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b Gloyne. Merewether (1949) found that lung
i $ reparted at necropsy in 13:27, of cases
10sis (31 out of 235) but in only 1:3% of

wwsc3 of silicosis (91 out of 6,884) and Gloyne (1951),
on personal examination, found feng cancer in
14-1% of necropsics on subjects with asbestosis (17
out of 121) against 6:9Y, in silicotics (55 out of 7906).
Neither author gave full details of the scx compo-
silion of the groups examined, but since women
form a higher proportion of 2sbestos workers than
of persons employed in occupaltions liable to give
fise to silicosis (coat-miners, stoncmasons, puttery
workers, foundrymen, metal grinders) aad since lung
Cawat is less common among women, the ditlerences
in the proportions of cancer cascs cannot be
accounted for by dillferences in sex distribution, In
fact W:e proportions which are more properly com-
parable with the findings in siticotic subjects wte the
rropartions of Jung cancer found amoag ien with
asbestosis, 17294 in Merewether's scries  and

19-6% in Gloync's.

Animal experiments are inconclusive. A positive
reselt was reparted by Nordmann and Sorge (1941)
%ho found that of 10 mice witich had been exposed
'o asbestos duyst and survived for 230 days, two
developed lung carcinoma, Smith (1952}, however,
-onsiders that one of the ** carcinoimas was, in
fact, an edmple of squanious metaplasia and that
the other, an adenocurcinoma, may have ‘devetoped
‘Ponlancously from the common mouse adenoma.
ﬁﬂc ative result has been reported by YVoewald and

, # Y38 The najority of workers (cited by

[

81

and, according to 1 lueper (1952), Lanza and Vorwaid,
5o that it was thought desirable to underiake a
(resh investigation, '

Necropsy Data

Since 1935, records have been collected of all the
coroners’ necropsics on persons known te have
been employed at a large asbestos works.*  Patho-
logical diagnoses in 105 consecutive cases are
summarized in Table |. Details of the cases in

Tanie 1

CAUSLS OF DEATH DIAGNOSED AT NECROYSY AMONG
PLRNONS EMPLOYED AT AN ASOBESTOS WORKS (1913~52)

