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Cancer. 

A GOOD deal has been done in recent years to 
elucidate the laws of animal growth-the 

rules, that is, which determine that each individual 
animal grows, develops, and differentiates until its 
body has reached a certain size, with its various 
parts and organs in certain proportions and in 
certain relationships to one another. The deadly 
precision with which the ' normal 'result is achieved 
is so commonplace that we wonder at it less than 
we do at the much rarer cases when the regulatory 
mechanism goes wrong. That is the naturalist's 
instinct. ' Treasure your exceptions ' is, within 
reasonable bounds, a sound rule, and the study of 
unnatural forms of growth is as likely a road as 
any other to lead us to an understanding of normal 
development. Of all the varieties of abnormal 
growth, we know most about tumours, especially 
of human tumours, and more particularly of those 
which by their nature tend to kill the individual 
in which they grow and which we distinguish as 
'malignant tumours' or 'cancer.' 

The natural history of man is known far better 
than that of any other animal : an industrious 
worker may examine a hundred thousand in
dividuals of some wild species ; most people would 
think they had done pretty well if they had closely 
scrutinised five hundred. But the organised activi
ties of public health authorities now keep under 
pretty close observation some 200 million people, 
and tell us, with tolerable if improvable accuracy, 
the reasons why they die from year to year and 
from childhood to old age. We know from these 
data that cancer is one of the chief causes of death 
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35 in civilised countries in temperate climates, and we 
35 have a great mass of information about the sex, 
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age, occupation, and other circumstances of the 
people who die from it. 

The whole 'cancer problem' is therefore of con
siderable interest from many points of view
biological, medical, and personal- and these are all 
represented in the report,1 lately published, of the 
International Conference on Cancer, held in London 
last July under the auspices of the British Empire 
Cancer Campaign. The twenty-sixth annual report 
of the Imperial Cancer Research Fund also con
tributes once again its record of the steady, sober 
progress which that organisation has so consistently 
maintained, first under Dr. E. F. Bashford, and in 
recent years under Dr. J. A. Murray. Where does 
the problem now stand ? 

A cancer grows from, and is composed of, cells 
of the body in which it arises. It differs from normal 
tissue in its gross morphology, in its minute struc
ture, and in its functional relationships, but these 
differences are quantitative rather than qualitative. 
Anatomically and physiologically the degrees of 
resemblance and difference vary widely in different 
instances : some tumours are very like normal 
tissue, some are bizarrely different. All attempts 
to define any specifically malignant character have 
failed : Mr. H. G. Crabtree has lately shown that 
Warburg's criterion of a capacity for anaerobic 
glycolysis is not valid, since cellular overgrowths 
of an inflammatory nature show the same sort of 
metabolism. The most definite feature of cancers 
is their relative detachment and isolation in the 
co-operative community which is formed by the 
tissues and organs of the body. The normal 
anatomical relationships of epithelium and con
nective tissue, for example, are due to the mutual 
restraint of each tissue on the other : if a cancer 
starts in the epithelium, it is not held in check by 
the connective tissue: it defies the laws of normal 
growth and produces tissue which does not sub
serve the proper functions of epithelium towards 
the underlying tissues and the rest of the body. 

Similarly, cancer cells are not subject to the 
ordinary rules of senescence. Growing old, and 
eventually so old that life ceases, is a function of 
the body as a whole, not of individual tissues. If 
a normal embryonic tissue is isolated from the rest 
of the body in artificial culture, it can be propagated 
by periodical transplantations for a time much 
longer than the natural life of the animal species 
from which it came, and probably indefinitely. A 
mouse cancer is physiologically isolated in an 
analogous manner: it never grows old, and by 
transplantation from mouse to mouse can be kept 

1 John Wright and Sons, Bristol. 1928. Pp. 588. 

No. 3088, VoL. 123] 

alive for many natural generations of mice, and 
probably for ever. 

Pieces of tissue which are in this way detached 
from the communal activities of the body as a 
whole are, as might be anticipated, useless. The 
fat in a fatty tumour is not available as a source 
of energy for the body ; a tumour of stomach 
epithelium does not secrete gastric juice, nor is a 
muscular tumour of the uterus of any value in 
retaining or expelling a £cetus. But, which could 
scarcely have been predicted, they are also harmful; 
it is, after all, the great practical quality of cancers 
that they kill. In many cases they do this by 
interfering in a gross way with the normal working 
of the stomach or intestines or brain or lungs. But 
they kill with equal certainty if they do not involve 
any vital organ and, questionless, they produce 
some substance which is poisonous to the rest of 
the body, often shown most strikingly by the pro
duction of an extreme degree of wasting. Few 
attempts have been made to explain this general 
ill effect, and we really know nothing of its intimate 
mechanism. Why cancer kills is a very interesting 
question which still needs an answer. It may be 
that there is a biological principle that cells which 
are not with the body are against it. 

Far more attention has naturally been given to 
the origin and causes of the dissociated growth. 
All the evidence goes to show that it is due to a 
reaction between the tissues and some external 
stimulation. Organisms exist only in relation to 
their environment : normal organisms react to a 
normal environment in such a way that each is 
in perfect adaptation with the other. In cancer 
there is something wrong with both. 

