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3.1 11'TRODUCTION

There are Iwo main sources of informa'ion on ad'-erie errecu of expo;»ure 10
dv:m;"ab: laboralory e,perimenls on whole animal' or olher lesl .y'lem,. aDd
human 'tudies whieh include epidemloloiial .u"",)... and clinical in"e..iplion.,
~ne""lly. taboralOry animalo are uposallO much h'J!>e' I...'el. of chemieal'
'luln ale human ,ndividualund population<. Estimalion ofrespon.. al relali'",ly
1",,··Ie~1 envi ronmen'al uposu r<'S necessarily in,·ol,·.. the eXll1l.polal,on of <!ala
oblaine<! al hip doseo. When toxi<:i'y informa'ion i. deri'od from Stud... on
experimental anunab. biological e"l1I.polalion or transposilion i. required to
<'Stimale human respon... The lehabilny ofbiolog,cal U',apolalions depends on
lhe knowle<!ae of comparalive biolOlY and 1O,;"oloaY "'hieh i. al presenl "CT}'

limited,
In lhe conle" of lhe presenl repon. ri'k mean. lhe e'pec1e<! frequency or

probabllily of an err«, lhal is und<'Slrable 0' IuInnful '0 health. Much of lhe
available iofonnalioo on ri.k, from e'po;»ure 10 chemical. has heen oblained in
canCer reseaf<'h. and lhelefore. the ma,n emp~is in lhis reporl is on methods for
..'imalil\i can<:er risk.

3.2 CARCINOGE:-.:ESIS AND MUTAGENESIS

Cancer ri'k a.....'ment i' a 1"'0 component pr...,..., In"ol'mg a quahlali"e
judgmen, of how likely i' i' lhal an agenl i' a human caf<',noaen. and a
quanlilatlve judi'"ent on ho" much human cancer the agem i' likely '0 cau.. at
&i"en Ie"el' and dUl1l.hOO$ of exposure.

Ri'k a......menl may be based on animal or human ",'idence of Ctlncer
incidence associa'ed wilh e'po;»ure 10 chemical' and reqUlr<'S • judgmen' of 'he
ev,den<:e of carcinogenicil}' based 00 lhe ..ope and qualily of 'he a"lilable
..udies and lhe nalure of re,pon... There are ,,,nous approaches '0 '1I1I.hf) rna
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lhe weight ofe"denct for earcinogtJlicilY ofCnerTUeall but only the one adopted
by Ih. Inl.rnational Aloney for Researcb on Cancer (IARe. 1982) ha.s
inl.rnalional ac:cepla~, Resuhs of ,bon·t.rm lesa, .""h a, Ibo.. for mUla­
I"nicity, a", I.n.rally r'larded a. pro"idinl ,upporlln lb. a....'m.nt of~anC<r
nsk,

Allbouah human da'a are the moot ",I••'anl for cancer ri'k as..""",n,.
nc:p.li'"e ""id.miolol'~al .,""'nee of carcln0l"JllC1\y m lhe f= of posili'-.
anImal .vid.~ i. no' ~rily an indi~alion of the lack of buman
""ponsi""nes" It rna; ,imply be due 10 lh. m..n,iliv"y of a partICular
epIdemiologICal s'udy N.gatlv. epid<:mlologiul ",suit" ",'hen combined ",ilh
.xposure estirnal... un be used to define 'lali",~al upper limns for ~anC.r nsk;
.""h informalion can be a ...Iuabl. adjunct 10 risk eslimates. Generall;, Ir.at.r
""eilbl i. V'·.n to po5iti", re'pon.. ,n animal. 'Mn to negat"'e ....uh. bea.u.. of
lb. ""de ...riabib,y' in aUlmal ..nli'ivi'y_

Quanlilati.'. ri'k ...timalion I"n.rally' includ., 1.,.1. of ,xp05ure far below
,bo.. ",'bieb ~an be ob50rved In animal stud,,,, Or moo' .pi<kmiological
in, ...tigalion•. and ther.fore il r"'luir... an appropriate mathemalical formu­
lallon of lhe relahon.b,p belW..,n dose and ....pon.. On "hlCh low do..
•xtrapolalion ~an be based. Ther. are man; malhemalical mod.ls "'h'eb 61
lum'lur ""pon.. dala m the obse,-..'ed ranI" but gi,e widely d,,'orgenl esnmateS
allo'" dose., The jU'lifi~..ion for any malh.mat""l model ultlmal.ly r.m on lhe
d=nplion of lhe biologIcal procos50S underly'ing caren'lg.n.sis whIch ,he
model pro.'id....

buma'es of ~ancor nsk ba50d on anImal Ilnd,,, do no, U5Uall)' like 1010
I<>:ount the po5sibilit; of .)'norli"ic intora<:'ions Wilh otber .nvironmental
facto",. Allhough ,,"oral ..ampl....is, of synorgl.'ie mt.rachon in human.,
.""h as cigar.lI••mokinl and a,beslo$. Ih. imponance of .ynerVsm a' 10'" I"'"el.
of .xposure 1o carcinog.n, i. no, kno"''1I. E..imation. of ancer risk based on
human da'a may .nc'lmpa.. Int<rll<'li¢ns wIth o'her SUbslances ,n tb••n,·"on·
men, of the type "hlch rna;- or may nol be rel.,,'anllo the population for "'hieh
the ri.k ."irnale i. mad.

Cancor nsk ~an be .xpressed as risl: in an ,ndi.'idual, i,., the Iifetim••x....
probabilily of lncumnll ca~r as a ....ull of an .xposure 10 envlronmenlal
al""t•. II can abo be e.pressc<t m ..on. of risk ,n ,he..po«<! populatlon, I.e.. lhe
number ofadditionalcancer ea50S per y.ar caused by a vven 1",'.1 ofcarcinog.n.
Carclnogcn exposure In a populahon can be COntrOlled so 'hal ,he number of
.....s ca....r caleS mil)' be ncgligibl<; ho",'.,,-.-.-. f"r a f....· indi,·,dual. in lhe
..posc<t popula,;on ,he nsk may ..ill be ulllll:ttptably hlah. Con.'or...l; _In '"elY
larl" ••posc<t pop,,!alion., lhe individual ri'k an be acceptably Ie'" but the
n .... number ofcaneer ~a.., may be unacceptably h,gh. It i' obviouslyd..".bl<
to conlrol ~arcln"gen npo,ure I" mInImize both nsk ,n Ind"'ldual' and In

p"pu!alion•.



3.2.1 C,lh,I., IItd Mol..,,,I.. B••I. of Q •••li,ui.·, Ri.k
ulllnlll....•

Unde,i,abl. or harmful biolos;cal .ffecl> r••uhinll from .xpo.un: 10 ch.m,cal.,
such a. mu'ation. and CallC<:r. and ,he .pplocat,on of Ih" knowledg. '0 risk
(Shmation mu" be con,;d.red both at the 1.".1 of the .. hoi. organism and al the
1e.,.1 of .'ar;ou, orpn•. t;ssu... cell. and mol..,u1<'•• with ranicular r.f".""e '0
"ruetural all.,alion. of DNA and other informalion.l macromolecul(S. In
order 10 d••·.lop more adeqllllt. m.thod. for qlllln,it.t;,~ (SlImaHOn of risk ,n
humans based on dala oblalned m laboratory Inimab and olher .sperim.n'al
'ystem•. a delailed understand;ns IS required of ,he mtthamsm. of biolog,cal
action of "ariou. chemical., E"en if thi' goal lOa) be sci.ntifically achi",·abl.,
'h.r< is no aSSurance. at Ih. pr<>tn' Sla'. of kno.. ledge. Ihal reliabl. quan,ital''''
prediclions can ....ntuall}' be mad•.

3.2./,1 G~Mti. Efftm

Gen.. in bolh g.rm cellsand somalie censare respon.ibl. for maintaining gen'lie
characl.n't"'. of a .pee,.. and tht ph.notype and ...riou. funet;ons of an
oriani.m H.rilabl. alt.ral;ons in th. nucl.otid. sequ'IIC<:' ofgenes ..·hich rod.
for reiull1ol)' Or .truetural proteIn. are eonsid.red a. mUlagenie .,.-.nts.
Mu,all.n(Si. i' a proc.... whi<:h Ie.d. '0 ,'ariou. ,ypes of gene or chromosome
mutation., and ch.m;cal. whi<:h contribut. to mUlai.ne,i, Ire considered "'
mUlaBOn._ Changr••uch "' unrepaired DNA damaBO In non_rcplie,u'ng cells
could alt" ,h. fid.li'y oftranscrip1tOn ofI rani<:ular DNA sequ.""" or affeellhe
expres,ion of another non-damaged gen._ In Ihis Case. DNA l(Sion! induced b}'
ch.ml<als could I.ad '0 harmful phenot}'pie chanll"' In non_rep];clting somatl<
cell•. Ho..·••'.r. from ,he cIassi<:.1 grne1lC$ ..te",point 'h.y ""ould not be
con"dered "' 'lI.n"i<: effeets' because tb.y are nol h.rilabl••inc. mutal,on. ,n
somatl< cells. m con,rast to mutanons ,n g.rm cell•. are no, 'ran.milled from
gen.rahon '0 g.n.ral,on

TYfHS of MutotiC/lS Chani'" in ,he qllll]jty and quantit}' of DNA can be of
leVeal I)--pes. Base changeo, d.lelion•. add,I,on,. 'ranslocations and tran.­
po.ition, ofDNA ""l.uences. as ",.11 ..chanS" in ,he chromosom••lrUCIur. and
raftial Or .. hol.-sel change. in chromosome number, can all be con.,d.red a.
mulanon',

Meehan"m' I.ad,ng to these qua)i'a,,,,.ly diff.rent type' of g.n. and
chromosom. mu,.,ion. are poorly und.rstood 10 any b,ologocal ')'11<10.
How."er. il seems reasonable 10 aSSurne Ihat th.n: are diff.rent mechani.""
I.ad,ng,o "anou' dasses of s.n. and chromosom. mutaHon'. Solo. chemical.
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lIhi<:h can product one or mort tlopes of base damage or slrand break.>. could
cause one or more type' of gene 0' chromosom<c mutations, In addition.
mutations. a'lhe gene and chromosome 1.,.,,1. Can be induced by chem><:al' '" h;ch
do not dantllF DNA directly. bUI produce anyone of the follo..-ing effect,:
reduce the fidelit)' of rephcation of normal DNA by altering n""lootide pool. or
affecting en~ym<s invol"ed In DNA replieation; ,"hibit the eTror-fr.., repai, of
DNA damaged by' other allentS; affee' the abililj of cell. to repair DNA. for
eumple. by rri"ering cell replication ",'ith unrepalred lesion' In the DNA
template; or lead 10 chromosomal rephcotlon (endoredupl;cation) or segrellation
(aneuploidy).

The majority' of non_..paired. pe"';'tent modllkatlons inlrod\>Ced into DNA
bycamnose'" are localkzed in 'ramcriptional1y silent parts of the genome, They
become effeet"'e only "'hen the funcllonal Intelln,y of the re'pttti'e DNA
sequence, i' 'PUI to Ihe te,,' in 'he course of gene activation or inactivalion, For
eumple. thiS could ,,"Ur by furt"'" p'ogl<s"on of cell. along a p,uh..-aj' of
dO'"lopment and differemiation. by' tnd\>Cing cell' to up.....pttialized
function,. or after cell' enter the cell c)'cle from a non-proliferati'e ,tate (Hecker
tl al. \982).

Besides local alterations of nucleotide sequence. structural modi~catlons of
chromosontlll DNA ma)lead to helical di.tortions; and in certain cases facilitate
Ihe transition of the B-rorm of the double heli. to a lert·h.anded conformatIon (Z_
DNA) (Wang" aJ.. 1979, SanteUa.' al" \981). Pe"i'tenl chemically modified
DNA components could also imerfere "ith the patterns of mRNA pr.....,ing
(gen. ,phclnl) or DNA melhy-btion. affect the preci.ion of DNA rearrange_
menU possibly a''''''iated "'ith d.,."lopment and differentiation in mammahan
cell sy"em•. ca= mappropriate gene amplification and rearraniemenu at th.
chromosome 1.,.,,1- and perhaps indr>ee crrOT-pro"" DNA repat< (Radman" aI.,
1977; Grunbe'i<T and Wein'lein. 1979: Raj....-.ky-. 1980; La,·i. 1981; Pfohl­
leszko"'lcz ., "I.. 1981), The common denominator appea" 10 be 'he
interference ..-ith the partieular senet><: programme. of the respttt"'e target cells.
r<sulting in an inappropriate e,presslon. or degrtt ofe.presslon. ofcellular OIl("

gen<s (Hay-ward tl al.. 1981: Lane "al.. 1981, Weinbe'l- 1981. 1982; Cooper>
1982; Reddy'.' al.. 1982; Tabin et al.. 1982).

,\f~QJ"U_nI ojM,,'olioru MUtalion, are ulttmately mea,ured by delermining
if DNA seque~ ha,'< b«n ahrred qualttat,,'ely or qu.aolitat,,'ely. if proletn'
coded by cena'" D~A sequenc<s h.a"e been modified or if the number or
morphology of chromo",,,,,,,, ha.e been ch.anlled, Indirectl)'_ the influence of
some mutated senes can be detteled bych.ange, In cellular p!lenoty-'pe" H""e"er.
thiS way of mea,uring mutation, presupposes that an sen.. "'hich ha"e been
mutated ,,'ill bring about a d~t..,'able phenotypic change. and that all dettetable
phenotypic chanse' are due '0 mutationS. Clearly. both theo..tlCal and
e.penmeotal e,.,denc< tndlCateIh.alsome mutagen;c .,."nlS ,,'ill n01 be detecled
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bya,,"'!able phenOtypIC markers. and that ...me liable phenol)'1"" changes mlghI

not n<:C<'>Sanly be the result ofgene or chromosome mutation~, AI.... a mU,atlOn
in a rogulatol)' S«Iutn"" of DNA (or an unrepaired DNA Ie' ion in a non­
"plicallna cell or in a tranlCriptionally 'ilent rogion of • rep),ca"ng cell'~

genome) mighl indtrectly altcr tho expressIon of a nomul gene
Technl<lt>l:s ha~e been de,...,,<1 M analyse:

(1) lesions '" hich c"uld act a, ,um,rates f"r mutations (for <xample, antibodies
to ~pecific chemICally induced DNA les;onl).

(2) the proce..... by ",'hich the repair. "r lack thereof. could pr<>d"ce ahere<.!
DNA (DNA damage or DNA reJ>llir a.....ys. In ....." or in I'i"o),

(3) procelses by which repair, replicating enzymes or nucleotide precu""'l'i
could 'nfluenee mutagenesis ('fideli'y' 3<$3)")'

(4) changes in DNA sequence (characterization of restriction endont>Clu"'l of
kno"''l1 D:"A sequences).

(S) changes In gene prodUCII (t",'o-dimen,i"na!. compuler-a..i"e<.! chromato­
graphic .nal)'~i~ of polYPCPlldel and am!Oo acid sequences), and

(6) phenotypic markers for mutations. in <il'" and potential in <i'"O

Until recently'. specifi< reaction produell ofchemical' "'ith DNA c"uld onl)" be
ldcnllfied by radlochroma'ography ofhydrolysed Dl'A after the apphca"on of
radinact"'el) labelled !Odicatorl (Baird. 1979), High affinity and .pecific
monoclonal an"bod"" ha"e now become available for ",n~",,'e detec"on and
q"anltfiCallOO of Slru<:turally modlfie<.! DNA e<>mponents e~en at the 1e...1of
indi"idual cell' (sec Muller and Rap·,k)', 1981: and Ra...",ky. thIS ,'olume), In
add,t,on to r=ntly de~elopcd 'post_1abelhn,' 'echniques (Randera'li " 01..
1981). these n"",' methods "ill <"n,iderabl)" facilitate the anal)si, of DNA in
'mall ...mple, "f cen, after exposure '0 non_rad,oactiW chemical.,

31/ ,) TAe Pr<J«J.! <>/ <arcinog,,,,,,iJ

Mul/ISIOfJt !>'muff tJI <a'Cin"fjenni' There is oo/Illderable e"idence that the
proces' of mahpant tran,format;on (WIth sul>lc<luen' tumongeneils) occul"l
throuih ""'cral quahl;>llvely different ~ta,es. Support for a multistage model of
careinog<nesi. i. provided by man)' di.'erse studies ",c!udlng lhe pathol""..1
euminallon of tumours. expcmr",n'al carcmogen..... donuOlnt inheritance of
""nain lumOUrl, epidemiolopea.l O1ud"., and npcnmenlS "ith cells in culture
(Fould,. 1954: Laerum and Rajew&l:y. 19,5; Barrell and T'o. 19(8). The exact
number ofSlagOI in~ol~ed in the p,ocess ofcarcinogenesis i' unknown. although
at least tl> n stages ha"e been Id<nufi«i (B<renblum. 19(5), Ofcourse. a different
number of Slages may be needed for different types of larget cells. or ......0 for
malignant lran'formation of the same ""lis follo"lng treatment with lii!Tcfcnt
indue;n, a,ents (sec Barrell and Thomassen, thlS ,'olume),



Various multihll and multistage models ha\'e been propo>ed. primartly based
on <pMlemiological data on human tumou.... whIch l1>dlCate a .trong hme
dependellCC of tumour illCidellCC (= Armitage and Doll. 1%4; Druckrey. 1%7;
Cookn"I.. 1%9; Moolga,hr and Knudson. 198!. Hod, Ih".'olume). A s,mple
multihit model imphes that a number of heritable changes (up to 7) must be
accumulated in a cell pnor to I1S mahgnant con"erslon. Thetumongen", c.:llthen
proliferates clonallj to form a tumour. It i' generally' a"umed that the.. change,
OCCur Independenlly

A multl,tage model (Fllure 3.1) dllTers from a mulllhlt modd in 'hat Ihe
probabihty of .ubsequent stall"' in the de'elopmenl of "..lillnant slate"
IllCreascd by the clonal proliferation "f altered bUI not )'et fully malilllanl cell,
(Trosko and Chanll. 1980; Potter. 1981. Moollla, kar and Knudson. 1981), Sin<X
the number "r altered cells may thus Increale exponentIally w"h lime. ,uch
model. can de..ribe epidemiological dala "'ith as fe'" as t,,·o step' "'hereby
compeling factors of di.'isi"n and differentiation of the mtermediate c.;l1s maj
also aff""l clonal expansion,

CELUII CRUll

~1fEpaTION
"ORMAL -1'lTER~EOIaTE - MaLIG'laNT CELL

CELLIIl
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CIF FER1::" TlaTION

DEATH

F'Jl"e l.1 Mul"..... model of camoo..,...a

Multi"age model. are compalible with the influcn<X of mul\iple factors in
carcinogenesis, The tran.lllon of a normal c<1I '0 an inlermediate slage 1$ lhe
inihal ",'ent m carclnogene". and can be cauoed by a "ariely of chemical.,
Secondly. lhe clonal ..paosioo of Intermediate c.:ll. can be mfluenced by agent<
"'hlCh enbe-r stimulate Ihe d"i'ion of cell,. or mhibll lhe" dilTerentla"on. or
both. n",dlj'. lhe lransa;on of the mtermedlOte cens to lhe ncopla"", or
malignant "ate could be Influenced either b)' the population size. or by
,u"-tances "hich illCrea.. the rate of tran,llion of lhese cells 10 a tumorigenic
.1ale (Trosko and Chaog. 1980; POlleT. 1981; MooII.... kar and Knudson. 1'181;
BarTelt and Tho".....n. this '·olume). WhIle ,hIS is of course the ,'mplesl
multistep model thaI can be propooed. the addilion of funhe' step' in the
proceo•• or ofallents "'hlch influence II\< donal t<pansion of the ma1i8nant cells.



""ould only r~ft"", a larjter number of faclors that may playa role lO
earclOojtenesi" The factors mal be unique for each ItaJe lO lhc proc:tSl. Hence.
Ihe prOS/oM".., mulll,ta~ na'Ure of mah",..nt de"~lopmontpro,ides a basis for
tltt: underslandln1 of 10lI">O of the mulliple risk factors In carcinogen"'i'.

lniliallt'" and h""",'wn The concepts of initiation and promotion ",ero
onginally formulaled by Berenblum (1941). Rou. and Kldd (l94!). Momam
(1944) and Berenblum and Shubik (1947) 10 ..pla,n the mulllltaJe nalure of
mouse ,kin tumon~n"". The fundam'"ta! aspoc" ofmulli>tage co rctnog~ nosis
are illu'lratO<! ",hematl""lly in Figure 3.2, and 'he ba~ pcoport;n of lumour
initla'ors and promote.. are h"od ,n Table 3.1. It il ",'Idenl that Ihe action of
\OitlalOl"l i' irreve..ible. ""herea, .."". of Ihe biological effee.. of promoters can
be l'C"ersihle In term. of m«hanism. i' il of imer..t that iOltiato.... or lheir
mOlaOOlne•. ,enerally bInd conlently 10 DNA and oth., cellular m.acromol­
«ul.. and ar~. Iherefore. mutagenic (s« Gro"er. 1979, HolI.tein.r aI., 1979,
W~ln"ein ., al.• 1979h; Tro'ko and Chanl. 1981; Yamasaki and Wein'tein. th"
"olume).

f,gu," l.< S<hemauc dtagram afmullt...... mou," 11::'0 camnageo.."

