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nagnitudde of this exdus Whiales fd sattdins sex i Be e b aectmend 3 to the onsiage of aa ex.
cess, thers is comniderabic disegrevnment as to s magnitnde, For 11 studios estiinain of weltve ik
for respiratons cander range from ahout 1.2 1o 0.2 Four fvatures of thewe T sindes 20 be donti-
fied thist account for some of the variation i resnlisl soine stndics includs workats whawe cizo-
U 10 335105 w1 too rucent (o he likely to producc czacer by the end of thy follow.us porind,
2nd results are dilnted by the presence of thaw workers: in mrost studies, the wrang gopulation
was uigd for estimiating expreted monhers of deaths: in some studics, death cortifaatss far 2
studdy populatian were corrvewcd Mased on 2 sevicw of ather medical records, but thea coiipariiuns
wers tmade with expected deaths derived from uncorrected death cortificates; Analiv, in o stud-
ies. lovel and daration of cxposure is unknown, and thi; is clearly 2 factor thac detennines the
magnitude of the respirstors cancer risk. For & of the 11 studics it was poisidle from pudlihed
material to coreeet rosults roughhy for the first 3.0f thewe factors und mueh of the vasiation dis-
appearcd. Probluus in the 11 studizs reviewed here shoutd l.:e cousidured in planning and reporting
on epidemiologic investigations in the future,

Asbestos reprasenis an interesting eavironmental  theee appear 1o be some methololozic Ldifeu!-
hazard in that it is apparently sufficient for the ties in work thathasbeen dons o dite.

" production of one disease (cancer). and botk When 2 numbsr of agents coniribuie 10 1 sin-
nacessary and sufficient for that of another (as gle disease, as for respiratory cncer, it is cus-
bestosis). That is, asbestosis is caused only by tamary to measure the contributian of 2 sinzlz
asbesios exposure, whereas cancer has many agemt by caleulating the ratio of the risk with
causes, ane of which is apparendy asbestos ex-  the agent present 10 the risk with the 22202 2b-
posure, In the instance of asbestosis, a single case  sent. This caleutation is iHustraiad in 1abla 1,
represents the health risk, whereas for cancer, where deach is the mzasure of risk. The relazive
the risk can Le measured ounly in relation o0 all risk can be eszimaced by calculacing the ratis of
othier risks. This paper is confined to a discus- the pradability of dying among penons expoisd
sion of the problem of estimating cancer risks  to the agent of fuwgrsst o the probability of
associated with asbestos, because it is here thar  dying among those not 50 expesed. This can alse
be expréssed as the ratio of 2n abiersed numbesr
of deaths in an expoved papulation te an ex-

“pected numbzr baed en the expericnce in 2 non
exposed population. There i also anothzr way
of memsuring risk, and that i the absoluia rish,
ie.. the absolute diffcrence between thr (wo

of Pittaburgh, Pittnburgh, Pa. - |
2 Prewsnted 3t 2 juint soesting of the Awmericau  probabilitiss. Botit of these measures arz of in-
£ -t

and Canadizn Thurasic Sxictivy, Muntreal, Canada,  tetnt m S'l';“'_‘v af te hestth oecis of 2ihws
May 13,1935, I 1 studdios in she Unitad Saates and Canodu,
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the risk of dzveloping respiratory cxncer has
heen estimnied in a3 prospective way amorng
workers exposed 10 asbestos. These swudies
should provide some estimate not ofily of wheth.
or an excess in respiratory cancer exisis hut of
the magnitude of this exzess. The latest pub.
fished resules from these studizs, summarizad in
tabis 2, are exproised as relative risks (1-14).
Tuwelve studies are shown: however, my 1964
ancd 1987 repores relace to subgroupings from a
singi+ large cohort. All show an excess: howaver,
the magnitude vacies widely. At lease 4 featuces
of the published data accoun: far this variation
in results and, in 2 more general semse, Can be
regardsd as problems in epidemiologic studies.