Asbeviosis | Asbestons | All
Cause of Death Present Absent Coses

“lears fadure = . .. 14 [0 as

Pulmionary iberculonis . 12 ? 21

fung cancer .. e 13 b ) 1)
Other Jincaws of the sespicatory

Qwitem .. . ve s 0 4 14

Quer diseawes ., . ve 4 3 7

Albcauses e oo .ot 1 ] T30 dos

which lung cancer was found are shown ia Tabic 2.
During the fiest haif of the period cight deaths
occurred in which lung cancer was found in as530-
ciation with asbestosis, while ,a the second haif of
the period there were scven such cases and a further
thiee in which lung cancer was found without
asbestosis. The number of asbestos workers
employed at the works increased steudily from 1914,
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MORTALITY FROM LUNG CANCER IN : B
ASBESTOS WORKERS : F . )
BY ' = .
RICHARD DOLL & "
From the Statisticat Research Unit, Medical Research Council, London . .
(RECLIVID FOR PUNLICATION AUGUST 10, 1954.) 4 =
Sixty-one cases of lung cancer have been recorded  1tucper, 1952) consider that a causal relationship ' L’ ,‘
in persons with asbestosis (Buemke, 1953 3 Hueper,  between asbestosis and lung cancer is either proved
1952) since Lynch and Smith (1933) reported the  or s highly probable and the reality of the relation- ) . .
first case. In view of the infrequency of asbestosis, ship was agreed at the recent International Sym- e s
this large number of cases supaests—but docs not  posium on  the Endemiology of Lung Cancer t.‘a' 4 .
preve—that lung cancer s an occupational hazard  (Council of the Intcrnational  Organizations of
of asbestos warckers, The strongest evidence that it Medical Sciences, 1953). A minority, howsver, oo
may be a hazard has been produced by Mcrewether remains sceptical (Cartier, 1952; Warren, 1943), ]
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Tanex 2
OCCUPATIONAL MISTORY AND NECROFSY DATA OF ASDESTOS WORKERS WITH PRIMARY LUNG CANCER
Years of Years Patholoyal Repure
Y:;' ‘Se; Occupatlon hri;:d Years E ;‘ ;?‘U“ ‘;'°"“ l‘onn: .lt.’nl }
N upa : [ o ofe ' Exposurs o Histelogical Tope of
Death { Age : Eaposure | Exposure i Jalghl. 5”“[‘:“‘:; to Death  Athestosis g Lung Cancee
1935 | M.62 -\;/uva 1949-)2 I3 1 TS 3 ; Present “Carcinoma “
1933 | M.34 | Weaver 190932 0 P 26 ’ iow Epitbetial carcinama
1936 | M.63 Fibericer 1913-3¢ 3 1® ) Lessthant | » Endothelioma of plewry
'
1938 | M.47 | Weaver R 19 " » ! | & | “Carcinoms=
1909 | M.49 | Disinagrater la1o-14 n It 29 Lessthant | “ Carcinoma »
194040
1940 | M.32 | Disinsegrater i :9!9-21 n 13 9 Lessthant - ® Caccinoma =
92%.39 ) !
1941 | M.32 | Weaver 43t b1 7! ] 3 - Ost-celled  carcinoms
1942 | M99 | Bag caerier 19134 3 29 . P Ontcelled  carcinvma
1948 | M.59 | Weaver - n 16 3 Leuthens . Anaplastic €arcinoma
1948 | M. 9] Weaver 1922.33 1) [ 10 26 1 - * Carcinoma »
1948 | M.43 | Spinner 1912 48 % 30 % Lewthant * Carvinoma ®
1943 | M.63 Maintenance man | 191948 2 1) B ] Leas than § ) n® Oatcelied catcinoma
1950 | F. 51 | Spinner 1915-42 2 ” 38 ) - * Carcinoma =
194 M. 74 Fibetirer 191743 26 H 13 H : - Adenocarcinoma
1920 | M.&0 Weaver :;g_g 2 i s P} ] i - * Carcinoma *
1946 | M.J6 Weaver 194244 [] 2 Lessthanl  Abseat Oatcelled carcinous
1950 | M.43 | Fibericee 192943 ! 0 2 3 - Ansplastic earcincara
1932 | M.51 | Weaver o AL SN B 1" Lessthant * Carcinoma = .

*Also puimonary tubcrculosis.

and a great increase in the number of lung cancer
deaths was also recorded among the whote popu-
lation of England and Wales over the same period.
It might, therefore, have been anticipated that a
larger number of cases in which the two conditions
were associated would have been found in the last
10 ycars, National rcgulations for the control of
asbestos dust were, however, introduced in 193]
(Asbestos Industry Recgulations, 1931) and the

precautions taken to prevent dust dissemination in-
the works had become cflective by the end of the -

following year. All the subjects in whom the two
diseases werc found together had becn cinploycd
for at least nine ycars undcer the old conditions, and
although 1 of the 15 nicn and wonien dicd within
30 years of their first exposure, the association of
the two conditions has not yet been found in any
person taken into cmpioyment duting the last 3]
years 11923-53). It is, thercfore, possible that the
reason more cases weee not found in the sccond half
of the period is that reduced exposurc o dust has
already begun to lessen the incidence and severity
of asbestosis.

Mcthod of Estimation of Risk

Although the nceropsy data shown in Tables 1
and 2 suggest (1) that some groups of ashestos
workers have suffered an inereased risk of lupe
cancer, and (2) that the risk may now have decreased,
it is not possiblc to be certain of cither of these
progsitions without a more detailed &nowiedee of
the whole mortality expericnee of the workers., The
first proposition has, therefore, been tested by
comparing the mortality expericneed by that section
of the nule criployces of the works referred o
above, who had worked for at least 20 yexrs in
** scheduled areas **®, with the mortality recorded (or
all men in England and Wales: and the secomd
proposition by comparing the incidence of lung
cancer among men employed for ditlerent periods
under the pre-1933 conditions. The investigation
was limited to the small croup of men who had heen
employed for at least 20 years, since the labour
involved in searching out the individual records of

