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A FURTHER STUDY ( "7 THE INCIDENCE OF CANCER
: OF THE LUNG AND LARYNX.

E. L. axp N. M. KEINAWAY.
“(From the Pallological Drgwirtmnert, S0 Drsthede juews’s Hnopital, Londor.)

Reveived for publivation Juiy 25, 1047,

MATERIAL ENAMIXED,

THE data given below ate derived from an 2xamination of the deh ee's
cates of cases of cancer of the lung and of the .ar\ ux in males from Foziond ae
Wales for the yvears 1021 to 1928 inclusive. The figures for the Brat 12 verq- o
this period (1921 to 1932) wers dexalt with in an eatlier paper (Kennuwiy !
Kennaway, 1936); the material from the subzecurnt six vears has now hw"
examined in the same way. and the data for the whole 13- -year period 1921
can now be presented together. The whole number of certificares v .s:xm--?
individually was 33,418, while the annual toral figures for eases in women haws

been utilized for comparison. This total was made up us follows :

Certificates Ecamined.

Malew. - S 1.1} . 5 1933-35, Total.
(Cancer of lung . . §608 . - 14,74 . A o0
Cancer of larynx . . 0472 . 3,307 . | ERCTRT

Su.tls

" The investigation was carritd out on the zenzral lines fillowed inan earlier st

of the occupa.tmm.l incidence of cancer of the bladder and prostate (Henrw.
Kennaway and Kennaway, 1931).

The chief objects of the enquiry were: (1) to ascertain whether cancer of
the lung showed any special incidence upon particulir occupations. and (23 to
seek for evidence tn show whether the increase in denths .ut.whnfwl tn carenr o7

- the Jung. now of the order of uver 16-fold (irom 361 deathis of males in (92} 10

5982 in 1943) indicutes any real increnss in the prevalence of this form of caneee
(Fig. 1). The figures for cancer of the lurynx =erve a< a husis of comporiom
with those for cancer of the lung, in that the faryny iz a part of the some (resnice.
tory) tract which is more aceessible to inspecrina, et o not camined by de
nostic methods which have changed greatly in PETENT e, The deati cerrn
cates of persons under 20 years of e were omitied, as the fpeestigation was
converned primarily with the effert of oeenpurtion, )

othod n_f Ceele velend [ enge v:r' Jlere s,
The comparative incidence of canere of the Tuns and lanvex upon vae s
oceupations was estimate] in the msiner deseribo b ogde il oo the et e e
(Kemwway and Kensaway, 1956), fu pidainz ot e e snal el e
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incidenee of cancer of the Inng i~ the sune in silicotic and noa-slice -
(Table XD,

The wccount given Lere of the lit-rature on the relation of silivosds -
of the lung does not claim tu be conpivie (see the review hy Kiotz, 1 -
(G) Asbesioy wnrlers.

In the years 1909 to 1044 in Englad and Wales the faral cuses of -
and asbestosis numbered 2609 and 70 rospectively.  The averag- e
employment in farai cases was, in silic =13, .:4 vears, and in ashestosiy ;‘1
(Factories Repurt, 1054). In his report .nr 1053, the Senior Meawal I: .

f Factories states that * among 105 fura) cases in whizh asbestosis i we’ <
with tuberculusis was present, cancer »f the lung was associated in 2._'
(11-6 per cent).” Tabie XII records the cases of eancer of the lung in -
workers which have been found in the m:aterials deale with in this pup«.—r.

TasLeE XII.—Cencer of '].'.m;g. Ashestos Workers,  Mrles,
Death Certificrizs 193310358,

. LA,
1935 Asbestos weaver . . . ; . .ooul
19335 . cloth weaver | . . . . a4
1438 ” weaver. . . . . . 16
1938 Boiler and pipe usbeatos coverer . .. . . 38 .
. 1938 Ashestos packer . . . B8

1036 -Dm...t-"rasmz roam han<d in nmeﬁto« W urL» . 63
1954 Departmenial Manager in asbestos company . 43

hh.‘!‘{ln

£ .
o 1936 .-\sbestos works manager . . . .38
<
e - ' Thexe eight cases of cancer of the lung ocetrred in the vears 1934 to 1603
" ‘men of ages from 45 to 63. If one take~ the nuniber of denths from ean-:-
o . the lung in these years amongz the gonernl population of males of approxim -
L the same age groups (43-64) one can make the following comparison :
;-' . © 4,068,332 males (ages 45-64) produced 8191 deaths from cancer of tt
3 . Jung.
£t _...appro\zmuto-h 1 million males (ages 4 >-—64} produced 8009 de, <
T from cancer of the luny.

. " == 4000 males produced § deaths from cancer of the lung.

- The number of mala asbestos warkers in this age-group .xppe.u'»‘ to Lo oo
- siderably less than 4,0un hut as we have beern thle to ohtain NNy eNoer
for the workers at risk one cannot caery the calealation further.
- r—L\nch and Smith (1933) geport from South Carobliae a0 broacbiog
wreinoma in o man who hed been for 24 Ve an ashiston wenver.

Egbert and Geivor l“ W) reeond a4 bronchingesie careinoma . wit, -
clnr.utcn-m‘ pulmannry fitaesis il osfeatisis Bodieo ma nen woe gt b
for 18 vears an ashes v vaaver ar New Haoen, Connectiont,

Gloyne (1935) rveenrds two vasea of faivly advaneed  ashearosie, w
stratons eareinome of the June, in women workess in Fnoband, 5 Onee i

nine vears after an eizshe res’ expeare St stos e s a Apititng .t
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other Hiverd for fifteen year afior two shamt petiods of i months and fhirteen

) ' months” expoenre in tho e res aiel apenin dbejmetmems of the factory,. oL .
o T mudiznani lesions of U7 s wencs i cach cieeg very st and not recos-
eaaeed dwine Ne Nubee e cha et e asliestosis amd an gat-cell
exrcinomia of the Tune inws cnowho heed been for 20 vears foranan in the stores
: areartient of an asiwstos w.,t ke,
RSN
o Adesdn S o lahaeen,
REIR There is 1 considerahle diference botween occupations axsociated with the fo
Tlor supply of wleohol, and of tol-vwu: the fonmer show a very high incidence upon sty
Toria the lamvnx, and - normal indiiernee upon the lung (Table X111). The ratio for SRR Y
e the lunz is the same for licensed victuallers as for physicians and surgeons S, Sd
MUS {Table XV'). The occupations of barman and cellarman show by far the highest N
frures of any in Table V for cancer of the larynx. The incidence of cancer of RS '
..the lung upon the two occupations connected with tobacco has decreased distinetly Y L .
. in the later period.  The incr<asing use of cigarettes (Fig. 10, 11) has caused the : _"':?... .
i tobacconist 1o become more and more a vendor of closed packets which can S .
, hardly have uny occupationz! effect. The decline of pipe-smoking makes the ) .
. mixing by the tobacconist hy hand of a blend to suit a customer’s taste to be .= ° Q"’ !
; jess frequgnt». B ' h ‘é’,% ‘:'.-'r:

i TasLe XII1.—Cancer of Lung and Larynz. Qccupations Associaled i
with the Supply of Alcolol and Tobucco. ' : l
. ) Ratio. ) ":f i,
. Lung. Larynx. —;j o
L - K} — L v
. 1921-32,  1933-38. 192132, 1433-38. R
W Earmen . . . . . log 122 . 4690 275 e
: Cellarmen . . . S 8§ . 7 502 RPN
i Livenced victuallers e e .., 0128 124 . 185 199 . . = G
. Teliaceo manufacturers . .. s, 186 . 110. ... 65 129 . .
T Tohacconists and their assistants . 173 §2-5 . 142 171 ’ '
A " - - {
Y1) Coal-gas and tar. i j
: ‘ The oceupations associated with coal-gas and tar are important on account R
nf.lhc known lability of the workmen to cancer of the skin, and of the bladder o
- .itlenry, Kennaway and Kennaway, 1921); but they offer-unsatisfactory statis- o ]
el material Lecanse som- of the most important occupations employ very ]
few men. and hence praducr bt few cases of cancer. so that the sampling error
: i high even over an 18.vear verind. This dificulty can only be met by omitting 3
: s of the ssualler classes,  Thus< in Talle XIV there are ten occupations in 3
. wiich there is especial expestre 10 coal-gas and tar. If from tlicse ten one 3
f-.\'ch:des the four which have »-aduced less than ten deaths from ecancer of tho ]
‘- l{',{ one obtuin<. by this o - arLitrary prosedure. the results shown in Table 3
Niv. N -
: Thus all the six ovenpations tottined, whiel empley about 82,000 men (1031 K
. ceisus) and vield 267 cases of Coenr of e Tang. have an increased () to 284) 3
[] T : . - I3 - T . "
i raio for this discase, the lowest fizure being that for chimney sweeps (114), 9
s
3
R
&
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any form af canver it ix of caurae Beveeanry to enrveei for age dist "x‘nmnn for an ._"
occupittion employing a lurge proportion of alder men will yield more cases of T
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2462 E. L. AND N. M. KENNAWAY

also of those followige ench one o the revornizind nemupations, at rhe time of th
census. | The nuther of deaths attributed to cancer of the lung and laryne
O(‘(l(ﬂ'ﬂl" in the whale nule population in cach of these age groups during the
years in question was obtained from maresial at the Ceneral Kezisser Ottice
The compuarison of the various occupations ~vith the general population i< then a
sum in propottion. which gives the ratio of the number of deaths in any given
occupation to those, reckoned as 10v, which occurred in the same nnmber of
mnales in the same age groups in the whoi= population. An example of this
calculation is given in the eurlier puper.

Sources of Error in Statistical Worl: on Death Certificates,

These were examined in the earlier paper {Kennaway and Kennawayv, 1936),
The use of deuth certificates for statistical purposes is liable to errors which are
inherent in the nature of the material and cannot be wholly eliminated. One
must either recognize and admit these errors and correct them in any way possible,
or abandon any attempt to obtain informarion from these data, .

(1) Correction for period between census.—In order to compare the incidence
of cancer upon different occupations one must know the number of persons
following each occupation. This is. learned from the census returns. The
longer the inter-census interval the greater is the risk of important alreration in
these numbers. The figures for populations used for the eatlier period {1921-32)
were those of the 1u2! and the 1931 census, which were combined by means of a
formula described in the earlier paper (Kennaway and Kennaway, 1636) : those
in the present paper are from the 1931 census, which is the last taken. No
census was mide in 1941, on account of the war. :

The ratios for the whole 18-year period are calculated from the sums of the
registered, and the caleulated, deaths for the 12-year and G-vear periods as in the
following examples :

TasLe L—Combination of 12-year and 6-year Perivds. Cancer of the Luny.