{#) Some studies included workers wich a vecy
low probability of developing asbestosrelaced
cancer. These were workers whose exposure 0
asbestos was too recent 10 be likely to produce
cancer by the end of the foliow-up period. This
can bz Jabeled the latent period problem.
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2) i mmost studics, the weong papulation way
vad for estionting s evpraet nembze o
stvaths, Lo, the prehalietiny (B} shrown Iy palie
P developing caner 0 the abwase of expo-
e to 2shostos,

(33 Trsosne aonadios, death coriificnres wees car-
recied based o oa review of ather aedical rec.
ords: but compariany then were made with ex.
peaicd deaths derived Trom uncorrected dzath
cerficates

(#) Iaamost studies, the fevel und duratinog of
expmure were pakaowi, 30 that relative risks
conuld noc Lz eelaizd to levels and duracdion of
exirnui s EXposure Lzeals pad duriean avs
clearly factors that detzemine the mugnituds of
the healsh risk associated with ashestos (19, 12),

The tatent perviod probizas can probably base
he demonstrated by looking at the experisies of
a population wich a single exposure thae is now
kuown to be cancer-imlucing, £.g., the jacidence
of leukemiz in e population near the hypo-
ceater of the ntamic bomb expladed ai Hiro
shima amd Nagasaki (figure 1) Leukemia did
siot appear immediately, and, in facr, un2il 1943
few cases oceurred. The peak year wius 1851, alzer
which the incidence declined.

The underlying distribution of cases of leuke.
mia shown in Rgure } is probably the log normal
divtribution shown in fgure 2, Thisy illustrates
how a single dose of ashestos may work. For s
exposure intznsity represeuczd here, linle can.
cer would be observed in the first 6 years. The
maximal response and the hLighest refative risk
afier the single exposure would be observed he.
ween 18 and 24 years. Whether tis2 cisk would,
in fact, decline 23 years or more ufter cessadion

TABLE 2

RELATIVE RISKS FOR RESPIRATORY CANCER Q3SSRVED IN
STUDIES UF WORXKERS EXPOSED TO AS3ESTOS

Date .
Firsy Presented Fagulstion . R ,tive
Relorencs or Puntished Stuciad Risk
" BRAUN and Trusn (1) 1958 riners 15
CUNY 3ad susociates (2.3) 1959 Inwufatars a8
DUNN and W rir L)
MANCUSO ans Coulter (4} 19353 Pianufazeuring 3.4
SELIKOFF and svtocistes {5.6) . 1983 insuietars 9.2
EMTERLING L) - 1954 Manalasturing a5
EMTERLINE and Mesnare 2 () 1947 Lianutasturing 1.2, 1.3
COBPER ant Balzer (G} 1539 Emsulstars 2.3
tACDINALD gnd associstas [(10.11) L YA Mnees 1.3
ENTERLEME an) co woarkarg {1 1972 Manufacturing 7
MAGONERA AU o warkars (12 1972 rianufagturing 2.3
SELIA2FZF 3n2anag.0t9s {14) . 1972 Rtany!astusing 8.2
SELINDSE sng axwsiatas {18 . 1922 tasgbazars 5.3
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GF ongenury s oagrtintal Dot nlaance ol any
good epidemiologic olnervatinns oa this, it will
be assumad in this dicession that the lung clear-
ancs mechanism o selective [Retors aze optrative
it such 2 way 25 9 rzcduce the risk approximarely
as shown in figure 2. For a succowion of doses—
as for workers exposad continuously to ashestos
{and ia the absence of any iuteraction)—we
mizht think of n succession f curves. The arsa
to the lefe of the duited Ling in fyure 2 would
probally b2 aporoximately as shown, whereas
the area to the righ probably would lonk soms-
what difterent. )

The poine is thac the relative risk observed is
pantly dependent on when the sxposure tonk
place in relation 1o the perint in which follow-
up stedies were carrisdt oue. The scudies showa
in tabie 2 varied widely in tiis regard. For some,
follow-up did not stazt uneil 20 y2ars alier ex-
posurs began, For others, foliow-up began close
to the time of first exposurs 10 asbestos. Termi.
nations times and ages also, dificred. Clearly,
resulis should differ, and scatements as to the
magnitude of the cancer risk associzted with
asbestos cancot be made without reference to
somc Jatene period and termination times.
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Fig. 2. Rospuatorn cncer maalting from 3 singls
X zosuiv I lesion
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Fig. 3. Respicarory cangtr tesulting from singlc 2:.
bestos cxposure at ¥ levshi,

The problem is further complicated by the
probabls relaiionship Letwesn the intensicy of
exposure and the lengile of the lacens periad.
This 'is illusirated in figues 3, which chows a

‘family of log normal curvas corresponding to

singlelose exposures at various imznsiiizs, Four
assumpiipns were made in coastructing chase
curves: (I} respanse to asbestos exposurs i
lineaz, (2) an intensity of 20 fibers per mi corre.

