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Abstract-In addition to a wide gradation oj levels oj exposure to man-mal, naturally 
occurrirzg and endogcnous chemicals, to viruses and to radiation, there is a gradation ojgenetic 
susuptibility for_+stance to the mutagenic and other damaging effects of rwxious environmental 
and en&genous agents. This interplay between environmental and host factors is probably not 
limitsd to the early Stage of carcinogenesis but exte& over the later stages of promotion and 
progression. 

The risk of cancer in humanr is thus increased by a wide spcctrum of jactors, which ranges 
from exposure to an idcntijied agent, such as environmental chemicals or a virus, to culturally 
dctennined behaviour, such a-s age at Jirst pregnatuy. We arc able today to intervene in some oj 
these foctors, while others affect risk by as yet undetermined pathways. Only progress in th 
understanding of thc mechanisms by which these factors act tan lead to spe@ means of cancer 
prevention. 

New &velq?ments in molecular biology do not invalidate ipso facto all that har been done 
bejore. Whik the IICW insights about certain aspects of the caycinogenesis process and the new 
techniques that haue been developed in parallel demand that MW approaches be explored and 
dcvelopcd there is little jus@cation for downgrading lang-tenn carcinogenicity tests, which 
providc proven, e@cient warning about possible hazards to humans. Support for the maintenance 
of a programme for testing of environmmtal chcmicals does not mean, however, that one tan 
expect thut all or even most of the agents that are carcinogenic to human-s will be iden@ed by 
traditional long-tenn testing in rodents. 

Basic and af$lied research, studies on the mechanisms oj carcinogenesis and research on 
aetiology and prevention are neither opposite nor separate areas of scient$c activity. They murt 
be, and indeed arc, closely interrelated. The understanding oj certain stages of the carcinogenesis 
process is progressing Si& by side with the development of much more precise methods than euer 
existed before for monitoring low doses of exposure at the individual level. While this will be of 
ve’y considerable help in thc conduct of epidemiological investigations, it is clear that the effiav 
of primaty prevention will increase with, and indeed depend on, understanding of the mechanismr 
by which a factor or a series of jactors contribute to the malignant tramformation of cells and/or 
to #wir progreqsion to clinical Cancer. 

It w&ld be a grave enor jor scientists to sec basic and applied research as separate or 
competitive. Scientist.s should also try nqt to give in to the tendency to favour the development oj 
projects that fall in line with the preferred orientations ojgranting agencies and contract makers. 
This um result in mechanti by which th obtaining oj fundi becomes a conditioning and 
limiting factor in th choice and design of research projects. 

THERE is no compclling reason to believe that the 
number of carcinogcnic agents to which humans 
tan be exposcd is infinite. Some of us will accept 
the idea that it will cvcntually be possible to identify 
most of them. What has been more difficult to 

accept is that an agent that has been shown to 
be carcinogenic at relatively high levels is also 
carcinogenic at much lower exposure levels, either 
alone or in combination with other factors, also 
present at very low levels. Regulator-y bodies and 
authorities who have the duty and power to 
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implement preventative measures tan be convinced 
only with difficulty to take measures as obvious 
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as curbing tobacco production and advertising of 
tobacco, or controlling the most serious occu- 
pational risks or the most conspicuous sources of 
air pollution. It is no wonder, therefore, that it is 
difficult to convince them to take action in much 
less obvious situations. 

There has been and still is controversy about 
priorities in cancer prevention. Cairns in 1981 [l] 
advanced the hypothesis that most human cancer 
may be due to gene rearrangements rather than to 
localized DNA changes produced by conventional 
mutagens. He then suggested that if this were the 
case then the tests most frequently used to identify 
human carcinogens would be inadequate, since they 
are tailored to detect conventional mutagens. Cairns 
rightly attracted attention to genetic transposition 
as one ofthe most important Steps leading to cancer. 
However, no further substantiation has been made 
of his hypothesis that localized changes in DNA 
sequences play only a minor role in the causation of 
human cancer, on the basis of the Observation that 
XP patients who have a deficient DNA repair 
System do not have a generalized increase of cancer 
at all sites [2]. Both localized mutational events and 
gene rearrangements may indeed be sequentially 
involved. 

