Medical Department

Charles H.Hine, M.D.
Medical Diractor

26 June 19380

e
>
Messrs. KWNelson and T Qﬁs LAP*lKL\
MOVarner

Re: Mortality Zxperience in Asbestos-Exposed Persons

I recently saw a case of pharyngeal cancer in a person
who had relatively low exposures to asbestos fibers.

He was a warehruseman and his exposures occurred while
unloading boxcars in which the shipped asbestos .had
broken loose from their containers. As I was not aware
of any data indicating a relationship between pharyngeal
cancer and asbestos exposure, I requested a review by
the Institute of Occupational & Environmental Health
(which ASARCO halps support). They sent me the enclosed
paper by Selikoff. I think that you will find the
statistics interesting.

CHHine

CHH:cab
Enclosure

CC=— DHSoutar
MJMessel -

ASARCO Incorporated 7604 Rincon Annex, Sa’) Francisco,Califorma Yg120
357 Tehama Street (415) 777-2210 ) '
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" . MORTALITY EXPERIENCE OF INSULATION | T 3g
o : WORKERS IN THE UNITED STATES = 63
L - - AND CANADA, 1943-1976"* 70

i Y oteiwThio. . Ipving J. Selikoff < - 81

Ernvironmental Sciences Laboratory
Mount Sinai School of Medicine

7 The City University of New York N
' New York New. York 10029 -

w0 gelas 1964 we reponcd data’ conc:rmng the mortalis y e-pcncnc- of a cohort of
azlidese ashestos insulation workers in the New York-New Jersey metropolitan area 1943~
'..1_..':::- 21962} Significant increases in deaths of lung cancer, mesothelioma, gastrointestinal
’fj"—ﬁ’* ‘cancer-and asbestosis.were found. Findings-were limited to observation of only- 632 R
s - aen, however- Orz January 1,-1967, a larger cohort was enrol\ed for prosp:cnvc . S

e

mcluded the survivars of the ongmzl 632 Ncw York-New Jcrsey men. Observation

"-has been mzintained and an interval report of deaths in this group since January 1, .
f 1967 has been made? The prcscnt ana]ysxs details ﬁndmgs among lhe.se man through L
- December 31, 1976 = . A :

- < T

0 ]
NTAL HEALTH
CANADA -

MONTREAL
t

Asaasros INSULATION IN THE Ur«mao STATES

Asbestos, as a mixture of ﬁbcr and sodium silicate, was first used as an insulation
material in 1866 and as asbestos cement about 1870. Magnesia with asbestos as a
. binder soon followed and air-cell covering, using corregated asbestos paper, was
introduced in 1898. .
-z::- Thefirst union ofxnsulatxon workers in the United Stats was formed in New York
City in 1883 under a charter issued by the Knights of Labor (predecessor of the
American Federation of Labor), as “The Salamander Association of Boiler and Pipe
- Felters.” The present union of insulation workers in this country as chartered by the -
.. AFL in 1910, as the International Asscciation of Heat and Frost Insulators and .
) . Asbestos Workers, by the amalgamation of the Salamanders Association of New York
’ with other indcpcndcnt locals throughout the country. Members of this union are
insulation workers, primarily employed in the building trades doing construction
xnsulauon work but also employed as msulanon workcrs in rcﬁnencs. mduslnal plants,
B . f o Rl 3 - o ‘.;. .
; e 'Thu sludy was supponed by grants I‘mm lhc Amen:\n Canc-r Soaely (R-53), the National
. Institute for Occupational Safety and Health (0H00320) and the National Institute of Environ-
T mental Health Scieaces (ES00928) of the U.S, Department of Health, Education and Welfare,
and the Health Rescareh Council of the City of New York (U1272).
91 - N
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- shipyards and powzrhouse construction and r=pair. Much of thzir work is in the opea

but sometimes, as in shipyards. in rather tight quarters. The m=n generally work in alf
parts of the trade, with few specialists at onz or another part of it. Conditions at werk
vary from job to job and from company to company, with fewer than 10% of the man

) rcmammg with one company dunng their working lifetimes.’ Data puolxshcd concss

"

ing work practices in other countries suggest lhal asbcs:os exposure in insulation uork .
has been approximately the same the world over.* - -
- Asbestas exposure to which insulation workers are subject has been limited, varied

= and intermittent. Some of the materials used have contained no asbcstos In the carly SR

. part of the century, magnesia pipe coverings used shredded rope as a binder, withno * ; -
asbestos, Somewhat later, wool-felt, cork and rock wool were used. Startmg during - %

- -World War 1, ibrous glass products came into increasing use and, during the 1970s,

. sharply.decreased. Magnesia block insulation, including molded pipe coverings,

their utilization was greatly expanded, as asbestos content of insulation materials

usually contained approximately 15% asbestcs, while asbestos cement generally bad

:15-20% or Jess of -asbestos. Asbestos paper products contained a higher asbestos

CL'z oom:nt, but. were used in much smaller quantities.

N ,M-.r-'\’

+ Until approximately the early 1940, chrysotle alone was uulxzcd n 1he manufac-

~3dum T t.urc of the ashestos insulation products used by these men. ‘Amosite began-lo be used o

v
'—X}Z’\

T s War 1l and subsequently2 s - o~ LA ST SRR
> . Few dust-counts were made in msulauon ‘work until the mid-1960s. Howcvcr. -

-..,tv:"-

. in the mid-1930s in small quantities but bccame mors widely utilized during World

analysis of available data, including reconstruction of work situations and extrapola-
tion to the past of observations made more recently, suggest that insulation workers
would have been exposed to dust levels of 4-12 fibers/ml (as time weighted

. TABLE 1A
3 - -* MEMBERSHIP OF NEW YORK AND NEW JERSEY

STeT 0o - INSULATION WORKERS' UNION® JANUARY [, 1943.

CLASSIFIED BY AGE AND YEARS FROM FIRST EXPOSURE TO AssesTos Dust

* Total . . ) . .
Age 'N“:}b" Number of Years Since First Exposure to Asbestos
Years Members 0-9 10~-14 15-19 20-24 25-29 -30-34 35-39 4044 4549 50+
- 15-19 2 2 . L R P -
. 2024 Lo 14 “y . 14 N Los . e i
S.25-29 38._ 19 19 .. .7 L I
D o30-34 - 122000 T o
T35-39 1 16 "6 - e -
4044 . T4 s 30 . . - =
4549 -2 2177 Ze=me=ln - 29 . T .
$0-54 - .-82 - n): 24 « 4 < -
5559 - 65 .. 9 19 1
60-64 4] 8 6 4
6569 23 2 8 4 2
70-74 13 ' 2 2 2 3
7579 3 . . 3
80-84 2 ' 1 1

Total 632 40 143 140 108 70 67 40 15 4 3

*Locals 12 and 32 of the International Association of Heat and Frost Insulators and Asbestos
Workers, AFL-CIOQ. .
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_ TaaLe IB .
VMAN-YEARS OF O3SZAVATION, JANUARY }, 1943-Deczm3zr 31, 1962, OF JANUARY 1,
1943 MEMIEASHI? OF NEW YORK AND NEW JERSZY INSULATION WORKERS' UnioN®
CLASSIFIED BY ATTAINED AGE AND YEARS FROM FIRST EXPOSURE TO AS3ESTOS Dust

Years from Onset Ll
20-34 ’

m, 295

5683
*International Association of Heat and Frost Insulators and Asbestos Workers, AFL-CIO,

1970

averages).’ While there might have besn periods of little or no exposure, there could
2lso have been times of peak exposures much higher than the calculated averages.
MORTALITY EXPERIENCE OF NEW YORK-NEW Jersey
. !wsuumors WORKERS 1943-1976