- sponds 1o a madian latent period of 27 yaur,

{7) response 10 2 single dowe has a log norma
disteibution witle a geometric scandard davia.
tion of 1.5, and (#) latent period is refated 0 the
inverse cube root of dose. These assumptions
ave based on p3pers by Jonss and Crindon (13),
Albert and Alsshuler {18), and availablz dzzmon
asbescoresposed populations. From these daca,
the effects of applying various starting and srop-
ping rulss in epidsmiologic studies can be esii-
mat=d. A requirement for enury into a study of
20 yeaw since fire exposure would easurs mis
ing nearly one half of tie cases of respimtory
cancer resuliing from a very high exposute. Stop-
ping foliow-up at any point because of age or
time limitations would also provide a mislead.
ing picture, 3 picturs with a different kind of
bias for eazh fsvel of exposurs. QObvinusly,
follow-up must be stopped at some poing, if only
because all of the study population has disd.
This l=ads to the fmerestieg notion that ¢wven
if the rchuisnship beowesn whastos and resaira.
taiy cancer 3 lineas there isa Lind of theehiold
lnmie vabur, defned as e dose for which e
tuten: perind exceeds the lfz span of mua (13).
From this. it would appeer that when expo-
surs levels asz waceriain, epilimislonic vadies
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shiould probably induds the exparizrce of ali
workers, reezaedlion of e nuinbizr ol years since
Ersi exposure: follow-up should c'.)'mf ve for a
very fong time, and resuits should be reporiad in
selation to the number of years singe [irst ex-
pusiTe.

The sccond orollem, tiat of wsing the wrong
Popniation for estimating the expzazd numbers
of deaths, s Blusrazed by the dats shown in
tabie 3, derived [rom a study of ratired asbesios
wo:kcrs {12}, This shows the risk ol dyingz from
Tespinmary cancss M vensg afeee rerirement dus
ing T time pericds, 1911 0 1T asd (U330 kLG
Threrisk of dving was neariy 3 titnes grearer afoer
1937 than before 1957, There is no explanation
for this insolar as the intemsity of duration of ex-
posure to asbestos s concernzd. The reason
s¢ems to lie simply in what was happening in
the genema) populstion during this period, ie.,
a 3old inczeass in rospiratory cancer mortality.
Asbestos was apparendy inigriciing with other
causes of respiratory cancer, so that the 2ffects of
other {actoss increased the effect of asbestos.

Some data from an e2rly study by Sclikoff and
associates (3) seem to show this quite wzll, and
are givan in table 4. The men in this study had

2U first bewn exposed 20 yeass earlier on entry

to the cohort, and for each of the 4 time pariods
shown the pepulation at risk was approximately
the same size. Also, for men living in the 4 time
peziods shown, its unlikely thar exposure levels
differed very gready. Oar of the things thas did
change, however, was time, and with it, the
eHeets of factors other ttan asbestos on incidence
of respiratory cancer. Note that both observed
acgd experied deaths increased at the same rate
{a 3-lold increase in each case). There was also a
3.fold ingease in the absolute risk associated
with respiratory ancer. The relative risk, hiow-
ever, was unchanged. During this period, time
wuliplied the mortality rate by a faccor of 3
asbestos, by a factor of 7. Thr combined effect

. AlA-63
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SOPIRATOARY CANTIR OSATHS AMNO CZATH
RATES AMONG MEN 6570 72 YSARS 07 AGS

Raiepaer
Siudy Na. ot 1,73
Perigd Ceathe Parions
13341=1557 8 2.3
1953-1959 37 6.6

ol time and 2:bevos, then, was appraximaiaty 21,
ie. 0.3 enpecied deachs in the periad 143 10
1947, =0t 13 obszned et i s nmzizd 1333
to 1962, Asbasios apparently has the ability 1o
multiply die clects of oiher agents in producing
respiratory cancer. This has been observed by
Berry and associates (17} with regurd to asheseas
and cigarette smoking.

The interaction betwesn asbesios and other
factors that causs respiratory cancer probably
applies 10 grographic as well as temporal varia-
tions. Thus, the absolute lung cancer risk assom
ciated with asbestos exposure would ba higher
in an area with 3 high lung cancer deadhy raze
than in an arez with a low lung cancar death
rate. The refative risk would probabiy be the
same, howaver. In nearly all U.S, studies, the ex.
pected number of deacths from respirazory can.
cer was bassd on ‘the level of mortality thas chase
acrerizmd the entire United States, rather than
the local area in which the asbesios workers
tived. The result was thae the relative sk ob-
served was diractly relatad to the local death raes
for respiratory cancer. This relationship isshown -
in Bgure 4 for 6 studies in which men whose fist
exposure occurred 20 years previously were fol.
lowed, i.c., where the Jazent periods are roughly
comparable on entry to the siudy. As mighe be
expected, chis shows that if asb=sios interaces
with other factors that czuse lung cancer, angd
if locsl death rates are ignored in calmlsting
expected deaths, when the local dzath re is

