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A FURTHER STUDY OF THIs INCIDEXNCE OF CANCER
F THE LUNG AND LARYNX.
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{From the Potkglogical Departmunt, St. Bastholomew's Hospital, London.)

Received for publicotion July 23, 1947,

MATERIAL EXNAMINED.

Tiuw data given below are derived from an examination of the death certifi-
cates of cases of cancer of the Jung and of the larynx in males from England and
Wales for the years 1921 to 1035 inclusive. The figures for the first 12 years of -
this period (1921 to 1932) were dealt with in an earlier paper (Kennaway and
Kennaway, 1936} ; tle material from the subsequent six vears has now been
examined in the same way, and the data for the whole 18-year period 1921-3%
can now be presented together. The whole number of certificates examined
individually was 35,418, while the annual total figures for cases in women have
been utilized for cowparison. This total was made up as follows:

—_—

Certificates Examined.

Males, 1921-32. 1033-33. Total.
Cancer of Inng . . 8803 . 14,741 . 23,5449
Cancer of larinx . . 0472 . 5,307 . 14,869

38,418

The investigation was cairied out on the general lines followed in an earlier study
of the occupational incidence of cancer of the bladder and prostate (Henry,
Kennaway and Kennaway, 1031).

The chief objects of the enguiry were: (1) to ascertain whether cancet of
the lung showed any special incidence upon particular gecupations, and (2) to
seck for evidence to siow whether the inciease in deaths attributed to eancer of
the Inng, now of the order of over 16-folld (froin 381 death: of males in 1921 to
5082 in 1945) indicates any veal inerease in the prevalence of this form of cancer
(Fig. 1). The figures for cancer of the larynx serve as a basis of comparizon
with those for cancor of the lung, in that the larynx is a part of the same {respira-
tory) tract which is more accessible to inspection, aud is not examined by div
nostic metkods \»'1.1(..1 have changed greatly in recont years. The death certiti-
cates of persoms under 20 years of age were omitted, as the investigation was
concerned primarily with the effect of oscupation.

Method of Calculntion of Rulivs

The comparative incidence of cancer of the lung and luryux upon varion:
oceupations was e-timated in the manner described in detail in the earlier ]:\pm
(Kennaway and Kennaway, 1936).  In judging of the cccapational incidence of
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262 E. L. AND N. M. KENNAWAY

also af shoze following 21ch ane of the receanized occunations. at the tinie of the
ceneis, The strber of dewhs wttributed Lo cancer of tae fung aad eryny
occwrring in the whole male population in each of these age groups during the
yvears in question was obtained from material at the General Register Office.
The comparison of the various oecupations nith the general population is then a
sum in proportion, which gives the ratio of the namber of deaths in any given
occupation to those, reckoned as 100, which oceurred in the same number of
maies in the same age ygroups in the whole popuhtmn An example of this
calculation is given in  the earlier paper.

Sources of Error in Statisticul Work on Death Certificutes.

These were examined in the earlier paper (Kennaway and Kennaway, 1938),

The use of death 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 recogunize and admit these errors and correet them in any way possible,
or abanilon any attempt to obtain information from these data.

(1) Correctica for period beticeen census.—In order to compare the incidence
of cancer upon different occupations one must know the number of perscns
following each occupation. This is learned from the census returns. The
longer the inter-census interval the greater is the risk of important alteration in
these numbers. The figures for populations used for the earlier period (1921-32)
were those of the 1921 and the 1931 census, which were combined by means of 2
formula described in the earlier paper (Kennaway and Kennaway, 1936) ; those
in the present paper are from the 1931 census, which is the last taken. No
census was made 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 calculated, deaths for the 12-year and 8-year periods as in the
following examples :

TaBLE I.—Combination of 12-year and 6-year Periods. Cancer of the Lung.

199.5!93:3. 1933-1923. 1021-1972 &+ 193862,

- e - . . - . e ———

- Ratin of Ratinof Rorinaof

aleulate Total  pog 'ty o, Total  end. tn ST L S R

Caleulated  regiss  Jo %0 Cal ulatel 1 Zis- 100 el Calenkded  regis. Jent e

. _Geaths. dtc;artk‘{ culated deatle, di tow, Cwitad deaths, d','";'}'.l‘ eulirol

15 deaths. SHE Jeathis, Cath e e

Carpenters. 160 123 3 . 274-6 200 72 . 445-6 323 7243
Printers . 30-7 61 mn . 838 116 131 . 148-3 177 119

(2) Sawpling error—In some of the most interesting occupntions frown the
present standpoint (e.g. patent fuel workers, tar distillers) a few thousand nien
only are emploved. and these will yield but very few cuses of cancer of any one
organ even if the incidence i+ high (Table XIV). Hence the sampling error will
be large even over the period studied here of 18 years. The figures given in
Table XVIII slow the range of fluctuations which occurs. Even the large
group of agricultural workers, numbering over 900,000 men, does not give =0
smooth a curve representing deaths from cancer of the lung as does the whoie

male population (Fig. 2).
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Factors which may affect the value of the individual death certificate are :
() Desetion of employment —The individual entry in the death register

does net

A

give, and is not intended to give, any informsution about the length of

2
| /
| /
| .

5000-
000 2
4 o
/./
. B
.I .
3000 /
/o
/.
°
i / . B°
2000 o, C
\v4
"‘
i
) *
1000 :/.
P
o Ao
v
pradf
o, o".".
"
[N S SRR SN NS S | it )
1921 1925 1930 1535 1949 19 1
F1G. 2.—Deuths from cen -er of Jung. Males
A. General population. 1921-1'M4
B. Coal niinet-. P . oo
C. Agricultural work»rs.}x 20. 1921-1833.

time diring which the deceased followed the occupation named, nor about the

nature or duration of any previous employment ; the uncertainty could be
remnve! only by enyuiry inte each individual ease, and that is impracticable
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264 E. L. AND N. M. KEXNAWAY

when large nambers are concerned. The immense amount of labour invnlveq
in sveh pngnivies can be een in the ruencuriol o chacer o the seratum br
Hemwr (1046). Dut as neue of the oceupatious iucluded in the  present
study, with one exception, s shows a very high incidence of cancer of the lung,
comparabk to that seen in the occupa’nonal cancers of the skin and bladder, this
source of error is riot a very serious one.

{4) Ircorrect diagnosis is of course a source of ecror in these, as in all other.
medical data. In the cnse of death certificates received in bulk, perhaps some
vears after the dates of the deaths recorded, one can do nothing but exclude
any certificate of which the wording suggests (1) that the cause of death did not
come within the category under examination, or (2) that the diagnosis was
uncertain or ill-founded (see next section ; such certificates are made the subject
of individual inquiry by the General Register Office]). When such exclusions
have heen made, one must treat the remaining certificates as correet if any us»
is to be made of the material.

Death Certificates Taken for Examination.

"The material utilized in this paper has been restricted as far as possible to
cases of primary malignant growth of the lung, and of the larynx. The forms
of words in the certificates taken for e\ammatxon and in those rejected may be
stated thus :

Cancer of lung.

(8) Relained.~Cancer, carcinoma, or sarcoma of lung, bronchus, pleura.
root of lung, hilum of lung, lung and mediastinum, or lung and pleura. Pul-
morary, or bronchial cancer, carcinoma or sarcuma. Cancerous pleurisy.

(b) Rejected.—Any new growth of mediastinum, of mediastinal or of bronchial
glands. New growths of chest or thorax. Peribronchial now growth. Any
new growth qualified by ‘* probable,” * doubtful,” or ““ query.”

Where another organ is mentioned, in addition to the lung, as the site of
new growth, the practice has been to retain those cases where this organ is unlikely
to be the primary site (e.g. cancer of lung and brain, or of Jung and liver) aud to
reject the rest (e.z. sarcoma of arm and lung, sarcoma of lung and testicle, cancer
of luny and cesophazus).

Cancer of Inrynr.

(a) Retained.—The category of cancer of the larynx in the tabulation used in
the General Register Ufiice includes malignant growths of which the situation is
described by the following terms

Aryteno-epiglotridean folds. Post-crieoid, retro-cricoid.
Arytenr.ur.l glan«la and cartilage. Pyriform fossa. Sinus pyviformis.
Cricoid. "Thyroid cartilage.

Epiglottis. Vallecula epiglottica.
Gloszo-cpiglottic Told. . Vocal cords.

Glotris. Trachea, windpipe.

All these were retained with the exception of vallecula.
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and thorotd gland ™).

Neiwiod = Any newv groeh -guilified

Autopsies.
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some ¢ses of which the nature i~ doubtful {e.z. ** tumour of cricoid cartilage

The opinion is sometimes expressed that statistics of lung cancer are of no
vidae which comprise cases where no autopsy has been made, and some autliori-
sis< (~ee helow, p. 289) maintain further that, even whea autopsies are perforined,

& pany caricers of the lung escape notice.

Table II shows the numbers of autopsies
srded in the death certificates for cancer of the lung* discussed here (i.e.

afier the exclusions stated in the preceding section). Similar data for 1921-32

are given in the earlier paper (Kennawar and Kennaway, 1936),

3 are classitixd as fellows :
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Tabie H shows (1) that the numler of autopsies has increased much more
te lanyna sories 5 amd (2) that the average pruportion

exatined post mortem is the same in the eatlier
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of the luuw 1s not due to any increase in this proportion.

WL VO e By

COMPARATIVE INCIDENCE TUPON VARIOUS OCCUPATIONS

In the sections below, the pe'mtla 1921-32, 1933-38 and 1921-3S aro referred
to as A. B and C respectively.

The 56 occupations named in Tahle IV employed during the period B 3,850,001
out of the 13,505,668 mules aged 20 and upwards (cenau% of 1931), and they
include most of the men engaged in the two largest industries in the country,
namely agriculture and coal mining.  The tables include 3330 out of the 14.711
cases of cancer of the luug, and 1451 out of the 5307 cases of cancer of the
larynx, occurring in period B in the whole population in que:tlon

Table; IV and V show the data referring to the occupations which have been
studied in detail. In Table IV the occup'mona are arranged in the order of
magniturle of the ratio for cancer of the lung. and in Table V in the corresponding
order for eancer of the larynx.* The populatxon engaged in each occupation.
and the numbers of caleulated, and of actual, deaths which ave req\ured for the
estimation of the ratios are included. The number of deaths in each year of
period B in cach of these occupations is given in Table XVIII.

e

(1) Agr[{'u[[ure. .

