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Risk Estimation Models
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ABSTRACT

Modtls for risk ..umalion are discuostd in terms o!time and dose as me&$U'ts or
"'f'OSure. The type orbella,'iour to be e~per:ted is sho"'n to depend on the mode
of a~tlon of lht agtnl conctrned, requirinll rormalization in terms ofa multista,e
process. Straithtforward dose-rtsponse ~u.....ts for late·~tagt ",reino,ens may
~how differe-nt patterns rrom dose--....ponsecurns for early.stage ",reino",ns. In
addilion. Ihe dose--....ponw for ~ single a",nl may be s"onilY modified ifother
.,ents act simultancously. The joint effect of Iwo or more ~ge~t~ ~lso depc~d~

hea,..ly on thell' mode of action as multista'~ models would 'UU..I. Some
allenlion i' finally liven to the dose--response for protective agents which can
be Uptel<:<.! to btcome of ,nerea,;n, relt"anee

1 .",TRODUCTIO'"

Qualitali.'e descriptionl of =r rish art bein, increasingly recognized as
inadequale as ~ basis for preve~tive ",...surtS. A rational apP'""eh to p'tventiOll
can only be based on a quantitall\'e ..tlmate of c:anctr risk_ S",,,( e\-en a
qualitati>-e association bet"'een eJlperime~tal results ~nd huma~ risk i' only
tenl~tive. it i' clear that most or the data, on which asses.smt~ts in huma~s should
be based. come from tpldemioloc_ The problem wllh epIdemiological data i$

llIat they lend to be rather 'parse. excepl for cigarette ,mokin, ~nd perhaps
~Icohol and asbestos. For. particular exposure it "'ould be rare to ha'-e
ob$ervat,on~ ,,'uhin a range ofcondilions "ide enough 10 Ii>'e dirtC'l measu.... of
risk for mosl 'iluation' liktly 10 be encountertd_ One i, thu~ obliged first to
interpolale between data points. ~nd lhen perhaps 10 extrapolale beyond lilt
obse......lion ra~ge. For both purposes, 50me ba'ic modd i~ required relaling ri,k
10 Iht eharac-t.riSIIC:S of eJlPOSure, This ehapler "'ilI discuss 50"'" of ,h. In<Xk-1s
lhal h-lI,-e been proposed '0 de>cribe canoer ri'k and lhe dat. used to justify them.
11 is imponant 10 nOle 'IIat attemion will be confined 10 modelling ri~k al dose
levelS for "'hich observation. ar< available. and nO anen,io~ "'ill be liven 10
modell for ri~k ..tllnalion at Ie'-el$ for which ob5crw.tiotU .re demonStrilbly
impossible 10 obtai". Biologi<::al understand;n. of canoer may in time I>ccome

'"
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,ufficienlly a,h<l~ to pro'ide a sound th.orclIcal bll.sis for diiiCUSSing incrca~

in relative ris~ of Ih. ord.r of 10-' or Ie,s but, at pr.sem, anempls to estimat.
do" Ie".l, for which the risk i. of this ord.r of magnitude are unporsuas,,'._

w. 'hall .tart by consid.ring SIngle agent .xposures. Th. two major
d.t.nnmanl$ of ri,~ are doseand timo. Duration ofoxposure, lime .ince ..posure
'tarted, tim. ,ir<:e ..po,ur. ceased and age are all aspects of th. g.nera! factor
'lime' which may affect ri,~, 'Oose' i' also a rompl.. ,,,riable, and th. respon"
may be det.rmined by th. rOut. of administration. fractionation of dose, ,ing!.
,hot "ersus continuous exposure, or the .ge at which Ih. dose i, applied, Rather
than examine th. full rang. of complexities. we shall confine oursol"es to some
.xemplary,imation"

