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CONCLUSIONS

‘All grocerdom screamed. When it had done screaming, it
acquiesced.’ Clive Bell’

The Grounds for Rejecting a Hypothesis

In modern science a hypothesis stands until an alterna-
tive is proposed which fits the facts even better. If two
rival hypotheses fit equally well, a crucial experiment must
be devised to indicate conclusively that one is correct.
Absolute proof of hypothesis is a contradiction in terms,
for, when such proof is available, the hypothesis becomes
a fact. To demand absolute proof, as if it were a charac-
teristic of all good hypotheses, is folly; it is not available
for even the theory of gravitation.

In the meanwhile, the facts to explain™ are:

1. The age-adjusted lung-cancer mortality has increased
tremendously in the last 30 years.

2. This increase affects males more than females.

3. This increase involves certain histologic types only
(Kreyberg’s type 1).

4. Cigarette smoking has also increased in all countries
where this rise in lung cancer has been noted, and the in-
crease in cigarette smoking has preceded the increase in
lung cancer by some decades.

5. Within a population at a given time the risk of lung
cancer in males and females is proportional to the amount
smoked and falls off with cessation of smoking.

6. Carcinogens and co-carcinogenic factors are present
in smoke.

7. Cigarette tar is carcinogenic when applied in com-
parable dosage to the lungs or skin of suitable animals.

The hypothesis is open to modification, e.g. cigarette
smoking itself is not strictly the factor held responsible,
but (excluding certain occupational groups) the major
cause of lung cancer in civilized countries is held to be
the inhalation into the bronchi of carcinogenic and co-
carcinogenic substances derived from cigarette smoke and,
to a lesser extent, from pipe and cigar smoke. In this form
it remains the only explanation of the facts.

Some critics apparently feel under no obligation to pro-
vide an alternative hypothesis, and merely attempt to cast
doubt on single items of evidence. The strength of a chain
is the strength of its weakest link, they argue—demolish
one link and the whole theory can be rejected.

In the first place, in medicine we normally have to act
on reasonable grounds, without waiting for absolute cer-
tainty. Greenwood” wrote that ‘the scientific purist, who
will wait for medical statistics until they are nosologically
exact, is no wiser than Horace’s rustic waiting for the river
to flow away’.

In the second place, evidence does not form a chain
that can be broken at one link. It is more like the threads
that bound Gulliver to the ground in Lilliput—flimsy
though the individual threads might have been, their com-
bined strength was irresistible. It is the consistency be-
tween data, derived from many sources, that validates this
hypothesis.

Finally, where a crucial requirement has been deman-
ded, and met, the hypothesis that fits ought to be accep-
ted. This has not happened. Berkson, for example, attri-
buted the greater smoking habits of lung-cancer patients
to bias even in prospective surveys, i.e. he suggested that
patients who were going to develop lung cancer would
say they smoked more than they actually did. This bias,
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if present, should have ‘worn off’ in 3-5 years. The
passage of time, therefore, should show lung cancer
appearing more frequently in those of lower smoking
habits. This has not occurred, and the original postulate
of bias falls away. Doll and Hill® showed this bias was
not present in patients incorrectly diagnosed as having
lung cancer, so it is doubtful if this bias existed in their
retrospective study. The critic, however, has not changed
his ground.

The failure of Doll and Hill to demonstrate increased
inhalation among lung-cancer patients was regarded as
crucial. It has now been demonstrated in other series.
Will the critic believe the demonstration to be as crucial
as he once claimed his objection was?

Unless objections are no longer a matter of logic, and
are now matters of personal reputation, the critic should
state his objections clearly, the alternative hypothesis that
he favours and what crucial experiment, within reason,
would be accepted. The ideal experiment would be to take
a group of 100,000 schoolboys, randomly subdivided and
ordered to adopt particular smoking habits, and follow
them for the next 60 years. This is not a practical pro-
posal. Short of this, however, it seems that everything
possible has been done, and the hypothesis that holds
cigarette smoking is the major cause of the present pan-
demic of lung cancer remains the only explanation that
fits the facts. It is the most thoroughly substantiated of all
hypotheses regarding the aetiology of any human cancer,
and all postulates have been amply fulfilled. From the
theoretical viewpoint, it merely extends Pott’s demonstra-
tion, now nearly two centuries old, that cancer may result
from exposure to the products of combustion.

