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Siaty-une cases of lung cancer have been recorded

in persons with asbestosis (Boembe. 1953 1 Hueper,

T952) since Lvnch and Smith (1915) reported the

first case. In view of the infrequency of asbestoss,
this large number of cases suggests—-but does not
prove—that lunyg cancer is an oct.upauoml hazard
of asbestos warkets. The strongest evidence that 1t
may be a hazard has been produced by Merewether
and by Ciloyne, Merewether (1949) found that lung
cancer was reported ut necropsy in 13-2", of cases
ol asbestosis (X out of 235) but in only 13", of
cuses of sihicests (91 out of 6,884) and Gloyne 11951,
on personal exaumination, found lung cancer in
14-1", of necropsies on subjects with asbestosis (j7
out of 121) aasnst 6.9, 10 silicotes (35 out of 796),
Neither auther gave full detuls of the sex conpoe-
sitton of the groups exanuned. but since women
form a higher proportion ot asbestos workers thun
of persons employed n occupations liable 1 give
rise 1o silicons’ (coal-thinefs, stonemasons. pottery
workérs, foundrvmen, metal grinders) and <ince lunyg
cancer is less common among women, the ditferences
in the proportions of cancer cases cannot be
accounted for by ditferences 1n sex distribution.  In
fact the propurtions which are more propetly com-
patable with the tindings in silicotic subjects are the
proportions of {ung wances found ey men with
ashestosis,  17-2", in Merewerher's  series  und
196", in Gloyne's,

Anmimal experiments are nconclusive, A positive
result was repored by Nordmann and Sorge (19413
who found that of 10 mive which had been eaposed
to asbestos dust and survived for 240 days. two
Jdeveloped Ping curcinoma.  Smith (1952), however.
considers that one ol the ™ carcinomas ™ was. in

_lag_g__.m example of sguamous metaplasia and that

the oiher: an adenocarginoma., ity have developed
spontaneously frem the common mouse adenoma.
A negatne result has been reported by \ orwald and
Karr (19238),  The maiotits of workers (gited by

Hucper. 1952) consider that a causal elationship
between asbestosis and luny cancer is cither proved
or is highly prohable and the reality of the relation-
hip was agreed at the recent Inmternational Sym-
posium on the Endemiolonny of Lung Cancer
tCouncil of the Inernational Organizations of
Muedical Sciences. 19%3). A mmonity, however,
renaiins seeptical (Curtier, 1952 Warren, 1948).
and, according tv Hueper (19525, 1 ansa and Vorwald.
»0 that wt was thought desirable to undertake o
hesh investigation,

Necropsy Daty

Since 1915, records have been collected of all the
Coroners’ necropsics on persons known to have
been emplosed at a large asbestos works.*  Patho-
fogieal  diagnoses v 103 consecutive cases are
summarnived n Table 1. Detils of .the cases in
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which lung cancer was found are shown in Table 2.
During the first hall’ of the perod ¢ight deaths
oveurred in whick line cancer was found in asso-
cranon with ashestosiy, while in the sevond half of
the periog there were seven such cases and a fusther
three in which lung cancer was bund without
ashestosis.  The npumbser of asbestos  workers
empioved at the works increased steadily from (914,

& mecro™ i i bt mig ke s afe WRdefed By the \.‘ul'_unc;_‘hc;!