A group of open-air occupations (gardeners, farmers, agricultural labourers.
including shepherds, farm bailiffs and foremnen), which together include about
954,000 men, has 505 cancers of the lung and 342 cancers of the larynx in B.
This group shows very low ratios for lung (from 26 to 58 in A and from 22 to
61 in B) and low ratios for larynx (from 4! to 75 in A and 29 to 79 in B). In
this vpen-air class the highest figure for both Iung aud larynx is given by gardeners.
of whom many live in or near large towns.

(2) Conl miving.

The chief coal-mining occupations (workers above ground, hewers, road-
makers, pefsons conveving material to the shaft, other workers below ground'.
which employed nearly 770,000 men, show low ratios (lung, 338 to 71 in A and
37to 72in B; larynx, 44 to 3Sin A and 42 to 73 in B), which ave very like those
of the opeu-air group considered in the preceding paragraph. The air in a coal
mine is pumped in fron outside, and collieries are not always.-situated in urban
districts {e.g. the Kent conlfield). The close agreement in the ratios given in
A aud B by the agricultural and coal mining groups is noteworthy.

The«e tuwa industries (agricultnre and coal mining) have also a low incidence
of cancer of the bladder (Henry, Kennaway and Kennaway, 1931). The rate

of incrcase of deaths attributed to cancer of the lung in these t\\o groups is
shown in Fig. 2, .

* The diffeteuc: between the total numbers of occupations in Table TV (56) and Tuble V n"-')
is it Dur unup'\hn‘m f}-atent furl workers: potters” mill workers, blast furnace enyine men
rate It -ters) in which no deaths from cancer of the larynx occurred in either period.
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INCIDENCE OF CANCER OF LUNG AND LARYNX 271

3y Oeitting s widh exposure to roved dust.
Ao of oven-air nccu,)dt'mb w hexe thcxe Is exposure tn the dust of roads.

o otor Nwane e aonT Yage Ll Wiy e e —.,...vl b o o
s Lave nearly normal Hgures for mrvn.\ {Lable V. Noie of these vecu - C
: tians spows a i *h incidence uf cancer of the lunyg, and the paviours, street masons,

coneretors and d.\phalters show a distinct fall in the later perind.

i4) Groows, horsekeepers, carpenlers. :

Gronms and horsekeepers, who are expased to various forms of dust arising
fican harses and fodder, have an iucidence of cancer of the Inng (A 106, B 71} .
ared lusnx (X 134, B 109) which is not very far from normal. Carpenters P
Jahle T and Fig. 7) also show low ratios (lung A 73, B 72; laryux A 82, B 83). ‘

H Thesc instances suggest that exposire to dust per se, irresprctive of its chemical o
¢ nature, dees nat ennduce to cancer of the lung. e !
’ I
3 TasrLe VIL—Caprcer of Lury and Laryne. Qccupations with ’ LA
o Exposure to Rond Dust. ‘ L
: R;\tiu. _ ino
Lung. Laryn; . ' !
; 1921-32. 193333, 197132 1933-38. T
s Paviours, strect masons, concretors P,
; and asphalters . . . . 200 137 . 134 116 I
3 Conncil labourers, road sweepers. dust- “ :
. men . . . S V& 167 . 132 267 P
: Drivers of horse-drawn vehicles . . 144 31 . 184 143 o
I Metor drivers (goods and passengers) . 142 133 . 100 113 o .
P e e :
4 (3) Silicosis. i } oot .
P The occupaticns in which there is the greatest liability to silicosis are named R i
3 in Table VII. Of these occupations, those mentioned in Table VITI, and the o
. varinus subdivisions of coal-mining, were included in the present study. Table R
< VI shows that in the period 1933-33, the highest incidence of cancer of the K
3 lung i~ in potters’ mill workers, slip makers and arkwen (ratio 218), but in ﬂ)is '
. o mu*l(-u the numhers are simnall ( (see Table IV'), and hence the samplizz error js
' considerat, In thie other occupations in Table VIIT the tendency is tewards a
: docreasg in th-' mtxo The stonemasons, and ztone miners and gnarriers of course
fuliele many workers with now-siticenus rocks. The figures for deaths from
" silicusis in occup’tmna of this class are falling ; in the metal grinders this is due ‘ ‘
ti the udoption of non-siliceous abrasive wheels, which has been advocated )
by the Senior Medical Inspector of Factories (Factories Report, 1938). In
the various groups of coal miners {Ta%le IV) the low vatios show no uniform
tendeniey to rise or fall*  The general indicntion of these resultsis that the factors
which Iead to silicosis ave not very zctive in producing cancer of the lung or .
luynx. There 2re, howaver, in the literature various accounts of cases in which .
' S Loeect, 1046251, %015 inca study of pneumoconiosi- in South Wales anthiracito ‘
fravee fuio 227 necrop-ies on cerlified silieotics, and one case
i ries, R neely 400 necropsies iu alll
S\“"""" TERR e TR MY . D IO T T AT o X e T T L T e ey e ey T - .
S w7 TRTINER
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o 272 F. L. AND N. M. KENNAWLAY
ooaa . cancer of the Jung was ssociated with siticosts. Such individud observations aee
wr U”’"l"ﬁ" [o ianes’ --"'I':-w‘fw”\’ as the vun r-n'u'litimh st Tiifees ey
cereand tie dlose e acan o0 ~thode Taegs D a e il vesaations

fu\ ours the detection ol a ) wh proportion of carcinowus,

: Tanee VIT.—Deatls from Silicosis in England and Walez, 1930 to 1943
tnclusive,  (From the *Annual Report of the Chief Iuspector of
< Fuetories fur the Yenr 1943, p. 79.)
1. Refractories industries | . . o . 6s
2. Pottery, manufacture of . . . . . . 310
. 3. Sandstone quarryving and (lr essing . . . . 173
T 4. Sandstone moasons . . . . . . 363
. I 3. Metal grimding . . . . . . . 98
: 6. ..an(lLLl ting . . . 53
: 7. Steel dre«mﬂ andl cledmna of (u\atmm . . . 15
Lot 8. Stone, pebblc flint and sand cruxl*m" . . . 15
’ 9. Scouring powders, munufacture of . . . . 5
1o, Abrasive wheel manufacture . . . . . 4
oo . : I1. Glass cutting and hevelling . . . . . 3
S 12, Millstone dressing . . . . . . . 1
S ] 13. Slute quarrying and dressing . . . . . 45
. i4. Granite quarrying and dressing . . . . 13
15, Tunnel mining (sewage works, cte.) . . . . 21
- ~7 16, Coal mining . . . . . . . . 131
Cs Tasre VIIL.—Concer of Lung in Occupations with Linbilify fo Silicosis.
. Ratios of registered to Number
[ calculatetf deaths. of deaths.
L ' _ 1921-32.  1933-33. 1921-38. 1921-35.
s Potters” mill workers; slip wmakers
3 and arkmen . . . 6 218 174 . 3
4 Potters ; ware-malkers, caﬁter and
finishers . . . . . - 132 132 1563 . 22
© Metal grinders . . . .22 144 176 . 39
Stonemasons, cutters and dressers . 144 130 143 . 86
Stone miners and quatiers . . 103 19 50 . 39
. Sand-blasters . . . 201 103 126 . 2
Coal-miners (see Table Iv ) . . 38-71 37-72 43-69 LT

Some of the literature on the relation of silicosis to cancer of the lung is
sumniarized Lelow,

Dible (1934), in the course of 14 nu(op*ies upon persons of hoth sexss
suffering from silicosis, found malignant disease in three cases in stonemasons.
as f«,llo“ 5
-Case 1. Carcinoma of bile-duct. Spheroidal-cell carcinoma of.prostate.
2, Out-cell carcinoma of lung.  Columnar-cell carcinoma of colen.

"

» 3. Anaplastic carcinora of lun"
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[$7]
~
L3

. U bee (LSS esconaTed sliles i *w RON-Culee oy gy (- ad
« o showing primary cancer (B Twelve (') of B ~howed abnormal umounts

<l the mean content of theze being nearly 10 tirues that of A, while the
- 5 ecantent of the remaining 33 (D) of B was the sune as that of A,
' Ll seopically, € showed typieal silicotic nodules in 7, areas of contluent
: saesisin 3, and fibrosis not more than suggestive of silicosis in 2 of the 12 cases.
Toosivin A and D Y did not in any sense reproduce the picture found in those

oo e e
.

