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LONDON SATURDAY DECEMBER 13 1952

‘A STUDY OF THE AETIOLOGY

BY

RICHARD DOLL,

4 a previous paper (Doll and Hill, 1950) we reported
de first results of a farge-scale investigation undertaken
¥ determine whether patients with carcinoma of the
ing differed materially from other personms, cither in
@eir smoking habits or in some Wway which might be
;e'_lated to the theory that atmospheric pollution is
esponsible for the development of the disease. We
oncluded that smoking is a factor in the production
I carcinoma of the lung, and this conclusion was in
onformity with the results of some other investigations.
Jur first observations were, howcver, limited to patients
Irawn mainly from London and the adjacent counties.
¥e have now exiended the investigation to other ‘parts
M the country and have made more detailed in-
juiries into smoking habits. Many further patients
lave been interviewed {(during January, 1950, to Feb-
wary, 1952) in hospitals in Bristol, Cambridge, Leeds,
ind Newcastie-upon-Tyne, and also in eight of the
wenty London hospitals which co-operated in the first
sart of the inquiry.

Method of the Investigation

The method of inquiry was described in detail in the
stevious paper. 1n bricf, we obtained notifications of
patients admitted with cancer of the lung, stomach, or
farge bowel to each co-operating hospitat, and these
patients were interviewed by almoners, engaged wholly
on our research, who: recorded the answers to a pre-
arranged questionary. ~The patients with carcirioma of
the stomach or large bowel provided one “ control ”
group, but another, and more important, “ control” was
obtained by interviewing patients with diseases other
than cancer. Each of these latter patients was chosen
so as to match a Jung-carcinoma patient—namely, of
the same scx, within the same five-year age- group, and

in the same hospital as nearly as possible at the same. .

time.

In the extension of the inquiry
been used, but with modifications.
made of patients with lung cancer but no longer of those
with cancer of the stomach or large bowel. Secondly,
the interviewers could not visit hospitals outside London

‘henever a suitable patient was adimitied 5 they therefore
* visited the provincial. centres at intervals and’ intervicwed

this same method has
First, notifications were
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thosc patients suspected of baving Jung cancer who were
then in the hospitals. At Bristol, Cambridge, and Leeds
they also interviewed a few who were attending the out-
patient departments,
An important modification was in the choice of the
matched control patients, It was impossible {o obtain at
the provincial ceatres a group confined, as before, to
patients with discases other than cancer. Our previous,
analysis, however, had shown that patients with. cancer’
other than lung carcinoma {mainly patients with carcinoma
of the stomach or large bowel) gave smoking histories indis-
tinguishable from those given by non-cancer patients ; we
therefore widened the matched control group 1o include,
with certain exceptions, other forms of cancer. The excep-
tions which we continued to exclude werc cancer of the lip,
tongue, mouth, pharynx, nose, Jarynx, and ocsophagus, since .
it has at times been suggested that cancer of these sites may
also bear some relationship to tabacco consumption. We
also excluded all other cancers arising inside the chest.
Even then it was still difficult in the provincial centres
to find an adequately *“ matched » control for each lung-
carcinoma patient. The provincial hospitals had ‘been
chosen so that a large number of lung-cancer . patients’,
could be interviewed at each visit. They were therefore
thoracic or radiotherapeutic ccntres serving regions—that is,”
town and country, We could net scek control patients in '
the adjacent general hospitals, since these mainly serve the’
towns they are situated in, and -smoking habits vary between,
town and countryside. On consideration the field of c':,‘_noir_ -
was finally extended to other hospitals ‘or units’in the saiy
area, but only to_ those serving as regiopal centre: hat is.
like - the thoracic or radiothcrapeutic centres. ¢
cases and: their controls should be drawn. from:
wide areas of town and country. We have .also:in
in-the control series some patients interviewed - as
lung cancer but in whom the condition was finally excli
(as at the Brompton and Harefield hospitals in t
of the investigation). It will be shown that .thi
does not influence the results.. .. - ' s
" The classification of each patient was, 28 2
rule, based upon.the -hbspitalrdischgrgé_" ofte]
tained from a study of the hospital records after
patient’s discharge or.death. Where that record “wa
indefinite information was obtained from the prac
tioner or hospital to whose care the patient had beco
transferred.  Occasionally  evidence “contradicting  the
hospital discharge diagnosis ‘became- avaiiablez=fo




already. discharged fromhospital, 213 -

cad, 72 too deaf, 33;:unable to speak .
; while in one case the interview was..

patient’s replies .appéared wholly

- No patient refused to be interviewed. With’

adoned becanse the

ancer group ‘alone the proportion not inter-
as also 15%. We can sce no reason why failure

> intérview all the patients should have biased the re-

ults, since it was mainly due to the time that had to
.elapse ‘between the date of notification and the date of
the almoner’s visit. Such losses were, of course, few in
the ‘provincial centres, since here the almoner was re-
duired to interview only those in the hospital at the time
of her visit.

, remaining 2,710 patients initially presumed to be
sUﬂ”el‘iﬁ'g“from.cancer of the lung, stomach, or large
bowel and-the 1,632 general medical and surgical patients

rviewed as matched controls to the lung-carcinoma
patients form the subjects of this analysis. Table I gives
mbers in each diseas¢ group (final classifications

on the hospital discharge diagnosis, etc,, as de-
cribed above).: The 1,488 cases of carcinoma of the
inciude 23 for which matched controls had not

een: interviewed when the investipation ended. Most
ur results therefore relate to the 1,465 cases paired

ith’ the ‘1,465 matched controls (“ other diseases, A *),

Cdses diagnosed as.carcinoma, or cancer, of the lung or

1s, pleural endothelioma, and alveofar-cell carcinoma

the lung. have been included in the * carcinoma of the
35 p?-- Classification of the diagnoses according to
ccommendation of - the International Symposium on
ndenifology ‘of Cancer of the Lung (Council for the
tional Organizations of Medical Sciences, 1952) gave

f the first order. of reliability (evidence from biopsy -

_nxnlary”tumqur, from ‘operative, bronchoscopic, or
graphic examination. of the primary tumour together
gical ‘examination. of ‘the sputum or biopsy of

Ity tumour,: or from necropsy), 29% of the second

y:(cytological exasmination ‘of the sputum .
onesor:operative; bronchoscopic, ‘or radiographic exami-

outbiopsy);-and .onfy 1% of the third order’ of
ity (case history -and physical examination -alone or

he 70 cases classified .in Table 1 as-*carcinoma of other

sitcs" are .all ‘other cancers arisinginside the chest

sarcoma.’ of . lung and cancer -of the medi-

‘of the trachea) and those other cancers of the

passages, buccal cavity, and oesophagus for

ossible relationship with smoking has at times

oSt ;- The" 36 -cages .of “ carcinoma of “uncer-

mary-site ¥ Jinclude patients with carcinomatosis and

ome:in whom there ‘was doubt whether the lung ‘growth
primary or secondary, - ST

The 1,278 “ other diseases, B” ‘include:"(1) patients with

oma  of ‘the ‘stomach or large bowel interviewed in

viewed in

\ further 531 patients were in
king ki Lo

abits in country are

earlicr part of th. investigation as

: ere.an Ned ' ‘group ; (2) patients initia y intérviewed as havi
e reasons whypatiénts ‘were not ¢ Tt ]

of -the lung, -stomach, -or Jarge .bowel, but -

have other diseases ;-and-(3) others jnterviewed ag m
‘controls -and  not -required when the: patients -with
they. were paired were found not to have carcinoma of ]
. In Table II the matched patients in the lung-

_and control groups are compared for sex and age dig
bution, places of interview, places of residence, and
males, social status. The method of selecting con

TasLe IL.—Comparison Between Lung-carcinoma Patients ¢
Matched Control Patients with Other Diseases

No of
Lung-
carcinoma
Patients

No. of
Controi
Patients

No. of
Lung-
carcinoma
Palients,
M and F

Attribute
for
Com-
patison

Attribute
- for
Com-
parison

M F

Plage of inter-
view :
Greater London
Bristol ..
Cambridge .-
Leeds ..
Newcastle

Age:
%s-
35—
45~
55~
65-74

17 3
116 15
493 33
545 34
186 18

1,357 108

Aill ages. . All places . .

Social class
(Registrar-
General’s
catego[ries) B

1
Ul
1A%
v
All social
clusses ..

Place of resi-
dence:
Greater London
Other county
boroughs ..
Other  urban
districis .
Rural districts
Abroad ..

39
165
750

172
211

53
172

720

198
214

1223

275
1S5
19

i,357 All places 1,465

£,357

patients leads automatically to an exact correspondence?
in sex, age, and places of interview. Differences in social
status show no regular trend and are no greater thangtes
- might be due to chance (x*=5.28, n=4, 0,20 <P <0305}
-On the other hand, the places -of residencé reveal con
_siderable differences : fewer of the lung-carcinoma gr
were ‘tesidents of Greater London (x*=17.22, n
" P<70:01). " The 'meaning of this inequality is considere
Iater (section on place of residence). Since our observa
tions show that the consumption of tobacco tends to be
greatest in London the inequality will, if anything, hav
somewhat reduced the contrasts we find between the
groups in their-smoki ' y
however, we showed that the inequdlity wag unlikely 1

I3

be of importance.

- Assessment .of Smoking Habits . < -
" The difficulties of acquiring and assessing accurately
smoking hiSEOIY and the measures taken to overcome the

were discussed in our previous paper.- It will be“sufficier

P4 E



if they had
ages at ‘which".
;- (c) the-amount “they weére-in':
the onset of the illness which’
‘hospital ;. (d) the ‘main changes in
[ ey had ever been

_ the miaximum th
f the habit of smoking ; (¢) the proportions_smoked in
d... A test

jpes and cigareites . and. (f) whether they ighale

3 R 4 : nale ]

jas made of the . accuracy . of - the "answers by cross-
:xamining 50 patients again, six months or more after their
{rst interview, While there was, a8 expected; some varia-
i/ility of reply, we concluded that the data were reliable
inough "fo indicate general ' trends and to subsiantiate
naterial differences between. groups. . b

{ Fortunately - the difficoles of inquiry: b
Hrough -the level of -taxalion “remaining - almost - constant”
‘hroughout the investigation. National figures show that the tota}’
ome consumption remained fairly steady—namely, 213,7,211.5, .
3138, 221.2 million 1b. in the four ycars ending March 31, 1951
(Board of Trade, 1952).. (The last major change in the standard
fate of duty payable on.tobacco was O April 16, 1947, when
it rose from 35s. 6d. to 54s. 10d. a 1b.; on April 7, 1948, it

l_iccame 58s. 2d.)
7. In the latter stages of

[

gmoking histories were soug

jéarcinoma patients (523 men,

ients were asked (@
¢ lives:; (b the

i repeat herc:that
noked at any pesiod of th
ity had started. and stopped

e habit of smoking before:
hd brought them into
jeir smoking History and

ave been seduced

fo

’

the inquiry somewhat fuller
ht, and the last 557 hng-
34 women) and their

% )
erBLE [Il.—Mas! Recent Amount of Tobacco S

_The results of the inquir
“which' the smoking hal
‘and compared.: The sim

atcly before the onse

patient into hospital.
ing,_since some perso
smoking periodically,

-'are'-fdeﬁned', as'in
never .consistently. smo

according to. the am
stopped smoking, acc
smoking beforc they I
“the most recent amoun

fewer non-smokers and consi

moked Regularly
sched Control Patients with Other Diseasés .

