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Asbastos insulation workers, as 2 greup, have a high
risk of dying of bronchegenic carcinoma (about savan or
eigint times expectad). ¥ie have observed 370 such work-
man from Jan 1, 16G3 to Apeil 30, 1587, Our fiadings

indicata that ashastos cxposure 2ione is not tha entire

explanation. Gf S7 noncigarette smckers, nona died of
hronchoganic carcinoma. Cf 223 warkman with a history
of ragular ¢igarstt2 smoking, 24 died of bronchegenic
carcinmna, althouzh only three wera erpactad to die of
this Ciseasa. Calculalioas suggast thal asteslos warkers

* who smoke have about 92 timzs tie risk of dying of

bronchogenic carcinorma as man wito n2ithar work with
ashz=stos nor smoke cigaratiss. Ve conclude that asbestos

xo0sure should ba minimized, that 2sbestos workaes who
<o not smoke siiculd nevar start, and that those now
smoking should stop immediately.

7 n 1064, we reported on deaths occurring between

Jan 1, 1943, and Dec 31, 1952, among 632
members of the International Association of Heat
and rFrost Insulators and Ashestos Worn..s' All
of these men had been occupationzlly exposed to

asbestos dust for many years. Their death rate-

from lung cancer was found to be 6.8 times as high
as that reported for the general white male popu-
lation of the Unitad States during the same years,
with age taken into consideration. Three of the
men died of diffuse pleural mesothelioma and one
died of a neoplasm histologically suggestive of pen-
tonzal mesothelioma. This was of interest since
mescthelioma is a very rare disease in the general
pepulation but is reported to be associated with
exposure to asbestos dust.” In addition, their death

- rate irom cancer of the stomasch, colon, and rectum

was hicher than expected; but this may have been

€rom the D-r‘urt aent of ('-'m'n': ity \fndncxne Mount Qmal
School of Megdicine (Drs. S&elikof and Churg), and the Dopart-
mient of Epddcminlogy end Statistics, Americen Cancer F-)cicly
t{Dr Hanunoead), MNew York. .

Read belote o joint meeting of the Scctiun on Disenses of the
Chost with the Seciion va Proventive Medicine and the American
Colieze of Chezst Physicions ut tiv 110th annual conventin.g of the
\inerican Medics! Arsuciation, Atisntis City, NJ, June 1Y, 1687,

Reoprint requesis to Mount Sinai School of Medicire, 100th

“"Sircet and Fifth Avenae, New York 10029 (De, Selikod).

due to chance, the number of such deaths. being
small. During the latter part of the study, we ob-
tained information on the smoking habits of most
of the survivors, but we could not obtain reliable
information on the smoking habits of those who
F1id died at an earlier date. Therefore, we could

ot at that time investigate death rates in rela-
tion to smoking habits and exposure to asbestos
dust which were considered both separately and
jointly.

There i5 abundant evidence that cigarette smok-
ing leads to a high rate of death from lung cancer
in the absence of occupational exposure to asbestos
dust.” * Qur findings outlined above suggested (but
did not prove) that exposure to asbestos dust may
lead to a hizh rate of death from lung cancer in
the absence of cigarette smoking. If the latter be
so, then the combined eflect of both types of ex-
posure mizht or might not be equal to or greater

han the su -n of the two effects. On the other hand,

it w23 nessible that erposure to asbestos duet in-
crezzes the risk of lung cancer among cigarette
smokers bat does not lea(l to lung cancer among
nonsmokers.

The present study was undertaken primarily
to investigate these possibilities. In addition, we
wish=d to obtain more information on the occur-
rence of mesothelioma and gastromtestmal cancer
among asbestos workers.

tfaterial -

rrom recerds of New York Local 12 and Newark,
NJ, Local 32 of the International Association of
Heut and Frost Insulators and Asbestos Workers,
a list was made of every man who was a member
of either one of these locals on Dec 31, 1942, or
who joined between that date and Dec 31, 1982.
No one was omitted regardless of his subaequent
work history.