On January 1, 1943, lherc were 632 men regxstered as members of the two locals
of the International Association of Heat and Frost Insulators and Asbestas Workers in
«the New York-New Jersey met.mpolnan area (Loals 12 and 32). Their age distribu-
tion according to years from oaset is contained in TaBLE lA and man-ycars of -
observation 1943-1962 ars shown in TABLE 1B. . : . ; -
Each of these men was traced to December 31, -1962; expected and observed
_ deaths are found in TA3LE 2. Nine men died before reaching 20 years from first-
employment, and they are excluded from TABLE 2, which is limited to the 623 men
* who achieved .that point. While deaths related to asbestos expasurc of the kind
experienced by insulation workers may sometimes occur in less than 20 years from
onset of employment (lung cancsr, asbestosis and, occasionally, mesothelioma) these
are not common and we consider that analyses of experiences beyond the 20-year point
more clearly define the influence of such exposurs. It was of interest, parenthetically, -
that there was no exczss in total deaths of all causes during the first 10 years of
observation, 1943-1952, in the post 20 years from onset experience—{altholigh an ...,
excess was seea for lung cancsr specxﬁcatly). as example of the “hcallhy worker
effect.”
Observation of the survivors of the original cohort hzu connnued prospecuvely and
by December 31, 1976, 478 of the original 632 men had died. The same overall pattern ) .
of causes of death has continued, although distribution ofd:aths by cause ha. changed

e e e ey P « e cmeater
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"TABLE 2 H
ExPeCTED AND OBSERVED DEATHS AMONG 623 ASBESTOS INSULATION WORKEaRS -
New York-Nsw JExsey, 20 or Moag YEARS AFTER ONSEZT OF WORK
JaNuary 1, 1943-Dzcemser 31, 1962
{8545 Man-vears of Observation)

Underlying Cause of Dzath - . Expected* Observed

Total-deaths~ali causes 1954 - 253 . Ll
Total cancer—all sites - WL TEETT e - 98 - IR
. Canecroflung = ’
o Pleural mesathelioma
.. o . Peritoncal mesothelioma - = -
. Cancer of esophagus, stomach, colon-rectum
Canczr of larynx, plnrynz. bua:l cavity |

b o~ -

Canczr of kidney
. All other cancer ‘ ’ : -
Pttt ~Noninfectious pulmonaryduasa. total

B S S Asbestosis' __ . .. v Tl D DT
Co : All other causes ’ e

.F77 “Expected deaths are based upon white male age-specific U.S. death rates of the US. .-

. -~ Nauonal Center for Heaaldh Suatistics, 1949-~1502, Rales for speciic causes of u.atb far
1943-1948 were extrapolated from rates for 1949-1955. -7
fRzlcs are not available, but these have been rare causes ot’duth in the generak popu[auan. e

DY - PRI . — 3. -

AV e TS - - —- . - TV IN L e .

somcwhal rcﬂccunv 2 number of cpldcmxologxca! mﬂucnccs Thus. plcural and

penton:al mcsclhchoma‘ which tend to occur somewhat later than bronchogemc

carcinoma, became proportionately more common (TASLE 3). This change in prepon- - ~

derance also reflects the smaller proportions of older men who ever smoked cigarettes, )

and also a “survivor effect.” Since the cigarette smokers in the original group had ‘

- . 2 S . - Taste 3 e
ExXPECTED AND OBSERVED DEATHS AMONG 632 NEW YORK-NEW JERSEY
ASBESTOS INSULATION WORKERS JANUARY |, 1943-DECEMBER 31, 1976
(13,925 Man-years of Observation)

“Expected deaths are based upon white male age-specific U.S. death rates of the US.
National Center for Health Statistics, 1949-1976. Rates far specific caule of death for
1943-1948 were extrapolated from rates for 19491955,

tRates are not avaifable, but these have been rare causes of death in the gensr‘-“ population,

. Undzrlying Cause of Death © Expested® Observed
Toual deaths,all causes - .. 3289 - 478 R
Total cancer, all sites . . . . 510 - 210 -
- . . - Canceroflung .. . . -o°0 .- B 133 . -, C93 LA
- Pleural mesothelioma’ . t - e B S T R
Peritoneal mesothelioma - - - t. .- 21 - e
Car:crofcsophagu T ey e o 14 - - ) -
Cancer of stomach * =% 7 s s.4 o
Cancer of colonerectum =~ ++ =3 -7 2.3 .
Cancer of larynx, pharynx. bucal cavuy 287 C ,: )
Cancerof kidney .- . . . e 13 o
Allothercancer -7 - 0t - sem e 248 F
Noninfectious pulmonary ducasa toul 9.3 :
Asbestosis ) . t :
All other causes : 262.6 {
.

.
b T |
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increased mortality risk (especially from lung cancer and cardiovascular discase)
there would likely have bezn comparatively fewer men with a history of cigarette
smoxking and still fewer who continued smaking at {zast the same amount, among the
cohart survivors, as the years went by, Except as influenced by othzr factors associated
with advanciag Iapsed e since onset of asbestos work, this would make for fewsr
dzaths of lung cmc._r. with more men at risk of dying of olh:r “sbcs:os associatad
disease.
Lung cancer r:m:uned the most important cause of exczss deaths, with 93 such
deaths observed vs..133 expected. Thirty-eight deaths occurred of mesothelioma, 11
. pleural and 27 peritoneal. The increase in gastrointestinal cancer originally reported
in 1964 was agaia seen, with 43 deaths observed,.15.1 expected. There were 41 deaths Lt
aof asbestosis. In addition, 4 deaths were gbserved of other noninfectious pulmonary ] T e TR
diseases. Apart from cancer, asbestosis, and other noninfectious pulmonary diseases, : 27 E B
observed deaths.were fewer than expected of all othef cau.scs. only 223 seen, . ' IR
approximatzly 40 fewer than anticipated. .- -
This experiencz, with 19% of deaths due to lung canczr, 8% the resuit of -
mesothelioma, 3% of gastrointestinal cancer and 9% of asbestosis and other noninfec-
tious pulmonary diseases, begins to provide a broad outline of the total monality
experience of insulation workers employed under conditions of the past (much less
asbestos insulation was used in new construction after 1972, although variable and
intermitient asbestos exposw e weuid be ~xpected to S~ve cnrntinued to occur during
repair work)."76% of the original cohort enrolled in 1943 had died by the end of 1976.
Variations in distribution of deaths by cause over time may be seen in TABLE 4,
- Amang the 9 deaths listed before 20 years from onset of exposure, there was none of
lung cancer, mesothelioma. gastrointestinal cancer, or asbestosis and other noninfec-
tious pulmonary diseases. Variations are also evident in the two periods, 20~-34 years
and 35 or more years from onset. Although the proportion of deaths due ta cancer of
all sites was virtually identical in the two periods (44.5% and 44.3%), the specific
neoplasms were quite different in proportional distribution. Lung cancer accounted for
49% of the cancer deaths in the shorter period but only 43% later. There were 7 deaths
of mesothelioma in the 6263 man-years of observation during the 20~34 year span but
31 such deaths in the 5692 man-years later on. It is of interest, toa, that the proportion
- of mesotheliomas that were pleural in location also changed over time; 4 of the 7 were ’ ~
* pleural in the earlier pericd, against only 7 of 31 in the second period. It is clear that
unless oppartunity for pralonged observation is available, it will be difficult to fully
evaluate the distribution of deaths by cause among asbcslos—cxposcd groups. Cancomi-
taatly, such analysis will be enhanced by considering deaths in e2ch period of duration
from onset, scparalcly . .
» Not unexpectedly, deaths of asbestosis were again Iargely concentrated in the 35
ot more years from onset period; 38 of the 41 such ‘deaths were found at this time.
ft has been of intersst to inquire concerning the experiznce of thoss insulation
warksrs whose cxposure began after 1943, since this would refiect postwar conditions.
Eight hundred and ninety men joined the New York-New Jersey metropolitan area:.
locals of the union during the period January 1, 1943-Decembcr 31, 1962. Most (833)
had had no prior asbestos cmployment before entering the union. These men have been
. observed prospectively from the time of admission to the union to December 31, 1976
(TasLes SA and 5B). Our experience with thejr pre-1943 predecessors had demon-
strated that we were 10 expect retdtively few deaths before 20 years from onset of their
wark. Still, becaunse of the importance of evaluating postwar experience among men
not expased in earlier years, we undertook this study. TASLE § details their mortality
experiznce from first employment to December 31, 1976. In the 15,520 man-years of
cbservation -during the less than 20-year period. there was no unusual mortality .
experiencs. Altogclhcr there were fewer deaths than expected (again, the “healthy :
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TA3LE 5A -
NEW YO’RX AND NEW JERSEY INSULATION WORKERS O3SERVED JANLARY 1. 1943~
DECEMAER 31, 1962, AND SussEQUENTLY TO DeCeEMBER 31, 1976
(Number of Men Attaining Category)