- The Amount Smoked "
y provide a number
bits of the patients can b
plest is the amount s
t of the. iliness: which*
This, however, can be ver
ns—including heavy smoker
and it would be wrong to
ly becatse they weré”in

k«.

tervic

as , non-smakers.” mere
“during 2 period of abstention. In Table HI;
the comparison is made in 2 modified " form nofi-smoker

aur previous stu
ked as ‘much :as 0
he smokers are sub

r as long as one year ;. t
hey were: smoking imme

ount t

before the onset of their illaess or, if they ha
nt:the

ording , to -1he..amou
ast gave up.. This i§
tismoked” .
h men and women .the
derably more of th

des

“Table 111 shows that in bot

Before the Onset of the' Present Illnessk:_ Lupg-car,

.

Patients and Ma

No. Smoking Daily® ~

§ R . Ng. of

P Disease Group Non- | ——

‘/ smakers 1 Cig.— § Cigs.— 15 C_igs.—' . 25 Cigs.~

"MCHI . P ’ )

71,157 tung-carcinoma palients O .. - 7 (0-5%) 49 i3-6% 516 (3807 445.(32:8%3) 299 (22-0%)

: 1,357 coatrol patients with other diseases (100%4) 61 (4:59%0) 91 6~7%] 615 (45:37%) 408 (30'1%) 162 (11:9%) 2

Women: ! AN oo o B

- 108 lung-carcinoma patients (100%) .. .. 40 (37-0%) 14 (£3:0%) 30 (27-8%) 12 (31°1%4) 12 (131%) 0

" 108 control patients with other discases (1007) . - 59 (54-6%0) 8 (167%) | 220040 8 (74%) 1% |0
smoke;s—Mén: ©4==43-99, n=1, P<@-000001. Women: x?= 673, n—=1, P<0-01. B :

99, n=3,; 002<P< 05

ortions of non-smokers and

. Difference between proporlt )
ortions of smokers smoking

i Difference between Prop
¥ Qunces of tobacco have been exp
‘¢onversion factor has been taken as:

difterent amounts—Men:

ressed as l;cing equi
1 0z. of tobacco a2 wee

k=4 cigarettos a day.
_-Most Recent Amount of Tohacco Smoke

“TabLE IV.
Patients and Matched Control Patients with

valent to so many cigaretics.

d Regulurly Before ihe Onset
Other D iseases, Subdivided by

%2 Women: z*=8¢

—:69-74, =4, P<0-000001.

There is.1 oz. of tobacco in 26°5 aormal-size cigagetios, so that A_tl'a

of the Present Hiness : Lung-carcinom
Place and Dute of Interview Do

3

Percentage Smoking Daily*

Percentage
Non-smokers

: 1
l

Place and Date of Interview

-_

Discase Group -

No. "}
Interviewed

5 Cigs.~ 15 Cigs.~ 25 Cigs. +

(o}

Lil

|
t

Greater London, 1948-9 ..
Greater London, 1950-1 ..
Bristob, 1950-1 . ..
Cambridge, 1951 ..
Leeds, 1950-1 ..
Neweastle, 1950-1

;
Larcingma of lung
(men)

OoRHCT W

30-2

Whole investigation

o

se|o| cogn=ze

Greater London, 1948-9 .,
Greatet Londoa, 1950-1 ..
Bristo),,1950-1 .0

eRnn | | S

»Control patients with

" other diseascs {ruen)| Cambridge, 1951 ...
: - Leeds, 19501 vel

“Newcaste, 19501

RYTNNES
b

) peo) w| Reoawy
phdE@Ewm | S| =m0

& Sevae

Whole investigation -

“1-Grealer London, 1948-9:..7 + «..

. ‘Greater London, £950-=] . -
f Jung | Bristol, 1950-1 . .. W
~-| Cambridge,'1951."..
Leeds, 1950-1
Newcastle,; 1950-1 -

T

Catcinoma o
{women)

R

=

~ Whole investigation ..

“[Greater London, 19489 .. o oes
Greater Londan, 1950-1 .. ;

Whole investigation

Control patients with Bristol, 195 .. .
other discases Cambridge, 1951 .. E o
. (women) Leeds, 19501 .. . e
. Newcastle, 1950-1 . -t +15-

puarenthe

- % Sep fpotoote to Table 1, 7§ The peocentages iR

e no reliability...

ses ure based upon vesy small numbers and have




smokers among the ung-

Y; a
this proportion was 0.99.
" These résuits are essentially
in our preliminary repore,
Tesglts for the two periods

- also shows that the conty:
" the men in the two disea
- sistently at the provincia)
tions of non-smokers and of men
cigarettes a da
" 25 or more ¢
the lung-
obtained

centres.
¥y were lower, and the

carcinoma patients,
during the two P

criods of

Il to warrant attenti
King habits of the for
patients did not giffer appreciably fy
matched controls-—in fact, the proport
was slighti in the Jung-carcin

T
sufficient to be statistically significan
vincial cenfres (o

women :

—_—

t,

The. i Smokin
Non- Sioking , Smokipg f Total . ! Durat on Of' O g )
swwokers J 1-14 Cigs. [ 15+ Clgs. | Comparisons of the ages at which the paiients reported
Lung-carcinoma group .. | 16 | -1y 7 f 28 that they began 1o smoke, the number of vears they had |
Conirol group - .. A O . { — ! smoked, and, when appropriate, the number qf Vedrs sinee
- . e t

The presence of only
who had smoked 15 Oor more cigarettes
haps, surprising ; it seems that very
provinces smoke so much. Of
viewed at i

One worman wi

all the

interviewed in Greater Tondon. There

he provinces of any diffe
in the numbers of non
fewer than 15 cigarette
The “ most recent amount smok
“the best representat,
. as here, (o includ

groups
smoking s a day,
ed

ion of a smoking hjst.
e the amount smoked by

TABLE V.—4 verage Amount of Tobaceo

carcinom

S

Discase Group

Men:

| S S ————e
\ : . ! o ! o

1,357 lung-carcinoma patients 99-9%) .. o1 705 53 (4-0%) 489 (36:0%) 1 475 ( 35000 293020620 1 g (2-82¢)

1357 contral patienss Do other distases (100%) |_61as%) | 2955 SWA207) | 431 (31-8%) 134(11:370) | 12109%)

- ———— I A B i) T e ——— DT

Women ! 1 . ) %

108 lung-carcinoma patients (100%) .. cot 40370 f 16 (I4~8j‘/{) 24 (22~7.Z4) 14 (I3-0¥.) 14 (13~0/2) ; 0} {

108 control patients with other diseases (100%) . . . 39(546%) [ 25(23-1%) 18 (16-7%) 6 (56%) # 0 0o0x) ' g 4
" Differonce bstween Troporiions of smokers smoking differci amount--Men: X=9377_n=d, P<0-000001, Women: 2'=1741, n=3, P<0-001.

* Ounces of tobaceo have been expressed as being equivalent to 80 many cigarettes. There is 1 0z. of tobacco in 265 normal-size Cigarettes, so that the
conversion factor has been taken as: | og, of tobacco a week = 4 cigarettes u day.

carcinoma patients than amon
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g the time thcy fast gave up, 1s advantage as a criterion g thaty
control patients.  Amongs 1,357 men with carcinoma of information js edsily obtained and fikely 10 be reasonably accypgi
" the" lung, only 7, or 0.5%, were non-smokers ; there were Iis disadvantage is thay smoking habits vary over , Lifeiagy
6L or 45 %, among the same number of mer, with other Stmetimes cqnsxd@rably, and previous babits, whicly may be i
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sk V1—Age at Starting 10 Smoke, Number of Years Smoked, and Number of Years Since Smoking was Given .Up,
. Lung-carcinoma Patients and Marched Control Patients

T . 1 ' u 1
! i Lung-carcinoma Control Lungscarcinoma Controt Lung-carcinoma Control
" t bf:ag.:(img ! Patieats | Patiens I;]{‘;afsf Patients Patients T{‘;;‘:’Sf $atients |  Patients
2 — A Year Yo e -
1 D Noo 1% | o | % smoking | jo 1 % | No. | % [l CVeeUP Y No | % | Neo } % -
. . ! : _ , N L
Under 20 ; 1.077 798 692 | 765 1- 12 . 15 0- : 1,280 948 1,172 90-4
20- | 251 | 186 \ 264 | 20+ 10- gy 65} 62 - | se | 41 75 | "58
- | 18] g FEAY T 20- 746 | 553 | 725 | 559 10— &\ o 61! g
0+ 1 4S | 7 40+ ss8 | 213 | 4o | 379 20+ s}‘ 23
TWeass | 3,350 | 1000 | 1,296 | 1000_|| Allperiods| 1,350 §100-0 ; 3.296 1100:0 {| Allperinds {7350 | 999 | 1296|1000
#£=195; n=2; 001 <P<002 $=12-66; n=2; P<00I ~30581; n=2; P<0-00I
Under 20 20 | 294 12} 248 (- ML g ‘ 18] 53 0- 58 ‘ 853 41 | 837
- 23 | 338 13 | o 10- sl s7| > 1- o | 132 6 | 122
- . , 20- 2 207 | 408 10- oL 1. 0 .
acn w0+ | assg| 15} 449 a0 6 | 88 61 204 | 1}} bt agt 4t
All ages 68 |100-0 | 49 \ 100-0 1| Al periods 68 l 99-9 49 | 1000 || AB pcriodsl 68 1 100-0 49 ) t00-0

. The Method of Smoking

So far the only distinction we have drawn between
nokers is in the gquantity of tobacco consumed. There
-c. however, qualitative differences which might be impor-
nt-—namely, whether the smoker inhales, smokes a pipe,
ses a cigarette holder, smokes filter-tipped cigarettes, rofls
is own cigarettes, or lights his tobacco with matches or
petrol lighter.

Inhaling—~All the smokers and ex-smokers were asked
thether they inhaled (with the exception of three lung-
arcinoma and two control patients, in whom the question
s inadvertentlv omitted). Of 1,415 Jung-carcinoma
atients (men and women), 64.6% said yes and 35.47% said
o of the 1,343 control paticnts with other diseases, 66.6%
aid ves and 33.4% sajd no. The diffcrences are negligible.
wmilar results werc obtained for men and women con-
idered separatelv.  (Further consideration is paid to
nhaling in the section dealing with sitc of tumout.)

Cigarettes and Pipes.—Some  persons usually smoke
sigarcttes, others usually smoke a pipe. Habits, however,
fo not remain constant, and it has been necessary to divide
nale smokers into three broad categories: (@) those who
wave never smoked a pipe regularly for as long as one
vear ( pure cigarette-smokers )5 (b) those who have smoked
sigarcttes and a pipe; and {¢) those who have never smoked
sigarettes regularly for as fong as one year (** pure pipe-
smokers ™). Among the 1,350 male lung-carcinoma patients
who smoked, 3.9%, were pure pipe-smokers and 7449, were
pure cigarette-smokers : among the 1,296 male control
patients who smoked the corresponding proportions were
6.9%, and 69.4%. The differences, though nat striking, are
statistically highly significant (x* for the three groups, pui¢
pipe, mixed, pure cigarette=13.85; n=2, P<0.001). It
would appear that pipe-smoking is less closely associated
with the devclopment of lung carcinoma than cigaretie-
smoking. Pipe-smokers, however, consume, on the aver-
age, less tobacco than cigarette-smokers, and this must
account for some of the relative deficiency of pipe-smokers
in the lung:carcinoma group. It does not seem that it can
account for the whole difference, since the proportion of
pure pipe-smokers js somewhat lower at each level of
lobacco consumption. The relevant figures are as follows :

Percentage of Pure Pipc-smokers amang

all Smokers at Each Average Daily

Consumption Level (Measured in Terms
of Cigaretles)

+

Lgsf:};‘:‘“l. 3 Cigs.~ |15 cigs.— | 25 cigs.-
4

Male lung-carcinoma patients‘ 9:1%4 724 A h 2:1%
Male contro! natients with | e o !
other diseasss .. BRI V5N 19-3°, 3-89 \ RN 54

On the other hand, studying the pure pipe-smokers alone
we find that 9.4% of those with lung-carcinema smoked
the equivalent of less tham five cigarettes a day and 13.2%
smoked the equivalent of 25 or morce 4 day ; in the cantrol
group the proportions were 15.1% and 4.3%. In other
words, a higher praportion of the pure pipe-smokers with
carcinoma of the lung fall into the higher smoking categories
—as with the cigarette-smokers.