2~ in which silica was pre-ent in excess.” The authors conclude that
1 ::‘-'»'.:;- of cuses of pulmonary carcinoma exists in which the organs contain an 5
5 cve - of silica ahdd show histolegical evidence of silicotic fibrosis.  The conclusion, i
! L...xd\, is that the role of the silicosis 1s aetiologicul.” I
;. . i
s Taere IX.—Silicosis and Cancer of Lung (Klofz, 1930}
: B Carcinoma of lung. ' T .
i Number of ’ : ST e
3 autopsies. Per cent of b ; ;
; Number. autnpsies. doay b T
: Cases of silicosis . . 50 . 4 80 TS
; Un-elected cases . . 4300 . 33 1-17 P Pl
TR
T g
: K'atz (1939) gives some dati from Toronto (Table IN) of which the i
: ~snticrical character, and indications, are similar to those of the.material of i I
R Apel-r2on and Dible, - R
3 Li the report for 1938 of the Clief Inspector of Factories (p. $1) the Senior P
P Meslival In-pector (Dr. J. C. Dridge) gave the following data derived from 1290 BT
‘ =1 ey carried out to aseertain whether silicosis was present (Table X). : i
H Her e presumably the subjects had shown in life some re:piratory symptoms. R
; | ' -
: Tasre X.—Silicesis and Caneer of Lung (J. C. Bridge). B
3 . Carcer of lung. N
: Numher of silieosis : :
§ autopsies. e Number of Per cent of ‘ .
"3 cases. autopsies, i .
. 043 . Present . 23 2-4 ;
. 347 . - Absent . 17 . 4.0 i
: o . . N
E 1209 ! .
" { P s
: Tarre XI. —Cancer oj’ e Lun; in Witwaterscand Miners S
(Miners’ Pltiisis Medical Rurenn). —
B
e ELropean minars silientiec Enropeats minera ‘ H
wal Bareau, Madival Burvea), : ;
- ! r
Udoes l’ Prrenntage Ca~rsof Peicentage ,
. bt prinaly of all Pt primeay of all .
H [ Rt Pt e ITems, cance? pust : N
: i rtenis, of lung. ortema, ;i
) 1570 051 . 1438 10 0-7 B
1438 C
3117 -
. i ?:
- The datee oitiined during 15 years from 3117 post-mortems on European .
Finers on e Witwaterstund (Mizers” Phthists Burean, 1936} indicate that the o
[
H
N
' ‘ LIl
| ' .
; - - . v
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J 274 E. L. AXND N. M. KENNAWAY ;
. ) incidence of cancer of the lung is the same in silicotic and non-silicotic miners '
o (Table XI). 3
Tha arconnt wdvens e m" ‘f‘»: Vheratyre sov Dhe relation of dhoss to e e
i Ul S cves o el Lo s complete (see the review by Klotz, 1639).
(6) dsbestes workers.
Tn the years 1930 to 1944 in England and Wales the fatal cases of silicosis
and askestosis numbered 2604 and 75 vespectively. The average duration of
employment in fatal cases was, in silicosis, 34 yvears, and in asbestosis 13 yvears
(Fuctories Report. 1044\ In his report for 1938, the Senior Medical Inspector
of Factories states that ** among 103 fatal cases in which ashestosis or asbestosis
with tuberculosis was present, cancer of the lung was associated in 12 cases
(L1-6 per cent).” Table XII records the cases of cancer of the lung in ashestos
workers which have been found in the materials dealt with in this paper.
TaBLE XII.—Cancer of Lung. Asbestos Workers. Jlales.
Deuth Certificates 1932-1938.
Age.
1935 Ashestos weaver . . . . -, . 62
1933 . cloth weaver . . . .. . b4
1038 . weaver . . . . . 46
1938 Boiler and pipe asbestos coveter . . . 58
1938  Asbestos packer . . . 58
1436  Disintegrating room hand in asbestos v.orks . 65
1934 Depaxtmemal Manager in asbestos commpany . 43
1936  Asbestos works manager . . 8 . 88
These eight cases of cancer of the lung occurred in the years 1934 to 1938 in »
men of ages from 43 to 65. If one takes the number of deaths from cancer of
the luny in these years among the general population of males of approximately
the »ame age groups (43-64) one can make the following comparison :
4,063,352 males (ages 43-64) produced 8191 deaths from cancer of the
lung.
= appzom.;atelx 1 million males {(ages 40—64) produced 8000 deatis :
. frum cancer of the lunv
- = 404 males produced $ deaths from cancer of the lung.

The number of male ashestos workers in this age-group appears to be con- _
siderably less than 4.000 but as we have been unable to obtain any exact figure i
for the workers at risk one cannot carry the calculation further:

Lyuch and Swith (1935) report from South Carolina a bronchiogenic
carcincna in a man who had been for 21 yvears an asbestos weaver.

Eghert and Geiger (1936) record a bronchiogenic carcinoma, with the
characteristic yul'nonax) fibrosis and asbestosis bodies, in & man who had been
for 13 years an asbestos weaver at New Haven, Connectlcut

Glo_\ ne (1135) records two cases of fairly advanced asbestosis, with
squamens carcinorua of the lung, in women workers in England.  “* One survivesl
nine years after an eight years’ exposure to asbestos dust as a spinner; the

i —
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INCIDENCE OF CANCER OF LUNG AND LARYYNX 278

vther lived for fifteen years after two short periods of six months and thirtcen
months’ exposure in the mattress and opening departiments of the factary. . . .
The malignant lesions of the lung were, in each case, very small and not recog-
nized during life.” Subsequently Gloyne met with ashestosis and «n oat-cell
carcinoma of the lung in a man who had been for 20 ycars foreman in the stores
department of an ashestos works.

(7) Alcokol and tobacco.
There is a considerable diffcrence betwecn occupations associaied with the

-sapply of alevhel, and of tobacco ; the furmer show a very hizh incidence upon
. the larynx, and a normal incidence upen the lung (Table XIIT). The ratio for

the lung is the same for licensed vietuallers as for physicians and surgeons -
{Table XV). The occupations of barman and cellarmaun show Ly far the highest ~
igures of any in Table V for cancer of the larynx. The incidence of cancer of
the lung upon the two occupations vounected with tobacco has decreased distinetly
in the later period.  The increasing use of cigarettes (Fig. 10, 11) has caused the
tobacconist to become more and more a vendor of closed packets which can
Lavdly have any occupational effect. The decline of pipe-smoking makes the
wixing by the tobacconist by hand of a blend to suit a customer’s taste to be
less frequent.

Tavee NIH.—-Cincer of Lung and Larynx. Occupations A ssocialed
with the Supply of Alechol and Toluacco.

Ratio. -
Eﬂg. . Lt\r_vn;
1921-32. 1933-38. 1921-32, 1433-38.

Barmen . . . . . 104 122 . 469 273
Ceilarmen . . . . . 02 - 87 . N7 502
Licensed victuallers . . . 128 124 . 183 199
Tobacco manufacturers . . . 198 110 . f3 129
Tobacconists and their as<istants . 175 82:5 . 142 171

(8) Coal-yns and lar.

The occupations associated with coal-gas and tar are important on account
of the known liability of the workmen to cancer of the skin, and of the bladder
{Henry, Kennaway and Kennaway, 1931), Lut they offer unsatisfactory statis-
tical material because some of the most important cecupations employ very
few men, and hence produce but few cases of cancer, so that the sampling error
is high even over an 18-yvear period. Thix difficulty can only be met hy omitting
some of the smaller classes.  Thus, in Table X[V there are ten oceupations in
which there is especial exposure to coal-gas and tar. If ftom these ten one
cxeludes the four which have produced less than ten deaths from cancer of the -
A"tl!‘.g, one obtains, by this quite arhitrary procedure, the results <iown in Table

i
Tnos i sier sl crorpatte telo el W s etnploy st Yooy v e (el

=ux) anel Vield 207 cuses of cancer of the lang, have an incereased (1) to 284)
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Tasre XIV.= Caneer of Luny, (Jun piliens oAssocioted aweith
AR BN '.’/',

v

192t -5, rtio.
. deaths, fuzt-32. 1933-38.  1w2l-us,
Gas stukers and coke-oven churgers | 85 . 342 251 284
Cas pud iermen . . . . 12 . 162 232 202
Gas-works foremen and inspectors . 25 . 107 161 174
CGas fitters . . . . . 11 .o Is2 158 167
Caz-works” Inbourecs . . . 66 . 162 109 129
Climney »weeps . . . . 21 . 170 ou 119
. 267
Excluded :

Labowes, patent fuel works . . 3 . 433 1529 371
CGas-works engine and crane drivers . 6 . 60 156 13s
Gas-works managers . 4 . 244 58 136
Tar (h\IlL&l)‘ workers and colxe -oven

wotkers . . . . . 8 . 29 70 52

21

In five of the six cases, and especiully in sweeps, the ratio has fallen in the later

perivl.  The ratios for cancer of the larynx are irregular throughout this class

(9) Professional occupotions.

A gronp of professional wotkers (stockbrokers and stockjobbers ; clergymen :
Roraan Catholic priests and monks ; ministers of other religious bodies ; ]m]"‘s
stipendiary magistrates and batvisters; solicitors; physicians, surgeons and
registered medical practitioners; dental practitioners) numbering over 108000
men and howing 176 deaths from cancer of the lung and 39 from cancer of the
larynx. give altogether ratios rather below the average (lung A 94, B 97 ; laryux
A 84, B 5u; Tables IV, V and XV). These ratios for cancer of the lung, being
near l()'), are in accordance with Stevenson’s (1923) discovery of the
al.sence of ~ceial gradient in this form of cancer, When the individual occupa-

‘tions are examined considcrable variations are found. In the earlier paper

attenticn was draown to the Ligh vatio for canecer of the lung in judges, ~t1pendm1\
magzistrates apd harnisters (l:%) and in stockhrokers and stockjohbers (157)

in t}.e- later ]-euod (1933-35) the former fell to 112 and the latter rose to 25,
Tke stockbrokers and jobbers also have the hizhest ratio amony the professional
workers for concer of the laryns. The figures for Rowan Lathohc priests and
menks are toe small to be significant.  The ratio for ministers of other religions
bortizs hos riven (Table XX).  In regard to the view that the rapid increasc in

reccrded deaths frum cancer of the lung is due to the detection of more cases

by imiproved diagnosis, the very moderate and consistent ratio (A 129, B 1253)
for canezr of the lung in medical men is noteworthy, for this is an occupation
whete the availability of the existing .methods for the detection of cancer is
presmaably st a maximum. Dental practitioners give very similar figuies
(Ao B2y
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INCIDEXCE OF CANCER OF LUNG AXND LARYXX 29

The ratios for cancer of the larynx in these occupations are helow, and in
some cases considerably below, 100, except in stockbrokers and stockjohbers
(158).

« TaBLe XV.—Cuancer of Luny. Professional Occipalions.

1921-32, 1633 33, 1921=3s, 1e23-38,
S - S - - ——
Rativ of Rattaof -
Occupation, Popula- 'rutall reud, " paam Total. rezd. tn (’;:!:t‘ru:(
t read. (el NG rexd Taesgle " e,
Hom e enfated tin. Aeaths, areed T TR e
deaths, . leatlis, deatls, vaThe. )

Stockbinkere and .
rtockjobbers 43,593 14 187 . a2 32 233 . 29 ., 8 138

Roman Catholie -

Priests and M.nks 3,604 1 31 . 4,050 — — . 11 . 3 24 -
Cl.rgymen (Anglican : .

