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. MORTALITY FROM LUNG CANCER. NG
. ASBESTOS WORKERS: W

BY s

RICHARD DOLL .

Froms the Statistical Resarch Uiit, Meddical Ressarch Councll, Lowhut | . T

(RECEIVED FOR FUBLICATION AUGUST 1, 1954) [

Sixty-one cases of lung cancer have been recorded  Hueper, 1952) consider that a causal selationship
in persons with sgbestosis (Boermke, 1953 ; Hueper,  betwoen nsbestosis und Jung caneer is cither prowsd
1952) since Lynch and Smith (1935) rcported the  or is highly probuble pad the reality of the relation.
first cpse. In view of the infrequency of asbestosis.  ship wis agroed 8¢ the rocent Jnternational Sy
this farge number of ases suggests—but does nat  posium or Me Endeminlogy of -Laung Caneer

4 {Counclt of the Inwrmational Qrganimtions of
Madicat Sciences, 1953). - A muily e, .
remains sceptiond Cartier, 19521 "Warren, 1948, -
s, accordmg 1o Hueper (19535 Lang e Yorwald,
0 e nw:«mw;mh&mmuﬂ

e P frosh favestigption.
cawes of sificosis (9% out of 6,884) snd Gloyne (19: ) K
mmnnlmmm.mwm 4 Sseropey Dute .
m% necropsies on sublects with nshmm tz7

oul of 121agaien 69% fa slicatien 155 out of 7962,

sition of the groups examined, but women hwmmhi conecutive SaNs hre
foro & higher inntumnswmm aummrw 'ramx. mmmwa
of persors employed in occupefions liable to ' oo
Hee 10 sificosis -pririees, stonema:
warkets, fomxirymen, metat grinders) and ;in:em ﬁ%&“ﬁs"i&ﬁmw AT AN mmw W
cancer is iéss ConmMOn among women, the ces -
in_the proporons of evier s camt be Swevipem Ao maet Al
gccounted for rences. in 30x distributi o N B L'y
Fact e provattions which zre more properly com- L'""‘:"M 21 13 . § . <§ :
porubic widt the Srdings in silcotie subjocts ase the  Higk omen i e e m
proportions of fung cancer found amang men Wi oL 0 u1 3.1 48
GW;IG s senies AHQnes 1. e k3 3 ]
expesipwnts are focarclusive, A positive i stiverr i Tl
e vt Naimanm ned Sorsy 1os1y T g capocs e Tound re shows i Fulle

by ¢ ° ;
o found th of 10 mics which had becn oxpused During the Gt falf of the pevind
‘“m‘“““mwﬁ 340 duys, two

i
developed Jing wmm Gmim {1952, hwmr i
the * carcipomus ™

mmmﬁmm

Tart, wh examal of ”ang t

: mww;an & Inotrs, iy e dovdop
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OCCUPATIONAL HISTORY AND NECROPSY DATA OF ASBESTOS WORKERS WITH PRIMARY LUNG CANCER

i Years of Years ooy
Year Sex Period Years E fr ’ *M— "‘:,‘EEM
al B o | T LR e
ADORLTe H

i o 40307 e 3 i o Dean “"'"“", P con Covctr

1935 ‘J M.62 \ Weaver 1919 32 13 13 \ 1% ' 1 | Present | Carctnoma *
5038 2 !
ol :1 W ez p B B3| Epibedial carcinom

1[ L ! Fivetieer 913-36 n 19 2 , Lessthan 1 ' » Endothelioms of pleura
1938 | M 67 | weaver 1o5-12 ” “ o, on | t : * Carclnoma »

' 1910- 4 ' "
Y M4 l Dusnicyrater ] ] B | Lestant - * Carcipoma
1940 : M, 52 | Disiniograter -2 2 13 » ! Levsthant E " * Carcinomn *
194t s 91319 ' !
. ::) Vi {1359 2 oo « | Osteceid carcinoms
e ( . Bag cacrier :’l)—:: " 2 9 I 2 i t | " Oatcelled  cartinomun
I ', Weaver Ry E] e 1 s | Lew inans " Anaplastic curcinoma
P J M 5 i Weaver 1922-35 3 0 i 26 ’ 13 - * Carcinma **
1948 ; M4 k Spinncr 182248 2% 10 % | Lessimant - * Carcinoma
948 : M o5 : Maimcrance man | 1919-48 » 12 E ? Lessthan i w' . Ostoelied carcinoma
1950 | F. 1 | Spinner 191542 7 17 : k] I L] ! " ! * Carcimoma **
g ! ” i ‘
:9: i M 74 " Fibenrer ::::—;: 6 LLIL L] " ! Adenocarcinoma
9! ! o '