*ny “ scheduled areas’t i meant those arcas where processs
were caeried on which were scheduled under the Asbaiios induviy
Reguiations of 1981 ey being dustd.
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employcd for shoeter periods would be i
sttionately preat and, so far as wias koawn
Table 2, would be compaatively unrcwarding,
¢ Jdate of birth, datc of completing 20 yeurs'
“in the ** scheduled arcas ™, and, where applic-
date of ccasing employnient and dite and cause
<ath were obiuined, for cach man, from the
ds of the firn's Personnel OMicer, [ull details
. in mast instances, already avaiable for the men
had ccared employment as well ax (or the greater
wer who continucd to be employed, since some
wse who had left were registered ag having
tosis and the attention of the firm had been
n to the death of athery, in view of the
ility of the causc of death being industrial in
1. All the remaining men were suceessfully
J and the relevant details obtained, - This was
talult since, by lauiting the study to men who
teen emplayed in one pluace for 20 years, few
found to have changed their job or to have
-Jout of the region,
om the data e numbers of mien alive in each
.cat- 3pe proup were counted separately for each
e from 1922 (the first in which a man was
<= Paving had 20 yeurs' service) to 1953, A
completed the 20 yeaes before the begine.
oru year and who was alive at the end ol it was
ted, for that year, as one unit; a maa who
pleted the period before the beginning of a year
vho died during it, and a man who completect the
W§ during a year and who survived to theend of
sre each counted, for that year, as haif a uni; the
nan who died the same year as he completed his
at period was counted as a quarter of a unit,
w causes of death were revorded 3¢ they were
1 or the death certificate or, when available, us
were finally determined by necropsy. The causes
classified in five categories (sce Tuble 4), and the
lers in cach category were then compired with
2 which might have been expected Lo accue by
iplying the numbers of men alive in cach five-
agpe group by the coriesponding mortality rates
meain Cnpland and Wales over the same period.
usc of the small numbers, however, the popula-
i weee not considercd separately for cach year,
were added togsther to form fise groups. living
¢ periods 1922-33, 1934-38, 193943, (04418,
1919-53, and 1hc mortality rates uscd for cach
P were those for the years 1931, 1936, 1941,
»and 1951, The rates for 1931 were uscd (ur the
W 1922-33, rather than those for the midyeurs,
: disproportionately few men werc under
fvation during the eaely part of the pesiod. As
wample of the method, the mortality rate {or all
- Yother than lung cancer among men in

Enpland and Wales aged S ta 59 in 1951 was 2778
pee 1,000, The numbers of years lived in thns. age
peonp i the dive ycars 1949-53 weee respectively
15 years, LS ycars, 17} yours, 1Y yearss, and !') years.
The number of deaths expected in the peciod was,
therefore, cstimated to be (15 + 15 + 17} + 19 +
19) % 2778/1,000 == 0-238. The total numbcee of
deiths expected from cach category of diseascs was
obtained Ly adding the numibers thus calcutated for
cach age group for cach of the five periods.

‘The preat majosity of the men tived and, when they
dicdl, dicd in the town in which the works was
situated, su that it would have been preferable to
have based the calculation of the cxpeeted deaths on
the death rates observed in that town rather than on
the rales for ail England and Wales, Thesce, hawever,
were not kuown in suflicient detail, Little error in
the expected mumber of deaths from fuing cancer is
liely 10 have been inteoduced on this account since,
according to Stocks (1952), the age-adjusted death
rate for tung cancer among mea in the town con-
cerncd was 96", of the rate for England and Wales,
Stucks’s figure was caleulsted only for the period
1946-49, but thc proportion is unlikely to have
varicd greatly over the loager period of the investi-
gation, The expecied number of deaths from all
causcs is, however, likely to be somewhat under-
estimated since the age-adjusted death rate from all
causcs for the town is about 25%5 higher than the
England and Wales rate (f.e. the excess was 2295 in
1950, 289, in 1951, and 229, in 1952).