0 Pes opanaon Shere 1t By s S i adreses s g ) cangtie
hutiey caw € ot Jech

NOT A RECORD OF

g & FROM
&, DID NOT COME FROM

uESAN§§%NN 7 BE AUTHENTICAT
BYSIE‘PG  NDUSTRIES, INC: _

A e T e i W s e

| BB 0007317 |

S . D e S T A S i

GG 15328




82 BRITISH JOURNAL OF

Tous

XL PATINOS AL HISTORY AND STCROMY DATA o

INDUSTRIAL MUDICINE

A

ANUBESTOS WORKEHRS WilH PRIMARY LU NG CANCER

Yeiars o

Pathvioewal Reporr

N cur W Perund Yeurs 1 ::n\un' "‘?,;ulhlq -
& fhcupation of - tuere ¥ Apoeare Notashmnal Tope of
Pheart L ) Eamrure bapeute Jun. ), bypuwure w Deah Mabentonrs Lung C amer
AR ty Dewth
1R A S Weagrer o 82 [ & 11 16 A Preant G arcnng
19:8 AV LS Weuer L B 2 X 3 n Fvrhwelial carcinoma
194 N omt b ibwerizer 49 A ha] 1" » tess than | - F ot biovina of pleura
. f1N0-12 - . : "
1 LY IEY Wegrer Yy AT ™M i4 pt 1 - { arcinmna
L ivan )
X Wiy . .
10 M, 3y Divonteyraer {.:,’:t '“': pl) 11 by ] | ess than | - L aramoma
(LN B
[N B ) Dimniegrater [ETU I 22 s byl Lessihan . L Caromome Tt
ot W
52 f1u:t-19 : 1 Oatecelied i
(BT L B Weaver R TM n 4 il - atce CarcinOma
1942 M. = Hag carier 11} 4t i (U] 2 1 - Ct=ceiied  carcinonia
LI NEE) i . -
1940 L L Wiaver . L 1915.a% e 1o in Lesstnun § - Anaptae  carcimoita
g M, *t Wedver 19323k 1 1t s 1% - € arcwurma *
194x M. 4n Synner 1922 4 b1 1o 26 Lewinan . 4 arcinoma ”
Tudn M ons Maszenance man Ny 28 b LR '} Luss than t w* Qui-caiked Carvino.ng
(L R npnniner 1918 32 av | s ) - O anmoma
.
[LA s b henurcr 191 23 2 14 i % v AJENOCArcinng
. fuge 2% - .
fE N Wegeer ‘f W'}, N ar " u 1 - ¢ arcinoma
1 Mo \M.ner 2 34 J u 2 Less than | Absent Out<celled  warcinona
[Bat} Mo 1 herizer 10y 18 u 1 [ A - Anaplastic  carcinma
fy
1u=2 LA Weaser J\ ::‘.:,l"::' -t 7 " 1t Lessthan § . L arcinone
- b YLVLA RTY,  FLT POFT SO SRR TRATITIN TS

and a great increase in the pumber of lung cancer
Jeuaths, wias also recorded among the whole popu-
lation of F agland and Wales over the same period
It mught, therefore, have been .mncxpaled At 2
larger numbes of cases in which the two conditions
were associated would have been found in the -last
10 sears. Nauonal regulations tor the control of
asbestos dust were, howeser, introduced in 1921
(Astustos  Industry  Regulations, 1931) and the
provasihons ben o present Just dissenunauon in
the works had hecome ctlective by the end of the
following rear.  All the subjects in whom the two
diseases were found together had been employed
lor at l2ast nine vears under the ofd vonditions, und
aithough 11 of the 15 men and woimen Jdied withun
W sears ol thair first exposure, the association of
the two condiuwns has not vet been found in any
person aken nto employment Juring the last 31
vears (1923 3% Yt s, theretore, possible that the
reason maeie wises were not found in the second half
of the penod is that redused esposure to dust has
alreads begun o lessen the ncidence and severity
of ar bestose

NOTE: THI3 DNoreams
NCT ¢

Method of Estimation of Risk

Although the necropsy data shown in Tables )
and 2 suwgest (1) that some groups of asbostos
workers have suflered an increased risk of lung
canger. and (2) that the risk muy now*hase Jdecreased,
it i% not pussible to be cortair of cither of these
propositions withouwt a more detarled hnowledge of
the whole mortabty experience of the workers. The
first proposition has, therefore, been tested by
comparmyg the mortahits expenenced by that sevuon
of the nmuale emplovees ot the works referred to
above. who had worked for at least 20 years in
= schaduled arvis %, with the mortality recorded for
all men in Logland and Wales: and the second
proposition by compartng the incidence of lung
cancer among men emploved for different periods
under the pre-19312 comditions.  The nvestigution
wits innted tu the sinaldl group of men who had heen
emploved for at least 20 seiurs, since the laboor
involied in searching oul the individual records o
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LUNG CANCER IN ASBESTOS WORKERS K3

men anploved for shorter perinds would bhe dis-
proportionately great and. <o far as was known
from Toble 2, would be compaiatively unrewarding.

