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In England and Wales the phenomenal increase ini the
oumber of deaths attributed! to: cancer of the. lung pro-
vides one of the: most: striking: changes in the pattern of
mortality recorded by the Registrar-General. For example,
in the quarter of a. century between 1922 and 1947 the
annual number of deaths recorded increased from. 612 to
-+ 9,287, or roughly. fificenfold. This remarkable increase: is,
"1 "of course, out: of all proportion to the increase of popula-
" tior.—both in total and, particularly, in its older age groups:

" Stocks (1947); using standardized death rates to: aliow for
 these population changes, shows the following trend:: rate

. +- . per 100000 in 1901-20; males. 1.1, females 0.7 ; rate per.
¥ - " 100,000 in 1936-9, males 10,6, females 2.5. The rise seems
. to-have been particularly. rhpid since the end of the first’
world war ; between 1921-30 and 19404 the deathi rate of
>+ men at ages 45 and over increased sixfold and of women of
iit. - the:same ages approxrimately threefold. This increase is still
continuing. It has:occurred, too, in Switzerland, Denmark,
the US.A,, Canada, and Australia, and has: been reportedi

from Turkey aod Japen.

Many writers: have studied' these changes, considering
_whether they denote a real increase in the incidence of the.
disease or are due merely to improved standards of diag-
nosis. Some belicve that the latter factor can be regarded
“ 8 wholly, or at least mainly, responsible—for. example.

- Willis: (1948),. Clemmesen and Busk (1947), and Steiner
_(1944). On the other hand, Kennaway and Kennaway
(1947) and Stocks (1947) have given good. reasons for
belicving that the rise is at least partly real. The latter,
for instance, has pointed:out that * the increase of certified:
respiratory cancer. mortality' during the past 20: years has

been as rapid in country districts as in the: cities with the

best diagnostic facilities, a fact which docs not support: the

view that such increase merely reflects improved diagnosis

of cases: previously. certifiedi as bronchitis: or other respira-

tory affections.” He also draws attention 1o ditferences in
mortality. between some of the large cities of England and
Wales, dilferences: which it is dificult to explain in terms

of diagnostic standirds.

The large and! continued increase in: the recorded deaths

even within the last five years, both in the national figures

- and inithose from teaching hospitals, also makes it hard to
-, believe: that improved diagnosis is entirely responsible. In
" short, there is sufficient reason to reject: that {actor us the
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whole explanation, although no onc would deny that: it
may: well have: been contribulory. As a corollary, it is
right: und proper to seck for other cynses.

Possible Causes of the Increase

Two main causes have from time to time been. put for:
watd : (1) a general atmospheric pollution from the exhaust
fumes of cars, from the: sutface dust of tarred roads, and
from gas-works, industriol plants, andi coal. fires ; and
(M) the smoking of tobacco: Some characteristics of the:
former have certainly. become more prevalent in the lust.
S0 years, and there is slso no doubt that. the smoking of
cigarettes has greatly increased. Such associated chunges
in time can, however, be no more than suggestive, and uniit,
recently. there has: been singularly little: more direct. evi-
dence:  That evidence, based upon- clinical experience and
records, telates mainly to the use of tobacco. For instance,
in Germany, Miller (1939) found that only 3. out of 6
male patients with cancer of the lung were non-smokers,
while 56 were heavy smokers, and, in contrast, samong 86
* healthy men of the samne.age groups.” there were 14 nor:
smokers.andlonly 31 heavy smohers. Similarly, in Amcrica,
Schrek. and his co-workers (1950) reported that 14.6% of
82 male patients with cancer of the lung were: non-smokers,
aguinst 23.9'C. of 522 male patients. adinitted with cancer
of sites other thiun the upper rtespiratory and digestive
tracts.. ln. this: country, Thelwall Jones (1949—pemonal
communication) found 8 non-smokers. in 82 pmisms‘ with
proved carcinoma of the lung; compared with 11ina corre-
sponding group of palicnts with diseases other than cancer ;
this: difference is' slight, but it is more striking that there
were 28 heavy smolers in the cancer group, against. 14 in
the comparative group.

Clcarly none of these smalllscale inquities can be:
accepted as conclusive, but they alllpointiin the same direc-
tion. Their. evidence has. now been borne out by the results.
of o large-scale inquiry’ undertaken in the US.A. by
Wynder and! Graham. (1950).

Wynder and Graham found that of 605 men with,
epidermoid,, undiffcrentiated, or histologicully unclassified!
types. of bronchial carcinoma: only 1.3% were “noa-
smokers “—that is, hud averaged less: than one cigays- ™
elie a day for the last 20 years--whercas S12% of them
the same:
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period.  In. contrast, they, estimated from the experience
of 882 other male patients that 14.6% of general lgosw“l
patients of the same age composition as the: bronchial car-
cinoma cases are “'nonrsmokers * and only. 19.1% smoke
more than 20 cigarettes a day. They found a similar con-
trast between the 23 women with epidermoid: and undif-
ferentiated bronchial carcinoma and the other female

- patients,~but: no such association with.smoking' could: be

found in the small group of patients with adenocarcinoma.

'Prm;nl‘ Investizgation

The present investigation was plannedi in 1947, to be
carried out on a sufficiculy’ large scale to determine
whether patients: with. carcinoma of the: lung difered.
materially from: other persons in respect; of their smoking
habits or insome other way which might be related to the
atmospheric pollution theory. Patients with carcinoma of
the stomach, colon, or rectum: were also incorporated in
the inquiry, as one: of the vontrasting: groups, and special
attention: was' therefore given at the same: time to factors
which might bear upon. the aetiology of these forms of
malignant disease: A separate report will be made: upon:
these inquiries. The present study. is confined to-the: ques-
tion of smoking in relation to carcinoma of the: lung.