Resulls

The ntunber of men studied was 113§ the numbers
of man-ycars lived in cach of the five perivds in cach
age group are shown in Table 3. The total number

Tante 3

NUMHFR OF MANYEARS LIVED RY MEN WiTIL 20 OR
MOKRL YEARS OF WORK IN A “SCHEDULED ARLA "

Ace VYeriod — Al
Oearsh | 192333} 1934-08| 1939243 | 194428 | 194933 | Feeivds
- o 03 13 o 0 !
35 as 1 1 1m3 9 a“
- SRR NIRRT 3 182
4= e | 19s| %0 ms | s YL
10- «5| 3| ws| 96 | 133
w- 17 § % 2 053 | a8
0 - T ) sas) 339] e PHETY
(38 \ 133 ] 10 3-8 9
70- ° 1 ’ ) 39 173
73-79 0 o 1 B -3 3
Aowerl 358 | 88 | 1sx1s] 393 1 104218

of deaths fram all causes and the number of deaths
observed in each of the five discuse cutegorics,
togcther with the cxpected number of Jeaths, are
showsn i Table 4. f‘rom Table 4 3t appears that the
men who bad been exposcd to asbestos dust sullered
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CAUMS OF DEATIE AMOING RALE ASHI S1OS WORKERS

COMPARED WHIM MORIALILY LAFORINCE OF ALL
MLN IN ENGLAND AND WALFS

No. of Deaibs Tert of
- = —— e - = | Significance
Enpected! o | iterence
an teiween
Cause of Dxath No. | England Qbscrved
Obsened and and
Waley T apected
Rates [ (Velue of P)
Lung cancer® :
with mwntion of swbestosis. . 1 — } <90 00000)
withuul aientivn of ssbetioniy 0os
Ouher sqapiratury discases finclud-
ing pulmonary tubessuloss) and
CArdN A uiar diveaves 5
with ananna of asdestands ., 4 - 000
withuul meniwn vl avbestnis ¢ 76 < !
Neoplasms other than lung cancer 4 2)
Allother dicasart.. o 4 i }>°'
Alt cavses ,, . AT ] rq}‘ =<0 000001

® bncluding one cass with putmonary Wubeccuions,

tincluding twu cawes (benign siricture of oewphagus snd seplie
Caenna) 1n whith aviwestous was preent dul was ot thaugitt to
bave becn a conusbutary cause ol Jesth,
an inctcascd mortality from lung cancer, other
respisatory discases and cardiovascular discases, in
association with asbestosis, but that their moreality
from other discascs was close to that expected.

Four explanations of the findings are possible @

(1) that all the men who bad died of lung cancer were
recorded because of inlerest in the coundition, but
that some of the recordls of other men dying of other
diseases or stilt alive were omitted, with consequent
underestimation of the expected number of deaths §
{2) that lung cancer was incorrectly and excessively
diagnosed among the asbestos workers ;3 (3) that
hing cancer was insuficiently disignosed among the
general population of Ungland and Wales 5 or (4)
that the asbestos workers studicd sufiered an excess
mortality from luag cancer.

It cenainly cunnot be claimed that the records of
the Personnel Office weee necessarily complete, but
they were believed to be complete and no delbiciency
on this score would account for the total excess of
deaths unlcss it were so gross that more than lalf the
defined populztion had been vmitted. Moceosver, the
number of deailis due to conditions uarclited to
asbestesis wis close to the cstimated number and this
is unlikcly ta have happened unless the population
had been estimaled appranimately correctly and the
deaths from all causes fully reported.

All the 11 deaths autributed 1o lunp cancer were
conbirmied Ly necrugsy and histological examination
so that the excess number cannot be atiribuled to
incorrect diagnosis among the group of asbustos
workers. Somic of the eacess may well be due to an
vadcerestimation of the cxpecicd deaths singe part of