The date of birth, date of cumpleting 20 years'
work m the ™ scheduled areas ™, and, where applic-
able. Jditte of ceasing employment and date and cause
of death were vhtained, for each man, from the
records of the firm’s Personnel Officer. Full details
were, 1In most instances, already available for the men
who had ceased employment as well as for the greater
number who continued to be employed. since some
ol those who had left were registered as having
asbestosis and the attention of the firm had been
drawn to the death of others, in view of the
possibility of the cause of Jdeath being industrial in
ongin.  All the remaining men were suceessiully
traced and the relevant details obtained. This was
not Jifficult since, by limiting the study to men who
had been employed in one place for 20 yeurs, few
were found to have changed their job or to huve
moved out of the region,

FFrom the data the numbers of men alise in cach
five-year age group were counted separately for each
of the vears from 1922 (the frst in which a4 man was
recorded us having had 20 years' service) to 1953, A
nutn w ho had completed the 20 years before the begin-
ming of 4 year and who was alive at the end of it was
counted. for that year, as one unit: a1 man who
vampleted the period before the bewinning of a vear
but wiroe died during it, and a inan who completed the
periond during a year and who survived to theend of
1t swere each counted. tor that year, as half a unit; the

one e who died the sane year as he completed his |

20 reur period was counted as a quarter of 4 unit.
The causes of dedrti were recorded as they -were
e on the death certificate or, when availuble, as
thes were tinylly determined by necropsy. The causes
were classitied in tive categories (see Table 4). and the
numbers in each category were then compared with
those winch mught have been expected to oveur b
muluphing the nunibers of men alive in euch live
Vedl e g7 up ohe corresponding inortality rares
tor men i Fneland and Wales over the same period.
Because ot the small numbers, however. the popula-
tors were not considered separately fot cach vear,
but were udded together 1o form five groups living
in the perods 1922 WX 193438, 19393, |44 -48,
ad i944 23 and the mortaiity rates used for cach
proup were those for the vears 1931, 1936, 1941,
1936, and 1951, The rates for 1931 were tised for the

" penod 1922233, rather than these for the nud-vears,

sinve  disproportionately  few mien  were  under
obwervation Juring the earely part of the penod. As
an example of the niethod, the mortaliny rate for all
necpiastas other thon lung cancer among men in

L:nglund and Wales aged 53 t0 59 in 1951 was 2-778
per 1,000, The numbers of years lived in this age
group in the five years |949-53 were respectively
15 years, 15 years, 17} years, 19 years, and 19 yeuars.
The number of deaths espected in the period was,
therefore, estimated to be (15 - 15 - 17} = 19 -
193 < 2:778 LLOOU - 0:23%, The total number of
deaths expected from each category of diseases was
obtained by adding the numbers thus calculated for
each age group for each of the five periods.

The great majonty of the men lived and, when they
died, died in the town in which the works was
situated, so that it would have been preferable to
have based the calcufavion of the expected deaths on
the Jeath rates observed in that town rather than on
the rates for ai} England and Wales. These, however,
were not known in sufficiemt detail. Little error in
the expected number of Jeaths from Jung cancer 35
likely to have been introduced on this account since.,
according to Stochs (1952). the age-adjusted death
rate for lung cuncer among men in the town con-
verned way Y6, of the rute for kngland and Wales.
Stocks™s figure was calculated only for the period
194649, but the proporuon is unhkely o have
vanied greatly oser the longer period of the investis
gation. The expected number of deaths tfrom all
causes v, howeser, likely to be sontewhat under-
estimated since the age-adjusted Jeathr rare from all
causes for the 1own s about 5%, pigher than the
Fnglund and Wales rate (i, the excess was 22%, 1n
1950, 28, w1 1951, and 22, in 1952),

.

Resuits

The number of men studied was 113 : the pumbers
of man-years lived in dach of the five penods in cach
age gproup are showhn in Table 3. The total number
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of deaths from all causes and the number of deaths
observed in cach of the five discaw categories.
together with the expected number uf Jdeaths, are
shown in Table 4. From Table 4 it appears that the
men who had wen exposed to asbestos di.st sutfered
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MEN IN EMGLANIY AN0 WaLEs

v ol Deaths Test of
Sigmncance
Fapected ot [ terence

. on It wern

Cause of Death . Frgtand  Obmened

Obwred  and and

W gl Eanecied

T Hules  (Value ot Py

- ——.-
t ung aner®
with Meniwm of ashosons, | i
without iention of asbesion (i}

[ [ ——

} < )00

XY
thiher respntators diseases (includ-
g pueimenarn (ubercaiuss) undg
vafdith syl I diseanes
With menton of aubestine 14 000}
withudt nencng of asbesiuvis [} 7¢ N
Menplavms arther than tung wancer + 2T o
A iher uncawst . .. 4 4 4
Al canses .. . . w 14 B RLLUL U

" including ne caw wita palipoan wherculosn

lactuding twe cuses flwrgen stngture o oeupphapns and septi-
clEMid) aft which asbeuoss wan present but was oot thougit s
3 AvE Durh g LenImIbulars couse s odvath,
an invreased mortality from lung cabcer, other
resprratory discases and cardiosascular diseases, in
asseciation with asbestosis, but that their mortality
from other diseases was close to that expected.

