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Cell life and death in human tumours

"Active, aggressive, rapidly proliferating" are terms that
appear in many histopathologists' reports but bear little
relation to the nature of the tumour or its probable sensitivity
to treatment. This emotive language tends to perpetuate the
myth of the proliferation of cancer cells outstripping their
normal counterparts and reflects a lack of appreciation of the
behaviour of tumour cell populations by many concerned with
cancer treatment.

Information has now been published on the doubling time
of 1000 tumours in man made by direct or radiological
measurement. There are also enough partial or complete
autoradiographical studies for generalisations to be made about
the duration of the cell cycle, growth fraction, and cell loss
factor-the features that collectively control the doubling
time. Malaise and Tubianal 2 in Paris and Steel3 in London
have been carefully piecing together the evidence and have
found patterns ofhuman cancer cell growth that may come as a
surprise to clinicians overawed by the authoritarianism of
classical morbid anatomists.
The mean doubling time of human tumours varies widely,

but on average three months is a reasonable working figure
(contrasting with one week for experimental tumours in mice).
The spread is such that it can be as short as one week in
embryonal tumours or Burkitt's tumour to several years in
some adenocarcinomas. There is little difference in the cell
cycle times (the time taken for the proliferating cells to move
from one mitosis to the next) in tumours and their counter-
parts in their tissues of origin. On average, it takes about two
days to complete the cell cycle, with the replication ofDNA
accounting for about a third of this time. There is nothing to
suggest that cancer cells can pass through this cycle faster than
normal, and, indeed, if anything their transit is slower.

Accurate measurement of the growth fractio'n-the propor-
tion of proliferating cells-is difficult in human cancers. The
present evidence suggests that it varies from virtually 100%
in embryonal tumours to as little as 3% to 5% in breast cancer,
with sarcomas and squamous cell tumours having fractions of
about 15% and 35%, respectively. The widest variation is in the
adenocarcinomas, which are usually the slowest growing
tumours, so that some may have a virtually static cell popula-
tion and others a far higher proportion in the proliferative
cycle. Among normal tissues, too, cell proliferation is normally
very infrequent in bladder epithelium, resting breast, and
prostate.

In contrast, for renewal tissues such as bone marrow, gut,
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and skin to maintain a homoeostatic state cell production must
be balanced by an equal cell loss, so that for most ofthe time in
adults eventually all the progeny of the stem cells of these
tissues die. This loss is controlled and purposeful, and random
events have only a small role.4 In human tumours cell loss
still accounts for about 75% of cell production, but the figure
varies considerably from one tumour type to another. The
factors influencing cell loss are more complex than in normal
tissues: intrinsic errors in the cancer cells often express their
lethal effects in mitosis; and many cells are lost because of
vagaries of imbalance in their supply of nutrients and oxygen
owing to defective vascularisation, local thrombosis, and
haemorrhage. In the more differentiated cancers there is some
cell loss akin to the programmed series of events in normal
tissues. In general, tumours that grow the fastest have the
highest cell loss. Tubiana and Malaise have introduced the
useful concept of daily turnover rate-that part of the tumour
cell production that is needed each day to keep the tumour in
steady state. This is about 350% in embryonal tumours,
10-15% in squamous cell cancers, 40/o in sarcomas, and only
1% in adenocarcinomas.
We have no data on the behaviour of microscopic human

tumours, but probably they are biologically more efficient at
this stage since their oxygenation and nutrition are more likely
to be adequate. Nor do we have any evidence to relate the
propensity to form metastases with the cell kinetics of the
tumour cell population. There is no direct relation between
the growth fraction and the proportion of cells that are
clonogenic-that is, retain the capacity to hand on to their
progeny the property of sustained proliferation. Clearly these
last two properties are vital in influencing the evolution of the
cancer, but it would be wrong to imagine that they may be
predicted from study of tumour kinetics.

This information has not yet led to any improvements in
therapeutic strategy, which is limited by the resistance,
recovery patterns, and cell kinetics of the normal renewal
tissues-in particular, the bone marrow and gut. But a low
growth fraction may explain why very long intervals may have
to elapse between radiotherapy and any decrease in the size of
a tumour mass, since cell death is usually linked to mitosis.
On the other hand, cell kinetics cannot explain the particular
sensitivity of certain slow growing cancers (such as of the
breast and prostate) to sudden changes in their hormone
environment: this form of cell death is reminiscent of that in
embryogenesis and the switch mechanism in normal sex-
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hormone dependent target tissues. In the embryonal tumours,
where treatment is having most success, most of the population
is maintained in the proliferative cycle and the bulk of cell
production is wasted by cell death; Bagshawe5 has indicated
that these may be cardinal features of cancers that respond to
chemotherapy. Now the problem is to think of ways of forcing
natural wastage to even higher levels-a strategy that would
exploit the innate behaviour of the cancer cells. Conversely,
these findings reinforce fears that the large proportion of
quiescent cells in many adenocarcinomas puts them beyond
the reach of current treatment, though their progress may be
impeded by attacking the vulnerable parts of their population.

