (198(}) has. PIOpo$C<.l a furthe' IOph,sticahon In Ihe" «naUy
add;li,.., .Xpecled dose model of analy.is of elth.r ca~ntrolor cohort study
dala. Thil melhod contrasls mean cumulali,'. dost'S ofcamnogen between calOS
and non-<:ases w'hile malifying by age. year and Inle",al bet..-een first ••posure
and the ....nl. Tho m.,hod permill esuma"On of tho ,nduclion penod and
descriplion of tbe shape of lhe d""' ....ff""t ru,,'. bUl docs not le:ad 10 the u,ual
es"males of .ffect Iuch U ,h. ratIo 0' dIfference: of inc,den"" rates betw«n
compared l""eb of e.posure,

For ,n,t,at,ng <a"',nog.ns the mOSI ,mporlanl m.aluremenl il probably 'he
minimum induclion period, Themodeand apparenl maXImum induclion period
"ill, In many in'tances. be an.facu of lImilation In lhe upper bound of posl•
• xposu~ obse".,."on perio'h 0' of monaht)' from other caulCS. The model of
mesolhelioma monality following ubestos exposure g"'en by PolO" 01. (1982)
Imph.". for 'he Itudy of Sclikoff" 01. (1979), a minimum induclion period of
aboUl 15 y.ars wilh an exponenlial increa« in m"""lhehoma monalny. ,n lh.
absence of other caUICS of dealh. "ith increasin. indUC1ion period lher.afier.

For cance:r p,omo,ers ,h. pe"od from LaSI exposu~ '0 ,he agen, may be as. 0'
more. rele~anl in risk mod.lling lhan tb. period from firsl ••posure, Thus. for
.xample. the relahve rilk of cndomet,;al ~an""r aSlOCiated w;lh uSC of
oonjugaled ontrogen. begin, to fall qui,e rapidl}' after cessalion of u"" (.... for
example. Wei.. er 01.. 1979).
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3.3 l..pra'·~_.1of O.t. Quality

QwlnU1ali,·~ a.sessmenl of riok bu gene,ally been limiled by 1M qualily of lhe
daUo a~i!able. In non~oncu,rentcobort sludies of men cx}lO'C<lto carcinog.n.
in lhe wo,kplace. dal. offirst and Ian ~,posu", a,. u.ually known bUII......l of
exposu", (dose per unillime) .nd its vari.tion ov., lim. bav...r~ly been known,
~~ qualitali"~ly. Likevoise, quantitatiH oonlrol of confoundooa Or ,nl.=l_
ina facton b... r.",ly been pouible. In C&SC<onlrol sludies ".-bich rely on
.ubjtoclJ". recall. dala on confound,na or in,~='inafaetors may be oblained bUl
details ofdales. dural ion of ••po.ur•. dose and ~rialion in dose ral. may be of
doubtful ,,,lidity. Wb.re .xposure inform.tion fo' case<onl,ol <lud,es ba, been
oblai~ from records. tb. problems of dela~ seen in noo<oncurrent cohon
nudi.. ha,~ u.ually applied.

Assurnin,'hal mucb of lhe fUlU'" action will be in slud... of occupatIOnal
expooure 10 ch.mical$. ,ecommend.'ion. Or regula lion. regardIng documen­
lation oftb~ ••posu... of individual "'o,k~rs could be made. They would require,

(I) oomplet~ identification of~acb "'ork~r-includillJfull name. maiden family
name ,,'bere ",levanl, dale and place ofbmb, current.d<l.... and nexl oflno
(pr.ferablya p¢fWn of tbe sam. alC or younlCr);

(2) d~la;l, of all proce.ses 10 "'hicb tb. "'orker h., been .xposed. includio, dale
offirsund la.1txposurelo lbe p,oceu.•n indicalion ofin~n,ity of""posu,.
and ilS v.rialion 0""'" lime; ,nl.n,ily OUchl "'elude pro....mily of the "'ual
workplace 10 source of .ny cbemical ~ffl~nt aOO Ih~ number of workin,
hours pe' day 0.1 lhal .il.;

(3) fo' ~ach p'ocess aclual measurern<'nts of average concentralions o'~r a
"'orkin, day of aU ",levant ehemicalo in tbe workin, .nviroolllC1lt .ndtb.ir
.....riation ",tb distanoe from the source "f chemical efflutnl and with
calendar lime;

(4) detail. for ~ach wo,ke, of ~xposure '" olMr confoundina ", inte,actina
all.nl. includin" in particul.r, past and p~nt ,mokinll habits and th.ir
~natlon durin,employment. previous ~mployment in indu.,ries involvina
chemical ••posu.... ~lC.

Such records ..."uId lKatly facilitat~ future quanlilati'............,.,nl of canoe,
risk from ~pidemiological studies of cMmical exposure,
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