We conclude, as in our earlier report, that the method
of smoking is of importance and that smoking a pipe,
though also related to carcinoma of the lung, appears to
carry a smalier risk than smoking cigarcites (sec also section
on estimated risks),

Cigarette-holders—A possible explanation of this lower
risk of pipe-smoking is that the pipe-stem acts as a partial
filter of a carcinogenic agent. 1f that were so, we might
expect that fewer of the patients with carcinoma of the
Jung had used cigarette-holders. We sought information
on this point in the latter stages of the inquiry—irom the
last 523 pairs of male lung-carcinoma and control patients
to be inmtcrviewed. Judged by the proportions of non-
smokers and pure pipe-smokers in the two groups, these
last paticnts secm to be a representative  sample of the
total. Table VII shows results obtained from them. Few

TanLe VIL.—Use of Cigarette-holders: Male Lung-carcinoma and
Matched Control Patients. ( Injormation Obiained During the
Last Part of the Investigation Only)

i

Cigarctte-smokers.
. Non- S':ﬁ?lf;d Holders Used \ Total
Dicase Groud | amcest Ggare (T goce T Rege smabar
| ettes . i eve I sionally | larly
. i | o A —_—
i l‘"ng'cminomu1 4 | 15 ’ 479 ts 10 504
patients .. . R g I
523 control patients l 26 l 30 413 27 27 |' 467

patients had ever used holders, but the proportion of
cigarette-smokers  who had done so was significantly
smaller in the group with carcinoma of the lupg (5% -
than in the contro} patients
P<20.001). _

This difference might merely be due to an association
between using a holder and light smoking, but the avail-
able evidence suggests nal. Among the 54 cigarette- .
smokers in the control group who had used holders five "
(9%) smoked an average of fewer than 15 cigarettes d
day and six (11%) smoked an average of 25 or more; the -
corresponding figures for the 413 cigarctie-smokers | who
had not used holders were 32 (8%) and 55 (13%)- Further

avidence that an association with light smoking cannot

account for the rclative deficiency of users ol cigaretie-

(12%) ((=1474, n=2, .
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e who roll their cigarettes use pipe tobacco.
View of the presence of arsenic in American tobacco
its -almost complete absence from Oriental “tobacco
nd' Kennaway, 1950) it was clearly of interest to
rmine whether there was any difference in the propor-
‘American and “Turkish * tobacco smokers in the
ung-carcinoma”and control groups, The results of such
0quiry-were inconclusive because nearly all smokers had
ftually smoked « Virginian.” - In fact, only -one smoker
tound-who had never regularly smoked ‘it (a man of

er ‘treatment for an enlarged prostate). Of the 504 -

Ung-carcinoma patients who had smoked cigarettes
8% said that- they had, at some period, regularly
urkish :tobacco ; ‘among the 467 .control patients

i -~ The! difference is statistically

ing the last part of the investigation inquiries were
aderabout, the brands of cigarettes smoked and the
lier-tipped cigarettes, The results (Table VIII) show

al. none.of the four main brands recorded was more
Iy associated with carcinoma of the lung than another,
roportions -are remarkably similar in the two groups
Is.”.On the other 'hand, very few of the men with
cinoma had ever regularly used filter-tipped cigarettes

P

-Brands of 4Ci§c;reftt'e;s_‘ Smoked and Use of Filter-
"Male" Lung-carcinoma *and M. atched
(Information Obtatned . During the Last

gation Only) -

| Lung-carcinoma

arcing Controf
| Patientg

Pmi_ents‘

L2 (18 70 (19:4%)
LA @ 14 (3-95)

' . 107 (29:6%)).
1.3 | 15 a8y
36 (905 | 39 (16659
133 (33-6%)

‘tants_have’ the habit of

-readily. by smoking thay
ible that particles of 1ol

‘ 'érew'in_spired*intd\thé bronchial tree by these latter m

and that these uncombusted particles are carcinogenj
possidility is sugpested by the frequent occurrence of can
of the buccal cavity in Eastern countries where the inhg

: chewing* quids "of tobacco my
with “flavouring agents. .

Questions about chewing tobacco and the use of s
were asked of 1,209 male patients with lung carcinoma gy
of the 1,209 corresponding control patients, The regy)
show (Table IX) that fewer patients with Jung carcinom

TaBLe IX.—Use of Tobacco Jor Chewing and as Snuff: M,
Lurzg-carcin?ma and Matched Control Patients. (Informy
Obt_a_ined During Part of the Investigation Only}

) Tobacco Chewed
Tobacea) donall
Never. Occusionally

Chewed {1 oo than] 10 .
10 Yrs. | Yrs.+

chp]arly

Lessthan| 10
10 Yrs. | Yrs. 4

Digease Group

16 (321%) "

361 (100-0%)

w9000z
D 06

N « 108

‘504

3
50¢

\i} qwn,r'e_tte-_sm‘okers;‘_. o - 504

" Por one or more years.

1,209,  lung-carci-
Noma patients, ,

1,209 control
patients

1,169 1 i7
1,145 17 32

Tobacco|
Never
Taken

‘Tobacco Taken as Snuff
as .
Snuff

1,209 Jung-carci-
noma patients, .

1,209 control
patients o

1,176 8 7
1,166 it S

Significance tests of differences belween lung-carcinoma and contrd)
s - .

patients; R .. :
Chewing: 32=5.79, n:1, 0-01 <P <002,
Snuff-taking: x2=1-36, p= 1, 0-20< P 030,

héd_.-éhev)cd tobacco (40, or 3.3%, against 64, or 3397

and slightly fewer had ever taken shuff (33, or 2.7%, again

'43,"0r;3.6%');:__th'e'.diﬂcrencés are small though statistical

arly (28 to 49) than f

those who had .done ‘so “occasionally (12 to :15), and mo
-marked for :those who had" chiewed. regularly for mo
_sthan 10, years (17 to 32). - The . number. of patients .wh
Were still in the habit of chéwing was*too ‘small ‘for: it
~'bE'possible to-assess the amount they smoked in compar
" :son . with - others.

It may_.be that-there were fewer lun
carcinoma patients who had chewed tobaceo-because me
who chew wil!_-smoke_‘ less.. = " .o - B

“*After the completion of the first pari_ _of,thc_i‘_nves(igation these

_ ?zlgstions were temporarily omitted from the queéstionary, and’

‘male patients with lung carcinoma janterviewed outside London:
and their corresponding control patients were not asked wheth

_they qhewe_d'ﬁp@a‘cgq_ or used snuff, v
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ccording 1o Wyndze'rg"an'd

e . ‘
P hocarcinoma of the lung

L other histological types of iung ca

‘atare of thie Carcinoma in Relation to Sioling -
- “Histological Type - T

Graham {1950}, * adénocarci-

2 of the lung is less closely related to-smoking than’
rcinoma.; Primary

4 is an uncommon. condition,
‘of particular’ interest, in relation ‘to smoking, in that
as invariably been reporled’ as being relatively com-

kner in women than in men.
Blients with a histologically confirmed diagnosis (approxi-
Biely 70% in each sex) have_be_cn‘divide’d"a'ccor_ding to

e, with the following results:

1n the present series, all

¢ -fied | Confirmation ~ N A
reach the main bronchi but not the bronghiol

' fact; relatively more non-smoké

i

(averageé: consumption Jess than five ciga:
the patients with adenocarcinoma in both se
possible that-larger- pumbers -would have supp
and: Graham’s findings. C e

Table X aléo shows that it is not possible ta detect
endc,: in- amount’ smoked, between the cases diagnose:
and those in whom the diagnoses were ‘histoogically:cen
This result suggests that the * clinica)™” diagnoses WeTe. BOnert
accurate—which is not surprising, since they were. based:.dn /fin
ings at thoracotomy or at necropsy . in ‘93 (19.89%),~
observation of the tumour bronchoscopically +in
(20.4%), while in many of the remainder: bronchoscopic:gzamiy
tion suggested the presence of a carcinoma though no tumolr
seen, : D

tumour the lung oAy
bie that aetiological: agents;
afid

" 'The site of origin of 2
interest, since it is possi

Hifferent amounts of tobacco

istological type of growth
yimbers expected {rom
| female patients in W
stologically. There is no

fnce between the amounts

{ifferent histological groups

pf proved cases of adenocarci

TABLE X.—Average Amoun! of Tobacco S
: ' Divided Accordin

are shown separately for each two groups reveals no _ n: i
ompared with the amounts smoked but a slight difference in. the preval

and are ¢

smoked by patients

in either sex. The number
inoma is, however, too small

- 1 : Histological Type

7. Qat-cell 22 | Ne

.‘ . . Adeno- |-Unclassi- : :

¥ Epidermoid or s i Histological
X P Anaplastic| caremoma

51 men - {275 05290 | 303 (33%,) | 33 (%R 1103 (11201 -~ 431

108 women | 18 (2330) 18 (48%0) | 1013%) | 13 (1620) 29
%1n Table X the pumbers of men and women smoking

the, experience of ail male and
hom the diagnosis was confirmed  not allow for differences in age distribution of the pati

statistically significant differ-
in the are small and do not mater

moked Daily Over th
¢ to Histological Type:

In the present series 1,154 (90.49) were consider
arisen centrally and 122 (9.6%) P ripherally- (in-
not possible to decide). ST R iy
Analysis of the smoking- habits-of the. patient i’ th
difierence between. them' in:

of inhaling. (See Table XI. The comparison here:

with central and. peripheral growths,-but~.th_¢,se,,diﬁéranc9s
jally affect the results). I wi

be seen that a slightly higher proportion of the males with
peripheral growths inhaled regularly (62.6%) dompared with

e 10 Years Preceding ‘the Onset of the: Presen
Lung-carcinoma Patients. . A

No. of Average }..moum Smoked Dai'y over 10 Years, .Numher'Smoking:_f )
Hisiotogical Type : : * -
; sl TP Non-smokers Less than 5 Cigs. | 5 Cigs.— ! t5cigs~ | 250+ "
3 A Men S
{Epidermoid carcinoma 475) .. . 1 (24 14 (19-3) 169 ?66'9) 175 {172+4) 116 (114:1)
Oat-cell or anaplastic carcinpoma (303) 2 (1'8) 12(11-2) 110 (106-7) 105 (111°4) 74.(72:0)
‘Adepocarcinama (33) .. . .. 2 (02) 2 {0:9) 7 (11-5) 16 (12-3) 6" -{8-2;
Tvpe unclassified (105) .. 0 (06) 8 (47) 36 (37-0) 38 (38:0) 23 (248
: B ' R
“Histological evidence obtained (916) . 3 (49 36 (34-5) 322 (328-5) 334 (322-4) 219 (225-8)
\,_No histologica! evidence (441) ( 2 (21) 19 (20°5) 167 (160:5) 141 (152+6) 112(105-2) »
] ¢ Fz’or?‘fr; 1 {1-6) s .
tEpidermoid carcinoma (18) .. . 11 (8:6) 1 {19 -3) 1- -
“Oat-cell or anapiastic carcinoma (38) .- 1201-2) 6 ?5'1) 9 (10:0} 7 (79 - ‘: {4:3) -
« Adepocarcinoma (10) .. 5 (38) 2 (1+2) 1 (27 a (14)- 2 (1-0} -
: Type unclassified (13) 1 (5°9) 2 (1'% 5 30 4 (16 (1
i Type unciassifed 07 - -
: D -
¢ Histologica! evidence obtained 9 29 (28-7} 101D 20 (184 12 U409 g (10:1)
- No histo'ogical evidence {29) 11 (11-3) 5 (29 5 {6-6) 2 (3.2), 6 3