2 RELATIOI"SHIP or RISK TO TIME AI'.'D DOSE, CENERAL
CONSIDERATIONS

Risk is best m....ured by tumour Incidence and, gi,'en th. importance of tim. in
any QWlnti\ati,-. approach, tim"'pecific (oflen meanmg age-specific) incidence
rale, pro,'id. th. be,t O,-.,all measure of ri'k, Incid.nce i. proferabl. to
provalen<:e, since th. pre-<ller<:e i. affected by the lethality of th. tumour, If
information on .urvivall' nOl anllabl., con,-...ion, from pr<v.I.nce to incidence
cannot be done "'ith any accuracy, In some examples discussed below, pre'-alenee
ha' had to be used, and in ,h... case, the interpretation muSt be trealed WIth
caution,

Experimentally, skin painting exporimem. ha," provided the most detailed
information On Ihe <volution of ag..,pecific incidence rates in relation to
••posure beClm" one can observe the tumourS direclly_

A serie> of ..porim.n" b)' Lee and O'Neill (I971) demomtrated a po..-er law
dose-response. Four dose Ie--.ls of benzo(a)pyren. (BP) ,",'W, used (6 Ili/"-eek,
12 Ilg/week, 24 Ill/week and 48 JJlIweek~ The age-specific cumulalive incidence
rates of .kin tumours wero well fined by th. expr"",ion

incid.nee (d. t) c< d1. "(I - 18)' ., OJ

"'~er. d _ do« and' - ago,
Lator 'kin painting e.porim""lS by th. sam. group con'idered th. Question of

..-h.th., ago Itselr or time of exposure" th. rol.vant time .'ariabl. (Peto el al"
1975~ Tho result' d.mon'trll-ted unoqui.-ocally that age per '" ,,'as unimportant.
Irrespe<:ti.. of ,",'hether oxpo,ure ,tarted al 10, 25, 40 or 55 weels of ago (t"'ice
weekly 'kin painting wit~ BP~ the incidenc. of 'kin tumours incr..sed al
appro,imat.ly th. third power of dUralion of t,posure 1.", 28 ,",'eeks,

Th. power la"" relati~g ,ncid.nce to tim. for organs for which major changes
do nol tako pla<:e during pr.-adul! and adult lifo and for which on. mighl ,u>pe<:t
fairly continuoU> oxpo,ur., has OOon one of th. ""minal epid.miological
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bsc""'ations of tM paSI 20 years. For most epithelial tUmours. excluding thO<t
ormonally related. the ag«-sp«1fic '1'lC1oXrICl: nses as the fourth or fifth po..-er of
ge. For On( Situalion where incide""" rate> ha,. been oompuuxl au function of
.uration of «JlO5ur•. nam.ly lung canttr among Clgar.n. smol:.rs, and where
mong tM .xpo<ed lhe great majority of lung cancers arc ,mol:,ng relaled. one
'nd' the same behaviour as ....n for sl:in lumour> after sl:in pa,nflng. Rate> ri... a,

power of th. duration of.xposur•. in thi. c... about Ihe founh po..'er (Doll.
971~

Among cigar.n. smokers, the r.lalion of lung carlCl:r Wllh the amount smoked
Spat1iaJly Ol:>scured by the fact that amounl smoked chanF' o,'.r lim. and tbat
mol:ing bi.lorie> arc not oompl.tely accural•. Bolh factors would tend 10 reduce
h. est,mated .xpon.nt ora power function relationohip for dO<t .!fCC!. In a .tudy
n ..-hicb allention wasconfincd to.table ,moking hislorin, a clear mdica'ion ....s
;i,'.n lhat tM power of lb. dosc-rcspon ... cu,.,.·e ..... high.r tn.n one {DoUand
~.to. 1978~ in OOntrasllo earlIer findtngS ..ilh less string.nt reqUtrffllenlS on Ihe
.mobnll bi.lory where a linear do.....r•• pon... was .ugge5ted. For c;gar.lt•
.moke", a relation for lung cancer of Ihe form;

ung caroc:er Incidence '" (daily amount .moked)' • (dura,,,,n of .moklng)' (2)