Uaion Members Jan. 1, 1943 . Mzn Joining Union 1943-1962
Yecars from Qnset ~ * Years from Qnset
Period Tatal <20 2034 - 35+ Total . - <20 " 20-34 354

1945-1952 632 - 325 - . 51 190 - - 412 -- 412 -+ == - e
1953-1962 542 40 393 321 833 81 —_ —_
19631969 370 ;.. — " 12154 . <328.. 828 w828 v 7258 atem o oo .
1970-1976 = 234 - -t -7 3225 -224-- - 81122861 0 SIS o~ . ull - LR

e ~:

' , ' : S
MAN-YEARS OF OBSERYATION OF New "ou AND NEw Jzrsey 7
INSULATION WORKERS, 1943~1976 .. o

. SR (Number of Maa-years) STl e :
Union Members Jan. 1,1943 - . Men Joining Union 1943-1962 =T
L 2 YarsfromQOnset . - Years from Onset. ~ i e
Period =~ -Total - <20 20-33 - 35+ * Toul - <20 20-34 ----354+

1943-1952 5928 _ 1682 3253 . 993 1653 1658, — = —
1953-1962 | 4587 288 72430 © 1869 5906 Y5906 <~ =7

19631969 ° ' 2088 = — “ ‘418 1670 5752 Ts136
1970-1976 1322 12 -° 162 7 T1160 5485 . --2800
TABLE 6

EXPECTED AND OBSERVED DEATHS AMONG 233 Niw YORX-NEW JERSEY ASBESTOS
INsULATION WORKERS FIRST EMPLOYED JANUARY ], 1943-DeCEMBER 31, 1962,
. . AND OBSERVED FROM FIRST EMPLOYMENT~-DECEMBER 31, 1976 . C -
{Duration from Onset of Employment) ' L

Lessthan 20 Yars 2034 Years
Number of Men Attaining Category : 833 . : 523
Man-years of Observation 15.520 3281
Underlying Cause of Death * Expecied® Observed Expected® Observed '
Torz!deaths, all @uses 7, 398 23, 7 248 .- 39 - .
Tow. cancer, all sites -7 :“" - X | ’ S_ 50 T 18 R ’ :
Cancer of lung . : : 11 2 1.8 8§ = B .
Pleural mesothelioma - - .° %' -t [ IR 2 ‘
Periténeal mesothelioma ,-\'.‘.' Lo 1 [ SRR SO 1
Cancer of esophagus, stomach, -z %; & - . - s Lil . N Te
calon-rectum . - - : ; e, A7 B T 0.8 o _2_ Cea
Canc:roflarynx.ph:rynx bucc:l czvny .02 | 03 ., .- . T
- Cancer of kidney . . 0.1 0 LR o
Allother cancer =~ = : 3.0 1 2.0 0
Noninfectious pulmonary ducnsa total 0.5 0 0.6 7 -
Asbestosis t 0 t 6 E
Al other causes : 342 18 19.2 17

*Expected deaths are based upon white male age-specific US. death rates of the US.
National Center for Health Statistics, 1949-1976. Rates for specific causes of death for
1943—1948 were extrapolated from rates for 1949~195S.

tRates are not available, but these bave been rare causes of death in the general populaiion.

. ¢
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.. exposed to-both- types of asbestos throughoul their work experience. These datg-

v

.time; and evajuation was limited to observations less than 20 years from first exposure, -

98 Annals New York Ac'ad~cmy of Sciences

worker effect™} and there was no increase in cancer deaths. No mesotheliomas were
seen, nor deaths of 2sbestosis. There was no significant incrzass of either lung cancer
or gastrointestinal canczr. Since the 20-year point, wz have begun to ses the changes
predicted by our carlier studies. In the 3281 men-yzars of obssrvation 20-34 years
[rom onsct. there wers approximately three times 2s many cancer dzaths as axpectad,
primarily duz to lung cancer. Mesotheliomas were now first seen and some dzaths of .
asbestosis occurred. These had occurrcd primarily during lh: pcnod 1970-1976 :
{TABLE 7). = =~ -

When the post-| 943 work:rs were c.ompar:d with those ﬁrst exposcd befor: lh:t -

it was found that neither group had unusual lung cancer, mesothelioma or asbestosis
experience. TABLE 8 demonstrates that among 325 pre-World War Il men who had -
not reached 20 years from onset of exposure during their period of observation,
covering 1970 man-years, no excess of these diseases was sean. Similarly, among the -
833 post-war men, with 15,520 man-years of observation during the shorter than
20-year from onset point, and with exposures starting 1943~1962, neither mesothe.
lioma nar asbestosis deaths. occurred and there were not significant excess deaths of. .
lung cancer. This is of interest in that, by and large, only chrysotile expasure had
occurred before 1943 for the first group, while amosits was added to chrysotile in
terms of potential exposure-from 1943 cn. The after-1943 group was potentially _

dicate that amosite did not sh

Furlhcr. takcn togcthcr with the datain
ience of insulators .

9, reviewing deaths of selected causes 20-34 years irom oascl in the post-1943 group,
and comparing the findings with observations in the pre-1943 group for the same time
span, suggests that this will be the case.

MORTALITY EXPERIENCE OF INSULATORS IN THE

=7 UNITED STATES AND CANADA 1967-1976
There @crcml'l‘.SOO mcﬁ on thc rolls of the asbestas workers union in the United
States and Canada on January 1, 19671, A good deal of information concerning these

" men was available, including date of birth, date of first insulation work, employment
_ status on January I, 1967. Additional information was obtained by questionnaire from

a majority of the men concerning current symptoms, respirator usc, smoking habits,
work practices.

We have maintained observation of this cohort since 1967, wuh the. valuable
assistance of the local and international officers of the union. The men are registered
in approximately 120 local unions in the various parts of the United Siates and
Canada, including Alaska and Hawaii. Whenever an insulation worker associated
with the union dies, we are notified. In most instances, a death certificate is forwarded:
if not, it is obtained. As with the New York-New Jersey group, information is then’
sought concerning the details of the circumstances of death,'? including clinical data,
roentgenograms, histological material obtained at surgery or autopsy. The clinical and

tInternational Association of Heat and Frost lasulators and Asbestos Workers, AFL~CIO,' -

CLC.
A . .
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. TasLE .10 .
MEMIERSHIP OF A3BESTOS INSULATION WORKERS' UNION®, JANUARY 1, 1967,
CLASSIFIED BY AGE AND BY " YEARS FROM FIRST EXPOSURE TO AsazsTes Dust
- Toul - . .- ._.- . ) Cinoo L <
PISmBer £ 5T Number of Years Sinca First Exposure to Asbeston ST
o Members 09  10-14 " 15-19 20-24 25-29 30-34 35-39 4049 S0+ - - s
CEIS-19 w288 288 ¢ i Fip a0y T g

= 1 20-24 1695 = 1695 « RO
. 25-29 © 2412 2066 - 345 < |
1 30-34 - 2,762 ° 1065 1356 341

35-39 2,988 313 1141 1342
- ¢ - ,7?"424:—- 1026: -
ST T3 T 433
27 88 214 )
13 - 4% 129 206 - 176 146 193 2 "
-1 210 59 131 126 87 $9 179 7
6 .18 41 53 45 29 201 2i

S — 6 14 22 21 ° 16 .10§ N L.
—  J— 4 8B 'T4. 1 7 37 50 ’ B
- - = — . 2 1 .72 16 3 ’