Personns! data from union records indicated that
of the 632 on the union rolls on Jan 1, 1943, 339
of the men had first been occupationally exposed
to asbestos dust prior to 1922, and an additional

¢ JALIA, April 8, 1953 & Vol 204, Mo 2

«

HER 0000727



. e oaep e -
AILEGVLS ENFOZURE-SE

LI )FF ET AL 107

233 men had first been ex-
po:cd-' Hetween the be-
‘ 1923 and the

Tabla 1.—Subjacts Claszified by Az2 &5 of Jan 1, 1563, and by Yzars From

First Occupational
Exposure to Asbestes Dustup to Jan 1, 1953

.‘..mmz of : Tol-l' No. of Years Since First Exposure to Asbesios Na. of

. Are, No,of  ——- - ST Beptte.

_ of 1942. All of these Az Subjests | 1026 2529 3034 3539 4C44 4549 S04 S2Mo
men.-were successfully  is39 2 2
Lrjueh Dec 31,  403s .13 12 1 !
.r‘aced t""};-,, ¢ th 45.49 32 17 2 13 L. 2
1852, end 262 o 1ICM 5554 109 1 80 28 e el 18
were found to have died  ss.s3 60 1 1's 34 8 1 11
. i 60-64 a2 1 3 1 19 8 16

up to that lme. Of the & 29 1 10 18 18 2 17
262 deaths, seven 0C--  jon 33 3 12 6 17 18
curred p:ior to the 20th 7:.;2 2: iee . : : 1: :
anniversary of the man'’s —_— — — — iy — — — —
Total 370 31 s 113 86 59 39 36 94

first exposure to asbestos
dust and 255 occurred
after the 20th anniver-
sary. Thus, of the 632

Tablz 2.—Subjacts Classified by Age and by Smoking Habits on o about Jan 1, 1963

Current Cigarette Smokers®
men, 370 were still living Never Piae, €2 - — -
Ava, Total Smokad Clzar cigaretle 1.9 10-19 20-39 4C 4
on Jan 1 1953 Ye No. Regutarly Only Smokers® s Day a Day a Day » Day
These 370 men were 3:39 ‘: ; ; g .
40-34 . . e cee
the subjects of the pres- .4 32 2 1 s 12 12
ent investigation. Table 1 50-54 109 12 6 2 3 s 33 24
shows their uge distribu- 5539 60 s 5 16 3 20 10
60-64 42 7 4 15 1 1 4
tivn as 0[ Jd.n 1. 1963, 6569 49 3 8 17 . Py 9 5
end the lapsed time from  707¢ 38 7 7 12 1. " A 3
Srst exposure up to that 308 . 3 ! s - '3 3 1o
data. All of them have ; — —_ — — ~ = = =
Total 370 43 33 101 5 17 97 63

been traced, and 94 of

them were found to have

died during the four-year
snd four-month interval from Jan 1, 196.:, to April
U4), 1967,

Jeginning in October 1962, we made arrange--
i.ents Zo examine these men periodically, once
very six to twelve months; the interval depended

von age and physical conditirn. The exarrinations
cl ufe chest x-ray films as well as physical ex-
inination and cover past and. present smoking
habits, occupational history, medical history, and
Currstic P.‘)...cal complaia.s. Altogether, 4. have-
examinad 3;0 (91.4%) of the men at least once
and have :epeatedly examined most of those who
zrz still uvm'r.

Inforr*at'on on smoking habits was obtained by
pc—*sora; interview with tbe 335 men who were ex-

mined. Of the 32 men who were not examined,
six toldl us their smoking habits by telephone and
five gave us the infomnation by mail. The local
unisn secretaries (who personally knew these men
well) zzcertained the smoking habits of 18 men,
and family members supplied the information on
the remaining three men. This accounts for all of
the 370 men. Table 2 shows their smoking habits
on or zoout Jan 1, 1963, the men heing classified
by their ages on that date even though some
changed their smcking habits between 1963 and
1967.