~'ber. fJ i. betw..,n I and 2. i••Irongly supported by tbe a,..ilabl. data.
The similari.y bet ..-een .kin painting in mice and Clgarell. smoking in man

;ugges" lhallbe model has some ,..Iidily. at lea.t in the dO<t rang.. considered. 11
~'ouJd clearly be unjUSl1fied. bow'",'.r. 10 extrapolate 10 dOSe5-, say. a thousand­
'old 10"'er tn.n tbe lo..,..t dOSCll obse""''''' in tho stud,es described,

It 's of intorcst to nOte that unde< ralher different circum'lances similar model.
Ir. also of u.... The: induction of m.....,helioma by a 'Ingle ,ntrapl.ural injCCIion
~f asbestos I)'pc fibre> has been c:ltens"'ely studied, and lhe result. discu..ed
~uantita'i,'.ly by Berry and Wall"er (l969~ A model of 'hc form

incide""" _ e(t - ...)' ''I
,,'here t is tbe ag•. ", i. the age at ,h. begmning of eSJlO5ure and e and k arc
con"ant.. fin"" various scls of data closely with k '" 2 Human m.....thelioma
dala, as for exampl• ...,n in Ibecoborl followed by Newhouse and Berry {l976~

exhibit a .,m,lar relationship w'ilb time (Peto tI al" 1982~

3 RISK AS A FUNCTION OF TI:\IE; EXPOSURE OF LIMITED
DURATION

We shall now' 1001: more closcly at th. relationshIp bet ..'..,n mk, dose and lime.
conoidenng firs. lhe lime nriable.

The power relotionship (3) given 10 th. previous section r.fers \0 continuous
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aposUK 10 an a~nt.Smtt UbeslOS fibres reDlaJn ind~finilelJ in the lun~ ...'en ,
,hon-term environmental exposure to asbcstOll might be considered as oontinu
QU. exposure, When npoosure is not oontinuoul. a >'ariely of ways in "'hleh risl
Clm ",'olve has ~n ob$ef'.'ed, We 'hall consider here til<: eff"" of stoppinj
exposure. and tl>e eff"" thi' cessation may ha"e on subsequent cancer risl:. AI
example which typIfies til<: differences that can be observed is ii.'en hy the 10­

called EDol .tudy in ,,'hich !lAL!lI. m~ "'ere fed 2-acetylaminoOuore-ne (2
AAF) under ...-eral different treatment regimens, Iloth liver and hladder tumou.,
wer. ind~, bladder tumours ~ticularly at hIgh dose I...-els. s...-eral of th'
apetimental grou!" "'ere fed 2·AAF for tbe first 9, 12 or IS months of life. anc
tben followed up "'thout further treatment. Other voups were treated
throullhout life. Figures I and 2 (Littlefield ., 01" 198Oa) compare the prevalena
of bladder and It.'e, tumOurs 0"", lime bet"'een Ilroups ";th continuou,
treatment and those with treatment of!imited duration. For li>'er turnouTS, the
eff"" of ",opping the treatment is mInImal. tumour p........ltnce continues tC
incr~aSt after the ce<saUon of treatment, For bladder tumours. stOppIng the
treatment "nmediately freezes til<: prevalellCt of tumours found at $a(ri!itt (Da}
and Bro""n. 19i1O; Littlefield tt 01, 198Ob~

S;milar differences in behaviour are ....n in skin paintinll .... pertmenlS ....her.
exposure 1$ of limIted duration. In a study reported by Ltc (personal communi­
cation; .... alse Day and Brown, 1980) two agent.. benzo(alp}'rent (ep) and
tobacc:o .moke condensate.....ere ustd. Skm pa,nhng for lif. was compar","