The hypothesis has been vigorously attacked, but the
major opposition has come from what Bross” has termed
*hit and run’ critics, who attempt to discredit the associa-
tion without seriously putting forward any counter hypo-
thesis. The techniques of ‘factifuging’™ have been most
effectively applied.

This opposition is not wholly unexpected, however un-
justified it may be. It has been shown, even among medi-
cal men in England® and Holland,"” that the intensity of
disbelief is greater in smokers. From these published
figures. and also from my findings in local medical stu-
dents.” it is evident that the evaluation of the association
between smoking and lung cancer is affected by the
smoking habits of the subject. Since this bias exists, public
statements discrediting the evidence or advocating delay
should be prefaced with a statement whether the speaker
smokes, or has a vested interest in tobacco—be it share-
holding, employment, the prosperity of his relatives or
political pressure. Such frankness is not without precedent:
it was a noteworthy feature of the debate in the House of
Lords on 22 March 1962

RECOMMENDATIONS

‘Health cannot be imposed upon a people; it must be won
in partnership with them.” F. Brockington™

The obvious recommendation to the smoker is to give it
up, and to the non-smoker, not to begin. People do not

necessarily follow good advice, however, so it behoves the
tobacco companies to render their products less noxious.
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Since they must perforce experiment on their customers,
they will have to base the changes on reasonable grounds,
and not vainly ask for proof. Subsequent changes in
lung-cancer mortality will demonstrate the efficiency of
the alterations. Elimination of carcinogens, co-carcinogens,
and ciliostatics would seem an obvious measure. This may
be attempted by selection of tobacco, alteration in pro-
cessing, reduction in temperature of combustion®* (to
below 650° C.), reduction in phenolic and acid fractions
of the smoke, and identification and elimination of cilio-
static agents. Reduced production of carcinogens, co-car-
cinogens and ciliostatics should be reinforced by selective
filtration (other modifications may be demanded to reduce
the risk of coronary thrombosis and chronic bronchitis).
It is a tremendous problem, and offers plenty of scope for
immediate action and research, once the industry aban-
dons its present struthious behaviour.

Frank admission of the dangers of a product need not
mean industrial suicide. The liquor industry has never de-
nied the association between alcohol and drunkenness—
and also received a million-rand grant for research from
the South African Government.

The proper course of action will need great wisdom,
experience and skill. It is possible to dispose of some sug-
gested methods immediately. Control of a habit-forming
drug cannot be left to individual choice. It cannot be left
to the tobacco industry and its shareholders—who to my
knowledge have done nothing in this country so far
towards either censoring advertising or acknowledging the
danger of their product. The companies, furthermore,
produce the products that the public requires, and the
farmers in turn produce the tobacco that the companies
require. A change in demand can only come about slowly.

State action in some form is inevitable, and the Public
Health Act No. 36 of 1919, as amended,” makes adequate
provision for this in Section 3 (1) which reads:

‘The functions of the Department of Health shall be . . .
the prevention, limitation, or suppression of . . . preventable
diseases . . . as well as ‘to promote or carry out researches
and investigations in connection with the prevention or treat-
ment of human diseases’.

To justify action by responsible bodies, an official
statement is needed on the reality of this association,
which the British Ministry of Health describes as ‘demon-
strating, “crushingly and irrefutably”, that smoking, above
all cigarette smoking, was the cause of the vast majority

43

of cases of lung cancer’.
Health education is urgently necessary, although the
immediate results of educational campaigns are disappoin-
ting.* The small voice of health education cannot com-
pete with the lavishly endowed blare of advertising media,
and will never be able to compete unless cigarette com-
panies are obliged to provide a sum of money for anti-
smoking advertisements equal to that which they spend in
extolling their products. Long-term effects may be expec-
ted, however, and have already been demonstrated in a
reduction of smoking among doctors, who are best able
to see the results.” Even here, however, it has been slow.
Suggestions that propaganda be directed at adolescents,
while adults continue to smoke unabatedly, are naive.
Simple taxation of tobacco does not reduce consump-
tion, and will only encourage the habits of economy that
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no doubt help to make the British lung-cancer mortality
so high.