- - 2 7 20

Total 17.800 5552 13562 3569 1953 1395 534 425 617 193

*Membership in the United States and Canada of the International Association of chl and
Frost lnsulators and Asbestos Workers, AFL-CIO, CLC.

roentgenological data are reviewed and the pathological material examined. Most of -
the presentation for this cohort is in terms of underlying cause of dedth categorized :
according to best evidence available (BE). Further details are also given in the tables
for underlying cause assigned on the basis of death certificate information onty (DC).
At the outset of the study, a majority of the men were below the age of 40 (10,101
of 17,800). The majority, too, had yet to achieve 20 years from first exposure (12,683
. . of 17,800) (TasLE 10).
- o During the pericd January 1, 1967-December 31, 1976, the cohort changed its age
and duration from onset distribution with the passage of time. Many of the men who
started in the less than 20 year from onset group achieved 20+ years from onset
during the decade of observation (TaaLE 11). Altogether, 12,683 men, with 89,462
man-years of experience, suffered 325 deaths in the period before 20 years. There

e . i am g gen rmem = R T

TABLE ll

N OBSERVATION OF 17, 800 ASBESTOS INSULATION WORKERS JN THE UNITED STATES
AND CANADA JANUARY [, 1967-Decemater 31, 1976
<20 Years 20~ Years
Total from Onset frora Onset
Number of men 17800 .. 12683 . §20S1 .. . . ..
- < Man-yearsof Tt e mm T St e SR R B R T S et T
) observation ’ 166.853 89,462 71391
. Decaths d 2,271 325 . 1946
- : Average age

during observation 44.4 36.3 C * §38 - = . . Co
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—r—-_ =z twice-the- number -anticipated. Comment had previously been made® concerning.
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occurced 1946 deaths amoang 12,051 men who had achieved 20+ years from onset,
with 77.391 man-scars of observation. The averags ags during observation was 36.3
years for the shorter group and 53.8 years for those with longer duration from onset.
During the decade of observation 2271 deaths occurred (TABLE 12), whereas only
- 1658.9 deaths wers expected (based upon white male age specific mortality data of the
-' U.S. National Ceater for Health Statistics). The excess deaths were primarily the
“result of an increased number. of instancss of cancer of several sites. Investxgauan of -
.-the deaths. found 486 due 1o bronchogenic carcinoma, between 4 and 5 times the .
numbcr antxcnpmcd. There were 175 deaths of maolhehoma 6’ pleural in location -

-

IR AT 5 ;',. = .\iAN-YEARS OoF Oas;av»mom 166 353

,2 et .‘3_,';_&1: \‘_' . i, Observed g Katioope -
Undcrlymg Causc of Death - - -- Expected® (BE) .- {DC) . (BE) - (DQ)
T Total deaths, all auses ekl e 16589 ule 227!-'2‘1 - 2271. 'R‘ﬁ-l J7.5%7 137 G
“H* Total cancer, all sites a7 3197 - - 995-:‘—- 922 .- 31l i~ 288
Sl Cancerollung  wmiecnoid - 105.6-- 1~ 486 - 429. : 4.60: 4.06
+ . Pleural mesothelioma oo oo b .63 .:..025 - L
<+~ Peritonal mesothelioma . . ..t 17 T I M-
. Mesothelioma, 008 | L L - 3 — —
Cancer of csophagus | 18 18 2.53 2.53
Cancer of stomica 14.2 22 13 L34 1.26
Cancer of colontzctum 331 59 58 1.55 1.52
Canceroflarynx - -° Ci.47. 11 -9 234 191 _
' 'Cancerofpnzrvngbucnl ~10.1 21 . 16 . 208 1.59
Cancer of kidney - - 8.1 <19 18 2.36 2.23
All other cancer 131.8 184 252 1 40 1.91 -
Noninfectious pulnonary -
discases, total 590 212 188 3. 59 3.19
Asbestosis .- t . 168 . 18 —
All other causes 1280.2 1064 1161 0.83 0.91

i L i ®Expecicd deaths are based upon white male zge-spccxﬁc US. death rates of the US. g

1A Nauonzl Center for Health Statistics, 1967-1976.
: -_$Rates are not available, but these have been rare causes ofdath in lhe gcnerz} popu!zuon.
~ (BE): Best evidence. \umber of dnths ategonzed afler revxcw of bcst avaxlablc mformzuon :

(autep-sy. surgical, chinical).-

and 112 pemonnl. There was a modest increase in dcaths of gastromtcstmal carcer

(csophagus, stomach, colon-rectum). <. .
Cancers of several other sites were also sxgmﬁcanxly mcrcas:d ovcr the number

expected. Thers were 11 deaths of cancer of the larynx, 21 of the buccal cavity and

- oro-pharynx, 25 well as 19 deaths of cancer of the kidney. In each instance, this was

|

interest in these sites but, at the time, there were inadequate data for evalvation.
Additional :xpcnncc has indicated that the early hints were predictive. .-

Review of information concerning the deaths allowed a distinction to be made
- between dealis caused by asbestosis and those of other nomnfccuous pulmonary
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diseasss, including :—nphyscu and cor pu‘monalc Thereby, 163 dzaths were azsigned
10 asbestosis and <4 wers atiributzd to other noniafectious pulmonary diseasss,
comparéd with a total expectaiion of 53.0 in the g2aszcal population. The question of
whether noninfectious pulmonary diseasss, otaer than asbestosis, are or ars not
increased in asbestas workers is a complex problem. Continuing questions of nomen-
clature of “chranic obstructive lung disease” in general; and uncertaintiss of dcsigna-
° " tion and pathological categorization were recaatly well reviewed by C. M. Fletcher!
i> « Chronic nonspecific lung disease, particularly that due to cigarette smoking, may
*'have-an influencs on the course of the asbestosis, providing an added burden to
ST " damaged lungs. We have evidence that there is such influence.! On the other hand,
diffuse interstitial parenchymal fibrosis or diffuse pleural fibresis would be disadvan. -~ © - “.oum
tagecus for individuals with extensive chronic obstructive lung disease, particularly
with superimpesed pulmonary infections or other physiological stress. Such disadvan-
__tageous additional contributions, in individual cases, may play important roles in
‘dcl:mumng the-adequacy: of*apatient’s. caspiratory. reserve. Categorizing deaths in- -
~terms of a single underlying cause; however, does not allow for inclusion of nuances. o( N
s interaction among the ssveral [actors, nor-to depict. the full spectrum of such .
“interacting diseare, from cases in which little other than asbestotic pulmaonary fibrosis .
" may b&involved to those in which all evidence indicates that ngarette smokmg and e
. chmmc obstructive lung disease were the principal faciors. -
. %% For causes other than cancer.and ashestosis and other noninfectious diseases, therc
- - were fewer deaths than expected, 1064 against 1280.2. In particular, there were fewer
. deaths of arteriosclerotic cardiovascular disease and its consequences. This is further
considersd elsewhere,® and it may well be that the active physical wark associated with
employment as insulation workers is advantageous in preventing or delaying death of ~
cardiovascular disease, 2lthough the influence of initial selection upon admission 1o
the trade cannot be disregarded.

It is evident that most excess deaths in this cohort were due 1o cancer (675) rather
than to asbestosis and other noninfectious pulmonary diseases (153). This is notewor-
thy, since the present United States Standard for occupational exposure to asbestos is
m large pan dcnved from reported recommendations dcsxgned to prcvem asbestosis.’