_~ot5 ..--------

FiJUre I Tb< prev>l<"", or b!add<r _plosms ,n
mi« fed 2·AAF fnr 9, 12 and 15 montb. ond
loaenfi«d Xl 18 ond za months. !lepcndoct<l b}-'
perrnL>Sion of ""thotox Pobh'he" Inc, rrem
L'"lefield tr 01.. t9800.
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FiIJllrt 2 The pm:alenoe ofh'~ n«>pWms ill Mia: foci 2-AAF for
12 month' ond lKr,fi<ed a' 18 and 14 month•. Reproooced b)'

pmniuion of Pal""tox Publi...... I"", from Ll11ldi<ld "til",-
";th .xpo$u~limited to 20-~ weeks. For BP. 'loppin,.xpo.u~ had ~laljvely

linle effeel on lhe iUMeqUent appearance of skin lumOUrl. '" he~as wilh lobacco
smoke residut$, Sloppin, exposure led 10 a rapid reduetion ;n ri.k relal;ve 10
conlinuou. exposure.

Tb<:$e differe"""" in behaviour would bedifficullio model iflhe mod. of"",ion
o( each alent ....er. lhe.arne. l1>ey are exo<;,ly the d,Fr.fet>:e$ "'eshould predict,
ho"·....r. if one were 10 con.ider ca",ino8"...i, a, a multi.tale proceu.. and One
imagines differenl a8"nts aO\lng principally al different "ages. In these lerm.. one
can describe th. action of 2·AAF on bladder lumour indl>C1ion and lhe action of
tobacco smoke OOnden"'le on skIn tumour indl>C1ion as beJng primarily IalO
sta8". In contrast, lhe action of 2·AAF on liver tumour indl>C1ion. or BP on skin
tumour indl>C1ion, appearl to be primaril~ early Sla8" (Day and Bro",n, 1980~

Mod.ls (or conlinuous.xpo$ure, ,"'ith inoidenoe relaled to a po,,'.r ofduralion
of .xposure. althoup arising .mpirically as sa",factory descriptions both of
human cancer incidenoe data and of e.perimenlal data. "'ere tim proposed on
theoretical Irounds as lite beh....iour 10 be expected if ca,..,..,. were a mull;Sug.
prwess. relaliv.ly homogeneo", in lim. (Armilage and Doll. 19S4~Th. extension
of lh... mullistage models 10 risk associaled with short-l.nn exposur. fits lh.
rel...'onl experimental dala and, in lerm. of tbe type of beh.aviour observed,
proVIdes a dauification of lhe mode ofaClion of eaoh a,enl basod on incid.nce.
Th;sela..i&alion is given SUpporl by independent experimental data.•""h as Ihe
Idenlificat;on of mouse skin tumour-promol;n, agents in tobaoco .moke. Ihe
hyperplasia ofbladd.' epith.lium durinl 2-AAF lreatment "'hieh regr..... ",h.n
lreatmenl SlOps, or lb. demonstralion of initiating iIC1ion On mouse ]i"eI b~

shon-term e.posure 10 2-AAF. This IaSI experiment also demonSlraled lhe
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promoling or late-Stag. aclion of DDT on mouse ~'..,r following ro",.ation by 2­
AAF, in aVetment ,,'ilh lhe inl.rpretation pUI on the mults of ,horH.rm a,
opposed to continuous .xpo,ure 10 DDT,

Muhi't.age model' appur, lhc••foce, 10 be ,U<U..ful in describing cancer nsk
u a fUn<:lion of lime, Th.y .0100 und.rline lh. impon&nct of time .as a delemllnani
of risk. These models demOn'lI'll. mOroo,.. thai allemp" 10 quanlify and 10
mod.l the effecl of .. parlicular qUI mU.l be based on some kno,,'ledge ofiu
mod. of .&<:lion. It " probably 'ufficienl for the purpose ofdeocribing ri.k .imply
10 be .obI. 10 cbar.&<:l.rizc ..n ..g.nl'" primaril)' ...rly srage or primarily lat••t.age.
The more det.:llle<l dcmarcallon of $tag.. m cancer indUCIion, based on in ,j"o
••perim.ntalion, is too fine for the basically rath.rcrud. mea.ur.. of incidence 10
dislingul$h. Th. prediclion, of cancer incide""" .ar. 'imilar ",helh.. lhey .or.
based on a fi,..- or six-srage mod.L homollCneous in lime, or on .. lWo-Stage modo!
.allowing a d,fferen'ial merease In the growth of lhe popuLalion of intermedial.
""n..