AlthouSh there" no evld"""" for lheconknt b\Odmg of tumour promoters to
DNA. promote" have been ,ho"'n rect1ltly to induct DNA ,"and breaks in
human 1)"JYIph<Xyl"' .... ";"0 (B'rnholm, 1981), .;ster<hromat,d nchan," in
cullum mamma han cell' (Kin..lIa and Radman, 1978; Nap.....-"., 01., 1983)
and mitotic aneuploidy in yeasl (Part) (I 01.. 1981 l, Ihus addinl confu.ion 10 Ih.
understanding of lhe """,han"m of lumour promOllon. Other Itudi", ,uggest
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Tl~ II ACOll'.panson of llIologlCll properues of inJlll1mJ aoo promohllllgtnlS

(I) Cam1Klf01lio< by '11....".1\·..
(2) Mu" be F"'" befot, promo"n,

•..,n"
(3) S,nJl< OX_I< i••uftkimt
(~) Ac'i"" " i..........LbIe and add",...
(S) Na '~f<'" 'br<sl>old
(~) Y,,1d .lortr<>pll,1os ,bat b<nd

<OV1I<n'ly to mKlOmol<cul<s
(1) Mutolt"lC

Plomot'''lI .It""
(I) No' camno....io< olon<

(2) Mu" be Ii'~tl.l\.r ,be inl".1Ln••lt0'

(3) Roqu'l< prolooitd "posUf<
(~) Ac!w.. is ,",,,,,,,,1110 (.t ••rty .,.,..)

and no' .dd",...
(S) Proboble 'h hold·
(~) No ...'ld<n;:e of ""","knt bindio.

(7) No< mutap'"

Ibat lb. primary oc'ion of tumour p,omo"~ 'll" pllc(c .' til. ""Hull'
m<mbra"" (_ W.in"e,,, er al.. 1979a; Blumber•. 1980, 1981; Hecker <I aI.,
1982), Sucb dlffer.nces ""'y explain wby Ibe promo"on "lg< i. "v'~lble.

""berea< lb. initiation i. nol.
Recenle,pemr\Ctllal $Iudi.. on rlt Ind mOult live,. ral bladder, rlt mammary

Jland Ind ral colon 1.larget li..u.. appear 10 be con.isl.m ""jth t!le t",'o-..a$<
mod.l (>ee Hecker <I al.. 1982; Ylm/l$llki and Weinstein. Illi. volume). In
particular. th.re i$ an Iccumulalin. ",'Id.nee tbat Ii'-er carcinOll."".is in ralS
"""".. by a multi>l'P p,ocess (PiIO' and Suica, 1980) atld w does the
CJ.mn0J<n«i. on mou.., .kin (>ee Bout",-.ll, 1974; Ylmuaki and W.;n...;n, tbi.
volume).

The agent> ,,'hlch act I> 'umour promol<rJ ;n ''''o-suoge carcinoi.nesis arc
cbem>oally di,..roe, and includ. 'ucb compound••• pborbol ..t.rs, >accbarin,
phenoba'bltal, 1<lracblorodibenzo-p-dloxln (TeDD) .nd DDT. HOVl-e,..r,
mIlCh of our recenl kno"'ledge .bout lb. mechani.... of acllon of tumour
p,omole.. h., comd'om the ..udy of phorbol «leN and III00r d.ri'-:u;,'tS, usml
eilber cell cultures 0' mOUlt skin (Hecker <t ai.. 1982; Yamasaki .nd Weinstein,
,h,s volume). ThUs. our understandin. oftbe mechanism of tumour promotion is
....nli.lly limIted 10 thiS cl.ss ofcompound•. The process of tumour promoliotl
IOvolv.. a proliferation of inllialed C(Clis as compared to non_;niuau,d C(Clis. TIt<
obs.ervation that lumou' promot." are oft.n h)'perplasiogenic could explain t!le
.lonal txpall<ion of initi.led cells, HO'A'ever, un\es.$ lhere i•• retardalion 10 tbe
m.turation of inl".led «lis .ompated ""tb lhe ,urround",. normal cello, one
",-ould nol .... Ihe accumulalion ofa clon. of Inilialed ",,11•. Several SIU'l,,, have
shOVl'n lhat phorbol ..ters .ffect ••n< txpm,ion .nd ~ll differenti.tlon in a
.'.riety of <:ell t)'pes i1t 1'11'<1 and ...... <llr<l (Ihamond t' ai., 1978; Yu,pa ., ai.. 1982),
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It has b«n propoKd lhat a~rranl a:1I differentIatIon i. in,'olved lJI lhe
meo;hanism of tumour promotion. Several biocbemi<al mechanism. of tUmOur
promolion by pborbol ...ters ha'-e been proposed (Murray .nd FI12gerald. 1979;
Yoai ., al.. 1979; Weln"elJl ~, al., 1980; Troll ~, 01, 1982; Yamaoaki and
WelnSlelJl. lhi. volume).

The process of tumour promotion in mou.. epidermal carcmogenesis Can it..lf
be ,ubdi"ided into different 'lage., POlent lumour-promotin,.ubstanccs, such
as Croton oil Or 12_Q_t.t'a<.\..,anoylphorbol.1 ]..acetat. (TPA), can eff..,t changes
in inlliated a:1l. which allo"" tbem 10 be muillplied b) compound, whICh are
inacuv. Or w.alr. promo,.,.. by tbefmclves ('second stalle promole,..') (Slap.'
al., 198Ua). Different Inhlbnor, of promolion ca.n be ,ho...... lO be .ff..,t,,'e in
hindenn, only the fir<! or second Olage of promotion (see Slap n 01,. 1980b).
The.. re.ull. ,ugg...t that potent promoters ca.n modulate Or conven inmated
cells In a quahlah'" manner to alto"" them 10 proliferate inlo a done of lUmour
cell' in respon.. to • se<:ond-"age promoter. Thus.•h. p,operl;e, of first_,tage
promo!.... are dllferent f,om the propen;e, ofcomplete promote...; for eumple.
first-'lase promoters need to be applied onlyonce and their elf..,ts are persistent .
• t leaSt for. defined 11m. penod. The two-stage model of mou,," epIdermal
ca.rcinollene", only descnbe. the de"elopment of benli" tumou ... , To describe
the complete process, • furthcr progreSSIon ofcells '0 the malignant Slage has to
ll<'CUr_ The nature of the drivinll force in malignant tran,formation i' undefined
.hh¢u&Jll! " known", mou,," .Jr.,n camno,Cl>e'S1S lhal .h. dev-c1op"",nt of
carcinomas i> independent of the con.inued eXpoiure of the cell. to promote,..
(see Bout ..'ell, 1974: Yespa " 01., 1912). The Influena: of Otber mUllllWlc
chemleals remain. to be determmed.

Probabilily o[ MUllJfII'NJiJ wul MalifJfl<l1t1 TraJIJ[OrlMlilm 01 1M C~II,,/or wul
Mol~ndor IJuls A larac proportIon of chemICalS require &e.i''lIl1on. i,e,
con'ersinn by cellular enzyme> to tbei' ultimate react,,'e den,·.tiv... (MIller and
Miller. 1979), The abilily for enzymatIC achv'hon ''lines bel"-..n individuals.,
tissue, and different type, of cell•. Even ",ithin a st'-en cell lineage. enzyme
acuvlty may "ary ... a funclion of the stage of d",'elopment dllferentiation, The
cellular capacity to act"'ate chemicals to the" ulmnate reaCli"e derinti" ....
therefore. con>titu1eS the fi ...t determinant of the pro1)abllny of mutasen...i. or
carctnosenes...

The reac"'-e fom" of mOit chemical ca..inosen, are elect'ophlhc. lhey react
"'"h nucleophilic ,it... ,n DNA and are u'lIlIlly mutagenic. This does not.
howe"er, con..itute a proof that mutauon i' an obligatory requirement for
mahll"am transformation. Cellular macromole<:Ule' otlter than DNA also
contain multiple nuele¢phllic .ites and react with electroplules. None the I...., .be
a:ntral,mponance of DNA for tbe expression ofacn..IC Informa.ion pro,ides a
mong afFIment for. cnt..-al role of DNA modificatioD to the prOCt:~ of
cbemlcal ca..inogen",i,.
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Som~ rnutag~n ,~~inogen-DNA adUIl'ls can be s~ifically recognized,
remo,'~d. and repaired by ""lIular ~nzl'm.-s. The capacil}' of mammalian c~lIs 10
perform lhe.. proce.... vari.-s <onsld~rably n01 only hetwttn .pecl~, and
indi,·idual. bUI al"" het"'«Il dllT~r~nl "ssues and cell. ofa ii"~n organIsm. 11Ii.
dllTer~nlial capacily of cells 10 repair DNA l.-slon. i'lhe second del~rminanl of
lhe p,obabililY of mUlalion and malignanl con.ersion.
Th~ 'fixalion' of mu,allon,cawed by e""mical modifications "f DNA requir~s

Ill<: pel>iSI~ne~ "f the.. modified llruclUr.-s unlil lho eompl~tion of DNA
r~pllcal;on, I.e. il only oceul> In eyelin, ",,115 or in reslin, cell' thaI hav~ relained
lh~ capacily for pm1if~ralion (Tro,ko and Chana, 1981; Raj...."ky, this volum~).
Likewise. lh~r~ I, n" ~vid~nce thai cells can und~rso malisnam tran'formanon
by exposure lO ch~mleal carclnoll"ns al\~r havin8 Irr~"~l>ibly reached a
l~rminally dllT~renl;aled. n<ln.prohferaliH slage, Th~refor~, lh~ Ihird delerml­
nanl of lh~ pmbabilily of mUlatlon or malisnanl c"n,,,,rsion Is lh~ prolif~ral;v'~

'lat~ of lhe la'1l"t ",,11 a, the lime of ~"po,ure,

FUr!h~rm"re.lh~r~ i. ~.Idence 10 ,uiS"'t that ,peclfic prtturw, cell 'lage' In
lh~ pathway of d~v~lopm~nl and dilT~f(ntia"on of a giv~n cell ~xi" where lhe
,~n~ pr0ll'amme can he 'hif\ed 10 lh~ ~xpre,sion of malignam ph~notypes Wilh
hlaJ>et probabllily 'han "'ould he expecled for a random proces.(Raj......k}, " aJ"
1977; Graf and BerS. 1978; Graf and Jaeni...,h. 1982), A cell lype- and
developm~nt dilT~ren!oatlon Olase dependence of lhe relal"'e Iran,formati"n
hkelihood may. Ih..~fore, con'ti'ute lhe fourth d~terminanl of probabilllY of
mahsnam conversion. po..ibly vary-'inll with the lype of chemical carelnoll"n
apphed,

A. careinosene.l. I. a mulllSlag~ proces,. the probability 'hal cell, will
prosress through POII-lnltlalion Stages of lhe proce.. may, thet"<:fore, he
dlff~renllally influenced by a fif\h determinan,. namely lhel! r..peel"'" microen­
vironmen' "'hieh, in lurn. Can val)' a. a fuuction of the hOSl age, immune SlalUS.
hormonal and olher physlolo8>"al conl,ol fac'o". imercellular contaclS and
communicalion

)1 /.3 COlfd~.IQ"-'

(I) Ther~ at"<: many biological and biochemical proces... l~ad,n8 to mu­
lations, and. therefore. no .ingl~ lechnique can he expected 10 measuf( all cellular
chan"" ",Iated 10 mUlasen($lS.

(2) Carcinosene,l. i' a muhi'tall~ proce.. that can he infl~enced by a variely
of faclOrs. A gi,'en agent may affect more Ihan one Slas~ in lhis proc($<. and
difTerent faclors may acl synergislically. An agenl may lOhibll 0' promol~

specific "all~' in carelno,"'esil, and Ihe sam~ ag~nl may acl difT~renlly under
diff~rem condition',

(3) The presumed mUlational ~venl in inilialion may he r~laled to alleratlon of
DNA, possibly in Ih~ sense of a gen~ mulauon or a chromosom~ mUlatlon,
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Chromosome mUlalion. may nOl be detec'ed by standard assa)'$ used '0 detect
mutal!en,c agem•.

(4) Tumour promoters are generally nol mu'agenw. Howe"er, mu'agenic
.ub"ance. can be lUmour promo"" throuJ,h mechani.m••uch a. cell kIllona·

(5) There i' evidence in <%rtam~ 'ha' human caf'Clnogenesi, may al.., be a
mUlmlal!" proces>. S,nce lhe human organIsm i> exposed 10 numerOus envlron­
men'al aaent•. mullifaclorial eamnozenes". in wh"h ,,.0 or more al!"nI. aCI
.ynerZl>lically. mlly be an Imporanl conside.. lion ,n Ihe a.>eSSmen, of cancer
nsk in human.,

(I» The probabilny of maliJllam tran.formatlon depends on ",,'era] de­
terminams a' lhe 1"",1 of IndIvidual,. organ., ti"ues. and <%l1s. Among Ihese are,

(a) the capaci'y of <%11. '0 clll'ymalically con'-crl en"ironmenlal chemicals
mlo lhe" reacli"". aenorrally electrophilic <!em'a'wes;

,b) thc capamy of cells for enzymalic remoul and repair of chern"all}'
modIfied DNA oomponen" "'hich. if I"rsi'lent. miZhl havc muumonal
and o,hn g<:nd'" etTee,,;

(c) Ihe proloferati"e and d.",lopmen, ditTet"Cnua"on Slale of lhe tarl!et cell.;

'"'(d) Ihe micro environment of Ih. p....umpl"·. tumorig<:nic celts,

(I) As 'here are non·mutaaenic factors inOuencina cu<:,nogetlCsi•. lem mu>!
be de,ign.d to de'ecl nOn_mUlagenlC chemicals whIch may be harmful 10 human
health.

(2) The innial e....nl in lhe pr"""" of eamnoa.nesi, is oflen induced by
mutag<:n1c agents. HOwn·Of. there i. no absolute proof 'bal ,he mutalion il"'lf
caU>e5 iniliation. Although man}' aUlhors fa'-our mUlalional tn«hanl>m.
'eptgell<1ic' allerahon In gene expresS10n may al.., be a cm",al ev.nl m mnialion.
Funher $ludic> are needed 10 clarify thlt inue.

(3) The prom01ion phase of carciool!"nesi. involves Ihe clonal expan"on of
lnlllaled celts. Th" can be mnu.need by non-.pecific "'.ue injuries (for example.
"'ounding. hyperpla.ia) and by .pec,1ic chemical compound•. POlent chemical
lumour promole" atTect gene expression. cell-to-«ll communICat,on and
<%l1ular ditTeremialion. ,.-hich may be importanl facton in Ihe efficacy of lhese
'Ubslat>CCS. Th.. a.pecl reqUI .... further research.

(4) The Ialer .lages ofcarcinogen..i. can be inOueneed by promoting agents.
and po<"bly by mUlag<:nic agen",flhe'" It",rea>< ,he ra'e oftran.ilion ofcell. to

a ma]iinanl ..ale. It i. I""sible thaI chemical. exist lhal are nftther innialOrs no,
promole ... bUl only atTeel or alter ..,me lransition Stage in 'he proce.. of
malignan, progrc.sion. Cla..ification of a chemical a$ an '!DilUllO" ....hich
a=nluales Ihe early effecl> of lbe chemical. oflen o""hado"" promolional
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inllue~lllf lhe agent in later ,lagelllFlhe ,arcmogelll' process. further ,ludic:;
are r«!ulm.! 10 impro,'. OUr knowl«lge of Ihe role of exogenou, chemical' on
laler 'tag'" of carcinogenesi•.

(S) Mou", tI"o...tage carclnogene"'s and olher models mdicate thaI lumour
promotion i., 10 some eUenl. re>'e"ible, h ha,. therefore, heen con"dem.! that
there exi.,. a Ihre.hold or no...,ffecl 100'el for lumour promote", Ho",...'er, the
re>'er>ible nalure oflumour promote" 01'11)' &i"e, a lhe<>rehcal bas.. for a poSSIble
threshOld, bUI there \s no conclUSIve expenmeTItal evidence 10 ,how Ihe e,u.lence
of a Ihre'hold dose ;1'1 tumour promol;"n. More r...areh i' needed ,1'1 this area.

(6) To Undel"$land fully Ihe process of carcinogenesi., more information i.
r«!uim.! on lhe meehani'm and control of gene expres,ion and cell differen­
tiallon in normal cell ')'$Iem" and on Ihe meehanisms respon.ible for Ihe
Stringent maintenance of ordered ti"ue struclure.

3.2.2 L.bor.toty Model. fot C..elaogeMSllt aad MUllgeaul"

Animal experimenlal dala can he used for nsk eslimatlon in humans only iflhe
l'S$Ily for carcin"genicity has been adequately designed and execuled so that il
yield, reliable qualilati"e and quamilali.e inf"rmati"n, A. ba.ic requirements
for long.term and sh"r!·term assays r"r carcin<lgen;cily have been re",ewed
reeemly (IARC, 1980), only some i»ues are di>o:u,s.ed in thi, SCCU"n.

A proper definition of the lesl rubstance i. essemial, Zbinden (1973) speeified
14 chemical and ph,.,;cal properties r«!ulm.! to define a new d",g. An imponanl
oom;deralion is ,he conlenl of Impurrlies lha' rna)' be pre"'nt ellher as
b)'produclS of manufacturing procedures Or as a resull of decompoSItion of an
unstable lest substance

For .tudies of lo"cit)' m""hanism$ the chOICe of e"penmenlal orgam"", and
blol"grcal material' i' large: micro-orsani.ms. yeam, invertebrates, lo"'..r
"enebrales, and h,gher ,peeies, including cell and "rsan cultures. F"r risk­
related 'lodies there i. ad"amage in selecllng organISms which are phylogeTIoh.
caUy nearer I" the human speeies, mammal. beIng Ihe m"SI widely used,

Rodents are oflen the animal. of choice because of their well-<lefined
characleri$lics, uniformIty ofgenelie background. casrne" I" hreed. reaS(lnably
sh"rllife·span and 1""" co>\. The use "flwo or m"fe related or unrelated .peeies i.
often an advanlago. The seleeli"" "f the appmpriale strain rnay also post: a
pmblem when several well-<;haraclerized Slrain, are available, In general. ;1 ;s
con,mlent t" ",1""1 Ih,,'lC 'trains where the background incidence of lumour> ;,
l"w,5O Ihat .mall incremenl5 in incidence can be detecled: lhi, empha"us the
importan.:< of pw,i"u. e"perren.:< wilh a giYm slrain. Inbred anImal, may be
c"nsidem.! I" ha"e ad"anlages because "fgen.,i<: h"mogeneity WhlOh m.!uce< the
,'a"abllity "f"bst;r>'ali"n•. From the Yie""po;nt "fc"mparabilil)' with lhe human
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Sjl«lot$. ..ludl IS~y' hlp!) ""lerOfrtl"Olll, ,'''' \IX of....p: stralllS of
IDbred ulmals"",y be a .......... limllaltCn_l'boow comodcn.oonsapply both 10'"
...... _rl and 10 lobon-ltfIIl __)~ 0< mnabobc st...no. oa .I.DlIDII111S1U!eS and
cdII. 1'l:I< dndOP!fte.1I of hllDl.J.tl cd! and 11_ o;vll\lrt IlII<1hodt makes II
poaiblc 10 uodenak~ comporal"'c ................ st...no. oa both bllDloUl and

"""'" ."..Manr <beauc:I1s an' oflal DOl Q"'iDD",utC or IIIUIaFO'" ptt M bul rtquart:

mnabobc cotI'~10 reactive 1D1ennCd1l\el.. AnlDlll <pccies WI mnaboloze
\he tal ...bs1anoe '" a tomila' .. ay 10 mao P"O'1<I< aD ob\'I(MQ a'hatl~

a1tboup lhlllNlY be d,l6culllo t<>abllSh bl:<:aU5e Ibt ,,,formalloo on compora­
li,~ blDd~mllll'} of dllf~r~nl animal opcacs Ii lImlied

Compamon. or 10001) DfchemlCals 1.S1mpllficd If lbe underly'''' meehan­
i.m. ofaclion Irt mll"I" 11 " Ihen mOrt hhly Ihl' til< kme!>". oflOslC aclion
aod of repair or prD,ression of III< indu«d leSIon Ire Ilmilar as ..~n, Ahhou,h
the e,aCI m«ham.m ofClrclnogo'"'' achon i. nOI kno..'n, Ihere is e"dence Ihal
.arcinDienosl. II a mult,llage procn....hlCh r.qui,os a "onSlderablo lIme for
.xpmlion, Th.r. l.allQ ~VI&nco Ihat SOntllllC mutalion, may c(lnlribul~ 10 al
leasl one of III< lIalOS. MUlalion i. III< ba.... (If maoy shon·term IOSIl: lbere are,
IKn>n~r, camnOJ"'lIC chemlC;l]. (for uamplo, hormonos) "'hlCh are DDl

mUlaFO'" repll"lIClic· Cln:lf1OI"11S} and DIM" ..'bosoo ~ffen. 00 lbe ..,nome
may' "OI be ckroclOd by' lOme mUla"""",ly tal.,

J.J.J,/ r-lfflR W\p" = oJ ......,J fII ,....or, lI/C~'"
COI'............... "1/111

Lonl-tam _y.. an' cot • 'ed bert II a S(lW'ClI: of qtWlUIaII'" daLl oa
~Iy ol cbemocaIs o.=Icd for c:sumaulll ......... nsI< in bumans. n.e
I"'~ of _y" mlIl1eftCCS !be 5ei«t>otl of booI<>cICI.I ","odd.. l"'lI dota and
upmmmtal COIIdlIIOnl. and lbecboo::e of1....1......1and oboel-\lItion prDI<XolI.

