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SUMMARY

studins of ravirstary caniet haredt swesgiaeml with 2alening it dn warking
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magnituele of ity exceas. Whils tent sindios seran o be i ageeemcnd 3s o i onins of an ex.
cess, there i3 comviderabie disegreetnent as to it magnitnde, For 11 studive estéindin of el3tive tink
for respiratory cancer tange from about 1.2 10 9.2, Four fvatures of these T stncdes 2ai Lo (2onti-
fied that sccount for some of the variation in resulis sotne studics nchuds workes whowe exzo-
SLTe 10 33heel0s Was (00 recent o he likely ta peaduce caacer by tie end of the fellow-up 5..,-,:‘:._',
and results are diluted by the presence of thawe warkerss in nrost studies, the wrong ;op::{;:io:;
was used for estitating expreted mnubers of deaths; in some studics, deaty coriificaiss {ar h2
study population were eorrcivd hased on 2 uview of other wadical regords, bLut thea comgarisons
wers made with expeeted dedths derived frour uacorrected dzath cortificates; fnafiv, in nuoss soud-
ies. lovel and daration of cxposuse is unknown, and this is cearly 2 factor that detsfnines the
magnitude of the respiratory cancer risk. ¥or 6 of the 1T studivs it was poisidle from pudlizhed
material to correct rosuits roughly for the it 3.0f thee factors aad wuch of the varivion dis-
appearcd, Problums in the 11 studiss revivwed here should be considered in planniug and reporiiag

on cpidemiologic investigations in the future,

Asbesios reprasenis an interesting environmental
hazard in that ic is apparendly sufficient for the
" production of one disease (cancer). and both
nacessary and sulficient for that of another (as
bestosis). That is, asbescosis is caused only by
asbestos exposure, whereas cancer has many
causes, one of which is apparendy asbestos ex-
posure. In the inscance of asbestosis, a singie case
represents the health risk, whereas for cncer,
the risk can be measured only in relation to all
odier risks. This paper is confined 0 2 discus-
sion of the problem of estimating cancer risks
associated with asbestos, because it is here that
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there appear 10 be some metholologic ¢iReul
ties in work thathas been dons 1o daca.

When 2 number of agents conrribuie to a sin-
gle disease, as for respiratory cancer. it is cus-
tomary to measure the contribution of 2 sinzle
agent by caleulating the ratio of the risk with
the agent present to the risk with the 2zenz 2
sent. This calcutation is iHustratad in 1able 1,
where deach is the mzasure of risk. The relative
risk can be eszimated by calculating the ratio of
the probability of dying among persons exsosed
to the agent ol futersst to the probability of
dying among those not so expesad. This can alse
be expréssed a3 the ratio of an obienned numbes
of deaths in an expmed population to an ex-

“pected numbsr based on the experience in 2 non-

exposed population. There i 3ls0 another way
of memsuring risk, and that i the absoluzz risk,
i.e.. the absolute difference batwesen the two
probabilitivs. Both of these me=asuces ars of in-
teteat it stndioy 0of the heahth olvcis of 234w

Iu 11 seadios in e Unitod Saawes and Canoda,
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tha risk of developing respiratory crncer has
hzen extimated in a3 prospective way among
workers exposed to asbestos. Thase studias
should provide some estimats not oaity of whedh-
er an excess in respiratory cancer exisis but of
e magnitude of this extess. The latest pub-
lished results from these studias, summarized in
tabis 2, 2re exprassed as relative risks (1-14).
Twelve studies are shown: however, my 1954
and 1957 repores relace to subgroupings from a
singls large coliort. Al shiow an 2xcess: however,
the magnitude varies widely. At least 4 feacuces
of the publishied data accoun: for this variation
in results and. in 2 more general seme, can be
regarded as problems in epidemiologic studies.

(1) Some scudies included workers with a very
low probability of developing asbestos-celated
cancer. These were workers whose exposure o
asbestos was too recent 1o be likely to produce
cancer by the end of the foliow-up period. This
cau ba Jabeled dhe latent period problem.

(2) In tmost scadics, the weanyg papulation wag
wed for ostivnting tie expraed nuembee of
deaths, fo, the probalntity (P0) shown tn alie
Vof developing cancer i the adsease of expos
sufe to hostos,

(3) Ta soste staatios, deadde eoriificares wees eor.
recied based ou oo review of ather nedica! rec.
ords: bul compuri>ons then were nude with ex.
peaied denths derived Trom cncorrected death
ceruficates. .,

(7} Lt ot stadding, the devel unid duratinn of
exposure were unkuown, so tue relutive risks
could not be eelaizd to levels and duradion of
eNPONUE L ANposece Lzl pad dumavon ave
clzarly factors thut determine the mugnituds of
the heal:h risk assaciated with ashestos (19, 12).