More recently, Ames et al. made an attempt to 
rank possible carcinogenic hazards for humans [3], 
and concluded that the carcinogenic hazard ofman- 
made chemicals is much smaller than that of natura1 
substances. The distinction between natura1 and 
artificial chemicals is in itself somewhat artificial, 
since most substances that we cal1 natura1 are 
actually man-made, like domesticated animals, and 
most vegetables we presently eat. After rightly 
reminding us that it is totally unjustified to assume 
that natura1 is equivalent to Safe, Ames questions 
the significance of the results obtained in long-term 
experimental animal tests for carcinogenicity, and 
in particular the use of the Maximum Tolerated 
Dose (MTD) as it is systematically employed within 
the National Toxicology Program (NTP). He 
further argues that perhaps the majority of chemi- 
cals would be classified as carcinogens if they were 
tested at the highest possible level. 

It may bc that in the recent past the use and 
interpretation of rcsults obtained in experimental 
animals has bccn cxaggcrated, but this should not 
lead to an cqually or more inverse exaggerated 
trend. It is, of coursc, unfortunate that use of the 
MTD has bccn sccn as a means to obtain a positive 
carcinogcnic rcsult at any tost, but the simplistic 
argument that cvcrything could be made to seem 
carcinogenic just by tcsting it at the MTD has little 
justification. 

DDT tan produce liver tumours in several strains 
of mice but does not produce liver tumours in 
hamsters, even when the level of exposure is raised 

to the maximum possible. However, hamsters 
exposed to one of the main DDT metabolites, DDE, 
do develop liver tumours [4]. The NTP systemati- 
cally indudes the MTD in its testing procedures. 
The results of the first 81 chemicals tested have 
provided sufficient evidente of carcinogenicity for 
42%. Similar proportions of positive and negative 
results were also found in the series of tests carried 
out in previous years by the NCI. For only 18 (21%) 
of the 81 chemicals tested by the NTP was the 
evidente of a carcinogenic effect obtained only at 
the MTD, and for half of these some carcinogenic 
effect was observed at a dose lower than the MTD, 
an effect that even if non-statistically significant was 
biologically meaningful [5]. 

Since the maximum level of exposure is inversely 
related to the acute and sub-acute toxicity of a 
Chemical, chemicals with low acute and sub-acute 
toxicity tan be administered at much higher MTDs 
than chemicals with a high toxicity. The main 
question therefore is whether the results obtained 
with a very high MTD tan predict that a carcino- 
genic effect will occur following exposures to lower 
doses. 

If humans were exposed to doses similar (or 
nearly similar) to the MTD, the question of the 
mechanism of action would be of minor importante, 
at least for the purposes of public health. Since the 
secondary toxic events which may occur following 
exposure to high levels are assumed not to take 
place at much lower levels of exposure and the lack 
of carcinogenic effect could therefore be related to 
their absence, is it legitimate to extrapolate data 
obtained at MTDs to the human Situation? It would 
seem that in most instances, the logical answer 
in most cases would be negative. However, the 
existente of notable exceptions must incite us to 
remain very prudent about refusing the significance 
ofresults obtained at high doses. The pesticide HCB 
(hexachlorobenzene) induces tumours in 80% of 
animals exposed to 200 ppm in food, a level close 
to the MTD [6]. This dose level, which exceeds by 
far that which humans could be expected to receive, 
was approached in an episode that occurred a 
few years ago in Turkey, when several thousand 
individuals were intoxicated with HCB. They are 
now being followed up, with some difficulty, pro- 
spectively [ 7-91. 

Laboratory animal tests still have a role to play 
in the detection of chemicals with carcinogenic 
activity and to provide a warning about possible 
hazards to humans. If Programmes such as that of 
the NTP did not exist, the U.S.A. and the rest of 
the world would be deprived of a very important 
safeguard [ 101. This is not equivalent to saying, 
however, that all or even most of the agents carcino- 
genic to humans will be identified by traditional 
long-term testing of chemicals in rodents. 
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Table 1. Chcmicals and exposures to complex mixtures carcinogenic 
to thz lung in humans 

SUFFICIENT EVIDENCE 

Arsenic compounds 
Asbeatos fibres 
BCME and CMME 
Chromium compounds 
Coal gasification (older 
process) 

Coke production 
Mustard gas 
Nickel and nicke1 compounds 
Soots 
Tobacco smoke 
Radon (iron ore mining, 
uranium mining) 

PROBABLE 

Acrylonitrile 
Aluminium production 
Beryllium compounds 
Cadmium compounds 
Chlorinated toluenes, 
production 