1be SCJl of lbe Inlmal. IS oflen DOl a a"ocal COllSIfkralioo. e1a'pl ..ben
hormonal ~ffeeu an "" ..."pted or .'ben 56-relalcd IUmoUrl til,.. s\lCtla hlJh
IlIcidmce as 10 loOnOUlJy Iffen lbe oulcome of lbe ICII. for ~umplo. mammary
and teslicular lumoun. Male and f<male "ouPl'" "1111111«1 'Iq)Ilrat~ly'M lhe
mull. mal' be comblM<! ooly ,n 1M absence of .ny demonSlrabi~d,ffe,eIlC01
be""eon ""~os.

The age of the anImals" ,mpanalll III VI.'" of lhe ag~-dependelll dllTeren·
tlation of SOme la,.et cell. Of lissue.

Id~a1!y, th~ numbe' of anmIals assl.ned 10 a ,roup should be Jfealer for lovo'
lha" for hlP dose groups. so lbat lbe number at ·pa.ni'·~ elTeet.· scored '. k~1l'

approllmale!y equal ,,"'lIhm lbe ..hole ran... of doses S1udled Ho..........
partJCUlarl}' '1 krtv doses. lhe JlausticaJ "Fdica~ of dilftre1>Ca from lbe
conl<DIs may be dllfiallllO demonstra'C. aJtbo\lJII Ibt Slgm6caace of lhe Imld
",u a ranI" of doses may be ....bltsbcd.
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II i.,mportantlO pomt outtbat most of tb. major forms of buman <;an~r haw
betn ob,a,ned in anLmal modd. by exposure 10 chemicals. and rha' ther< " a
clost qualitative similarity between human <;an~r patholo.\> and the cor·
re,ponding pathology in animal modell. There ar<. howe"er. some ammal
tumou" re,ulting from ,·..iou, chemical treatments lhat are quite different from
an}' human tumour counterpart, for elffimple. lung adenomas In mICe and
Zymbaliliand tumours in ra", Thest tumours can be u...ful indicators of the
o'-erall carcinogeniclly ofa ""t compound. but are not appropriate endpoints if
on." Intere'ted ,n tumours lhat could result from chemical "'po,ure of human
organISm.

PUFPlJse ofTej/' and ~lff,i01l of Model' Animal careinollene,i, te,ts de,igned
for the general purpost of identifying possible <"reinogeniCll) of hitherto
unte"W compound, often do nol include more than two dost Ie"el' oflhe te"
<om pound (NCt 1976). ,nd do no, proVIde as good an ,ndic,t,on of the d"",­
re'ponst relationship a. can be obtained with' pro'ocol u,ing more dose Inels,
When 'uch ",reenlng rem 'mlude a d"", le,-el that repre..n.. tbe estimated
maXImum tolerated do.. (EMTD) or a dose d"'" to it, tbey can at lea.. pro'-ide
an upper limit ofdetectable re.ponse under the stl""'ed te.. cond,tlon,. If 'here
,reothercompellng mho however, the maximum I""el ofcarcinogenic re'ponse
m,y not occur at tl1e EMTD. Thi' i' par!lcularly noteworthy "hen differen'
doses result In di'tinCli"e tumour type,. especi,lly if they vary in 'he" latent
period (lime.to-occurren~) and letballty. Lo"'er dose group> ,un-'i'-ing longer
without tumours with a short latent period may develop a significant number of
,umours arisinillate in the life-span of the ,poeies (Mahoni, this "olume), Thus,
tbe selection of dost le,'el. In ,,'hole·anlmal a'says is still a eontro'-er,iall"ue
(Food Safety Council. 1978), the main point of contention being the use ,nd
estimation of tbe EMTD (lARC. 1980), There IS an urgent need rer a \<Sf desIgn
,,'hich would be equally' effieient in det""tinlla e,rcinogen a. i' the current ..say
with two doses, but "'hich would pro'-ide beller lOrono,lion on dose-mpon<c
rel"lionsh,p w,thout significantly increa,ing the IOtal number of test animah.

Some carcinogenes" model' are partICularly ,unable for tbe study of factors
that rela.. '0 tbe patbogene,.is of special tumour I}'peS, for e.tample. model' for
the induction of bronchogen;,; carcinoma, by carcinogen, transponw by carrier
parlicles ($offiolll (I al.. 1%8), and models for tbe induction of neurogenIC
tumours by treatment of rat~ dUring prenatal d",'elopment (R,je"',ky, tbis
volume). Special bioassay, can also be de.,gned to ob,..n a detaIled dcse­
response relationShip fOT cenaln tumour type' by using species. 'tr.ins. routes of
administration and te" condition' that are partIcularly appropriate for the
induction of a .pecific type of ,umour (for example, SENCAR mice for ,kin
,umours, and strain A mice for lung adenoma)

It i' gonerally recommended tb't e.tposure to the test ,ubstance ,hould be
inlliatWa fe'" "'eeks all .. lbe """nmg and then con,inued for the major part of
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tM anImal's Me, The usual duranon of upotnmeot$ for rat<" 24 month' and for
ml~ a' least 18 months. Some autho... consider thattM te" potnod should co"er
the entire Iife·span of the animal (Mallon;, Ihi. ,olume), bUllhe ISsue has 001
been r('$()1"od.

The dct..:,abiluy of the off..:' at an)" d<>sc. particularly all"" doses. i,
ob"ou.ly relaled 10 the tncidmce of lumou... al zero d.,.. l<->'e1. In BCneraJ. lbe
ob$¢ryallon of lumour< havln8 a hlgh backgrouod '''''ldenee: and a laic time of
appotaran~(for example, the reticulum ~Il sa~oma in some >!rains of mouse) IS
more dlllkult 10 Inttrprel than lbe obscrvalJon orlow·,oc,den~ tumour< ha"ng
a short lalo""y lime (for example. thymIC lymphoma '" ""InC otber maIn,).

The lumour i""idenee: ral< and 1M total tUmou, in<lden~ are the mosl
common endpoinls when dcahng with SIngle tumou .... butlumou, mulhpliclly is
a phenomenon fr«iucntly obsc"'ed, Wben this is the case. the number of
lumoulS potr animal a, w"lI as lbe potr<:<:nlaBC of tumour·bearing anImal, .hould
be ploned agaInst the d.,.. to descnbe tM kInetics of tumour dc''t'lopmcnt. Al
.'ery high do.., the 6rsllype of plot docs not show salurallon. "'hIlt lbe ""ond
d"",. Ho"' 'er, at 10"" doses of intereSl for risk ..umation lhe shapes of tM 1""0
eu,,'e. arc " nllally lhe same

Long-te"" stud... should not be carried oul ",thout careful macro- and
mlcrO$C0P'c patholog>eal examInations, Although a Jood deal of subject,,'e
judgement i. involved in idenlif)'ing differenl lumour hlSlolype< and in
eslabhshlng cau.... ofduth. pathological examInation i, eS$CTItial for evalWlting
any study,

Although '''riou. lype< of lumou,.. may sometImes be grouped logolha for
comp",hem,,'e evaluation, il mu" be emphasized that each tumour Iype may
have a speci6c palhogenlC mcchanLsm. thaI 'he'" IS SpecIes specificily for tumour
Ind"""on and that pathologJcal emiti.. da..ificd under the ...me headIng 10
animal and man rnay !Ia.,,, w>dely differen' nQ§(lgraphlC charactcristi<->.

In analj'$lnltumou, indUCtion ..perimen.., attenlion 'hould be pa;d 10 lhe
tumour .pectrum whi<h eharacteriz.. each species and main. Th" knowledge
may help in Sotlccling, at lhe design ..alt. the nll)5t app,-oprial< strain for t..un.
and may prO"lde iUI<lance fonbe inte'l'retatioJl of",.ult. in 1M 6nahlage orthe
analySIS.

When a<:counung for tumour freque""ie., it i. nol a good prac6ce to group
logether differenl typc.oflumour< bocau.. tM indUCtion ofsome tumours could
be ma.ked by a relalive eke..a.. or Olhe, t}'pe< of neoplasm •.

The Sotl..uon of p1'o'ocol. for quantitaliVi: m;di.. i. inJIuenccd bolh by
quali\ati~e and qWlntilalive criterIa, "nce p"""se quantitation of the rc-sponse In

a .y'tem 'ba' is quallla"...l)' inadequate may be 1T",lennl or e.'en misleading.
Qualitali"e er"eria for tbe ..l""uon of an appropria'e leS' protocol for
quanlu.t,,'e ..udics in<lude no, onl}' .peci.., Slrain and SotX, bul also lhe mode of
admlniSlration and tissue specificil) of the 1..1 substance. "elucle, dlC1ary
regimen and SOme o'her variable., Quanlilali"e aspcc1' ... also cnticallO the
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~1(CliQn Qf optimal le~l protowls, lIleludlllg randornlUlllOn of 1m ammall
among lreated and eomrolsroups and the selection of optomalsroup ~,~es and
tesl do..s,

The size of iroups at lhe besinning of the t..alment and. "hat ,s possibly even
more important, lhe 'lZe al the t,me of expee'ed 'umour re,ponse.;s critical;n
delennin,ng "hether lhe number of tumours can be eSl;mated ";lh suffic,enl
preci,ion, The size of iroups needs 10 be delerm,ned for each t.., bolh a...gords
the number of animal...posed .nd the number of controls.

The ~Iecl;on of a model for quan"latove "udy ofcarcinogenesis intended for
use In e>lomal,ng nsk tn man may be considerably influenced by lhe degree of
comparabllily of the animal and human {arj!et (issues and of lhe" pa"ern of
Te.pon.. to carcinogen. a. determined b)' morphological and funCl;onal >lud'e>.
Quant;{ative 'tud'e> for use ;n risk e'l<maHon rna}' Include hlslogenesis and
hislOpa{hology. identificaHon of cell' of origin of tumours ;n a gwen t",ue.
hlSlochem>cal and immunoehemical marko". ultra'truclure. cylokInetic•. uam­
inaHon of the early cellular rc$ponse to carcinogem In (issue explanl' from
human subject' and lhe corre.ponding anImal model'. melabobc in,'esligation.
of'he capabilily of large' orgon' and oolls 10 aCHvate and bind the le,t ,ub.,ance
or rel.led ,ub'tance,.•nd lhe identification of ,pecific molecular lesions. ,uch as
carcInogen-DNA adduc"

The developmen' of me' hod' for lhe "ud)' of human li..ues in cuhure and
thelf rc$ponse 10 ca,c,nogens!la< w,dely extended the hasis fOT qualitative and
quanlilat,,'e comparison of respon.. 10 carc;nogen,;n human sUbjec!< and In
animal models (for fe,',ewS see Hams el 01.. 1980. 1982).

Va,jabilily Factor. The genel1ll me{hodology of long-lenn assays is ..Uon­
abl)' "ellestabli'hed .nd in recent years it has become more standardlled, There
rnnaon. however. numerous va"able> wh,ch may ,nfluence lhe quanli,.l;ve
oulcome of 'uch bica,say•. Some can be ",'olded by good l.boraIO!)' praelices,

Infcellens and parasit,c onfe>lalion, CIIn alter the level of response 10
carcmoj!ens b)' "ariou, meehani'm' (for e,ample, stimulation of cell prolifer­
a"on ,n targel h"'ues. ,nterference ",.th (he <u"""all1lte Ofle>l an,mal•. mask,ng
of a palhological effect). The ",der u", of p'lhogen-controlle<l en"ironments in
lhe breedong and hemlng ef experimental animals has 8reatly reduced (he
confounding effects of ,uch "ariables,

Some ,'ariabl.. are of partICular rele'·an« "hen compa"n8 I"el< of respon'"
In lests conducted in different laboralOrie>, or " ..n in lhe ..me laboralory at
different l;ones or on d,fferent c,rcum'tance<, Dlela!)' va"ahon. that can oiler {he
re'pon", 10 carcinogen, include the 10lal calor;c inlake (Tannenbaum and
S\l,·e"lone. 19S7), the level of nutritional component' such as total fat', specific
dietary ,ubstance, (for example. vllamm A) or the pre",nce of diela!)'
contaminants .uch 0< anlloxidants.

An ;mponant SOurCe of "ariabilny ;, lhe ,nlr,nSlC er ,nduce<l d,fferenco on



absorplion. dislribulion, ""'Iabolic fale and exow,on of carcIn0ien•.
CarcInOien concenlral,on at tariel cells can be marked I}' .ffected b}' such
differences. and it i' lherefore imporlanllh'llhey be CQns,dered ,n quantilat,,'e
analy", of lhe re,ullO, Clearly. If a compound is nOI "gn,neantly absorbed by a
Ii"en leSI oraani.m, no response do« nOll1'l,hcate 'hat ,t IS nol carcin<>i<nlC in
Olber oraani,m. lhal can effecli"el} absorb and or metabohu lh,s compound.

Quantna,,\'( """hod' ha"e been eXlen"vel) used 10 study lite ""'labollC
palh"'ay. and ~inelico of diff<tenl carcinoSen. in "'Hral .n1mal spec,cs and ,n
human msu". Wide ,nter_mdi",dual quanhta",'e ,'a ..at,on, in the ""'tabolic
a<:lintion rale of carcinoi1"n, ha"e been found, especially in lhose species lhal
are genelically more heleroseneou., including lhe human .pecie.,

A..umpllons ofequal SU5Ceplibilny ofan expenmental .peclCS and lbe human
Spe<1CS lhal are made for ri,~ ........"."t purposes on lhe ha.i. ofdala obtained
in a llrouP of lcsl animal. (cspecially if inhred), are hi&hly queslionable (I)
because lhe an,mallesl &roup (rtllresemini a particular .lram in a partICular ""
ofI"' C<lnd,lions) i. li~c1y 10 differ ",dely in i\$ ,"ponse from olher groups and
Slrain. of lite same .peocies; and (2) b«ause lhe human populalions are composed
of individual. tbat may widely differ in Ibeir .u=pllbihly to chemical•. No .ingle
speci" Or Strain or se, of teSt condilions i. Ibe 'most ,u=plible' 10 each
compound oul of a range of camMgens of different lypes wilh differenl
melabolic require"",n" and differenl organolropism•. In lite presence of dala
from only 1"0 ora f..... lcs' groups out ofa wide range of possible les, condilloll$,
uoumplion. about lhe 'most ,u5Cep'ible' .pecies are unlikely 10 be gencrally
nlid,

Quant!fiCQIUm of DOM Rislr. a.",.."",nlO are often made for human exposures
10 carc,nogens lhal may have a ,,-.de "ariely of pallern•. ELlmples include d",,.
prescribed for intake al dISC.e,e 1nlerv,l. durinS short period> of lime;
occupauonal txposures o<cumnll only for a ""nam number ofbours, 5 Or 6 days
pcr wec~, for a cenain penod of lhe aduh l,fe of lhe .ubjccl; and general
en"ironmenlll conlammam. "'hieb may afTecl an IndJ\'idual from preconcep­
lion'l and intraulerine exposures lhrouiboul dnel¢pmenl and .duh hfe.
An.I¢Il¢uS varialions OCCur ,n lhe exposure pallems of experi"",nl.l animals.
ranilng from single exposures 10 conlinuou. exJlO$ures. and whICh may be
iniliated at aduh qc, al btrtb Or lhr¢u&h lite parenl i1"ocratton,

Do.t: 5Chedulc is \no"... to affecl cancer response ,n animal usays quantnal'
ivel)'. and ",,,,,,t,mcs qnalilllively as .,.,11. Fraclionaled rk>oes are often mOre
effeeuve lhan lbe eorrespondinll "ngle doses. partly because ord,fferenl rates of
melabolic ulihzah¢n. In 10nll'lerm animal ..says. a dilly dose (for eLlmple, to

lbe d,et) may beconlinued long after lhel'm< when lumou," are induced, and lhe
do'" needed 10 induec Ihe cance, may lhu$ be overcshmalCd, Needle.. 10 say.
quanhtallOn ofdose is ofparticular Importance in q\l<lntitali\'e >ludi.. nf dose­
response relalion.bips and for ri.t eslnnali¢n; lberef¢re. ~hods used for dose
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dtterminatlon nffii to be critically sela'lffl and clearly repoMffl £lllmpll!S of
quanli\alion problems 'nclude level of 'mpurit~s, amount of .pillage, "ab,lity of
lesl compound, and frequency and I~p¢ of monitoring procedures,

Tacgetlissue dose eshmatron is very useful, if reliable method. are available,
Crilically e..-aluated procedure, should "" used for such estimations, or
do"eloped when n«e"",,)', to pro'ide dose approximalions Ihal are more
relennl for ri'k esl,malion lhan i' I"" crude esl1male of whole animal dose,

Q~{'"tificmiQn 0/ R..po'lSl' ProtOC<lls for quamitative long-Ierm carcinogen­
iCIly assays vary consKlerably in the choice of the time of obstt\'alion oflumour
re'pon"" Thret ma,n lypes of protocols have been used e'ten.ively:

(I) seriallaCri6ce protocol., livmg a mea'Ure of tumour incidence at different
timos after Ihe on",t of Ireat menI. but requiring large num"" ... ofanimals if
the level of response is relalively 10"-:

(2) lerminal sacrifict prOIOC<lI.. providing quant'tal1ve companson. at a
standardized poinl in time, usually represenling 7S ~~~ or more ef lhe
pre<!;cled lif"",pan ofthe animal•. "hen a cons,derable preporlion ofcontrol
animals are slill alive: and

(3) life lime prolOC<lI, ""h no scheduled sacrifice lime. which allow all an,mals 10
he obse"'ed umil monbund. and thus make it po"ible to detoctlate tumour>.

Ccnsiderable difthencu ,n 10lal IUmour y,eld can"" reccrded following the
same lrealmenl. dep¢nding on the duration of Ihe observalion p¢riod,

Quanlitalion of resultS is alse influenced by the tumour inddence observed in
control animal •. lncludinll historical colony control. as well a, untreated and
,..h;cle lrealed concurrent controls, Certain lumour Iypes are umally found 10
OCCUr with an easily det«table frequency In control groups (for example, in 5­
25 \ ofanimal.), and the vanalion ef Ihe fr«luenq in different oontrol groups
gives an important measure of the backvound variability and of Ihe significance
ofobset\'ed inCidence in treated tUt groups. Other tumour> OCCur Ie" frequently
and are often considered as 'rare' although .n incidence: ofO.S% for a specific
turnOuT typo would not "" considered fare in a human population. When
tumour> occur ;n conlr<>lgroups wilh an incidence above 2S %. Ihe ,nterprelalion
of quantitatrve respon.. in treated groups often he<:ornu difficul1. Nwpla.tic
'espon'" i. measured b~ counting lhe number of lumour> induced under a
defined prol<>eol, but such ooun15 can "" expressed in different ways (fer
example, total num""r of tumour bearini animals, 10lal number of lumours,
tOlal num"'" oftUmOUf$ of. g,ven lyp¢. num""r oflumeurs ef a gl\'en Iyp¢ ptr
animaL num""r of lumours obset\'ed during the life of the animal, number of
lumeurs al dealh), The num""r ef lumoUr> obse"'ed is eften a funclion of Ihe
extent and Ihoroughnes, of palholoiical examinatiort'l (for example. microscop­
;c 'tudy of >ome organs or of multiple ti"ue sections).