.\9:‘.1-:193‘.1. 1035-190m, IN2-1000 o ot

" Totat  Ralleof Toral Rt wf T Karwenr

Calrutated  eruis- “,‘,‘:l.:ﬂ Calenlatel  pems ""“','." Calenlatsd  peoje. Tl b

deaths, trrid ¥ deaths,  torsi AN deattss, tepmi 00 -

draths, eulited slvaths cniated " frark erlatedd

. " dlenths, WAL deains, drarhd s,
Carpenters. 189 123 . 2MHs 200 T2 45 wn T25e
'rinters 397 Gl 2 . 83-8 its 151 A F L TN 137 Xl)

(2) Sumpling error.—In some of the mo<t interesting occupations from the
present standpoint (e, patent fusl workere, tar distillers) a fow thousiml ren
only are emploved, and these will vield Gui verv fow cases of caneer of any e
organ even if the incidence i= hich (Table N1V, Henee the sampling crror will
he- Lirge even over the period studied bere of 18 vears.  The fisures siven in
Tuble NVIH show the ranwu of Huctnations which osenrs,  Fvan the Lagse
aroup of auricultural workers, num?n-ving aver Benen en. does not ane se
smooth a eurve representing deaths from caneer of the lune s does the whols
male population (Fig. 2).
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‘ . . 3
Faerais which may affect the value of the individual death ecertificate ave :
B L wtion of coplanocde The ielividodd ceteyin the death register
. does net give, and s bot intesided o give, any infurmation about the length of
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264 E. L. AND N. M. KENXNAWAY

when large numbers are concerned.  The imuense amount of Libour involved
in such enquirics can be seen in the monograph on cancer of the serotum by
Henry (1946). DBut as none of tho uuupationa inclucled in the present
study, with one exception. shows a very hizh incidence of cuncer of the lunyg.
comparable to that seen in the oceupn tmm.. cancers of the skin and bladder. this
sourco of error is not a very serious on

(4) Incorrect dinynosis is of course a -ouroe of error i these. as in all other,
medical data. In the case of death certiricates received in bulk. perhaps some
vears after the dates of the deaths trecord~l. one can do nothing but excludle
any certificate of which rhe wording sugge-t~ (1) that the canse of death did not
come within the category under examination, or (2) rthat the dingnosis was
uncertain or ill-founded (see nex* section : such certificatex are made the subject
of individnal inquirv by the General Register Office).  When such exclusions
have been made, one must treat the remaining certificates as corveet if any use
is to be made of the material.

Death Certificates Tuken for Exanmination. -

The material utilized in this paper has been restricted as far as po«-:ible to
cases of primary malignant growth of the lung, and of the larynx. The forms
of words in taha cernﬁcatea taken for examin :mon, and in those re]ectvd may be
stated thus: : T, e " _ .

-

Cancer of lung. .

(2) Retnined.~—Cancer, carcinoma, or sarcoma of lung, bronchus. pleurs,
root of lung, hilum of luvg, luag and mediastinum, or lang and plewre.  Pul-
monary, or bronchial cancer, carcinoma or sareoma.  Cancerous pleurisy.

(b) Rejected.—Any new growth aof mediastinan, of mediastinal or of bronchial
glands. New growths of chest or thorax. I’onbroncl ial new growth. Any
new growth qualified by ** pmhable.” * doubiial,” ‘ query.”

Where another organ is mentioned, in arldxtxon to the lung, as the site of
new growth, the pmctu.e has been to retain those cases where this organ ix unlikely
to be the primary site (e.g. cancer of lung-and brain. or of lung and liver) and to
reject the rest (e.y. sarcoma of arm and lun" sarcoma of lung and testicle, cancer
of lung and oesophagus). '

Cancer of luryn.r,

(a) Retuined —-The category of canver of the laryny in the tabulation i=ed in
the General Register Oftice inchudes mali: snant "“O\HIH ol which the situation is
described hy the following terms ;

Arvteno-epiglottidean ks, Postoericoid neiroericoid,
Arvtenoid yhds and catilage, reriform fossa. Ninus pyrifiemis,
Crienid. Thyroid vieritwe,

Fpiglortis. Vadleealy spiclotrie,

[ (\ l\«ﬂ-h‘!)l_’ﬂnjﬁ(? fuled. Viend eneda,

Giottis, Treehen, witndpipe,

Al these were retained with the eavrpiion ol vadleeula,
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- nf-opsccs [
The apinion is sometimes expressed that stitistics of lung cancer are of uo £
value which comprive cares where 1o autopsy has been made, “and xome authori- o
tivs (st below, po 2483 aaintain Toither that, evon when autopsies are performed, A
wany cancers of the luug escape notice.  Table IT shows the numbers of autopsies P
recorded in the death certificates for cancer of the lung* discussed here (i.e. Lol
. sficr the exclusions stated in the preceding section). Similar data for 1921-32  ~'
are yiven in the earlier paper (Kennaway and Kennaway, 1936). These cases | ™ T -
are claszified as follows : - - ¥ . il
. No P, : (3) NoPAL : : .:' Do
. (2) Inquest. XNo P.AL ; ,
i PAL: (3) P.AL E . . :
; : (1) Inquect and P : . - g
! (5) Coruner’s .M. without inguest. . : o R
. T, g
TanLe II:—Aulopsies. Cancer of Lung. (Males, 1933-38.)
. . L ML X, Y. YI. YiL
Year No P\ Ingnest, e of P Inquest “S?'m-{_.; 3‘]""_“ ‘Qf Total . *.
‘ No pA1, Taws I B and .M. mguest. and VL _:--;: :
’ 1953 . B B2 YR 6 . 1233 . 439 . 4 . .28 . 301 . L34 -
- Comas L L LIS L 3 L L4t . 486 . 22, 39 . 353 . 2042 . b
: s oo . LG . — . Ll6s6 T 574 6 . 34. . 644 . 2,290 I
11T . B 18115 S 4 . leia . 539 . 37 . .3 . 610 . 257 .. Ve
Codesy oD o2m . 5 . 2330 . 32 . 61 . 40 . 623 . 2§63 -
. P . O S 1] S T - SN 1 SN 5 .
Tetal . 11,004 . 23, 1LIT . 3166 . 232 . 238 . 3620 . 14.343
Codemear, L ea69 L 33 . AGH3 . 2003 . 132 . 68 . 2203 . §.508
1921-35 . < MOAG3 . 37- L 19720 . 5151 . 364 . 296 .- 5831 . 23.55)
- TarLe TII —Pespertion of Autopsics. (Males, 1921-38,) ~ " )
Xean antopsics.
Traz! deoths. Autopsies. “Ter Per cont of
rnamn, deatls.
Cancer of Tung,  1021-32 | 3,50 . 2205 . 184 23-0
. 1483-38 . 1:743 . 3836 . 04 24 @
«  of laryng, le21-s2 w472, 095 . 30 6-3
o 1 1033-38 . AdGs 4438 . 70 53
Table 111 shows M that e scanbier of antepsies has inereased much more
i the fueg series than iu the larvux series ;. and (2) that the average 1nr"~un L
of cases of cancer of the lung examined Post mortom is the same in the carlier
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and later perinds.  Honce the cuntinuing increase in deaths attributed to cancer
of the luny is not due to any increase in this proportion.

e 4 COMPARATIVE IXCIDENCE TVPON VARIOUS OCCUPATIONS.

i In the sectinns below, the periordy 1921-32, 193333 and 1921533 aze referred
e to as A, B and C respectively. )

- The 56 occupations named in Table IV employverd during the period D 3,%%0.0001
"3 out of the 13,305,668 males aged 2v and upwards (census of 1931), aud they

T include most of the men engaged in the tw largest industries in the country,
’ namely agriculture and coal mining.  The tables include 3350 ont of the 11741
cases of cancer of the lmg, and 1451 our of the 3397 cases of cancer of the

larynx, oceurring in period D, in the whole population in guestion.

Tables IV and V show the data refeuw_v tn the occupations which have heen
stuctied in detail. In Table IV the occuputions are arranged in the ovder of
magnitude of the ratio for cancer of the lung. and in Table V in the carreapownding

“order for cancer of the larynx.* The population engagerl in each ocrupation,
and the numbers of calculated. and of actual, deaths which are required tor the
. estimation of the ratios are included. The number of deaths in each year of

on
ey

’,

i

b byl Lo
“

.

e Al

. reriod B in each of these occupations is given in Table XVIIIT,

i L
L g . . . .

‘1 Cf . . . .

e (1) dgriculture. - S
k ce i + -

q. 5 . A group of open-air. occuparions (gardengrs, farmers, arrncultuml labourers,
P A including shephertls, farm baili¥s and foremen). which together include ahout
- § - - . & 1
CoE £ : 054,000 men, has 303 cancers of the Iung and 542 cancers of the larynx in B.
: } g - This group shows very low ratios for lung {{rom 26 to 38 in A and from 22 to

- SR 61 in B) and low mt.cs for larynx {from 41 10 753 in A and 29 to 79 in B). In
> O .
T . Pl : this open-air class the highest fizure for both lung and larynx is given hy yardeners,
R :3 : ;.:; sl .. of whom many me in or near ld.rwe towns,

.r
i
»

(2) Coul mining.

The c‘uef coal-mining ‘occupations (workers above ground, hewers, rond-
makers, persons conveying maternl to the shaft, other workers below -frm.'ud),
which emploved nearly 770,000 men, show low ratios (lung, 38 to 71 in A and
' 37to 72in B; laryox, 44 to 53 in A and 42 to 73 in B), w hich are very like those
Tl of the open-nir group eonsiderud in the preceding paragrnph. The air in a coal
' mine is pumped in from outside, and collieries are not always situated in arban
districts (e.z. the Went coulfickl). The close agreement in the ratios given in
A and B by the agricultural aml coal minine cronps is noteworthy.

The=e two indnstries (ayriculture aord coal mining) have alko o low incidence
of cancer of the blalder (Henry, Keunaway and Kennaway, 1931}, The rate
of inerease of deaths attributed to eancer of the Jung in these two groups is

shown in Tig, 2.

t
I

M -1

I i
. _‘:"' .r e .
et I 4

lltt..usq'qn
F -4

* The ditference betweep the total numbors of o0t 'mu-.n-. it 14"'( IV (53R el Table S
i due o four ovcupations (prtent fiel workess, patt. 4" pult workers, Blad tuminee envine nien.
sandblarrers) i w hust {0 no denths from cnneer o the laryas seurred in either perial,
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et turs and u'~}\. madtevs show o Gl dnet full in 1 nter H riod.

(3) Grewuns, horselecrpers, carpenlers.

Criotie and horselicopers, who e exposed ta varivus forms of dust arising
fren hovses and fodder, have an ia-ilenee of cancer of the lung (A 106, B 71)
and laryny (A 134, B 1oe) which is not very far from nornnal, Carpcmers
(Tiuble Tand Fig. 7) aiso show Jow tutios (lung A 73, B 72 larynx A 82, B 88),
Thew itmtances “suogest hat expose o dust jer se, lrrt-spectn'e of its Lhemlcal
naiure, does nat conduce ta cancer of the lung.

Taple VI—~Cancer of Lung and Lurynz. Occupations with
Exposure to Rood Dust. '
Ratio. :

.

Lang. Larvnx.
1921-32, 1933-38. . 1023.32, 1953-38.

Pavionrs, sireet masons, concretors
and asphalters . . 209 137 . 154 - 116
Council Jalwurers, road meepers. dust-
men . . . . . . 72 167

Drivers of hotrse-dravwn vehieles . ;144 131

. .
.17z 267
N § 23 143
Motor drivers {goods andt passengers) . 142 153 0 1e0 13

- s - — - - an - - -

{9) Silicosis. . T ' ’

.
The oceuparions in which there is- the greatest liability to silicosis are] x‘amed

S Talle V1L Of Llaeac oveupations; these nwentioned in Table V1IT, and the

'arxm--\ subdivisions of coal-mining. were jncluded in the present study. Table

VIII shiews that in the period i953-38, the highest incidence of cancer of the

Jung is in potters’ inill workers, slip makers and arkmen (ratio 218), but in this
cecn p'mc- . the numbers are small {see Table IV ). and hence thie sampling error is
considderatile.  In the other occupatiznus in Takie VIII the fendencey is towards a
tivercase in ihe ratio,  The stonema-is. and <tors minersand quarriers of course
include wany worlers with non-s2 ous rotks. The n"ures for deathe from
siijcosiz in ocenpations of thix cless are fulling ; in the meual grinders this is due
to the wdvntion of non-siliceous ;'.1-.-1 sive wheels, which has been advocaied
Ly the Senior Medicul Inspector of Fartinies {Facieries Report, 1038). In
the varions sroups of coal miners !