Coal-tar pitch 
Dimethyl sulphate 
Iron and steel founding 
Manmade mineral fibres 
(Producers) 

Mineral oils (certain) 
Rubber manufacture 
Vinyl chloride 
Welding fumes 

It is important that we try to identify the major 
Causes of human cancer among the vast number of 
minimal risks [3]; but it is conceivable that a vast 
number of so-called minimal or quasi-minimal risks 
collectively represent important Causes of human 
cancer. For instance, twelve agents have been found 
to be carcinogenic to the lungs, while for over a 
dozen more there is a strong suspicion that they 
may increase the risk for lung cancer (Table 1). 
Even if tobacco remains by far the most important 
and asbestos the second most important lung car- 
cinogens, this relatively long list of lung carcinogens 
will still permit the adoption of measures that will 
avoid in a number of individuals a rapidly lethal 
cancer. Certain exposures may generate a rather 
low attributable risk, but a high relative risk which 
it would be misleading to define as minimal. 

The advances made in molecular biology and 
molecular genetics, the new insights that we have 
gained on certain aspects of the carcinogenesis 
process and the new techniques that have been 

Table 2. The most frequent cancen world-wide, both sexes 
combined, in 1980 

no. (1000) % 

1. Stomach 
2. Lung 
3. Breast 
4. Colon/Rectum 
5. Cervix 
6. Mouth/Pharynx 
7. Oesophagus 
8. Liver 
9. Lymphoma 
10. Prostate 
11. Bladdcr 
12. Lcukaemia 

From Parkin et al. [ 111. 

669.4 (10.5%) 
660.5 (10.4%) 
572.1 (9.0%) 
572.1 (9wzJ) 
465.6 (7.3%) 
378.5 (6.0%) 
310.4 (4.9%) 
251.2 (4.046) 
237.9 (3.7%) 
235.8 (3.7%) 
219.4 (3.5%) 
188.2 (3.045) 

- 

developed in parallel, demand that new approaches 
be explored and expanded. However, the new 
developments in molecular biology do not invalidate 
ipso facto all that has been done before. The fast 
and successful development of what is called today 
molecular epidemiology clearly demonstrates this. 

Three considerations merit particular attention: 
(1) The marked differentes in the main cancer target 
sites in different regions of the world probably 
result from the prevailing role played by different 
aetiological agents and may therefore indicate the 
need for different types and levels of intervention, 
as well as different priorities; at the global world 
level, the most frequent cancer in females is breast 
cancer (which is also the most frequent cancer in 
absolute, if the two sexes are considered separately); 
in males it is lung cancer. For both sexes combined 
the most frcqucnt cancer in 1980 was still gastric 
cancer, immcdiatcly followed, and possibly by now 
surpassed by lung cancer (Table 2) [ 111. (2) The 
risk of cancer in humans is increased by a wide 
spectrum of factors, which ranges from exposure 
to an identified agent such as an environmental 
Chemical or a virus, to a culturally determined 
behaviour, such as age at first pregnancy, and to 
genetic predisposition. On some of these factors we 
are able today to intervene, while others affect 
risk by as yet undetermined pathways. Only the 
knowledge of the mechanisms by which these factors 
act may lead to specific means of cancer prevention 
[ 121. (3) While the highest potential for cancer 
prevention varies between different populations, the 
Proportion of cases which tan actually be prevented 
will practically depend on our knowledge of the 
factors that Cause cancer, of their mechanism of 
action and finally on the applicability of our know- 
ledge to preventive measures in given populations. 
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Tabk 3. Relative &ksfor camer asmiatedwith certain ~xpzvsuses _._, . ,L 

Organ Factor High Risk Low Risk Repotted 
affected ICVCI level relative 

risk 

Breast 

Bladder 

Lung 

Lung 

Ionixing radiations 

Cigarette Smoking 

Asbcstos 

Nickel retining 

100 rads No exposure 

25 cigs./day 

exposure 

exposure 

Leukaemia 
expoSure 

Lung 

Oesophagus 

Lung 

Liver 

Liver 
(angio- 
sarcoma) 
Pleura, 
peritoneum 

Bladder 

BCME/CMME 

Alcohol 
consumption 

Cigarettc Smoking 

Hepatitis B virus 

Vinyl-chloride 

Ashestos 

Benddine and/ or 
2uaphthylamine 

Occupational 
exposure 

No occupational 
exposure 

120 gms 40 gms 
ethanol/day cthanol/day 

25 cigs./day Non-smokers 

Chronic carriers Non-carriers 

Occupational 
exposure (high 
concentrations) 
Occupational 
exposure (mainly 
crocidolite) 

No occupational 
exposure 

No occupational 
exposure 

expoiure 

Non-smokers 

No occupational 
exposure 

No occupational 
exposure 

No occupational 
exposurc 

No occupational 
exposure 

3.0 

5.0 

5.0 

5.0 

5.6 

9.2 

23 

30 

100 

400 

500 

509 

From IARC [13], modified. 