Of the 370 men, 48 never smoked regularly, 39
smoked or had smoked pipes or cigars but never

smrked cigarcttes regularly. and 283 had smoked

Areiies rcgu}arly. Some of those with history of
_.arette smoking also smoked pipes or cigars. Of
the 233 with a history of regular cigarette smoking,

".) ..-.‘: ﬁ'
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®Inciudes cigaratie smokers who also smoked pipss or cigars.

101 were excizarette smokers, five currently smoked
one to nine cigarettes a day, 17 smoked 10 to 19
cigarcttes a day, 97 smoked 20 to 39 cigarettes a
day, and 63 smoked 40 or more cigarettes a day.

The smoking habits of the 370 subjects were
compared with the smoking habits of a large num-
ber ol men selected from the general population.®
There were proportionally more cigarette 'smokers
among the 370 subjects than were found in the
gener:) _opulation sample; age was taken int2
consideration. _

Causes of Death.— A copy of the death cértificate
was obtained for each of the 94 deaths. In addi-
tion, we examined hospital records, postmortem
findings (41 cases), as well as the surgical and
pathologic reporls wiwen surgery was performed (39
cases). We also reexamined histologic specimens.
It was found that the death certificate was inac-
curate in 14 instances. However, this did not alter
the picture as much as might have been expected
since thure were several compensating errors. For
erainple, in one instance the death certificate in-
dicated Lronchogenic carcinoma as the cause of
death while a review of the histologic specimen
showed that death was due to pleural mesothe-
lioma; but in another instance exactly the reverse
was found. Likewise, review in one instance re-
sulted in changing the reported cause of death
from bronchogenic carcinoma to cancer of the
stomsch with metastasis. to the lungs waile review
in unother instance resulted in exactly the opusite
chan"e. The 94 deaths were ascribed to the follow-
ing causes:’ bronchogenic carcinoma, 24; pleural

§
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Tajle 3.—Observzd 302 Exz2izd fiumber of L2aths Among
=" 370 Astastas Waorzess During th2 52-Month Pariod

Observad  Exp-vied
Civse of Death Beaths Bestng®
Taxal, zancer (all sites) : 49 36
;r3. zleura, becnzhus,

Ca::;r:ef;;::. zieura. bronzhus 27 23
Sronzhcgeme carcifoma 24 t
PieLral mesathelicma 3 $

Faritorest meiztheloma 7 t

Canzur of $137T4ach 3 06

Zancer of coian and ractuin 5 12

Carcar of all ather sil2s combined 7 45

Asbestasis I 1s Je
i 1% in i

He::r:c:;.d circulatary disease includiag 22 P

Al ather causes of death -_8 10.4

Tcal, all causes 54 47.5

*Based udoen US martalily cuta disr23irding smoking hobits,
TUA:ted Siates Cets not avilable, butl figure should t2 oaly slightly

fess than 2.3. .
IUnzed Statas Cata aot available, but these are rare causes of death

in general foputation.

mesothelio;na, three; peritoneal mesothelioma, sav-
en; cancer of the colon, four; cancer of the rectum,
one; cancer of the stomach, three; cancer of the
pancreas, two; cancer of buccal cavity and pharynx,
two; cancer of bladder, one; cancer of undeter-
mined prnmary site, two; asbestosis, 15; cor pul-
monale, vne; cornary heart disease, 17; congestive
heart failure, one; cerebral vascular lesion, two;
sortic aneurysm, one; circhosis of the liver, three;
bronchopneumonia, one; encephalopathy, one;
acute pancreatitis, one; Wegener's granulomatosis,
one; and accidental fall, one.

Expected Deaths.—For purposes of comparison,
we wished to azcertain how many of the 370 sub-
jects would have died during the 52-month period
{Jan 1, 19533, to April 30, 1967) if their age-spscific
dzath rates had been exactly the same as for the
gencral white male population of the United States.
For this purpose, we made use of the United States

1964 life table for whi*~ males; this presvided the -

most stable basis for comparison. It should- be
noted that for white males total death rates and
death rates from respiratory cancer were slightly
higher in the industrial states of New York and
New Jers2y than in the Unitad States as a whole.®’
On the other hand, respiratery cancer death ratesin
white mzen aged 20 to 64 are reported to be a trnfle
lower than average among laborers, not elsewhere
clazsiied employed in construction work.®

- Frem the life table we determined for each of the
370 men the probability of his dying within a pe-
riod of 52 months, considering his agze on Jan 1,
1963, and assuming that the life table probability
applicd to him. Summing these prababilities for the
370 men yielded an estimate of the “expected”
number of deaths under the null hypothesis that
the age-spzcific death rates of these ashestos work-
ers ar2 the same as for United States white males
in gereral. The computation indicated that 47.5
deaths would have been expucted.