The method of the investigation. was.as follows : Twenty.
Lornidun hospitals were ashed to co-aperate by notifying all
patients. admitted to them with carcinoma: of the lung.
stomach, colon, or rectum.. For the most part these:
hospitals were: initially confined! ta one region of London
{the north-west), to allow. ease of travelling, but uthers were:
subsequently added 10-increase the scope of the inquiry.. A
list: of those taking part is given at the end of the paper.
The:method of notification. varied v in.some it was made by
the:admitting clerk on the: basis. of the:admission diagnosis,
in others by the house-physician when a, rcasonably confi-
dent clinical diagnosis hud been made, and’ in yet others
by the: cancer registrar or the radiotherapy department.
None:of these methods is likely 10 have resulted in complete
no reason, (o suppose’ that those
who escaped! notification’ were: a sclected’ group-—that is.
selected in such a way. as to bias the inquiry—as the points

~ of interest in the investigation werie: cither not: known or
* known only in: broad owline. by tho<e responsible for
_nolifying;

On receipt of the notification an almoner, engaged wholly

- On research, visited the hospital to interview the patient,

using a set qQuestionary. During the inquiry four almoners

- were.employed and all the pptcfits were interviewed by one

or other of them.  As: wel,, however, as interviewing the
notified patients, with cancer of one of the four specified’
sites, the almoners. were requiredi to make similar: inquirics
of a group: of *“'non-cancer contro] ™ patients.  These:
patients were not notified, but for eich lting-carcinoma
paticnt visited at a hospital the almoners were instructed to
interview a- patient of the: same <ex,, within the. same five-
year age group, and in the same hospital at or about the
same time. (Wherc more than one: suitable patient. was
available the: choice fell upon: the first ane in the ward

lists: considered by the ward sister 1o be fit for interview)

»

At two spétialized hospitals (Brompton Hospital and
Harcfieldi Hospital) i’ was. not, always possible 10 secure a
control patient by this: method, and in such cases a control
patient was aken from one of the two neighbouring
Royal Cancer andi Mount Vernon
Hospitult. Even with this relaxation of the rule control
cases were deficicnt: at the Brompton Hospital: and the
to be made up by using the records of. patients.

-reasons : already dischurged 189, tow ill 116,

Ranus
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or at'the Royal Cancer Hospital, but in whom cancer was
finally. excludsd. Recause of these:duferences in (echnlquy
the' records obtawied from these ‘mspiiuls mere anslysed
scparately.  As, homever, the results were in accordance:
with. those found at the other hospitals; wll the records are
presenled here as a'single series:
Iniview of the methad of notfication: used it could not -+
be expected that the diagnosis then given would invarnably. i}
be accurute. The diagnosis. of each patient was checked, o
therefore, after discharge from or death: in hospitid, and :
this check was made in all but ninc instanves. (0.41% of
the total). In these few cases (three of carcinomma ‘of: the:
lung. two of carcinomu of the stomuch, two: ofi carcinoma
of the rectum, and two non-cancer) no: records of any sort
could be traced, and they have had to: be clasufied. sccord- N
ing to the information availiuble at the time of their inter-
view. Asa general rule the hospital dizignosis on discharge
Was accepted as: the final disgnosis, but accasionally
later evidence became availuble -for example, by hiwto-
logical! examination at necropsy - which contradicted: that.
diagnosis.  In these instances a change was made and thic .
diagnosis based upon the best evidence. ‘ e

) The Data

Between April, 1948, and Owober, 1949, thie nobilications
of cancer cases numbered 2,370, It was not, howeser, pos-
sible to interview all these patients.  “To Begin withi, it had:
been Jecided beforehand that no-one of 75 years.of age vr
more should be includid in the INQINLY, Snce 1t was unhihely
that reliable histories couldibe obtained from the very ohld
There were 150 such patients.  In & futther SO cases. the
dingnosis was incorrect and hud been changed before: the
almoner paid her visit, Deducting these twa groups leases
2,140 patients who should h.ve been: interviewed.  Of
these, 408 could not bhe: intervicwed! for the follbwing
dead 67, oo
deaf 24, unable to speak English clely 11, while 10 one
case the almoner abandoned the: intervicw as the patients ..
teplies appeared. wholly unreliuble. No paticat refused to.
be intervicwed..

The propottivn not scen: is. high, but there is:no appanent
reason: why it should bhias the. resulis, It was m the maun
due: to the time that inevitably elapved between: the date
of noufication: and the date of the: almoner’s visit. The
remaining 1,732 patients, presumed at the interview 1o be
suffering from cutcinoma of: the lung, stomiach, or Luge
bowcl, and: the 743 genesal medical and surgical paticnn
originally interviewed as controls, constitute the subjects
of the investigation, The sumbers falling in cach: disease o
group —that is, after Cwnsmllwing‘lhc‘l‘lmpil.nhslwi-\'h.ugu dag- ]
noses—ure. shown in Table L. The carcinomy gases wre
here divided into two groups.: Group A comvisting: of caves.
in which the diagnoses were confirmed by necrapsy, Biopsy,
or exploratory. opcration, and! Group B of the remuindern
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The Rl patients classificd in Table I as having “ other
malignant diseases ™ were' interviewed as cases. of carci-
nomu of the lung, stomuch, or large bowel, or as non-
cancer controlk. On. the subsequent: checking of the diag-
nosis. either they were: found! to hase primary carcinoma
in some sic other than: one of those under spevial
- investigation: or histological examination showed that the
+. - _growth was nat, in fact, carcinoma—for example, sarcoma,

' reticulezendothchioni, ete.. The 335 * other cases ™ either

were: interviewed as cases of carcinoma. of the lung,

stomach, or large howel and were subsequently found not

to be cases of malignant disease or, having beeninterviewed
. - as non-cancer controls, they became redundant when the
! cases of carcinoma of the lung with which they were paired

© were found not: o be: carcinoma: of the lung.  The four
“excluded ™ cases were excluded on grounds of doubt
about their true category., ‘Iwo were: diagnosed at hox-
pital as. primary carcinoma of the hung, but there was
v reason to:suppose: thut: the growths might have been secon-
- . dury to carcinoma of the breast and to carcinoma: of the
cervix ulferi respectively ; the other two shuwed evidence: of
primary- carcinoma in two: of the sites under special
investigation—that is; lung and colon, and stomach and
colon.

‘The 709 control paticnts with diseases othier than cancer.
form a group: which was, as previously, staled, deliberately.
selected 1o be. closely comparable n age and sex, withi the
carcinoma of the lung paticnts.  Comiparisons between
these two groups are shown in Table 1 .