The lime al which tumoUr> reach a Sll'e when Ihey can"" dIagnosed" an
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'mponant ,.,.nablt. The... a... lumours "'host lime-tl>-OC<:\llTtnce i. rtdu<:ed
although the nlte ofappearance and the fina.11t'lcidtncc a... similar in the control
and 'etate<.! ilouPS. Other tumours ...ach a higher finallncidtncc be<:aU$<' 'ht
ralts of appearanee In the t",ate<.! g"'Ups are higher than In the control group.
Tumour aoo:leration and ,umour ,ndUChOn a", term. uoed to describe these ''''0
phenomena. Tumour ind""tion $lIould he upressed &$ the probabilit}' of
Induction per animal exposed. a. a function oftime. Compaflson oftht result,ng
age.,pecifi<: ind""tion rale. may allo"'tht evall.. ,,,,n oftllt ,..Iat"'t contnbution
of tumOUr mduclion and tumour acet:leralion to Ihe total incidence. Othtr
correction•. for example, for inte""r,..nl or competing disease, mu.' also l>e
appli«!tO rtach a meamngful conclusion,

The ""alu.llion of tumour response cannot be scplrate<.! from the ~aluauon of
biologICal nalurt of ,h. ,ndu<:ed lumOurs. Tlti. ".ut ... Iat<:$ not only 10 lhe
rela'i,.. fuqutncy in I...ated and control g"'upo, but also to tilt .imilarily of
experimental tumou" to their human counterpart.. and to tilt degree of
malignancy upressed by Iht observe<.! tumours. Dlagn"'lic c1a"ifi<:ation of
maligna!lC} in e.perimental animals i. SOIIlC,imes dIfficUlt and dtpends on
pllnslak,ng search for hlSlolopcal .,.idcncc of In...,ion or metastasis or on
biolopcal studlC> of tumour 'ransplan'ablllly. In some c)!'Cum'lances. benIgn
tumours may kill animal. through indirect mechanism•. and in certain case.
mahgnant tumOUrS may lack SOmt characteristICS of mahgnancy. The txisttn..
of spec... specificity rend""" tht comparison of malignancy bet",tc1\ dilfe"'nt
specics e"en more difli<:ult. Soti,faclol') model. ba.'e not been de.'eklpcd to
lO<ounl for such bIological d,trercnctS ,n response. but II ... ould appear useful 10
Jive a greater biological .ignilkanee to. say. a 30 '\ incre.se in the incidence of
ClI""noma. of the larynx, the h'onchus. the colon or tht pancre•• in .pproprialt
animals than 10 the induction of. comparable increase of commonly observe<.!
tumours s""h as skin tumou". hepatomas and lun8 adenomas In cona'n strains
of mice Or mammary tumours in cenain strains of rats,

Model' for lon8-term .ssay for carcinogenicity in .nimals ha"e been
progressi,'ely ...fined to proV\dc htalthy annnal colonoes f,cc of intercur...nt
disease as much &$ possible. The human population. to ",'hich experimental
results Ita.'e to he tran<ferred. Includes. ho......'... a vane,y of lndiV\dual••,Ito
rna)' be al high risk because of age. genetIC defects. concurrenl disease and
concurrent t'p"'ures '0 o'lItr agtnts Involved In cancer caulation. Th"
discrcpanC}' has been well rt<:ogntud in """upatlonal tpidtmiology as 'ht
'lItahh)' worktt etreet'. It is 'UUested that assays for carcinogenicny of .in~e
compound. ,n healthy anImal, may In'·ol.... a $Imllar prO'ec\l~' faclor ....hich
could he calle<.! ,lit 'healthy anImal <ffee'-

Quantlla".'e inte""etation of long·term y, for ca""MBtn,,;;ty uq~lrt:I

statistical melhod, fo' evalualtng tho significa ofe.perimental r.sults (sec for
cumple IARC. 1980). Mathemati.al model! for .ano:r risk t'ia\uallon are
discu.sed in section 3,2.3,
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]'],1.1 QtUlnlllalilf CornpariS<mS of Dolo from DtJJmm ShOrHerm
Tests fo, CarciMiJrnici,y

Ty~ of TeslJ Corrsidued SII>ce th.t<: 1$ a gt<:at d.al of uncertainty aboul th.
m""han"ms of cancer mduction, quali'ativ. crit.ria derived fmm ,,,lIdatlon
stud," have boon u~d '0 ",lecllh. most appropriat'I"IS fo' 'OUlin. 5Cr~ning.
In these v'alidalion 'tudi... lh. pl'e'tnce Or absence of carcinog.nicity and of
activily in ,hort-term t.m at<: compared and ,h. a",uracy ofth. tesl in it> abihty
to pr.d,ct carcinogenici'y defined. On lhe basis of published nhdatlon $Iud,"
tb. Solmolff'1I0 plate incorporalion a,say (Ames" 01.. 1975) i' curr.ntly lhe only
te,t conSld.red '0 be fUlly "lablt'hed, from among tb. 100 or more short_term
t",IS available. a fe"; can he con"dered to be d.veloped 10 lhe .~tentlhatlhC)' are
now u",d as .. r«ning les", These indud. induction of unsch.duled DNA
synlhesis In mammallan cells. neopla'tlc transformalion of mammalian ceUs in
cullure. inductton of ""-linked ...."i'·e lethal mutolions In D'osoph,la and
induction of mIcronuclei in mice (Purcha",. 1982). Many olhers arc being
dC'o'e!opcd

MOSI of the.. te,ts are based on ,h. lnduclion of h."'able damage 10 DNA.
although in some ....s preci.. definition of lhe mechani'm ,nvoh'ed is nol
possible.

Selulirm of Tes" Validation 'tudies pmv'ld. a general vi.w of lhe accuracy of
t..lS. How.ver. " h.. bct:n found for alltem 'hal 'he accuracy of teslS for cenain
dasses of chemicals is inadequale. Thus, .v.n for quahlatlve aSse-s,men, of
careinogenic potential it is advisable to ..Iecl,he mo" appfop"ate ,esl syslem on
the has,s of kno"'ledg. of the ch.mical cia" under study, It i' reasonable to
anlicipate lhallhe same ph.nomenon WIll aITeel the quan,i ..t",. comparobilit)'
of result' fmm ,hon-term tem.

Melabolic AClil'alion Th. Imporlance of m.labolic and km."c faClors in
producing an acIive metabolite al the site of acl;on has already been stressed.
There are Iik.ly to be malor differences In lhe metabolic and kinetic pa,hw~ys

bel""~n in '-;"0 and in dm assa)' 'ystem" In panicular. lhe balance ofaClinlion
and delo~,catlon (lc" deto~ica"on in I'il'O). 'he pro~lmilyof Ih. leS' maleriallo
,h. largel sit. and \~, absence: of .~crelion pathway< in rilTO hi"e bct:n shown 10

aITee' lhe quali'ati"e re,ult, of shon-term a,says (P'urcha... lhi' volum.). A
"mllar impacl on quantllahVe results is anlicipated

Man)' of Ihese faCiO" rna)' be similar qualilati".l)' (and sometimes quamital­
ively);n similar in rilTO 'y'lem,. Thus a greate' degrcc of quan"latlv. similanly
may be "peeted bel.......n "ariou. 'imilar in rilTO .)'St.ms lhan bel.....·..n /'C$ula
from ill rilro and in t'iro syst.ms.



dn«UOlI of pbcftoI)O"l' ,han&" ",'bo<;b Q._ al'fflI~III "O"'tb d.afKWnslQ
aDd.llw~ of..-ibk mart<n ofFotUt" -.JI<n.'1OM. In _ <:UeO 1bcw...,
opcafiQlI) sd<ctcd to reft<cl a I"fbaIbr c>...., Ifor eu.mplc. 1II111.aUOD.
~~ or noop!' ..", ttaIISforml-lJOI'l and bmo<..., llOI stn<;tIy
oornpanoblt from a booIop:al pOOl" of ,.......

For qllllh1.al~purpoocs ,,,no... mtenll M'~bcm applied to judF "'bttbotr a
l'O"U>~ or noqau,~ ....uh ..ollumed. "Tbae a~ ...ber =pnaJ (for .umplc. al
kuI a dOIlbbllioff;01or,.l coun~lor bait4 on SUll$bQ/c>......l>OIl ofdI1f~
III r-..pontoe In comp.omort to coolroh. QuanllUlu,~comp.oru.<>m do IlOl roqw",
qual'UlIl'. jlldpncn~of Ihi. 'll'"
QU<lI!m"lIll' AJp«I. A clar dose ....pon'" rdauonshlp based on pr<aK
d.finltlon of the .ndpoinl f,om a OIand.rdiled leOl is the 1''''''''1"1$'1. for
q""ntnlll". eOlnp.orison•. Fo' mool of the llsays "idell used for screenln. the",
are precilit endroml' l.adio, to dolit-~.pon.. r.latlomhips. Some a"")'•.
nOlably lho$< bait4 on maligoanl lfan,fOl'1l\lllioll, ha'·. a ,·ar,.,y o( po..'blc
.ndpom1S some of "'hich arc based On $ubj«u,'. em.ria. Refinemenl of the
,nl.na (or reprodue,ble. ".arll defined cndpo,n~ a", a P"'''''IU'Olt. for aceural.
qUl.ol'"11'" comp.onSOM.

Maoy Ihon·t<rm I..U a", a, an oarly SUI" ofde>elopmen' and dtpood on a
tuah k>-..l of Iltill (or their """",,1100. SWIdanlJUlIon of lC5U, "'ilb Q.mulltudy
offaclon mfJumtI"I reproduciblhl), ..-... aMI '" olltaioIna rebablcda1.a. Only a
f.... sud! lIud;'" ...., .. btto I't'pOncd. pRdom,oaotl) for llw Sa"" Ua t<Sl

(DoDkd. 1919; de Serra aDd Sbclb). 1979)

Sbon·........... CLO """'>de 60i0e--ft"SPO'"l' daLl for qoanll1.alM: com­
p.ofUOOS. HO"'"c>'<r. '0 eommon ..,lb _ "'.'IX _I uu.~,- ibttc ....y be a 11.....
dq:rc<: ot'-anablhly III rcwltI bn.......... "'" a' ddl"ere:o' """" aDd III dI1ftn:llr
II.bontoneO (I« 8.-1&" n III. 1981) A fuD appreciation of q .....I'tatl'~
$lMJJanutS bn",Wft IWl should Inchook lI>dallOOl of m,,,,,... vanablllly

Ar<siltJbU"J 1>/ Daus The abo,.. d......HJon otcomp.lMOJ>$ bclwcm UIon·tenn
I..... '. baled onu~ pined in qUl.hUlIl'. '''lidation and Ulit ofille ,......
No ....1.0'1". data a", .....ilabk "'hoch would allow a d,,«1 quanhla",'•
• '·al"""on of ,h. commonly ..led lCm.

3.2,2.3 TM Uu 111 Plm<tCy B'~'i/1tI/""" 5110,,-,",., T.m '0
fudirl Pl1ln.q ill L<J"i"~"" ROtknr 51"'/".

PO'ntry B'''''''''..... bo Rodnr.I 51M&. The many dillicullics C1M:OUnl.rlId ,n tho
,;ondllCl or ..holc-alll.mll 1:I""",*"ouellY ItOOIeS aDd lbclr 'mpICI 011 llw
aW<vflelIt ofpot.erW;y mdcs.':nbal m $eCIlOlI1U.1 10 COlllpamoo .11b sl\on.
t<ml usa. tbt parucular r..tumo IIIdudc doIimnry. lDtUboIam aDd UIottJa.
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qualilati\'c alpc(:IS of judiin& cancer rcsponlC and differences in mechanism of
aCIIon.

Po,.",y EJlimmion in ShorHerm SIu<!ieJ The main faclors lihly to have an
Impact on potency' in ,horHerm test, are dosimetry, metaboli,m and k,neuc•.
and me<:hanilm ofacllon. T~e partIcular features of concern when compari,on,
"'ith tong-Ierm rodenl Sludi.. are envisaged include do,imetry, the nalure and
rale of metabolic con,'erslon, variabilIty In respon'" and the mechanISm of
aclion.

(I) Do,im,"y _ SImple numerical comparison ofdaily do.., III hfetime 'tudi..
and the sinille do.. in ,hort-term test, 1l10SSC$ o,'ellhe conceplUal difficulty of
equatinll thes< estimatlon<. the hfelime <ludi.. incorporatinll a time funclion
absenl in ,hort-term teslS.

(2) Mrraholivn, Kim!lic, and Target Ti<.<," Do", For man}' carcinogens
e~ten,ive metabolic activation is a prerequi,ite for producing a cheminlly
reaclive ,pecie, in the larget cell. Arllfact' imP"'t'! by cell disruption reqUired to
prOVIde melabollc capabilily in many in ri,ro ,yslems means that the rate of
formation and in ,.,me cases 'he structure of the reactive metabolite ditTers
sub'tantlally from iIIt';,'o sy'tem,. The absence of",crolion and an increase in the
acliv..ion deto~lcallon ratio conlribute 10 Ihese ditTerences. The ratiO belween
applied dose and 'arget ti"ue dose i< lihly 10 ditTer bet ..·..n the 'y'tems
particularly at d,tTe",nt doses.

(3) Mtchmli'm of Anion, The me<:hanism of carcInogenic action i. not "'ell
unde..tood but enough i' kno..'n to ,ugge't that Ihere may be .IIMtant,al
differences from mechanISm. aCling m ,hort·term le,U, The.. ditTerences make"
difficult to en,isage 'imilanlies in the ,hape ofdo..-relponse ",lation,hip' ""en
if poinl estimates of potenq seem 'imilar,

Compariwn ofDOlafrom 1M So/moMlla T," ..'ilh Carcinogemc POlency Nine
published 'lUdie' have been reviewed by Purcliase (thi' ,'olume). A .. ide .'ariety
ofchemical' (including nitrosammes, polycyclic and heterocyclic hydrocarbon"
acelylamlnoftuorene deri"ative', direct aC/lng alkylating agents and buttet
yellow derinti,''') ha'" been telted. In .pile of the correlation ,ugge$lerl by
Meseh.on and Ru''''ll (1977), none of the o,hel stud,es ha' shown a good
quanlita1ive correialton bet ..'een these Iwo t}'pel oflesl$. AdditIon ofdata from 4
nitroso compound, originally omltled by Meselson and Russell 'educed lhe
correla1ion, Thul. aSlllg "'timates of polenC)' ba5ed on applied dose in a "ariety
oflaboratorie', predi<1ion ofcarcinogenIC potency from ,horHerm daUlIS prone
to ,ubStantlal errors

Ccmp",,,on of DalofFom Mammalian Cell MUIOllOn A'JO}'J ..-ilh Carrinogmir
PO/rIfC}' Two <tudi.. u,ing point muta,ion In Chin.... ham.ter and moilS<
I}'mphoma, respect,,·ely. ha.'e been reporled, In the firsl, the mosl polent



Quan,ltariL... £."lma,i<m of Risk from EXpMliU '0 Ciltmkais 51

carcinogen among lhe 10 polycyclic hydrocarbons tCStM was also lhe m<>'ll
polent in the Chin= hamster mutalion a_y, A reasonable relationshIp
bet"'·..n mUlagenic potency in mouse lymphoma and camnogen'" polency h.n
been d..cribed (Oi"e tl <tl., 1979) ahhough nrialions of up to 104 in potency
(""nh an ..'erage of Io-fold) afe incluokd in lhe <!ala.

O,lre. Te., Sys,..... Few data a,e a"ailabk on 01"'" tO$I s)'tenu. /n <ira short.
lerm le$t> in mitt and Droj()pMI" Yo"'re abk to provide a quanlilali.'e separalion
bel,.,..,n lhe carcinogenic and pulati,'e non<arcinogenlC analogues of pam' of
struclurall}' relat~ compound, (Purchase e, al.. 1981) This observalion sbould
encourage further ..ploralion of in rll'o short·term le$\$ for potency O$tn'rlallon.

U,lIi'y of Slum.,..", T..t lXl'Q lbe remarkably good correlalion bel...·..n
carcinogenicity and lhe relulu from shon-lerm 100tS (par!lcularly lhe SalmOlu>/14
plalelncorporatlon as""y), alleasl for cenain calegories ofchemical., define. a
place for .hort·Ierm les!> in$C,..,n ing chemicals for carc, novo",,1y. QuanIllal;"e
compari!<lll' bel...·..n Ih= dala 'Ugesllhal >!ton-lerm 10$15 are nOI SUItable fo'
predicting carcino..n", potency. lbe dilTe= in mocban"'m>. d<>'limelry.
melaboli.m and endpoin!> bel"'·..n lhe Iwo .ysIems help 10 ..plain lh" poor
quanlllatl\'e correlallon Bener estimale. of largol do.. may help to reduce the
vanability,

3.2.2.4 Con(/liJiotu

(1) Qualitalive and quanlitalive dilTe= in metabolism ofcarcinogen. are
a major source of quanlllali.'e dllTerellCe$ in ...pen.. .eon bel""..n shon-lerm
le$l$. toni'lerm ammal sludiO$ and human observations.

(2) Stnce the quanli""li"e relaltonsbip be1...-..n the e~po$ure concenlralion of
a chemical and "' chemal form and concenlration al the larget ":le ,. often nol
kno...n. dosimetry based on ""rietSlle COn<x'ntralion and Ihe a"erage amount of
bindini 10 cellular macromolecules per cell can provide a mo.. realistic
..umalion of tbe elTecltve dose

(3) Methods for ""prmmg dose in >ludiei usini proloniM upo$u" and
companng lhem wllb short_term t01IS ha'.. not saltsfactorily '01OI,,~ lhe issue of
ho...· 10 inlegrate d""" ""ilh relpecllO ttlne.

(4) Allhougb sbort.term tem are u$Cful in ",,,,,,ning chemicals for polemial
carcinoienicil}' and or mUlagenlCity, lhey ba\'e nOl been de"e1oped 10 a s""go
..-here $;lll.factory quanti""u"e .."apolalion 10 lifelime carctnogenicny can be
""hie,'M.

(S) Metabolic and dO$II"et"" sludie$. shon'lerm le.t>, long·term carci­
no,enicily SlUdtos. epidemioloiicalevide""" and mathematical modelling are all
imJlllnanl aspects 10 be considered ;n nsk assessment. Uch of litem has
rele>-..nce \0 paniclJlar ...peelS bul none of lhem can be relied upon in isolallon.



Thu~ the development of1!S11matl!S of ris~ for practical puijIO§tS i, acomprehen·
.iv••valuation which dram ekments of judgm.nt from all a'·ail.ble totico­
logical and epld.miological inform:llion.

3.1.1.5 R~nda"ons

(I) As quantitau,...xtrapolation from lhe diff....nt biological sy,<ttm, used
for ca~lnogeJll<:UY 'esun, depends on a<:turare esumalion of offecti,·. dose,
further <=arcb is ~ed to impro,.. melbods and enlarge tlte dara base for
com""rativ. m.taboh,m and for estimarion of target ti ..... dose,

(2) In cancer nd analysis. each major type ofneoplasm sbould be conSIdered
separat.ly.

(lj Certain fearure1 of the des\gn.nd conduct of long·term camnogen"'ty
studies a... crilical for a<:cIIrat. quantitatl'" ri'k analy,i•. In thi' ....peet,
panicular art.nllon should be paId 10. careful ""tholo&ical d=npuon ofeiC'h
anunal. its ago at d.ath and its cause of dealh.

(4) Th.... IS an urgent need for funh.r d.v.lopment ofquantitative aspeeto of
.horl-l.rm lei!>. and studies are needed On th. quantitative ...Iationship betw~n

these tests and long.term bioassay,.

3.2.3 Epld....lology, SI.llslln .... M.llle.... lle.1 Mod.lIlog"

In tM present stat. of bioloJlCllI knowledge. it is mainl)' throup epid.miological
"udi.. that Ih. human Malth haurd ofa panicular chem>eal can be decisively
d.t.rmined. The purpo.. of thi. section is to de""ribe bri.ny th. "ariou, t)'pe' of
epiden"olo~calstudies, their strengths and weakn..~, the data required for
quantllativ...timation of ri'k in human, in ...Ialion to dose and tim.
chara<:t.ri,,"" of tM ..posu ... (dose-uID<'-respon.. relahonshlps). and the
methodological 'landan:ls w'h",h must apply If any confideDCe is to be placed in
tbe ult•. Detailed consideralion will be giv.n 10 ID<'tbods of anal)",,,,g dose-
hID<'- pon.....Iatlon,hips in epidernioloaical studIeS. ""nicularly ""thin lhe
framework of models of camn.".n..... and oflh. way in whICh measurement
errors and the selection of an iocorre<:t model may affecl tM resulls. The
••"apolation from the owrved <!ata to exposure lev.ls and time charact.ristlc>
of re'pon.....·hich are outside the rango of obsel""ation. but necessary for the
sening of ••poou... IImus. "'lIlhen be conSIdered.

Th. word nsk " used repeatedly lhroughout lhe document. In thi' section it
will be used in its ~rrow technical sen.. to mean Ihe probability ofd.velOJnng a
disease. In some ""ssages It may mean anributable risk. lhal i,. tlte iocre.... in
rid contributed by a pl.nicular expo$ure. and '" olhe.. lhe term relali"e risk may

• Se<t1Oll> 1.:.1, 3.2,', U.' aod l.l6 ..... _,.,; by 8. A""",on. «('ho,,,,,,,n), R. ~. Alb<rt.
E. --. K. P Coo,... N Day. D. G. Hod, '" Ja. JaD!"<"a, E, K-..,., Ju, I KUDd"",
A. M.-. J V. N«l •. ON06<a.l I'<lD aDd s.r Ed'o'anl_,



be used, i,e. the ralio of the risk in individuals e.JX>oed 10 an agenl to lhe n,k ,n
ind"'lduals nm e.posed. In practical terms, risk in humans is alwaY' deri"ed
from the incidence rale of disease as determined in epidemiological sludies

Although epidemiolollical methods are applicable 10 lhe .ludy ofallly..., of
effecls ofenvl!onmental chemical'. bolh the epidemiological and malhemalical
and 'lati'lical discussions in this Stelion .lrongly emphasize the expenence
acquoted ln the sludy of chemical cardnogen,.

3.2.3, I EJt;malion of Dose-Time-Respo7ISe Relarion<hip. from
EpitkmiolO{jic,,1 Studies

While epidemioloilY may be the only melhod for quanlifying late effects of
chemical' ln human sub.itct<, ,t ,uffe.. from se.'eral ob"ious hm,lat,on,. The
followinll are the m"'l important:

(l) M"'I epidemiolollical 'ludie5 are based on historical e'l""ure data which
are oflen recorded inadequalely or are ,ubjec1lo Ihe ur>cerwnlie, of human
memory, Thu•. adequale e'timalion of Ihe dose of a ChemKal may be difficult if
nol impossible and lhe data on poten,ial confoundonll or inleractinll faclOrs may
be equally deficient.

(2) Regardle.. of lhe quality of expo,ure 'nformation. in m",t 'tudies direct
risk estimates will be possible only for th"'" !evel' and periods ofe.posure which
ha"e affected a subslantial number ofhuman ,uhjects. OutSIde of lhese obset'".'ed
ranges of t,me and exposure le.'els, e..rapolalion ,,'ill be neces.. ry if risk
eSlimale5 are to be made,

(J) E>posureto several chemical' i' Ihe rule ralher lhan lhe exceplion. and it is
,'ery difficull on a single Sludy to implicate one chemical as the cause of an effect
unle.. high quality dala on individual exposure, 10 each relevanl chemical are
available: 'h" is rarely lhe case. Even in mult,ple studies. unless lher. is
.ub'tantial "arialion in lhe mi. of chemicals present. il may ..ill be difficult to
delermine which chemical. if only one, .. responSIble for an observed effect.