Pe I .' .,., lew matios show no unijfuorm
teideney 1 iise or fulll™ The genera® hrdication of = e :ecui'."ct.mt‘.'l.e-,.nctors
Yad to silicesic are notl veiy active in jrwsducing eancer ef the lung or

whivlr 1o Yo
Liminx, Tiete are, Fowever, i ihe iiterature \arious :

secounts of caser in which
* it 1'... viing (Leet, 1920, 251, S0, 1y
iy rr et caren of raneer of e Vg

A4 ~tuay of pueaoeuiansis in Soth Wales 2nthracite

20T e erapeics un oeertified dlizotier, and one case
asnein i with «ilievrs o Farther serfyes, mLEing trearly 400 noectSv-ies inoall
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virnteer of the o was asagcired with aitivosle. Sueh belividuad observations
: ditficall Lo asstss Shadi-tieslivoas the te concditions st somciines oce
. to-thor, and the close examination ot silicoiic lungs in special investizatio
) favours the detection of a high proportion of careinotins,
=1
. Tavex VI—Liraths fl'hn' Silivoiis fo f‘.‘ng;l:mr[ e Weles, TO3Y fas 1943
] - tnclusive. (Ervowm the "Annnal Regpert of the Chisf Inspectcr of
" Factories for the Yerr 1945, p. 79.)
: 1. Refrnctories industries . ', . . . . 65
¥ 2. Pottery, manufacture of . . . . . . 310
& 3. Sandstone quarryinyg and dres<ing . . . R ¥ ]
] 4. Sandstone masons . . . . . S M
3 5. Metal grinding . . . . . . . 03
3 6. Sandbluatmg . . . . . 5!
. 7. Steel dressing and clemunrr of castings . . . 45
. 8. Stone, pebble, Hint and sand crushi ing . . . 15
9. Scouring powders, manufacture ef . . . 5
- 10. Abrasive wheel manufacture . . .. 4
. 11, Glass cutting and bevelling . . . . . 3
12. Millstone dressing . . . . . . . 1
. o 13. Slate quarrying and dressing . . . < 43
. , . 114, Granite quarrvino and dressing . . . . 13
b ) 15. Tunnel mmmg (sewage “orka, ete:) . . . . 21
B = * . 16. Coal mining - . e . . . . 7
v B, - TavLe VIII.—Cancer of Lung in Occupations with Linbildy to Silicosis.
2 'l’l? Ratios of resistered to ) Number
Bk I 13 . calvnlated deaths, ot deathes,
Y S . AT SR : To21732.  1033-35. - 1921-35. - 19:21-3s.
,% R Potters’ mill workers ; slip makers
= . and atkmen . 96 218 174 . 5
- ; g: 7 Potters; ware-makers, casters and
- . finishers . . . . . 132 132 139-3 . 22
Ao * 7 Metal grinders . . 229 144 176 . A
- [ AR : Stonemasons, cutters and dressers . 149 140 143 . 86
. §srtos Stone miners and quarriers . . 105 19 70 . 39
SRR Sand-blasters . . .21 103 136 ) 2
3 .. 4 7. -« Conl-miners (see Table I\) . . 88-71 37-72 436 . T
.. Some of the literature on the relation of silicosis to cancer of the luny s

’

o summarized below,
T _— Dible (1934), in the course of 4 autopsiex upon petsons of hoth seyes

* suffering f'rum silicosis, found malignant disease in theee cises in stonemnsons,
as kellows

Case 1, Carcinoma of bileaiuet.  Spheroidal-vell civeinoma of jrrostite,

1 b,

.

S s 20 Oat-cell carcinoma of lanz, Columnare-cell earcinomn of cologn,
f w 3. Anaplastic carcinoma of luny,
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ol the miein coids i Tl uvnw e 'ul\ Ju times that of WA, whiie the
poant enntent of the tennining O \l‘: of Bowas the same as that of A,
wrieal silicotie neslules in 70 areas of continent

wesspdenllve Corhowed 1y
aievam it 3, el M,m-.l-. Bt L T SHggestive of ailive=is i3 2 of the 12 cases.
those

1
Froclain A and Do did s Bany sense yeproduee the picture found tn e
ta
a

vigitis iy which silica was present in excess.” The authors conclude that
group of cases of pulmonary carcinoma exists in which the organs contain an
everss of <ilica and show Liste ! .\-"m.x evidenve of silicutic fibrasis,  The conclnsion.

we tiduk. is that the role of the silicosis is aetiological.”

TapLe IX.—S8ilicosis aud Cuncer of Lung (Klotz, 1939},

Carvinoma of lung.
N

Nuwmnber of .
autopsics. Per rent of
. ‘ Number. autopsies,
Cazes of silicosis . . 50 . 4. _ 8:0 -
Unselected cases . . 4500 . 53 1-17

Kotz (1939) gives some dara from Torouto (Table IX) of which the”

statistical character, and indications, arc similar to those of the xnatgnal of"
Aundersan and Dible.
In the report for 1938 of the Chief Inspector of Factlories (p. 81) the Senior
Medical Inspector (Dr. J. C. Bridge) gave the following data derived from 1290
autopsies. carried ont to ascertain whether silicosis was present (Table X).
Hence pressonably the subjects had shown in hﬁ, some respiratory symptoms.

TanLe X.—Silicasis and C'ancer .of Lung (J. C. Bridyc).
. .. . r T .
.\'u:\.bnr of . si - Cﬁnﬂ e -
nULL=ies, irveis, ' Xumbwr of Ter cent of
. cases, Auntapaics.
943 . Pre~cnt . 23 2-4
347 cwr Absent . 17 ‘ - 449
el 20 L ) )

Tanve XI.—Concer of ihe Lung in Witwatersrand Miners
(Miners’ Fiilisis Medical Bureau),

‘ Silirotie Fursmean miners
(Medgen! Banean), (Medieal Baresn).
" g

Turdps L neales who ba . P
! ! wlery sheatoot Nunel'ler “ie Buropean miners
fevral Wamy o)),

—— —
o s af Peseeniaun TCanes of Perenntaoe
R of ult Tt P iann wl all
hAiy s Blerieits,  enneer it
- multems, tof lunge, [T £ 12 ST
yo - s .
e 631 . M33 0 - 03

The data oltained duting 15 vears from $117 post-mortems en "European
miners s the Witwaterstand (Miters” Ihrhisia Burea, Ts6) indicate thit the
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JIn five of the'six casey, and especially in sweeps. the ratio has fallen in the later
penod The ratios for cancer, of the 1a.r\'n\ are irrezular throughout this class,

. - e i wewrs - ‘g e
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Tauvte XIV.—Cunrcer of Lung,  Ouengalions dssvcialed with
Coual Cus aml Tur,

L2h Ls, Rauzin.

hals, Tu2l-n2, LS. 1921-ns
(sas stokers and coke-oven chargers | 83 . 342 251 254
Cas producermen . . . . 12 . le? 232 02
Gas-works foremen and inspectors . 23 N U 161 174
Gas fitters ., . . . 41 . Is2 158 167
Gas-works’ labourers . . . a5 .oo1e2 1) 13w
Chimney sweeps .- . . . 21 . 10 00 119

267
Excluded :
Labourers, patent fuel works™ . . 3 . 433 1529 5371
Gus-works engine and crane drivers . 6 . 60 156 133
Gas-works managers . 4 o244 55 - 138
Tar distillery workers and coLe-oven
workers . . . . . ) . a0 w0 52
21 )

L -

(9) Professional orcupations. b

A group of professional workers (stockbro'zers and stock Jobhers ; clevgymen ;
Roman Catholic priests and monks ; ministers of other religious bodies : “judges.
stipendiary magistrates and barristers ; selicitnors; physicians, surgeons amd
registered medical practitioners ; dental practitioners) nwmbering over L0s,0n
men and showing 176 deaths from cancer nf the lung and 39 from cancer of the
larynx, give altouether ratios rather below the average (lung A 94, B 97 larymx
A Sy, Bs5o; Tubles IV, V and XV). These ratiox for cancer of the lung, lxexn"
near 100, are in accordancs with Stevenson's (1923) diseovery of the
absence of social gradient in this form of cancer. When the individual occupa-
tions are examined considerable variations are found, In the earlicr paper
attention was drawn to the high ratio for cancer of the lung in judges, -t1pnn(h. v
Mugistrates and barristers (1"" and in stockbrokers and stoc.\jonhex\ (157);
in the Iater period (1933-28) the former fell to 112 and the latter roze to 233,
The stockbrokers and jobhers ulco have the hizhzst ratio amony the prntm-uun\l
workers for cancer of the Lirvnx.  The fizures tor Roman ( athelic pPriests and
moukz are too small ta be sienifcant,  The ratio fur minizters of other rebigions
bodies has. rizen (Table XN). In regard to the view that the vapid increase in
recorded deaths from ecaneer of the Juny is die ta the detection of moms caees
by improved dingnosis, the vers moderte ool consistent ratio (A 1200 3 123 3)
for ¢ imeer of the luny in medical men i< notewos thy, for this s an ovenjation
where the av: tilabiliry: of the existing meticels Jor the detection of cancer is
presumably at a maximum. Dental practitioners give very similsr toures

(A 1o, By,
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Tue ratios o caveor oF the koos in these uu:lp tione are  dow, and in
woine waned Coibiiderably below, 100, exeept in stockbrokers and ,uhwkjuhln-rs
(S PN . -
i Tarue \\ —Cnevr of Long,  Iiofoscional Oerupations,
‘ L2l 18- 28, 102155, 192533,
’ Latio of TTTHateo?  Radeof .
fe-seotion. 1yiiiae Tutal .'-.',l...lfn Fopala- Tatnl, r:..‘,l;.l 1(u rrmlf‘lr:'! (;“:;_"'r:_\“r Q m
thom. reud, leecal oo rud e eals 1M} e i o
i Jeath,  rgtoed * Arath=, calatol culated Licathe, Jath g - 3 Lu
- Aatla. o olveths, deatps.  ANIIDE. ot ke Ay 2
Sawhhrnkers and P
stckjobbery  6,80% 12 187 . I 32 253 . 229 § 158 RN W B
Romnrna Cazhidlie ] . - .
Prieste and Monks 3,604 1 31 . 4050 — — . 1 5 o4 o OO
Cleryenen {Anglican . .- . L
Chwreln . 23,420 13 33 . 22,75 a3 9 . 50 1 455 e :
Aimiziers of other R!‘- . . o
ligious Hudies . 11,769 3 35 . 11,460 15 ¢9. . 57 . G G4 e ey
Judzes. Stipendiary ; Tl e .
Mugictrates  and - 1 N )
_ larristers . . 3,058 7 193 . 3,632 7 na . 136 0 1 343 i
H Roliviters . 17.306 19 100 . 17,853 o6 4 . 90 , 9 _63-5 i
! ]‘h\numlu- q\..r;.POM ) . S e
H aud  Resistered R vk Q‘
Medical Practic : = : R~ .
tiniers . 27,451 35 120 ., 24,908 56 125 . 127 . 7 3% R
Duntal Praetitioners 10,494 3 103 . 11,633 1S 1245 . 117 . 2 44 L
- w Ly KD
) {10) Cution worlers. (-3 @3 N
; .Coutton strippers, grinders and card-room jobbhers, among whom severe /7 ==m "
_ Lrouchitie and asthmatic affections occur, show a very Jow ratio (20) for cancer . - - At
: of the luny in A, which s rose to the narmal Jevel (104) in B (see p. 286). - SR
{ Cotton cp'nners and jliccers have a low but increasing ratio for lung (A 32, . e ot
B 73) and medium ratio for Jarvnx (A 148, B 61}, The total population of 43,991 -
1431 eencus) includes ring =pinners: as \\cll as mule spinners, but the larter
. occ-l.p..uo'x certainly makes tp a very large pmpomou of the total, for the a
¥ number of mule spinners azed 20 and over was estimated in 1926 as 41,0040 by c
the Departmental Committee appointed {o consider evidence as to the Oceurrence
of L\*l‘.‘:t:!mn atous Ulceration among Mule Spinners.  In view of the exposire s
1o r-u~ whieh may be (...ruuw-“u- the low mcxd(-u(c of cancer of the lung is

et ahle, lad the very bivh incidence of cancer of the skin, and the incressed
. lia lnlm- 10 cancer of the bludider (Henry, Kennaw ay and Kennaway, 1431) in
this ncenpution, must he tuken into acconnt. The question of the penetration

into the Inng of vil (roplers in the air of the mule room will be dealt with in
another puhlication.