4 nave occursed if the patients io the histological group in ar}]uestion had had, at cach age, exact ELL

i ‘male patients wilh h}stologiwl' evidénce

-

isease Orc . _ : — -
.Dlilsa_.s;g rcup FRE PR i i V;'O_c_c_asiona.lly' “Nevar
¢ Male lung-carcinoma patients witb: T B ST Ll L S
1.070 centsat growths 1 - e el g, .. 558(52:4%) " “126.11-87 380 (35-7%4) -
e eripneral growths - .. e |l 72 (62°6%) ol 13 13% 30 (zg-x‘// i
Male control pntxents,-_cprtequndmg [ e ) . S
lung-carcinoma patients with S B Lt et
1,070 central growihs - - 583(57:1%) .
"116 peripheral growt] 63(53:3%) - -
Female lung-capcidgoma pat ants with ! on 24 T

+ The Higures in parentheses
same smoking habits as afl the p

are the numbers. that woul
atients with which the

* of the growth; in part B, afl male patients; inpastC, a

oup is being
| female patien

" Taste XI—Prevalence of Trhaling § Patienis with Carci

com

., Sponding Maic

ts with histological evidence of the growth; in pi

rnoma of ‘the Lung Arising Centrally and. Peripherally. and

paced. - That is, in part A of the table,
art D, alf female paticnts

hed Countrol Patients

L L

‘No. of Siﬁokeré_inhnlih"g: i

84 ceatral growths v

6 peripheral growibs o
Female controlpatients. correspo
to lung-carcinoma patients wi

nding

thev | L0

84 central growths... .~ ..
6 peripherat _y,rowths e .. Q-
Sigaificance lests. Prevalence of inhaling {regular plus occasionat): L : j SRR
gmMale lunﬁs-carcinomn patiiems, ccm‘ral comparcd with eri.})‘hera\ grow(;s: ’ctz;?o%:’ 1= {, 0092<P1<?)g§<1’ o7 y .
’ jent t ot red with corresponding T X 07, n=1,0-02 -{
“Mate patients, patients with central grow hs compa: ¢ P oy controla: L 010 PL0-20.

Malg patients, patients

with peripheral

growths compared with ¢
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e Mj.nf_cul Jotana
e meWIth céntml growths (52,4%)—-;\ statistically signiﬁ; TanLe XM.~Estimaed Annual Deaih Rajes jrqng Lu
. cant difference (0,05 level). Tie batients in each group cap per oo bM? ‘"g’ per 1 20?4 Wo’"e'z Living
also be compared with their own matched controls, Tt js Smotony Daiy iffp,;c?éﬁ;'}o Yeares© Amount
‘then found that the males with centraf growths include —_— ,
) 4 M v M
‘Tather fewer regular inhalers than their controls (524 to Annual Death Rate per 1,000 Persons
57.19), while the group with peripheral growths contain T ———
tather more (62.6 to 53.3 %) The difference js statistically Sex A»""ag;r‘:gg.‘;“;.ls.&%ﬁr?a-“y in
‘Significant o the former casc but not in the latter, where and Age snl:fff‘e'm ——
he observations are too fey to climinate chance ag an L;"sé}"““’ 5 f s s | S0
Pt . 2 Cws. | Cigs.— Cigs.- | Cigs.— : Cigs. :
explanation. With the women the numbers are too smal] v ' fl T —
. N €. :
10 warrant consideration, 250" 000t 1 003 1 013 ! oyy | oy 052
v : 45 044 1 gso | 3% i 167 | 2.9% 74
Estimated Risks 65-74 000 | 238 . 25 88 ' 695 | 19024
] T Women T —‘&_;‘_u_‘-_,—-,.a B
Awmount of Smokiny éﬁ' " " 8‘38‘ g,gg | 8'?5 j o_lg J' _ {
To measure approximately the relative risks associated RN B r So | 93 . ;
. : . 45-74 1 0,35 70 | 030 2.
with different levels of smoking we need 1o know (a) the 070 ' 1 7 Jf

. : . o L A ‘—-L&~~—-—E——‘._ ~——
Number of people smoking different amounts of tobacco * The reasons for the adoption of this measure of smoking habirg 7
‘in ‘each age -group—that is, the numbers “at risk "—-and  explained in the text (soe soctn 21 amount smoked). ’

T Rates based on observaiion of fewer than five cases of carcinomy of

Pased on o the
Tung are given m itulies.

the Dreceding 10 years. The greatest number of qyy Steb- -
discase, to equate the calculated death rates to the risks of jects were aged 45-64, and the rates for this 8roup shoniq

therefore be the most refiable. In the Chart these are shown *
The present investigation can

wot provide estimates of graphically against the amounts smoked, It appears, gn
" these figures for the whole country, ¢ Increases iy °

since the patients the assumptions made, that the death rat
interviewed were drawn mainly from Greater London, and approximatejy simple proportion with the amount smoked.
smoking habits and the lung-cancer death rate both vary Among women the death rate seems 1o rise more slowl |
between countryside and town, aller and considerabiy less reliable,

For example, in 1949 the but the numbers are sm
report of the Registrar-General shows that the recorded 5.0~

" death rates from lung cancer iy men were 597, 521, 398,

and 292 per million jn, respectively, Greater Londonp,
county boroughs outside Greater London, other urban
districts, and rura} districts

For the Greater London area alonc we may, however,
proceed on three assumplions=namcly, (@) that the smoking
habits reported by the contro} patients without carcinoma
of the lung who lived in Greater London at the time of
their interview are, at each apge and ip cach sex, typical of
_ the inhabitants of Greater London generally ; (b) that the
* smoking habits reported by the patients with carcinoma of
* the lung, also living in Greater London at the i

_interview, are typical of the inhabitants who died of the
" disease during the period of the survey ; and (¢) that the
" deaths attributed by the Registrar-General to lung cancer
both in men ang in women provide a reas
of the actal numbers of deaths duc to ca 05
fung. On these assumptions, which are boig but, we think, F
not wholly unreasonable _ i < L L _— 4,
* ¥egion, death rates for each level of tobaceo consumption. © 5 10 20 3 40 %0 60

given by the AVERAGE NUMBER oF CICARETTES SMOKED paiLy
egistrar-General for June 30, 1950, has been taken ag Fslimated agn?al death rates 1304m5 ]girg.cancierﬁ in (ireattlfr %?2,({,22
i ¥ 9 ithi or men and for women age —04, in relation to € avers
- Ihe mumbers of %’ cti)s::cscowll;:\l'rel amount of tobacco §mo}l}ced dailegél (me:ﬁ)ured In terms of cigarcttes)
Lo h ) In the preceding 10 years, :
ocn estimated from the datg for cach sex and for each
. of the age groups 25—44, 45-64, and 65-74,
Thus at ages 45-64 we had 932 male
Grenter London with diseases other than iy

1,000

4ok H——x MEN

Ooe=m) WOMEN

3.0

20

ESTIMATED OEATH RATE PER

Cigarettes or Pipe .
paticnts resident in

§ PREy On the same assumptions, that our data are representa-
T carcinoma; 419 oo of Greater London, it is aiso ossible to estimatc
werel'g on-smokfe-rrg : 9.3 %hhadrsmokcd an avemgtlz over the ;;reced- mortality rates for cach type of smokg—that s, cigarettes
i : wer the ¢ cigarett thei i t . ) . .
day, 42,65 svemney 2 1 s dey, 299% an premsioren) 8 I e pips smaken i, AES Only. AS previously shown,
a day, 12.89 an average of 25-49 a day, and 1.3% an average of the pure pipe-smokers are few and we can therefore calcn-

50 or more a day, The male population of Greater London ar late rates only. for the one broad age proup 45-74, The
ages 45-64 was 937,000, and this population has been given the  results are:
above proportions of non-smokers and smokers of different __
“amounts, (In making these estimates we ignore the hung- [ Estimated Annual Mortafity Rates from Lung Cancer
i ! i , but their proportion per 1,000 Men A ged 45-74. Average Amount Smoked
“+15 t00 small to make any materia) difference.) TIn the same way . Daily for Preceding 10 Years in Torms of Cigarettes»
the numbers of persons of each sex and age dying from long
* ‘cancers in Greater London jn 1950 have be

. [ .
en divided up on the ug”c‘i';':f‘ [ 3 Cigs.— 1 15 Cigs.~ 25 Cigs.-; 50 Cigs. 4
* basis of the smoking habits of the lung-carcinoma patients who —————___ !

were interviewed,

! _J—M_-.....
: T e TR 350 | 737
The death rates thus obtaineq (Table XII) increase. with S""a‘r’gﬁi =0 pins | 0.87 ‘ 167 195 | 335 2:241 N
oth age and amount smoked. They pass from a negligible Pute pipe-smokers  g-os¢ Yo1ss 079t | 208 - 4
figure for male non-smokers aged 25-44 to a level of the — All smokers 104 1oe 205 ’ 342 542 :
order of 1 in 100 Per year among men aged 65-74 who ;
have smoked an average of 25 ciga

rettes or more a day for

* See footnoto 1o Tahle L. tBased on fewor than 5 cases.
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\t each smoking level the estimated death rate of pipe-
skers is less .than that of cigarette-smokers, and the differ-
© increases with heavier smoking. In three of the four
ups the death rate of those smoking cigarettes and pipe
\ntermediate. With the amount of data at our disposal
i the assumptions made in calculating these rates we
uld be reluctant to draw any precise conclusion on the
ative Jevel of the risks. But it certainly appears that the
ks are less in pipe-siokers than in cigarette-smokers,
d perhaps to the greatest extent in the heavier-smoking
‘egories.

Town and Country

here seem to be differences in smoking habits between
wynsmen and countrymen (briefly referred to above), and
+ data may be used to sec whether they can wholly, or
rtially, account for the reported different mortality ratés
ym carcinoma of the lung—though they are insufficient
give more than an approximate answer. The patients
rerviewed in this inquiry lived in different parts of the
antry.  Grouping them according to place of residence,
: can roughly estimate the smoking habits of persons
sing in Greater London, county boroughs, urban districts,

anLe XUT—Smoking Habits of Male Patients Living in Different Parts of the Conniry ;
of Population. (Standardized to age distribution of population of England and Wales, aged 25-74)

sons occupationally exposed to motor furhes or road dust
do not appear mote frequently in the Jung-carcinoma group.
The results will be published in full later.

Social class has already been considered (Table II); it
showed no significant difference between the male patients
with lung carcinoma and their controls. This abservation
is in keeping with the Registrar-General's 1930-2 decennial
supplement on occupational mortality, though in the pre-
sent inquiry the lack of association may be overemphasized -
from the fact that our control patients were usualiy, and’
deliberately, taken from the same hospitals as the patients
with carcinoma of the lung. This designed equality in
some respects may give an overestimated equality in social
class. :

Place of Residence

The Registrar-General’s evidence that cancer of the lung
is more frequent in the large towns than in the smaller-
towns and countryside suggests that a higher proportion
of our lung-carcinoma patients would be expected to have.
been living in Greater London and the county boroughs. o
In fact, as shown in Table II, this was not the case. If, -
however, the patients’ places of residence are analysed

Divided According to Dé}r.\'ir}'_ :

C Percentage Smoking Daily Average of Percentage of : :
area of Pereentage of - No. of Patients-
Residence Non-smokess | Less than 3 18 25 Pure Cigarctte|Cigarette and Pure Interviewed
- 5 Cigs. Cigs.~ Cigs.— Cigs.-| .smokers |Pipe-smokers|Pipe-smokers

reater London 51 8:3 383 33.7 146 742 16-0 4.8 1,393
‘ounty borough 68 66 427 34-0 29 663 22-8 41 240
sther urban district 84 133 37 32:3 89 599 239 7-8 439
.ural district .. 104 137 40-8 276 17 584 215 9-8 327

nd rural districts. There were, however, relatively few
satients living in the country, and a special survey was
herefore made (in February, 1950) of the smoking habits
I 331 other patients, aged 25-74, admitted to hospitals in
ural areas of Dorset and Wiltshire.