The latent peeiod prolsizat ctn prolahly base
be demonstrated by looking at the expurizies of
a population with a single exposure that is now
known to be cancer-induciing, e.g. the incideace
of leukemiz in the population near the hypo-
cencer of the wtamuic bomb exploded ai Hiros
shima amd Noagasaki (fgurs 1), Levkemia did
not appear immediately, and, in fact, uail 1943
few cases oceurred. The peak vear was 1831, afser
which the incidence declined,

The uaderlying distribution of cases of leuke.
mia shown in figure § is probably the loz normal
distribution shown in figure 2. This illustrates
how 4 single dote of ashestos may work. For the
exposure int2mity represeaced here, little can-
cer would be observed in the first § years The
maximal response and the highest relative risk
afier the single exposure would be observed be.
tween 18 and 24 years. Whether 2 rivk would,
in fact, decline 23 yeacs or mare afesr cessation

TABLE 2

RELATIVE RISKS FOR RESAMIRATORY CANCZR C3SSAVED IN
STUDLIES UF WORKERS EXPISE0 TO AS3ESTOS

Oste .
First Prasented Pogulstion . Retative
Relerence or Pudlished Stucisd Rise
| BRAUN and Trusa {1) 1958 riners 1.5
TUNMN and aysacintes (2.3) 1959 insutatars as
DUNAN and Vidir 13}
AMANCUSO an73 Coulter {3) 1953 tianufazturing 3.4
SELIROFF and #ssacintys 15.6) . 1963 Insyietars 9.2
EMTYERLINE N . 1954 Manslacturing 2.3
EMNTERLING and Ketariik 82 1962 Lanulastuning 1.2,1.3
COVPLR andd Batzer (9} 1339 Vogulatares 2.8
FACDINALD and associstas (10,110 M2t Maunees 1.3
ENTERLING anid co workara (1) 1972 Aanulazturing 2.7
SMAGONER MY Co - workaers 11D) 1972 rosaytacturing 2.3
SELIZDFE an2a1s0c.229 {14) . 1932 Ltanu 3 vering 8.2
SZLINTZE 32 azwziatas (318) . 1972 tasghatars 53
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gool epidemivlogic olnervation; on this, it wiil
be asumedd in this dicession that the lung clear:
ane? mechanism or selective {actors are operative
i1t such 2 wuy 25 to tzduce the risk approximately
as shown inr figare 2. For a succenion of doses—
as for workers exposed coatinuously to ashesios
(3nd in the absence of any inieraction)—we
mizht think of a succession ¢f curves. The area
to the lefe of the duited ling in fizure 2 would
probably be aporoximatcly as showa, whareas
th:e arex to the righ: probably would lonk soms-
what difterent. : )

The point is that the relative risk observed is

partly dependent on when the sxposure tonk
-place in relation to the perinid in which follow-
up studies were carrisd out. The scudies showa
in table 2 varied widely in diis regard. For some,
foliow-up did not start until 20 years alier ex-
posurs began. For others, follow.up began close
to the time of first exposure to asbestos. Termi.
nation times and ages also, differed. Clearly,
resulis should differ, and statemenis as to the
magnitude of the cancer risk associated with
asbestos canuot be made witlout reference to
some latent periad and termination times,
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Fig. 3. Respicatory cancer tesulting from singlz 5.
bestos exposure gt § levehi,

The problem is forther complicated br the
probable relationship betivesn the intensity of
exposure and the lengih of the latent periad.
This is itlusirated in figuee 3, which :hows a

‘family of log normal curves corresponding to

singledose exposures 3t various intensitizs, Sour
assumptions were made in coastructing hase
curves: (/) response to asbestos exposure s
linear, (2) an intensity of 20 fibers per ml corre.