Deserving of consideration are three measures. The first
is differential taxation, least on cigars, and varying with
the tar production or carcinogenicity of cigarettes. This
might stimulate improvement of the brands as well as an
alteration in smoking habits.

The second is a printed statement on each packet™
giving the nicotine and tar content of the smoke, so that
the customer can know what he is purchasing.

Finally, there is limitation of advertising. If not done
voluntarily by the tobacco companies, it should be State-
enforced. It is difficult to convince youth of dangers 20
or 30 years ahead, in the face of all the subtleties of
modern advertising, suggesting that cigarette smoking—at
least of a particular brand—is a mark of success, maturity,
popularity, or appreciation by either beautiful girls or
handsome men. Advertising revenue also biases informa-
tion services. Not all newspapers keep their news and ad-
vertising sections in watertight compartments, and state-
ments relating to the incrimination of cigarette smoking
are usually followed up closely by counter-arguments, in
type as bold, though the reasoning be trivial.

Differential taxation would lead to the anomalous situa-
tion that the most expensive brands would probably be
the worst for the customer. It remains to be seen whether
the snob value of higher prices would be counteracted by
the knowledge that this price increase was produced by
taxation, intended to discriminate against a more harmful
product. This would of course be supported by the manu-
facturer’s label giving the content of noxious material in
the smoke.

An informed shift in public demand is necessary to in-
cline industry and farming in the direction of a safer pro-
duct.

It will be argued that tar content is not an exact measure
of carcinogenicity. It is, however, a good measure, and
cigarettes which produce less tar are generally less carcino-
genic than those which produce more."" When a better
practical index of cancer risk is agreed upon, it can be
used. The label on the packet might then be changed from
‘6 mg. smoke condensate per cigarette’ to “The smoke from
4 of thess cigarettes will produce cancer in 50, of the
rats (or mice) injected’. Whether the increase in precision
will be welcome to the industry remains to be seen.

Improvement will require a sensible acknowledgement of
facts by the public, industry, and State health agencies.
The only policies with a hope of success are those that
make it easy to do the safe thing, and difficult—and much
more expensive—to inhale carcinogens.

The size and the economic importance of the tobacco
industry as producers of revenue and advertising, seem to
have weighed too much with governments. Official inac-
tion before the mountain of evidence relating to tobacco
smoking stands in marked contrast to the prompt and radi-
cal action of the USA Government" whose Secretary of
Health, Education and Welfare impounded cranberries
contaminated with traces of the weed-killer amino-triazol,
refusing to impose tolerance levels (e.g. the suggested level
of 1 part per million). A single experiment showed that
this substance gave rise to adenocarcinomas of the thyroid
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in rats fed for 2 years on a diet containing 100 parts per
million. At 50 parts per million only adenomas developed.
There were certainly no grounds for believing that a tea-
spoonful of cranberry sauce on the Thanksgiving Day
turkey would be a serious risk in man. The Secretary
based his action on the clause in the Federal Food, Drug,
and Cosmetic Act which says that ‘no additive shall be
deemed safe if it is found to induce cancer when ingested
by man or animal’.

At this stage the minds of some may run to the need
for Government commissions—as respectable a method for
postponing a decision as has been invented. There have
been numerous commissions, national and international,
on this subject. All have reached the same conclusions. We
need no more. The latest commission, that of the Royal
College of Physicians, was actually criticized for contri-
buting nothing new." which is hardly the duty of a com-
mission, although the criticism emphasizes the sameness
of their reports.