Ne.:t, we wished to estimate the exnccled num-
ber o dzaths rcm each of several causes. For this,
we izadz use of the perczntaze distrbution of
dexzths by cause of death among United States

- SILIKCEF ET AL

white males of various azzs during the year 1964
=3 reported by the National Center for Health Sta-
tistics. These percentages were then ctandardized
for age according to the age distribution at time
of the 47.5 expected deaths. The results are shown
in Table 3.

Expected vs Observed Decths.—As shown in
Table 3, there were 94 observed deaths (ie, 94 of
the 370 asbestos wworkers died) as comparad with
47.5 deaths expected on the basis of the age-specific
death rates of all white males in the United States
in 1984. Thus, there were 94 minus 47.5 = 46.5
excess deaths. The excess deaths were due to bron-
chogenic carcinoma, mesothelioma of the pleura
and peritoneum, asbestosis, and cancer of the
stoinach, colon, and rectum.

Cancer of Lung, Pleura, and Trachea.—In pub-
lishad mortality data for the United States show-
ing deaths each yecar from various causes by age,
sex, and race, the following diseases are combined:
cancer of the lung (including sarcoma of tae lung),
cancer of the bronchus, cancer of the pleura, and
cancer of the trachea. For this group of diseases,
there were 27 observed deaths and only 2.3 ex-
pected deaths, a ratio of nearly 12 to 1.

It is well known that, for the Unitad States as
a whole, all except a very few of the deaths re-
pocted in the combined category are due to bron-
chogenic carcinoma. Thus, it may be assumed that
there were close to 2.3 expected deaths from this
cause as compared with 24 observed deaths, a ratio
of aver 10 to 1.

Mesotheliomma.—Ten of the 94 observed deaths
were due to mesothelioma, three were due to
plaural mesothelicma, and seven were due to peri-
torneal mesotheliomas. This is such a rare disease
that if the 370 subjects had been selected as a
rardc sample from the general populatic.:, one
would not have expected any of them to die of
mesothelioma within a period of 52 months.

All three of the rmen who died of pleural meso-
thelioma had a history of regular cigarette smoking.
Of the seven who died of peritoneal mesothelioma,
one never smoked regularly, one smoked only pipes
and cigars, and five bad a history of regular .ciza-
rette smoking. .

Cancer of Stomach, Colon, and Rectum.—In our
earlier study of ashestos workers,' there were more
deaths than expacted from cancer of the stomach,
colon, and rectum (9.4 expected, 29 observed). As
comnpared with a total of 1.8 expectad deaths from
these causes, there were eight observed deaths in
this study, due to cancer of the following sites:
stomach, three; colon, four; and rectum, one. Al-
though this bears out our earlier findings, the num-
ber of deaths from these causes was so small that
we still refrain from drawing any conclusion at
this time. .

Asbestosis.—Asbestosis accounted for 15 of the .

94 deaths. While it is not surprising that deaths
from this disekse occur amonz men exposad to
asbestos\Cust, atiention must be called to tha fact
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‘.n._t thooz eubjects were T nia &.—Zstimated Mumber of tunz Canczr Deaths Exn=cicd to Ozcur Curm a Period
pnmn_ 7 in "dl"'tlun worke- f 52 Moatins per 10,000 hi2n Living at the Start of Pariod; by Age and by 5"""’"‘:. Hnsils‘
ers. while ell of them .
. u-ationzll ex- Meoer Pise, Current C::—m.hl Sraskerst
were occupau y Age, Yr Smiched Cizar Exciparette 19 10-19 20-39 'GEN
poved to eshestos dust, SUsn11953) Pegularty Gnly Smoierst a Day a Day 2 Day »Dry
“their dwree of exposure O : et 5.
~as h,;."zt as compared 2549 2 "2 ,;5 o e ;; 12
with the degree of ex- 30-54 7 12 22 28 a4 9 90
nosure of asbestos miners, e e 1 53 o 9l 17 . 185
processcrs, and weavers €5-69 14 32 97 157 322 ggg-
in earlier times. 'zg;; 12 52 100 103 206 223 450°
Bronckogenic Carci- foas 2 o 1o o 183 e 329