Cliarch) R .23.422 13 33 . 22754 2 49 . 30 . 1 43-3
Ministers of other Re- -

nzious Bodies . 11,769 3 33 . 11,90 13 . 3T . 8 LYY

Judzes,  Stipendiary
Magistrates  and

Barristers . . 3,638 T 193 . 3,832 7 12, 138 . 1 34-3
Sodicilors . . 17,306 12 100, 17,353 26 s¢ . 00 . 9 433
'l sieci-ns, Surgeons .

and = Reyi-tered

Vedical Practi-

tiuners . L2305 35 12D . 20408 38 125 129 .9 3
Dental Praetitinoers 10,494 3 i3 . 11,633 18 2¢3 . 117 . 2 44

’ 39

(10) Coffon workers. .

Cotton strippers, grinders and card-room jobbers, among whom severe
bronchitie and asthmatic aflections oceur, show a very low ratin (30) for cancer
of the lung in A, which rose to the normal level (104) in B (see p. 286).

Cotton spinners and piecers have a low but inereasing ratio for lung (A 32,
B 73) and mudium ratio for larynx (A 148, B 91).  The total population of 43,991
{1031 census) includes ring spinners as ‘well as mule spinners, but the latter
cccupation certainly makes up a very large proportion of the total, for the
number of mule spinners aged 20 and over was estimated in 1626 as 41,000 by
the Departriental Committee appointed to consider evidence as to the Occurrence
of Epitheliomatous Ulieration among Mule Spinners.  Tn view of the exposure
1o oils which may be carcinogenic the low incidence of caucer of the lung is
r-markablo, Lhut the very high tucidence of cancer of the skin, and the increased
liahility to cancer of the bladder (Henry, Kemnaway and Kennaway, 1431) in
this occupation, must be taken into account. The question of the penciration
into the Jung of oil droplets in the air of the mule room will be dealt with in
another publication.

PATE OF INCRVASE OF CANCER OF THER LUNG AND LARYNX [¥ MEN AND WOMEN.
Cancer of lung.

Cancer of the luny has increased from 381 to 7982 cases Per ainum in meh

. b . g
(Fig. 1) hetwern 16210 and 1945 and from IS8 {0 1480 rawes fn woner,  Thess
L TN O S IS ST LA ; v [TITRSTRey
Lecanie more 1apid tn 1926 and again in 1930 i men (Fiz. 1) and aboui 1929 in

! ) - [~
. -

women.  The annual {nercase, in men, between 1032 and 1437 was at the rate
¢f frow 200 to 300 cases per annum; sinee then it has been very irregular
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273 E. L. AND N. V. RENNAWAY

(Table XVI). The ratio between deaths from cancer of the lung in men, aud i,
women, is now (le. in 1945, the lalest year for which figures are available)
Vodea svhich mapnromebive the batest eailills (1050) vativ foc caoweer of the
soouin (Table XVII).  Coneer of the wng diisrs rom the otier Soems of caneer
in Talle XVI{ in that the propoition of inales is increasing. During the whole

G000 Males o
L
5000} _ /' T -
VA
4000 /’
/O
- ) .’.
s0aof ./
_ /~./
L ]
2000} .
Females
L ]
0—0’./
/..——0‘.
- [
1090 .’._,/
- - s . T S| ' i ) '
1935 T 1945

F1c. 3.—Decaths from cancer of lung.  Males awl Females,  1933-1943,

period under cousideration here (1921-1943) the ratio of female to male deaths
from cancer of the lung has change! from 1:1-9 to 1: 4-0. A similar change
has occurred in the United States ; the ratio of the standardized death rates for
cancer of the lung and pleura in white men and women was 3 : 1 in 1938, and
20 years earlier was less than 1-5 : 1 (Statistical Bulletin, 1939).

Fig. 3 shows that the rate of increase in recent years of deaths attributed to
cancer of the lung is much greater in men than in women, for the curve of deaths
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of males rises much more steeply than does that of deaths of females. But
thix apparent great difference between the sexes is due in large puut to the fact
that, in a graph of this type, a given increase in a larger quantity is much more
conspicuous than is the same percentage increase in a smaller quantity. If one
reckons the annual numbers of deaths as a percentage of those in any given
initial year (Table XVI), the difference between the two sexes is nat ncarly so
conspicnouns (Fig. 4).

Muales o
ol

/ _
T00F

/‘ Females
’ 150k / .-—/
- /

L)
S
94
o / i -
100 o/
[T TR ST T S SO S S I T
1935 . 1940 1945

Fia. 4.—Cancer of lung. Males and Females.  1933-1943.  Deaths per annum as percentage
of deaths in 1933,

TaBrLe XVI.-—Tolals of Death Certificates (England and Wales) and
Percentuge Tnerease in Cancer of the Lung.

- Cancer of Tung. Cancer of larynx,
Mcen. Women, Mcen. Waomen,

1933 . 2337 = 100 ©83% =100 . 903 224
1836 . 2608 = 112 97 = 107 . 916 275
1037 . 20t == 1268 927 = 198 . a1s 232
1038 . 32793 = 140 1049 = 122 . 887 259
1039 . AWl = 45 1149 = 134 . 429 280
1040 . 3508 = 164 1180 = 137 . 03 267
1941 . J000 = 174 1136 = 135 . 929 269
1942 . 4379 = 196 ]‘_"57 = 148 . 837 233
joan . RICES =N i) 1206 == 15) . aT Y
T . o LA Taewr o a8 . Sal . -}
1945 . 3082 === 230 480 =: 172 541 279
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Nunber of deaths,
Site of cancer. ———— Ratio,

Women. Men.
1024 . Lung . . . . . 186 361 . 114
132 . - R U 1533 . t:2.7
» . Oesophagus . . . . 661 1374 . 1 2.7

Mouth rezion (lip, tongue, mouth,

tonsil, jaw, pharynx) . . 536 3040 . 1:3-%
16437 . Lung . . . . . 927 201+ . 1:3:1
1939 . ' .. . . . . 1029 3544 . 13-4
’ . Oesophagus . . . . 729 1590 . 1:2.2
" . Mouth region . . . . 553 25338 1:4:3
1945 . Lung . . . . . 1480 5082 1: 10

Cancer of lasyn., .

Cancer of the larynx has increased between 1921 and 1943 from 641 to 541
cases per annum in men, with a maximun of 972 in 1943, and from 138 to 279
casex in women (Table XV1). These figures ave in the ratio of 1 : 1-3 in men and
1:2-0 in women., But the figures for men have been fluetuating in the region
between 830 and 970 since 1930, and in women there lias been no uniform increase
since 1925, Hence if the adoption of smoking by women has had any effect
“Tupon their liability to the disease, this factor has reached equilibrium.

COMPARISON OF THE RATIOS IN THE EARLIER AND LATER PERIODS.

The calculation of these ratios (Tables IV and V) for the two periods 1921-32
(A) and 1933-3% (B) provides material for a comparison. If the data from wkich
the ratios are derived ave reliuble, this comparison should show whether the
incidence of cancer of the lung or larynx upon any given occupation has under-
gone changes differing significantly from any which have occurred in the general
population, and the general deaice of agreement between the ratios for the two
periods is some indication of the value of conclnsions based on death certifivate-.
In Fig. 5 the comparison is made for cancer of the lung bLy ealcuiating the 1atio
hetween the earlier and later ratios (B/A X 100) and setting down the fizures
in order of magnitude. Occupations with not more than one death in ciher
period are omitivd here, and ave considered elsewhere (p. 286). The results
shown in the graph may be summarized thus:

Ratios below €6 . . . 1l
» 66to 133 . . . 35
., abovelss . . . .3

49

Thus 23,40 of the ratios of one period, or 71-4 per cent, are within + 33 per cent
of those of the other, which is perhaps as close an agreement as one could look
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: Fro. 3. —Cancer of lung.  Males in 49 ocr:upations. ! . i
A, Ratin of registered o 100 caleulated daatks, 1921-1932, A . E
i

B. Ratio of tesisterad to o cali-ulated deaths, 1033-1013,
Dots repressnt B A L0 10D,
Occupations with not nuwore thea onc death in either period are ornitted. v

oo
for iu such matevial. When the individaal points on the graph are examined, L Lk
the larger ocenpations are found to lie chiefly in the middle pact of the seties, as : e - %
one would expect from the Jower sampling ervor. L =
i A similar treatment of the figures for cancer of the laryna (Fig. 6) gives the . ' é
’ filiowing result : C T

b 5%

- Ratios helow 66 . . .7 ' A
5, 66to 133 . . . 28 A
,» above 141 | ] . 14 :

49 - f

o ® el

. In this case 25 4% or 37 per cent o the eatlier ratios ave within - 33 per cent ! Co
of the later ones. There ure thus more occupations in which the ratio has P
ivecased than in the cuse of cancer of the lung. !

OCCUPATIONAL INCIDENCE OF THE INCREASE OF CANCER OF THUL LUNG.

If there i3 a real increase in cancer of the Jung, and if this is due to some .
eatennal fuctor, one might find difersuces in the rate of increase in classes of
Pri-ons exyowed to dierent envirenreents. The annual numbers of deaths
e cancer of the fung, and of the laryny, in each one of the ocenpations studied ;
icdetadi i this paper can be seen in Table XVITI.  The increase in the total of o Lo
trorded cases has Boono<o great (Fig. 1) that, if this increase were due to a con- b : o

' £ the waaller cecupations, the incidence upon these would b s
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Uik XVUT~=Nwwber of Deotis from Cuncer of tie Liny and Laryn.c

tn 58 Occupations in each Year 1933-1933.