© Tame I Comparnon Betweeni | ung-carcinoma: Punents amd Naon-
vancer Pauents: Setected as Controls. Wah Regurd 1o Sex. Axe,
Soctal Cluse, and Plive of Reudence

No of No of Sunial Class
Lung- Non-cencer {Regirar-. No: of No of
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B wall be seen that the: lung-carcimoma patents and the
contiol group of pon cancer paticnis are exactly compar-
able with regard o sex and ape, buati that thete are sonie
dufeiences: with segard 1o socisl clisy and: place ofi resir
deme The ditlesence: i sovial class. distohation: is simall
amd v oo e than naght casdy be due o chanee
WS lal a0 2,000 P 0% Lhe diflcrence in place
of sesidence s, howeser, Lage (5 3049 ;0 S P 0001,
and Lable 1 shows that a tugher proportion ol the foong
patienty were @adent onutade T ondon: at the tme of thenr
admission to hospatal Thas, dillerence can lie eaplaned
on the prounds. that people. waith canen came o Hondon

. tram othier parts of the countty for tre itment; ot specaad
L senties. Whiensacenngrasson somade between: the 98 lung
i Carctce pafienta amd the W5 controly. wiin: were seen ol
st bospitals 1o Hondon  that s, those gegwonal boand:
hospitals. winch do not! have speutal’ sungcal thiotacw

g TR g

3.

i P

SMOKING AND CARCINOMA OF LUNG:

shows the comp

Barw
MiDicat Jimanat

1

radiotherapeutic. centies -the difference: disappears.  Of: .
these Y8 patients: with carcinoma of the lung;, 56 lived in
the County, of London, 42 i outer London, and none else-
where ; of their non-cancer controls the corresponding
numbers were 60, 38, and 0, cleurly an insignificant
difference. . :

It is evident, thesefore, that the control group of: patients
with discases other than cancer i strictly comparable with
the group:of lung:carcinemas paticnts in important respects
but: dutlers slightly with regaid tn:the parts.of England fiom
which the patients. were drawn: It is unlikely. that this
diference will invalidate comparisons,, but it must be kept
in mind ; forwnuiely, it can be eliminated, if necessary, by
confiming comparisons to: the smaller group of paticnts.Seen
in the district hospitals.. o

Assessment of Smoking Habits:

The assessment; of the relation: between tobacco-smoking:
and discase is complicatedi by the fact that smoking habits,
change.. A man who has been a hight: smoker: for years may
become a heivy smoker ; a heavy smoker may cut down his:
consumption or give up smuking - and| indeed, may do so o
repeatedly.. An acule respiristory. discase may force the
sulferer to: stop smoking, or he miy be advised to stop for
onc of many pathological’ conditions,. In 1947 a. further
complication was introduced! by the: Chancellor of the
Exchequer, the duty on tobacvy being, raised to: such an
extent that many people nunde large cuts in the amount of
tobacco they. smokedi -often to restore’ them ‘partially. or
completely. in thie succecding: months.  Fortunaiely the
inteeviewing of paticnts was. not begun. tilli a- year after
the last major chiange was made in: the tobacco: duty ; in.
uny. case: the effect: was nunimized by, interviewing the con-
trol patients. pari puassu with the lung-carcinoma. patients,
so that the change in price is: likely to have aflected all
groups: similarly,

The difliculties. of a varying' consumption can. be largely
overcome if a more detailed smoking: history is taken than
is customary in the course of an ordinary medical exams- .- 7
nation —for example, one. man; who was Jescribed in the
hospital notes. as Being: a non-smokcr admitted to the
almoner that he Had been a very heavy smoker until a. few
years previously.  In this investigation, therefore. the
patients: were' closcly questioned and' asked (o) if they. had
smoked at any period of their lives ; th) the ages. at which
they had startediand stopped:; (c) the amount they were in
the habit of smoking befone: the onset: of the illness which
Nad bBrought them into: hospatal § G- the main: changes: in
their smoking history and the maximum they Bad ever been
in the habit of smoking : () the sarying proportions smoke.!
i pipes and’ cigmettes; and (/) whether or not they
inhaled! :

to record and sobsequently to: tabulite: these details: it
wav accesary, to define what was meant by a smoker.  Did
the term, for example, include the woman whe took one
agaretie annually atter her Chrstinas dinner, or the man
of S0 who as a youtli-smoled o conple of Cigitrottes: to see
whether he fiked it and! deaided he dud not ? 1f <o,
doubtful whether anyone at alliconld be deseribed s non-
smoher. A smoker was therefore: detined in. this myniry.
;‘l\c)“‘(nr::."::'ll.:fm ln.ul. \nmh.‘l‘ :I? mich as one ciaette 4
A . K oavone vearand amy less conastent amonnt
was iinened Hhie histories abimned were, of’ conse, 4
foncton of the patient's. memuary amd swraoty Ja aness
thew rebiabiling SO unseleated vontrol patients witli direanes
other than aiver were mitciviewed: a seeomd - time. sy
monthy ar moe alter thew mitial interview - “Fuble 1L
thon Iutw ic two amwmeiy oblaned
. bAgh v
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Tizen llm—Amoy-l of Tobacco Smok ed Daily Befure Present Iliness
@1 Recorded at. Two Interviews Wirh the Same Putients at' on
Interval of Six Monhs vr More

Firm :
l:-n:r-‘ Second Intarmew, No: of Persons Smulung
L]

C Penons | —- - - -~ - - .

- Smokag | 0 |tew- {30p-{iscm- e - 0am 7 Tow!
S . ; Ty
fdg- ©. o T | i 3
Sap- oo N 0 y | "

v Daes- ..} . < [ IS ]
B ap- .. ! ! "y e 4
Nee t+ .. i o % 4

Total ' ) I . J T 3) l‘ s | o l 0.
e ¢ e . — [ | I . -

~ to: the: question “How. much, did youi smoke before the
_onset of your present: illness 7"

. " The answers to the other questions: on smoking habits

~ " showed a variability comparable 1o that shown in Table I},

It may be concluded, therefore, that, while the detailed

smoking histories: obtained by this investigation are not,

88 would be expected, strictly accurate, they are reliable

_enough: to: indicate general trends and 1o substantiate

‘material differences between groups.

Smokers and Noo-emokers

The simplest comparison that can be made to: show
whether there is any association at alli between smoking
and carcinoma of the lung is that between the: proportian
of lung-carcinoma: patients who have: been: smokers. and

. the proportion of smokers in the comparable group. of
subjects without carcinoma of the lung. Such:a compuri-
son is shown in' Table [V.

-

Tasts 1V.—Proportion ol Smchers, ond Nonssmukers in Lung-
carcinoma Patients and'1n Control, Patients. with Dusearesi Other
Than Cancer

—

D Qroup { No:of I No of

: Probabilmy.
{ Non-smokers * Smakers 1

et

- —

Males . t

Lungcarciooma. patients (649) | 2032, ; (23] P(:-;.w me::;:‘ll )
- Control patients with diseases *
ot (Ria cuncer (6600 T | 23w |
- Pomaler:: o ‘ ‘
. } 19 (31-7%) 41 M- 3%.n. 1
. »melminoﬂu patlents. (60 (‘ »/J l 0V 0
Control patients wiih discases i .
other than canger (60) . w i

32 (5):3%) |

| onm— e

. It will! be scen that the vast majority of men have been
“.-" *smokers: at some period of their lives, but alvo: that the
" ...~ very small proportion of those with carcinoma of the lung
“ who have been non-smuokers (0.341) is most significantly
"7 less than the:corresponding proportion in:the control group
~ of other patients (42°%). As. was to be expected, smoking:
is shown 10 be a much less common: habit among women :
but here again the: habit was: significantly. more ficquent
among those with carcinoma of the lung. Only 31.2%.. of
the: lung-carcioma group were' non:smokers, compated
with 33.3'% in the control group.