noma.—Bronchogenic car-
cinorna acccuntad for 24
de._ti‘s whnile only about
‘. 3 wers espected on the
basis of "cu-.ul United States mortality data for
white males. However, as previously mentioned,
evidence at hand suggests that there were propor-
tionally somewhat more cigarette smokers among
the 370 subjects than among white males in the
United States as-a wl'ole, age being taken into
considaration. This might have partxax[y accounted
for the high bronchogenic carcinoma death rate of
the an]ECtS For this and other reasons. we made
estimates of the expected number of bronchogenic
carcinoma deaths, the smoking habits of the men
being -takea iato conaider‘.txon. This "was done as
follows:

Data are available on lung cancer deaths in re-
lation to the smoking habits of 410,000 men en-
rolled by American Cancer Society volunteers in
a prospective epidemiological study between Oc-
tober 1555 and March 1960 and traced through
Sept 20, 1964. Causes of death were ascertainad from
death certificates, but whenever cancer was men-

- tionzd on a death certificate inquiry was made of
‘the physician who signed the certificate. In case
of “"'*c'e-nmnnt bet"""l the two sources »f infor-
mation, the physician’s statement was accepted.
For the purpose at hand, we only made use of data
covering the 32-month period beginning on June 1,
1960, and ending on Sept 30, 1964. The number of
lung cancer deaths occurring during the 52-month
penod was divided by the number of men alive at
the beginning of the period. This was done by five-
year age groups for men in each of the following
smoking categories: (1) never smoked’ reau]arly
(nens mokers a2nd occasional smokers being com-
binad); (2) history of regular pipe or cigar smox-
ing, past or present, but never smoked cigarettes
reguizrly; (3) excigarette smokers (including those
\xho kad smoked or currently smoked pipes or
igzrs); and (4) current regular cigarette smokers
(mcludmv those who also had smoked or currently
smoked pnpes or cigars). The last of these cate-
gories was further divided by current number of
cigarzttes smoked per day: (4a) one to nine ciga-
rettes 3 day; (4b) 10 to 19 cigarettes a day; (4c)
20 to 39 cigarettes a day; and (4d) 40 or more
cigarettes a day. Since the men were divided into
seven groups by smoking habits and further sub-

tlne

3
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*Ersed upan data from a pronc=cti.» study with adjusiment far US mortality exparisnce.
tElhigses mdxca‘- rates omilted for catezories with no subiects in this study. See Table 2.
udes cigarel? smovrers who 3130 sincked pine or cigar. Men with a history o' only cigarotte
smoking have hugher lung cancer rates than shown hers,
GPates obtained by smocihing the cata.

divided into many five-year age groups, some of the
subzroups contained only a small number of men.
In consequence, the lung cancer death rate was
statistically unstable in some of the very small sub-
groups. In three instances where the observed rate
in a small subgroup appeared to be badly out of
line, we arbitrarily made an adjustment to bring it
more into line with adjacent figures in the table.
These adjusted figures which are indicated with
symbols in Table 4 carry very little weight in the
final calculation. All of the rates were then.ad-
justed as follows:

Lung cancer death rates in the United States
have risen steadily year by year and were higher
in 1964 than during the period 1960 to 1964 as a
whole. Furthermore, in the study described abave,
we avoided enrolling seriously ill people and, as of
the cut-off date for preparing the computer tape,
we had not yet received death certificates for all
of the men now known to have died during the
specified period of time. For these reasons, lung
cancer death rates in the study population were
aporeciably lower than those reported for white
males in the United States in 1964. To compensate
for this, we raised the rate of each individual smok-
ing category so that the total lung cancer death
rate (disregarding smoking habits) in each five-
year age group would be the same as that of zll
United States white males (based upon the 1964
life table and the 1964 distribution of deaths by
causes of death). The results of these computations
are shown in Table 4. (It should be noted that
Table 4 shows only such rates as were required for
further calculations.) .