The occupaticns are placed in the same orrder as in Tuble 1V,

1034 1054, 1933, 1930 1987, 193<, [ESFYR
Labhourers, patent fuel worls: . Lurgz — - —_ — _— 1 I
. Lanynx —_ —_ —_— -— -— — _
Ca~ stckers and eoke-oven chargers . Lung 9 3 4 8 11 11 45
Larnmx 2 3 3 4 2 3 17
Gas proslucer men . . . . Lung 1 — 1 - — 3 s
Larynx — _ - - —_ = —
Metal grinders . . . . Lung 1 3 4 ] 3 6 20
Larynx 3 2 — 1 2 1 9
Grs.works foremen and Lo-pectors o Tung 2 2 3 3 - 3 15
Larynx — —_ - 1 1 — 2
Potter-” mill workers; <lip makers Lung — 1 1 1 1 —_ 4
anrl arkmen. Larynz —_ = - — _— = -
Mainly council abourer-. o 2d Lungz 18 10 16 18 16 25 1r3
sweepets and dustmen  Larynx 8 7 9 16 12 13 n3
Gas fitters . . . . Lung - ) 4 8 3 8 23
Larynx 1 -_— 1 2 —_ 2 i
Paviours, street masn., concretors Lurz 4 3. 2 1 2 2 14
" and asphalters Larynx - 1 1 2 — — 4
Motur drivers, goods and passengers  Lung 30 29 42 43 72 85 It
Larynx 7 8 8 8 8 11 ~
Blast furnace engine men . Lung —_— - 1 —_ —_ —_ L
N Larynx — — - —_ —- - —
Cabiner makers . . . . Inng 10 —_ 9 14 14 13 ¥
. Larynx 3 2 3 6 — 2 20
Tobarco mavufacturers . . . Lungz 3 2 - 1 — 2 s
. Larynx - —_ 3 1 — — 4
Stone mazons, cutters arel Iressers . Luryz 11 13 13 16 17 13 <3
Lannx 1 1 4 3 2 1 12
Tanners, leather dressers, curriers. Lung 4 3 3 3 4 9 30
skilled workers Larynx —_ 1 2 — 2 —_ 5
Potters; ware-makers, casters and  Lung 1 2 1 1 3 3 13
finistiers Larynx — 1 —_ — 1 2 4
Gas-works engine and crane drivers . Lurg — 1 2 1 — 1 §
. Lerymx —_ 1 —_ — 1 — 4
Sandllasters . . . . . Lu=z —_ -— 1 — —_ -— {
Larynx — -— — —_ —_ - —
Gas-works managers Lung — — — — — 1 t
. Larynx — 1 — —_ -— o {
" Drivers of horse-drawn vehicles . Lung 23 10 35 51 45 44 St
- Larynx 1% 17 23 17 18 1 T
Gas-works labourers . . . TLungz 4 8 8 0 9 12 o
Larymx 1 1 3 3 1 —_ 3
French polishers . . . . Lung 3 2 1 1 2 4 o3
Lanmnx 2 2 4 — — 1 5‘
Paiaters . . . . . Lung 29 47 13 51 H 7 3.0
Larvax jard 24 20 11 18 20 12
Licensed victuallers . . Janz 18 33 N 29 33 33 172
Laryux 17 21 1+ 22 14 14 IOM
Printers . . . . Ly 14 13 23 14 26 26 1ln
’ Lerynx 6 ¢ 6 6 7 4 s
Chimnney sweeps . . . . Lupg - - 3 ] 2 4 1
Larynx 1 -— 1 1 2 3 "
Plumbers . . Loy 5 10 8 12 14 19 wi
Lanynx 3 4 2 5 4 4 o
Barmen . . . Larg 2 1 6 4 2 5 an
Larynx 3 3 2 2 1 2 15
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IXCIDENCE OF CANCER QF LUNG AND LARYNX

TasLe NXVIIL (contd.).

T ohaeconisits ol their assistants
Hardressers
Dakers and pastry covks

Piofessional men

Cellamaen . .

Pottery. ete kiln and ovenmen, kilu
=ctters anl placers
Giroutas and horsekeepers

Brick kiln and ovenmen
stationnry engine and crane drivers .

Cottun strippers, griwders and card
room jobhers

Locomntive engine drivers, firemen
and rleaners ©

varpentors

Stone miners and quarriers
=

t val miners—hewers an.l gotters
Litlographic and process engravers .
Biast furnaceinen and labimrers
1'i;1rdenors . . . -

'ottun spinners dnd piecers (mnle.
ring, cap or fyer)
toal miners—workers ahove ground

Tar distillery workers and coke-oven
workere
Brick and plain tile niakers

tuul miners—other workers below
groum)

tes! miners—cenveying ruarerial to
the shaft -

Uoul miners—rzaking roads

(atton weavers . . . .
Farmens .. . .

Avriculturad libourers, including
_hephenis
Farin Bailiffs and furernen

Luug
Lurynx
Loing
Larvnx
Lune
Larynx
Lanyg
Larynx
Lung
Lanvnx
I.!:n;
Larynx
Long
Larynx
Lung
Larynx
Lung
L&l’}'nx
Lo
Larynx
Lung
Lurgnx
Tunz
Larynx
Lung
Larynx
Tz

-
Larynx
Linz
Lunrns
Luay
Larynx
Lu.ug
Larynx
Lung
Larynx
TLung

Lungz
Lanmnx
Lurg
Lanmx
Lung
Larynx
Lurg
Larynx
Lurz

o
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40 82
14 20
12
1 1
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— 1
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2 2
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Fre. 6i.-—Cancer of larynx. Males in 49 ocrupations.
A. Ratio of registered to 100 caleulated deaths, 1021-10382,
B. Rann of xe\rliterml to 100 cale ulutod deaths, 1’\.}3—19.&\
“Dota repres=nt B'A 100,
Occupations with not inore than one e ath in either period are omitted.
TavLe XIX.—Juerease of Deaths Aitributed to Cancer of Lung in Certain
Occupalzon.s (1927-1938).
Deaths from cancer of lung.
1927-32. 1933-33. Difference.
- Paviours, street masons, concre-
tors, asphalters 7. 4. 7
See Council labourers, road sw eepers,
Table VI dustmen . . 47 . 103 . 56
t Drivers of horse- dm\\n \'ehlcl(-, . me o, 240 129
- Motor divers . . . . 102 . . 100
267 658 30l
General population, males . 6296 15,045 . 8749

For example, if one takes the nnmbers of deaths from cancer of the lung in
those occupations wlere there is especial exposure to road dust (Table VI) and

divides them between two successive

e periods of 6 years (1927-32 aud 1933-23)

and compares these figures with those él\'en by the whole male population, it

becomes

quite clear tnat even these occupations account for only a small fraction

(391 cases or 43 per cent) of the whole increase of 8749 cases (Tuble XIX).
following exumple shows the cfteet of the increase in deaths attributed
r of the lung upon the data for a single occupation.
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INCIDENCE OF CANCER OF LUNG AND LARYXNX 285

210451 carpenters produced 123 deaths from cmw of the lung in 12 vears

Teaiins e e, ard oorthe pe 8 Rurs f!!’:ffj——f‘.'\} RESHR AN

. -

R A
STped v otdeed 2t snch cedlhs, o0 3500 denine pos cananr i Sibie J\.‘
he nember of carpenters prodacing 1odeath in 1 vear was therefere 210,431 =
10-2 . 20,640 in the fir<t petiod anr,l 243,925 — 33-3 = 7324 in the b(‘COHd.
Tbe 1atio Letween the two figmies, namely 3-3: 1, is xed:mmhl_\' near the inverse
Sthe ratio (1 : 2-8) between the mean annual deaths (735 and 23507) in these
iwo periods from eancer of the lung in the whole male population. The result
mdicates thut the increase of cancer of the lunyg has fallen upon carpenters, who
undergo considlerable exposure to some kinds of dust, in much the same measure
a~ it bas upon men in general (Fig. 7).

40 K
;7
’.-0' R
7
301 ’/
. /
Pl
rd
20 s’
SO’
-,
.l
'I
10 o A g
PRI 4 N7
P R4 ~o” 9
v ‘o
| i H 1 J i H L L H . 1 1 Iy ] L ] ]
1921 1925 . 1939 1925 [RRE

Fia. 7.—Derths from cancer of lunz. Carpenters, 19211938,

Occupational exposure to three agents which are perhaps liable to induce
cancer of the lung (asbestos, arsenic, nickel [Factories Report, 1935, p. 72]) occurs
in employments which compri-e very few workers, and hence have no appreciable
effect upan the total. Of the:e three substances, arsenic seems to be the one to
which the general population is most likely to be exposed. No attempt is made
here to deal with all the data on the carcinogenic action of arsenice, as this subject
15 ander investigation by a Committee of the Industrial Health Board. but the
Sollowing quotations from iecent Annnal Reports of the Senior Madical Inspector
of Favtorivs show the pezsible importance of wrzenic in relation to cancer of the
Inng. ** Tn the case of arsenical poisoning due {o sodium arsenite, which was
fatal. the post-nortem examination revealed that in addition to pigmentation
of the trunk and linbs, warty growths all over the body. and perfuration of the
nazal septum, there was a primary cancer of the right lung with netastatic
growths in neigzlhbouring glands and in the liver” (Factox v Report, 1939,
p. 22, " The other (case) occurred in a fiiling machine operator aged 57, for
+3 vears in a factory manufacturing sheep dlp containing sodium arsenite, the
vatise of deatl Lejng ~due to carcinoma of the right lung.”

* Three similar caszes of puln' onary” earcinoma occurring in arsenical sheep-
dip workers bave been notifie] <lnce 1939 " (Factory Report, 1943, p. 45).

Neahaner  (1947)  coflected  the literature relating to 142 cases of
medinal arserieal epitheliviia s in one of these cancer of the lung occurred
Mot onery, 1355 Montzomery and “'\hman 1941).  Tle patient had taken
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a wedicine for eczema for <ix years in childhood, which was assumed to contain
ar-enic on account of the appearance from the age of 42 onwards of numeryis
onill Haes of the Wkin o e wosenieal tone Yo aaton
caccepel wed doaily o epubelioma of the ronchus with T malignant dJdys-
kevatésis chavacteristic of the arsenical type of epithelioma,” and extensive
metastases.

Seimon (1015) records a case of bronchial carcinoma in a man swhy,
during a period of about 20 years, had taken large doses—up to 1 drachm 3
titnes daily—of Fowler's sohution {equivalent to 1 per cent arsenic trioxide) for
recurrent attacks of severe dermatitis hevpetiformis. His skin was unaffected.
There is, of course, nothing to show that the bronchial carcinoma was due to the
arsenic, but unless attention is drawn to such a case others may not be noticed.

S e i e,
Dol LIl ey

- TasLe XX.—Cancer of the Lung. COceupations Showing a Considerable
Rise in the Ratio in the Later Period.