(4) For precision in eslimation of ri'k. laril" numbers of study sub.itc" will
usually be required. panicularly ifrhe exposure is low Or '0 • rare chemical. and
rhe irKremenl in disease caused by rhe chemical is small in comparison wilh the
baseline rate. Even if the numbers are sufficient 10 detecl an overall increase in
ri'k. they will be almost al ••ay. insufficienl for precise modelling of d""'-lime­
response relationship, and lhe nature of any inleracttons. In quantilati,'e terms.
e,l""u"" wh,ch lead 10 relati"e ri,ks of Ie" lhan 1.2 are unlikely to be
identifiable unambilluously as cancer risk factors. For m"'l human canCt;rs 11
relative "'k of 1.2 'ranslale, inlo an increase in absolule lifetime risk of belween
I in 100 and I in 1000. These figure, should be conrrasted w"h levels of I in
100 000 and 1in 1000 000 to "hich utrapolalion is required, indica ling lhe .ize of
lhe gap between observable le"els aDd lhose which may b<: ret:luired for
rellulatory pul'Jl"'C'.
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IS) h i~ a IrUI~m that ql'demlology can say nothing abollt Ihe effel:t~ of
chem,cals Ilnles, hllman expo'llre bas occurred and heallh eITel:ts have been
obse"'ed. Thus. whIle epidemiologlCal.u"..illance may be mounted 10 W"e 'he
earliest po",ible warnIng of a new ad'..rse erfel:t. il cannot pre"ent the
introdUClion ,"'0 use of new chem,cal agents exco-ptthrough lhe analogy lhal
may be drawn between lhe oh.."'ed elT""l~ofOne chemical and the likely elTms
of anolher.

(6) These limita'ion' mean thaI many, ifno' moSI. d...,ision. on permissible
level. of human expo,ure 10 chemicals will have 10 be taken ;n absence of, or wllh
madC<juale epidemiological dala, One may a~k 'hen: Why' do epidemiological
"udie~ alllll' There are a' leasl lwo persua.i"e an,wers;

(a) Chemical hazards ha~e nol always ~ome obvious lhrough studi" in
olher biological 'l'tem, before heal'h eIT...,t, have oo;urred. and no, all
will necessarily be predicled in thi' way in the future. Thus epIdemiology
h.. an importanl rok 1o play m lhe contmuing det...,,;on and control of
chemical hazard"

(b) More important 10 Ihe subject of Ihis report is lhal detailed quan'itali,..:
study of Ihe hazard of chemical. in humam "ill permil, lhrough
com"","'on WIth re>pon.... III other biolog>cal sy'tems. a ~a,er confi·
dence in or. al leas!. a belter undemanding of lhe U>e of the.. systems for
pred"ting tbe hkely re'ponse in humans. 1be elTms of chemicals vary
"idely bet"'een animals, and 'he correspondence. particularly m carci­
nogenesis. bel"'een lhe re,ull, ofanimal experi=nt' and Ihe respon.., in
Jllher biolog"al systemS IS poorly es'ablished, Laboratory' studIes are
useful for the dele<tion ofpolentially toxic agent. but their use as a basis
for quanlilatlve risk asses,=nl i' uncertain In the absence of human dala
on stmilar agents.

Assewn<'nt ofGeM'ir Eff":tJ This ""'lion of lhe rcport deals ma,nly with lhe
epidemiolog)' of chemical carcinogenesis. ralher lhan mUlageneslS and olher
effcclS of chemical•. There i,. however, an almost C<jual intereSI in Ihe pos,ible
mutagenicity as to the poSSIble carcinogeniclly of lhe .'arious chemical. '0 "bich
human subjcc" are expose<!,

The fact lhal there are SO many chemlClll ClIrcinogen$ ~nd mu'agen. raIse' the
queslion of an ,ncrease in heritable mut~lions in Ihe germtn~1 lissue of Ihe
exposed populatIon. The po.sible impacl of ~n increased mut~lion r~te on
lhe hum~n POPUlallOn hM been e'ten$ively ll,,",ed ,n the varion. report. of'he
Vnlled Nal;on. Scienlific Commiuee on the Eff""" of Atomic Radiallon
fUNSCEAR, 1977, 1982).

To date 'here M.'e been no <lud,,,, ...king,,'idence of an increased mutation
rate in populations e.posed 10 a chemical mUlagen, When such studl'" are
undertaken, all lhe methodolog,cal and epIdemiological problem. mentioned in
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the folJo"'ong I«t;on. arise a. do ,,,"e,,,l Iddllional problem. (see Neel el d/.. lhi.
volume), In particular. the mOSI ,unable indicat"" ofan Increased mulalion rale
eilher are nol collected Ihrough public h"alth Mati'tlc' or are collected rather
poorly (IS In lhe .,..., of ctnlln senlinel phenol}',," uncqUlv'ocally due 10
mUl.ltion). This impose, the requirement of ralher elaboratel}' de'igned special
"udi",. nece"ilating extremel) Iarae numbers of Obse"·llion•. "The mosl
Objectl'" and the lea'l cqu,,'ocal,nd.ca,or of In el",'ated mUllllon rile al prestnt
...·ould be an increase in chromosome abnormaliuesand '.n.nl prolein. prestnt
in lhe child of exposed parenlO but n01 in the parent' themsel'·es. Current
technical developmenl. ,hould make Ihe collecl,on ofbolh .uch type.of <!ala Ie..
laboriou, and expen.i"e in lh" future (see Neel., al" this 'olume).

The chOICe of hu"",n population. for the ,Iudy of chemICal mulagcn.... "
difficult. Unlike for ndialion expo.ure. one cannot readily eslim.te gonadal
dose from Inge"ion of 0' from external exposure 10 I chemIcaL e'p¢C1all) .. hen
'he t>posure otturrnl SOme jUri pre>;ous.ly. £\'en ... hen a definitely high nsk
populatIon. such a. ch,ldren of exposed tnd"'dual" has been identIfied. it IS
unlikel}' by itselflO ,upply th" number orobse"'alion, nece.sary ror uncqui""cal
demonstration of Increases m mutalion rales such as. ,hould not go undelected
Under th..., circum.tances. it i. 'UUe.ted that in Ihe "..Iy .talle. of 'tudies of
human chemICal mutagenesIs anennon should be concenlrated on the hIghest
n,k popula1l0n. that Can be Identified. "These populalion, and 'tudies ,,';11 be
di.peroed Ihroughout many COuntnes. Ihu. requ,ring the de>~lo~n, ofa set of
.tandard guidelines. so tMtthe result of .Iudi", carried out m different countnes
can be readily compared and combmed. Candldale populalion. include Ihe
children of ind"'idual. exposed 10 unu,ual concenltll1l0n, of ,,"I,Clde•. of
persons ...ho hav'e ,u"'i,,ed (...·i'h lre.'menl) childhood caneer, and of person•
...·ho hav.. d",..loped cenain occupational canee..

&nmalion ofCllJI«r RisJ< Common lhemes thai underlie conSlderalion of all
epidemloloPcal studIeS Ire sources ofdall....mple 'I>e. confoundIng and bJas.
"'ti""'t". ofexposure. dala qUlin}". and inferences from "ud)' findmgs. Thel}'"",
of studies 10 be disculoSed are 'tudies of demograph>c cor",I.1Ion, case--control
'tudle•. cohort Sludies. and field tnals of prev'emi"e Igents or en"ironmental
control prac'ices.

(I) S,uJi.J of l>fflw(},apllk Co..~kllimt. In tbe.. <Iud,,,, (sometn"es called
'e<'oloiicar 'tudies) lhe unll ofSludy " a populal;on or I popula"on sampl". and
lhe "'~r"ae popula'ion e~posure '0 lhe agenl under "ud~' ,. relaled to lhe
aggregate disea.. expenenee. a, measured by 'ncidence or morllliity d.'a. "The
primary"xample.are Slud>esofgeographical co"el.lion in ...·hich lhe aeoiraph,­
cal dlSlnbution of c.ncer rates IS as"""ated ...llh 'he dl>1nbulion of em'lron·
mental faclors or ,ndu'trial CharIC'eriS""; and I;me trend anal}'... Ihal relale
lemporal chanBe$ in Cancer rates with prev,ous mcrea... or decre.... In
populalion uposure rales,



'"Ibm " ..... Iiru ltJ!itS[e<l [n lilt Cllned 511.1.. WI ~'PfOd\lCUof ..~lCr
chIonnallOll 1IIl(h1 be tau...uy usocu.lCd ..,lh ta1a't. te'\~1 JCOIf1lphic:
COITt'bI~ S1l1d>es.""" 1D1!1&[e<lu 10.1ucb ....._ OJta 1IIl1in be ltIlpbelle<l
4_ Ca.n1Of. IhiI ''Olumtl T'btw f1ud... ~"td as h)llOtbtsolo-JCDenUDI
I!UtaIla aDd """,ted '0 blad<;Ier. o;:oloQ and....ul anan .. dcoenUlI ranbtr
r ..aluallOll S,lId>es of tanOeI' rata III Japaonoo IDIpnu lO 'Ilt LllllCd Su\eS
JIla .... thai i10mach ta1a't...hadll1!1rIa'-""'" """ amolQl penoas lIIlPUDI
after. 15, .. caU5Cd bJ. an ·carl)<i\.aF· can:m"Fft; ..-horeu o;ololl callCef.•'nb
ralllS [!la[ U'ICmlSed r"'III,1IIe 10... Japanese k>,,;. reprdlcs60fal" al ftUpllOn...
probabl) Klated 10 a 'ble-i!aF' faccor (Haen=l. 1961; Hamsztl tl 01. 1973).
An ,mtnwIlIONI comparuon of ptr <rtpl<1 an[mal prOl<1n [nl""1Ofl and colon
allCef nr.lt!! POIllIe<! 10 monl dltlal)" 'nJllIt'llCt'I (Annmolll .nd Doll. 1975). In
[!Itw caS«. ~ulll ofeorrtlal'on IU.,h", !orne<! [0 sentr.,e 0. ",fine: hI potheses
about eauSt!! of cancor or mocb.an[lmS of ac[;on lh.l IMn rtqulred funht'
tllOOral'on

Tho lemporal lnc",a ... ill IUlll can"", .monB men llu" foUo"td. "'ilh a
20-)'(11' dol.)'. ,nc"'• .., ,n male mloklna ral.... i. no'"" bolna m,m",ktd b)' ..miar
obsc:."aaon. amonl femal.. '""1Iotc 'mck[nl 'Ill... inc"'lotd more recently (Doll
lind Peto. 1981). Tbeso OMe"~11OfI1 II'" In eoocordlnct ""h muJlJ from an
",am..,,, bod) of .~l}·"cil opt<lem~ "'lllinl cip"'llt wnok,n. 10 Jun.
allOt\" and I'" full) ltJppol't"" oflhe hypothn.l.. 'Epodtmiolop;:al <:ollSlIUncy'
.nh allll)11Q1 ~II-I"-as abo ohser-"td In l"",poraJ ))alUms of C1Idometnal
aDOtI In lhe Caned S,,"'" •.h>dI !'OK and fell .,tII the arbc' '1ICl'lI:I>f: and
~m poiI-a><loopaU-al <ll$UOfOSl-{ J"'k .,01.. 19801· Corrdauon i1fld...
m tbcw K1W1p ...bslan[IIIe<l. and therdI) p'e addlUonal .",pl '0. te1.UIl<
from oo.bcr Ill'" or cptdmuolop;:al i1udoes-

The IU'mp orCOITt'alionalllfld... IS m tIInt u;c ofe1l>'I""d.1lll. hasn ..1ud>
"..uIIl} tNble rapod =pic'tIOll of snldlCo. It rclalt,,,J} \010 CO$I C.,."."alioa
lIudlCi, """''C'..... IK DOl Ible b) IhcmIch-cs In rcsoh" IDe qUCllIOf\ ofcalblbl).
aJ'hou.ah ,n $OO1"IC Clrcu.....lI.nces lhe) CIlI pro'.-Ide Sl",n,IUPJ'O'l"" ~-.dcnct_

One faK 'IISlanct m'&hl be lhe acoarapbocallS.lllC\llllon of Illll.ke ofallal<WJI iD
(ood ,","h pnmary liver cal'lCCf (LIllSoOn and Pee... 1977). topCC'lIll) 'f II cao be
sho"'n lhat rt;<,lllCln. alIalox,n ,nuke redUC(S ,lie ,netdcncc of pnmary hw.
ClllC"'. In mOil other "tuilion,. lhe likelihood of ,nadcq~le<lefin,t,on 0' ml$·
,peellkllion of e,posul'C$ lind the presence of unkno"'n or unexpccltd con·
found,n, f.eto~ ,s sueh ,hll' the majo, cont"bullon ofco,,,,ll1tioo slll<,hn 's not
to C$1;male quantilal;le risk bUI rather 10 cene:rate hypolhtsct Ind pro"ide
supporlln, e,·,deo"" to o'ber tll,<lemlOlopeal (/a,a.

(2) AMiJ',k'" Srudlts. In conlraSllO s,ud;n of dnnotIaPh", CO,.<'II"on. In
lnal)'llcal "udlClllhe unLl of analysos Ii the mdi'idual. Anal)I...1slud.... seck
ISSOClII1Ons bct.'CCO ,nd,,·odual exposum or Itosl characlenll.a and d'>eISC
expcncnoe. Mcuum of tiIoOC1Ioon a", nprcsscd ....."malt!! of Klau'e nsl
ud .1 M1Ch 'he) """) be U5Cd directly m nslllna!)ioCS. Ellrapolaooos of mil



emmale> 10 predK'l I'" mil: ...".,...\Cd .. ,th upolures ouUldc I'" "*. of
,*""""a~dqlend .... I'" ID:l1htmalA modds u.loed (Ott 0<C1l(lftJ l.2.l ) """
J~J 41 T..o I)--pel of :l:tII1)~A~1>Ibn_ com_I) used a ..",:obort Hudoes

""" ~lroIHud>es.
Ad>~ 1lllCClm>q.... for me:lSIlrUlJ btocbemoal IIIdC}~IC'md.,.,on

of~. llulnl_ Ol:ll... or ....... IC' M1:";lfplLboln~ ..ill fiod IIICI"CaSUlI
I~UOfl III bothcobon llId .,....·"""mol Hlidots. Opporu=llO> III plhn AIdI
dal:l <hould be: ~.pIoo\Cd .. beK lbe:",,. fOOd tnnluD<; r:auonak. boca.- ouch
~ can flll"lUlb ,mportlnt bnk< ........Ull I'" epodemJoIocic:: oblc"..uoft>
I1>d ,ndepmderll upmmmt:o.ll:o.boralOl'}'t>~ ofJC'fl<'UC damIJc or ClIlCCl"

"~
{al Cohorl Su"/"s, Sd~chonofa cohort for qlldemioloJlC:lI Hildy iI,e1lerally

determ"'e<l by .~posu'e.xuch as 10 occupollOnll Or en'ironment:o.l f:lC1of1 or to
therapeutic tr<llm~nt. fo' .umple. lo",~in,ra(hallon (X.ray<l A coho't 11I,dy il
Ihe desigll of eholce fo, evalua'ing efTe<:15 of hiJ-lt level expo,ure, 10 facto" lhal
are rare in Ih~ ,en~..1popula'ion bUI common in idenlifiable ,ubgroul". A.,uch.
il has been lile fa"oured approach In occupo,ionol ~pidemiol"IY, EJpoIu,e
estImales lfl occupouonal cohon .,lIdoes Ire on.... based on .,ob-expolll,e
mamo:,' (Hoa,. 1982)11Ia1 relale par\lcula, JOb Ill'" f,om a penon's ..ork
IUsto') .. ,,!un lile ",duslriaJ ICInn,lo lI>eIJutetnel\ll Of '0 lflformed ..lllnIl..of
e1polUK k>.... 10 Oil< or st\'er:a! .......1$. lMCC\lral~ 1....uhl1l lhe JOb-
..polW't" mauu.. or u"'" I e<:1 Iisl;n, of JOb lilies for mdn'''''ua1 ",U ..,....ny
bias ..lImal.. of rdauve ns.I< 10000-aro l1ftlly. A in oc:ctIJIRtional cohort
S1udies of analIary e1p(1MlKS, ....-II as 10 Clpmu 5mOke, (:l1\ ... ummely
IfDJlO'IUnI r... llI< KCUnlU ,=== III ofnJk. p&r1JCUJarly if they illten<:f .. nh the
dYntind Ilnder ~lIdy ... are P'*!'* colII"OUl'Illm, f_on..

A.!lhouJb the cohort app'OKh IiDds ilJ pnmary appbnllion ill S1l1dllJl'IuJhly
oposcd OIXUpallOna.l JI'O'Ips. then: are spcaal cimJmswIces ..hen: .....pIes
from .he..--..J population 1Ia,.., been or may be used. EJpolW't" mfo.-ma,lOft ....
a ,"&net)" of far:ton, ,rw:lud,nl demopaphlC' f<llu.«$,. occupalion and smok,~,"

already a,-.ilabk for .....bk numbers or persons ..he panicipaled in S1udoes at
cardJOVUCUlard-. ",uonal health 1ut\'e)'S.or Olher qxrial.tlldies. AlthollSh
lhe primary 'I,ionale for col1e<:lin, these dall ..... ulll&lI)' nol the flllu~

mea.,u'em~n, of eaneer risk. rollo.. ,up of lhe.. &e1leral populal;on cohortl may
be qUIlt ,-.Iuable m p,o_>dmg .uch e.lImate"

fb) C<UM'onlrol S,udltl. Inclusion of a lubje<:. ;n'o a ca..-ront,ol sludy is
baled not o~ .,po'u,e. bUI on disease ItaIU.. EJposu~10 SUSpecl a&.nllamon,
cases and in a ma,ehed ..,ies of non-diseased po,tonS (conlrols) a,e dete,mlned
rct,oxpecr,,·ely. EJposu'e ascena.inme~1may COme rrom direct inl....·ie..... from
medical ,,,,,,,,<Is. from linb,. ..-jlh O<C1IpallOnllluJlories, or from orher data
to=Tbc caJM:Onlrol desipl is be:sl used to sllIdy <dan'e1y rare d........ lsuc:h
as most (IllJ('CI"I1"'hen: CJ.pos~ {Q the SIlSpcct CllISaU\l: a.cent IS common In the
,....,-al popoIallOIl {:!0--30°o oposcdl If lhere IS I '-cry stroI1i UI<X1aUOn
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bc:l""«n th~ canc~r to '1~~iliQn and the ex~ure (for example, angill>oillWnta of
the li"or and ,';nyl ~hloride monomer: mesothehoma and asbestos~ the "1posure
nted Mlbe SO common, b~t the.., are unusual situations. Ca<e-<:<lnt,ol stud,,,, are
Iikel)' to playa biUe, 'ole in the future in "'timatin, risks os.socialed ....ith
exposure to chemicals, The foclJ.S of <allCer epidemiology is turning from h,g),
Ottupational «posum to le>$ intense occupational «posur"" 10 exposures to
agems found in the general em'ironmem. and 10 d,elar~ factor:<: ,n these
situa'ions case<ontrol studies are likely to be most efficiem.

Large population-based case-control studies cond""ted in settings ....i'h a rang.,
of«posure poss,bihues can make 'mportant comributiom to our understanding
of the risk from long-,erm 10'" -level exposure '0 enmonmental contammana in
'he amb'ent air. ,n drink",g ....attT and in food, Care must be taken in .""h >ludi.,
to collect detailed information on all facto" tha' may be relevant 'ocan<:er risk, so
that interactions and dose-response relatlonsh,ps may be properly e"aluated,
Large samples are required, not onl)' to allo.... deteelion ofrelati,'ely low rids, but
also '0 permit analysis of nsk within sele<:'ed subgroups,

(e) /nUrt'em;on SIU,Ue•. Confirmation of the validit~ of epidemiological
Observations from cohon OT case~ontrol 'tudi.. can come from field trial> of
putative pre'-entive allent. and from implementation of regulatory or Olher
moasurcs '0 control Ottupa1l0nal Or envtrOnmental expo,ure..