WV AWGAIIIN.

RATL F INCREASE OF CANCER T THL LUNCG AND LARYNN IN VEXN A

i Criicer flr Illug

]

' Career ef the luny Las inerensed fram 361 1o 3082 tases yer animm i wen
: ibiz 3) between 1021 and 1033 i $om 1865 10 180 cames in women,  These
R | 3 ‘et LATe 1 . .3 . ’ y

L figures ave in the ratio of 1: M-y (men) and s (waeen). The ductense
P bezume more ranid in 1926 apd .. el in 19300y men (Figo 1) and chaut 1129 in
i ‘\mnu'l. 7(?10 ")3 il .l(l(u'-f‘ o en, hetweenp 1902 ane! 1007 wae at the rate
' of from 200 t0 300 cises per sioran : sinee 1hen U bas been very inregular
Y
l .
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(Table XVI). The ratio between deuths from cancer of the lung in men, and in
women, is now (i.o. in 1943, the latest vear for which figures are available)
1: 4.0, which is approaching the latest available (1939) ratio for cancer of the
mouth (Table XVII). Canvcer of the lung diifers from the other forms of cancer
in Table XVIL'in that the proportion of males is increasing. During the whole

- ' 6000r ‘ ' Males o

i

'.‘: I

5000

\.

- /.
4000F *
. . - T ! 1\/
. /
o
R A
. - - o . ./
- / ’ _,._-_-"" '-'.'\'
- 3000F, - v \,,--""-- A :\::::)

QAT ¢
N
o3

%,
<:

£ MER
[ ]
s
” J\
A

AT 2000 AT
[ w S . T
™. . ' ’ Femal
— . "y . o - emales
. # N " _-.‘...
g‘ .. .-"' . }i'l"\w\':‘ T Lddlary Belals ] - .__.___‘/.
5 ARt { 1000k —_"
g A . . -t
-
oo !
TS ] .
T B 14 .
: : . . . MY TR B i 2L : ' ' .
R . 1933 194 1945 T -

F15. 3.—~Deaths from cancer of lung.  Males and Fenntles, 193521943,

period under consideration here (1921-1945) the ratio of female to male dpathse
from cancer of the lung has changer from 1: 1-% to 12 40, A similar chanue
haz occurred in the United States s the ratio of th - standniico o death rates ior
< oeaneer of the hing and plewr in white men wnd wemen was 30 3 o [0S, and
20 years carlior was less than 123 0 1 (Statistical Dollerin, s,
. Fig. 5 shows that the rate of incrense in revenr s of deaths attribnted to
cancer of the lung is much greatee in wmen tian in wemen foe tie vurvo of vvatns
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s apbatent mieal gl e lh',-'.':‘\v('u the soves is due in Jurge part 1o the fana
that, du A graph of this 1ype, a given fnercase in a jzrger guantity is much more
conspicuous than i the sacme peteentage erease ina smaller guantity. 1 one
rechons the annual numters of deaths as a perceatage of those in auy civen
inival year (Table XV1). the differcuce between the two sexes is not nearly =o
conspicuaus (Fig. 1).

of mades pises pesch wope steep s than oo of dethe ol Tenedoa iR

Mules o
230
-
i * - s . _/
: -

200

SO
PRPRETY ‘g;".u A
.t - 100~ o/ ’ . \

- - [ B ' [} ¢ [} [} 1 3
amam smaez e .- JY35 . 1940 1845

-

Fig. 4. ~Cancer of Jung.  Males snd Females, 1933-1943,

Deaths per annum as percentage
of deaths in 19335.

P -

TaoLe XVI.—Totals of Deatl”Certificates (England and Wales) and
I " “Percentage I'ncrcise in Cuncer of the Lung.
Cancer =7 lung. Canicer g{ arynx,
T Men. Women, Men, ‘Women.
1035 . 2337 = 100 $58 = 100 . a03 . 204
1436 . 2606 = 112 M7 =107 016

= . 975
Yuds . 2014 = 1206 27 = 108 |, 018 232
163& . A2T5 = 130 1udh = 122 . ®&7 2539
Jusa . a9 = 145 1149 = 1324 . o929 250
T14ia . neON .z 164 1180 = 137 . a3 267
1041 L0 UG8 = 174 A6 = 103 . ugy 269
1642 . 45T = 1496 1267 = 14 . 537 255
1943 . 3081 == 217 1205 = 13] . 4 251
1641 . 249) = 235 1200 = 198 . 8532 IR0
1445 . G882 = 256 1480 = 172 . 811 2749
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TasLE XVIL—-Cuncer of Lung, Oesoplagqus and Month Region in Men
and Women (Enyland apd Wales).
Number of deaths, |

Rite of cunrer. Ratio,
- Women. Meu.
. . 1921 . Lung . . . . . 186 361 . 1:1-9
T 1932, " . ... . 363 1553 . 1:2.%
> . QOesophagus . . . . 661 1774 . 1:2-7
. ” . Mouth regzion (lip, tongue, mouth,
: tousil, jaw, pharynx) .. 836 J040 1:5-7
1937 . .Lung . . L L o- o 027 2004 -, 77130
1939 . " " . . . . 1029 354+ . 1:3-4
' » . Oesophagus . . . T 511 1) S p:2.2
- " w . DMouth region . . . . 333 2338 L - 1:4-3
!* . 1945 ., Lung ... . . 1430 5082 . 1:4-0
D et - .
N Cancer of larynz. ! .
Sl . Cancer of the larynx has increased betwsen 1921 and 1943 from 641 to s41
Lencti— st U= - - CASes per annum in men, with a maximum of Y72 in 1943, and from 138 to 279
RNEAE cases in women (Table XV1). These fizures are in the ratio of 1 :*1-3 in men and
Y } . * ... 1:2-0in women. Dut the figures for men have been fluctnating in the region
5 ‘C: i . o b_etween 850 and 97()_s'mce 1930, a_nd in women there hias been no yniform increase .
. = . since 1928. Hence if the adoption of smoking by wvomen has had any effect
R~ - upon their liability to the diseuse, this factor has reached equilibriun, -
IR IR S )
E E,. ah _ % + . COMPARISON OF THE RATIOS IN THE EARLIER AND LATER PER{ODS.
3 ‘:: T?__ . The calculation of these ratios (Tables IV and V) for the two periods 1921-32
Yot o - (A) and 1933-38 (B) provides material for a comparison, Tf the data from which
lj':‘,-_gi - © the ratios are derivéd are reliable, this comparison should show whether the
R RN S R incidence of cancer of the lung or larymx upon any given occupation hus under-
PEiTa : . gone'changes differing signiticantly from any which have oceurred in the general
AR (- population, and the general degree of agreement between the ratios for the two
- g Dyl perinds is some indication of the value of conclusions based on death exrtificates.
PRt In Fig..5 the comparison is made for cancer of the lung by calculating the ratio
L <R between the earlier and later ratios (B/A X 100) and setting down the Rurures
b in order of magnitude. Occupations with not more than one death in either
T i == _ _ period are omitted here, and are considered elsewhere (p. 286). The results
R shoWh in ‘the graph may be summuarized thus :
) L . Ratios below 6o . . . 11 .
oo - . B6to 153 . . .3
« above 134 . . 3
. 49
- Thus 2549 of the ratios of une period. nr 71+ 4 per cent,are within - 33 per cent

" ef those of the other, which is prrhaps as el an agrerment ws one conld look
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2 3 Fie. 5.—Cancer of lung. Males in 49 uccupations, ’ -
f{.". ’ . A Patio of rezister~d o 100 celeulnted deaths. 1421-)001, : . -
l} “B. Patio of regisiersd 10 100 enléulated deaths, 1933- tasg. - - - o . o 4
prd R = Dots represent B/A 2 100, -
23 ¢ Ovcupations with not more than one death in either period are omitted
& o T T ‘ :
&
L ol - - » . -
5oy for in such material.  When the individual peints on the graph are examined, -
# 1  the Jarger vccupations are found to lie chiefly in the middle paru of the series, as T o
- onv would expect from the lower sampling error. L
S A similar treatment of the figures for-cancer of the ]an‘m (Fib. 6) gives the . Sy
3 fallowi: g vesult : T e . : : ' ' =
] - . : ’ L '
A -+ + Ratios below 66 . . . i . ‘ -
A . »n O001to133- | . . . 28 N
5o ,» ahove 134 . . . 14. =
4 .. . Lo : \
el 49 . B !
] .
<
8| In thic case 28749 or 57 per cent of the earlier ratios are within == 33 per cent
B of the Jater oned. There are thus more vecupations o w hich the ratio has
2 increased than in the case of cancer of the lung. .
=2 -
D UCCUPATIONAL INCIDENGL OF THE INCREASE OF CANCER OF THE LUNG.
]
2 If t:.--w is a veal inercase in enneer of the lung. and if this is due to ~cnie
- esternal factor, ene might find differences in the rate of increase in classes of
{.‘ Jrerscis ('\}-H-L'd I\ dl"hl('nl A PO IR TH N TS Tv(. annual numbers of denths
i from cancer of the Jung. and of 1ke Jarynx. in cach ane of the ocenpations starivd
v in detail nothis paper can be seen in J.lhk XVIIL. The iucrease in the tetel of
<9 revorded cases hag Locn so great (Fig. 13 thar, if this incyease were due to & con- ~.
i tribution {rom any of the stnaller accupations, the incidence upon these wodd
o Lave to. b(: very high indeed.
- - nem s T
el
I 2 .
21
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. 2, n"v,'"r”n TE T: Ty T st YR oLta, v e ww
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: - BINT Jms o Tie g (L S o
Tanee XVIIL—~Number tf‘:ﬂt«‘lhis;}ﬁom% Canaeeraf Bu” Livny dddoLadyrr
in 36 Occupations {n encl Yeqr 1023-lvas . . —_