- sponds 10 a median latent period of 20 yaur,

{3) response 10 2 single dose hus 2 log norma
diszeibution with 1 geometric standard davia.
tion of 1.5, and (#) latene period is related o the
inverse cube root of dose. These assumptions
are based on papers by Jonss and Crindon (13),
Alber: and Alishuler {16), and avzilable dazzon
asbescorexposed populations. From these daza,
the effects of applying various starting and stop-
ping rules in epidsmiologic studies can be esti-
mated. A requirement for entry inzo a study of
20 years since first exposure would ensurs mis-
ing nearly one half of tie cases of respimatory
cancer resuliing from a very high exposure. Stop-
ping follow-up at any point because of agr or
time limitations would also provide a midead.
ing piciure, 3 picturs with a difterent kiad of
bias for eazh isvel of exposure. Obninusly,
follow-up must be stapped at soine point, if only
because all of the stady population has died.
This leads to he interestinig notion that evan
i the scluisnship betwesn whenns and resgira-
sy capteer s linear there is 2 Mind of sheebold
Janie vadar, defined as that Suve for which the
latent perind exceeds the Kfz span of maa (23).
From shus, iz woul! appear that when expo-
sure levels aiz uncerisin, o idimisloie wadies
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st:ould probably induds the experiznce of all
workees, rezacctleon of the nuinbier of years since
Fraz exposure: [ollow-up should w'm" se for 2
very Jong time, and resuits should be reporizd in
selation to the number of years since first ex-
p{:ﬁl.‘&.

The sccond problem, that of using the wrong
posnistion for estmuating the exvzcsd nu'nbcrx
of deaths, s ijlusteazed by the daws showa in
table 3, derived {rom 2 study of retired 3:b2vt0s
woskers (12), This shows the risk of dying from
Tespisary cancse HY venes afess redirement dun
ing S time pericds, 1941 00 137 ast 133 12 1590,
The risk of dving was nearly 5 timss greacer afesr
1957 than bcfore 1957. Tlizre s no explanation
for this insofar as th:e intensicy of duration of ex-
posure w0 asbestos is concernzd. The reason
s¢ems to liz simply in what was happ2ning in
the genena) populacion during this period, ie.,
a 3-fold incease in respiratory cancer mortality.
Asbesios was apparendy interuciing with other
causes of respiratory cancer, so thac the 2fects of
other {actoss inzreased the eifect of asbestos.

Some datz from an early study by Sclikoff and
associates (3) scem co show this quite well, and
are givan in table 4. The men in this study had
al first been exposed 20 years earlier on entry
to the cohore, and for eacir of the 4 time peciods
shown the population at risk was approximately
the same size. Also, for men living in the 4 time
peziods shown, it's unlikely that exposure levels
differed very gready. Oae of the things that did
change, however, was time, and with it, the
eleers of factors other than asbestos on incidence
of respiratory cuncer. Note that both observed
acd expected deatls 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 respinatory cncer. The relative risk, how-
ever, was unchanged. During this period, time
muliiplied the mortality rate by a factor of 3;
ashestos, by 2 ia;tor of 7. Ths combined effect

.
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TA3LE 3
RISPIAATOAY CANTIR OSATHI ANDO C2ATH
RATZES ALONG MEN 6570 73 YZARS 37 AGS
Ra:eper
Siudy Na. of 1.,2CQ
Period Qeatns Parsans
1931-1637 8 2.3
1953-1959 37 6.5

of time and 2:bestos. then, was :pp:oxi'w:;:y 1.
ie. 0.3 anveceed deachs in the periald 13 20
1947, and 13 obsenved dexdds i by nensd 1933
to 1962. Ashasios apparently has the ability 0
multiply the cffects of other agents in producing
respiratory cancer. This has besn observed by
Berry and associates (17) with regard to ashestos
and cigarette sinoking.

The interaction betwesn asbestos and other
factors that causs respiratory cancar prodably
applies to geographic as well as temporal varia-
tions. Thus, the absolute lung ca.'x'-r Tisk asso-
ciated with asbastos exposure would be highe
in an area with 3 high lung cancer deadhy raze
than in an area with a low lung cancar death
rate. The refative risk would prodably be the
same, howaver. In nearly all U.S. studies, the ex.
pected number of deaths from respiraiory ean.
cer was basad on'the tevel of mortatity thas chas-
acterized the entice United Stawes, rather ghan
the local area in which the asbesios workers
lived. The result was thae the relative ik ob-
served was dirscely relatad o the local death mats
for respiratory cancer. This relation ship isshown -
in figure ¢ for 6 studies in which man whose fine
exposure occurred 20 years previously ware fol.
lowed, i.e., whete the laient periods are roughly.
comparable on entry to the siudy. As mighe be
expected, this shows that if asbasios inceraces
with other factors that cause lung cancer, and
if locsl death rates are ignored in calmlsiing
expected deaths, when the local dzath rate is

TABLE 4
RELATIVE AND ABSOLUTE RISKS FROM RESPIRATORY CANCER®
Absolury
Risk
Sruy Aatstive {ratel1,000
Pariog Onserved Expecred Rixx prrions)
1943-1942 '3 08 23 28
1948~3952 8 1.4 s.? 3.3
1333-1987 13 2.0 X 5.5
1953-1952 18 2.4 7.5 7.8

*Data trom Satinatt and suctistre (5).
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Fiz. 4. Reiative rhk fer respiratory cancer und local
dexeh razes in 6 stodi,

high, the relative risk is higis when the local
death rare is low, the calculatad relative sk is
low. If Iocal raies of respisatory wancer dixch,
rather thun the U.S. death rate, Liad bsen usad
in caleulunting the expeeeed deschs, variation
in ralagive risk due 9 vaniation ia local dz2ath
20es wouid have been eliminaied.