‘ -

P -
.- -

- .- - DEATHS OF L.ss Coxmon MALIGNANT Nt-:om..\sus
- - AN E - s e me—

T Apart from )ung canc:r. mcsoth.homa. ga.stromtcsunal cancer, cancer of the
larynx, pharynx and oral cavity and cancer of the kidney, there was still as excess of
cancer of othersites, with 184 observed, compared with 131.8 expected. TasBLE 13
provzdes information concerning expected and observed deaths for 2 number of other |

.. . sites. For some, there was no evidence of increased incidence, as with leukemia, = -
R ,lymphoma primary ‘cancer of the liver, testes, bladder. Rc!auvcly small increases -
were suggested for brain, skin, pancreas, prostate. The overall increase is of some
- -“interest, especially in view of the known possibility of asbestos fibeils being dissemi-
nated to virtually all organs following inhalation or ingestion.'™"' We have long been

- properly accustomed to secking verification of increases beyond chance expectation
- (“statisticaily significant™) in incidence of cancers of defined sites. This perspective
does not contradict the potcmial impon.ancc of more general increases in cancer
--mc:dcncc of a large variety of sites, perhaps not r&chmg levels of statistical R
“significance in any one location but still yielding definite increases of the overall = -7 ™l ’
cancer burden of the groups investigated. _ . . .. e e

R

L1
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-
. RER R VIS .

- ML‘LTIPLE CA\CERS .

From a purely statistical point ot’ view, in view of the mcrcascd mcxdcnc' ofcanc-r

of several sites among asbestos insufation warkers, we would expect that a proportion

of these men would suffer multiple cancers simultaneously, even beyond the tendency
of such findings to be made among individuals with cancer, in general.”? Again, this .-
... would not be reflected in tabulations of causes of death by single underlying cause, as
- is the usual practice. Analysis of our experience demonstrated one hundred malignant ©
" neoplasms presentbut-not causing death (TABLE 14). Sometimes these additional
. neoplasms were-mentioned on the death-certificate but as an “other significane =2
< condition,Z nat.in the section on the underlying cause of death. Forty. were present .
¥ among the 1064 cases-where death was due to causes other than cancer or asbestosis

!
i
i

2T MAN-YEARS OF Oasaawmou l66 853

“.l'"“"*»"..j'.';'-;:' e Observed Ratioo/e ;
T Expected* . (BE) .. (DC) T(BE)  (DC) -

& Toul das, all auses 16588 . -2271 . 2211 137 . 137 . L

 Cancer, all sites _wu s 3197 7. 995 922 .31l 288 -
" Deaths of less commone » « .o - s o - i
- " -7 - malignaat neoplasms... .. C e e B :
Pancreas 175 .7 23 49 1.32 2.81
. Liver, biliary passages 12 s 19 0.70 2.65
. . Bladder ’ 9.1 9 7 0.99 on
X Testes 7T .-t e - 7 2 i —_ — : .
i T-Prosate - 9T TR 120405 30 - 28 1.47 kY N -
7 Leukemia - 77 ST B & 15 15 118 .. LS ’ .
" Lymphoma - -zt 201 . 19 16 095 030
Skin . . 6.6 12 8 1.82 1.22
Brain - - 10.4 14 i7 1.35 1.63

*Expected deaths are based upon while male age-specific US. death rates of the US.
Nuional Center for Health Statistics, 1967-1976.
" (BE): Best evidence. \Jumber of deaths atcgorizcd after review of best available information - - : .
(autapsy, surgical, clinical). .: . ’
" ..+ (DC): Number o!dmhs as rccord:d l'rom dnth ccmﬁcztcmformzuon only. .

) (TABLE 15) Arnong thc 168 deaths of asbestosis, canc:r was also pr..s:m in7, 6 of
I e ..‘_, 27 these being broachogenic carcinoma. Analysis of the circumstancss leading to death,. - S
- "« however, indicated that the underlying cause was asbestatic pulmonary insufficiency, *~ = -7

and that the lung cancers were present but with no decisive influzace at the time of = -
death. Nineteen other cancers were present among the 485 deaths of Jung cancer and

10 other cancers accompanied the 175 deaths of mesothelioma. There were 9
“incidental™ neoplasms among the 99 deaths of gastrointestinal cancer. Although

: . experiences are so far limited, it may not be wholly un:xpec'cd that there were
-2 Proportionately more incidental. neoplasms accompanying deaths of colon-rectum

{

i caacer, compared to those of lung cancer (3.5% vs. 3.9%). Ons may speculate. that this™~
i . :

&

)
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PR “ 77 TaBLE 14- .- -
MORTALITY EXPERIENCE AMONG 17,800 ASBESTOS INSULATION WORKERS IN THE UNiTen E
TATES AND CANADA 1967-1976: Oaszavations Ix 2271 CONSECLTIVE DzATHS ;

. Maiignant Neopiasms Prasent, but not Causing Death®
.- . : Site . Number
lung L oeres oL o :
" Pleural mesothelioma -
Penitoneal mcwlhdloma

= ﬂncludmg leukemia . lymphcma 3. bl:dd~r5 prostale 13 lhvro:d ete.
N *In 92l-$md|ul.: teal mclud:s mulupl- caazers in eight cases. ..

—la E A A Iraeetl : - : - ’
. et could be due to the longer clinical course of many paticnts with colon-rectum cancer,
(T compared 10 lung cancer, with gre_ncr opponumly. simply in terms of nme\ to dcvelop
) B - .'additional disease. - . ST
Multiple cancers were pres:nt overall, in _.1% of dc:nhs among lhesc asbestas
insulation workers (48 of 2271). It is perhaps to be expected that this was more likely
to be the case among those for whom cancer was the primary cause of death (4.5%) ,
while only 3 of the 1276 other deaths had this finding. !
From a clinical point of view, in the management of patients with asbestos- '
associated disease, the potential for incidental or multiple cancers is of some ~
1mportancc, and awareness of the possibility may assist in both the diagnostic
investigation and long-term surveillance of mdmduals with history of significant
’ asbestos cxposurc. :

. . ser sl i o Lapsep PemioD . 7T T
- i+ - It is now well appreciated that most asbestos associated disease is first seen after
" considerable periods from onset of exposure In both occupational and environmental
" circumstances. This is true both for the presence and exteat of parenchymal ﬁbrosxs

and pleural fibrosis and/or calcification, *1 and for asbestos-associated neoplasms.

- .. Data obtained in this investigation now provide a more complete overview of this
. question. Broadly, we saw some Jimited excess discasc in less than 20 years from onset

. . of exposure (TABLE 16). Among 12,683 men. with such experience; covering 89,462 -
- man-years of observation, the number of cancer deaths was about doubled. with 42.6
deaths expected and 83 observed. There were no excess deaths of gastrointestinal
cancer and only 5 deaths of mesothelioma, with these in the 15-19 years from onset

category. Age, year and sex specific mortality data of the U.S. National Cancer for )

Health Statistics indicated that 11.9 deaths of lung cancer were to bc cxpccted :

Thirty-six occum:d. There were 8 deaths of ashestosis. .. i

h—r o - - . - Ter—— T _‘—‘_—.— e - ST .v--u,-—.n vioow

ASARCO ALV 0002092



Sclikofl et al.: Mortality of Insulation Workers 107

On the other hand, extensive dise2se was seen among the 12,051 men who had
reached 20 or more years from onset during the decads of study. Here, 1376.0 deaths
wer=s anticipated; 1946 occurred. Therz wers 160 deaths of asbestosis and 912 of
cane=r. [t was at this time that bronchog=aic carcinoma mads its heaviest contribu-
tion, with 93.7 such deaths expected and 450 observed. One hundred and seventy
dzaths of mesothelioma were then seen and the incrsase in gastrointsstinal cancer .. -
found. TASLE 17 depicts these data in some detail, in five-year periods from onset of © .. .. R
employment. Lung cancer data are given as both expected and observed numbers of . .- * A

" death. This practice cannot be followed for mesothelioma, where expected deaths
cannat be computed for the general population. Instead, we have provided data in both
number of deaths of pleural and peritoneal mesothelioma, as well as in terms of
pumber of deaths of these causes per thousand persons years at riske The latter does -
_ pot take into account variations in achicved age, but this may have less inSueacs than -
" achicved duration from onset of employment. It will be seen that very major increases
"-+i:- - in numbers of deaths of lung cancer are first seen at 15-24 years from onset of work,
: _. - with continued further increases..The extraordinary i mcreasc_ln deaths of mesothe-_
._-g—;..s,ﬁomz;_bot.h'-ohh:plcura ‘and:the-peritoncaiic iS not observed untl somewhat later..
=TT reaching 278 “deaths per thousand person-years at risk for pleural mesothelioma at..
35-39 years from onset of work, and 5.47 deaths of pcnloneal meso!hehoma per
 thuusana person-years at 45 +years from onset. -+ EIET :
In another reflection of the clinical concerns among thsc workcrs. TasLe 18
indicates that approximately one-third of all deaths were due to lung cancer at 30-34..";
yn:s from onset, while mesothelioma accounted for 13% of all deaths at 35—39 years.a_