Amount of Smoking

In.the simple: comparison of, Table IV all smokers have
been' classified logether, irrespective of the amount they
smoked. In Tablc V they have been subidivided acenndimg:
to the amount’ they: smoked immediately. befine the amct:
of the: iliness: which brought: them mto hospatal — (If ey
had given up smobking before then, they have been classified
according to- the amount smoked immiediately poor e
giving ir
83" the: mont: recent amount smoked ™
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up.) This classifivation is descibed subseqiiently,

Rervan
Minecar jovasar

Taste Voo Moy Recent Amount of Tubaoro® Consumed Regulurly:
by Smukiers Befire the OUnset of Presens Hlhesy; Lung<carcinoma
Patients and Consroll Patients with [-)uemu Other Than Cancer

—— . . .

. No: Smoking Dty |
Driease Group, 1

e —— Prohadulity
11Cig-* 3Cien- 13 Cies - 28 Cisn - 30 Ciga- o

Ten

Males:

Lung-carvinoma 30 2% 196 " 1% 1 g falgges
Pateeniai (6470 4 (31%,) (W6, (JOV°,) () "'Ji 3V ned;
: PcOiON)
Countrol patients | ! b
*ith  discases } "
Other than. | 94 po 1] % " 1
cancer(822). (KNI T 0080 ey | @y, |
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patients(di) | QT2 s 1y 2207y L4601 00°) | 02,
. ‘ QU< P< 010
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other than 12 + W0 3 ! [ 0 o e cige
cancer (J8) 20 (s T (1 o) 00%,): 00°) ' aretres siday
. . . grouped tie
! getherd :
] [ !

* Qunces E‘lohamo have been o1 'un«l u_&;.n. :wv.hnl-‘.l.b”lo‘llllny B
cigareties There s | o2 of, 10hacCy 10 26 3 norMas.mre Crgareties. 30 that the
Converuun(acior has boen isken a3 | ox of tohacco & werk = ¢ Qgareites s day

From Table V it will be seen that, apart from the general
excess of smokers: foundi (in Table 1V) in lung-carcinuma.
patients,, there s in this group a. significanily higher pro-
portion of heavier smokers and a correspondingly. fower
praportion of: lighter smokers than: in the comparafive
group of other patients.  For instance, in the lung-
carcinoma group 26.0% of the male: patients {all in: the (wo
groups.of highest comumption £25 cigarettes a dayormore,
while in the control group of other maie patientsonly |1 Sy,
are found there. The same trend 15 observable for women,
but the numbers involved are small and the diflerence hete
between the carcinoma: group and their contyol patienta s
not quite techmically. significant.. I, howerer, 1he. female
lung-carcinoma patients are compared with the ot
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. graphically in Fig. 1.
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oumber of women interviewed—that is; bringing inthe other

cancer groups interviewed and making appropriate allow-
*-ance:for age differences between them—then the significance

of the trend in their case also is established (3= 1323:
a=2; P approximately. 0.001): .

"The results given in Tables IV and V are shown together
(The percentages in the figure are
" oot all' exactly the same as: those in the tables. In the

figure the percentages are based on the total number of
* patients' in: each discase group, smokers and non-smakers.

alike ;in. Table V they are percentages of smokers alone.)

.

Smokipg History )

Going one stage further, it has been noted earher that
the amount smoked! daily. at any one period does not, of
course, necessarily give a fain representation of the: indi-
vidual'sismoking history. This has been overcome to same

- TaRLE VUL ~Age of Starting to. Smoke. Number of Years Smoked. amd Nionber of Years Sto,

Patients and Control Putivns with Dis,

by Smokers; Lungcarcinoma Patientsiand Control Patients with

exient in the: previous. tables by classifying a patient as a.
non-smoker only if he has never smoked regularly, by
clussifying him according to the amopint he last smoked
segularly if' he Kad given up smoking, and' by ignoring
changes. in' smoking habits: which had taken place. subse-
quent: to: the iliness: which  brought the patient into hospital
Other methods. of analysis have also been adopted! Thus:
Table V1 shows the resulls in. the two: main groups: when
4. comparison is madé: between the maximum amounts
ever smokediregularly, and Table VII shows a comparison
between the estimated total amounts of tobacco smoked
throughout the patients’ whole lives. The: estimates of the
total amount smoked (expressed as: cigareltes) have been
made by muliiplying the daily amount of- tobacco smoked
by the number of days that the patient has been in the
habit of smoking and making allowance for the major
recorded| chunges in. the smoking history. Such estimates
may, needless to say, be only very rough approximations

- 1o the truth, but they are; it.is thought, accurate enough to

reveal broadi differences between the: groups. .

The results in Tables V, VI, and VIl are, it will be seen,
closely similar. Whichever measure: of smoking is: tuken,
the same: result is:obtained—namely, a significant and clear
relutionship between: smoking and carcinoma of the lurg:
1t might, perhaps. have been expected that the more refined
concepis—thie maximum amount gver smoked and the total
amount ever smoked—would have shown a closer relation-
ship: than the most recent amount: smoked before the: onset
of the present illness; It must: be supposed, however, that

any greater efficiency that might: be: introduced by the: use
of these measures is counterbalanced by the inaccuracy:
which results from requiring the patient to remember habits:
It scems, therefore, that we may

of many years. past;
reasonably adopt: * the most recent amount smoked * in
subsequent tables. as the simplest: characteristic to describe
A patient’s. smoking experience: .
- Comparisons: of the age at which patients began to
smoke, the number of years they have: smoked, and the
number of years they huve given up smoking are shown in-
Table VIIL

1t will: be: seen. that: the lung-carcinoma patients showed
a slight tendency to start smoking earlicr in life, to- con-
tinue longer, andito be less. inclined to stop, but the dif-
ferentistion is certainly not. sharp and' the difference ju
technically signiticant only, with: respect 1o length of time:
stopped..