TABLE 4
RELATIVE AND ASSOLUTE RISKS FROM RESPIRATORY CANCER®
Absoluty
Aisk
Sruay Aatative {ratel1,000
Pariog Onserved Expvired Rix prrzont}
1943-1947 & 0.8 3 &
1948-1952 8 4 5.7 3.3
1353-195%7 13 2.0 X 5.%
1953~-1952 18 2.4 7.5 7.8

*Qa1s trom Salikolt anyd sugeist (5),

.
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Fig. 4. Relative thi for respiratory cancer und local
d22th rates in 6 studis.

high, the relutive risk is high; wien iz local
deatls rate is low, the caleulnzzd relative risk i3
low. 1f Iocal razss of respisatory cancer diaily,
rather thun the U.S. death rate, bad bgen used
in ealeulating the expecied deachs, variation
in ralagive risk dus 1o variztion in local dz2ath
raios woutd have bezn eliminaged.

The thizd problem is tha: in most siuclies,
caussof-death staiements on death certificates
ware corrzcted by checking hospital recovds,
pathologic reports of binsiizs and zuiop:sies,
and coroners’ reports. In come casss, duca on
respiratory cancer wers publisized both as they
were recorded on Ca3th certificates and as cor-
rected, and thiese show that corrected death cer-
tificares produce larger numbers of respiratory
cancer deaths than uncorreceed death cestificates
A comparabls correction annst be mace, how-
ever, {or calcelating the expected death date
Ag 2 result, some of the published comparisons
batween obierved and expecied deaths are also
comparisons between corrected and uncorracted
dsath certificates, and this inflates the relative

sk
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Thie relative risks, with the destll cortifears
coreectinn reaunnad, are showe in table 3 The
tabic inchudas date frowe § studivs far whidh js.

1zt poriods wore rouzhiy ewnparabiie For the
studies by Sclilof iad roewarxes, olhered lung
canger dgstln wore feducsd by osanlephing by
€373 based war a reported camveetinn for thetr
US. Insulation Workers Study, and plevriiniew-
thebama deaths by 3 faztor of 0332, hused o 2

stwdy by Ducic (15,19, The frsc eolumn of &

vres it aable 5 Shows relanive risks an zoliglated
from published repores. Tiiz s=cund column
shows the relative rivks (hat woull hive bazen

catzatuzed B ¢ radh covtifioaius had not haea aac

proveed TURE el cotemin saaigs the loiiael
risks that would liave been ohserved if. in 28U
tion, lucal, rathee than national, death rates had
been used in calculating expectzd deaths, These
adiviunents bring the Aadiegs from the varisus
studies much closer togesher,

Finally, some ol the vuristion iu the relacic
risk for respicatory cancor among studiss is une
doulitedly dus to differing sxposurs Jeveli As
shown in figurs 3, studies that includs anly
workers with 20 years since fiest expasure would
result in higher relutive risks than studiss in
whidh workers were included with shorier times
singe first exposurs, owing to fulflimenc of fatent
period requirements——particularly at lower dose
levels In addition, however, relasine risks would
be higher bacause of the Jonger period of expo-
sure and, thus, the larger dose. Intensity of ex.
posure appears to make an additional but iade.
pendent contribution. The latter is illuserated in
tabtz 6. Thess data are based on the retired pop-
ulation of asbestos workers mentioned eaclien;
relative risks are shown by number of years since
Fest exposure 3t time of entry to the coliore (time
of retivement) and average expasurs levels dur
ing work. Both factors cleacly couzributed 10 the
raspiratory cancer risk, Aciually, 3, rather cun 2,
factors were probably operating here: laian: pe-

TABLES
RELATIVE RISAS AND CORRECTED RELATIVE RISKS FOR RISPIRATOARY
CANCZR FOR 6 STUDIES, 20 YTARAS AT EXNTAY SIMCE FIRST SXPUSUAE

Raelacive Teath Cortifizazs Death Rate
Raterance Ay Corraciva Carracted
Salixgtt L5} 9.2 7.6 6.2
Enterline 3.0 =9 2.9
Cospa (9 7.3 . 2.3 e.7
Waganar (1) 2.9 28 F X
Saiaalt (148} .2 (¥ 5.5
Saivotf 115) 58 3.7 £.7
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AILATIVE RISK FOR RISAIRATIORY CaNCIn

AMONG RETIRZD ASIESTOL WORNERS
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{r 2003} < 19 mpost > 10 maszl
<23 - 1.2 A
229 1.8 38
3o 2.2 4.7
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