The rates shown in Table 4 were then appl ed to
the number of asbestos workers shown in each of
the corresponding internal cells of Table 2. This
yielded an estimate of the number of lung cancer
ceaths expected to occur during a 52-month period
among the 370 asbestos workers classified by their
smoking habits. By “expected” number, we hore
mean an estimate of the number of lung cancer
deaths which would have occurred under the null
hypothesis that asbestos workers do not dificr fromn
other men in respect to their lung cancer death
rates,’, both age and smoking habits be eing taken

HER 0000730
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T2tle S.—0bser.ed and Expectad Eronchozznic Carcinoma
Czaths by Smoking Habits® for 370 Asbastos Workers

CYs2eved €xcucted

Smcking Hadlls Dezths Ceasths
Mevar cmnzhed rezalarly ] 005
- ~Hisicry of pize, cigar smoking only - ¢} a.13
History of rezular cigarette smokingt 24 238
Tolal 24 .16

*Sas=3 upon dita in Tadle 2 and Trdle 4.
tinciuces cigaretie smonirs who also smohked pipe or cigar,

Table 8.—~txpected and Otservad
tas Workers Exposed to Astesto Dust 20 years or Longer

Ceaths Among 632 Asbes-’

Toltat
1542-1962 1582-1%37 1543-1657
Total deaths: all causes

Expected 2C3.8 475 251

Otsarved 255 -3 49
Tclol-canaee all sites

Erpecled 355 36 £5.1

OSzarved 95 . 43 iys
Canzar of lung, trachea, plaura

Eapacted~ 6.6 23 8.9

Obsacved 45 27 722
Canzar ¢t stecmach, calon, rectum

Erosstied 9.4 1.8 . 112

Sserved 29 8 © 37
t site mbin . .

Cae:;;;leldo her sites combined . 208 4.5 23

Otservad 21 14 35
A R ored ) o o

Obsenved 12 15 27
A e 157 5.9 2059

Qbs=reed . 43 30 178

into consideration. The results are summarized in
Table 5 which shows the expected and observed
number of lung cancer deaths in each of three
smoking categories. _

Taking smoking habits as well as age into con-
sidzration (Table 5) a total of 3.2 bronchogenic
carcinoma deaths were expscted whereas taking
only age into consideration 2.3 deaths were ex-
pncted “from this cause (Table 3). Thus, perhaps
;.2 of the excess L.onchogenic carci-: na deaths
might ke attributed to the fact that there appear
to '-ave been proportionally somewhat more ciga-
rette smokers among the 370 subjects than among
men of the same ages in the general population.

The following statements are based upon the
data shown in Table 5. Twenty-four deaths {rom
bronchogenic carcinema occurred among the 370
subjects comparad with only 3.16 expected, a ratio
of about 7.6 to 1. This is slightly higher than found
in our earlier study which indicatad a ratio of 6.8
to 1 (not taking smoking habits into considera-
tion). It shouid be noted in this connection that the
370 subjects in this study had been exposed to
asbestos dust someawhat longer than the subjects of
our previous study (the present 370 subjects are
sunvivoss as of Jan 1, 1983, of subjects in the
previous study).

Of the subjects who never smokod regularly and
these who smoked only pipes or cizass, none died
of bronchogenic carcincma wheraas 0.13 of these
man were e\p_..md to die of lung cancer. This sug-
gests that exposure to asbsstos dust dees not in-
crease the sk of bronchogenic carcinoma ainong

mzn who nzver smoked cigarettes regularly. How-
ever, considzring the small number of “such subjects
in this study, we only conclude that exposure to

sbestas dust does not grertly increase the risk of
b-onrnw-c-mc carcinoma among men who never
smoked cigarsties regularly.