Cigaretles. and Pipes

So: far a0 distinction has been made between. cigaretie:
and pipe smokers, and it is natural to ask whether both,
methods of smoking tobacco are equally related: to car-
cinomi. of the lung. Again the difficulty: arises that a man
who describes himself as a pipe smoker may have smoked
cigareltes until shortly before interrogation, or, alterna-
tively, he may have had his teeth extracted and: substituted
cigareltes for his:pipe. To:overcome this, we have excluded
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all the:men who gave a history of having ever consistently
smoked both pipes andi cigarettes: and have compared the:

 Proporiions of ** pure pipe ™ and " pure cigarette " smokers.

"among the lung-carcinoma andinon-cancer, control: patients..
The results are ay follows :: of the 528 lung-carcinoma

patients who had smoked either. pipes or cigarettes. but.
..ot:both-3.7%. were pipe smokers and 94.3% were cigaretle

smokers.; of 507 control paticnts with other diseases 9.7%

" were pipe smokers.and 90.3% were cigarette smokers. The

lower proportion of Pipe smokers, and. the corresponding
excess: of cigarette smokers, in. the lung-carcinoma group
is: unlikely to be due to chance (x*=570; n=1; 00I<
P<00?). -

It therefore seems that pipe smoking is less.closely related
to. carcinoma: of the lung than, cigarette smoking. On the
other hand, it has been shown. in Table V' that light
smoking is less closely. related to carcinoma of the lung
than heavy smoking, so that the result. might be explained
merely. on the grounds that pipe smokers tend to smoke
less tobacco.

In fact, pipe smokers do consume, on the: average, less
tobacco than. cigarette smokers, but this js unlikely to be
the whole explanation of the relative deficiency of pipe
smokers; observed in the carcinoma. group. We find a

_- higher proportion of cigarettc smokers and a lower: pro-
: portion of pipe smokers among the lung-carcinoma patients:

than among the control group: of non-cancer. patients at
cach level of consumption of tobacco—that is, at -4,
3-14, 15-24, and 25+ cigarettes or. their equivalent a day.
On the othier hand, if we consider the * pure pipe " smokers
by themselves and subdivide them according to the amount
smoked, then we find a higher proportion of, the carcinoma
patients than of the controll group in. the higher smoking
categories—that: is, smoking more than & oz. of tobiacco:
a.week. Inshort, the results: of this subdivision are similar
to those shown in Table V for all smokers. It seems that
the method By which the tobacco is. smoked: is of impor-
tance and that smoking a pipe, though also related' to
carcinoma of the lung, carries a' smaller risk than smoking
cigarettes. With the data at our disposal we are ynable

- to: determine. how great the dilfcrence in risk. may. be.

toF

Inhaling’

Another difference between smokers: is that some inhale
and others: do nat.  Alll patients who smoked were asked

~ whether or not they. inhaled, and the answers given by

the lungcarcinoma and non-cancer control patients were

~ a8 follows : of the 688 lung-carcinoma' patients who smoked

(men and women) 61.6%, said they inhaled and 38:4% said
they didinot ; the corresponding figures for the 650 patients

. wilh other discases were 67.2*% inhalers and 32.8%,. non-

“8n exaggeration: of their smoking habits: by, patients who

inhalers. It would' appear that lung-carcinoma paticnts
inhale slightly less often than. other patients. (\*=4!$8';,
o=1; 0.02<P<0:05). However, the difference: is not
large, and if the lung-carcinoma patients, are compared
with all' the other patients intervicwed; and the necessary
allowance is made for sex and age, the diﬂcrencg‘ bhecomes
insignificant (x*=0.19:; n=1; 0.50<P<0.70).

lnlerpmtaﬂ;m of Resulls

Though from the previous tables. there scems: to be no
doubt: that there is a' direct association: between smoking
and carcinoma éf the lung it is necessary to consider alter-
native explanations of the results. Could they. be due to.
&0 unrepresentative sample of patients with carcinoma. of
the: lung or to:a choice of a.controll serics which was not
truly comparable 2 Could they have been produced by

SMOKING AND CARCINOMA OF LUNG
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thought they had an illness which could be attributed to
smoking ? Could they. he: produced. by bias on .thc‘ part
of the interviewers.in taking :and interpreting, the Historics ?

Sclection of Patlents for .Interview

The method by which the: p:ilic’li(s with carcinomu. of:

the: lung. wene: obtinned has: been discussed: earlicr ;. there
is, 00 reason: o suppose that they were anything other
than & representative sample of thie lung-carcinoma patients
atiending: the sclected London hospitals.  ‘The enntrod
paticnts, as was shown iniTable 1| were evactly compas-
able so fur an sex and age were concernedi and they were
sufliciently. comparable with regardl to social class for the
difference between the two series (o be ignored!  They were

not whoally comparable from: the point of view of place of

sesidence.  The difference in this respect, however, was. that
more: of the lung:carcinoma paticnts. came: from  small
towns and. rural’ districts, and: the. lignres in: this. inguiry,
show: that: comumption of tobacco per head in these aneas
is less than in London. Clearly this fenture cannoti huve.
accounted! for thie obscrvation: thut the Jung:carcinoma.
patients. smoked more. Further, if the comparison is con-
fined to- puticnts. seen in district hospitals - and anl' of these
resided! in' Greater' London —the results are the sume
(Table IX).

Tamie 1X  Aaone Recent. dimount Smukied: by, §unges arcinams: and
Canteal Putients Seen in Distrsct Hisprtals (Male: and Femule
e . o .
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It might posubly be wrgued that the chce of 3 control
group of paticnts. with various medicsl and surgical con-
ditions: has, of itsell, resulted in the selection of sihyects
with a smoking history less than the average. This would
scem: very unlikely, as' we know. of no evidence: 1o suggest
that less than averuge: smoking is a chrracteristic of, per-
sons with any one group of discuses, und! il certuinly. couldi
not be held that iti is. equally a churacteristic of persons
suffering from all discases other than carcinama: of the'

lung.  Yet in: Table X the smoking habits of the patients,

Taute X ~Muost. Recent Amount' Smuked by alf Putients: Other Thun
Thuse with Carcinoma of Lung, iided Avcording 1. Fipe of
Darease tMale. and Female)

N Smaking Daly
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brought into this table all: the paticnts with. diseases other
than carcinoma of the lung.)