1021-32. A. 1933-33, B. . .
—— . —
Nurnatwr . i Number B ‘\{"'f.k;oo
Populaticn.  of ativ.  Population.  of Batlo. B
- deaths. deaths,
Potter’s mill workers, slip-
mukers and arknien . 1,436 1 95 . 1,766 4 218 . 229
Grenorks engine and crune
drivers . . B .o 1834 1 60 1,800 3 186 . 3ty
Cotton spinners and piecers 335,817 7 32 . 43,90 29 73 . 234,
Cotton sirippers uiul grinders
ard caid reom jobliers . 5,242 1 30 . 53 [ 104 . 347
Tar distillery workers and
coke-oven workers , . 9,897 3 29 7,824 6 70 . 242
Brick kiln and ovenmen . 6,225 1 23 7,112 8 121 . 38
Mini-ters of other religious
3 33 . 11,960 15 69 . 182

bodlies . . . . 11,769

.

(1) Cancer of the lung.

In 7 occupations the ratios for B are higher than those for A by more
than 30 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 15 in two cases only (potter’s mill workers, slip
makers and arkmen 218; gas-works engine and crane drivers 186). In 4 of
“the 7 occupations there is only one death in A, and hence the comparison of the
two periods is liable to considerable sampling error. The fact that the rise
starts from a low level dees not, of course, prove that it is-unimportant, and
these occupations must be watched in the subsequent years to see if the rise
continues. .

Cases of cancer of the luug have occurred among stokers of cil-fired Loilers,
but no figure for the population of these workers is available.

-

(2) Carcer of the luryac.

In 9 cceupations the ratios for B are higher than those for A by more than
50 per cent (Table XXI and Fig. 6). In 6 of these there are not more than 3
dcaths in the fivst period, so that the sampling error is high, and the ratio in the
first period is low. .
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' T s e .::‘. i ",'/:-.'177..'. T i N T A ie
Fiise T the dinno wn the daler ivr od.
1021-32, AL 13-0%, bB.
- .
Nuzmber Naniber Ravin
Populition, of Ratiu. Population, of Latio. BIA g,
deutl s deaus,
Cellarmen . . . 6,3 ;1 14 37 . 7.0150 12 501 . 158
Votal grinders . . . 15,22 10 53 B WG 9 234 . 166
Brick-kiln and oven men . 6.22.) 3 il .12 3 123 . 173
Vottery, ote.. Kiln and oven
men . 12,188 ¥ 116 . 14442 10 226-3 . 199
Catton strippers and smnxlers
and cand room jobhers . 3,242 2 60 . 5.342 2 118 197
Tobaceo manufacturers . 7,608 3 63 . §,102 4 129 103-3
Gas works managers . 1.30%3 1 6 1,040 1 157 207
Lithagraphic  and pmf'ﬁvt
engravers . . 3,504 3 3%+ 7,280 3 3 N 255
Biast furnaremen aud
labourers 9,301 3 40 6,133 1 138 . 346

ERRORS IN THL DIAGNOSIS OF CANCER OF THE LUNG.

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

This statemeunt is easy to make and difficult, perhaps impossible, to disprove,
and is apt to serve as a substitute for any inv ebtl('ﬂth]l of the question. If oune
accepts it, at least one conclusion follows which is of some intercst. Let us
suppose that the steeply rising line (Fig. 1) represents the detection of an increasing
fraction of a pool of cases aw a1tmg discovery. When the means of diagnosis, and
their availability, can be improved ne further, the curve must flatten. We
cannot say when this will happen. so for the present we must take the latest,
and highest, figure (5982 deaths of males in 1943) as representing the total,
If the actual number has altered little during recent years a similar number of
deaths took place in, say, 1021, but only 361 of these deaths (Fig. 1) were assigned
to the right cause. Hence in that year in at least 5982 — 361 = 5621 fatal
cases of cancer of the lung the cause of death entered upon the death certificate
was wrong. This is of course possible, but it would be interesting to know what
were the 3621 erronecus descriptions of fatal disease.

Some couditions which might give rise to false diagnoses in cases of cancer
of the lung are*:

(1) Medinstinal tumour.—The increase of cases of cancer of the lung cannot
depend wholly, or even largely, upen a diversion to that category of cases Tor merly
~¢t down as mecha~tmal tumcur because the number of these has never been
~tifficient.

Thus the death certificates for males show no fall in deaths attributed to
caneer of the mediastinum during the years following 1931 (when this form of
cancer is ficst nientioned in the Pmnstmr General's Statistical Reviews), which

waul L aeconnt for the increase of 7024 in cases of cancer of the lung which teok
Plce in the vears 1931-37 (Table XX1I).

* I aun il -Eted t3 Professor Do W, Smithers, Professor R. A. Willis and Dr. Eric Secowen for
winatien oz this sabjeet,
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Deaths of males.
England and Wales,

"Cancer of Cancer of
lunye. mediastinum.™

1631 . . . . 1,055 . 135
1932 . . .. . 13533 . 252
1assy . . . . . 1,820 . 262
1034 . . . . 2,095 . 244
1435 . . . . . 2,345 . 248
1936 . . . . . 2,611 . 222
1937 . . . . 2,930 . 308

Total . . . 14,409 . 1681

7 X 1055 . . . 7,385

Increase . . . 7,024

* These figures are taken from the Registrar-Generul's Statistical Reviews for the years in
question,

(2) Pulmouary infectiang.—A long list could be compiled of infective processes
and their results which might have to be considered in the diagnosis of cancer
of the lung in the living subject, but those most likely to be named in error on
death certificates are tuberculosis, lung abscess, pneumonia, and bronchiectasis,
In theory, the numbers of deaths attributed to these conditious should be falling
if increazing numbers of cancers of the lung are being detected among such
cases. But actually the numbers of deaths attributed to respiratory tuber-

" culosis, and to pneumonia, are so large, ranging from 2 to 10 times those assigned

to cancer of the Jung, that the propurtional fluctuations prevent any diminution
which could Le due to this cause from being identified (Fig. 8). In this figure
the two curves representing pulmonary infections show ne uniform relationship
to the third representing cancer of the lung. The nuwmbers of deaths from
abscess of the lung (Table XXITI) are too sinall (mean 100 per annum) to e of
importance, and moreover they show no continuous fall “daring the perio:l.
Bronchiectasis i3 not separated from bronchitis in the Registrar-General's
Statistical Reviews.

TarerE XXIIT.---Deuths of Males from Abscess of Lung.
~  England and Wales. :

1932 . . 92 1937 . . 96
1933 . . 82 ‘ - 1938 . L1382
193¢ . .- 91 1939 . . 119
1933 . .1 1940 . . 84
1936 . . 1oz 1941 . . 92
- 1942 . 100

" IXTINER
RMC0082383
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Fi16, 8.—Deaths of Males. England and Wales.

A. Tuberculosis. Respiratory system.
B. Preunonia, all forms, = 2,
C. Cancer of lung.

{Data from the Registrar-Genrral's * Statistical Review of England and Wules fur the Year
142, Tables. Part 1. Melioal)

L] -
P:rcentage of erronevys diagnoses.

Some- pathologists have emphasized the very high proportion of error in
death certificates in general and have produced evidence that the percentage of
ervoneous diagnoses, as revealed at autopsy, is considerable even in hospitals,
an’d must be greater still in general practice. Thus Willis (mu) found
the diagnosis to have heen * erronecus or indefinite ” in 15 out of 27 cases of
vaucer of the lung coming to autopsy at the Alfred Hospital, Prahram. Melbourae,
atil in a larger series !pn\ ate commummtxun) of 84 autopsies performed by him
on cases of pulmonary carcinoma dying in a major teaching ho~pital, where

TasrLe XXIV.—dnalysiz of Diayuoses in 84 Cases of Cuucer
of the Lung Examined at dutopsy (Willis).
Diagnosis eorrect . . . . . . 49 = 33 per cent
Tumour, but primary site ]
wrong or uncertain . 19

Diagnosis Non-neoplastic diseaze mo:t] 35 .= 42 "
& I
. tuberculosix, alscess, pneu-
monia. bronchiectasis) . 16
84
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there was .1 snecial snrgical clinie dealing \nth lung cases, and w})eu, full \ ray

TN s b Vo2 e et of the efnjcad diag.
noses were wrong {lable NXIV). Hemu the diagnosis of cancec of the lung
appears to be still very incomplete, even under favourable conditiors, in spite
of the great improvements which are generally stated to have been made. At
any rate one cannot well emphasize at the sume 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 are of course com-
patible. 1illis does not give any information about false positive diagnoses of
pulmonary cancer.

Professor Willis (private communication) has recorded a very instroctive
example of the statistical effect of diagnostic errors. In a series of 1000 con-
secutive autopsies which showed the presence of cancer, 135 were found to be
cases of cancer uf the stomach, and of these, 109, ar 70 per cent, had been diagnosed
correctly and 46 had thercfore received incorrect negative diagnoses. There
were also 40 cases diagnosed as cancer of the stomach in which this condition
was not present. In this group of 1000 cases, therefore, 109 4+ 40 = 149 cases
had Leen diagnosed as cancer of the stomach, and the actual number present
was 155. In o far as the total is concerned therefore the clinical answer to the
statistical question—how many cases of cancer of the stomach were there in
these 1000 cases ’—was very nearly correct. The far greater error in the
diagnoses of individuals, of whom 86 were described wrongly, is concealed

i ri h ‘-l""l' Ilv"w'»'

statisfically by the approximate cancellation of the 46 false negatives by the-

40 false po:nm es.

This process of attaining accuracy by the balance of positive and negative
errors is, of course, neither desirable nor reliable, but it is unavoidable in such
material, and is bound to happen to a greater or less extent whether we like it
or not. When any decisions are reached on inadequate evidence in any subject,
there will he the same tendency for errors in opposite directions to cancel each
other.

FACTORS WHICH MIGHT CAUSE AN INCREASE IN THFE DEATHS ATTPIBCTFD
TO CANCER OF THE LUNGC.

The increase in recent \'e'u, in the numbor of deaths attributed to cancer of
the lung might Le due to one, or more than one, of the following factors :

(1) An increaze in the actual number of cases of the disease.

1t is obvicusly difficult to obtain any direct evidence of this factor; one is
driven to seek for indirect evidence by means of enquiry how far the ﬁecond and
third factors can be excluded. Some possible causes of a real increase are con-
sidered in the next section.