To those who suggest the need for more research. I
would reply firmly there is no need for more research
into the association between lung cancer and smoking.
The association has been proved over the last 30 years
and in as many separate independent investigations.*

I do not deny the need for research into particular as-
pects of this association or into the mechanism whereby
cigarette smoking causes lung cancer; on the contrary, such
research is essential. But let us have no further waste of
time and argument about the existence of a causal rela-
tionship between smoking and lung cancer. In South Afri-
can Whites the disease is responsible for more than 500
deaths a year, in the United Kingdom more than 25,000,
and in the USA almost 40,000 deaths, of which 859"
to 907." would not occur if smoking were abandoned. It
accounts for about 20%. of deaths from cancer among
South African White males (and, as we have seen, 367/
among White miners). Each year of delay allows lives to
be lost which could have been saved by giving up smoking.
The prospects of cure are distressingly low. These pre-
ventable deaths must be weighed against academic de-
mands for absolute certainty.

Were someone to discover a technique for curing 20°/
of male cancers it would rightly be hailed as a tremendous
advance and prompt availability would be demanded. We
now have the power to prevent as many. The widespread
failure to act calls to mind the episode®™ during World
War II, on 11 February 1942, when the German battle
cruisers Scharnhorst and Gneisenau, and the cruiser Prinz
Eugen broke out of the blockade in the harbour of Brest
and proceeded 560 miles up the English channel through
the Straits of Dover to safety in Heligoland Bight. Ad-
miral Sir Dudley Pound had the unenviable task of break-
ing the news to the British Prime Minister. Sir Winston
Churchill’s response to his unhappy Admiral of the Fleet
was the single word: ‘Why?’ Future historians of medi-
cine, looking at more than 30 years of inaction since this
association was first demonstrated, will ask the same ques-
tion.

*This is a favourite plea of tobacco manufacturers, whether British,
American or South African. Viscount Hailsham, Lord President of the
Council and Minister for Science, has answered this argument with a
lucidity and sympathy that deserves close study.!
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SUMMARY 19 Cohen, J. and Heimann, R. K. (1962): Industr. Med. Surg., 31, 115.
. Commins, B. T., Cooper, R. L. and Lindsey, A. J. (1954): Brit. J.

Just as Koch's p 1 have bled bautennloglsts to deduce 2 causal Cancer, 8, 296.
association from a st ical correl an or and a 21, Cmper. R. L., Gilbert, J. A. S. and Lindsey, A, J. (1955): 1bid., 9,

so also in cancer epidemiology there are postulates on which a causal
relationship between an environmental factor and a cancer can be deduced.
In the light of these. this article examines the evidence for the reality
of the increase in deaths from lung cancer, its association with smoking.
particularly cigarette smoking, and the experimental confirmation of the
hypothesis that this association is causal. In addition to this review of
the literature, some South African evidence is presented, which bears on
the gquestion.

1. In the period 1949 - 1958 the standardized lung cancer mortality for
White males has almost doubled.

2. Since 1920 the relative frequency of lung cancer in necropsies on
White miners has increased from 07 to 7-6% of all necropsies (and to
367 of all cancers). The percentages in miners are very similar to those
mn leI'l-I‘n.IMI'!

3. Proctor has provided some hitherto unpublished figures from Queen
Square, London, relating to patients whose brain tumours were subse-
quently found to be of metastatic origin. With the passage of time, the
lung has been found with increasing frequency to be the primary source
of the metastasis. This indicates that clinically missed cases of lung cancer
have undergone an increase: if the general increase in lung cancer could
be explamcd away on imr in di alone these clinically

hould have d d f

cases in f

4. From Dean’s published material on Tung canctr mortality in South
Africa, the relative risk is shown to increase markedly (up to 12-fold) with
heavy cigarette smoking.

5. In South Africa, White male lung cancer mortality is highest in Natal
and lowest in the Orange Free State. In all provinces and in both sexes,
the mortality is higher in the more heavily populated magisterial districts.

6. The standardized mortality rates for White males are 27-6 per 100,000
per year over the period 1949 - 1958, and 199 for Coloureds: for Asians
the rate is 913, per 100,000 per year over the period 1950 - 1958. The
male:female ratios of cancers of the oral cavity., oesophagus and lung
are comparable (approximately 4:1). while that of the nose and sinuses
is much lower (1-3:1). This is with a carci inhaled through
the mouth rather than the nose. :

7. The consumption of cigarettes in South Africa has risen markedly
since 1930, and is still rising.

8. Cancer mortality figures from Durban show no evidence of an in-
creased risk in White women in Durban. A low rate is also noted in

22. Cooper. R. L. and Llndsey A. J. (1953): Chem. and Ind., 2, 1205.

44, Fildes, P. and Mclntosch, J.