To facilitate comparisons the male inhabitants of England
d Wales between the ages of 25 and 74 have been taken
s a standard population, and the smoking habits in this
wpulation have been estimated from the incidence rates
s{ smoking actually observed in the age proups in cach of
he four areas (Table XIiI} It appears that as the place
s residence becomes more highly urbanized the propor-
jon of non-smokers and of pure pipe-smokers decreases
«nd the proportion of heavier smokers and pure cigaretie-
mokers increases. Thus the changes are in the direction
vhich would lead to a higher death rate from carcinoma
»f the fung in the towns. Whether they can account for
he observed differcnces in mortality is difficult to say.
dn the assumption that the estimated death rates of Table
(Il should prevail equally in all areas, it would seem that
he recorded differences in mortality between town and
:ountry are greater than could be attributed wholly to the
lifterences in smoking habits. In other words, the differ-
‘nces in smoking habits shown in Table XIII are not
wifficient to lead to a rural mortality rate which is only
bout half that of the large towns.

: Other Aetiological Factors
The inquirv here reported was designed to throw light
sn any aetiological agent in carcinoma of the lung—for
sxample, on substances which pollute the atmospheré. The
juestions on smoking were merely one facet of the investi-
aation. We now turn to other aspects.

Occupation and Social Class
Occupational histories were taken from all palients,
but these reveal no gross association between any type of
occupation and lung carcinoma which might indicate an
actiological agent of general significance—for example, per-

separately, for those interviewed in Gicater London and .
those interviewed in the provinces, a different picture is
obtained (lable XIV).
Of patients interviewed in Greater London, fewer with -~
lung carcinoma lived there (76%) compared with the con-
wols (87%) ; more lived in each of the other types of area.
Of paticnts interviewed in the provinces, more with lung
carcinoma lived in the county boroughs (45% against 38%3
and fewer lived in rural districis (22% against 28%).
The differences in Greater London can reasonably be
explained an the grounds that patients with cancer living
outside London tend, more than patients with other diseases,
to come to London for treatment. In the provinces, how-
ever, the control patients with other diseases were -inter-
viewed in hospitals which were deliberately chosen because,
like the thoracic units, they also served as regional centres. .
Consequently therc should not be on demographic grounds .
any deficiency among them of patients living in the smaller .
towns or in the countryside. It would be rcasonable to
suspect that any difference between the places of residence

TaBLE X1V.—Place of Residence: Lung-carcinoma and Matched
Conirol Patients, Subdivided by Place of Inierview vl

i

Place of Interview

Greater London l . Provingces .
Place of Residence I L o
ung- | Control uoe- | Contro
carcinoma s carcinoma |- A
Patients Patients | “pacients 1-";"'_{?'
Greater London .. 791" 900 g Sl
Otber county boroughs .. | 31 16 194 ‘165
Othey urban districts 133 T 142 =142
Rural districts 62 42 - 93 -122
Abroad. . . . 18 6 1 U
v T Allplaces . .. | KO3S | 1,035 430 |4

Difference betwecn places of residence: )
Paticnts interviewed in Greater London: 32=40-50, n

o Groate wd, P<O.001
(excluding patients residing

Patienis interviewed in provinces abroad)
%2=625,n=2,0-02<P<0-05.




- of patients in the lung-carcinoma and control groups would
eflect ‘differences in the relative incidence of the conditions
in- thedifferentareas. * The observation in the provinces
smaller.proportion of the lung-carcinoma than of the
trol-patients fived in the country: supports, therefore, the
itention: that lung’ carcinoma’ is_ less common in_rural
in:urban areas, . S o
nice can aiso be obtained by comparing, for patients
living id a given type of area at the time of interview, the
ortion who had:previously. lived . for.any long time in
ie:countryside (see:Table XV).- Among the lung-carcinoma
ts living in Greater London at-the time of interview,
had previously lived for 10 or more vears in a rural
among control patients living in Greater London

Tasie' XV Residence for 10 or More Years in the Country-
ide: . Lung-carcinoma and Maicked Control Patients, Sub-
ivided by Place of Residence at the Time of Interview

Lung-carcinoma Paticnts Control Patients
Residence at Lived for 10 or Lived for 10 or
** Time-of No. } More Yearsin a No. More ¥Years in a
; Interview Inter- Rural District Tater- Rural District
L viewed viewed [—————t—on
s No. % No. 4
Greater London. . 791 34 4-3 900 62 69
QOther county :
+ - boroughs . 225 13 58 181 12 66
. ‘Other vrban dis-
- Ltricts .. .. 275 37 13-5 213 32 150
Ruoral districes .. 155 136 877 i64 149 9%0-9
.. 19 1 — 7 0 —_—
All places 1,465 ] 221 (151) 1,465 258 (17-4)

- the proportion was 6.9%. For each type of area this
proportion is lower among the lung-carcinoma patients.
The differences, though slight, are consistent and in con:
formity with the previous conclusion, They are not, how-
ever, statistically significant {x*=6.45, n=4, 0.10<P<0.20).

. Residence Near a Gasworks
-Gasworkers have been reported as specially liable to
£arcinoma of the lung (Kennaway and Kennaway, 1947
oll, .1952), ‘and it was therefore thought possible that
residence mear a gasworks with inhalation of its fumcs
might conduce to the discase. All the patients were asked
whether they bad ever lived near a gasworks and, if so,
.for how long. The results revealed no difference: 23.0%
(337/1,465) of the lung-carcinoma patients and 21.5% (315/
i465) of the control patients had lived near a gasworks
or a year or more (x*=0.95, n=1, 0.30<<P<0.50). This
i -result agrees with that obtained by McConnell, Gordon,
“Joncs (1952).
a ~ Exposure to Different Forms of Heating
Further information on the possible effects of exposure
to coal-gas was sought by asking the form of heating used
in the houses in which the patients had lived. This ques-
also related to the possibility that exposure to benz-

VYL—Exposure to Different Forms of Heating : Lung-carcinoma and Matched Control Patients.
obtained during part of the investigation only)

“pyrene in the soot of domestic fires might be conduciyi
the development of carcinoma. Analysis was made of
kinds of heating used in the living-rooms of all the how:
in which the patients had resided for three or more ¥
and the numbers of years were calculated that each patis
had ‘been exposed, in.his living-room, to a coal fire, a'p
fire, an electric fire, an anthracite stove, a radiator, or ott
form of heating. The results (Table XVI) reveal very lif
_ difference in the histories given by the two groups *
patients, K

Previous Respiratory Ilnesses

A large number of the control patients had some respii
tory disease, and we clcarly cannot assume that the histe
of previous respiratory illnesses given by these patiet
would be characteristic of other patients generally,
would not, therefore, be proper to compare the [up
carcinoma patients with the general control groups -
patients to determine whether previous respiratory illness
play any part in the aetiology of carcinoma of the lun
We have accordingly compared lung-carcinoma patien
with patients with other forms of cancer (mainly stomag
and large bowel, and excluding those in whom the site .
origin of the growth was in no doubt and also those wi
growths elsewhere in the chest, upper respiratory passage

" and mouth).

‘The general cancer group was not selected to be of the sap
sex and age distribution as the Jung-carcinoma group, and it
therefore necessary to allow for sex and age differences betwe
them. For this purposc we have first calculated for all the canc
patients put tlogether—lung, stomach, large bowe!, etc.—(i
reported incidence of previous respiratory iilness in each sex ar
10-ycar age subgroup. These rates we have then applied to t!
numbers of patients of corresponding sex and age with (a) carc
noma of the lung, and (&) other forms of cancer, to caleulate ho
many cases of previous respiratory illness would have accurre
in each subgroup if both types of patients had had these san
rates of attack. The total number expected for each iliness wi
then readily obtained by summing the numbers in each subgrou,
The numbers, “ expected ” on the basis of equality, can he con
pared with the histories actually recorded. To avoid bias due |
any confusion between an earlier independent respiratory illne:
(in which our interest Jay) and an illness induced by the presenc
of the tumour, we included in the analysis only such illnesses =
had occurred at least five vears before the interview, Occasionall
illnesses occurring more than five years previously may have bee
dug to a slow-growing tumour, but the number is unlikely, w
think, to be important.

Questions were asked ‘about the past oceurrence of pneu
monia, pulmonary tuberculosis, pleural effusion, chroni
bronchitis, asthma, and chronic nasal catarrh. The esult
(Table XVII) show that the lung-carcinoma patients mor
frequently had a history of preceding pneumonia or chroni
bronchitis, while other respiratory illnesses were referres
to with approximately equal frequency by the two eroups
The differences in the incidence of pneumonia and chroni:
bronchitis are statistically significant (particularly the latter)
though the actual proportion of lung-carcinoma patient:
with positive histories is not large (with each disease 177%,

(Informatioi

T ) No. of Patients Exposed for Different Durations .
ipe of Heating in Living- %isease of Time 'I;oPtal 'th): Test ic"g S.‘ligniﬁcancc
£ Patients’ Reside; rou of Patients of Diftereace
oom ‘?'!' tients” Remonse P Never L Y.~ 30 Yrs.- §0 Yrs. + .
Lung carcinoma 9 93 434 &1 1,271 x2=101, n=3, 0-70< P80
.t o Other diseases 11 105 429 726 1,271
| Lung carcinoma 1,261 6 3 1 1,271 Comblning all over 1 yr.:
B Olhegr diseases 1,258 - 12 1 0 1,271 28=0-39, n=1,0-50< P <O T
{_ Lung carcinoma 1,192 59 13 7 1,271 Combining all over 30 yrs.:
. Other diseases 1,169 74 21 7 1,271 XE=325, =2, 0- 10T 02
Lung carcinoma 1,184 62 14 11 t,271 Combiaing all over 30 yr5.:
. { Other diseases 1,172 71 21 7 i,271 x#=:084, n=2,0-50<P < U7
Lung carcinoma 1,191 66 8 6 1,271 Combining all over 30 yrs.: -
‘ { O(h:r diseases 1,169 85 2. 5 1,271 X3=2-89, n=2,_0~20<?<0'3
Luag carcinoma 1,192 55 14 10 1,271 Combining all over 30 yr5.: -
o * { Othef‘r diseases 1,189 59 16 7 1,271 y3=0-17, n=2, 0'90<P<0'95_,-
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l,'BLE XVII.—Frequency of Occurrence of Respiratory Ilinesses in the Past History ; Lung-carcinoma and Other Cancer
: : ' Patients* . :
T T o
i Lung-carcinoma Patients Other Cancer Patients
| History of Ilness 5 or More History of Itlness S of More
R Type o{“ No. of i Years Previously No. of i Years Previously Test of
espiratory Miness 0. of - o.of | Signifie f Difter
Patienls Observed Expected { Patients Observed Expecled gniliennce of Tlterence .