Four explanations of the findings are possible :
1) that all the men who had died of lung cancer were
tecorded because of inrerest in the condition, but
that some of the records of other mien dying of other
Jdiseares or still alive were omitted, with consequent
underestimation of the expected number of deaths ;
{2) that lung cancer was incorrectly and excessively
Jdisgnosed among the ashestos workers : (1) that
lwng carrcer was insufliciently diagnosed amony the
yeneral population of Fugland and Wales : or (4)

that the asbestos workers studied saffered an eacess

mortality lrom luny canger.

It certamnly cunnot be claimed that the records of
the Personnel Odice were necessarily complere, but
they were helivved 1o be complete and no dehiciency
vit ihy )ore would account tor the total vseess of
deaths unless it were so gross that more than half the
defined population had been omitted, Morgmer, the
numbrer of Jdeaths Jue o conditions unrelated o
asbhestosis wias close Lo the estimated number and this
is anlikely o have happened unless the population
fad been estimated uppronimately correctly and the
deaths rom all causes ruily reporied.

Al the 1) deaths attributed to fung cancer were
corhirmed by necropsy and histologieal examination
av that the oweess number cannot be attrituted to
incorrect Jrinmosis among the group of asbestos
workers, Some o1 the eacess mav we!l be due to an
undereuniation of the expected deaths since part of

BRITISI! JOLRNAL OF INDUSTRIAL MEDICINE

the increase in monality attributed 10 lung cancer
over the past 30 years is certainly due to improve-
ments in disgnosis and n therapy (Doll, 1953).
Even, howcver, if it were postulated that the wiole
of the recorded increase between (931 and 1931 was
spurious and that the real mortality from the discase
throughout was that ascribed to it in 1951, the
expected number of deaths is increased to only 1-1
and the observed excess s still grossiy signiwant.
For the actual number of lung cancer cases to be so
little 1 excess of the expected as 10 be reasonably
attributable to chance, it would be pewessary for the
expected cases to be 6-2, that 1s -6 umes the number
estmated on 1951 rates. In other words, it would be
necessary to postufate that in 1951 tand throughout
the previous 20 yecars) there was 5.6 umes as
much cancer of the luny as Was recogmized in 1931,
wiich would mean that the condition would have
10 have been present and capable of detection m
over 20%,. ol all men at Jeath  Moreover, even (f
this were s0, 1t would ~u!l not awcount for the fact
thar all the cases of lung canver were found in
association with asbestonis.

It is, thereivre, concluded that the fourth explan-
ation is the most reasouabic one and that the asbestos
workers who had worked for 20 or tmore years in the
= scheduled areas ™ sutlered a notably hicher risk
from lung cancer than the rest o1 the population,

To test ) the risk has altered since the 1931
regulations were introduced. 1t is not only necessary
to make allownce for Juration of employment
before the end of 1932, butaiso to allow tor the men's
apes and Tor e tetal duratiens of thar emplos mene
in the " scheduled areas =, since the men empioyed
m the euarlier. periods can also have been emploved
longer and lived 19 be older.  On the other hand,
there s no sewd 10 consider the changing indirdence
of lung Geteer 1 the totad poputation of Frgland and
Witles sittee the non-industriad risk has Leen snown
W e sisail i comparsan with the industnial one.
The data recaredFor conpning the rishs among men
eimploned lor under 10 ygaes, {or 1010 {4 vears, and
for 13 sears and over i the pre<i)33 conditivns are
showa m Table 30 The ages shown are the aves at
death of the mien whe hase died and the ages i nued-
1932 for the en who are ~tild ative, The evpedled
numbers of men e each pre<19 13 emplovment group
found 1o hine ashestosis or asbestosis and luag
wancer are estimated by multiplying the numbers i
each.ige, total employment, 1ind pre-1933 emplon -
mant subgroep by the proportions of men with
ashestoss o with ashestosis amd lung cancer in the
sane age an.d total employment croup tor all lengihs
of pre-1931 emplavement ¢combined.  For example,

three cut of the mine mmen aged 50 o 4 vears who had
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NUMBERS OF MEN EMPLOYED FOR DIFFERENT PERIODS BEFORE 1933 AND NUMBERS KNOWN TO HAVE ASBESTOSIS
AND LUNG CANCER IN ASSOCIATION WITH ASBESTOSIS DIVIDED BY TOTAL DURATION OF EMPLOYMENT IN A
SCHEDULED AREA AND BY AGE
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been employed for 20 to 24 years in the areas in  ficant (total asbestosis, 42 = 7-52,n == 2, P = 0-025 ;
which they might be exposed to asbestos dust were asbestosis and Jung cancer, y# =874, n =2,

found 10 have asbestosis and Jung cancer, Since P = 0-01*). They are highly so if the trend, that is,
three men had worked for under 10 years in the pre-