. Fisher, R. A, (1958): Nature {Lond.), 182, 108.

. Ilg;’m (1959): Smoking, the Cancer Controversy. Edinburgh: Oliver &
yd

49.

51.
32,1

. Cooper, R. L., Lindsey, A
. Daff, N. E. and Kennaway, E.

. Davies, J. N. P.,
2, 3 8

. Idem (1962):

. Idem (1962): The Sci

. J. and Waller, R. E. (1954): Ibid., 2,

1418,
.Comfit]d. J. (1951): J. Nat. Cancer Inst., 11, 1269.
Cornfield, J., Haenszel, W., Hammond, E.

rnfie C llllmfeld A M,
Shimkin, M. B. and Wynder, E. L. (1959): Ibid., 22, 173.
1 L. (1950): Brit. 3 Caucer. 4, 173.
Wilson, B. A. and Knowelden, J. (1962): Lancet,

(1959): Brit. Med. J., 2, 852.

Dean,
. Idem {196!) Ibid., 2, 1599.
. Doll, R. (1953): Ibid., 2. 521.

Idem (1959): Acta Un int. Cancr., 15, 417.

Doll, R. and Hill, A. B. (1952): Brit. Med. y. 2 027
Doll; R’ Hill, A" B, Gray, P. G. and Parr, E.'A. (1959): Ibid., 1,

Dorn, H. F. and Baum, W. S, (1955): Industr. Med. Surg., 24, 239.
Earle, H. (1823 and 1828): Op. cit.®

. Eastcott, D. F. (1956): Lancet, 1, 37.
. Editorial (1926): J. Amer. Med.
. Idem (1956): Med. Proc.. 2, 341.
. Idem (1959): Ibid., 5, 437.

Assoc., 26, 436.

Idem (1959): Science, 130, 1447.

iences, 1, 17.

Leading article (1962): Brit. Med. J., 2, 975.

(1920): Brit. J. Exp. Path., 1, 119.

. Friberg, L., l%], L., Dencker, S. J. and Jonsson, E. (1959): Brit.

Med.

. Graham, S. (1960): Ann. N.Y. Acad. Sci.. 84, 807.

Greenwood., M. (1948): Medical Statistics jrom Graunt to Farr, p. 28.
London: Cambridge University Press.
Haenszel, W. (1961): J. Nat. Cancer Inst., 26, 3
Idem in James, G. and Rosenthal, T. cds (1962) Tobacco and
Hea.i'lh PP. 264 - 290. Illinois: Charles C.

W., Shimkin, M. B. and Mantel, N (1958) J. Nat. Cancer

South African males. The factor of at ic would app
to be comparatively trivial, at any rate in non-smokers.

Alternative explanati and argu are shown to be inade-
quate. The only hypothesis that fits the facls is that inhalation into the
bronchi of material derived from cigarette smoking is the major cause of
lung cancer. This material contains carcinogens, promoting agents, free
radicals and ciliostatics. The causal relationship is as well substantiated as
any hypothesis in the aetiology of h into the
mechanism whereby cigarette smoking causes lung cancer is still needed,
although sufficient information is available to justify immediate steps.

We have in our possession sufficient knowledge to reduce one of the
commonest cancers in men to a fraction of its present level. Lung cancer
thus falls under the class of preventable diseases, and becomes the re-
sponsibility of the State Department of Health.
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vided by Dr. J. H. S. Gear, the Director of the South African
Institute for Medical Research. I am grateful to Prof. J. F.
Murray for helpful criticism and advice, and to many
colleagues for personal discussions. I am indebted to Dr. C. B.
Chatgidakis of the Pneumoconiosis Research Laboratory, and
to Dr. N. S. Proctor of the South African Institute for
Medical Research, for unpublished material.

In a subject so widely written on as the present one it is
impossible to acknowledge or to trace every idea to its source;
if 1 have neglected to render full acknowledgement, I make
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