As in other tables where sex andiage differences between.
groups.bave hadito:be taken into account, the * expected ™
aumbers have been obtained by takmg the actual numbers,
of patients with cach type of disease. 1n cach age: andl sex
subgroup, and caleulating what proportion of them would
fall in cuch smoking category, if they had bt exactly the
same: habuts ax all the patients included in the Table: 1In
other words;, we have computed what ought v he the
smoking, habits of cuch: disease group it it behaved in
each sex undl at each age hhe the toful population of
paticnts, and compared them: with whitt, in fuct; they were.
The: tefatively Lirge: numbers of non-smokers in some of.
the: groups are due o the: fuct that these: disease groups
incliidedi many old women. ' . _

There remuains the posibility that the interviewers, in

“selecting the control paticats, took for interview from.
among: the patients availsble for seliction & dispropor-
tionate number of light smokcrs. It is diflicult 1o see
how they. could have done s0, but the point can be tested
indirectly. by comparing the smoking habits of the patients
whom they did select for interview with the hubity of the

" other patients, other than those with carcinom:a of the
lung, whose names' were nonfied! by the howpitals.. The
comparison is made in Table X1 and reveals no-appreciable
difference between the: two groups, S

Tastz: X1. Muost' Recent Amaoun: Smaoked. by Al Paterss Other:
Than Those with Carcinoma: of Lung, Divaded docording 1o
Whether They Were Notified or Selecied fur Interview (Male
and Female)
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® See f‘oolnﬂ(t 10 Tahle X

-+ I.can therefore be concluded that there is no: evidence
. of any special bias in: favour of light smokers in the sclec:
7 tion of the control series of patients.. In other words; the
" group of patients: interviewed forms, we believe, a xatis-
. factory control series for the lung-carcinoma patients from
~the point of: view of comparison: of smoking habits.

i .

Patlent’s Smoking: History - -

Ancther possibihity. to consider is thatithe lung-carcinomi
“patients wended 10 exaggerate thewr smoking Kabits, Mot
of ‘these patienty cannot have known tha they were suffer-
ing from cancer, bul they would have: known that they
had respiratony symptoms, and such knowledge mighit have:
influenced ther replics o questions about the amount. they.
smoked.  However, lable X has, alrcady  shown  that
pasticnis with the other tesparatory. discases did! not give
smoking: histories. appreciably. diflerent from: those given
by the patieniy with non-respiratory allnesses.  These s no
teason, theicfore, 1o suppose that exaggeration an the part

of the lungt.‘umngnm paticats han been respansible far
the: tesalis, r

The Interviewers:

MG NON wirn planned. it wan hoped' thist
'S would koow. only. that: they were inter-
N with cancer of one of severil sites {lung,
or lurge bowely but not; at the wine, the actoal

When the inv,
the: interviewe
- viewing patic
 stomach,

¥
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site.  “Thiy, unfortunately, way impracticable ;' the site
would: be written on the notilication _form,. or' the nurse
wouldi refer 1o the: diagnoss in: pointing out the patient, or
it: would' become: known that only patgents with cancer of
one of the sites under iny estigition would be found in one:
particular ward,  Oug of 1,732 patients nolilied and inter-
viewed as cases of cancer, the site of the prowth was Known.
to the inlerviewer at: the time of interview in alll but 61,
Serious consideration: must therefore be: given to. the pos-
sihility. of interviewers' bras alfecting the results (by the -
interviewers tending (o scale up the smoking: habits of the
lung-carcinoma cascs);, -
Fortunately the materiaf provides: & simple method’ of
testing this: point: A pumber ol patients were: interviewed'
who, at' thut time, were: thoughi to have carcinoms of. the
lung but in whom the diagnoss was subsequently disproved.
The smoking habits of theve paticnts, behieved by the inter-
viewers to- huve carcinoma of the lung, can be compared
wilh the habits of the patients: who 1n fact had carcinoma
of the-lung and also with the hubits of ail the other pitients
The result of making these compurisons s shown in
Tables: XII and X111, and it will be scen thag the smokiny

Tame X1 .--Mugt Recent  Amoung
Carcinomu of Lung, and
Interviewers 100 be
and Femuale)

Smoked by Putionsy with
by Patents: Thigughis Incorrecily by the
Sullering: from Curcinuma: of Lung (Mule

> “ -
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*Ses fovincte 10 Table X\t Seq Lintmnte 10 Table:Xip'

habits of the patients wlio were incorrectly thought 1o hye
Caranoma of the lung ot ihe tme of intersiew. yre sharply
distingunhed from the hibity of thove Patients who: (i
n fact huve carcinomy of the. lung ( | abic X1, bt they. dao
not differ significantly. from thie, habity of the other patients
interviewed (Lable XII1), -

It is llitm!mc‘clc.'mly not passible i attribage the sesuliy
of this.inquiry 1o bias on the part of the ntervicwers, gy
hiad here heen any apprecishle higy, thie smokmy h.-lm;
ofi the: paticnty thoughit inconecity. 1y have carcinumg of,
the lung would have been tevanded gy beng ke those of
the true lung-carcinoma subjects und g the samie gy those
without curcinnma of thie lung e

e may wdd that the tesults cannaot be due to different 2
workers nterviewing dillerent aumhers. of patienty 1 the 2
cunier andi content kivups, fos, while. the fuw Inlerviewery - *
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didi not see exactly the same proportions of patients in all
!he groups, the proportions: were' very close.  Morcover,
il the patients: seen by eachiof the interviewers. are treated
as four separate investigations, highly significant ditferences
are found between: the lung-carcinomu paticnts and the
other patients interviewed in three instances. In the fourth
the difference is in the same direction, but, owing to the
smail number of: patients seen, the results are not technically
significant. (P' lics between 0.10 and 0.05: in this instance
the almoner hadl to: stop work because of illness, having:
seen only 46 patients with carcinoma. of the: lung).

Discussion

To summarize, it is not reasonable, in our view, to atin-
bute the results to:any spevial selection of cases or to: b
in recording. In other words, it must be concluded that:

- there: is a real association' betwecn carcinoma of the lung:
and smoking. Further, the comparison of the smoking:
habits. of patients: in ditTerent: discase groups, shown: i
Table X, revealed no association, between. smoking and.
other respiratory' diseases. or between smoking and cancer
of the other sites (mainly stomach and large bowel). The
association therefore seemis to be specific ta carcinoma of'
the lung. This is' not necessarily 1o, say that smoking caunes
carcinoma of the lung. The association wouldi occur if:
carcinoma of the lung caused' people to smoke or if bath
attributes were end-effects of a common cause.  The Habit
of smoking was, however, invariably formed before: the
onsel.of the disease:(as revealed by the production of symp-
toms),. so that the disease cannot. be held to: have ciused
the habit; nor can we ourselves ennisage any common
cause likely to lead both to: the development of the hahit
and to:the deselopment of the disease 20 to S0 years later

ve. therefore conclude that: smoking: is: a. factor, and an
important. factor, in: the production of carcinoma: of the
ung.