The occupations are placed in the same order as in Table IV,

. 132 ML 1955, INNG. 1007, 10vie, Total.
Lahourers, patent fuel works . . Lung . 1. 1

o lapmns L e = T T e e e —
Gas stokers and coke-oven chargets . Lung .0 5 4. 5 -1 1 . 48
Larvox . 2 3 b 4 @ I 41
Gas prolucer men . . . . Lonz .1 -— 1 -— —_— 3. ]
-. Loryvnx . — — —_ — — -_— =
) JMetal grinders . . . . Lung .1 3 4 1 3 B 0
. Larynx 3 2 — ! 2 ) U]
; Gas.works foremen and inspectors . Lung .o 2 3 3 - 3 . 5
Larynx . — —_ - 1 t - 2
. Potters’ mill workers; slip wkers Lung . — 1 | I | 1 —_ . 4
. and arkmen. Laryax . — — -- ——— - — . -
. Mainly council labourers, road Lung A () I 1s 1y 23 . los
T sweepers and dustinen  Lacymx . 4 7 0 16 12 13 . 63
C Gas fitters . . . . . Lung. . —- + + 3 3 6., 2
; Lacynx ., 1° 1 b — 2 . 6
- . Paviours, street masons, concretors “Lung =7, ¢ 3 2 1 2 2 . 14
‘ - and aaphalters | .. - Larmmx ! — 1 P - 2 — — . +
P «» Motor drivees, gouds, and passengers Lung b1 29 42 43 T2 85 . 3ul,
R et .. o - TLarynx * 7 6 8 ¥ L2 § R
L A .~ Blast fumace engine men . . Lung —_ —_— 1 _— —_ - . 1
g P ~ . Larynx |, — —_ — - — — —_
& Pl Cabinet makers . . «. % Lung T (L R £ 14 | SOOI 1
- 3y . . Laynx . 3 2 5 8 - =e- 2 ) B
SIS I Tobaceo manufacturers . . . Lung .3 2 — 1 —_ 2 %
- DG Larynx . — - 3 .1, — —_ +
L Foiine - Stone mansons, cutters and dressers .  Lunp P S T} 13, 14 17 13 . 85
oML s . . Larynx 1 1 4 3 2 TR b
T et . Tanners, leather dressers, curriers, Lung . 4 5 3 5 .4 9 . 30
,2 b= R " skilled workers Larynx . — 1 ] J— 2 - 3
ST S U S Potters; ware-makers, casters and Lung S | 2 1 1 5 1 S
. tinishers . Larynx | - 1 — -_— 1 2, 4
e S Gus-wnrks engine and crane drivers . * Lung . — 1 2 1 — . 1 . 3
1 . . " : Larynx ., ~— 1 — — 1 —_ . 2
. 5 !' T Sandblasters . . - . . Lung . — 1 —_ —_— _— . 1
. -‘.'y 2., - . Larynx . — —_— — - e _— e
: X, Gas.works managers . . .  Lung R — — — - y 1
) 3 R o Larynx | — 1 -— —_ —— _— L
0 I Drivers of horse-lrawn vehicles . Lung L33 4 33 3l 43 44 . 20
-4 : : Larynx ., 15 1T 23 17 I3 T L I
] - Cas.-works labourers . . . Lunz .4 3 " 9 0 12 i
» Larynx t L 3 ) 1 -, Il
LR . ' French polishers . . . . f.unz 5 2 4 1) 2 1 2
- Laryux . 2 2 4 — —_— [ )
-1 " Painters . . . . . Lung R T = -1 FLO n
‘ _i . Laryns . 27 24 20 11 Ix 20 . 1oy
o Livenwnd victunllers - . . Jang A R a3 -1 il HE W 17
y «i Laryns I L T S I N R £ 12
. Printers N . . . . L 14 13 23 13 " BT s
% Larynx 1 + ) H b 4 5
4 Chitnney sweeps . . . Lane - — 3 i 2 4 1o
uouE Laryax i — 1 1 2 1 %
’ Pluntem . . . . . lung ) 1o B 12 14 iy tei
o | FYSNTIN " 4 2 ) 4 4 P
.. Ruarmen . . . . . L 2 ! [ ] » 3 wy
3. lacyns 3 3 2 2 l 2 15
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TanLe XNVIL (coutd.).

Tobuierme st ‘ wbitd Leir geminiigni=
Hiirdreors o . A
Laliory wul pastry cooks

I ofensiotial men . -
Collurinen . . . . .
Tottery, vic. itilts und cvenmen, kiln

setiers uand pincers
Groomws and hursekeepers . .

-~

Brick kiln and ovenmen . -

" Stationary engine uinl crane drivers .

Cottem strippers, prinders aml card
h * F"’
rewun joblrs
Locootive en.ine drivess, firemen
-
nin) crusiers
Carpentrrs . . - . .

Swone miners andd querriers .
Coal miners=Yewers awd caiters

Lithorraplic and process engravers o

, - Blaet furnueenen and labourers .
Gardenery' . . . -

Cotten tpinners and pilecers (mule.
¥ ring, vap i diver)
Coal miners—workers shove ground

Tar distiflery woriert and coke-oven
workere
Drick and plain tile oakers . .

Conil miinera—athier warzors lelow
sruund

Coat] niners—ennvering material to
the shaft

Conl miners—maling rauds

Ciriten \\"Cﬂ;.'tﬁi . .
Forminrs . . . .

Meeienligrnl  Ldbourers,  inclhding
Neeienlioral u
.

A
s awld foren.en

Luns
Lary
Lune
L.-’:t'ﬂ-';
Lung
Lurynx
Lung
Larynx
Luhg
Larnmnx
Tuns
Langz
Larvnx
Lunz
Larvnx
Lung
Larynx
Langz
Larmns
Lung
Lanmx
Lunz
Larenx
Lung
Larymx
Lung
Larvax
Luug
Lonymx
Lunz

" Larynx

Lung
Lorynx
Lung
Larviad
Lunzs
Larnmx
Lunz
Larmmx
Lung
LenTmx
leanz
Laryns
Luugz
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L\::n;
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Fre. 6.—Cancer of larynx.  Males in 49 occupations.
A. Ratio of registerad to 108 caleulated deatha, 1921-1082,
B. Ratin of reyistersd to 1o valitilatad Jdentha, Loss-1u3a,
. Dots repemsent B A X 100,
) Occupations with not more than one ddath in either puriod are omitted. .
. T o v .-—-""""-“;—- .

TasLe XIX.—Incrense of Deaths Attributel to Cancer of Lung in
’ ' Occuputions (1927-1938). _

Certain .

Deaths from ennewer of luny,

} : . 102532, 1933-%5. Ditferenae.
/ - Paviours, street masons, concre- T
e tors, asphalters . . 7. 13 . 7
See Council labourers, road sweepers, :
<~ Tuble VI..] dustmen . . . . 47 . 103 . H"
!' Drivers of horse-drawn vehicles . 1 . LX) I 124
i Motor drivers . e . . 102 . 30r ., 199
' - — S— e
i 267 655 BAVE]
General population, males . . 6206 . 15045 . S740

For example, if one takes the numbers of deaths from cancer of the Innyr in
those occupations where there is expecial exposure to voud dust {Tuble V) anil
divides them hetween two successive periods of 6 yvears (J427-32 and F25-08)
and compares these fizures with those given by the whole male popualation, it
hecomes quite clear that even thesp ocenpations acconnt for only a .madl fraetion
(Y1 cases ot 4+3 per cent) of the whole incrase of S7THY ciuses (Tabiz XINY,

The following example shows the eifect of the increase in deachs attributed
to cancer of the lung upon the Jata fur a single oceupnition.

.
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210,431 carpenters produced 123 deaths from cancer of the lung in 12 years
(1921-53) or 10-2 deaths per annum, and in the next 6 years (1433-38) 243,025
carpenters produced 200 such deathe, or 333 deaths per annuw (Table IV).
The mumber of carpenicrs produeing 1 death in 1 yezr was therefore 210,431 +
10-2 = 20,640 in the first period and 243,428 = 33-3 = 7324 in the second.
The ratio_between the iwo figures, namely 3-3 : 1, is reasonably near tle inverse
of the ratin (1 : 2:§) hetween the mean annuazl deaths (755 and 2307) in these
two periods from cancer of the lung in the whole male popuiation. The result
indicates that the increase of cancer of 1he lung has fallen upon carpenters, who
undergo considerable exposure to some kinds of dust, in much the same measure

“=-as it has upon men in general (Fig. 7). ]
{
or : ' e
- 4 X ) . )’ ! -
. i . ' - o
- ‘ . S M \\\.,4' .
30_ ' '.-- r - l’ ;‘ — 1‘,\1."":ﬁ
. L ’.f , . — T :
: s TR .
2o} v v :
- -~ g% 1
w A= AN
» -
.’ 't\ PR |
’ L o
’ 10k ) o I' ‘\'\i_% JE T
- : N ',’ N N S T
- ~a Lo . ' ot
T . L. I L [N | [EUES RN B BN U SN | [N WS NI SN S | . f
1921 1925 1930 1935 1938

Fic. 7.~Deaths from cancer of lung. Carpenters, 1921-19383,

.

.Occupational exposure to three agents which are perbaps liablé to induce
cancer of the lung (ashestos, arsenie, nickel {Factories Report, 1938, p. 72]) occurs
in employmnents which comprise vers few workers, and hence have no appreciable
Of 1hese three substances, arsenic seems to be the one to
which the general pojelation is most likely 1o be exposed. No attempt is made
here to deal with all the data on the carcinogenic action of arsenic, as this subject
is wnder investigution by a Commiitee of the Industrial Health Board, but the
following quotiations from tecont Annual Reports of the Senior Medical Inspector
of Fuctories show the possille importance of arsenic in relation to cancer of the
heng, T the cace of arsenical polizemiug due to scdium arsenite, which was
fatal. the post-mortem examination revealed that in addition to pigmentation
of the trunk and lmbs, warty growths ali over the body, and perforation of the
nasal sepinm, there was a primarv cancer of the right ling with metastatic
growths in neighliouring glands and in the liver ™ (Faciory Report, 10359,

“P- 22). “ The other (case) oceurred in a filling machine cperator aged 57, for

43 years in a factory manufacturing sheep dip containing sodivm arsenite, the
eause of death heing due to carcinoma of the right lung.”
* Three similar cases of pulimonary carcinoma occurring in arsenieal sheep-
dip workers have been natified sinee 1939 " (Fuctory Repert, 1943, p. 44).
Newhauver  (147)  colleeted  the  literaiure relating to 142 cases  of
wedicinal arsenical epithelioma ; in wne of these cuncer of the lung oceurred
(Monteomery, 1955 Montgzomery aid Widsman, J041). The patieut Lad taken
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236 E. L. AND N. M. KEXNAWAY
a medivine for cczema for six vears in ¢hildhond, which was assumed to contain
" arsenic on account of the appeacance from the age of 42 onwards of nnmerous
- epithelionias of the skin of the arsenical tvpa,  Later un intraurethral epithelioma
developed. and fnally an epithelioma of the bronchus with ™ malivnant dyvs-
keratosis_charucreristic of the arsenical tyte of epithelioma” and extensive
metastases. : -
" Semon (1945) records a case of bronchial carcinmma in a man who.
during a period of about 20 years, had taken large doses—up to 1 sirachm 3
times daily—of Fuwler's solution (equivalenz to 1 per cent arsenic trinxide) for
recurrent attacks of severe dermatitis herpetiformis. His skin was unaffected.
There is, of courve, nothing to show that the hronchial carcinoma was Jdue to the
-arsenic, but unless attention is drawn to such a case othefsmay not be netieed.