$ No. A No. No. % Nop. )
sihma . .. . 1,465 19 3-3 1975 853 13 i-5 12°5 20033, n=1,0-80< PO
wonic bronchitis .. .. | 1463 254 173 2229 853 94 113 033 | BTien3, omi, T AR
dronic nasal catarth .. 1,465 198 13-$ 1892 853 90 110 98-8 x2=135, n=1, 0-:20<P<0-30
tural effusion .. 1,465 25 1-7 25-7 853 14 - 17 13-3 x2=0057, n=1(,0-80<P <090
jeumonia .. o 1,465 250 17-% 2248 853 83 j0-1 108:2 x2=1003, n=1, P<O-01 .
ymonary tuberculosis 1,465 11 ¢-8 131 853 8 1-3 5-9 =109, n=1, 0-20¢P<0-30

*» Excluding cancer patients notified incorrectly as havlng lung carcinoma (see Table XIX)

‘ABLE XVIIL—Frequency of Occurrence of Previous Pneu monia and Chronic Bronchiiis : leg-carcino.ma and"bther -
: Cancer Patients,* Subdivided by Age and Sex _—

Men ! Women
Lung-carcinoma Patients Other Cancer Patients® | Lung-carcinoma Patients Other Cancer Parients*

History of Tluess & or History of lllness 3 or Histor}-.of' Mness § or Hist f I S or
i Age More Years Previously More Ycars Previously More Years Previousiy M(sugereonrs ”.I':::\s/i(;ug;'
: No. of . Neo. of . No.af - X No. of
i > .. | Chronic 0 .. { Chronic |, ¢ .| Chranic Q- O . “hroni
: Patients | Pocumonia | gp o0 cpivia Paticnts | Pneumnonia | po oie \ Patients | Pneumonia Broncl?itis Patients | Pneumonia B(f;l;ggilfis
No. % No % No. % No. % ¢ No. % No. % No. % | No. ¢
5 7 s 3 7 0 01 3 ) 0
- 116 19} 18 18} 16 46 8} 15 ar v 3} 22 3} 17 2 %} 2| 6} o
- . 49) 83 7 72 5 109 15 14 5 11 10 38 4 11 107 26 81 4 5 5 6
5= . 545 105 19 0?7 20 213 20 9 1 27 13 34 3 9 7 21 10i 5 5 13 13
5-74 186 26 14 30 16 151 18 12 22 13 18 3 17 4 22 112 2 8 14 13
T Total .. 1357 | 236 - 1 230 — | 526 | 61 — ‘ 62 — | 108 14 — | 2¢ = [ 327 1 22 - | 32 —

i <

* See footnote to Table XVI1.

Setailed figures for the previous occurrence of these two
liseeses are given in Table XVII. The lung-carcinoma
watients show a uniformly higher incidence of each disease
n both sexes and in all age groups, though in men maany
»f the differences are quite small. In neither group, how-
wer, does the frequency of .a past history. of preumonia
ncrease with age as would naturally be expected. It is not
mlikely that some older patients forgot their earlier attacks
s{ pneumonia. This being so,” the differences found
setween the lung-carcinoma and the other cancer paticnts
nay merely have arisen becausc patients with a respira-
ory disease recall more completely their previous respira-
ory infections—that is, for the very reason which led us
o exclude other respiratory illnesses from the control
sroup.  This possibility can, however, be tested by com-
»aring the histories given by patienis thought to have
arcinoma of the jung when they were interviewed but
n whom the diagnosis turned out to be erroneous (Table
XIX) with the histories given by the lung-carcinoma patients
ind by the other caricer patients (Table XVIII).

The incorrectly notified paticnts gave, in nearly every sex -
id age group, a history of previous pncumonia and chronic
sronchitis of similar frequency to that given by the paticnts
vith iung carcinoma and of greater frequency than that of
‘he patients with other forms of cancer, For all sex and
1ge groups taken together the proportiops with a positive
aistory were:—pneumonia: incotrectly notified patients
309, lung-carcinoma patients 17%, other. cancer patients
10% ; chronic bronchitis: incorrectly notified patients 219%,
fung-carcinoma patients 17%, other cancer patients 11%.

When age and-sex differences are allowed for (Table XIX)
the incorrectly notificd patients and the lung-carcinoma
patients do not" differ significantly, while the diffcrences
between the incoirectly notified patients and the group of
other cancers are highly significant. It would seem, there-
fore, that the more frequent history of a preceding attack
of pneumonia or of frequent atlacks of chronic bronchitis
in the lung-carcinoma group may well resuft from patients
with respiratory symptoms recalling their previous attacks

ranLe XIX.—Frequency of Qccurvence of Previous Pneumonia
and Chronic Bronchilis: Patients Incorrectly Thought to .
have Lung-carcinoma, Subdivided by Age and Sex

Patients Incorrectly Thought to have Lung Carcinoma
Men I Women
History of Jllness | Tiistory of Iliness
Age S or More Years 5 ot More Years
Previously | i : Previously :
PNO. of ’ b ? No. of,:
atients . ronic | Palients | . .| Chropic
Pneumoma: Bronchitis aneumonm Bronchitis
No. 3 i Ne. % No. % | Na. %
25 17 |5 | 2 TR 5
e I |rpas |3 2 iy | 3f 0
35— L 79 117 14 ti00 13 25 47 16 | 57 20
55-- .. 98 25 26 |25 26 15 3 40 3 »p
65-74 .. 25 312 9 3 5 1 1
Allages | 267 55 — ! 53— 68 |13 — |6 —

Comparison with paticnis proved to have lung carcinoma
Patiems incorrectly thought to have lung carcinoma:

No. giving a history of previous pncumonia .. .. 68 .
No. expected to give such a history .. .. . ... 599
- . X 22=1-64,2a=1,P=0-20 ~ RS
No. giving a history of previous chronic bronchitis .. Lo 0%
No. expected Lo give such a histor; .. 61-99

v .. ..
%2=120, n=1, 0-20< P 030

Comparisonr with other cancer patienis . T
Palien(s'incorreclly thou(ght to have lung carcinoma:

No. giving a hislory of previous pneumonia 68
No. expected to give such u history .. .. 48422 -

2t =1384, n=s1, P<0-001
No. giving & history of previous chronic bronchitis Lr69
No. expected to give such g history .

Yoo s .. . 448 .~
2=2143,n=1,P<0:001 - S

of certain common respiratory illnesses more readily than
other patients (though it is possible that the lung-cancet
and the incorrectly diagnosed groups both bave suffered a
greater frequency of such attacks 'in the past). ~ On“the
present evidence we feel unable- to deduce any aetiological
relationship between lung carcinoma and previous respira-
tory illness. R
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M@x(?:::‘}g
a distribution of smoking habits very simifar 10
‘ ) ~ by the other grovps but very different from thay 0
ctailed data that we have pre- lung-carcinoma patients. i
in our pre]iminary report, and Thesc observations make it un
there is an association between (@) to attribute ¢

-and' carcinoms of the lung.  Other ‘explanations carcinoma patients, sinc

‘figures might, however, be possible, and we care- diseases would bresumably be equally inclined to exapg
considered several alternatives in: our earlier paper—  ate their smoking histories ; (5) to attribute the results
o1y, (&) that our group with carcinoma of the fung was -bias on the part of the interviewers, since Patients v,
presentative of patients with that disease ; (b) that the y ave lung carcinoma but w
tients-in the control group were not truly comparable were finally proved not to w
' ung-carcinoma patients ; (c) that the method of there been bias
election of ‘the control patients had led to the choice of i
-patients who smoked {ess than the average ; (d) that the

Validity of the Resis

| that shoy,
The larger ang’ more d
od | and,

Datients wh,

mokers, since there js 1o impoy

various disease groups, viewers on the basis laid down (that is,
-The main points of the arguments that we put forward diseasc group and the great majority of the *
against these alternative ‘explanations are illustrated jn &rOUD).

Table XX, which, utilizing the various groups of control The further extensive data collected since the
* patients, shows the proportions who smoked different tion of our first report hav
amounts of tobacco, standardized according to the age to the earlier date, and

- distribution of the population of Engiand and Wales, information to throw doubt on the validity of the conelu-
" between the ages of 45 and 74. sion' that thqre is a real association between smoking ang
In this standardization the incidence rate of smoking in a given  C2f€iNOma of the lung. .
age group in a given sample of patients vias applied (o the number Some figures for the smoking habits of the genera] popu--
OL. men-—or women—in that age group in England and Wales lation of Great Britain in 195! have been obtained. for
‘to give the numbers of smokers in the general population. The other purposes, by the Social Survey of the Central Office

summation of the figures thus derived from each separate sex/age of Information, and it is of intercst to see how these com-
£roup gave the total distribution in the standard population of

. . : ! ) are with the habits recorded by our hospital paticnts The
smokers of different amounts—whick were then converted jnloa P . N ; '

' percentage distribution as shown in Table XX. The iwo age SUIVCY of the gcneral'p opu.latmn was made n M.ay, 1951, .

groups under 45 years were omitted from the calculations hecause  And was based upon Interviews made by trained inv

estiga- -
there were few such patients in some disease groups, and (hese tors with a fepresentative random sample of the Civilian
uareliable figures would have been given undue w

eight in the population of Great Britain aged 21 vears and over, The
. Pprocess of standardization, names of persons to he interviewed were selected at randon .
Table XX shows (a) that the lung-carcinoma group con- Ifrom local records in a representative sample of about 100
tains a smailer proportion of non-smokers and light smokers Urban and rural local authority areas of different Lypes.;
and a higher proportion of heavy smokers than any of the throughout Great Britain, . The sample thus adequateiy -
“other disease groups, and (b) that the proportions in the Tepresented the‘ populanqn i respect of sex, age, and all
*group of patients incorrectly thought to have carcinoma of Other relevant factors. The questions about smoking werc
" the lung and in the groups with other respiratory diseases, Part of an extensive investigation concerned mainly with
“With cancer in other sites, and with other diseases, are Other subjects ; they were, however, drawn up In such a
similar. We would, as before, lay special stress upon the WaY 45 to permit the replies to be compared with those
group of patients beljeved by the interviewers 1o have ©Of our ‘nquiry. . L )
carcinoma of the lung at the time of interview, but who To avoid difficulties of geographical variations in smoking
proved finaily not to have that disease. This group revcals  babits we have limited the comparison to patients and indi.
. viduals in the Sociaj Survey sample who were resident in

, . . o . Greater London—from which the greater part of our datg
" TabLE XX.—The Smoking Habits of Patients in Different Disease came. To eliminate differences due to variation in smoking .
Groups, Standardized According to the Age Distribution of ;

the respiratop
‘other diseases

pub!icé;i
¢ proved {o be essentially similar
we have obtained po subsequent

habits with age we have taken the age distribution of the -
.”"; Yopulation of England and Wales Aged 457 4. at June 30, Social Surveyiample as a standard dr‘ncil; adjusted the patients
. e e — .. to that age distribution before calculating the percentage
i i . . distribution of the different grades of smokers (by, as usm),
' Percentage Smoking Daily No. of . ing the inci ki N I X
Percent- Average of Patients appl)mg the incidence rates. of smoking in tle. patents at .7
Disease Group | 45¢ of .nter- each given age to the Social Survey population of that
P Nea- Less 1s viewed N y
smokers| thag Ci5 el cizg 4] Aged age and summing for the age groups), Persons of 75 and
_ ! SCigs BT T Ot T4 over were excluded. Table XXI shows that the percentages .
Mexn ' of non-smokers and light smokers among women agree
.Larcinoma of lung i 1 o3 46 | 359 | 350 | 243 | 1,224 closely, but it appears on the whole that somewhat heavier
’Pa,lﬂco'}:;m to";f,fvléecc;," ' smoking habits have been recorded amongst the patients
cinomaofling .. | 5.3 %9 | 355 | 378 | 114 | 202 than in the sample of the eneral public,
~Other respiratory dis- ‘thp 8 p
“cases . ..o .| 19 93 383 32-‘7) }53 3% Differences in the dates of the interviews (April, 1549,
-, Other cancers e 46 2 472 26- . : , :
* Other soncers 5.6 90 | 448 | 3¢ 157 | g9% to February, 1952, in the one case, May, 1951, in t}.lel othc.r?
are unlikely to have jnfluenced the resuits appreciably, as
Women the national consumption of tobacco varied verv little over
s Carei flung .. 406 | 137 [ 220 | o5 | 14 90 : - i
C%t:i?:ﬁ;al ?n;o?l?egclly i : that period. It rng,y be argued lIhat the g:ﬁerences mdwa:e
Jougat to have car- an association between smol ing and many separate
| .. 66- . . 4. a0 45 " :
.oéfgﬁﬁl;ﬁiat';g dls- | 69 (164 1 127 2 disvases ; they may, on the other hand, result from the
ot tancers 93 224 ]?jg ';j(‘) b .33 different methods of Interviewing and from the different
Other diseases Sl osso [l | 13| 32 09 | 157 groups of interviewers emploved, The comparison cer-

tainly provides no evidence that the association we have
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LE XXI.—Comparison Between Smoking Habits of Patients diagnosed and histologically proved. These 5 men and 29 .
Without Carcinoma of the Lung, Interviewed in the Investi-  women said that they had never smeked at all or had

Interviewed by the Social
Greater London Only

cation, and of the General Public,
Survey Fnvestigalors; Residents in

Percent-| Most Regent Amount‘Smoked 1'
age Percentage Smoking: No
Subjects of - 1 inter-
Non- 1 S 15 25 | viewed
smokers| Cig.— | Cigs.—| Cigs— l Cigs.~
Men . |
ients with diseases
wher than lung car- !
inoma .. .. 7-0 4.2 | 433 321 13-4 | 1,390*
nple of general pub-
ic (Social Survey).. | 1270 | 7.0 § 442 | 281 85 199
RN S _
Women !
dents with diseases
sher than lung car- | .
rinoma .. Lf 547 130 § 216 82 25 456
mple of general pub-
ic (Social Survey) .. ] 529 I 169 243 47 12 | 255

* This number is three less than that shown in Table XIIY, hecause the
lu.’:;ls interviewed in the special investigation Jn rural hospitals are not
tuded )

sserved between smoking and carcinoma of the lung can
> attributed to a selective choice, for comparison with the
g-carcinoma patients, of other patients who tended to
e light smokers.