(3) D.,;gn Requi..mmts fer Epidemio;ogu-o; SlUdie., In general term.. for an
analytical epidemiological sludy to ach""e it< obj=iv.,the requirem~n1ShS'ed
belo"" should ideally be met. Failing thi., Ihe best available dala. carefull~

anal~sed> will usuall~ be beller ,han nO data al all. The requirements are;

(a) inclusion of .ufficient Slud~ subje<:ts .nd sufficient duration of folio'" ·up
aft..,. ",,,,.1 exposure to the chemical to detect the 10",.,t ex....s r;s~

considered important. according to an appropriat< model of 'he t,me
relationships of response;

(b) valid and quantitati"e estimation ofexposure to lhechernical. In quantila'·
i'·e C\-aluation of dose-time--mponse relalion.hips, quantitati"e .,ti·
mation ofexposure ;s particularl~ important, and should indude dose rat<
characteristic> of dose deli,'tT), (for example, whether continuous or
intermiltent~ lime of the first exposure. time of the Iasl exposure .nd 100ai
duration of expo,ure:

(c) idenlificalJon. quanlitalion .nd conlrol. in des,gn or .naly$'$. ofall reb'ant
confoundin, factors including other chemicals ;n the workplace (when an
industrial chemical is under study') and Iif"slyle faclors I...hich ma)' be
rele>-anl 10 the disea.., in qu.,t;on;

(d) quanlitat;,'e measurement ofother risk factors "hich ma~ inleract "'ith Ihe
Chemical under slud~;

(ej minimization, ",'here possible,and OIher"'isc: identification, description and
control offaclO" in slud~ design (or in the study .iluation) which ma~ bias
the .,timale of relative risk a's<Xiated with the v;posure
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A more detailed lfUlmefll of lh. problem. of b.... and of e<>nfoundinll and
inleracting fltClors in epidemiological .,udies can be found in Breslow and Day
(1980) and Monson (l980~

3.2.3.2 DoH-ResJ'OIIH Motkls

For pUrp<:>loel of ri'k estiMalion. mathemaural models Iul,. been eon,'rucled to
describe q..anuLali,'ely lhe do..-respon.. relal;onohips ;n laboralory ex.,.r­
iments and epidemiological sludie.. Variou, model' are genually con';stenl in
pro';ding equ;,,,!cnl num.neal estimates of lhe probabi~lj' of effect within lhe
range ofexperimental obser"'l;on.. They do, how....u, begin 10 senously disagrtt
in many applicauons when eslimales of th. effecl are mad. II dose level.< or time
point, "'en be)"ond lhe range of experirnenUilion. This i' One of lhe major
5Ciemifie i..ues in ri,k eslimalion.....ncc e'1imates of lh. effecl are l)"pically
required allow do.. le'el•. The choice of model or model' is crilicallnd muSl be
made on lhe ba,i' of biological realil)". The choice among models g.....rally
cannol he made only on the basi' of experimenLaI <bta beau.. mOSl of lhe
proposed models are ,u~ndy ftexible so llult they w·ill III adeq..aic!y descrihe
lhe experimenlal <lola,

I! ;, be~....ed llult lhe Armitage-Doll (1%1) multislage model i. the most
reasonable malhemalical descripuon currenlly I ...ilable. Th. impo'tant imp~.

calion of applyinlllhis model 10 10"'-<lose risk estimation i' thaI il i' ....nlially
~ncar al low d....., Linear procedures Iul,.. been erilicized;n general for helJlll
overly con"",,,,i"e. 11 has been shown quile generally (Crump'f ,,/.. 1976) lhat in
those instances when the carcinogen aclS in an additive fashion Wilh respectlO lhe
'pontancoll' background tumours., lhe dose-respon.. funclion i' linear'l low
d...... Funhennore, in many ca... only a 'mall ponion of the backvound need
be Idd;U"e for thIS 10 be '''~ (Hoe~ 1980~ Thus linearity may nol be IS
con...."li"" u il is belie''''' to be. The muhi'tage model and mo,t olhen iJrlore
the ;ssues of lhe difference betw..n applied and eff..,li\C dose. Th. kin.lics
relaling administered 10 'effecti"e' do.. may need to be incorporated inlo lhe
model In many cases simple firsl-o'der k,nellCi is all 'hat i' in,·olvcd. in v,hlCh
case no ,ransformauon of do.. i. required. In other ....tUllions samral;on of
detoxicalion Ind repai, systems may cause non.linearilles in the dose lransform­
alion funelion. Thi, in lurn may prod""" I lhreshold·lik. dose-response
relalion,hip. Therefore. there;s I need to obtain biO<'hern.ical kinetIC informlllion
10 suppl.mentthe basicapplied dose and lumour respon.. dati prior to SLal;.,ical
model filling (Hoel ot 01. 1983~

II should be ,..,ognized thll all of lho availahle melhod, for eXlrapolalion of
results down 10 low doses do not p,ovid~ a u..ful .. lrapolation bet"·..n .peeies,
Som. of lh~ "ariables with Tespeel 10 applied dose can he ;ncorpol"atcd as
mentioned lbol"•. Nll method ;$ nailable for incorporating differing sus­
oep1ibililies of lhe experimental species and man. unless experimenLaI dola and



tpldenuolop:aldata art I\mable rorcomparnon. Hmx, tilt results ofJutb krrt·
dow Utf1lpobl>Ofl caJcu1at>OllS ,...y bl' ma>c:adinl '" lhal l!lty canDOt ",.
COl poille an imporlant 'anable.

The .- of ..rei} flClOfJ 0< -..pubic daily IIlwes lADlil iI an ...tirdy
d1ll"en::n1 prOXleSl from nsk ~b<XI ......1 .....tbemllio;:aI mo6eb. Tbc tlII.ift
dttrcrao::e ilW11II ADI proadlll'C ill mcIbod for 1Ie1111l, op<*U"C 1WKbrd.
and Ib... oncltrcctJ) incIud<$ I val"" Jud.......I .........'wnl-..publc mL The
.....u.e-1io;:aI Ipprood>es OIl tbe 0Ibe1 band. make DO~u bul instead
.....ply altemplloesumale an d'fcalt I Ii'en dooe.. The 1IX ofADb III ..t ....tions
.'!wre 'hral>oltll; arc not r- prily pram' 1$ difficuh be<;:a_ tbeR tllmlcor t>O

ullllenW1<l"'1 of lbe IC"W nsIc It lbe ADI ~e1. "The l<!...,.nllF O(;IS ...., is lhal
'IS ,try Cf\Idenn.s indicall:s ,hat h"ll: II kno"',,- Unfortunalely. a pouibly fllK
KnK or safety or security tnIly be luociIlcd with lbe Ipplication of ADl<.

QuantiuOIi,'o compa.ri••m. between ...,.rious .hon·term testS Ind lonl·torm
whole-antmal otudie. require the U$C of ma,hema,ical models, The obJca;,'e i. 10
reduoe 'he ,..ults of In as.>ay of I panicular c¢mpound to a sinale number which
measu.... PO'en<:} in ..,me lenle, For example, otali"icaI me'hod. are ....ilable
(Sa.'yer tI W" 1983) 10 ""mate I""t dose ll:"ol in an Inima) carcinolon..i. study
\I.hicll would prod""" SO'. lumou.. in a Ioni-,erm .. lIdy 0( antmaIJ \I.hic:h are
DOrmaUy ,umour_frtt The mlll>ematQ for thn prlllXldure reqUtTa I model
.. hicll ir-.:orpomes boIh dow and u_ (for ''''~ ltIUlllSllae model~ Such a
model ..needed. for eumple. .. 'lit operimenllll dill obtained In ,eoU ofless than
Wei..... d""'lion- Otbef muslleal model> t>01 requirin. a lime component ha'"
boa Ct'CI.'ed for pot~ QUlIIIb<XI '" $bon-term tats IUdl II tIw Ames
Sa' wfSIIlest llkmst.... t1 .... 1981~ A/tboC1i1t pot....,. esumab<XI of\el'l_
tIw _lOCDC""bat opeculauve 1DIu.e-1ICII modeb II arc tIS<d til 1oWl-doK nsk
QUlIIIUOD. lha prlllXldure don _ ~ tD''O/Ved ",lh ,be 1QIenti6<:aDy
q__ble process 0( 1oo<4oIe aum&lion-

J.1JJ T1w fiR of Dlff""" MIItkU <>fc_~su

The ''''0 ........bl.. ,,'hieh are ormljor tDIponanc:e in de,enn,ntnl risk. and which
ha,.. 10 be inrorporated ,~any rela,ionship lSSIXiauna expos~re ,,"h risk. a'e
lime and dose_ Bolh lhe,. variables, howe'-er, are compl.x, From bo'h
experimen,al and epidemioloj.ical data ;1 ha~ become clear thaI le>'oral a.peelS of
lime need to be con\id.red, i~ludinl lim. since exposure '1IJ"1ed, lime since
exposure ceased.dura'ion ofexJ>O'u,e and aile. Similarly, 'dOlI:' may be expressed
IS 10111 dose. a'-era,. daily dose, maximum daily dose and so on_ If
dOle ume're:sponse reblionshJJlI ... 10 be eslimaled from dall ",hid> ..e
unlikely 10 be ~eT)" .,"ens"", a"", ""iCC from o'her Ireat of tll'C1IlOJefIe>is and
,oxlOl>locY bas 10 be lISCd In ordeIlO cbarxteriu 'time' and 'dOle' In U)" ..-h£b
are bioJop::all)' ju:su5cd and red.- lbe problem 10 a manqeable form. llul



e'p<rience is most rtad~y ""prel.itd in termS of gtneT31 models ofcarcinogenic
actIOn.

Exp<rimental 'tudi.. ha"e demon'lnned the mul\lstage nature of carci·
nogen..i, In lermS of initiation and promotion for a numbtr of oit.. of ,,'bicb
tbe skin, ~"er, bladder and mamma')' iland provide the mOSt e.pbC'ite..ampl.,
Epidemiological data ,uU..t that much of human carcinogen.." is abo a
multi'laKe process. In tbi' section "'e consider the consequences ofsuch model<
for the treatment of 'ume' and 'dOK' in dose-time-response relauonships.

In mu!tislllge models it i. assumed thaI a callCer arises from a single <;<:11 which
has undergone a seri.. ofchange.. al lea't SOme of which lake plat(: in a specific
sequence. These changes consiSt of transitions ffOm one st.ge to the ne.t, and
agenll ,,'hieb increase the cancer risk do so by inereasini the rate at "'hich One Or
more oflhese transitIons oct\lr. The details of these model< -=an be specified in
se,'enoI ",a)'1. bUl in Fnenol lerms tbe differenl specifications lead 10 similar
predictions fordose-time----response relationships. Alll""t is required is lhat some
lran'itions may be termed early.St.ge transilion' and some late·stallC lran.ilion"
Other model' have been proposed, SOme of ,,'hich fit "' least pan of the .vailable
data reasonably "'ell, These model' may give rise to ' ..ry different predictions of
tbe risk at dose levels belo"'the observable IllTlge, The reaSOns these models .re
con,idered less satufaetory than tbe multistage formulation adopted bere are
basically biological reuon.. A large body of..p<rimenlal data has atl:Umulated
whicb demonstral., lhat carcinogenesi, i. a process in"0!>-;n1' succe:ssion of
cellular changes. Any model of carcinogenic process should incorporale this
multi'llIge sequenlialaspee!,

Conlinuous ""posure at a constanllevel ,,'ill be considered fil'S!. In lhis case,
after e.posure of duralion I ata dose rate .0', the incidellCe I of. specific tumour
lype ,,'ill bt gi'..n by a function of lhe form:

I(r, d) _ i(d)b(r) (3, I)

"here 1(.0') is a funttiOn only of dose Tate and h(l) a funcllon only of time. both
pe,haps different fo' different tumour types, ThaI risk can be faetortUd~a

consequellCe of lhe multislllge model and con6rmed by botb e'p<rimenral arid
epldemioloiical observarion'-into a dose term and a tIme term has important
consequences:

(I) The measure ofdose of enucal importance is the dose rate. If one 1IStS in an
...pression for risk an a1teroam.. measure ofdose, such as rhe tOlal dose, rbe
model may gi,.. incorrect re-sults,

(2) The same function of time isappropriale fo' differentl.,.'el, ofdose rare. This
independcllCe of the efftc1 of rime arid dose in.'alidates ""eral of lhe uses to
which the COncept oflalent period has been put, or e,en Ih. "'ay il is defined
(see Peto, this volume~ In panicular, rbe idea lhat latency increases. wilh
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decreasing do>e to the point where no tumours are 10 be expected ..,Ihm the
normal lifelime, i. not .upported.

In most mult"lage mOOel. lhe fUllCtion. g(d) and h(r) ,n lhe e,pres,ion for
incidence are well approximated by .imple power fUllCliono:

I(d,l) _ kd' " (3.2)

Thi, expression pro"ides an excellenl fil 10 moSt data on continuous exposuf¢ to
chemicals wilh • Iypically betw'""n I and 2 and fJ aboul .J.-S, fining pow-er
function models of this type can be of great ,'alue in expressing tbe ""sic risk
retationships undertyinll exlemi.'e <e1S of data. The resuhing do<e­
lime-responst estimates are ,uoeinct deKriptions of risk, certainly of U5e for
interpolation w-itbin tbe range of observatIon,.

With exposure of timited duralion, a grealer di,.."ity i, ...n in the w..y risk
evolves w'itb time, a, indicaled in Figure 3.3. Algebmic expr...ion. for the
pol.5ible way, in w-hich ri.k evol.,.. can be comptex. but lhere are two "".ie types
of behaviour, corre,ponding to wbether Ihe principal mooe ofaetion of the agent
is earty·stage or late-stage. Ikscriplion of the observed e'-olution of risk aftor
"polure has been discontinued can be given, at lea§! qualitatively, in terms ofa
muhistage mechanism. even though no pred« funClional form i. used

When the expolure acts in conjunction with olher factors. the age at which
e.po,u," begin, i' oflOme importance. The elfeet ofageal which expo,ure begins

E,,,,,.or'lIoiol,
01l0<li09 1011 ,t09"

E,po"" 'M'
TIME -_

E'lIO"rt ..".~
on'<1i'9 ,oil, "09"

Fi,U," 3.3 Tumour incidenct for llmi'e<! Qr<in0i<JI <'po,"re
Ir>cidenct "01>.. in differen' ""'r with time. dependin, wli"h<,
exposure 'lfectl earl) 0' late "',eo
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on the subsequent risk depends on the stage at wh;ch 'he chemical primarily acts
(see figure l.4l Ex"",ure 10 chemicals wh;"h act mainly al a lale stage will have a
rapidly increasinl ab<olutt effect "'ith incrc;l$lng age al the bcpnning of
.."",ure. AaenlS actinl al an early state will have a roughly eons",nt aMolute
effect, The algebraIC form for ..pressIng the effect of age al the bepnninl of
exposure may be compl.. bUI can be l1'1CC1rporaled in a multi.tage model, at least
in a qualttali'-e way.

-<•
•
•••

••,,,
•,

FLIU"').4 The eff..,1 of If< a, ,,'lIioch ..poou", hellns on
iUbsoquonl ri,"". Inlenup\«ll",.: ",Ill",. n.k. full hne. e=
cane.r d.ath. {or .a1lC<r .....)

In e.pressions (3.1) and (3,2) S'Hn at>o>-e, tbe oot assumpllon has been made
lhal most of tb. tumours obse-roed are due 10 the e.posure under consideration,
Thi. anumptiol1 may be adequal. at hl&b-<lose le"ds, or on e.perimental
.itualions .. ber. 'pontaneoustumou, are: rare:, At lower dose l.,'els and ...hen
tumours OC<"Ur in the e.posed popuLation ill a result uf other causes, modifi·
cation. are required. In ..pression (3.2~ the rate" wb;"b the transition n>duced
by the ••"",ure OC<"Urs is tak.n as directly proportional to the dose. If two sucb
tran'ition' are «posur. depend.nt. 'hen lh. rat. of their jOinl OC<"Urrencc 's
proportional to th. square of th. dose. and so on. If, ho"'.'-er. these transitions
can OC<"Ur spontaneously or as a r..ult ofot""r causes, lhen one migblassume, as
an apprOXlma'>on. 'hot the rate of l)Oi;u"entt of an exposure-<lepend.nt
transition is lb••um ofa background le"el and a level proportional to dose. The
rale of this transiuon WOuld then be given by a+b'd, ",'here a is the background.
d the do.. nU. and b the lran'l1ion rale per unll dose ral•.
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IrsnertllrtMlUOlll depend on IlK tlposure. lhen tht: ralt of1XtIlrrcncc: 15 !be
prodUCl of ,he TlII~ of ~1T(l'll;lI:of eao;h lra:Wlion indcpcndmdy ancl eatl he
""um .. " I",,,, b,ill Ue.. Andcnon, and Hod. both in IhlS "olu_l

ThIS Ciprewon lhoukI rtpI:aee ,he p<:YVlCf funclion d',II",preMion 13 2kto 'ha'
the ",-enlI ...prerwon for uoadu ..... ,ben ukco ,he fDnll

If!/., 'I - ..," • b,J}I' lUI

This form 113, ..auld he more apprOJlN'. It dose Ifeo,cls I' ..hdllhe Illcr'eUC 11\

risl IS ImIl1.

J.1J -#~ blrllp<llltnlD<r"" RuJ< ,...... 1\,

It II oflCtJ "'" poAIble '0 eslUUl. ,he fda,... or aboolu[e~ nsI: [0 lI>III I'

."y ...posu~ Ifeo,el. mudllea '0 dl$CflflllllOl[. hc1....... 1DOdcls.. bul II ) he none
the lea tJKl"ul 10 dl>CUSl the pnllClplco undcrIp"I lo.. -<lote "apola"o,,_
LllCCI'tadllY of the form oflhe dose. .... and Umc dependence. samp!lll' CITOB in
the olI&cnfd~ mk and llIaCCIIl'aCJC< 11\ eslUUlcs of ...potUu 1e>..1 all
OD1Itribute 1o 1M .....0.... helhC1" TlIndom Of .yotemalic.inlheprcd1C1ed ....kll\ow
e.posu'~ Ie>'d.. The conlldcnce tha' can he placed in such I p<fd1C1lO11canlIOI he
.......cd even 'luahu"\~Jy unless the .etauve ,mponanot of IMw f,.;,on and
lh." likely effoc1S a'. COIIs>c!ercd indi\'iduaUy, Fo. namplc. the ISC Ind ""'"
depc"d.nce ofcanc.rlcaused by..beslOO au kno"'II, a,I..5Iapp,0.,malcly. Wllh
rca50nabJe eon~de"CC (Pelo ~I 0'.. 1982~ bUI available ••po.u•• dill I •• poor and
bene. "'JlO'ure data and belle. informal;on 011 Ihe ••louve eaI'Clno.cnlClIy of
differenl fib.e 1i«J a'e necdfd bef"re reliable d....·.pocitic .ilk p.edICuonl am be
made for Ibis a&Cnl, In eOntrlSl. dala "n palienll lrealed ","h "ariou5.lkylatlllll
.genll may 50011 ."'. quile prcci.. eslimales "f lbe ea"CCT .ilk caused "ilbln a
dtcade 0' so offirll ",polu.e 10 ac:cuTlilely kno"'11 doses.. Tn.longe. I....m pan.m
of cx= nok. ",l~ hO"'C'\l:'. nol be known for many y..rs.and lbe .ehaholily of
any prcdietion ...tl depend la.gely on 1M pla.usibdilY ohh....pe<:t of'lIe ....umed
model it ..ill ha,'. 10 be IlIfctTed by analogy .."h lhe obJCned dfCCl.5 of other
agmls on man or f.om anlrnal"'pcnm<1Ia

Srin"1.... " .WaMl/<X ,..~..,n- ~"""'nt€~ It< a &uufctr b"opoUulD<r T10c
_ pIa_ble mull,.,.". modd JbouId m principle be choIen '0 dc5mbe 1M
l:ildydfcctl of I""" and dllt1l00n ofQpos;ure- Y, 'hc1hcr. $lIIP modd CIII be
tdocu:d ..,I.b y ClOfIDdmcc: ..1II dcpcDd 011 tbc a,~bihlYofhlll\Wl and IlnIllIal
data on canoen and ..~ 1Iooa'C'\"(t. and If \....- mocIda .......
10eDuflcaIIy aoccpuble. ,be predlcuom JbouId be calculaled for -a

T10c importanocofptCd1C1Ulf lbe umc «pclldc""" CftOTflelly illl1llalra,ed b)- the
marked dllf........ af,er cbIeonlmWllI ....POSU.... hc1"'Ur1 aoeM Iutlf cano:a­
iocides..... m aprctlc Sl'DOtcn.. ..'1PdI .~ appro.lllllllo'd) OlIftSIan' afIcr



Uf><loOUtl' ba$ <;eased, and the inadeDa: of _.IleI1OCDa follo1o"'l ubestOi
aposu....... bJcll CO<lun_ to me .. the Ihml eM' Iu&her pm.~ of lIme. 1'ht hf,..
IootI kIn,(:llll;C1' mk cao>OCd by smokml for IS yunand Ibm RopputJ _y til:
lDOtI! l!wI an order of......,unodc loOler l!wIlbat ofa hfe-!oft, smoker IDolL
1971l~ but the _"""'-' rt$k c:auted by IS)Un' n.poIUr't to asbcoIOI_Y
wdI til: aImoallU Iup .. !hat Clused by hfe-lont ubestOi ""fIOSIIll' al the .­
00..