In the earlier paper (Kennaway and Kennaway, 1936) we drew attention to
the evidence afferded by cases of cancer of the lung in which an erroneous diag-
nosiz was made based on nervous or mental symptors due to metastases. Thus
Fricd and Buckley (1930) rocord that inetastases in the central nervous
system were found in 15 of 33 proved cases of caucer of the lung. In 11 of
the 15 a diagnosis of primary tumour of the brain was made and the lung tumour
overlooked ; an intracranial operation was performed in 11 and the wetastases
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vt b i 10 Tcases. Obviously neither improvement nor fashiou in the
: < a7 aeearofthe lung (see Lelow) come into p]d\' here, and heuce if it can
vateiles o borreas g vreniperse e

PRI N *‘A"l‘i,..a"‘\d.( A oaityer 'Jl‘*'lA
in ceacer of the Inng is indicated.

2 Tmeprovemeut in diagnosis, whereby a larger prcpoltlon of the actual
svnher of cazes is detected.

The mwethods of examination of the lungs. and the av aﬂaluLt\ of apparatus
far sucl purposes have undergone very great development in the last twenty
vear~. and it would be remarkable if these changes had not increased the number
ot cases of cancer of the lung discovered. This matter is discussed under ** Lrrors
in diagnosiz ” above. Accurding tu some authorities (e.g. Willis) these improved
metheds, even when fully available, still lenve about half the cases undetected,
S0 We m'n' look for a further considerable increase from this source.

(3) A tondeucv to identifyv as cancer of the lung cases which are really of a
different nature ; that is, a fashion in dingnosis.

We have not found any data which would enable one to judge whether this
factor is of any importance ; if it iz to account for the form of the curve shown
in Fiz. 1, two or thres hundred mnre of such errors must oceur every year. Willis
(p. "S'l) dues not mentlon such positive errors in the diagnosis of cancer of the
lune.

SOME POSSIBLE CAUSES OF C.\_\'CF.ﬁ OF THE LUNG IN MAN, ’

Experimental pathology has not yielded any conclusive evidence on this
fuestion. as it has done in-the case ‘of the occupational cancers of the skin.
Most of the laboratory work, snch as that of Argyll Campbell, has been done on
the mouse, in which species the neoplastic factors in the lung are certainly different
frou tliose in man.

{1) Tn default of experimental evidence, indications of at any rate one direction
in which to seek are derived froin the material of the General Register Office.
These data are compatible with the importance of some factor in town air, e.g.
coal smoke. )

(a) Cancer of the lung differs from that of the upper alimentary tract. larynx
and skin in showing no inverse relationship to ascent in the social scale (Steven-
som, 1023). O\riug to the mixing action of the wind* there is less difference in
the outrloor air breathed by different cla==ea than in other social conditions such
a~ food and cleanliness.

{b) The higher incidence in towns (Qtoc.\s. 1936). Talle XXV shows that
“ there is at every age a stcep downward gradient of rates from London throngh

* An elaborate study of the ixing of air-bormme particles was made at Laicester. The effect of

wind appears t> be not o great as one would pypect. The masximua effeet of wind is to displace
e point of waxinum concentration by 1 mile (Leicester, * Atmospherie Pollution,” 1945, p. 123).
Bt it is difcu’t to believe that, sayv. an enst or west wind blowing across a city does not have a
ronetlerable ¢Tect in eqva.umg the constition of the mr in the cast and west end=.  Great impottanco
i nttached a0 43 turhulence ps a mixing agent,  ** No exact rlefiniticn of turkulence has vet been
T le, bur the weed has been used. in rhiz vopett and elsewhere, to describe the readiness with which
aif wises with itself. During the last nine months of the Leivester Survey, special attention was
*he meas: ‘mar.t of varintles connested with turbulence, because of the iruportance of
ation of suspended poliution. It was thought that one of
e r-u v!t pm\- suitabls for toore general use in connectivn with nleasurcments of
Tpo ). .\nmmntlv turbulence includes all forms of disturbince due to

TN ATt e e - .
. b chasad ”"?w"""-“‘-",t’-ﬁq.-- g el ..

-

E:r-s# PPN

il e O

'm“h-"'hﬂ" ‘.- .

“TX TINER
RMC0082388

i

AR
(R

Hi

f

S

.

-

e
e S

0]

T

! a#-"',fi; £

4




PN

Puegiilen o

.

292 E. L. AND XN. M. KEXNAWAY
Tarve wond sanall tawns ov cnen b diervier 7 The e i 7 Gnaver, cen i lnege
Towns et a 10w rate ey, Bristul). Forpleieadiy, smoeke concentration ina town
is in proportion to the square root of the population (Leicester, * Atmospheric
Pollution,” 1943, p. 124).

{(r) The low incidence in agricultural workers (Kennaway and Kennaway,
1936). There is an equally low incidence in coal miners.

(6) and (c) might Le explained by the better conditions for diagnosis in urban
areas,

Coal smoke does not account well for an increase in cancer of the lung during
a period when, as one would thinlk, atmospheric pollution has not increased owing
to greater use of gas and electricity., The domestic fire is the chief source of
soot in the atmosphere,* and it is in the domestic field that the substitution of
gas and electricity for coal has been most general.

One must, however. note that ten years ago the authorities on atmospheric
pollution were not unaaimous on the question whethier there had been any
measurakle diminution.t '

TaprLe XXV.—Cancer of Lung. Mates. England and

: Wales. 1021-1930. (Stocks.)
Rates per million at ages shown.
- T 8 43 a0- 35~ 60- 63 10 7584,
London—". <. 13 035 . 121 0 193 . 253 . 263 . 236 . 199 , 215
County Boroughs .7 .35 . 7301030135, 163 . M8 . 144 . 03
Other Urban Districts 5 .23 . 15 . 97 . 96 . 128 . 150 . 118 . 93
Rural Districts . . 7,18, .3 . 3+. 63. 73. 87 . 92.

(2) Onc must look, therefore, for some other factor to explain the increxse, if
there is a real increase, in cancer of the lung in recent years. Many such factors
have been suggestsd, c.g. influenza, tobacco, popular drugs, tarred roads.
exhaust gases and other emanatin.- ., including lead ethyl, from motor vehicles
driven by petrol or Diesel engines.

No attempt is made here to discuss all these possible factors.

e the-i)err:entage of tar in domestic smoke is very high, reaching 30-40 per cent.
while in industrial smoke frem boiter furnaces and such there is practically no tar ™ (" Atmnospheri:
DPollution,” 12th Report, p. 45). A high deposit of tar can only be due to pollution from domestic
chimaneys or very ineffivient inlustrinl furnishings, since in a properly constructed and workel
furnace a high temperature is rnaintained fur & suflivient distance from the main place of combustion
for all combustible vapours to be fully bwned befure the furnace gases leave the chitaney ™ {* Atmo.
spheric Pollution,” 23rd Report. p. 8). Soot from the chitiney of a dwelling house may contain
40 per cert of tar (Cohes: and Ruston, 1923). and the dust suspended in the air of a town (¢ Leicester
Atmospheric Poliution,” 1945, 1y vontain 14 per cent of tar,

t In the ‘ 22l Report un the Investigntion of Armospheric Pollution” (1035 1036, p. 3) th-
Chairman sins up sone rather equivocal evidence thus: . . . on the wliole there has been a
definite reducticn in the extent of pollution of the atwosphete in Britain duriug the past twenty
years,”" On p. !l of the same report, however, the conclusion is drawn that no general statement
can be duriviel frum the increases and decreases in diffurent areas during 1025-1933.  The spevial
study of at:nuspheric pollution in Leicester {* Leicester, Atmospheric Pollution,” 1913) showed no
ditference between the two periordy 1927-1032 and 1933-1939 in the emount of tar in deposited
matter ; the report makes the suzgestion that a deereuse in tar might be masked by an increase in
muterial frorn nwtor cars.  But the inconclusive nature of the data shows that there has been nu
increase in atmespherie pollution in any way proportional to the increase in vancer of the lung.
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fri The subject of tarred rcads was deals with in the earlier paper (Kennaway
A T("-n':a'.'.'n“ 103k,
' : Teoincbbenice 8 b cneer on dooss ceenpationa wlise diere s
pese - 10 roard duse {vee ahove Table VI) is rather above the generil level, it
<o~ very questionable whether the receut increase of this disease umor 1g the
seneral population can be attributed to the tarring of roads. For scores of
vears Lefore this inerease began coal tar was being discharzed into the atmosphere
s the form of sout by the domestic fire in quantities vastly greater than any
roat eavld now be derived from roads. Tarving of the roads has, unidoubtediy

increased the amount of dust derived from tar in the air, but this increase appears:

negligible in Lompan~on with the amount of soot present already. One sees
cluuds of smoke drifting over any large town. but one does not see any similar
clouds of tar-luden vapour arising continually from tarred roads. The annual
consumption of coal for all purposes in Great Britain in 1936-1938 was about
13 million tons, of which 40 to 45 million tons was burned by domestic users,
who are by far the greatest producers of smoke and soot.* It is difficult to
believe that tarred roads made any important addition to this total.

One must, however, bear in mind that the total amount of soot per unit
volume of air may not be the ouly important factor. The size and physical
stute ol tar particles derived from the domestic fire, and from a tarred road, are
nn doubt different, and this difference may determine the amount of penetration
intu the deeper air passages (see, for instance, Boyland, Gaddum and MacDonald,
1047 ; Owens, 1923).