Discussion

In discussing the data of our preliminary report we con-
laded that there is a rcal association betwcen carcinoina
f the lung and smoking, but pointed out that this is not
«eccssarily to say that smoking causes carcinoma of the
ung. * The association would occur if carcinoma of the
ung caused people to smoke or if both atiributes were
.nd-effects of a common cause. The habit of smoking was,
jowever, invariably formed before the onset of the disease
as revealed by the production of symptoms), so that the
jisease cannot be held to have caused the habit; nor can
xe ourselves envisage any common cause likely to lead
soth to the development of the habit and to the develop-
nent of the discase 20 to 50 years later. We therefore
sonclude that smoking is a factor, and an important factor,
in the production of carcinoma of the jung.”

Investigations in Germany (Miiller, 1939 : Schairer and
Schoniger, 1943) and in the U.S.A. (Schrek, Baker, Rallard,
and Dolgoff, 1950; Wynder and Graham, 1950; Levin,
Goldstein, and Gerbardt, 1950 : Mills and Porter, 1550)

have led to very similar conclusions. In Britain,
McConneli, Gordon. and Jones (1952) found no difference
netween the praportions of * non-smokers ”’ in 100 lung-

carcinoma paticnts and in 200 control patients (collected
at a later date). On the other hand, they showed a con-
siderable difference among cigarette-smokers between the
proportions smoking the larger quantities: 44.1% of the
lung-carcinoma. group had smoked more than 20 cigarettes
a day against 23.2% of the controls. .

The present analysis of nearly 1,500 cascs, or more than
double the number dealt with in our preliminary rteport,
supports the conclusion then reached and has revealed no
alternative explanation—for example, in the use of petrol
lighters.

1t has been suggested that subjects with a particular
physical constitution may be prone to develop (@) the
habit of smoking and (b) carcinoma of the lung, and that
the association might therefore be indirect rather than
causal (Parnell, 1951). We know of no evidence of such
a physical constitution characteristic of patients with Jung
carcinoma. 1f it does exist we shouid stifl have to find
some environmental factor Lo account for the increased
incidence of the disease in recent years.

To say that smoking is 2 factor’ in the production of
carcinoma of the lung is not, of course, to say that it contri-
butes to the development of all cases of the disease. All
observers agree that the disease occiafs in non-smokers, and
in the present scries there swere 34 such cases confidently

n

smoked so litlle as never to have consumed as much as
onc cigarette 2 day for as long as one year. Such patients
in the ordinary course of their lives must have inspired air
containing tobacco smoke, and it is not possible to say
whether the discase would oceur in its complete absence.
The reasonablc presumption is that it would, Experience
of cancer in other sites (for e¢xample, cancer of the skin) =
indicates that it is unlikely for one environmental agent
to be the effective cause in all cases.

Whether smoking is the sole causc of the increase in the
disease in recent years is another matter. ‘There is no evi- .
dence to show whether therc has been an increased inci- |
dence among non-smokers. It is certain, we think, that
some, if not much, of the increase is spurious’ and merely
the result of improved diagnosis. Rigdon and Kirchoff
(1952) have pointed out that in the U.S.A, ihe 'death rate
attributed to lung cancer in the differcnt States is positively
correlated with the pumber of physicians.per 1,000 inhabi-
tants, and it can be shown, from their figures, that this is
truc independently of the correlation with cigareite con-
sumption-—which is alse reiated to the number of pbysicians
per 1,000 inhabitants, The extent to which the increasc 1s
real does not, however, affect the present evidence from
which the association between smoking and lung carci-
noma is deduced, 1t would be material if it were proved
that there had, in fact, been no truc increase of the discase
following a great increase in the consumption of tobacco ;
but that, in our opinjon, is as far from having been proved
as that the recorded increase is all real. The position, then,
as we see it, is (@) that an association has been demon-
strated—here and elsewhere—between tobacco-smoking and"
carcinoma of the Jung; (#) that, independently of this avi-
dence, there has been a recorded increase over the years in
the numnber of deaths attributed to the discase and an
incrcase has also occurred in the consumption of tobacco,
and particuiarly of cigarcttes 5 (¢) that the merease in the
aumber of deaths recorded is relatively greater than the
increase in the consumption of tobacco, but the actual rela-
tion between the real increasc in the number of deaths and
{he increase in the consumption of tobacce is entirely a
matter of conjecture.

Neediess to say, environmental factors other than tobacco
may be responsible for part of the presumed increase. The
part played, by any such [factors cannot, however, be
deduced merely from a contemporaneous increase in their
incidence and in the death rate from lung cancer—that s,
on the basis of a correlation in time: a direct association
between the disease and exposure to them must be demon-
strated. In the present investigation some additional, but
not very strong, cvidence was obtained that lung carcinoma
is commoner in urban than in rural areas, but otherwise
we found no major or clear association apart from that
with the consumption of tobacco. .

We should perhaps point out that we made no inguiries: .
which would throw light upon 2 relationship between the.
development of lung carcinoma and an attack of influenza -
during the pandemic of 1918-19—a relationship from time
1o time suggested in the literature (sec Lancet, 1951, 2, 737y
it would be difficult to gather sufficiently accurate informa-”
tion on such a discase after the passage of sO many years.
We may note (a) that no appreciable increase in lung cancer -
has occurred in Tecland (Dungal, 1950), though the influenza,
pandemic was scvere there, and (b) that, in Britain, influenza
in 191819 affected both scxes almost equally (as judged by’
mortality), while deaths from lupng cancer occur predormni- -
nantly in men, R

Lung Cancer_

Infiuenza o
Year _(_Deuzh_R ate per Million) Year (Death Rate pet’ Miltion)
M F { M F .
1948 3,360 2,967 1948 422 . .
1919 1,350 1,108 1949 453
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“meth i ‘ to There is'also an appreciable  difference in ‘smoking -
our results, carry equai’risks. As in our grevious repoft, between men living in town and country, which gh
ing a_pipe appears to be jess closely ‘associated with leagd to a higher death rate in the towns, but not
disease than smoking cigareftes. In the present observa- extent that is actually observed.
ns we have ‘found that, contrasted with other patients,
ther” fewer of ‘the patients with carcinoma .of ‘the lung
“used-"a - cigarette-holder or smoked filter-tipped
These; observations are of interest, though it
passible 10 draw any - firm conclusions from them
80 few people ‘have limited themselves ‘throughout .
lives to one method .of smoking. - It ‘must also be
ethembered that any smoking technique which is differenti-
.associated ‘with a ‘téndency to light smoking will neces-
Y, accarding to our figures, appear to be less closely
lated to lung carcinoma. Nevertheless, it seeris possible,
\theselre'shlts,'that_ pipes, cigarette-holders, and filter

Tt may be that other factors also operate to prods
these different death rates in men and in women, in to}
and in the countryside. On the other hand, the relagj
ship between smoking and lung carcinoma is quite HE
t0 be more complex than that depicted in Table XiL. ¥
example, -common observation would suggest that sg;
women—especially the light smokers among them—tg
to hold their cigarettes in thejr mouths less continuoi
than men and not to smoke them to the end. An eq
number of cigarettes a day may not therefore be the sar
thing, from the point of view of cancer risk, when smok.
by men and by women. Again, differences in consumptj
'ay, 1o some unknown extent, each partly separate ¢ cigareties in town and country may have been mare pr
1.active agent before it reaches the respiratory tract. nounced 10 or 20 years ago than they are to-day. We hy
n .the other hand, the observation that patients who - no information to guide us. .
tognize that they inhale are found no more frequently in Stacks (1952) has, however,
-lung-carcinoma group than in the control group appears
somewhat paradoxical. We pointed out, however, in our
iminary report that unti] the size of the particles carry-
ng: theé carcinogen s determined nothing can be stated
;about the effcct which differences in depth of respiration
ay -have on the extent and site of deposition of the  fhe excess mortality in towns.
carcinogen. . From the present cxtended observations it Comparisons between the recorded death rates at differen
-seems that patients with growths of central origm inhale epochs and in different countries present many difficuities ;,
ess frequently than normal (though the difference 1§ YeIY  interpretation. Varying standards of diagnosis of the caug

all), while patients with pcnphera.l growths may inhale of death, differences in methods of preparation and con
Tather more frequently. Such a finding could be expected sumption of tobacco, changes in consumption over the [ag
if smoke when not * inhaled ™ were to penctrate mainly to ¢, years, may ail introduce gross errors.  Nevertheless
" 'the large bronchi while inhaling spread the deposition of some correlation between national figures for cigarette cop.

smoke patticles more evenly throughout the bronchial tree, sumption and the death rate from lung cancer would be
" ‘From the evidence collected about each patient's smoking expected, though in view of the uncertainties of the data
habits it has been possible o0 compute some estimates of

abits : { stimy the correlation is unlikely to be high. Studying the ing;-
the ‘risks of dying from carcinoma of the lung in different  dence of lung cancer in some Europcan countries, Daff,
Age groups at different levels of tobacco consumption.  Doll, and Kennaway (1951) conclude: “The consumption

These estimates, we would emphasize, are speculative and of tobacco per head has been for the last 10 years rather
dependent on the validity of three assumptions: namely, higher in Switzerland than in the United Kingdom, and
first, that the smoking habits of the lung-carcinoma patients in Norway has been abouyt one-half that in the other two
Cnterviewed in this inquiry and resident in Greater London countries, while the crude death rates at the beginning and
-afe representative of the habits of all persons dving of the end of the period were roughly in the proportion of 10
lisease in Greater ‘London in 1950 ; sccondly, that the {England and Wales) to % {Switzerland) and 2 (Norway),
- smoking . habits of the patients. with other diseases inter-  Cigarette consumption was approximately in the propor-
ed in ‘this inquiry and residents of Greater London  tion of 4 (England and Wales) to 2 (Switzerland) and |
I¢ representative of the habits of the general population  (Norway), and was more in accord with the relative death
f.G 1950 ; and, thirdly, that the actual rates. The increase in the number of deaths has been about -
‘fumbers of deaths from carcinoma of the lung in cach  the same (twofold) in all three countries, but the increase
m Greater London were close to the numbers recorded in consumption of tobacco and cigarettes has been less,
the Registrar-General. The only one of these 2%Umb-  The differences in the incidence of cancer of the lung arc
ons upon -which we have a check is the second, Observa-  therefore quite differcnt in extent from those in the quantiry -
15-0on smoking habits made by the Social Survey upon of tobacco consumed; they are more like (though stij] -
ross-scetion of inhabitants of Greater London do not gifferent from) those in the quantity of cigarettes consumed.
-radically from the _observations based Upon our  The study of the relation between the national consump-
S, though they reveal rather fewer heavy smokers tion of tobacco and the national incidence of cancer of the
¢ have found, Keeping these assumptions in mind, lung has scarcely begun.”