In attempting an evaluation of the possible impact 
that preventive measures might have, among the 
various factors to be considered are the number of 
individuals at risk and the intensity ofthe risk. From 
Table 3, it is possible to realize the reduction in risk 
from which exposed individuals might benefit [ 131. 
These measures of the relative risks, however, do 
not provide a means to calculate the population 
effect, that is, the Overall reduction in population 
rates of the disease, since this will depend on the 
Proportion of the population that is exposed. The 
variations in relative risks, as well as in the pro- 
Portion of the ‘population actually exposed, should 
induce great caution before a risk tan be justifiably 
called minimal. 

The three considerations mentioned above indi- 
cate that the only reasonable approach to cancer 
prevention cannot but be multidisciplinary, with as 
close as possible an interaction between basic and 
aetiological research. The efficacy of primary pre- 
vention obviously will increase with, and in certain 
instances totally depends upon, the understanding 
of the mechanisms by which a factor contributes to 
the malignant transformation of cells and/or to their 
Progression to clinical cancer. 

We are periodically reminded that funds for 
research are limited and that priorities must be 
established. Given the budgetary limitations that 
most of us are experiencing at present, this is often 

a very painful Operation which also has a semi- 
hazardous component and contains an unavoidable 
bias. The semi-hazardous component is that we 
have a limited capacity to predict accurately which 
of several projects among which we are asked to 
make a choice will succeed in producing meaningful 
results. 

The unavoidable bias is that projects which fall 
in line with the preferred orientations of granting 
agencies and contract makers are favoured. An 
equally unavoidable consequence is that some scien- 
tists, consciously or unconsciously, bend part of 
their intellectual capacity to satisfying requirements 
which guarantee the availability of funds. If pushed 
to an extreme, this may result in a mechanism by 
which the obtaining of funds will be a conditioning 
and limiting factor per se in the design and develop- 
ment of research projects. 

At a different level, priorities are defined accord- 
ing to criteria in which science and politics as 
well as human wisdom and hypocrisy are deeply 
intermingled. The most powerful individuals on the 
Planet tan presch that they care about their fellow 
man, but at the same time provide thousands of 
times more money for killing each other than for 
alleviating illness or misery or for preventing dis- 
ease. 

The limited funds available,.coupled with a cer- 
tain parochialism, established a sort ofvicious circle 
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that strengthened the false assumption that basic 
and applied research are two separate and almost 
independent branches of research. Thus, funds 
which, for instance, were attributed to research 
on aetiology and prevention, were seen by basic 
scientists as being withheld from basic research. As 
all areas of biomedical research, with the exception 
of those with obvious immediate economic advan- 
tages, are experiencing various degrees of financial 
restriction, the same Charge could be made by any 
scientists whose grant or contract has not been 
approved. 

It should be clear therefore that: (1) basic and 
applied research, studies on the mechanisms of 
carcinogenesis and research on aetiology and pre- 
vention are neither opposite nor separate areas of 
scientific activity; they must be, and indeed are, 
closely interrelated; (2) the assumption that only 
basic research is ‘true’ science, and that all other 
approaches to the primary prevention of cancer are 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 
16. 

17. 

18. 

not, is not justified and perhaps reflects a certain 
level of intellectual snobbery. There is no Solution 
of continuity between the studies of the mechanisms 
of diseases, the epidemiological and laboratory 
based investigations on aetiology, and the 
implementation of primary prevention. The under- 
standing of certain stages of the carcinogenesis 
process is actually progressing side by side with the 
development of much finer and more precise 
methods than ever existed before for monitoring low 
doses of exposure at the individual level. This will 
be of very considerable help in the conduct of 
epidemiological investigations [14-181. To see, 
therefore, basic and applied research as separate 
and in competition is a grave error and tan only 
serve the purpose of preventing scientists from for- 
ming a common front for spending the available 
resources rationally and efficiently and perhaps for 
obtaining more of them. 
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