1'ht e>.amplt oflUbeROi abo illustrattl the IlllpolUftCl' ofllJli' at 6nI o.pooure
and the floC! Ihltlbe _.,.",1 may act qlllte dllrer.."Jy for dllr.....t c:anoon.
Asbl:stOi uposun: appean to muluply thl: lun, c:a..,... flik c:a1l$Cd by smok,n,
and tM ltlbttqlll'ntab$olute risII: ittcreuc:s .'lIh. alld cipmle co.....mpuol1
but is 1101 5lroftaJy dcptlt(\(:nt 011 1ltt>l: lln<:e 6m exposu..... For mesothelioma.
ho"'"(:"tr. the: rilk depclldl mOI1g1~ Oft time littOl: lIrsl exposure to ubtstOl. but II
bardl~ affected b~&lie Or Imokmg, Thi. explatnl. alleaSt quahUl1i"el~. the: marked
'-ariation in the ralio of mesothelioma incKlenec 10 Ihe absolute eX<>:$ll of luna
ca.n<:e1" obxrved amon, in,ulation "'orkers (Peto er ai. 1982). Thi' ratio felllU age
of exposure to lUMstOllncre.o.sed. from aboul I: 2 ,n .mokenlint exposed to
UMstOl at ace 20 to about I :4 in .mokers first exposed to i15btstOi in thl: ...rl~
mx:tdlo- ate. b\lt ........ order of rnaJl'''tIde h<&1lee-.. non_smok,n, ",.tllat_
..orken.. u theat cano:er flik ..... ,.".,. 10.. T1Iesc cia ..uusU*te ,be '1\1111'1&11'-':
I '''I''Ot of modd-<Iepencknt err..... 1'ht rouply t fold effect of lIlOdcrate
'-anation in.. al 6m upoou.re ,oubtstOl_.,IIdl,lWQ! workm _y lIOI til:
.......i<knd.uy Illlport&rIt; b\lt the error .."OU\d til: IIlIKUpIabl) brF oJ...a. cia...
~ UKd ..llbov.t~ for smobn"o peedin hulg CiUICI:r lI1C>de"oe: III_,m "'mboaWyuposedtoubestOl ........1KIm «h I. _y Il1o 3
.... \UI>O$ u mm_ .. Iu..n, ClIICer

Se/«""lI''' DoM-Rnpooue Mohl T..'O I)-pt$ of~ 1SIoIIdeh.1II til:
brietI) eonsockred bert. hne2r and mixed h_-<J1l&draue.

(I) Auwy'''''' "I UNiw Do.-~. The dose-respotlK for e1w:lltJQ)
CI~ mayoflcn bl: roup]y linear, b\l,al leul thr« human canoen for
"'hoch dose-mpon.. data an: u'lJ..lable (lo-ukaenua (ollo"'inl ionWnI raehall\1n,
lung ca."",r ,n smokers. and oesopha&ea] ClttOI:r related 10 alcohol consumpuonj
do nOt obey loch a relalionship (Tuyn. et aI., 1917; Peto, Ihis volume~ The
nOl1-Iine:lnly o( leuhe""a risk caused by ion,;einl radiallon may "-ell bl: due 10
edl-k'lI,na. and il ;1 re.o.s.urinl lhal fOT lhese olhtr t..'o eumplts, and (or _eral
...itIlal cal\C:t1'$, 1M oxpon<Ttt of d"'" appeal'll 10 til: JlUter lhan unily_ The
usumpl>Oll o(hnear dosoe-resl"'ru.e \O'ould therefore tend toovtn:$umate the mk
a,lo... doxs for 1!lQe~On lbl: Olher hand., ,here are eumples in «her
animal 'ltlthes of.ublmcar dose ckpcncIenoe (Pao. this ,oIumc~ and linear
Qtrapola\JOll may IlIbtwluaJl)' Wllkreslillllle Lbe Io.. -dose nst for wmc IIUllW1
~ The UiUI1lpOOn of Imioar doIc--m.pot'I$t seems a Im5ible and
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Pf1C\il;ablc ton.'etlllOTl on wluch 10 base ris~ estimation for rqulatOl')' pIIrposu.
bur il call1'Ol be JaId 10 be uniformly COfISen..I.tR

E:lposurc estImara fOl" mdUflnal camn........ ....wI)' '''fY ,naccura\e,
and this IatI'I mw 5bould be Wen ICCOUJIt Cli exp/Jl;>tIy in any do5c-raponoo
analym. l'be Iular rebuonabJp, nd: ." dose ... I>+aTOf. Cli c1eM'...a! Iular
rqn::ssoon yxlds oml>wcd ell_res. .. and KCli tbe (\tffio "'Ill of dooIe. ... and
of rh£ nslr. allllfO dow. I>. bul IatI'I emn in doJe ..'ill "11C!l rlw leS! _ hne.
red......... ,and 1IlCI'ftaUlJ', The-..JltsUF'equauonl "" (<<-"can be ..."nj:ft;
loll -.- ",ldolc!. 1>. and rh£ exponmr of dooIe.II, ..-.Illbndon: be UIIdcr­
estimared ill rh£ .........y rl"'*".... estImated IIlIaUl:aIdy 111.... fOl" IClI.lDp/It,
Iuft& ca.ncn tllC>derloc: formula UI CO'UlOIWIg smok.... appean 10 be &po
pl'Wmardy proport>ocIallO daiJy "pRm CO"$'llOpUon III lle>uaJ atucl_ bul
tbe most IlCaIl'ale data suuat .dic:ant uP'"'vd cun:at"'" IDol atId ~o.

Im~ Apparently Iular rebraonslupa may rb=forc UI faa be qlladl"ll>C. atId
appan:ntly sublu>oaf rebuonabJpllmcar

PI V........_ '" SOisapublluJ_ SubftanlW '-a.riation III luoapubobly to_
,,.,,,...11011 11M been demonsrnllcd III apparently ......br atIdl>IlI atId llIIy alto
OCCUI in IDalI. One effect Cli.l>Ch variluon " ro reduce the elUmatcd ex""""nr of
dose ,n rile 'I\COdl:nce equauon.u allo..· dOleS the eff<Cl of vanable.~bibly
is similar 10 LIIe .ffect dllC\lNcd abo'-e of randomly \'Il<yin. LIIe dose IL each
IIOmJnally IIm,1ar dow ~l. In hJp-dose experimenll, the e>.poMllr of lime llIIy
allO be reduced. as the moslluoceptible animallare .limll\lIcd. alld rile "".I"lll
inodenoe II old.... aacs faUI prO$"'Sl,,'ely belo...· rhe rrue curv•. P.,.,.ilh (1981) hal
Iho"." rhal a rrue po" .... of lime of _bout 5 llIIy well have b«n reduced ro 3 by
Ihi' .If,,,, lII.x]le"m.nll in which mice: we,. painled w;rh benZ<l(I)pyrene. Thil
mighr allO lOCounr. ILlea11 ,n parI. for Ih. reduced suSl:(:ptibilny 10 promollon in
old age observed ,n 'nllia!ion promOLion O'por;m.nll,

(3) Mixed Lwar ,,,,.I Quad,ar;,; Re.poltM. Th. Lhcorelll;ll formulanon of
dose d.pen<koe< for cancers lhal .110 OCCUr nalurally. oULlined In secllon 3,2.3.3.
implies rhar .ppare~rly quadrati< d..........ponse eurva are likely 10 conilln I
lubltantlll b".., componml. Th" may 11001 be detectable ltarillll;llly. "",",,'ever.
II in the observed d_ I"lnae rhe quadrari< rerm may dormnate..ncl ,n any caw.
linear ...omponml could be an anlfact due to the effectl of dosolmlr) <'f1'on
dioeUIIcd _1:ocwe. Sl>Ch a Iular component ..wid. how~'ff. ba\'e profwnd
lIIlplicatiom for "",..so.. arrapolaroon. SUppoK. for IClI.lDp/It, Lbalthe nd: Cli
Iuft& cancer due Lo omoIrlllJ .-en: proportional ro (I - COlIIWtI ~ ~t' ...·here "
1$ (number Cliapmla per day) ~ 0.2. The ddfamce be\...-een IUlllOdd and •
purely quadrabe UCCIS nslr." ......." in tbe follo...-1n& IabIe IRR _ rebr...... not;

" - apreI'" day ~ o.n
The IDOdeb do _ ddf.. J1fttly in rbe oboer>..., I"lIlFo bul II ....~ tbe

qlIadr:obe model UlldcrCllllllltn rh£ nsk by ~-..raI orden ofmapnxle. Foc low­
~ auapolal>Oll. lherd'on:. !be IarJCII IiDear compcmmr UI _ Iular and
qlladnobe lrlUed model _en' ...,lh tbe data sbouId be __""", 11'\"" If rh£
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,
1.000006
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observed data appear perfectly quadr1llioc. If the exposure data an: so poor thai
Ih.,-. is Iinle Or no corr.lation bet.....,n ...timated d"'" and risk, a crude but
effecti... d.vice for finin, a linear mod.1 is simply to .,....g. t!le ...cess risk and
dose cslimates. ...·eighting by t!le number of individuals at each d"'" I.vel, and to
draw a straighl lin<: throu&h lhis poinl and the origin.

(4) I""pprapr",'. Dou and Rt<",,_ Meas",... Th. preceding examples
illustrat. some of th. 1'.....rror' lhat can arise if the dose--responllC ,..lationship
is formulated incorrectly. O1h.,- eommon SOu..... uf error of ...hich some
...amples arc &i>'en by P.IO {this >'olame} ... t!le inapprup!iate combination of
dose and lime in a sinik 'IOtal" or 'cumulali.'e' dose ind...; the analysis of
p,..val.nce rath.,- than incid.nce and the misu.se of latent penod, .ith.,- as a
measure of exposure or to infer th. existence of a safe threshuld.

3.2.4 Pra.lical Applications

The u.se of quantitati,e risk ...lImates for regulatory purpo:s.es is a subject of
d.bate and nO consensus has been reached. Quanlilati.'e e"rapolal;on of
""PO"'" data from expenmenLl.I anImals to man Is particularly contentious. This
soc,ion descr>bes approach.. ltd.' are commonly used_ They .hould not be
n..,.,.sarily taken as models of good pra<;tioo.

Mosl countries td.ve adopled some form of legislation ... hich mandates the
prot".;t,on oflhe public from exposurelo tOXic ehemicals. Some legislalion mak..
specific ",f.rence to .a""nogens. som. CO>'or .amno,ens ,n more general health
pro,iSlon.. Th= ,ariousauthorities ita>'e been developed at diff.r.nt tim.. and
incorpora,. a var;Cly uf legi.lali>'e approaches, especiolly ,"'ith respect lu risk
I$SOSIment For example, in the Untied Slates. some slatut.. require that health
s1andards be l<ehnolugically r...,bl.. 01 hrn requi'" balancing risks against social
and <conomie fa.:to.-s;and SOm.ar. health based without regard to economic or
t".;hnologica.l feasibililY, Th. role of risk USel$ment is dlfferenl m these various
approaches. and there is no uniform appruach '0 risk alle$Sment from the
leiislau,e slllndpoint.

ConSiderable ulKtflllintiaare invol.-a! In Ihe allmanon of ri~k from e~posure

to susptcl carcinogenic agenl" Most oft.n actual exposure data are unavailable



or iorompk'le. Tbtr~OI'e, I5ILmaII5 of eIjIO§ure of human popuu.uons mUSI
,ener1I1y rely on I 'lOnely of lSIumptions "'i>id\ ga>efI,e many ul"lOOfWnUCI.
Consi<\I:rIbIt unomoml....... Ilso in~oh"Cd in C1tn1po11tion (rom IuP dooa ,n
lhe obicro"Cd~ raIIil' '0 knoa doses of"'~ 10 popvlauons II nsl<.
AddiODnal WlCCrIa1n'....... m\'OlYod in lbc utn.poIIuon from I.mmab 10 .......
(rom (lI1l hfCUII'C oposurt: 11"''''10 panlll hfa""l:o.~ from 1orI,-ImD
kno -dooof: Ol"*'fl:'f '0 sbon·1<11Il h,."",,,- oposuru, ac. In fhon. lben ....
unc:awnues ....oh"Cd ... botb qlOlbla"'''' dc5cnptJoo> of~ poImual In

lbc a'-"<:c of hllllW\ 1Iud>ea and In qlllDtilati>", estimalCO oflbc lDIpl'lJdc of
lbc pubbc hcallh prol*at -.-ted ...tlI C1poRll'C 10 poxmtlll carmtOfll'lI.
B«:a_ ofcompe:IIm. prw;uo;al COIIlIDI;\a'ations IIIIIia1)'DIJ pubbc hcallh prot:oc.
lion poliacs. qUlnUla~ nsl< all""'I"'" IS n=clcd ... $pI<e ol 'II 1llIOmIIll.....

kottntly. I com~"'... poImcy mdhod has been UKd '0 csuma<e C1.1lOtr nil:
(Hanis. 1981; Alben. tlus volumc~ Wnh tlus mclhod, lhc CSWllluon olet.na:r
m.k of a cl>ctDa:;:aI ww;Ier co. '" ra""" ts baed on tbc nsl< for In CIIIbbsbcd
hUIDIII taiculOp'~ lak"" inlO _nl thell rd:au.... potcrII:IeIlS dtttmllned try
in r"tl> and ill ....., '*--y dat.L lbis I ...... ,*,h bas been found useful in
coumaung (:ll'>l;lI'f mk from d>ad mlP"" particub.'e ohaUSIi bued on the lun.
ClIlOtr responses in humans..-""ted ",j,b coke o"m .nd roolin. tal alI'SIIOns
and C1prellO smokc lEPA. 1982~

Tbc ronvmllOnal,ollCOlop:a1 approach '0 dct.mun.n. acceptablt lr.'cl. of
OpoaUTC tw bfcn il'""raUy used In ,he $0>';", Union forClJ'Cl""l"n. (J.nysevarl
aI" thi. ~olulM~The acceptable dose i. d.termined b)'lpplying I ufc'y fl/:lOr '0
,he highet' dose ",h~h don no, produce an observabl. 'etpon~,Th. magnitude
"fth...fOly factor i••'burary and 'akes into aerount ,he poasibly grea,er .,'....g•
..,n.i,i.ity "rhuman, C"mplred to anImal. and Ihe ellen, to ",h~h tome human.
ar<: more .USDlpublc than ,he .''''...g. indi"idual,

Quan,ila,;,'e nsl; esumal1onf, and ;0 some <:a.'iCS ..re'y fac,or .pprOOlCbes, ha ••
been uoed '0 ..,t pc:rmwiblc lc-oel' of cxpoau'. fOT • Vlnc'y of C1=ms\.lrw;:u
in~ol~mg prO'(lC\.on of workers., food Slret). drinking ....t.r safe,)'. pc:$utid.
reJidues in food and .n..."",mrnlll rt:lcasesof$Ii$:p«I carti""l"ns '0 ,he' amblen'

air and "",tI'
In olba =mslltlOCS, .·here ,here has bern inad'-.rtC1lt "'po$UTC of

popuIa,lOn i<.'iJllCIlli '0 potmllll~ qlllftuutivc risk COllmallon bas
...ovded. mformauon rq;ardmJ lbc u<JC1lC)" of • pubbc bcahh problem.
Examples udlJdc nsl< '0 populallOR$ auoaated ""lh rdeua of potenuaJ
~ from uncontn:>llDd 1. disposal ..' .....OP<>!"'UasIoOCIIled ."h lhc
.... ol UlQ-formalddl)'lk foam ~ IflSlI1ations and the pro,.eted pubbc
beallh burdm-.-,ed ",'uh poImuaJ .ldesprea<l mlrodllcno,. ofcbesel CftIllIQ

in lDOIor >'dudes.
\lr'ba"c tbcrc ill ncallO baJanoe nob apIn$I SoOCIIl and ec:oolOlll>< WiItU,ts In

deadml pubbc bca!'h po!ron ~ti>e risk eIIJaIa,_ bas been III<Id '0
pro>ide rou'" _ of huard. fOt' namplc. suc:b bUanan& deasIoId are
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required under 1""0 "alutes i~ Ihe U~ited States: Ih"'" i~"ol"ing Ihe usc of
peslicides (FiFRA, 1979) and 10xic .ubstances (TSCA, 1977~

For lechnology based sta~dard .. quantitalive ri.k eslimalion has bee~ used to
estimole the residual ri.k afler applicatIon of besl available technolollY; ,hould
lhe residual risk remain relali,'ely high, technology foreing "andard. may have to
\>¢ sel.

Finally, there has been a praclical need 10 scI priorities for regulatory
consideration lnvol,'inga IarllC number of polenlial camnogens. as is lhe case for
ambient air. Relali"e careinogenic potency, logelher ",ilh tbe Slrenglh of
biomedical evIdence indicating carcinogenic polential a~d informatio~ aboul
levels of exposure. bave bee~ used to sct regulalor)' priorities. Also, .och
stralification of l\azardous polential i, being invoked to prescribe Ihe mosl
appropriale di.posallecb~iques for ha:r.ardous waste, c1ean.up of toxic spill. and
lhe extenl of dean·up fOT toxic w:Ule Siles,

In summa')'. a range of practical consideralions require informalion aboullhe
e"enl of risk, Large uncertainties are invol"ed in currenlly available risk
assessmenl lechniques. Unlll more i, known about Ihe mechani.ms of
carcinogenesi,. Ihex uncertainties cannot he removed. In addllion 10 inherenl
uncenainlies in ri.k assessment approaches. data for evalualing ri.k associated
wilb indi'idual chemical. are ol\en inadequale: nevertheless. public policy de<:isiom
must he made and 'hould he made on lhe btii' of the hest available evidence.

.U.S Co"d"'io,,"

(l) SuffiCIent data for a complele quantltalive modelling of Ihe Iale effects of
chemical' in bumans in relallon to do.. and time characteri<lics ofexposure have
been rarel)' a,...ilable; if nailable, .och data have often been limited by Ihe
inadequacy of recording or ,ubjeclive recall.

(2) Most chemicals exert multIple biolog:ical e/fecl' many of ",hich may \>¢
useful mdicaLOrs ofhuman hrollh effocI', Multiple endpoints ha,.. nOI been used
sufficienll)' in large-scale epidemiological .lUdi...

0) Quanlilalive assessment of cancer risk requires extrapolalion of human
dala beto",' the range usually observed in epidemiologi<:at i"''''ligation, such a.
thosc of """"pationall)' exposed individual.. The eXlrapolalion shOuld be based
on the mosl plau.ible rnulll$\age model wbicb describes Ihe inftuence ofage, lime
and duralion of exposure, Thi. is not always a straighlforward proceu, and in
some situalion. significanl errOrs have been made in formuiating Ibe scienlific
basi. for a panicular risk as'"""'-ent.

(4) The limited e.porienee available from human studies ,uUe'" lhal, in mOSI
ca..s. the exponent ofdose In Ihe dose-respon.. funclion for carcinogens i. nOI
less lhan unil)',

(5} Ideally. chemical! ""hich are hazardous to health ""ould be idenlifieJ
hefore appreciable buman expo,ure has occurred, and Ihen exc:luded from the



70 M"rhodJ fo' EJ",,,arUlf1 RiJk of Chmurallnju,y

human ~nl1Tonmenl The early idenlificatlon of chemicals whleh produee lale
adve"", effecl< depends. in m"'l cases, on the resulls of .tudies in e1penmental
animal', The use of .xpenmentllJ 'tudi.. for this purpose could be greatly
Improvod by an adequale C<lmparison oftbe .If""" in humans, anImals ~nd olher
biological .y"em, of chemIcals for which human response d~t~ are available,

(6) RIsk analy.i, and projection ofcarcinogenicily dat~ may be aidod by lhe
use of carefully ..Ieclod malhem.alical models wh,ch d=ribe tbe relation,hlp
between incidence and dose. Th. choice of model used for quanlltauve risk
anal)'sis ha' a profound influence on the magnimd. of risk estimalod, panicu.
larty al low doses. The facllhal models are compalible with currenl knowledge of
underlying mechani'm' and fit data obtained in animal and human studl". does
not prove thaI lhe und.flying a"umptlons or the extrapolalion are correct.

(7) Ri'k eSlimal.. d.ri,'ed by usmll the linear non.threshold Ulrapolalion
model are commonly r.garded a, plau,ihle 'upper limil' ..tlmales for the 'peel..
under con,iderali"ln. h 's not likely lhal the lrue ri,k< would be much higher lhan
the risks eS(lmalod with I linear model, and il IS po"ible lhll lhey could be
considerably lower. Havlng estahlishod the upper limit of risk. i"l.",pecies
dIfferences in ,usceplibilil)' should be taken imo aCCOunl How'e>'er, for m",t
chemIcal,. data on lhi' Importanl '.uiable are nol available, Give" lhese
conStraint" upper·limit ri'k e§limate, may be u-efuL

(l) J)cvelopmenl of r.gulallons for. or legi,lalion on, lhe collectIon of
quamitlll;,'e dala on occupational exposures to ch.micah for wh"'h lhere is
sufficient ..iden,," of camnogen",ity or mUtllgenicity, with correspondIng
records on those ..posed. 'hould he Jiven a hIgh pnor;ty,

(2) lnl.malional guidelines for "andard procedures of measuremenl and
reponing of camnOllen, or mUIager>s In lhe workplace and the general
environmenl should be established 10 facililale amalgamation of dala from
differem 'tudi...

(3) Efficienl acceSS 10 ....nlial dala. especially of lnd"'dual records of
occupalional ..posure 10 known or su,peetod carcinogens and mUlagens and 10
individual dealh record" should be guaranl.od by law ,ubject 10 appropriate
melhods of privaq proteclion.

(4) The fea,ibillly and utility ,hould be uamined ofcolleclion and 'lorage of
bIologIcal and .n,ironmemal WImple, from indu'lrial ..Iualions. for subsequent
exposure e'tlmation In ca-e<ontTol Or foltow'-up 5!udies and for other purposes.

(S) A reposilory of informalion about coll«hon, of biological material
from identified indi"ldual, or environmental samples from ldenllfied .xposure
,ilualions, should be establi'hed '" that n could be used now for lhe purpose,
hSlod In (4) abov.
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(6) Wh~re possIble. data should be collecled at autop>y on Ihe dimibution by
organ' of carcinogenic or mutag.nic ,ubstances in .~pos<d mdivldual$.