TaeLe XX.—Cancer of the Lung. Occvputions Showing a Considercile
Rise in the Ratio in the Luter Period,

W21-32 A 1913-33, B,
——— ~ - e~ - Rati:

Number Nunber B AN o
Fopalation. of Ratlo, Population. of Ratie. wh e
) deaths, deaths,

Potter's mill workers, slip-
mnkars and arkmen . 1,436 1 (L S 1.546 1 B T R
Gasworks engine and crane : . )
drivers . . . . 1.354 [}y B 1.300 3 e . 3o
Cocton spinners and piecers 38,817 32 .40 27 S R
Cotton strippers ansl grinders . e~
. omd card moom jobbers . 5,242 - 30 . 5342
Tar distillery workers and ' . .
coke-oven workers . . 9,607 . 82 - 6 5 - 242
. . %ﬁck kiln and ovenmen . 6,225 . : 3 - .1z ) 12 R 41
Ministers of bther religious T -
bodies . . . . 11,769" ?E.ﬂ T L esTIAT ML N UB # 7T o6 Timye
. LIV SO R SN R DRI A i_}‘ia
. . S S Vi e
- (1) Cancer. of the lung. ey Ly Py

3 L
4 .

Tow
- In 7 occupations the ratios for B ave higher than those for A by more
= than 50 per cent (Table XX and Fig. 5). In all of these the ratios in A are
. lower, and in most cases much lower, than 100. and hence the considerable rise
raises the ratio in B above 150 in two cases only (potter’s mill workers, slip
_ makers and arkmen 218; gas-works engine and crane drivers 186). In 4 of
. : R the 7 occupations there is oniy one death in A. and hence the comparison of the
sk S two periods is liable to considerable sampling error. The fact that the rise
. . starts from a low level does not, of course, prove that it is unimportant, and
S these occupations must be watched in the subsequent yvears to see it the rise
- continues, - - .

- . = Cases of cancer of the lung have oveurred among ~tokers of oil-fired hoilass,

but no figure for the populution of these workers is availahle.
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- (2) Cancer of the larync.
In 9 ocenpations the ratios for B ave hizher than those fir A by moes thag:
a0 per cent (Tuble XXT and Fig. 6).  In v of rhese there are not mocee than 3
deaths in the tirst period, so that the sampling error is high, and the ratio in the
first perind ix low, )
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Potrery, cte. kiln and oven
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Lithographic and process
ensravers . . 3,704 3 $4 . 7,289 L1 214 . 235
Blast furmnacemen nnd . “ )
labourere 4,391 . 3 40 . 6,135 4 138 . 346

ERRORS IN THE DIAGNOSIS OF CANCER OF THE LUXNG. ‘

Some,hold that cancer of the lung is not increasing, and that the ascent of
the curve (Fig. 1) is due to hnproved diagnosis. -

This statement is easy to make and difficult, perhaps impossible; to disprove,
and is apt o serve as a substitute for any investigation of the question. If one
accepts it. at least one conclusion follows w hich is of some interest. Let us
ruppose that the steeply rising line tFig. 1) represents the detection of an increasing
fraction of 2 pool of cases awaiting dz"-O\'erv When the means of diagnosis, and
their availability, can he m.prove-'l no further, 1be curve must flaiten. We
cannot: say w hen this will happen, so for the present we must take the latest,
and hv_!heqt figure (5982 deaths .cf males in 1943) as representing the t,dt.a.l
If the actital number has altered lictle during recent years a similar number of

deaths took place in, say; 19214 but only¥ 361 of f these deaths (Fig. 1) were assizned
10 the right cause. Hence in thas vear in at Jeast’ 5082 — 361 = 5021, fatal
cases of cancer of the lung the cause of death entered upon the death certificate
was wrong.  This is of course pos::‘ne. but it would be interesting to know what
were the 5621 erroneous desesi iptiers of fatal disease.

Some conditions which might give rice 10 false diagnuses in cases of cancer
of theé lung are* ; ' S co S

(1 ‘Jc-’iudz'uul tumour.—The incrense of cases of vancer of the lung cannot
devend wholly, or even largely, uper: a diversion 1o that category of cases formexlv
set down as mediastinal tumour lexcanse the number of these has never been
suflivient

Thus the death certificates for males show no fall in deathe attributed (o
caneer ¢f the mediastinin dering the veary Hllowing 1041 (when this form of
vancer is first mentioned i the Rezistrar-General’'s Statistiea! Reviews), which
would acceunt for the inerease of 7024 i cases of cenver of the Jung which tenk

Place in the years 1051-37 \T..'..o XX

® I amng jrddsbied 1o Prefesenr D\
infarmaticn on this subjcet.

i:ut -l,’_
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Tabtt XXIL—Cuncer of Lung and of Iediustinum,

N Deaths of uialex,
England and Walex.

“Cazncer of Cancer 6f
tung. mediastinum,*

1031 . . . . . 1,033 . 135

1932 |, . . . . 1,553 . 262

1933 . . . . . L2 ., 262

’ 1934 . . .. . 2.003 . 244

1925 .. . . . . 2,545 .o 245

1936 . . . . . J2,611 . 222

1937 . . . . . 2,93 . 3098

. . ’ . Total - . . 14,409 . 1651
; . T % 1055 . . . 7,383 '

Increase . . . 7,024
. * These fizures nre taken from the Registrar.General’s Statistical Reviews for the years i
question.

L

) (2) Pulmonary infections.—A loag list eouid be compiled of infective processe:

L. and their results which might have to be. censidered in the diagnosis of cance:
c of the lung in the living subjeut, but those most likely to be named in ercor o
death certificates are tuberculosis, lung abscess, pneumonia, and bronchiectasis

-
.

LTI

rfr.y{.;o,f!n,_jmnmr;l ;.

300 "In theory, the numbers of deaths attributed to these conditions should be fallis c
-~ if increasing numbers of cancers of the lung are being dJetected among snel.
o -+ 7 . cases. But actually the numkers of deaths attributed to respiratory tuber
: ST ’ culosis, and to pneumonia, are 50 large, ranging from 2 to 10 times thnse assigned
Pyt . to cancer of the lung, that the proportionai fuctuariohs prevent any diminntion
: sl . which could Le due to this cause from being identified (Fig. 8). In this Hzure
: { © sl the two curves representing pulmonary infecrions show no uniform relationship
Rl _ to the third representing cancer of the lunz. The numbers of death: from
R ’ abscess of the Inng (Table XXTII) are tno small (mean 100 per annum) to he of
-, importance, and moreover they show nho eontinuous fall during the period.
: AP Bronchiectasis is not separated from bronchitis in the Registrar-General's
. Statistical Reviews. -
' Tavte XXTIL- Leaths of Males Jrom Ahscess of Luny.
i . o . Evglund and [eales, -
- 1932 . w2 ET . L s
o 1oss . b s . 132
o 103 . . 1 s . 119
_ 1935 . . 11l 1w . &4
: 1936 -, . 12 1941 . . bz
. (58 SN . fv
. S I
- .- GG 19278
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1940 1942 . ’ i
England and Wales.
Rhmmwr\' vvetem.

Fie. 8 wDeaths of Mules,
A. Tl.‘lcﬂ'ul":ﬁ.

I3 Pnﬂ..uon.a all forins, < A8, .
. C. ("-rn.er of lun" '
« (Dats fraw the Registrar.General's * Siatistical Review of England and \Walex for l!\e Year
J942. Tables. Pary 1, Medical.?) e . - --
’ L. . : . . .
Poreontnye of erroneous dingnoses, . )

Nume p.uhulu-'iwa wave empharized the vers high prouorrion of error in
death certificates in general and bave produced evidenve that the percentage of
cnioneous diagnoses, as revealed at autopsv. is considerable even in hospitals,
and must be greater still in general practice. Tlms Willis- (J441) found
the diagnesis to have Tcm’:n * erroncous or ‘indefinite ” in .13 out of 27 cases of
caneer of e Tung coming te autepey at the AMied Hospital, Pralivam, Melbonrne,
and in a lavger series {private cen ien} of S4 autojsies perfor 1ed by kim
on cases of pulmonary eareinema dying in a wajor reaching hospital, where

orranies

APLE NNIV. - Juedysis of ._)r'm,zr..-*n in 84 Cuscs of Cuaucer
) of the Luny Ereviiied af 4 mapsy (Willis).
Diignosis corrert

. . . 49 = 38 per cent
[ Twnour, hat  peimary  site
WIOHE or snerrtain R L
Uringaosis J Non-maplastic di-save injost iy 33 =42 "
: tuberenjosiz, alscess, pm-t{- .
. L menia, brouckiectasis) S 1
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there was o special surgieal clinic dealing w with Iun'f cases, and where full X-ray
and bronchoscopic investigntion was prncn-ad 42 per cent of the clinienl diag-
" noses were wrong (Tuble XXIV). Hence the dingnosis of eancer of the lung
appears to be still very incomplete, eveu under favourable conditions, in spite
of the great improvements whu'u are geonerally stated to have Leen made. At
any rate one cannot well emphasize at the same time both the high proportion
of cases (e.g. 42 per cent) which escape detection through inaccurate diagnosis.
and the adequacy of the improvements in diagnosis to explain the apparent
increase in cancer of the lung. though the two statements nre of course com-
patible. Willis does not give any miommtxon about fulse. positive dingnares-of
pulnionary cancer. )
Professor Willis (private communication) has recorded n very instructive
example of the statistical effect of diagnostic errors.  In a series of 100 con-
secutive autopsies which showed the pre:znce of cancer, 155 were fouad to be
cases of cancer of the stomach. and of these, 106, or 70 per cent. had heen dingnomal
correctly and 46 had therefore received incorreet negative diagnoses. There
were also 40 cases diagnosed as cancer of the stomach in which tlis condition
was not present. In this group of 1000 cases, therefore, 109 < 40 = 144 cases
had been diagnosed as cancer of the stomach, and the actual number present
was 155. In 30 far as the total iz concerned therefore the clinieal answeor to the
statistical question—how many cases of cancer of the stomach were there in
these 1000 cases 7—wns very nearly correct. The far greater error in the
dingnoses of individuals, of whom -36 swere .described wronzly, is concealed
sta.tlstxca.lh _by the approximate cancellanon of the 46 false negatives by the
40 falve pout;ves. .
. This process of attaining ac'cura.c_v by the balance of pusitive aund negative |
errors s, of ‘course, neither cesirable nor reiiable, hut it is unavoidable in such
material, and is bound to happen to a greater or less extent whether we like ic
or not. When uny decisions are reached on inadequate evidence in any subject,
th;:‘re will be the same tendency for errors in opposite directions to cancel each
other.

—

?ACTORS WHICH '\IIGK'I‘ CAUSE AN DCREA::B IN TUE DEATIS ATTPIBL"IED
; TO CANCER OF THE LUTNG.

The increase in recent vears in the numbar of deaths attributed to cancer of
the lung might be due to one. or more than one. of the following factors :

(1) An increase in the actual number of cases of the diseuse.

It is obviously difficult to obtain any direct evidence of this factor; one is
driven to seek for indirect evidence by means of enquiry how far the :cumtl and
third factors can be excluded. Some possible cruses af o real inerense are con-
sidered in the next section.