In ICflns of human exposun;. la'e-'ta/l. e1fe<:IJ can be seen r.ftected roughly in
lhe conJtant lun/l canctr incid.nct among e...iprelle smoker' (in contrasllo lh.
conlinuin/l incr...se .amon/l continuing JrnohTJ) (Doll and 1'.10, 1976~ lhe
reduclion in ri'k for endometrial cancer on ceuin/l 10 rah ••ogenou, oeslrollCns
(JlCk ~, 01.. 1979~ or Ihe reduclion in the ral. ofiner ofbreaOl cancer u>cidence
in Ihe menOpi1usa! .and Immediately pos,-m.oopi1u 1age range (Moolp"kar.'
tU., 1980~ Early-sla/le .ffect' mighl be proposed for asbestos. pi1rticularly for
mesothelioma. "here $hon_l<fm .xposure leads '0 a lon/l-term oonllnum/l
increase in risk (SeIdman <' 01., 1977~ and for nlCkel-f.laled ••posur....mon/l
nICkel refinery worke~ at I<a$l for n...al sinuo cance'", The lung cancer
.... peri.nce of lhe nichl refinery work.rs .ugg.,ted thallh. ex"".. abo.olul. risk
..mained const.anl after ....posure 'lOp" (Dotl <I 01.. 1970~ a funher ....mple ofth.
sam<: agenl appi1rently affecting diff.rent .tag.. for differ.nl cancer$.

4 MULTISTAGE MODELS A",n nOSE-RESPONSE
RELATIONSHIPS

The lrnport.ance of mode of .&<:lion i' not. ho"'.'·.r, ~mited to lhe effe<:t of lime on
ri'k. B<u.ic dose-mponse models also appu' 10 depend h....vily on the role the
a/ltot play, in carcinog.n..i,. For agents "'hose main .ffeel appear> 10 be early
scog., dose-response relalionship" appear 10 be betw'..n linear and qu.a<lratil;,
O"er the dose fanllC at v.'hich observalion' ba"e been made. The e1fecl ofBP on
mouse skin (.as dtscussed earljer, lee and O'N.iIl. 1971~ 2_AAF (Fi/lu", 3) or of
aflatoXIn on mou.. Ii"". and of asbestos on lhe pl.ur.. giv. d ....r .....mplos or
SllCh behaviour. FoHienls for ,,'hil;h a major pan oflheir .ffeel is lat. stai., lher.
appear to bo a w·id. range ofdose-r.sponses, We shall consid.r tho effocI of DDT
on mouse Ii,.... in malos (Turuwv ,r 01., 1973).and 2_AAF on mouse blildd.r. Th.
1"'0 dose----responses .or. shown in Figur., 4 and 5. Bolh of lhem differ markedly
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from. linea' 10 quadralio; response. but in opposite directions. The 2-AAf
dose-response i. more con,-•• IlJ>d the DDT responK more <;(lTQVe ("leur up to
50 ppm) than on. would expect from a linear to quadnr.li<; rCl;pon~. The DDT
•.ample suggests tbat lh. speculat;on that late-stage agents may have lhreshokll..
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e"en Il$$uming IN.1 " N.$ $0"'" val;,jlly, appl," only 10 a ceruoin d .... of..te..llge
Igenl..