The effect of smoking: varics, as would be expected, with
the amount smoked. The extent: of the variation ¢ould be

- stimated by comparing the numbers of pitients. inter-
... riewed who had carcinoma of the lung with the correspond-

ng numbers of people in the population, in: the same age
- woups; who: smoke the same amounts. of tobacco.  Our

" lgures, however, are not representative of the whole

ountry, and this. may be of some importance, as country-

- «ten smoke, on the. average, less than city dwellers. More-
over, as was shown earlicr, the carcinoma: and! the control
paticnts. were not comparable: with regard to their places
of residence. The ditliculty can be overcome by confining
the comparison 1o the inhabitants of Greater London..

If it be assumed that the paticnts without carcinoma ol
the: lung who lived in Greater 1 ondonat the time of their
interview are typical of the inhabitants of Greater London
with regard to their smoking: habits, then the aumber of
people in london smoking ditferent amounts of twbacco
can be estimated. Ratios can then be obtained between
the numbery: of patients seen with: carcinoma, of the Jung
and the estimated populations at risk who have smoked
comparable amuunts of tohacco.  This has been done for
each age group, and the results are: shown in Table NIV
It must Be <iressed’ that the ratos shown i this: table. ane
not measures: of the actual risks of deseloping: carcimema
of the lung, but are put forward very tentatively as pre-
portional to: these nisks. .

Thus Table: NIV shows elearly, and for each ape group,
the conclinion previousy, reached  that the vk of develop-

- ing carcinoma of: the lung increases: steadiy s tlie amount

smohked increanes.
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* Ratios bawed on lets than § cases of caninoms olt!wlun;. are given in lllltl.‘.

as unity and the resulting ratios in the. three age gro‘ups‘lm
which a large number of patients were interviewed (ages,
45 W 74 are averaged, the relative risks, become 6, l‘9.‘-2b.
49, and 65 when the number of cigarettes smoked a day
are 3, 10,20, 35, and, say, 60:—~that i, the: mid-points of
cach smoking group.  In other words, on the admittedly
speculative assumptions: we have made, the risk seems to .
vary in appronimately simple proportion with the amounti -

‘smoked!

Onc anomalaus result: of our inquiry appears. to relate -
to inhaling.. 1t would be natural to:suppose that if smoking -
were harmful it would be more harmful if the smoke were .- .-
inhaled.  In. fuct, whether the patient: inhaled! or not Jdid
not scem to make any ditfergnce: It is: possible that! the:
patients were not: fully amare of the meaning of the term
and answered incorrectly,. but the interviewers: were' not
of that: opinion. In: the present state of. hnowledge it
maore renonable to accept: the: finding. and: wait until, the
size of the smoke particle: which carries the carcinogen
determined.  Unul this is known nothing can be stuted
ubout: the etfect:which. any alteration ini the rate and depth
of respiration muy have on the extent and site of depuosition
of the carcinogen (Davies,. 1949, ’
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this century.  Tlie trends in this country are gncn in Fig:. 2.
and show that over the lint 2§ years the. increase in deaths
autributed to. cancer of the lung: has been. much greater
than the increase in 1obacco consumption.  This aucht well
be bevause the. increasced number of deaths in the latter,
vears is parth an apparent increase, due toimprosed diag:
aowinLan. ather words, it i not wholly, a. reflection of
m-.mw-.lw prevalence af cancer of the lung. On the other
hand. it s powible that the carcinogenic agent s introduced
during the. cultivation or preparation of tobacco: for con-
sumption: and that changes in: the methods. of cultination
and preparation have occurred as well as changes in con-
sumptien. Howeser that may. be, it is clearly not possibie
o dedoee a.simple time; r:l.mmnshnp in this country between:
the consumption of tobacco and the number of deaths attn-
buted: to cancer. of the lung. IS

The grcater prevalence of carcinama n{ the g in men

e compared with women leads. naturally Gy the suggestion
s that smoking may be a caune, since’ smoking: is predoni-
aantly a male habit.  Although increasing: numbers. of
women are beginning: to smoke; the great majonity of
“ women now of the cancer: ave have: cither aever smaked
: or have only recently started’ o do so. 1t is therclore
tempting to:asenibe the hight sex. ratio (o the: greater con-
sumption of tobacco by men. I this were true it would

ke expected thati the: incidence: of carcinoma of the lung
would: be the same among: non-smukers in bath sexes. In

L this series, 2 out of 639 micn and' 19 out: of: 60 women with

o carcimoma of the lung were non-smokers.

To caleulate the incidence rates among non-smokers of
eilher von 1l v necesay o Stiate: the number of non-
smohers in the population from: which: the: paticnts were:
drawn. For reasons given earhier this ¢cannot be done, but!
40 estimate can be obtained off the expected sen ratio of
cases ovcnrning among non-smokers in the Greaten | ondon
area.  From the experience of the patients: without car-
cinoma of the lung who lived in Greater. Londen at the
* time of thar interview it can be caleulated that there were,
in 19480 1750000 men .nnd 1.SX2:000 women in fondon
~between the ages off 25 and 75 who: had nover been
.. smokers according to our definttion; of the term.
these: figures, subdivided by age, in association: with the
L age distribution of the 16 cases. of carcinoma of the lung:
observed! among nonssmokers living in Gireater London, it
can be calculated that, if the incidence of the discane were
equall among non-smokers of both sexes, one cane. shouldi
have occurred in a man and' 1S 1 women.  In facti the
observed ratio was 0 to: 16,

This finding is consistent: with the theary that the nvk
of developing carcinomit of the lung is the same n both
men and women, apart from the influence of smoking It
is not, however, possible to demonstrate with the: data. at
oun disposal that ditferent amounts.of smoking are sutlicient
1o account for. the: overall sex ratio,

As to the nature: of the carcinogen we harve nw-evidence.