In the carlier paper (Kennaway and Keunaway, 1‘0,0) we drew n[tv'uun] m
the evidence afforded by cases of cancer of the: lun" in which an erroneous diaz.
nosix was made hased on nervous or mental symptoms due b tetastases,  This
Fried and Buekley (1930) record  that merastases in e central neivens
system were found in 15 of O8 proved vases of cancer of the lans, Tu 11 of
the 15 a dingnosis of primiary tumour of the heain was madeaad the lune timoar
overlooked ; an intraeranial operation was performed in 11 and the nietast.ies
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Loc- U o CARCER OF LN GND LARYEX
retoved in W0 cases. Olwiousl neither inprovement nor fushion in the
dinengsis of caucer of the Jung (see Ldow) come into play here, and henes if it can
e shean that such ces arve, as samee phiveicians believe, inereasing, u real inerease -

in eancer of the lung is indicated.
L 2) Improvement in diaguosiz, wherehy a larger preportion of the actual

numher of cases is detected,
The methads of examination of the lungs, and the availability of apparatus

for suck jurpases have undergone very great develupment in the last twenty R
vears, and it weuld be rewarkable iff these clmu"e.-. biad not increased the numher R
of cases of vancer of the lung discovered. This matler is discussed under *“ Errors’ ... -]
in dizzrosis 7 above.: -\u-orclmz 10 scwe authorities (e.g. Willis) these improved e B
mc-thon- even achen fully av ailable, still leave about half the cases undetected, g
50 we may leok for a further considerable increase from this source. e
. (3) A tendency to identify as cancer of the lung caves wbich are really of a SREERR
T difierent nature ; that is, a fushion in diagnosis. . oA
We have pot found any data which would eaable one to judge whether this S ;
factor i= of any importance ; if it is to account for the form of the curve shovn A
in Fiz. 1, two or three hundred wore of such errors rust oceur ev ery year. Willis T
(p. 289) does not mention such positive errors in the dmgnosxs ‘of cancer of the L e @ B
hing. : N Hr;,
. 4
SONE PNSSIBLE CATUSES OF CANCEE OF THE LUNG IN MAN. 'R
Experimental pathology has not vieided any conclusive evidence on tkis CS e~
que<110n as it Las done in the case of the occupational cancers of the skin. . .o &9 A ¥
Most of the laboratory work, such s that of Argyll Campbell, has heen dong an e 2 CTF:
the mouse. in which xpecies the neoplastic factors in the Jang are cer‘am]v different « - R
from these in man, Pl
(1) 1n default of experimentaj evitlence, indizations of at eny rate wne direction -
in which to seek are derived from the waterial of the General Regisier Office. ':
These data are compatible with the importance of some factor in town air, e.g. .=
coal smuoie. '
Y (u) Cancer of the lung djiffers frem thﬁt of the upper alimeniary tract, larynx : .
" and «kin in showing no inverse "cu..lonclu“ t0 ascent in the social ~eale (Qte\'eu- R

son. 1023), O\m:'v 1o the mixing action of the wind* there is Jess difference in
the outdanr air by .mwd by different classes than in other social conditions such
as food and cleanliness.

©(U) The higher incidence in towns lQh'-ck.:, 1936), Table XXV shows that
“there is ot every age a steep domward gradient of rates from London tlnuu*h

Y AL borete study of the wining of alcberne part ies wWase m..m. ut Leivestesr, The ofloer of
wined Ajrpeurs 10 he nr\l ¥ preat ae ope weathl expeet. H lu: maxinugiy «fert of wind is to displace
1l lml FInaninLIs fententiaTion in . retle 7 tLleicestor, -\?T‘_*T-"lu :rie Pobiutjon,” 1045, p, 123).

et or weet Wind Llowing suress o city doer hu. Tave &
[ YT SR 'm et e uetizing the conmirion ed the ..;' n e e u\d WEAt &2 d= Creat ingertanee
i Aitach .t 1 .rnul Wt 03 R oamis r2ent, T No exact definition of turiagle :u o Lios \u hieteny
n"l.m.... besg Lk wennd Y beeon tieed, 10 n._r Sopert wned r‘-.., where, to deseribe the readin <z il which
air mixe- with weddf, Drovine the Yawt wine morils of the Leicester Snrvey, spueein nitentonn sas
Ziven 10 the Jueasnronett af varinbles ceunecte? with turbulonee, bemse of the impwrtaee of
turtmleyr e in detencaany the conrenre, s of suspetiled pnl’ulm\ It wies thesnent taat une of
e vamrhies ampin prove aaitudide for mare sviteral Nine i ctonbee fien with measoremrent: of

-~ = BULOSD ,c'w pollutin ™ p. 114y, Appureraly turuuhu-u e dades wll fornes of distarbaaee due 1o
uhegual baal henting, |

Lut n '-i u.L‘.. calt tol (-’u\v that, sus.
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e A e e larze amsl amall towns to rural distriets.”  Theve are, however. excveprionn! lare

- , - towns with a low rate (e.o. Bristol). Fmpirically, smoke concentration in « tow
is in proportion to the square root of the population (Leicester. * Atmoapher:
Pollution,” 1943, p. t24).

(c) The low incideaes in agricnltural workers (Kennaway and Kennaway
1036).  There is an equally low incidence in coal minets.

(6) and (¢) might be explained by the better conditions for diagnosis in urba
areas. . .
Coal amoke does not account well for au irecrease in cancer of the lunyg durin,
' a period when. as one would think. atmospherie pollution has not increvwed owing
- . to greater use of gas and electricity. The domestic fire ++the chie! zource o.

. -
- - goot in the atmosphere,* and it is in the domestic field that the subszitation o
gas and electricity for conl has been most zeneral,
. One must, however, note that ten years azo the authorities on atmnaspheric

Lot pollution were not unanimous on thg  guestion, ;\v‘haﬁxﬂﬂhquhﬁﬂ?‘?&qﬂiﬁy
e measurable diminution.t .7!_‘\44; SlEY I T
TR : ' B TP SR A S,
PR - %Q: :r"*“ R ‘\_4«'.4"‘4:-5 (IR LIS
caod TasLy XXV.—Cancer 8F Ewng? “Iules.” England and .
N . ' : Wales. 1021-1930. (Stocks.) .
CRa - . Rates per million at ages shown,

T T25. 3% 43- 50~ 55~ 60~ 63~ T Taesd
London . , . 015 .55 .121°. 193, 253 . 2™/3 . 236 . 1un | 213,
i County Boronghs . 7 .35 . 73 . 103 . 135 ..165 . 148 | 14d~ - 03
*° .. -Other Urban Districts .5 . 23-. 43 . 77 . 96 , 1338 . 150 , 11~ . o3
Rural Distriets . . . 7 .18. 30 . 3+ . 63 . 73 . &%, w2, 71

[

g J0. Amyaamy Gl

o~ et g o thegen s

o (2) One must look, therefore, for some cther factor to explain the increase, if
.57 . there is a real inerease, in cancer of the luny in recent years. Many such factors
e K bave been suggested, e.g. influenza, tobacco. pupular drugs, tarred roarls.
) exhaust gasey and other emanations, including lead ethyl, from motor vehicles
driven hy petrol or Diesel engines.

XNo attempt is made here to discuss all these possible factors.

I

e

-
]

[ * Y. . . the pereentage of tar in domestic =moke is vory hizh, eraching $0-400 nar cens,
S . while in industrinl smake from boiler furnacres and such thems is practically no tar " A doapiteghe
R Puilution,’ 12ch Repore, P 46). A high Jdepasit of tar can only be due to pollution fores domestic
. : chimneys or very ineftivient industrisl fumishings, since in o properly eonstricted arl worked]
furnuce & high temperature is maintaiaed toe w ~utlivient distunee from the main plase o vranbhnstion
for all rombustibla vapours to be fully humed before the furmare Fhses enee the ehictiey ™ - \trego.
. Apherie Pollution,” &ted Beport, p, 9 Sont from the civmney of 4 dwelling hogse e fONtain
- A0 pee cent of tar (Cohen vl Ruston, 19230, and the dust spoended in the sirof o roum 24 ayeeagon
Atinspheric Pollution,” 43 oy renting i4 per cent of tar, ’
- ¥ In the * 22ndd Report on the Davesteacion of Arrnsenivecie Pallution " (19331708 0, 3) * -
Ch«.urmun ms up some enther spovoesl evidenco thus: . . L on the Whole theee nns b 4
s d-hmE.\ reduction in the axtenc of polluttan of the atmesphere in it diring tie nasr twens
Yeare™  On p. 1L of the saune Feport, heevever, the cone, cdett s dotwit s po wener g .- NITITN
e b leriead 1rone the stemaees 0l deemoae s i1 BTerens e iartige TS CTUES, T Lty
strdy of armosphes polittion in Lowosier (¢ Lewoster, Attivsphede Pellation.” 1bdg o --.;.lw ;-...
differcnve hotwesn the two perieda LU2T 1032 aned 19303008 an thes anvount of tar n (BRI Y
Hwtter : the report nakes the st sre<tion taab o decfoase 0 tae nogitt be gosked by LIACEE tee 10y
matenal from mator cars, 13t the ineonchsive watane o the datis aliows that thees . brerny ,,;,
Inersaae in atmospherie pellntion in any way Propeottieni "o e e Pease bg Caneer of T e,
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Vihee e, t' o el nee nf i voneer e those oveppations where there is
CAJHTIY 1o e duss {~v¢ above, Talle V3 is mther ahove the general level. it
seviis Very guestionsble whether the recenm inerease of this disense among the
general popitation can he attribuied 1o the tarring of roads.  For scares of
sears belore this incieise Legan cond tar was hejnyg (l.l-t.h.ll"?d into the atmosphere
in the form of soot by the domestic fire in quantities vastly greater than any
that could now le derived from reads. Tarring of the roads haa undoub{vdl\'
inereased the amount of dust derived from tar in the air, but this incereave appears
neglicible in wmp'm-o'x with the minount of soot present already. Oune sees
clouds of smoke drifting over any large town, but one does not see any similar
clouds of tur-laden vapour arising continually from tarred roads. The annual
consumption of coal for all purposes in Great Britain in 1936-1938 was about
153 millian tone, of which 40 to 45 million tons.was burned by domestic users,

who are hy far the greatest producers of smoke and soot.* It is difficult to -4
believe that tarred romds m.\de any important addition (o this total. ; )
.. One must. however, Lear in mind that the total amount of soot per unit
volume of air may uot be the only important factor. The size and physical
state of 1ar particles derived from the domestic fire, and from a tarred road, are—
no donbt different, and this difference may determine the amonnt of penetration -
into the desper nir passages (sce, for instance, Boyland, Gaddum and ’\IacDonald ~— 275
1947 ; 0\\0“\ H B! 5) . :-__;—1 2 4
() T Obutro —A pussible connection between tobaceo, and ezpecially cmarettes a3 ﬁ.-:!
and cancer of the hing, hus licen suggested many times, perhaps most recently Cm
in the eaze of Turhey (Lancet. 1946, i, p. 135). T
Peacock (1943) has roinied out that cancer of the <tomach isfar more common e
in manit than. so far as we kunow, in any other species, and has suggested that : o
- this is due to his use of lheated foods, A similar argument might be a.pphed in Tk
the case of cancer of the Jung, which is not known to be prem]cnt in any of - ** =
tlie Jn\\:t" unn ials.  The adenoma of the lung of<he mouse, and certain affec- -3
tiens of the Tung of sheeps in qmxtlx Africa and Iceland, ave neoplasms of which , e
the ew:m.t :mhm- is uncertain.  We know one instance at any rate of the ,
cmitscentiligl ity of the luny of an vnm.:] to a carcinogenic agent, namel\' the lung f;j}
"of the car’ in relation to 2-2cetylaminofluorene given by “the mouth (Haxdmg, e
1946} : Licu:ce there is no reason to think that animals are immune to any such f Lo
agents.  the olivious factor. pessilly carcinagenie, to which the lung of man Oy R
ﬂl(\l\( ix eXi: wsed s tolacen “nOL(‘. ;*-‘:‘ feen
Duving sl present ((.“'ltll!\' very cousiderable changes have tuken place in D 2
this country in the social distrilution of the various methods of smoking, There =

were, of veurse, exceptions 1o any ruie, but roughly ane might say that in the
carlic: jrat ol T this pevied mn of thie richer classes smoked pipes, cigareties and
cigars, and en of the vr\mor clussex smoked pipes: cigavette smoking was
inercasing Lmong the richer women, widle women of the puorer classes did not
smioke. UL never saw a weman seub! ing Ler fiont deor-elep, or hanging out