S MULTISTAGE MODELS: MODIFYING EFFECfS

Multililge conMUlltioll$ Ire al$O «ltvanl "d'en con$>denng the jornl ac1ion of
two or more agent.. The combined ac1ion ofdiff<Tentagents "'ould be e'pec1ed
to dcpcnd on whether the agenl$ were primarily acting on lhe $a/l1e. rather than
differenl. ,tages. Before con$idcring combined action. bo"'ever. one sllould nole
thai lhe dose-respome for a .in&le agenl ma)' be coMiderably modified if acling
in the pro:sence ofa $<COn<! factor. In ri,.o tran$form.ation of mOD$< C3H lOTI '2
ceU. by ionizing radiation prov;d", an informative example (Linl< and Kennedy.
19S2~ One could $uggeol lhat if ionrring radiation ""ulone. the dose-respon$<
Ipproacl>es Ihe quadralic form In lhe presence of 12.0-1elradecanoylpborbol.
I3-acetate (TPA~ tbe dose-reopotl$< is linear (Figure 6~ This difference is perhap$
explicable in lcnn, of I muhi5lage pr""""",. Alone. radialion may ha"e 10 effccl
Iwo chang.. 10 caU$< tran>formation, and if the dose-respome for each change
were linear. lbe o'-erall dose-respon$< would be quadratic. If. however, TPA
brings lboDt One of lbe lwo changes, then lhe SlOgle change effected by radralion
would imply. linear dose-reoponse.
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FiJure 6 />t C"N> tnnofonna""" of OH
lOTI 2 celI. b)' ,~illJ dose. of X-,a)~,

"j,b or ""ho~' TPA 're.'......'
R<p,odllOtd "'l1h poornuwon f,om l.llll<
and Krnnody ,n Hecker <1 al,.
Co<o'CW)f}"'<Ju oruf Bioi<>fJicol Elf"" of
T"""" Promo".., C<>pyriJ/ll 19!2 lI.a,U1
Preu, N.... York

A somc·...h,.. analosous situation is .....n wi'h 10baooo smoke-rdat«\ m ..
Most I~ng "*"",,ro appear relaled solely 10 cig.ren. smoking, and con'ide"Slion
of the epidemioloiical dala ...'ould .uU..t that cigarette .moke "" both early­
arid lat.~laa< .ffect.. Taking ao:ount of the biues introduced by imprecWon of
measurement, and r..tooing anention to those ...·ith a conslant panem of
,,"oking, it ",ould appear that for lung cancer the dose-.....pon... cur.'e for
cigarette smotin!! approaches the quadratic (orm, For cancero ofthe oesophagus,
ho.....v.., Ihe <ituation i. completely dIfferent. In ",.,.tem coun'rie<, rid: is related
both 10 tobaooo and to aloohol. The ri.1: auociated with tobaooo ,,"okin!!
appearo closely related tI> the $quare root o(daily CIgarette con,umption (Figure
7) {BresJow and Day, 1980~ lmer.,.tingly, a similar relationship appearl for
cancer of the bladder (Ho",. ~r 01" 1980~ where cigarette ,""ol:ing i. one
complll1.nt rn "'bat appe:ilrlto bea multifa<:lorW aetiology, The dose-w;ponst i•
•ublin..", close to a $Quare root relation.hip,
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FIfUl< 7 Tho: Idoll"< nsl for oesophapaJ ano:<r",f."",,,,,, of ,obacc<> """wnptlOft. RCflrO<l..:ed by 1"',.
miSSlon of ,be Inte,n,"onal AIttIC)' for R....",b on
C,,,,,,,, f,om Bre,lo... and Da,., 1980

For cancer oftb. oesophagus, the dO!C'-respon.. for the SCOOT'ld a~nt, alcohol,
is in marked COntras" o lb. do....r..pon.. r.lationship for lOb;w;o, Th. rol. of
alcohol i~ no, dca" aOO ;1 hU be<:n p'oposed bo'h u a late-,tag. carcmogen and
au transporl .'.hicle for th.lOhaa:c-r.lated carcinogens, Th. d.....respon... bas
be<:n ....U-dc!ined rn r:asc<ontrolstudies and i, elose '0 «ponential (B,eslow and
Day, 1911Q~ probably tb. ""'pc$1 ...eU-d""umented d.....mpon......n in
hwnans (.... Figurt S~ It resembles tb. 2_AAF dose-respon.. for bladder
,umoutS in mitt.