mates indicate that the risk of dying of lung carci- No responsible agent in tobacco smoke has been detecied,
tnoreases with age, as is of course known, and in The suggestion’ that arsenic, introduced by insecticides

approximately -simple grithmelical proportion with the sprayed- on the growing crop, might be a factor would
‘ : seem to be discountenanced by the absence of arsenic -

Atest of the truth of this conclusion is to see whether  from Turkish tobacco and the high proportion of lung
ords with the observed incidences of lung carcinoma carcinoma found at necropsy in Istanbul (Daff, Doli, and

f “tobacco consumption in different sections of the Kcanaway, 1951; Saglam,. 1944), Benzpyrene has not
munity and in different parts of the world. In this been ‘detected in cigarette smoke (Waller, 1952). Long-
1y ‘there i$ 4 prondunced difference in the smoking continued expasure of mice to atmospheres containing
ts.of men and womet ; it appears inadequate to account tobacco smoke has failed to produce lung cancer {Camp-
or; the whole excess of cases which occur in men, as is bell, 1936 ; Lorenz, Stewart, Daniel, and Nelson, 1943), but
hown. by the different death rates estimated for each sex it ‘may be of significance, in view of our findings, that the
h level of tobacco consumption (Table XI1 and the smoke was brought to the mice through long tubes. In
1gare, based upon it}. On the other hand, the sex ratio contrast, tumours of the skin of mice can be produced by
elatively few cases observed in non-smokers is not  the application of tars obtained from tobacco burnt at
ompatible with 2 similar incidence in men and women  temperatures which occur in normal smoking (Lamb and
the absence of smoking—it could not be identical because Sanders, 1932; Flory, 1941). Goulden, Kennaway, and
nisks ‘associated with certain industridl occupations. Urquhart (1952) have pointed out that carcinogenic agents

shown a distinct refaqjc
between the size of a town-—assessed by the number ¢
occupied dwellings—and the mortality from lung cance
It would seem likely that soime agent other than tobace
(present perhaps in domestic chimney smoke or in th
exhaust fumes of cars) is at least partly responsible fq
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i tobacco smoke and in. towi: dust ‘might. supplement one-
nother, and have summarized the available data about the
Fiditive effects of two: carcinogens, “ An agent .in .tobacco
Winoke might be by itself only weakly, if at all, carcinogenic,
fut might act as a co-carcinogen in the presence of, for
E}_lample, the benzpyrene in urban atmospheres.

o

Summary

f In an investigation designed to throw light on the
Betiology of carcinoma of the lung neasly 5,000 hospital
fatients have been interviewed by four specially appoin-
#ed almoners. The interviews took place in the years
2!‘_!:948 to 1952 in hospitals in London, Bristol, Cambridge,
Leeds, Newecastle-upon-Tyne, and (for a limited purpose)
in the rural areas of Dorset and Wiltshire. The questions
fisked covered a very wide range, including the occupa-
‘fional histories of the patients, where they had lived and
the forms of domestic heating in their homes, their pre-
vious attacks of respiratory illnesses, their habits with
‘tegard to smoking, and, for other purposes, some parti-
culars of their dietary habits and use of purgatives.

Z; Preliminary figures on tobacco-smoking were pub-
Yished in a previous paper (Doll and Hill, 1950). The
ipresent paper gives corresponding data for the whole
‘of the material collected as well as the analysis of other
questions included in the inquiry. The main ‘compari-
sons are between 1,465 patienis with carcinoma of the
fang and an equal number of “matched control”
‘patients with other diseases, cach of these being carefully
chosen so as to be of the same age, the same sex, and,
so far as possible, in the same hospital at the same time
as a lung-carcinoma patient.

There is no appreciable difference between the two
groups in the number of persons belonging to the
Registrar-General's five social classes, and no associa-
tion has been found between any type of occupation
and lung carcinoma which would suggest the presence
of an aetiological agent likely to be of general
significance.

With regard to the possible effects of fumes in the
atmosphere, both within and without the home, there is
no significant difference between the groups. Of the
lung-carcinoma patients 23.0%, and of the control
patients 21.5%, had lived near a gasworks for a year
or more. Their use of coal, gas, or‘electric fires or other
forms of heating in the living-rooms of their homes did
not differ appreciably.

e ca

aune:

s

In conformity with the national death rates rather -

fewer of the lung-carcinoma patients lived, or had lived,
in the countryside and more, correspondingly, in the
fowns.

The lung-carcinoma group in comparison with patients
‘with other forms of cancer more often gave a history of
a previous attack of pneumonia and of chronic bronch-
itis. Detailed analysis of the data suggests, however,
that this difference may be due merely to the lung-
carcinoma patients, with their respiratory symptoms,

recalling more readily than other persons their previous

attacks of respiratory illness,  The data are not accurate
enough for an aetiological relationship to be postulated.

Of the 1,357 men with carcinoma of the lung 7, or
0.5%, were non-smokers (as defined in the text) : of the
108 women there were 40, or 37.0%. The corresponding
figures for their pajred controls were 61 men (4.59%) and
59 women (54.6%). Of the men with lung carcinoma
25.0% reported that they had been smoking, before the
onset of their illness, an average of 25 or more cigarettes

-a day (or the equivalent in pii)e' tobacéo).i_,--Tﬁé,‘ cofre-

sponding figure for the male control patients was only
13.49%. For women- these proportions were 11.1.% for
the carcinoma group and 0.9% for the controls. .

For men these differences are present consistently in
each of the five areas of inquiry. For women they are.
present in London but not in the 28 patients observed
in the provincial towns, where only one woman:wi
the heavier $moking habits was found. - i

Estimated death rates for Greater London {on assum
tiops stated in the text) indicate that the mortality from
carcinoma of the lung may increase in approximately,
simple proportion with the amount smoked. . Amongst -
men of ages 45-64 the death rate in non-smokers i
negligible, while' in the heavier-smoking categoriés it is
estimated to reach 3 to 5§ deaths per annum per‘l 000,
living. . ., - ' N e

Regular users of petroi lighters were found with equa
frequency’ in patients with lung carcinoma and in the.
control patients with other diseases (42.9% and 41.3%) ;.
the proportions who said they inhaled were simifar.
(64.6% und 66.6%); and so were the proportions. of -
cigarette-smokers who had smoked mainly hand-rofled -
cigarettes (20.7% and 19.1%). On the dther hand, rather
fewer of the cigarette-smoking patients with lung carci-
noma had ever used a cigarette-holder regularly (5%
apainst 129 of the controls), and only 3 out of 504 had -
smoked filter-tipped cigarettes, compared with 15 out of -
467 controls. The observations in these respects are too
few for a definite conclusion, but conceivably they may -
have a bearing on the appreciably lower risks reported-
here for pipe-smokers compared with cigarette-smokers.”
Each of these methods of smoking might partly separate
out an active agent before it reached the respiratory
iract. '

“The validity of these various results is studied, and it -
is concluded that the association between smoking and
carcinoma of the lung is real. It is not argued that: ..
tobacco smoke contributes to the development of ali
cases of the disease—a most unlikely event. It is not
argued that it is the sole causc of the increased death
rate of recent years nor that it can wholly explain the
different mortality rates between town and country. . :
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The centenar

o y of the birth of Antoine He
the French phy

. sicist, falls on December 15,

. and grandfather before him, he accupied the ¢
at theé Mus&e d'Histoire Naturelle, Paris. to
appointed in 1892, Three vears later h
of physics at the Ecole Polytechnique,
-the discovery that uranium ores at ordi
emit an invisible radiation similar in s
x-rays, and capable of fogging a pholographic plate after
passing through metal plates. Pierre and Marie Curie
- investigated this radiation and showed it to be an atomic
phenomenon. They named it radioactivity. The discovery
of radium by the Curies followed in 1898, and they shared
“-the Nobel Prize for Physics with Becquerel in 1903.
Becquerel also made important contributions to the know-
tedge of magnetism, polarization of light, phosphorescence,
.- and absorption of light in crystals.  He died at Croisic,

Brittany, on August 25, 1908,

nri Becquerel.
Like his father
hair of physics
which he was
e became professor
In 1896 he made
nary temperatures
everal respects to
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anoxia, and hypoglycaemija.

PSYCHIATRIC DISORDE
LIFE*
BY

R. s, ALLISON, M.D., F.R.CP, D.p.v,
Physician in Charge of Newrological De

‘ partment, R,
Victoria Hospital, Belfast oal

RS N LATER*_

“ Grow old along with me !
The best is yet to be, .
The last of life, for which the first was made -

As Robert Browning's w
psychogenic factors caus;
cal reactions play less pa

ords imply, it is Probable 1y
ng simple anxiety apg hyste
1 It in later life than they do 3
earlier ages. But, as Sir Humphry Rolleston remarke
quoting another authority: “ Whatever may he saiq
favour of it, old age is a losing game.” There i5¢
high incidence of cerebral vascular disease, ang intry-:
cranial tumours occur with some [requency. Affective
disturbances are common. But | should like 10 refe
chiefly to the two principal organic syndromes seep ;
later life: the syndrome of acute clouding of conscious.
ness, delirium, or confusion, and thar of presenije
dementia. There is particularly the refation of the's
former (o hiochemical and toxic factors and of 1he latier
to intracranial disease, ’

1. Biochemical and Toxic Causes of Psychiairjc
Symptoms in Later Life

Gureat us are the differences by

growth and decline, both the v

show an undue menial in

in their body chemistry,

exhibits at the most onl

etween the age periods of
ery young and the very olg
stability in response 1o disturbancey
Thus, an elderly person who
y slight mental signs of ageing, myy,
through the fortuitous ‘introduction of a biochemica! oy
toxic factor, develop acute mental symptoms indicative of .
clouding of consciousness.  In increasing order of severity
these are: (1) Simple impairment of attention. registration,
and recall, often associated with a facile or euphoric affeet
and push of talk. (2) Perseveration showing itself in the
spontaneous behaviour, in the speech, and in the_ response
to simple requests. (3) Disorientation in time. place, ang
for persons, usually at some stage with confabulution. Iy
many instances, coficrete orientation may be correct or the
time sense only lost, but further testing wilt vevey) evidenge
of abstract disorientation. (4) In more severe cases there
are grossly defective grasp and delirium with noisy and
irrational behaviour. :

Recognized causes of such (usually reversible) effects
toxaemia from fever or urinary infection ; the incautious
of bromides, morphine, barbiturates, or other drugs ; and
vitamin deficiency. OQther causes which, although known,
are less generally appreciated include dehydeation, alkalosis,

are
use

. Dehydration

If a sufficient fluid intake is not secured dehydration wi)
arise in any feverish condition or after a surgical operation
(such as prostatectomy) requiring general anaesthesia. The
statement that the patient has “ passed urine ® has little
weight in this respect unless it is known that the output is
adequale and the specific guavity satisfactory. The after-
care of old people undergoing operation for catavact also
deserves note. Hallucinations and disorientation or acute
delitium may occur as the result of a combination of un-
favourable circumstances such as recumbency, bandaging

*Read in opening a discussion in the
the Joint Annual Meeting of the British
Trish Medical Association, Dublin, 1952
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