M ’ Weaver {i n 9 2 - | “Curcinoms ™
[ w] Weaver [ 1 B T tesOunt  Alwemt | Oateelied carcimoma
LINeY
- Q| ribenisse mm - 9 o | n : 3 w ) Amplsic cainoma
92 ML [ Weaver {4 7 [ 15 Loaduni w | " Carcinoma®

*Aka pulmooury tiberculis,

and a great inceeasce in the number of Jung cancer
deaths was also reconded among the whole popu-
lution of England and Wales over the same period,

It might, therefors, have boen anticipated that a
farget pumber of carcs in which the (wo conditions
were associaled would have boen found ia the tast
10 years, Mutional cegulations for the centrot of
asbestas dust wore, Dowever, introduced in 193
(Asbestos Industsy Regudutions, 1935) and m.:
Plecautions tnken 10 prevons dust di

Methed of Estissation of Risk

Although the necropsy data shown in Tables 1
and 2 suggest (f) that some groups of asbestos
workers have suffered 2n increased risk of Jung
<cancer, and (2) thut the risk may now have decreased,
# lsnotposslble to he cortgin ofeuhcrorthese
propasitions without 3 more detaifed knowkedge of
the whole mortality exparience of the workers. The
fist proposition hat, therelore, been tosted by

yersos aken into omploymon: during he last 31
years {1923-53). ll is, {herefore, possible that the
mmwmﬁmwmmﬁm

periad Todncedl exposare 1o has
Wyb!wnmmw ncidonce and severity

the d by that section

of the male cmphym of the torks reformed to
above, who had worked for at keast 20 yeass in
* scheduled arcus *®, with the mortality sesorded for

all men in I:nlhnd and Wales3 and the md
by the § of lung

periods

cancer among men @

under the pre-1933 gouditions. The ia

was limited 1o the small gronp of men who had boeit

cm;doyedtornthﬂlﬂmsm the fabour

involved in searching out the individunl records of
o By - heduled areas ~ is mesm those areas wbere

;numyl-a ummm:um—xm

i W e s A DR

E. PHOTOCO _M_&DE.B_Y_IHLN_AIIQNAL_U.&B_BL_E.M*-U'U“' Y "U“P}’Q‘Q OF

LUNG CANCER IN ASBESTOS WORKERS

men cmployed for shorier periods would be dis-
proportionately great and, so far as was kaows
from Tatsle 2, would be comparatively unrewarding.

The date of turth, date of completing 20 years'
waork in the ** scheduled areas ~, and, where applic-
able, date of ceasing employment and date and cause
of death were obtained, for each man, from the
records of the firm's Personnel Officer. Full details
were, in rost instances, already available for the men.
who had ceased employment as well as for the greater
number who continued to be employed, since some
of those who had left were registered as having
asbestosis and the altention of the firm had been
drawn to the death of others, in view of the
pnssnblﬁ;y of the canie "of death being indusirial in
origin. All the ing men were
traced and the relevant detafls oblained. This was
not difficult since, by limiting the study to men who
had been employcd in one place for 20 years, few
were found 1o have changed their job or to have
moved out of the region.

From the data the numbers of men alive in each
five-year age group wese counted separately for cach
of the years from 1922 (1he first in which a man was
recorded as baving had 20 years' service) lo 1953. A
mmw!mhndmmp&mdﬂn 20 years before the begin-
ning of a year and who wus alive ot the end of it was
counted, for that year, as one wnit; a man who
completpd the period before the bmmnu of a year
but whir died during it, and a man whocompleted the
pcnod dezing a year and who survived (o theend of

it, weszench cowsued, for that year,es half @ unit ; the
one man who died the same year as he completed bis
20-year period was counted as a quarter of a unit.

The causes of death were recorded as they were
given an the death certificate or, when available, as
they were finally incd by necropsy. The causes
were chassifies In five extegorics (see Table 4), and e
nunibers f: exch category were then compared with
those which might have becn expected o occur by

83

England and Wales.aged 55 (0 59 in 1951 was 2-778
per 1,000. The numbers of years fived in this agh
group in the five years 1949-53 were

1S years, 15 years, 17} years, 19 years, and I&mn.
The number of deaths ex| period was
therefore, estimated 1o be (1S + 15 + 17} + 19 +
19) X 2778/1,000 = 0-238. The tote] numbes of
deaths expected from cach category of diseases was
obtained by adding the numbers thus caleydated for
each age group for each of the five pericds.