The thizd problem is tha: in most swudiss,
causesol-death staraments on death certificates
ware correceed by checking hospital records,
pathologic reports of bionsies and autopsies,

-and coronen’ reporu. In forme cases, data on

respiratory cancer were publisized both as they
were recorded on desth certificates and as cor-
receed, and these show that corrected death cer-
tificates produce larger numbers of respirazory
cancer deaths than uncorrected death certificates
A comparable correction cannot be mace, how.
ever, for calculating the expected death date
Ag 2 result, some of the published compatisons
between obierved and expected deaths 2re also
comparisons between corrected and uncorracted
daath cectificates, and this inflates the relative
ik ’
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The refative rivks, with the dentl gortiSeare
correction remmnnal, are shows in table 3. The
tabie inctuiles date froie & stundivs far windh fa.
tene periods were roughiy ewmparabis For the
szudies by Selikoff and zownrkess, oiheeved lung
canger dumtls weee teducsil by aanliiplying by
0373, baved uis a teparted camraetinn for thete
US. Insulation Workers Study, and pleusalnica.

thelioma deaths by 3 factor of 11132, hawd on a

steds by Dudic (18, 195, The &t ooluma of &5

ures in Lable 3 sheews relaive risks s aloglaied
from published reports. Tiz s=cond columa
snows the refative rhls has woultl have bzea

T HY
catzatuzad 8 ¢ radh ceatificaius hiad not haea 2ac

sacioeds TURe aal cotumin Garates e

risks that would hiave bezn ohierved if, in 2ddis
tion, }ocal, ratites than nationatl, death rates had
been used in calculating expectzd deaths, These
adjusunend bring the &ndings from the varisus
stedies much closer toge:her,

Finally, some of the vuriztion in the rejative
tisk for respirarory cancsr among studiss is un.
doubiedly dus to diftering sxposure Jeveli. As
shown in figurs 3, studiss thae include anly
workers with 20 years since firat exposurs would
resule in higher reludive risks than studiss in
which workers were included with shorier time
singe first exposurs, owing to [ulfllmenc of latent
period requirements—particularly at lowsr dose
levels. In addition, however, relative risks would
be Lizher bacause of the longer period of expo-
sure and, thus, the larger dose. Intensity of ex.
posure appears to make an additional but iade.
pendent contribution. Ths latier is illuscrated in
tabte 6. These daca are based on the retired po3-
ulation of asbestos workers mentioned earlier;
relative risks are shown by number of years since
first exposurs at time of entry to the cohort (tizze
of retivemsnt) and average exposure levels dur.
ing work. Both factors clzarly conzribuced o the
respiratory cancer risk. Aciually, 3, rather chun 2,
factors ware probably operating here: latent pe-

TABLES
RELATIVE RI3KS AND COBRECTED RELATIVE RISKS FOR RESPIRATORY
CANCER FOR & STUDIES, 20 YZARS AT EXNTRY SIMCE FIRIT EXPOSUARE

-~

Reiative Daeath Coargilizaca Daath Rate
Reterance RMisk Carractivg Corracted
Seiicott 15} 8.2 7.6 6.2
Entertine 3.0 el 2.9
Coopa (I 2.8 . 7.3 6.7
Weganar (13) 2.8 2.8 3.8
Sainatt (ta) e.2 8.8 s.5
Setikotf 115) S8 &7 4.7

01*—”"no~.,



001330

[
(V3
O

TASLE S
AZLATIVE RIZK RO/ RESPIRATIRY CaNCIP
AMOMNG RETIRZD AS2ESTOS WOARNERS

i hmeSince
Firss Sxp0wres

rdean Dust Lew el

(r21r3d <19 moost > 10 mopz!

<23 - 1.2 3.3

2729 1.8 3.6

> 30 2.2 4.7
10, doss express=d as time, 2nd dose exprasied

sunicy. Thus far, the effects of the Rest 2
1232 b2 imassiible taseparate,
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