Twenty “four of the men with a history of revular
cigarette srmoking died of bronchogenic carcinoma
whe‘eas only 2.98 were expected to die of it, a ratio
of 8.05 to 1. T'rora this it appears that exposure to -
asbestos dust greatly increases the risk of lung
cancer emong cigarette smokers.

Now we may ask how greatly is the risk of broa-
chogenic carcinoma increased by the combined ef-
fects of cigarette smoking and exposure to asbestos
dust. To arswer this question, we applied rates
shown in Table 4 for nonasbestos workers who
nevzr smoks revularly to the number of subjects
with a history of regular cigarette smoking as shown
in Table 2. This indicatec that only 0.26 of the
subjects with a history of regular cigarette smoking
would have been expected to die of bronchogzenic
carcinoma if tney had never smnked regularly and
had never been occupationally  .osed to asbestos
dust. Since 24 of them actual’ = ied of this cause,
the ratio of observed to expected deaths is 92 to 1
(ie, 24 divided by 0.26=92). This appears to in-
dicate that cigarette smoking plus occupational
exposure to asbestos dust increases the risk of
bronchogenic carcinoma by a factor in the order of
mapmcude of 92 to 1. It should be noted that this
estimate does not take current amount of czgarette
smoking into consideration.

Com,»ar:aan With Earlier Findings.—As e'(p.amed
we started with a cohort of 632 asbc.atos insulztion
worrers, the entire membership of the union locals
on Jan 1, 1943. We have now traced each man
through April 30, 1967. Table 6 shows the observed
rnl expected number of deaths for each of two
periods (the first, 1943 to 1952, being previously
reportzd’) and for the entire period. In respect to
respiratory cancer (lung, trachea, and pleura) and
in respect to cancer of the stomach co‘on, and
rectum, the findings in the two penods are in close
agreement.

Comment

The increased risk of neoplasia (mainly broncho-
genic carcinoma and mesothelioma) among insula-
tion workers reported here should be evaluated in
the knowledze that these men have comparatively
light exposure as asbestos tradcs go. Primarily em-
pb)e-d in construction work, many of the materials
they use contain little or no asbestos and othe:
have only 5% to 15% %- Conditions of work vary;
these men often work outdoors unlike asbestos
op=rators in factory work. Comparatwe!y fow dust
exposure surveys have bezn made in this trada
their results have generally been within the 5 mil-
lion particles per cubic {oot permissible lirnits cur-
rently accepted by the American Confcrence of
Governmentel Industrial Hygienists.™'® Nor have

JAMA, April B, 1GE2 » Val 274, Mo 2
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additionzl po.-;..t::’.’) carcinogeanic substances been

‘(’ atifi=zd among the other matzdals used.'®

= Yezvier or even lighter expusure may result in
diferent degrees of risk of neoplasia. Heavy fsctory
ety\'.)sure in the past hzs in some instances resulie
41 considerable lunz cancer risk.' In others, para-
dezically, little lung cancer wzas seen because as-
bestesis wes so common and so severz as to cause
death of the expcsad workers bafure they could live
long enougn to develop lung cancer. Once exposure
wzs reduced by improved industrial hygienz2 prac-
tices, ezrly death from asbestssis s‘xarply dimin-

iskz=d end lung cancer became common.”

[a zpy cese, heavy exposure is not likely to be
the most important problem in the future, unless

thera be shezzr carelzsspess or unconcarn. Rather,
lizht exposure, similar to that in insulation work,
mll k2 much more commeon, both in direzt asbestos
working tfades and as tha result of indirect occupa-
tiona! cxposure, as in t‘he construction and ship-
building industries.