The great majority of the men lived and, when they
died, died in the town in which the works was
sitvated, so that it would have been preferable to
have based the caleulation of the expected deaths on
1he death rates observed in that town mithes than op
the rates for all England and Wnlu, ‘mae however,
were not known in sufficient detail, umamorh
the expecied number of denths from lung cancer is
Tikely fo have been introduced on this account since,
according to Stacks (1952), the age-adjusied death
rate for Jung cancer among Men i the Wwn tonp-
verned was 964, of the rafe for England and Wales.
Stocks’s figure was ealcolated enly for the period

1946-49, but the proportion is NM 10 have
varied greatly over the fonger period of
gation, The expected number of mhfrom i
causes 8, however, likely 10 be somewhl undén
estimated since the age-sdjusted deats rate from a)l
vausct for the town is about 25 higher Sian the -
England and Watkes mote {f.e. the gxiess 11‘5& in
1980, 28%,, in 1951, and 22% in ws:;. g

The pumber of: died was 143 1 g
of mati-years lived ineach eftheﬁwpcmdlhm

age group are shown In Table 3, The lm

Tame 3 ‘ .
NUMBI R OF MAN-YTARS 1LIVED BY MEN WIFH 3

ﬁl
MORE Y1 ARS OF WORK f5 A * SHEDDIL AREA ™.

udtiplylng the members of men-alive in cach five- 285, !—;ﬁ Rt
- yedr age group by ihe fates — } =5

for men in’ wwmwnksmshemm:mmd. LB 2@» 2

Beguuse of the sl mumbors, however, the popsia- 8- 1 33 i‘,;\,

1honswens 1 coneidered sepurately foF each year, - o

Dt were added topether to form five groups living & { ]

mmmw.z‘as. 1934-38, 1939-43, 194448, - PR
* gnd 194953, and the mortality mtcs used for each LI I ]

protp werg thete l‘nr the years 1931, 1936, 1981, T W . B

1946, and 1951, The rates fur 1931 were used for the

period ‘1942-33, ruther shan those for the mid-years,

e were

Sbservation during the early part of the period. Az

o example of the method, the morality rate !‘onll

neaplavie other thon Jung cancer amang men in  men who

w‘
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Taux 4
CAUSES OF DEATH AMONG MALE
PARED. WITH MDRTALITY

EXPERIENCE OF ALL

ABD WALES
i

#nd

(Valug of P}

f]. <0-000001

B an sR

< Q00000+

‘l%mwmmm, N

g, oo SIUHE 6F Orsopbiis and sepii.
m’&.ﬁ.mmmwﬁ“ -l
anlpcreassd mortality from fung cancer, otber

¥, Bizpases, in

asbestorls, dut thas their mosiality

s close 1o thay expected,

Four explonations of the findings ace possible :
€t} that oft the wen Who had Wied of hung cancer wees
secorded because of interost i the condition, but
1t some of the rocords of wtber men dying of viher
disgases or stilf afive were amtirted, with

BRIFISH JOURNAL OF INDUSTRIAL MEDICINE

ovar 20% of ol mes at desth. Msover,
1his wene 80, it would s not aectt for

the fadt
it 31 the cses of humg canger were fopsd in
association with asbestosis,
135, therefore,

couglidod thay the fourth explas

ation i the mast i d that the gsbe
warkers sho had worked for 20 or more years in the
» scheduled srens * suffered a notably higher risk
Trom Yung concer than e rest of she population,

To fest if the risk has nltered since the §931
reguiations were jniroduced, it is not only noressary
o make uffo for duratiess of h

underestitmation of the exporied number of degths ;
123 that hmg CRINEE was ineorrectly and excessively
disgroned swong the nsbistos workers s (1) (hay

insufficknily

leng eavipr amang the
mmmwgﬁ&m@;ﬂw B
[l an guiesg
wprtality from

Taag conver,

1 coriindy cunnior b eighmed thot the ooprds of
e Perntiinel Offioe waen sovessarily compsiete, b
Yoiey wore tlievod 1o bercesaplote aud mo doficiency
o this. 5008 world upooutt Sondhe totat exines of
Wmmlemwm‘ mwwmn:

. F+ Y .
pusaber of doaths doe 1o gouditions weslted 1n
s s Elnse o the estimnted aumber snd this
ii::“‘hﬁ”? Fave buppored nnless she popelation
ol

y and the
deaths Trom sl causes. fully reported.
Al the 1} deaths uurihn:.d 10 lung cancer were

before thaend of 1933, butulso tyaliow for the men's
ages and for the tovst durations of their employment
in the ** sthedited i

wbie 5, The
death of e pon whe have dicd and the ages i mid
1952 for e men wh gre still sive. The expested
numbers of wen b ek pro 1953 employiment group
found 10 have ashestosls or it wd

canver are i h

caclt age, tutal emplayment, wad pre-1931 employ-
ment sabgroup the ions of

50t the excoss nmber cannol be

4

d to

mer with

ingnrrect disgnosls among the: group of asbestos

workes. Some of the excess may well be dae fo an
B&Mdlkm

of with ash and lung caneer in the
.;’?m“"gj'?’ ol mpb)xmt‘mup{:ww lengihs

pre-) craployment combined. For example,
three out of the nige sen aged 30 10 54 yoars who hnd