. I R
o

'_'— oA ,.;-— fraﬂ'v’\"}'\‘—‘

P S R

cor f-

)l

: : Tape 18~ 7 7V

V{ovmu.mr EXPERIENCE AMONG 17,800 As3esTas INstratiOoN WORKERS IN THE U\ITED
STATES AND CANADA 1967-1976: O3SERVATIONS IN 2271 CONSECUTIVE DEATHS

NUMBER OF INCIDENTAL MALIGNANT NeorLasms (NOT CAUSING DEATH) IN RELATION

. 70 UNDERLYING CAUSE OF DEATH AS EsSTaBLISHED BY BesT EvineNCE (BE) e . Ea
. - e Incidental Malignant el e
Tl T Numberof Neoplasms SRR 7
SR ’ Deaths of No.of .. Total . .7~
Underlying Cause of Death Underlying Cause Deaths -~ Cancers -
Cancer all sites S 995 . 45 -~ 50 '
) Canceroflung . ., - . 486 . 17 . 19 .
." Pleural mesothelioma - ) . 63 . ) 4. . 4 .
%e , Peritoneal mesothelioms ™ . 12 - 2 5 6
Cancer of esophagus . 7 18 ~ ) 1
.Canecrofstomach . => - . - - 22 3. -3
- . x Canexrof colon-rectum - s SLE T 89 5= 5
T Canceroflammx . a: T - AT 1§ e o 0
: . Cancer of pharynx, buccal czvuy TN 21 2 .3
- " Cancerof kidney -+ 0% 2 2019 S0 L. -0
All other cancers - - -3 T ;. 184 g-"%" 9 -
- Noninfectious pulmonary *. = ° . - . ) -
diseases, total .. . - 212 - 10 - 10°
- Asbestosis . - 7 C 168 C- 7 . 7°
Allother cauges ~ = - 2+ 7 ] 1064 37 40 .
Toual ' h 2271 o 92 1Q0 :
- it e oSz of these were fUNE CANCET e m < s o o e SRR e T ST TT ST N

AY3 N - P
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TABLE 18
DEATHS AMONG 17,800 ASBESTAS INSULATION WORKERS IN THE UNITED STATES anp
CANADA, JANUARY 1, 1967-DeCEMBER 31, J976.
ANALYSIS BY DURATION FROM ONSET OF EMPLOYMENT

Pzreent of All Deatas

Masothelioma

Lung - . .
Y&:’c?:;' Total - Cancer - Pleural Peritonaa! . Total .
Employment  Deaths * (BE) (DC) (BE) . (DC) (BE) (DC) (BE) (DC) .
. <00 .. S8 _ 0 ..0. 0 .0 ;0. 0 -0 o .. :

1014 8 82 "59 0 0.0 o o o !
1519 - 189 "°153 143 L1 Ll 16O 27 - 16 -~
20024 - - 320 =184 178 19 213 0% 06 -28 - 2§ -
2539 1.7 388 .3 270 247 34--13 49 -08 83 _ 52 ..:.l7
30-34 - 7 340 329 - 303.- 277 °09- 68 I8 9.4 65 T
35439 253 -251 225 5% 16 15 20 134 19

S : 4044 <203 193 153 20 LS. 1% 18T 99 64 -
: : L. A5+ . 442 156 120 732 09 66 11 91 4l
T T Tonl IEEEI227 - T 214 189 T 2R R T U ST I S e T

. - *Total includes mesothelioma not specified as either pleural or pcmannl

- . - (BE): Best cvidencs, Number of death caterized afler review £J o&. :uxhb!» lrt'crrnzuc:
" (aviopsy, surgical. clinical). . : "
(DC): Number ofde:lhs as r:corded from death c:ruﬁczlc ml'onmuon only.

TolimL s ----s— "d~-'_-' -

Altogether, lung cancer was responsxblc l‘or 21% of all deaths observed by us in l}us
cohort and mesothelioma for 8%. -

]NVES\’IGATION AND CATEGORIZATION OF CAUSES OF DEATH

It is widely known that causes of death as recorded on death certificates may beia
error and that, even when accurate, these may be coded with considerable variation
among different agencies, despite the existence of agreed upon international rules and

P . recommentations.'’ Yet death rates based upon large series of causes of death 25
recorded on death certificates are nevertheless uscful, and are widely utilized. This
distinction, however, lcads o the understanding that comparisons between observed

v causes of death and those expected from national or local “death rates” should not be
considered in rigid exact terms, especially when considering the mortality experience -

- of very specific groups. For these, there are no perfect “controls™ that would take into
account their age dxstnbuuon, ethnic derivation, smoking habits, cconomlc circum-
stances, prior personal and social history, and so on. . ’
The matter is further complicated by -the fact that deaths in the general
population, which provide the basis for established comparison death rates, are rot
verified by investigation or examinalion of available data concerning the circum-
- T stances associated with the deaths. Of course, one may elect to treat the deaths in the
- ~ ° study population in exactly the same way, with no attempt to review data other than
; that recorded on the death certificate, explicitly accepting whatever errors might exist
in causes of death recorded and imgplicitly hoping that whatever errors exist are very
much the same in the two sets of data, deaths in the general popuiation and those in
the group under investigation, Certainly this latter method is simpler, cheaper, much
less time consuming."

- N -.A-,-.-\.--._._-..,._.. . e mmt e
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- But this approach has a aumber of drawbacks FirsL whcrc the distribution or
causes of death in the group being studicd is different than that found in the general
population, one may expect that. the distribution of inhereat error might also be.
diffzrznt. Second, data may be avaiiable which can shzd much light on the causes of
death undzr investigation and not inciuding such information permits the risk of
reporting results which are simoly inaccurate. [tis perhaps inadequats comfort to skirt -
this dnﬁculxy by clearly stating taat only death cezrtificate diagnoses are reportz d; this
only gives. the reasan [or potentia) inaccuracy. There are also technical issues, and
these are of parucular concern among asbestos-exposed groups..in the sixth, seveath -

; and eighth revisions of the International Classification of causes of death. There have ..-
besn no clear:categaries for the diffusé- malxgnam mesotheliomas of the pleura and ..

peritoneum which. occur; and while some improvements have been made in the ninth. ¢

evision now being introduced.we fear that these will still not resolve the problem. ..

. v Just as there are no perfect controls; there is also no single perfect solution, and it.;
2 is unlikely that there: will be such in.the foresceable future. especially since dara-.

“available for ascertainment of cause of death, even when investigations during life and
—at aulopsy hzve bccn und:ﬂakc-x. are not alwzys compl:te. and are surcly not untform. -;

= =
;M%—TAIL& 19 nimmindyy AN
H"LMoqurrr*Exmueacr_Ax.)\c 17,800 Asassraf INSULATION WORKERS IN THE --

UnderlyxngCauseofDalh T Expectcd' - No. ofe "~ No. - ofe  Evidence

Cancer all sites S~ccot o0 3197 -. 922 238 9%5 3.1l 93
.Canceraflung - - . . 1056 429 406 - 486 4.80 83 . ‘

-, Pleural mesotheliomas=™ o+ -t ., 25 o= .. 63 .~ .40 . . . N
.: Peritoncal mesothelioma . .. t .o =2 — . a7 T ~
.- Mesotheliomaymos. .. .0 0 ..t 85 ~—"7T70 7 7 - v
" Cancerof ssophagus = 7TTT a1 U 18 253 0 18 0 2.8 100 - i
Cancer of stomach ., 14.2 ©U18 L2622 154 82 -
Cancer of colon-rectum “2~"7" "T381 77 S8 uz:'-j 9 155 7 98

- Cznccrofhrynx. phzr)nx.