There is another type of “light exposure” which
may afect many more paople *Un thosa industrial-
ly exposed. In the pest seve  years, it has been
demonsiratad that asbestos >
the lungs oi 25% to 339 of adults examinad at
autepsy in large citiss, such as Eelfast, Northern

‘ T*exand C..--to-vn, Republic of South Africa,
Azmei, Fla, Pitisburgh, and Monireal. This is
presumably due to ‘“asbestos air pollution” by
fbers dzfived from industnial “soillover” (as dust
from construction sites or factory wastes) or [rom
end-product use. Such community wsshestos air
rellution may be impcriant since there is aiready
evidence that in certala circumstances, as living
within half mile of a2n asbestos plant or in the
bouszheld of an asbestos worker, intimate environ-
menta] contamination can be associated with secme
riskh of mesothelioma.”” “What is not nnw % :own is
whather the minimal armounts inhaled by the gen-
eral public carry a similar nisk.™

Nor do we know whether inhalation of the very
small amounts of asbestos present in the air of some
comrmuniities is associated with a special lung
cancer risk in cigzarette smokers (or, conversaly,
whather cigarette smoking makes the inhalation of
very smali amounts of asdestos particularly hazard-
" ous). It will be important to ascertain whether such
cocarcinegenic or potentiating or precipitating rela-
tionships exist because, with the rapid growth of
asbestos use (500,000 tens per year world produc-
tion in 1230 has risen to ovezr 4,000,000 tons per
vear now), it may oe difiicult for cigarette smokers
to avoid inhaling air contaminatad with asbestos.

It may not be easy to unravel the intecrelation-
ships which might exist bstween comraunity 2s-
13105 air polh.t:on and cigarette smoking. Both
be st s exposure and cizarette smoking have a
1z-lzpsed period b=t"=~=n onset of exposure and
occurrence of neoplasiz, vet for current smokers
eze two exposures may not have bhegun simulta-
eshestos used 20 to

necn.;ly. there was much less
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ies can be found in -

1
- SELIKCFF ET AL 11

40 vears ago. Youngstzrs who start cmoking now
Lave a much greatar chance of having both ex-
posures simultanzously.

Sigrificance of Findings for Asbestos Workers.—
The ir'.port of the data reported here seems clear.
There is an extraordirary risk of devempmg and °
dymcr from lung cancer for asbestos workers who
smoke cigarcttes regularly. In the group studied,
the combination of ashestos exposure and cigarette
smoking increased the nisk approximately 90 times
compared with imen who neither work with asbestos
nor smoke!

Of 283 asbestos workers who had a history of
cigaretie smoking, 78 died within a period of 52
months whereas only 32.4 would have been ex-
pacted to die within that length of time if their age
specific death rates had been the same as for the
general white male population of the United States.
Of the 785 deaths, 24 (31%) were due to broncho-
genic carcinoma. It is estimated that if these men
had smoked cigarettes but had not been exposed to
ashestos dust, only 2.98 would have died of bron-
chogenic carcinoma within the same length of time.
If they had neither smoked nor been exposed to
asbestcs dust, only 0.26 would have been expected
to die of the disease within a period of 52 months.

-Of 87 asbestos workers who never smoked ciga-
rettes regularly, none dizd of lung cancer within the
52-month pariod (although three died of asbestosis
and one died of peritoneal mesothelioma). This
finding, being based upon the experience of only
87 men, does not prove that exposure to asbestos
dust has no influence on the risk of lung cancer
among nonsinokers. However, it suggests that ex-
posure to asbestos dust does not lead to an ex-
trer. ely hizh risk of lung cancer ainong nonsmokers.

The conclusions are evident:

1. Occupational expesure to asbestos dust should
be recuced to as low a level as possibie; but there
may be an irreducible minimum level if asbestos, a
very useful material, is to be used at all. Such
reduction in expasure will bznefit asbestos workers
of the future. However, we are also concemed with
workers who have already been exposed at signifi-
cant levels for many years. Asbestos fibers will re-
main in their tissues for the remainder of their lives.

2. All people incur a great increase in risk of lung
cancer if they smoke cigarettes; for asbestos work-
ers the increase in risk is tremmendous. Asbestos
workers who do not now smoke cigarettes should
never begin. Those who do smoke, should stop
immediazely. We may hope that the decrease in
rizk which results from cessation of smoking among
the gensral public® will be the good fortune of the
asbestos workers as well,

This investigation was supporied by the I{2alth Research COun-
cil of Gie City of New York.
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