(b) Tobucco.—A possible connection between tobacco and especially cxgm‘ettes,
and cancer of the lung, hasBeen suggested many times, perhaps most recently
in the case of Turkey (Lancet, 1916, i, p. 433),

Peacock (1943) has pointed out that cancer of the stomach is far more common
in mant than, so far as we know, in any other species, and has suggested that
this js due to his use of heated foods. A similar argument might be applied in
the case of cancer of the lung, which iz not known to be prevalent in any of
the lower animals. The adenoma of the lung of the mouse, and certain affec-
tirms of the lung of sheep in South Africa and Iceland, are neoplasms of which
the exact nature is uncertain. We know one instance at any rate of the

U~ Lephbnht\' of the lunyg of an animal to a carcinogenic agent, nanely the Iung
Of the cat in relation to 2-acetyvlaminofluorene given by the mouth (Harding,

i46) ; hence there i< no reason to think that animals are immune to any such
agents.  One obvious factor, possibly carcinogenic, to which the lung of man
alone is exposed Is toLacco smoke. -

During the pre-ent century very considerable changes have taken place in
tii< country in the social distribution of the various methods of sinoking. There
“t’( of course, exceptions to any rule, but roughly one might say that in the
ealier part of this period nien of the richer classes smoked pipes, cigarettes and
tiiars, ant men of the poorer classes smoked pipes; cigarette smoking was
increasing amang the richer woraen, while women of the poorer classes did not
ke, One Lever saw a wowman scrubbing her frout door-step, or hanging out
the washing, with a cizarette in her mouth. The great change which has taken

A Parke,, X Fublie Lecture. Muorch 13th, 1945,
¥ In 1036 in Eoziend wnd Wales, earcimian of the stomach was axsivned a3 the cause of 7070
Wt F 2730 doatks froms enrcinoina of all sites in uwles (¢ Registrar-Genveral's Statistical Review ).
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place in the later vears is the general inerease of cigarette smoking* and it
adontion hv wanen of classes which farmeely did not smoke at a1l Men in
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Fic. 9.-—Deaths. England ana Wales. 1932-1042,
A. Males

B. Femnles Diseases of corouary arteries, angina pectoris.

C. Males
D. Females

(Data froin the Registrar-Ceneral's * Statistical Review of England and Wales for the Y
1942, Tables. Part 1. Medical.’) * ' ginnc and Whles for the Year

Cancer of lung.
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Fic. 16.—Consuraption in the United Kingdom of tobaceo (A) and cigarettes (B},

* The Se-retary of Stats for War stated in the House of Corntuons on Januury 23, 1945 (¢ Parlis-
wentary Debatas (Hansard),” 407, 626) that ** In making up the stocks of tobacco and cigareties
for the Amay uverseas it is a~sumed that thers a0 nine cigarette smokers to every onc pipe smoker.
This propartion is based on cxpericnee . . "
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supations which do not subject them to any restrictions in this matter, e.g.
s Tikhmen, Datvess window olewwers, dustmen and raad sweapers, who
1l to sueke a pipe at meal times, now smoke cigurettes witlle at work, {iguetts
-mokers are said to inhale more than do smokers of pipes, but it is very difficult
v get any conclusive evidence upon this matter, which might be important.
There is some American literature, which has been summarized (Drit. med. J.,
in35, i, 94) upon the arsenic content of tobacco and tobaceo smoke. The
cecurrence of cancer of the lung in makers of arsenical sheep-dip (p. 255) indicates
the poszible importance of this factor,
Some writers have contended that smoking cannot be associated with cancer

of the lung, because this form of cancer has increased more among men, while

ti:e use of tobacco has increased more among women. But the sexual distribu-
tion of cancer involves unknown factors (Table XVII), and does not provide a

Tobacco
100
Cigarettes e
. e
./
© 50
S WS WO L TS NG T GOSN N NS NN AN SN SN WO DU NUUR NV B N N
1924 1930 1935 1940 © 1945

Fia. il.——-Cigarette-.-x as percentaze of tobacco consumed in the United Kingdom, 1924-1943.

very secure basis for an argument of this kind. Of course no claim is made
here that the simultaneous increases in the consumption of tobacco, and in
cancer of the lung, proves any etiological connection between the two. Other
changes which have taken place in the same period, which no one proposes to
associate with cancer of the lung, e.g. the increase in the issue of wireless licences,
show a very similar curvs, and such correlations are a common subject for
statistical witticisms. Thus wireless licences have increased at a rate (about
to-fold in the last 20 years) similar to that shown by deaths from cancer of the
lung. or from eoronary disease (Fig. 9).

The annual consumption of tobacco in the United Kingdom has increased
from 128 million pounds in 1924 to 250 million pounds in 1946, and the percentage
of these amounts smoked in the form of cigarettes has risen from 56 in 1024 to

over 80 in 1043-5* (Fiz. 10 and 11). Thus the consumption of cigarettes shows

a considerable increase, both absolute and relative.

* We are indebted to Mr. JJ. B, Willis, M.C., of tho Board of Trade for these data. The propor-
riim of cigarettes to tutal tobasco conswnptinn is available only in those yvears for which a Census of
<tivn is taken. The mon:hly net clearnnces of tobacco mainly by manufacturers fur home
sinption: in the Unite:l K lom of Great Britain and Northern Ireland are given in the Monthly
woeat of Ntoleticr, . :
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To summarize the evidence brought tozether in this section on the fncilence |

carwer Of the lung: the pigher meatdite in fown=. the duw nurtality in agrp-
cuitural occupatinns. and the absence of social gradient, are compatible with a
factor in the air, such as coal smoke. In any such comparison of urban ani
rural areas, the question of facilities for diagnosis must be considered. Bur
coal smoke, which is probably a decreasing contaminant of the air, does not
account well for the increase of caucer of the lung. Among various possible
factors is tobacco smoke ; the consumption of tobacco has risen, and so has the
percentage of it smoked in the form of cigarettes, of which the smoke is often
inhaled. An effect of tobacco would accord well with the absence of social
gradient.

SUMMARY.

(1) The death certificates for cancer of the lung and of the larynx in males
from Eugland and Wales for the years 1921-33 inclusive, numbering 38,41s.
have been investigated and the periods 1921-32 and 1033-38 are compared.
The 83 occupations examined employ about 30 per cent of the male population
aged 20 and upwards.

{2) Sources of error in statistical work on death certificates are discussed.

(3) The increase in the recovded cases of lung cancer cannot be attributed to
any increase of data obtained by autopsy.

(4) The agricultural and coal-mining industries show a low incidence of
cancer of the lung and of the larynx.

£5) A group of open-air occupations, wheve there is exposure to the dust of
roads, has ratios above 100 for cancer of the lung and of the larynx, with the
exception that motor drivers have a normal liability to cancer of the larynx.
But the comparative incidence of cancer of the lung is not increasing distinctly
in any of these occupations, and in the panouts street masons, concretors and
asphalters there has been a distinct fall in the ratio.

(8) The occupations in which there is a liability to silicosis do not show ]
high incidence of cancer of the lang, but there are in the literature some studiex
of small numters of cases in which the two conditions were associated.

(7) Cases of cancer of the lung have occurred in some occupations involving
exposure to ashestos.

- (8) In the death certificates examined, and in the Reports of the Chief
Inspector of Factories, no occupations 1u\'ohmg exposure to any kind of dust.
except those concerned with asbestos, arseuic and nickel, which employ verv
small numbela, have been found in which there might be an increased incidence
of cancer of the lung.

(9) Workers eﬁposed to conl-gas and tar tend to show an increased prevalence
of cancer of the lung, but in the later period studied the incidence does not exceed
two-and-a-half times that on the general population.

(10) Occupations concerned with the supply of aleoliol have a high incidence
of cancer of the larynx.

(11) The later penod studied shows a considerable decrease in the occurrence
of cancer of the lung in those engaged in the preparation and sale of tobacco.

(12) The very woderate ratio (123) for cancer of the lung in medical men i»
important in xe-mul to the view that the rccent rapid inerease in recorded deaths
from cancer of the lung is due to the detection of more cases by improved diag-
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INCIDENCE OF CANCER OF LUNG AND LARYXNX

fo' ﬂm is an occupation where the availability of the existing methods for
col et v prestia v o w aimnn,

i ’) No spemal occupations have been found, among the 63 examined, to
which the increase in the total of cases of cancer of the lang can be attributed.
This increase is now so great that the incidence upon any such ocecupations
would have to be very high indeed. ‘

(14} No evidence has been found that tarring of roads has affected the inci-
dence of cancer of the lung. Such data as are available suggest that coal-tar
in the atmosphere, whether derived from roads, domestic chimneys or any other
«urce, does not cause an exceptionally high incidence of cancer of thie lung.
(‘ottonn mule spinners show an especially small liability to cancer of the lung,
although they inhale air sprayed with an oil which produces cancer of the skin.
Much further work is required on the factors which regulate the penetration of
paiticles and droplets of various shapes and sizes into the air passages.

(15) The higher mortality from cancer of the lung in towns (Stocks), the low
me:tality in agricultural occupations, and the absence of social gradient (Steven-
son) are compatible with an etiological factor in the air such as coal smoke.
But in uny comparison of urban and rural areas, the question of facilities for
diegnosis munt be considered.

{16) Sont is probably a decreasing contaminant of the air owing to the sub-
stitution of other sources of heat for the domestic fire, which is the chief source
of sout-containing smoke. Hence coal smoke does not account well for any
receut increase in cancer of the lung. Among various possible factors which
have been suggested to aecount for the increase is tobacco smoke; the con-
~umption of tobacco has risen, and so has the percentage of it smcked in the
form of cigavettes, of which the smoke is often inhaled ; such an effect of tobacco
would aceord well with the absence of social gradient.

We are indebted to the Registrar-General for the data considered in this
paper, and also for kindly permitting us to use some figures which have not yet
been made public officially. We have received much assistance in the classifica-
tion of vccupations, and on various other questions, from some members of the
2taff of the Ceneral Register Office, to whom we wish to express our gratitude.
We wish to thank Dr. E. R. A. Merewether, Senior Medical Inspector of Factories,
for information upon various matters, and especially upon asbestosis, and also . ) v,
Prifessor R. A, Willis for unpublished material. i VE L

We are indebted to the Anna Fuller Fund for secretarial assistance, to the e :

X Halley Stewart Trust for a grant, and to Miss Blanche Goode, who Las taken
part in the classification of death certificates. W
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Ir is the purpose of this paper to discuss the problem of assigning measures
of cancer susceptibility to inbred strains of mice, selected for their proneness to
wammary cancer. The question has been previously discussed by Muwray and
Hoffman (1941), and the related problem of the assessment of potency of carcino-
genic compounds by Irwin and Goodman (1946), Twort and Twort (1930, 1633),
Bryan and Shimkin (1941) and Lea (1943). It is suggested that the problem is
most clearly examined by using an actuarial function, the * force of mortality,”
on. whose characteristics. the mortahty of a strain depends. This function,

, which is usually denoted by the symbol u(r), measures the rate at which the
- members of a life table are dying out. It can be calculated for a single cause,
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