1933 conditions. three had worked for 10 to 14 years,

and three had worked for §5 or more years, the . Length of Employment before
expecied number of cases in each of the pre-1933 ) January 1, 1933
employment groups would have been the same, i.e., k;";‘;‘ PoA-ia 1S vewrs
3 x 3.9 orl. In fact, the numbers of cases found T o -~ 3
were 0, 1. and 2. The total numbers expected jn each “\:‘.:r? asbestotin “}f_,,..:?:,)’ YR }3.1 ' ‘12-'
pre-1933 employment group are obtained by adding  yuiiher or men with nbsened - P 3 ’
the numbers calculated for each of the age and total aabestosis and lung f o peered 535 ] by
employment groups within it. The results are as
follows : ‘

The differences between the numbers of men S e e e ¢ e _—

: R - * The expected nunibers of lung cancer are small and the probabihic
observed and the numbgrs ICXPCC'-Cd in each em_p‘k.)y that the difterences couid Anve by chanue has consequentiy been
ment group, had the incidence of the conditions  suomewhat, but not ser-wusly, underestimated. If all men wuh mote

N . than 10 venrs pre-193) cmplovmcm ate grouped t her and Y
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the biologically important reduction in the propor-
tion between observed and expected numbers as the
length of pre-1933 employment is reduced, is also
taken into consideration. 1t is clear, therefore, that
the incidences both of asbestosis and of lung cancer
associated with asbestosis have become progressively
. less as the number of years during which men were
exposed to the pre-1933 conditions has decreased.
The extent of the risk of lung cancer over the
whole period among the men studied appears to have
been of the order of 10 times that experienced by
other men. This agrees well with the data reported
by Merewether (1949), but it is somewhat greater
than that suggested by Gloyne's data {1951). The
great reduction in the amount of dust produced in
asbestos works during the period has been accom-
panied by a reduction in the incidence of lung cancer
among the workmen 5o that the risk before 1933 is
likely to have been considerably greater—perhaps 20
times the general risk. Whether the specitic industrial
risk of lung cancer has yet been completely eliminated
cannot be determined with certainty ; the number of
men at risk, who have been exposed to the new
conditions only and who have been employed for a
sufficient length of time, is at present too small for
contidence to be placed in their experience. 1t is
clear, however, that the risk has for some time been
greatly reduced. The extent of the reduction is
particularly striking when it is recalled that between
1933 and 1953 the incidence of the disease among
men in the country at large has increased sixfold.

Summary .

The cause of death, as determined at necropsy,. is.
reported for 105 persons who had been employed at
one asbestos works. Lung cancer was found in 18
instances, 15 times in association with asbestosis,
All the subjects in whom both conditions were found
had started employment in the indusiry before-1923 .
and had worked in the industry at least nine years
before the regulations for the crmtrol of dust had
become cﬂ'ccuve.
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One hundred and thirteen men who had worked
for at Jeast 20 years in places where they were liable
to be exposed to asbestos dust were followed up and
the mortality among them compared with that which
would have been expected on the basis of the
mortality experience of the whole male population.
Thirty-nine deaths occurred in the group whereas
15-4 were expected. The excess was entirely due
to excess deaths from lung cancer (11 against
0-8 expected) and (rom other respiratory and
cardiovascujar diseases (22 against 7-6 expected).
All the cases of lung cancer were confirmed histo-
logically and all were associated with thc presence
of asbestosis.

From the data it can be concluded that lung cancer
was a specific industrial hazard of certain asbestos
workers and that the average risk among men .
employed for 20 or more years has been of the order
of 10 times that experienced by the general popula-
tion. The risk has become progressively less as the
duration of employment under the old dusty con-
ditions has decreased,

1 would like to offer my thanks to the management of
the firm concerned for permission to carry out this work
and to the Medical Officer and members of the staff of
the works where the men were employed, who carhed
out the yreater part of the work on which this report is
based.
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