© . buccaleavity -

e 7 Canc:tofkndnzy
- Cancer ol’prcsme .

*-:-uxu-'.--_-\-zs 169.0a032 216w 78
,:;:,--w s 80 - e 18 2223 . 19 236 95 .. B
.. 2204 5. .28 (37, 30 - 147. .93 ... oo

;. Cancerof bladder .y . opo 91 . T 077009 099 . T8 . . d
_Cznwofpancras = L ; : P2 3 S S .
7i Cancerofliver _ 180 ¢ ) ‘.
" Cancerof brain el
. . Noninfectious pulmonary & - e
SE Tt disaases,toual s 0°-7HENEs 308, —‘=‘217_ 359~ 5 g9
e L-o 7 Asbemuasis 4 ST P8 il H 168 Clem iin 046 T ~ -

12802"“1161 0.91- - 1064- 0.8]- <109 -

*Expected deaths based on white male ;gc-specxﬁc us. de:n.h rates of the US. Nationat i
Center for Health Statistics, 1967~1976. !
tRates not available, but thess have been rare causes of death in the general population. |
(BE): Best evidence, Number of deaths categorized after review of best available ml’ormauon. . I

- (DC) Numbcr of deaths 23 reccrd:d from death certificate informationonly. . . - . o . I
- i

Al! other causes

et TR TR S PN T
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We have clected to approach this problem by provndmg data in more than one way,
including causes of death as recorded on the death certificatz in our cases, for
comparison with “expected™ dzaths baszd upon the data of the U.S. National Ceater
for Healtn Statistics, as well as causss of death established after detailed raviswof all -~
avaiiable information. Such data were ratrieved ia 1981 of the 2271 deaths. However,
detaiied information was not equaily availabie for.all categorizss of causes of dzath. -
This was to be expected, in the naturs of things. As a rule, the best available
information for establishing the cause of death was considered to be autopsy findings,
) with pathological information derived from surgical intervention next, and, in their .
. . absence, clinical and roentgznological observations made during life, particularly in .
' the period belore death. Where no such details were available, the cause of death as -
I - recarded from death certificate information was then utilized. Among the 995 cases of .-
* cancer, we were required to depend upon the death certificate alone in only 28, with
-~ other information available in 967 cases (97%). In alt 175 cases of mesothelioma,. .
surgical and/or autopsy findings were utilized. We depcndcd upon death ccruﬁute

X R .ﬁ_.,,»Sxmllarly,m 166 of 168 deaths of asbestosis, mt’ormanon was avallable im addition ™
-7 7T 7T 7o the death certificate, leaving dependence of the latter in only 1%. In contrast, for
o causes other than cancer and asbestosis, additional information was available in only- -
ol thres-quarters of the cases. Analysis of the distribution of de...hs within this category
- " . 7 showed that this was by no means unexpected. Sudden death attributed to myocardial
AR infarction or cerebrovascular accident is often not further mvesugatcd nor- need
. - ". clinical abnormalities have preexisted. 1t was therefore na surprise that in 156 cases
- the medical attendant or the medical examiner warranted such death certificate
diagnosis without ather information being available. It would seem difficult to avoid
differences in quality of ascantainment, under such varied circumstances.

Analysis of our data suggests that, by and large, death certificate diagnoses were o -
not far off the mark. This speaks highly for the'diagnostic acumen and quality of care ‘
provided to thesc men by their medical attendants. Cancer as the underlying cause of :
death was indicated by the death certificate in 922 instances compared with 955 so

.- . categorized after considering all available information (TABLE 19). The specific -
. diagnosis of cancer of the Jung and cancer of the several sites of gastrointestinal
cancer, as well as cancer of the larynx, oro-pharynx and kidney was also generally well
predicted by the death certificate diagnosis.
In 2 number of instances, however, there was |mportant dlspanty between causes
. of death as recorded on the death certificate and those judged to be the case after
- review of available clinical and pathological material. This was true for pleural and
’ peritoneal mesothelioma, asbestosis, cancer of the pancreas, primary can.ccr of the
. liver, cancer of the brain and chronic obstructive lung disease. el 2o
In 49 cases, cancer of the pancreas was listed on the death cemﬁcate as cause of
death. Only 17.5 such deaths were expected (TABLE 14). If we were 10 aceept cause of
death as listed on the death certificate to establish the “observed™ number of deaths
- L R for this disease, we would have to conclude that cancer of the pancreas is significantly”
) increased as a cause of death among asbestos insulation workers. But this is not the
case; when all.available material was reviewed, it was found that only 23 deaths
- compared with the 49 so categorized on the death certificate were due to cancer of the
pancreas. Four were the result of metastatic lung cancer, 15 were found on reviewof |
histological material to be cases of peritoneal mesothelioma and 5 were best categor-
ized as abdominal carcinoma, primary site not established. Two were due to cancer of
the colon. This is not to say that we have established that there is no increased -

o e = e i .- incidence of cancer.of the pancreas among asbestos workers: It is possible there is~ i T
some limited increase and we are cognizant ot’ the uncertainties inhersnt in the
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- ‘ Sehkoﬁ' et al Mormhty of Insulation Workers . 13-

LSRR

computation of cxpcc‘cd Fates forcanccr of lbe pancrcas since it may well be that
some of the cases so categorized in the g-neral population from which the expectzd
Ates were derived, might really be instances of lung cancer, colon cancer and even,
perhaps, peritonzal mesothelioma. Since these deatns in the gener al population have
not beea investigated to verify death certificats cause of dzath, it 1s not possnbl- to
Wi knovl whether such inaccuracy exists, nor its degres. <ui.:10..5 v
5 147, - . Asbestosis was anather example where categorization by dcalh ccruﬁutc would
mnsladmg since only 78 deaths of this disease were so calegorized compared with
< 168 after-review. A:variety of other diagnoses were offered in the discrepant cases, .
:primarily those of “chronic obstructive lung discase,”, or other noninfectious respira--
tary disease; acute infections, and..in two cases, cancer of the lung. It was of interest -
gt l!ut in 16 of the 97 cases called asbestosis after review:butin which asbestosis was not
- 7% listed as the underlying cause of death, it was mentioned on the death certificate under
* the rubric of “other significant conditions.” In 129 other cases, asbestosis was again
mentioned on the death certificate, but not as underlying cause of dczlh Altogelher :
"iubcswsu was mentioned in230 of the 2271 death Sertificatess =~
..+ Im- T cases, asbestosis so- categonzed. by death certificate desxgnauon was: o
rcasslgncd to other categons after review, with death found due to [ung cancer in 5..
e : peritoneal mesothelioma in ofe and myocardial intarction in another. . a2 R
ARG -Accuracy of diagnasis of mesothelioma, and its being recorded an dcath ccruﬁ-
wizseates, is a special problem..First: there are the difficultics and subtleties of patholog-
.ical - diagnosis, of: particulac: importance: when ‘¢ases of this neoplasm are seen
throughout: the United.States and Canada by -pathologists with varied.experience. . =7
~= Sometimes, there is the added difficulty of extending the pathological diagnosis to the
- death certificate, not infrequently completed by 2 physician who may or may not have
.. been the regular medical attendant and fully cognizant of pathological findings; to this
could be added the problem occasioned by the fact that the death certificate must
‘. often be completed before there has been full consideration of postmortem findings.
© . When these differ with the death certificate diagnosis, an amended certificate is .
.-~ expected to be filed. In our experience, this is rarely done. When tothese areadded the - -
. administrative uncertainties and insecurities of classification, it is not surprising that .
. only about one-quarter of the deaths of mesothelioma in this series were correctly
recorded on death certificates as pleural or peritoneal, although 104 of the 175 cases
-were recorded as “mesathelioma,™ even if not with full details.
. We are presently analyzing the 175 deaths of pleural and peritoneal mcsoll'-:lxo-
"+ ma, and the results will be reported. In 108 of the 112 cases of peritoneal mesothelio~
. ma, surgical and pathological material was submitted to us for review and this was the -
- case as well as 61 of the 63 pleural mesotheliomas (96.5% and 96.8%). Lo
. . The association of Plcural and pcmon:al mesothelioma with pnor asbestos .
i . Exposure is so striking" that it is not surpnsmg that overdiagnosis mxgﬁx now . I
“sometimes occur: We found such to be the case in this study. In 8 cases in which - & ™
.. mesothelioma was recorded as underlying cause of death on the death certificate,
_«+1..: feview of the histological material showed the dizgnosis to be other than mesothelioma :
- ,2-’,.\\- (cancerof the lung in S cases, metastatic carcinoma in 1 and Wegener's granulomato- .- -
T -.sis involving the pleura in another). In the cighth case, pleural mesothelioma was
present but was not the cause of death, whlch was better attributed to concurrent
1 cancerof the stomach, - . .
} Where mesothelioma appeared as the diagnosis on the dmth ccmﬁcale. dcpcndmg
. ; upon the exact phrasmg used, this might be coded in the eighth revision of the o ‘ .
ST T e Internatidnal List™in "categories 158.9 (malignant neoplasm of peritoneum), 163.0 -~ 7 - -7 7
‘ (malignant neoplasm of pleura), 197.0 (secondary malignant neoplasm of lung). 195.0 :
{malignant neoplasm of abdomen), 198.9 (secondary malignant neoplasm, specified as
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secondary), 199.0 (multiple malignant ncoplasm [carcinomatosis, disseminated
cancer]), 199.1 (malignant neoplasm without specification of site) and, not infre-
quently, 228 (benign neoplasm of other and unspecified organs and tissues). There is
at the moment no rzliable way to extract the numbers of pleural and pcmoneal
mesotheliomas from death certificate data categorized 2nd recordsd by health
statistics agencies in thec past, using the several revisions of the Inl:m:uon;l'
- Classification of causes of death. . - -: s
) o f"!.- -We might add that, overall, palhoioguu dxagnoscs were much more accurate than
: - - death certificate characterization of causes of death would lead one to believe, This
P ~again bespeaks a high degres of competence on the part of pathologists in the United
a States and-Canada. {we are aware, of.course," that diagnostic suspicion may be
»increased in those instances in which it is known that asbestos exposure had oceurred,
-233"as with individuals among whom occupational history indicated such exposure; this
.. "RTcould perhaps have accounted for some of the over-diagnasis). However this might be,
- Am&:jt is clear that a problem exists in translating the information obtained in pathological
N szudy to the death certificate diagnosis, as well as a problem of subscqu:nl coding of
lhestatcd causcofdcalh SUARETR] malWen s s ey " - S