LUNG CANCER IN ASBESTQS WORKERS

EMILOYED FOR DIFFERENT PERIODS BEFORE 1933 AND MUMBERS KNOWN T0 HA :

IVIDER BY TOTAL DIRATION OF
SCHEDULED AREA AND BY a0t

Length of Exypieymn: before Jenuary b, 1933
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the

tion o and expecied aumbers as the

kwbutpre«l!mmp!mnmhmd,hmo
to- consideration, 1 i alear, therefore, that

One hundred and thirteen men who had
::Gbeexpwdmm were follawed up and

:mmm of ashestonis gad of tung cancer
dssocined with sshestosls have become:
fesn us he sumber of wnmwmhmm
exmw the pre-1913 conditions hos decreat

The extent of the risk al'lun;maer over Ihe
whﬁtpumdmwma&dwmohan
beest of the order of £0 yimes that experinced by
ether mes. ?buwwnmhﬂudmnmed
by mmam).m it is somewhat gres
m Wh msm(mn 'nn

ey the amount of dust produced -in

tbesidn works they

during G period
winded By4 recduction in the Sucidence of fung cancer
ammtbmrimw!&mabemkhdon 1933 is

ameng ’witbthatwhkh
would have beca apnm on the basis of te
martality expecience of the whole rsie popul

istion.
Thiriy-ning doathy oositrved in the group wikeens |

154 were eapected.  The cacess was entiraly dig
10 excess deaths fromv lung cancer (11 against
QR expected) and from other espiratary and

mhdummmhwmy the namber of
mauxﬂak.wbemwmmuwm
conditions only aed wha have been cmployed for a
sufficieat Jength of time, 3 & prosent too small for
<onfidence 10 be placed In sheir experience, 1t is
clear, hawmr. thot the risk fins for some time been
goontly seduced.  The extent of the reduction is
particuiatly striking whea il is recaicd tha between
1933 ang 1933 the incidence of [ disease among
men in the country at large has increased sinfold.

Summary

The cause of death, 98 determined ot necropsy, Is
reporied for wswwmwhmdmemﬂoyedax
one asbesies works. Lung cancor was found in i

al feast nie years
Wm&rﬁemolufmm
effiective.

duration ol ' under the old dusty con-
ditions has decreased.

1 would like to offer my thanks 1o the management of
the firm concerned for e cayrey aut this work.
and 0 the Medival O and membors of the sinff of
the works whese the men were employed, who carried
m: greaer part of the work on which ths report is
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PRIMARY LUNG CANCER IN SOUTH WALES COA
" WITH PNEUMOCONIOSIS -

e w.xummss

Coat-workers in the southern part of Wales are
particolarly prone 1o pulmonary disease dpe to the
nhatation of coal dest. in some men discrete foci
of dustsre satiencd more or foss unilormly throughe
out torh Jungs. This is calied simple preumos
coniosis, In others there ausur alse one of more
Targe Jocalized musses of dust and dense fibrows

tissue CFig 10 This manifestation is seferred to as
massive ]

pneumoconiosis o progressive  massive
ﬁhmdl.

3 many rel to the
ceeulmme of classical sificosis with prisacy lung
caricer, but there are few accounts of voubworker's
pnwmn

niogis with coexistent tumowrs. In 3
et study K and ¥

(mmwmmmmm

be ade by tbe telatives
Hapsie

(!9:3) have shawst that primary cancer of the lung
is Joss commas in m"%‘m than inhme m;ﬂﬂ:ml
male popuiaion, igures also show that jn
the South-Western, Division of the British conlficiils,
whers {he Ingidenc of pesumocondosis Is high, the
mqidm of lung tumeur is low relative to that in
coalfields. In soow ether Byitish conlficlds

wm W incidence Is fow the
Tamoari &iwmhmmumwym

vbmneddmmemm

ang
death 5 (3 by studying the incidency
relation to the severity of i mm;w
comparing the cancer incidencs Ji the mim
hat found at necropsy in non-niages. -

mzmmm esropsles were made, In, mmm
eamm

on 1,837 canf-workers. During
mﬁzﬂm examintions” were

‘Mﬁ!jﬁ%%‘mmﬂsmm*

of 21 ‘o concerpedt with conbmining.  The pathos

wmwsmntmwmummm

the imstructien ef porencrs who lad been tald

w‘:wb mmmtdmmm
or

dugt discose ace well known o the mining

cammuynity, and reguests for necropsy are likely 10

8