Given an initial tumour mass of 10 g and 99% of cells
killed by treatment, 100m cancer cells will still be left
behind. Only when the effect is expressed in logarithmic terms
is one sharply reminded that a reduction from 1010 to 108
cells still leaves a long way to go before the tumour is eradicated.
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Social trends
In the early 1960s a new intellectual fashion was launched in
the United States: the social indicators movement. The
idea was to complement economic statistics, which record
only those changes which are measurable in money terms,
with social statistics, which would record changes in the
quality of life. Furthermore, these social indicators were
seen as serving policy makers in much the same way as
economic indicators-as signals for action. In the event,
social indicators have turned out to be rather a social scientist's
Concorde: prestigious rather than generally useful. However,
the movement did generate in Britain one byproduct which
has earned its keep-Social Trends, the Central Statistical
Office's annual compendium of figures about the state of
the nation's health, housing, education, and general welfare
(as indicated by such a variety of measures as, for example,
crime rates, the breakdown of marriages, and amount of
leisure time). Now in its sixth year,1 Social Trends has devel-
oped into the best available guide to British official statistics,
extracting the key figures from the specialist volumes and
making them available in a way which allows those interested
in, say, health to look at developments in other, possibly
relevant, fields.
Apart from its value as a reference book Social Trends

should therefore help to discourage people from thinking
about health and other social policy issues in compartmental,
and that is departmental, terms. Instead, it should stimulate
ways of thinking about problems which cross administrative
boundaries-for example, discussion of the health needs of
the elderly as they relate to housing conditions or the provision
of other forms of social support. That sort of approach was
indeed recommended by the Government's own "Think
Tank"-,the Central Policy Review Staff-in a recent report2;
let us hope its proposals for looking at policy issues within
a common framework will not be treated in the same dis-
missive way as its study ofthe car industry.

While no one can quarrel with this general approach, it
is more difficult to identify the most useful, specific units of
analysis. Should it be specific groups such as the elderly ? Should
it be geographical groups? Or should it be social groups?
Helpfully, the latest issue of Social Trends illustrates some
of the practical difficulties by looking at social statistics both
by area and by class. In particular it shows that in terms of
the distribution of social well-being Britain has a long way
to go yet before achieving a classless society, and, as it points
out, "The original reason for developing the Registrar Gen-
eral's concept of social class was to examine variations in
mortality." Thus semiskilled manual workers tend to suffer
more than the other social classes from both chronic and acute
sickness, while their children tend to be shorter, with poorer
eyesight and more tooth decay, than the rest. Similarly, as
social class falls, there is more overcrowding, more un-
employment, and less education.
While such statistics may confirm the continuation of

inequality on a number of measures, they do not provide
any ready answers-and indeed may encourage simplistic,
ideologically based policy recipes. For instance, the health
of unskilled workers may be poorer than that of the rest of
the population for a variety of reasons: because of inherited
characteristics, because of working conditions, because of
their living environment, or because people in poor health
tend to drift down the employment hierarchy into the poorest
jobs. It would be dangerous to use the association of poor
health (and high use of NHS facilities) with low social class
as an argument against the recent recommendations by a
DHSS working party3 for cutting down the allocation of
resources to inner city areas, like London and Liverpool,
where at present there is an excess of provision relative to
the rest of the country. True, these inner city areas have,
as another article in Social Trends shows, a high proportion
of unskilled working class families with their associated
problems. But it does not follow that these deprived areas
require more in the way of medical care as distinct from better
housing or other services. So while Social Trends is invaluable
as a source of statistics and information it also offers a warning
about the amount of work that remains to be done before
social statistics become a reliable guide to social action.

1 Central Statistical Office, Social Trends No 6. London, HMSO, 1975.
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Policies. London, HMSO, 1975.
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Computers and privacy
As more and more agencies and institutions become "com-
puterised" people naturally begin to worry that the data
provided will find their way into some amorphous information
bank over which they have no control and whose purposes
are far removed from those for which the data were originally
intended. Most democratic countries and organisations are
well aware of the problem. In West Germany and Sweden
data protection laws have already been enforced. Draft
legislation is under consideration in Norway, Austria, New
Zealand, and Canada. The Council of Europe has issued
detailed recommendations about the establishment, operation,
and development of data banks in both the public and the
private sector; comparable views have been expressed in the
United States by the Committee on Scientific and Technical
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