There is no substantial evidence that cancer is 
due to any sort of parasite. Malignant tumours 
produce substances which can stimulate normal 
cells to take on a cancerous way of growth ; 
in some ways they resemble the invisible viruses 
which are the causes of some infectious diseases ; 
but these carcinogenic agents have never been 
found apart from tumours, and it seems most 
likely that they arise in and are the result of cancer 
rather than its cause. The cumulative indications, 
however, that cancer is caused by various forms 
of stimulation which we may group together as 
chronic irritation, become more and more impressive, 
and fresh examples of the association are con
tinually being brought forward. Irritation involves 
cell injury and cell destruction, and any class of 
agents which can injure cells may evoke cancer as 
a response-mechanical, thermal, chemical, para
sitic, and radiant injury are all effective. But 
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though a jagged tooth, swallowing food too hot, 
working in arsenic, being infected with the worm 
Schistosomum, and X-rays may all cause cancer, 
experiments on animals and observations on man 
agree in attaching special efficacy to soot, tar, shale 
oils, and other products of destructive distillation. 

There are strong grounds for thinking that this 
is the environmental factor which connects a high 
cancer incidence with civilisation and town life. 
Man is an artificial animal, and he is evidently far 
from perfectly adapted to the surroundings which 
he makes for himself. Human and animal experi
ence also agree in showing that cancer follows 
injury only after a long latent period, during which 
the irritation may or may not be continued. The 
interval in mice is of the order of one-third of their 
natural span of life : a corresponding period of 
15 to 20 years is suggested by the human data. 
If man lived, like a wild animal, only for the years 
of his physical perfection and generally finished 
about 30 or 35, few people would have malignant 
tumours. They are not common until ages of forty 
and upwards are reached-a prime fact in their 
epidemiology which is consistent with the view that 
irritants are the most important stimuli of can
cerous growth, especially when this mode of response 
is given better chances to emerge by man's un
natural habit of keeping himself alive a good deal 
longer than was intended. 

Whether irritants produce cancer or not depends 
also on the tissues which are involved. Recent 
observations show in a variety of ways that the 
constitution of the irritated individual is far from 
immaterial. Experimentally it is easy enough to 
make malignant tumours with tar in mice, difficult 
or next to impossible in rabbits, rats, or guinea
pigs. Within the same species, races and in
dividuals differ in the same way. Mice are so prone 
to develop ' spontaneous ' cancers that the in
cidence of the disease may be observed in them as 
it may be in man. Some strains are more cancerous 
than others, and the original demonstration by the 
Imperial Cancer Research Fund, that a tendency to 
have cancer could be exaggerated by selective 
breeding, has been very fully confirmed by the 
massive observations of Miss Slye, Prof. Leo Loeb, 
and others. Races have been obtained in which 
nearly every mouse dies of cancer ; other races in 
which cancer is almost unknown; and it is quite 
clear that the liability to respond to irritation by 
producing a cancer is a heritable constitutional 
quality, depending apparently on more than one 
Mendelian factor, and difficult to trace through 
man's promiscuous breeding. 
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We have also learned in recent years that these 
constitutional differences may be acquired as well 
as in-born. If a large number of mice are tarred 
to the same extent, the time at which they will 
develop tumours in response will vary widely : 
some individuals are much more refractory than 
others. If the cancers of the skin which first appear 
in the most susceptible animals are removed by 
operation, it proves to be exceedingly difficult or 
impossible to produce a second tar tumour in 
the same animal. Mice from which spontaneous 
tumours have been excised are equally refractory. 
The development of one cancer thus produces some 
alteration in the whole economy of the animal, 
which makes it everywhere less responsive to 
carcinogenic irritation. 

These experimental facts are reflected in human 
experience. Multiple malignant tumours in one 
person are less common than they should be if the 
development of one had no relation to the develop
ment of others : cancers of the breast and of the 
uterus are so common that examples of the occur
rence of both in the same woman should be fairly 
frequent instead of rare. The analysis of inter
national statistics, in which a committee of the 
League of Nations has taken an important part, 
also suggests that relative freedom from cancer of 
one organ may be made up by relative abundance 
in another organ. Thus in England, Holland, 
Switzerland, and Japan the death-rate from cancer 
is about the same : in each case the absence of 
cancer of the breast and uterus in males is counter
balanced by a higher rate for cancer of the ali
mentary canal, so that the total incidence in the 
two sexes is the same. In Japan, cancer of the 
breast is relatively unimportant, but cancer of the 
uterus is so much commoner that the mortality 
from both is higher than in Holland or Switzerland. 
Through several lines of approach, therefore, we reach 
the conclusion that there is a cancerous diathesis 
affecting the body as a whole as well as a heritable 
liability for some particular organ to be involved. 

The progress in our knowledge of cancer, its 
nature, causes, and cure, cannot from any point 
of view be regarded as unsatisfactory. The 
mystical ideas of thirty years ago have been replaced 
by a clear biological conception of stimulus and 
response. It cannot be long before we shall be 
able to define more closely the essential characters 
of effective stimuli on one hand and on the other 
the constitutional qualities which lead a tissue 
to give a cancerous response. The 'cancer prob
lem ' is far from solved, but it seems much more 
soluble as time goes on. 
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