U -, —— .
the wa-hinz. with a cigaretie i hor meuth, The grcer ehange which has t..l\cn

* A Pather Chadwick Pallic Leeture,  Sarch Tith, 10495,
1 by YulGde Foosland and Woalee,
out of 27,020 Aoyttt £

cartinorni of the stevpaeh was aesignel 25 the canze of 050
romt earciveina Gf all siter i1 miales (¢ Registrar-General’s Stati-tiend Review 7).
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e’ on” warktnen, paiviers Lo el o st s e sveeepors, who

vee d e stehe s pipe st mes e s gew st cizareti e whiie st work, Crzarette

st re e stid o inhale wone 1 do smokers of pipes. bat it is very diflicule

© o oot sny conclusive evidenes upon this matier. which miglt bhe important.

Tiere is seme Awerican Hteraters which has been aammarvized (Hrit wed. Jo,

Tda, i we) upon the arsenic coutent of tolimeco and tobaceo smoke. The

occuntciice of cancer of the lune in tuakers of arsenical sheep-dip (p. 285) indicates

the possible importance of this faciur.

Seme writers have contende? tLat smoking cannot be associated with cancer .

of W iung, because this form of cancer has increased more among men, while

the use of tobiaero has increased mote amoung women.  But the sexual distribu- . .

tion of cancer involves unknown factars (Table XVII), and does not providea . :
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Fie. 11.—Ligarettes as percentige of. tovauco consumed in the Tnited Kingdom, 1924-1943, » T
: T ) . - -3
very seenire basis for an argument of this kind. Of course no claim is made 53 %
here that the simultancous increases in the consumption of toubacco, and in . S :
_eancer of the lung, proves any eticlogical connection between the two. Other S &
' changes which have taken place in the same pericd, which no one proposes to Ly ¢
associate with cancer of the lung, e.z. the iucreate in the issue of wireless licences, A - ¢
show a very similar curve, and such correlations are’a common subject for YL ¥
. statistical witticisms,  Thus wireles: licences have increased at a rate (about oL, .,39 3'_
- 10-fuld in the last 20 years) similav to that shown by deaths from cancer of the A 3
lung, or from corenary disease (Fig, o), Pom D »
The annmal consumption of tohaceo in the United Kingdom has incrensed <o ';5:52 4
from 125 nudlion pounds in 1924 1o 230 million pounds in 1946, and the percentage - -
of these an cunts amoked in the form of cigatettzs has risen from 56 in 1024 to ]
uver Min 1Uii-5% (Fig, 10 and 11}, Thus the copsumption of cigareites shows
a consiaer:'de inerease, Loth abealuie and relative. .

% Weaz indebted to Mre, LR, Wil MLCL of the Roard of Tradc for thess datn.  The propor- 3
tiot of Gizuraies to tntal tolaces vousmytiez 15 cvatlalle ouly iu these Years for which a Census of -
Production Iz taken.  The wenthly net cleatuneee of tobaeee mainly by manufaciurers for hame !
corrumpniaz in the United Ringdom of Great Broawin und Northern Irelaid are given in the Monthly -
-'la‘yg-l! of Stutiniies. n
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To snmmarize the evidence brought together in this section on the ineiden

of eancer of the lunyg: the hizher mortality in towns, the low mortality in ag:

cultural occu;mtmu;-, and the absence of social aradient, are comp.ttnble with

« factor in the air, such as coal simoke. Tn any “such comparison of urbawn ar
rural areas, the question of facilities for dingroszis must ke considercdl. B
coal smoke,-which is prohably a decreasing contaminant of the air, does n
account well for the increase of cancer of the lung. Amonyg various possib
factocs is tolieco smuke ; the conzuniption of tobacco has risen,and so has t!
percentage of it smoked in the form of cigarcttes. ot which the smoke i= ofte
inhaled. An effect of tobaceo would accord well with the abseuce of snei
gradient,. ‘

S C STHDLARY. T =

(1) The death certificates for cancer of the lunz and of the lafvnx in mak

.. from England and Wales for the yvears 1921-3s inclusive. numbering 3831
' have been investigated and the periods 1921-32 and 1933-38 ave compare:
T The 63 occupations examined employ abour 30 per cent of the male populativ
by aged 20 and upwards.
- (2) Sources of error in statistical work on death certificatss are dis cuw‘d

(3) The increase in the recorded cases of lung cancer cannot be attributed t
any increase of data obtained by antopsy. -

(#) The agricultural and coal- -mining incustries show a. lo\r murleme .
cancer of the lung and of the larynx.

(%) A group of open-air occupations, where there is exposure to the dust ¢
roads, has ratios-above 100 for eancer of the lung and of the larvnx, with th
exception that motor drivers have a normal lmblhtv to cancer of the laryn:

A

LI

TIATY

H
+

PR Py
-y

i E— xR - " But the comparative incidence of cancer of the lung is not increasing distinct!;

Ak S o in any of these ceupations, and in the pn\'xoun Street masons, concretors an:

H ‘oedie ¢ ,\&:phﬂltem there has been a distinct fall in the ratio.

vomdil (6) The occupations in which there is a liability to silicosis do not show

I high incidence of cancer of the lung, but there arc in the literature some studie

" El4f:s" 77 . . of small numbers of cases in which the two conditions were associatert, - -

SevEkT oL (7) Cases of cancer of the lung have occurrecl in some occupatlons involvin,

B éxposure to asbestos.

R (8) In the denth certificates examined, and in the Reports of-the Chie
§. SN Inspector of Factories, no occupations involving exposure to any kind of dust
e TR N except those concerned with asbestos. arsenic and nickel, which emplor ver:
haiie e small numbers. have been found in which thero might be an mcreaeed incislene:
el of cancer of the lung. :

Do T (9) Workers e\po-ed to coal-gas and tar tend to show an increased prevalence
Tt of cancer of the lung, but in the later period studied the mculence df)r‘-t [0S exere

YL L two-and-a-half times that on the general ponnlation.

(10) Oceupations concerned with the sup ply of alcohol have w hixh x.xcvlcnr‘c
of cancer of the lanmx.
; - (11) The later penocl studied shows a con<iderable decrease in the veeurrence
of cancer of the lung in thoss encuaced in the mr-n.uutmn amd sale of tobacen,
(12) The very moderate ratio 125 fur exneer of the fanyg in medicad men i
impoertant in rc-v']rd to the view that the recent rapid ineredase in recorded death.
from cancer of the luny is due 1o the detectivn of more cases by impraved gy
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aiis for Wiis js an eeenguiion whers he avatlabicoy of the existing met huals for
the detcetion of caneer is presmuadly ar a maximam,

113) No sjpectal ovenpations have been found. ameng the 63 examined, to
whisli (he tmercase in the iotal of easoe of cancer of the Jung can be attributed.

This inerease is now so wreat that the incidence upon any such ocenpations

wqunql v .

worhd Lave to he very high indecd. oS
(14) No tvidence has been found that tarring of roads has affected the inci- = ff” . =T
~ dence of cancer of the lung.  Such data as are available suggest that coal-tar € ) [l
in the atmosphere, whether derived from roads, domestie chimneyr or any other . >~ - £ o
source. does nov cause an exceptionally high incidence of cancer of the lung. == "™ e
Cottemn mule spinners show an especinlly amall liability to cancer of the lung, Lis &~ v .. ES
althougl they inhale air sprayed wizh an oil which produces cancer of the skin, =5 "'~ . o
Much jurther work is required on the factors which regulute the penetration of == Tty 1
particles aud droyplets of various shapes and sizes into the air passages. <o STy
{(15) The higher mortality from cancer of the lung in towns (Stocks), the low & 3 R
“inortality in agricultural occupations, and the abzence of social gradient (Steven- £ 107 L
son) are compatible with an eviological factor in the air such as coal smoke. gpn, “som R -t
But in any comparison of urban and rural arcas, the question of facilities for > .- 7 R
diagnosis must e considered. . k- g S 15
(15) Scot is probably a decreasing contamivant of the air owing to the sub-T"" ;. ., T
stitution of other sources of heat for the domestic fire, which is the chiel sourcep; i & ; RN -5
of soot-vontaining smoke. Hence coal smoke does not account well for anvhe—' o - . :.- E,
recent increase in caucer of the lung. - Among various possible factors whichCD = L b
have heen surgested to account for the increase is tobacco smoke; the CONwe> o> -o- .
sumption of tobacco has risen, and so has the percentage of it smcked-in the Y
form of tigarcttes, of which the smoke is often inhaled ; such an éffect of tobacco ‘ 5;" iz
would -accord well with™the absence of social gradient, I N 3, ;‘
- . - . ot o
We are indebted to the Registrar-General for the data considered in this Jes v
psper, and also for kindly permitting us to ‘use some figures which have not yet R
heen made public officially.  \We have received much assistance in the classifica- S Ll
tion of ccenpations, and on various other questions, frum some members of the X X
staff of the Gencral Register Office. 10 whom we wish to express our gratitude. : A
We wish 10 thank Dr. E. R. A. Merewether, Senior Medival Inspevtor of Factories, ot L
for infermesion upoen varvious matters. and especially upon ashestosis, and also
Professor R. A. Willis for unpublizher material,
We are indebted {0 the Anna Fulier Fund for secretarial azzistance, to the
+ Kir Halley ¥tewart Trust for a grant, and to Miss Blanche Goode, who has taken
part in the clisification of death certificutes. ’
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. IT is the purpose of thix paper to discuss the problem of assigning measures
of cancer susceptibility to inbred strains of mice, selected for their proneuess to
- mammary cancer.  The question has been previously discussed by Murray and
Hofman (1941). and the related problem of the as-essment of potonc\ of er‘lnn-
cenic CO[II[)OIUNI\ he Tewin and Goodman (1936), Twort and Twort (Peesn,
Bryun and Shimkin (1941) and Lea (10:3), It is ~tiggested that the prmnmu 1s
most elearly examined by using an actuarial function, the *“ force of maort: tlirye,”
. on whose charmcteristics the mortality of a strain depends. This tanetion.
which is usunlly denoted by the svinbol i), mensures the rate at which the

nmembers of a life table are dying out. It can he caleulated: tor a sinle « dtaes,
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