(1) to d.-o ""'thod' of mea,uremenl of pa,t and pr.sent .~posur. 10
carcInogen, and muta,.n. and early indicato.. of th.i, action should be
d.veloped and used, Epidemiological ,tudi.. ofeffect, 'uch as benIgn lesion' and
chromosome breakage may g",'e early and sen"ti,'. uarnin,l of more ..rious
consequenc•• of ..po,ur.,

(8) InternatIonal registri.s of hIghly .~posed group> should be e'tabli.hed to
focilitate subsequent follou'-up ofthe incidence ofcancer and other late effects of
expo,ure (for exampl•. persons in>'ol>'ed in industrial accidents with ..posure to
chlorinated dibenzodio'ins. person, wi'h acciden'al heavy e'posure to PCB,.
persons in>'olved in the manufacture of pheno,ya"'tic acid herbIcides and
chlorophenol$)

(9) Exposure 10 chemICal carcinog.n, in medicin.s. with ,pecific dose
information, 'hould be register.d for ,ubsequent hnbge 10 data from cancer
su,,~,llance sy'tem•.

(10) Existing !>.anks of data on indi>idual•.•uch a. the US National Health
Examination Su,,'.y•. 'hould be .xploited more .xt.nsi'-el) through hnka,. with
canc.r registries. death regis"i.. and othe, disease su"'eillance 'ystems.

(11) MultIple .ndpoint•. 'lICh a, indica to," of somatic cell damage. germ cell
effect<. evid.nce of carcinogenesIS and other blolog,cal effect•.•bould be
considered for indu.ion in any large·scale epid.miological stud}' so that the most
.ffici.nt use i. made of the avaIlable research resoUrce,

(l2) In tb. absence of biological evidence favouring a contrary approach.
non.,hreshold linear extrapolation of human dose-respon.. curv., 'hould be
used for pragmatic .stimates ofCancer risk at low doses of carcinog.n•. In mOSt
in'tance,. thi' approach i' likely to provide a plausibl. upper bound 10 th•
•xpected ri'k

(13) Pro.-i,ion sbould be made for independ.nt ,.>'iew oftb. "'ientific ba'i' or
rist a,..ssm.nts prepared for regulatory agencies.

(14) Mor. data on known human carcinogens from .xperim.ntal system, in
dt'o and in .-ilro sbould be collected to permit quantltahve cross->p<C1es
comparisons of cardnogenic and other relevan( re'ponse"

(15) A focused programme of .xpenmental ,(udies (bioas>ays) of carci·
nogens. for which quanti'ati>'e dose-time~....pon.. data are available in
human•. 'hould be initiated so lhal the corresponding quantitati"e respon..data
become available from in t·;.." and in "i"o expenmen'al S}','ems.

(16) The mathematical model selecled for quantilati'-e ri'k ..,timation 'hould
be compatibl.....Ih the underlyIng bIological mechanism. and .hould be
demonstra'ed to agree with appropriate data on animal' and man.

(17) A coordinated programme of epid.miological studies i' required for
chemICals for which thert is !Ubslanliale\'idence or carcioollemclty or mutagen_
icity in .,penmenlal ')'1tem. and to ,,'hich human ..posure ha. occurred but for
which human r.spon.. data are lacking,
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l.l RISK ESTl\lATIO;" fOR OTHER TOXICOLOGICAL
[,'OPOI'TS"

In COfIU'a!l 10 tIM: p!'t"o>OUS pam of 1M Joinl Report. thJ$ HC'llOn dtaI. ""ib
lIXIhods for estJmIlla. rut for IOU:oIoeical nldpoonu (e1f«1S1 OIher lhan
araoer and muu.uo.., Tb..s. 'IS~ 'nctudes m;~nibleaDd mn".....bIe IOu:tly
to aD orpm aDd bod) rWlClioos mullin. from loboft-lnm. 1IICd'......lC'nIl

(3 lIIOCIths) ud !oal-lerm uposuru.
Exposures to (1lmtKah~ t""""" 10 procluce a dJ'''''''I) 0( booIop;:al e1fCICU

"'fudI mal mil"",," ph)-..oIop:aI fl1DC1JO<>S _h .. reprocllOl:b<:G. 1I'0l'1b.,
rnp<n.lIOtl. ahsorpuoll aDd 'wm,z...ioa 0( aulrieDts. UC"""Oll 0( "'"tile

produl;u.. m....:war &<\1>11) • ...,.,.~ lraltVD........ """'_ mflOlll'< ud tIM:
.........u &"001 0StIl>< (()lIlro! mechamsm oflM bod) Suhilt e1f0<'!> o(=ta1fI

<:bcmiaIs 011 ....ha"our hav" aho aUK<! ~"'. Tbi< 1)"J'l' and m!ftllll) 0(
Id,-me riTO<'!> dqxDd 011 tlM: lou:il) of tIM: cbeo>ic:aI aocl 011 Ihc lr\d and
dunllioll of uposu~

Tbi< ,on:olop;:al daoa has¢ fOf mosl d,e'lIJab In us¢ toda) IS bwl' 011

informahoo denvulalmos>.uelu..,~I)· from anlmal upenmealS, n.. firslSlep '"
nsk assessmen, IS '0 mate lhe~l assumptioa 'ha' ifa chemoeal producn a
&iven ad'"ne b1<>lo&>C11 elf«, la one or mo~ 'pecIeS ofltsl aOlmall. 1l1h0ll1d be
t~aled .. poteauall) 1011C 10 man unles< P"O,,,n OlherVllS¢ L;nl,te phar­
m~l"'all. for'" hlCh re.ulalory procedum permillimiled c1,aw:altriall before
tbeir ~Ieas¢ 10 lhe martel, other (hemical' a~ not $ubJ«led '0 an) ~hnial

.valuat,on befo~ mart.tlnl. Information on dir"'" heallh eff«l1 ta maa is
denv'ed ei'her from repom or ~aSCI of iI<1.Ite poisonin. or rrom (asc $,t>dJ<I of
persons oo:upaloonally expo5ed. Epidem,ologieall«hniquel hav'e been inc~..­
ingly uscd in recent )ean and hav~ leneraled useful <!ata

Ri~k benefit assessmentl have been in SOme cases performed ...'Ilhout .ither
quantilatlve or quaal,fiable 'nformalion on ri'b inv'olved (for example. the uSC
of orpnochlorine pe1t1~idn ln the (onltol of '''''lor-borne discaSCI),

lnilial sludies la Iaboralory animals should be ~oDdueted U51n. a dose­
mpons¢ ~1lI ln order 10 p"mtJl al !lras' a semiquanlita"", wl«uoa of
potenlially ',,"'iar ad'ene effectl. la I"""rlll, lbe adverse eff«u productd al
tIM: """"'1 d.- lnled and havtn. tIM: ".ea,es, likelihood of pobllC health ,mJllC1
Ihollkl be funber ,n'es'lp,ed '0 idea"f} ,be 'cri,icaI- riT...... poulbl) b) USID.1
me1hods for quanUlal"" numatl(lOl_

.\.3..1 CwTnI P'ractI«

n.. usual awoa<:b 10 W1tul1 upowre hnu15 for booIup:aI e&cu other than
araoer hal hem the ideall6catioa '" tIM: 't»-d!"<C'I-\e"..r (NOELl (Of _
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enllronmcm. II here1s Jnlerspccie!; eurapolalion or lransposition IS nOI necess·
af)', Laboratof)' anllnal and other studieil-lI>c]ud,nll those using appropriate i"
";/FI) models-<an pro"ide useful informallon for the eluc'dation of pathOj.n,sIS
and for Ih. id.ntificall¢n of fa.tOT< ,not rna}' mod'fy the e~pre>$ion of injury.

Mon: frequentl), ¢nly animal data an: a"ailable for lhe e.limation of risk, T....o
e~trapolation step' an: tben reqUIred:

(I) ""trapolation from high to I"",· doses and
(2) quantitati"e e~trapolation (transposition) from the .peeies tested 10 man,

In princ,ple. method' used for ""trapolating ""penmental animal CanC\'r data
from h,gh '0 low doses can Ix apphed '0 non~ancer .ndpolnlS, Ho.....v.r.
because of diff.,..,nt meenon;,ms of aClion ¢f ca",;noaens and other chemICal.,
mathematical e~pre-ssion. different from tht>K used for carcinog.ni<it)' ma)' be
~ed for the quantllal",e .xtrapolation ofoth.r loxicol.,,;cal data. AI",. many
non~aT'lC<;f .ffeet< an: IxhC\'ed 10 ha'" a Ihre,hold, and ca""noaen.... IS usually
con"'lered a. a non·threshold phenom.non Although the dose-rc.ponse
relallon,h,p, for ca""noi.n, and non~arclnoi.ns can he differenl, it is
important 10 recognIZe lnol population Ihre,holds for an e~posed human
populallon can be only ...Idom. if ",'er. defined, II no, been oFten assumed that
the threshold. obtaIned ,n laboratory an,mal stud,.. arc d,rectly apphcable 10
human population•. T",e population thresholds mayor may not eaiS!. but the
e~lrapolation of ob$Cn'ed threshold 1e,~ls from on. speci<1 to anoth.. is no,
appropriate because of the differcnceo in ..n.iti'·ity and geneti< heterogeneity
be\....«n laboratory an,mals and human populallons, and because of practical
lomitations of the 't"'.· threshold detection inherenl in 'Iud ie' "'ith laboratory
animal>, The threshold conttpt has b«n r.Il......d (WHO. (978), and Ih. read..
i. referred to lnol publica lion for additional details.

Lo"'-<lt>K e..rapolalion is based on mathematICal mod.1$ ,,'hlCh e"her predICt
,h. respon.. at a I"'en low dt>K or the dt>K for a predelemllned 10'" r..pon...
For details on lhe models~ for earc,no~ns, lhe rcad.. i. ref..red to the
leCIion on eptdemiolollY. ,Iati.lics and mathemalical modelling. to the paper by
Hoel (thiS volume) and to the WHO (1978) monograph, Models for the
e.timallon of crnieal ,oncemrationl for the toaicity of :10m. metals and
orpnometalhc compounds have been developed and applied (Nordherll. 1976).
The prob" and Weibull models lu.x. been apphed for the d"",npt,on and
exlen'ion of dt>K-respon.. can'es for non-arctnoaenic eff«;15 of ""'-.ral
compound. (Biddle. 1978: finney. 1978; NRC. 1980), Anolher approach
Ipplicable bolh to chem"'al arclnOlCn.." and other toxi<:<>lo,i<:I.l effeet< i' the
hn.ar interpolation method (Gaylor and Kod.II, 1980).

A valid approa,h for ..timating low-<l~ n.k-and on. lhal would avoid
interspec,es e.."'polalion-"·ould be to a...pid.miological data show,ni an
exposure-response rclation.hip, combined "'th an adequate understandin, of
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human 11..... sens,ti,'ity and of human lllC'abolism of 'he chemical under
cons,deration Such data, .. hen a'·ailabl., pro'·id. a ..,und basis for lo.. -dose
.xtrapolation

Ei'her of 'hc>c t...o.appro.aches ma~' alone prov,d. an adequate basi' for th.
es,imallon of lo.. -dose risk The use and limi'at,on of data on human
toxicokm<1lC< and ""'tabohsm and on USsue sensill"it)' (i .• , toXlCOd)"amlCS) arc
less famihar. Th. apphcation of 'h,s appro.ach lead. '0 an exp,es"on for a
compl..e dose-r.sponse cu,.,'. (see Nordberg and Stranger\. ,h,s volume),
iftCludmg km.,ics of up,ak•. d"'nbuhon. hjolran,formauon and .xcr."on.
Such data. ,nclud,ng those on ""ue sensitivi'y. how.Hf. afe rarely aval!abl. for
human subJ«'s (I« Bass.1 al.. tho< ,'olume).

When human data are insullici.nt for the application of th. approachcs
outlined above. they may be supplemented .."h anImal data. Foreumpl•. ,n lhe
'metabolic modellina approach' (I« Nordberg and S'rangen, thiS volume)
human da,a from a f.... case reports are comb'ned with ..hole animal and in ,'ilro
data to predict human dose r.'ponse pall.ms, In sp". of ,ntroduc,na 'he
unc..",a,n,> of utrapolat,na from anImal to human tissu.s, lhis procedure is
Iikel)' '0 he more ~"ain than the more direct extrapola"on from ,,'hol. an,mals
'0 humans. Thi' method has already bttn applied and pro"ed useful in the
analysis of ch.mical .mbf)'otoxlC agents (I« Ba.. or 01., 'his volume).

Th. proper application of th.se method' of quantita",'. risk ."imation
r«lUUCS ..,me und.r,,,,nd,ng of ,h. n'lC<'hanlsm, ofac"on. Add,tlonally, detailed
stud,es on the mode of action of a chemICal may e'entually allow "'me
I"ncralizahons ",pmlng the dosc-....ponsc rdalionsh,ps that apply to par.
ticular cat.ll0rie, of ch.m,cals and effects. Thi' has already bttn di""u,sed for
carclnOl"n",... However, for most hjolo""al .ffects ofchemical•. lhese mecban·
,sms of aclion are nOI ..·.11 underslood. An ex.arnple is fer"llly, ,,'hich is only on.
ofman) possible toxicological endpo,"" in lhe """roductl". process, Fertility is
rhe final .xpre...on ofa comphcated s)"stem offuncllon. and may be impaired by
d ...,mocals wh,eh, for instance. Interrupl a crucial "a~ of spermato~nesis,

reduce libid" or d.plet. Ih. number of DOC)'tes (see Wilcox. thIS volumel. In each
Case. a dIstinct pr~sofchem,cal aClion and hosl reaclion ha' 10 be expres.scd as
a specific dose-response relalionship. Thi' vanely of necessary lOv"'t,pt,ons
reprc>cnls a fundamen'al cbal1enge 10 research.rs on lh. eslimation of nsk of
ad"""se effects Olher lhan carcinogenesis,

When estimaling th. risk on the ba'is of either human data OT Iaboralory
animal data, patholol'cal cbanges whose severity and imp,ma.... 10 hcahh
makes th.m panicula,ly cnlical shoul<J be 'denlified. Although experi.nce has
shown Ihal only one .tTect is usually Ih. rno", critical for human bcahh and the
risk estimation bas 10 he performed "'Ih reprd 10 Ihis effecl, it is ad\lsahle to
make rist cst, males for all seno... pathopllysiolop ah.rations. This perm"s
the dectSlon maker to rank the .ffoct$ by so.:icUl-f)· imponancc aDd to apply
diff.renl risk tolerance' In ditT.ren' ad,'.rsc effects. 11 may be useful to rank rist



tStimattS for each ehemicalm order 10 obtain an Indll~auon of potenual health
Impact

In orMr to reduce uncertamt;', about th. accuracy of risk ..Iimat., and to
minirni.. th. UndOf.,I;mation of ri~k•. it has b«n ~uW,tod Ihal th. ~,ult' of
quantitalive ri~k .."malion 'hould bo ••prossod a, an uppor bound of ri'k (for
....mplo. as I~ uppo, 95·•oonfid.~ limn). How.,'''' lh. $O\..:tion of .ilh., lho
uppor oonfid.~ limil or Ih'!>osl poinl ..limat. of risk i' a policy docision lhal i~

influonced by th. degree of conservali.m acceptable and Ih. level ofconfidence
10 bo achl.ved. When ri,k ..bmat., all' bo,ng~ 10 ch~ lhe ..rer of th.
IWO all.rnaliv... th. compan..,n should bo maM bolwcen Ih. !>e>1 availabl.
point .'timal" and nol bolwcen Ih. uppor bounds of ri'k ..Iimat., for eacb
ah.malive. The use of Ih. upper confid.~ limn may cau.. problem, when
comparing 1"0 nsks,

In lbe p......nt .tal. ofkno"·IedBC. a quanlitali,.. n,k ..Iimate 'hould ne,'er bo
••p....sed onl)' as a sinJ!. num.rical "alue; it 'bould incluM a narrali,.. and. if
po$$lblo. num.rical confid.nce IImlll, Th. na,ra",'. mu,1 'XprclS lh.limllahons
of lhe dala on which the .slimal. is blIsed and lh. impl;cil and .xplicit
a"umplion, ,,'hleh ba". been mad. (for example. llIe existence or absenee of
informal ion on metaOOll,m and on Spec1CS '-.naDIIlty). There i, praclically no
.xponenee today 10 a,se" lhe validil)' ofquanlilati... ri'k ..Iimat.. based solely
on exp.:nm.nlal anlInal dala. 11 muSt also be emphasize<! Ibat Ih. numencal
..I;mat.. may bo moolfied by a ,'ari.ly of h"'l and environm.ntal factors (for
exampl•. hormonal 'latu,. int.rcurrenl disease. aBC. di.t, ,mokinll and occu­
pational se"ing),

3.3.4 C"""lusi.....

(I) A~ r.gard, data on ,,'hleh nsk ..t,mallon, are based, th.re ate lWO main
approache"

(a) prima')' telianee on human data "ith support i.'. information from
laOO'-'lOI)' an,malllud,,,; and

(b) primaf)' rehanee on data from laboralOf)' anlmailludies "'lIh Or "ilhout
human dala.

Confidence in quant;tali.'. risk eslimates is llk(ly 10 be hillber m lh. first
approach lhan \n lhe ><cond, Wilen u'mll buman dala. lhe major difficuhie' ate
th. e.,rapolal;On from hl&h 10 low Ul""ures and lhe adequal' eolleclion and
proper use of eXl""ure data; "'herea' for llIe second approacb Ihe major
difficulli.. includ. not only .xtrapolalion from high 10 low doses but also
extrapolu;on (Iran'l""lI;on) aero.. ,pecies.
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(2) ....1I<tl USO"l IoboratOl} aruma! dou. oa tllXlcit~ to obwD 8IXepl&bIc

~ JututJ f".ell"ecu Olhn tlwl_. """ .ppbcluoa. ofwny fKt<ln bas
bern """ _ 'X'm"""" prooN>=. bul sa(ny fKt<ln at'l' arlIoU'a1)' aDd JJIdIadf' a
'X'mP"JDf"lt or lOCAl aDd~ ,;..dI"'""L "'.... aDd bf'tteJ lIIIf'thod> lla>'l: llOl
bern oufIiaeatl) uploRd Ofq=d uporr.. Tbnd"on:. """ \>Sf' or~OEL aDd afny
faetorl l;anllOt bo= 'X'mplndy rcplacf'd al I .... pramt WDf'.

(3) Malhf'mallalmnbodl (OJ q"""IlIaU~ not f'SIlmallOo ha"" bf'en applxd
df..,..""ly 10 ,btftu",alJOo orrnJ< ,-,ed.,lh npos""'" 10 meuls aDd mnaI
'X'mpowodt and 10 Olhn "'bsiaDCCI web at pharmaceutical!. Somf' of lhew
lIIOCkh at'l' mo~ «nnpk:2; lban lhe _wnllO"&l o;!,l",r lilUOI and clo lakr ,,,to
aa:ounl btoIop:al~ SUdl .. metab<>l'sm and loxicobnctlcs. It II

l'CCOl"lUd lhal quanl1lali'.. estJmal,on of risk ;n bamaM h...ed solely on
laborator)' an,mal Sludies invo!>'•• a subslanlial uncertainly. Such "limallOn i.
nOI ~liable unlll bell.. b,ol"i'Cal mo<lell become nailable.

(4) Be<::ausc non<.ancer .rr..,... are known 10 'nvol>'e a ,,'ide variety of
mechxnism•• il i. hkely Ihal dirre~nl mathematieal model. may bo= needed,
Be<::au"" lhe meehanl5rnt of rhemical rarrino"".", may be qune d,lTe~nt from
lhe mechanISm. of llOn<aml\Olf'nM: tOXM: artion. tbe dire<l appba.llon of
malbematlal modd. used in canrer ~lMiln does llOl appear (....bk,

Quanuforl,1I00 of frlb &§I(ICI.lIN .1Ih e.poJUn; 10 rhemJo:aJ.t rould unprow """
UDdenland'''I of lhe conuibollOll or thcmocal nposura llOI only to """
~or_ bul abo to !be 1IIOIXllD! ofllOlM OIher lIOIl<OmIOUlUClblc

btlmall dueasn .,lh "'ll1ufXtorialpot~

' ..B ••••__.........

(I) "l'P"'*'heo. addnlO"&l Of altemallve, to the \>Sf' of XOEL aDd wn)'
farton obould be nplorul to pos>&bly mhana """ oaenuDr a-ed,bolny of not
esumallOll In humans.

(2) tmprO\'l:me,"S u.ould be SOUpl'O 1.... la1JC'Olotocal (inrllMimltaxltQtm.
etie) method. for Iow-dooe ulrapolatoon Wlth,n lhe same species .'lh emphaSIs
on rhranM: Iow·level exposure

(3) B,alollQll ,nil .... of human ..posun; to rhemicah should he funher
~'jllored,

(4) Th~ ,,'ay. in which ejl,drrn,olopral dala an; rollected shauld he mod,fied
10 improw dooe~re~jlOn"" informatian oblained fram human Ilud,es,

(~) Nav~l approachel and ""'Ihods should be d<:vdo)led 10 irnprow quan·
lified 'nterspeacs utrajlOlal;"n

(6) " bener undemandi"i .of btoIop:al mecbanlSdl'l .. reqUIred as a baSIS of
matbemaloal lIIOCkli far "'k ""malion

(7) Glfaler 11ICDlIOIl should tit pIld to tbe lltldmtaDdmt 0( I\Ollo
a~ tOUClI)" or rbemials.
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