The differtnce in ,he dosc-uspon.. r.Ia,ion.hip fnr """",hap cancer
bet"...." ak:oholand lObao::o illus'ra'" tbe imponance of'be mod. ofaction; ,he:
diff.rences in 'he cigar.uNdated d.....tcsponsc between lung and oesophageal
cancer ~lu"rate tb. importance nf .ingle or join, aetion,

6 MULTISTAGE ,\IODHS: JOI1".'T ACTION

l1Ic uuli,y of multista~ eonsiderations in pro',iding a Framework for describing
join, a<:tion bas r=n,ly been discussed by Si.mia'ycki and Thomu (I98n If ,he
mod. of action nf ,wo ag.nts is ,hough, '0 act nn different stases in ,he
careinogcni<: proce>s, ,h.n a multrplicati,'. combination of ri~k might be
proposed. Multiplica'i." combined a<:tion is observed witb akohol and tobao::o
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AVERAGE ALCOHOL COOSUMPTIOH (~/6Oy)

"••
"J•

FiJU"'! 11>< mall". rnk for~ QDCer as a
fu""tion of alcohol consumption. RoprodllCed h)'
porm,U1on of the lnternat>onal AI<JICy for R<S<OI<h
on Ca""" f,om Br<>low and Day. 1980

forca~" o!the OOSOphallUS fTuyn, 01 al. 1977)and oflhe moulh (Wyndor tl ai.•
1957; ROIhman and Kelkr. 1972~ canc<rs for ·.ihich lhe mode ofaction oflhe Iwo
agenu ""ould ....m 10 be quile differenL Asbe>lound C1prene smokingoombine
muhiplicali~ely to incr..... lunll cancer risk (Saracci. 1977~

If 1"'-0 alleal. bolh acl al ..,'eral'la~ i.e, bolh early and Iale ,tages, lben a
combined effect bet"'"«" addit"·. and multiplicalive mlilu be e.pected.'The joltlt
effect of mon daughters and cill"re1te .mokinll on lung cancer risk appears 10 fil
into IbIS category (Ar(;hor <I ai. 1973~ lltal radialion may ba~e lal..."alle effect,
apart from Ibe ""idenl earl)'.<tall< .ffecls ha$ b«n pointed Out TeCe1'lly On ",'.ral
occasion, (fry tl a/.• 1982~

If t"'·o agenls acl in a similar way. tben Ibe" effect m,pl be expected to be
addil;'-" The joinl action ofobe>lty and exogenous O<SI'0i<nS in incTeasing ri5k
fo' endometrial canceT oould be ciled .. an example (Smitb tt al.• 1975~

7 PROT[CT1V( AG[NTS

Risk estimalion as comm,,mly understood and as discussed in this paper don nOI
con<idor an a..a of r=arcb "'hlCh ha. a' p....", greal mte.....l, namely.
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proteeti'~ agents. The role of fibre in lalle oo...,-el qUlcer, yjamUl A and m
p=urwn in lunlca~" riboflavin and per!lllps manlln A in lX$Qphageal and
oral cancer. hold promi", of prO>'idinl more elfecu"e mean, of pre"enlion l!llln
,denlifiQ,ion and conIfol of posihve risk faCIor•. The form of the do",­
re'pon",. or d"",-prote<:lion. cun'.. for '''''h .I"nt. can only be ,peculated on.
but may "'ell demon\1ra,e wong non.hneanty and the appeara~ of threshold
elfe<:ts.
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