SLFT Adar S

o
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; "‘Asbatos insulation workers in the Unitea States and Canada suﬁ'cr an exq‘ord.- Lo
22 nary increased risk of death of cancer and asbestosis, associated with their employ- - '
; vmmem. This includes-increases in death of lung canczr, pleural mesothelioma, perite- -~
. T=2% neal mesothelioma, cancer of the esophagus, colon and rectum, cancer of the larynx,

= oro—phzrynx, kxdney and pcrhaps stomach Some i increases were seen in cancer of

ce—

" exposure and deat . 3, 4. or more decadss. Large increases in lung cancer
occurred at 15-35 years from onset while pleural and peritoneal mesothelioma showed
- their greatest incidence somewhat later. Under the conditions of exposure which -
" obtained, the period of clinical latency for asbestosis was alsa prolonged and in many ’
-° cases was 30~40 years or more from onset of employment. It would appear that in
- studies of the efects of such asbestos expasure it would be advantageous to analyze | -
the experience of exposed individuals in duration-from-onset expasure categories, with
- .- particular reference to durations of more than 30 years. If this is not done, the risk is
‘ "= run of obscuring the neoplastic effects of asbestos exposure by the co-mingling of later
- 0T . - deaths with thase which may have occurred much earlier and which would be much
less likely to have been influenced by asbestos exposure. In the same way, studies
should include, whenever possible, the opportunity for observation of the moartality
‘experience of the individuals at risk at least 30-35 and preferably 40 or more ycars
~from onset of their exposure. Again, unless this is passible, only the very limited early
" effects will be ideatified and the full import of the cxposures may not be appreciated.
- =@ Qur cxpenenc:s derionstrate the advantages of review of all available information
“concerning the: circumstances associated with the deaths that occur. Depending
entirely upon death certificate diagnosis can lead to erroncous reports of causes of
death, a problem that can be mitigated by characterizing causes of death according to
the best available information. Using this approach, we found that the apparent

_ increased incidence of cancer of the pancreas among asbestos insulation workers,
-+ indicated by death certificate diagnosis, did not really exisi, and that many so

ER I VT ST U P Sl - T e e ) &,
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d=signated were duc to other causes. The same was found for primary cancer of the
liver and cancer of the brain, both of which waould have bezsn considered of increased
incidence using solely death certificate diagnaosis, but were not so =stablished foilowing
review of histologicai material. This. of course, could well be anticipaizd with
exposures (o azents which increase the risk of neoplasms known to metastasiz= to these
sites (branchogenic carcinoma, gastrointestinal cancer).
- Our experiencss do not indicate that the addition of amosite asbestos exposure - -
during and after World War I to the chrysatile asbestos exposure which existed
before then, and which continued, demonstrably altered the nature of the asbestos-
“ induced diseases which resulted, nor their extent. Further, limited experiences suggest
that asbestas insulation. employment bcgun 1943-1962 carried the same type of
ylong-term risk as that begun before that time. We have no information concsarnirig the
‘ pature or exlent cl' risk arnong msulal workers whose cmployment bc°an al‘ter

“aa
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£~ conczrning the insulation workers in these cohorts.” Clearly, the completeness of the -. =’

“prolonged serizl observations could not have been accomplished without their dedi-
cated and skillful help..At the same time, the leaders of the asbestos workers® union
equally share our gratitude: Mr. Andrew T. Haas, and Mr. William G. Bernard,
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furth, coordinator of the Insulators Health Hazard Program and the many union
officers throughout the United States and Canada whase dedication and concern have
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Ahrens, Mr. Terence McConnell, Mr. Jerome Market, Mr. Thomas Viscovich, Mr. ‘
William D. F'tzocrald Mr. James Grogan, Mr. .lamcs F. Dwyer, Jr. and Mr. Howard : -
" Bamett.” S
Our warm thanks are due, too. to the staff of the Depanmcnl of Epidemiology and
_ Statistics of the American Cancsr Society. including Mr. David A. Newman, Mr.
Ashley Bodden, Mr. Edwin Silverberg, Ms. Marie Corbo, who have with competence
and dedication, assisted in the extensive processing and computation of the statistical
. data that were obtained. As so often nowadays, this epidemiological study could not
* have been completed without the integrated cooperauon of many. )
Equally warm and strongly held gratitude is due to our colleagucs Dr. Jacob -
.~ Churg, Dr. Yasunosuke Suzuki and Dr. Milton Kannerstein for their help in reviewing -
" the many anatomical and histological specimens that were made available to us. Their

- skills, knowledge and competence form a qualitative bedrock for the study. Equally,

we are appreciative of the generous help given to us by clinicians, pathologists, medical
cxaminers and others in medical facilities in all parts of the United States and ...~
Canada, providing detailed information, records, roentgenograms. We obtained as .
" much pleasure and satisfaction from our experiences with the kindliness and genzros-
ity of medical and scientific colleagues as with the observations !hue enabled us to
make.
These acknowledgements would be sadly mcompletc if they did not iaclude our- -

2ppreciation for the many at the Environmental Sciences Labaratory whose patient

day-to-day help assisted the rest of us and assured the collection of the very large .
-amount of information inherent in our data; warm thanks are extended to Selma -~ *- 2w 7 e WS
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Awncﬁbc}g. Richard Ashley, Doris Fleisher, Rupert Fuller, Judith Marmor. Masia
Martinzz. Diane Monahan, Vera Reitman, Julia Roberts, Aibzart Rodngucz and.
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