" Fhe only caranogenic substunce which' has been. found
tobucco smoke v arsenic (DAl and Kennaway, 1950, but
the evidence thati arsemie can produce: caranoma: ol the
tung i suggediive ruther than conclisine (HIL and Faning,
19480 Should arsenic. prove to be the carcinopen, the
possibility. arises that it s not the tobacen itselfi which iy
danceraun,. Insevticides contiming arsenic have been used
for the protection: of the, grosing crop:since the end ot the.
fast: century and might concenably. be' the souce of the
~gesponvible factor. This, oo, might acconnt for the obser-
sation: that: deaths from cancer ofi the fung: have sncreased
mote rapidh. than the comumption of tobacae. -
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r

The great increase in ine mmiber of deaths. attribuled’ to
cancer of the lung in the last 28 years justaties the. search for
4 catise in: the environment.  An imsestigation wan therefore
vatnied: out into the: possible: assexciation: of carcinoma of the
lung with smoking: expaosure 10 car and fuel fumes, sccupation, -
ete.  The preliminary findings. with: regard 10 smoking ane :
eported. ]

The material for the investipation way, ohiinred from. tweniy. .
hosptals, in the Londons region which notiticd patients with
anver of the lung, stomuch, and large bawel.  Atmoners then
vivited  and  interviewed  each: patient.,  The panents  with:
carcinoma. of the stomach and large bowel senved for compari-
wn and, in addition, the almaoners interviemed a non-canicl
control group of general hospital patients, chimen s as to be
of the ame sex and age av the lung-catainoma: patients.

Altogether 49 men amd 60 waonten)
lune were anterviewed!  Of the men 0.1 L and of the women
W2 . were nonssmokery tas definedlin the tent), The core:
spomding ligures for the non-cancer control gmups were: men
42 ., women S0V ’

Among the ~mukwcr\ a relativels  high proportion: of the
patients with carcinoma of: the lung: fell in the heanvier smokang
categorics.  Jor enample; 36,0 . of the male and! 1467 of the
female lang-carcinoma patients who smobed gave as their most,
recent amobang habits: prioe - ther illness the equiratent of 28
of mete cigareites. a dan, while only 134 of the male and
none of the femule non ‘.ll‘mtl‘wumglnl patients smoked as much
Sinnlar ditleiences. were found when compansons were made
betmeen: the nunimum amounts ever smoked and e estintated
wlal amounts ever smoked.

Cigarette smoking war. more clinelh telated e carvinoma of
the fung than: pipe smokine N distindt ascociation was. found
with inhalng.

with carcinomar of the

Taken as a whole: the lung-catanoma patients. had: begun. )
o amaoke earlier and had continued for longer than the confinds, Lo
but the dilfercnoes. were very small anid not st hically senili
canl.  Ruther fewer lung:carcinomg, p.mtnlr. had given up
amoking.

Consideration hay beenigiven o the possibality. that the: 1esults
conld Hane been produced by the: selection of an umuituble
group-of control patients, by patients with respiratory dineane
exaggerahing their smohany habitn, or by brav an thie part of
the interviewers.  Reasons ane given for t\;ludml:‘ all these
possibilities, and it is corcluded that: smnking is an impuortant
Cactor inithe caune: of: cascinoma. of ‘the lung.

From consideration of the smoking: histories given by the
patients. without: cancer: of the lung & tentative eslimate was
made of the number of people who smoked dilferent amounts
of tobacco ini Greater London, and henge: the: relative rinks of
develoming: the divease among ditferenti grades. of smokers were
calculated.  The figures obtained are admittedly, specilatne, .
but sugpest thati above the age of 35, the sk of developing:
the diseane increases: in simple proportion: with the amount
smoked, and that! it man. be approvimately S0 umes as grean
amuong thase: whosmake 28 or mure cigareties.a day as among
non-smokers,,

Lhe: observed sen rativ among: pon-smokers (hasad, it miust
be stressed! on very few cases) can Be readity avcounted for
if the true incideace amor g aon:sntohers iy equal in. bath seves.

Wi aet posible o deduce o simple time relationstinp betmecn ‘
the incteased vamumption of tobacco anid' the increased numbes:
of deathis. attnbuted to cancer of ' the long.  Thin may. be
became part of thie increase v, appaent that s, Jue to
eepooved dugnosis, but it mud. shwe be Becnne the caremagen:
n tobacen smoke s intrindied inte the tobages dunine s 1»
cullnation o preparation;. Greater JNanges may have taken, -
plave in the mothod's mvobval o these, pravesses lh.m m the
avtusllamounl of tobacco comuved., e300 :
Coroperanne Hlospurals, Brometon, Certial \ll-lslh'w\.r
tiwlh o, Hikney,  Mamarersmi b, Jlarctield. Lambeth 5
Bewisham, Middleser, Mount Vernon and the Rasiom: Imtiute,
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- St. Charless. St James', St.. Mary's,, St Thomas’s, University. :

S College, Whittington. L. - {

We are indebtedi to. the stafls of the above:named hospitals. [or
having: allowed us to interview their paticnts and to have access
. 1o the hospital notes; alio to the individusi. members of the staffs,
doth: medical and lay, who notfied the cases and collected the notes.
for. examination.  The wuik could noti have: been carried out without i
~their co-operation,  Sit Lrnest: Kennaway and Dr. Peicy Stk . S
took part 1n a. conference called by the Medical Research Counaill
at which this investigation. was initiated, and! we have been fortunoe
in having their helpful advice' throughout its. course. Piolcyor
W. D. Newcomb hias advised us.on indivsdual problemn of pathology.
We are most grateful for this assistance:  Finally, we wnh 1o thank. .
Miss Marna Buckatzsch; Miss Beryl lapn, Miss Kcena' Junes. and .
Miss Rosemsry. Thomson, who: interviewed the paticnts and helped
with: the saalysis of the results; and Dr. J. T. Boyd foe assistance i
. the cakulations: o L

REFININCES

Clemmesen. J, and Busk, T (1937, Brr J. Cancer L. e
~ Dafl, M, and Kennaway, E. L. (19500, Ihid. In pross.
Davies. €. K. (1949). Hrar. D andisar Med . 6,235
Hill, A. Bradford, and Fanine, E. 1. (19 Ihd, s. 1. o .-
Kmn:'vgm. E. L., and. Kennaway, N' M. (1947, Brit: J. Can.er. .

1. 260.
Miiller, F. H (1939). Z. Krebsfinsch:, 9, 7
Schrek, R, Baker. L. A, Balland. G. P.. and DolgollL § (19500
Cancer. Res.. 10, 49. . .
Steiner, P. E. {1943). Arch. Path., 37, IRS. o .
Stocks, P. (1937} Studies on Medicall and Population Subiccis,
No. 1. Regwnal and Local Diterences in Cancer Death Rutes:

H.M.S 0., | ondon.
Willis; R..A_(193%)  Parholuer. of Tumours. Rutterworth, 1 ondon: °
\\',\‘n;l:;. . 1., and Giaham, L. A, (1950, J. Amer med Asv., 143,
JI '

01

20008%0