BRITISHI JOURNAL OF INDUSTRIAL MEDICINE

the increase in mortality attributed to lung cance,
over the past 30 ycars is certainly duc 10 inproye.
ments in diagnosis and ia therapy (Doll, 1951,
Even, however, if it were postulated that the winde
of the recurded increase between 1931 and 195] wy,
spurious and that the real mortility lrom the disee
throupbout was that ascribed to it in 195), ¢,
expected number of deaths is increased to only 1
and the observed cxcess is still grossly significaae
For the actual number of lung cancer cases to by 5o
littks in cxcess of the expected as to be reasonabls
attributable to chance, it would be necessary for the
expected cascs to be 6:2, that is 5-6 tines the number
estimated on 1951 rates, In other words, it would ke
necessary 10 postulate that in 1951 (and throughe:
the previous 20 ycars) there was 5.6 times 33
much cancer of the lung as was recopnized in 193],
which would mican that the condition wouid have
to havc been present and capable of detection i
over 209, of all men at death,  Morcover, cven if
this were 50, it would still not account for the fag
that alf the cases of lung cancer were found i
association with astestosis,
v 1t is, therefose, concluded that the fourth eaplan.
atioan is the most rcasonable one and thatihe asbwestns
workers who had worked for 20 or mare vears in the
** scheduled areas ™ suflered a notably higher rii
from lung cancer than the rest of the population,
To tcst if the risk has altered since the (94
regulations were introduced, it is not only nevestan
to make allowance for duration of cmploymics:
before the end of 1932, but also to allow for thie twea's
ages and for the total durations of their employwes:
in the * schedulked arcas , since the nien caplesed
in the earlicr periods can also have been emplosad
lonper and lived to te older. On the other han,
there is no need to consider the changing incidenee
of lung cancer in the total population of England and
Wales since the nonsindustrial risk hus g, shoeaz
to be small in comparison with the industrial ore.
The datarequired (or comparing the rishs amongoen
caployed (or uader 10 yeacs, for 1010 14 years, and
for 15 years and over in the pre-1933 conditions aie
shown in Tablz 5. The azes shown are the ases ot
death of the men who have died and the aves in -
1953 for the men who are still alive. The evpected
numbess of men in cach pre-§933 cmployineat groep
found 10 have asbeslosis or asbestosis and fur:
cancer arc cstimated by multiplying the pumbars -
cach age, total employment, andg pre-191 cmpios
ment subgroun by the proportions of e wih
astustosis ar with asbestasis and ung cancer in !
same auc and total employmient group for all fenuthe
of pre-191) cimployment combined. Tor examys.
three out of the nine menaped 50 to 54 years who
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JMBLNS OF MEN EMELOYID FOR INEFLRENT PTRIONDS BELORE 1713 AND NUMNLIS KNOWN TO HAVE ASRCSTOSIS ’ | -
.U LUNG CANCLR IN ASSOCIATION WITI{ ANMESIOSES DIVIDLL 8Y TOTAL DURAIION OF EMPLOYMENT IN A L .,
SUHLOULLLD AREA AND UY AGE 8
{ cngth of §.oployment before Januaey 1, 1933 All Lenqihs of Cmploy= b e
Todd Age Bt oo s e o e = e T e e e ment belore o n
"':"’:."fu' Jvn-”m. 0-9 Years l 10-14 Years 1S+ Years Janvacy 1, $913 b, o
gl 1933, . —— i.._....,..—.--.....- I e LR LY Sy ——— . b
" ' No.of | No,of | No, of | No. of No. of | Na. of Ne. of | No, of A
etedoled !o)::t;o Pf‘:.‘ .\(cn.:uh M{Q wath; Tf' lMcn ‘iuh'l\lm wuhl Tf, ’Me: :nlhrklc: ~ith P:?’ ’Mcn withjMee weh : 't
Ared 1 ’ Ashess ‘ancer Asbes- | Canger Asbes- | C. Atbrse | Cancer et s
Lears) Geats) | aten woss | of Lung ; Men | l:ms of l.‘u:g { M ‘ (::m: of’i‘u“nr. Men l:.ml of Luag ' L .
FEY 1 — - 1 i — ° o —_ 2 \ - E d
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- ? t — 9 [ - | 1 1 I3 2 1 )
0- 3 2 - 3 3 1 ] ] 2 3 s 3 b .
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63~ 1 ° - o — - 3 1 1 3 i ) 27
70~ 0 ¢ - 0 — - 1 1 - { 3 -— S
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e 3 — — ° — — ° — — 3 o — ;- N
43 10 2 — 2 t ] 0 - - 12 3 ] L -
s0- 6 2 1 0 ° 0 0 - - % 2 i SN 3
35 6 1 - 3 4 0 1 ) — 13 s ° : I
%9 . 3 - — ] 1 0 3 3 ) 7 ‘4 1 ! L
63 [H S T 1 t ( 0 0 0 2 ' t : o
10 '] -— -— )] —— . 1 0 0 {1 0 o v N
1. 9 - -— 0 - .. $ | ' t | 1 ‘-
w4 ! o - — 0 — - | 0 - t o — N
- | 2 = = o | — — 0 | — = 2 0 = 5
50- 2 - — s - - 2 - —_ 9 0 - 2
39-34 35~ i - - 1 - - 3 2 t 3 2 1 o
(28 1] —— — 1] — — 2 [] Py ) 1] . tee s
63~ 0 — -_ 0 - — ) 0 - Q ] -— SR
m4 | 0 - — 0 - - 1 ) - 1 1 - F g
- 5 9 - - | o - - 1 — . 1 0 -— b 3!
11 - 0 — — 1] -— — 1 - —-— b} 0 - p I
659 0 —_ — ’ 0 — — 2 — — 2 o — o
T 35 1 - - t 1 p 0 - — 2 1 - v
{ w- | 1| = - 1 1 - o | = = O - e
. |19 3 - 2 ) 1 1 { 1 11 3 2 is T
wagths of o~ | &t rt 1 3 ) 1 3 3 1 24 10 4 R
ackymemt|  35- | 12 4 -— it 5 0 3 1 1 28 12 1
“a 80— 7 1 - 2 2 0 1 3 1 16 1 1
wieduted 63— 3 ) - { 1 ) 3 t 1 7 1 2
aca’ 70— Q [} -— [} — — 3 2 ] p | 2 0
My +é) 18- ] 1 -— ] —_ — 1 t ] 3 2 ]
304 [ ] - -~ 1] — - [] [} — b Q pu—
PAN g J 6L | 13 | 1 |26 ) 4 | ) |26 % | 71 {3y 4 | ou
xn employed for 20 to 24 years in the areas in  ficant (total asbestosis, x2 = 7-52,n = 2, P = 002§ ;
hich they might be cxposed to asbestos dust were  asbestosis and  lung cancer, %3 = 874, n =2,
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the biologically inwportant reduction in the propor-
tion bctween ohserved and cxpcctcd numbers as the
fength of pre-1933 empioyment is reduced, is also
taken intu consideration. It is cicar, 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
exposcd 1o the pre-1933 conditions has decreased.”
The extent of the risk of lung cancer over the
wholc period winong the men studicd 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 somcwhat 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 beea accom-
panicd by a reduction in the incidence of lung cancer
among the workmen so that the risk before 1933 is
likely to have been considerably greater—pechaps 20 o
times the general risk. Whether the specific industrial
risk of lung cancer has yet been completely eliminated
cannot be determined with certainty ; the number of
men at risk, who have been exposced to the new
conditions only aid who have been cmploycd for a
sufficieat length of time, is at prescnt too small for
confidence to be placed in their expericnce. It is
clcar, however, that the risk bas foc some tinw been
greatly reduced.  The extent of the reduction is
particularly striking whea it is recailed that between
1933 and 1933 the incidence of the discase among
men in the country at large has increased sixfold.

Summary

The cause of dcath, as determined at necropsy, is
teported for 105 persons who had been employed at
onc asbestos works. Lung cancer was found jn 18
instances, 15 times in association with asbestosis.
All the subjects in whom both conditions were found
had started empioyment in the industry before 1923
and had worked in the industry at least nine years
before the regulations for the control of dust had
becone effective,

One hundred and thirtcen men who had worke.
for at least 20 years in piaces where they were lia,
to be cxposcd to asbestos dust were lollowed up g
the mortality among them compared with that which
would have been expected on the basis of (h,
martality expericnce of the whole male populatian.
Thirty-nine deaths occurred in the group wherea:
15-4 were expected.  The cexcess was entirely due
to cxcess deaths from Jung cancer (11 agnin.
08 cxpected) and from other respiratory an
cardiovascular discascs (22 against 76 expected).
All ihe cascs of lung cancer were confirmed histe.
logically and all were associated with the presence
of asbestosis.

From the data it can be concluded that lung cancer
was a specific industrial hazard of certain asbesco.
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 empioyment under the old dusty con.
ditions has decreased.

1 would like to offer my thanks to the manapement i
the firm concerned for pemiission to carsy oat this word
and to the Medical Gflicce and membe:s of the staff of
the works where the men were employed, who carricd
out the geeater part of the work on which this reporg
bascd,
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