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English is a wonderful scientific language because it is easy 
to coin a word or expression which describes clearly for all fellow 
researchers the goal of a new field of research, in other words 
that what the researchers would clearly like to know. As soon as 
we do know, the picturesque word or expression is changed into a 
scientifically accurate pseudo-greco-roman expression which is pre
cisely defined, explained in the textbooks and from then onwards of 
no further interest to the creative researcher who is interested in 
discovering the unknown. However, for exactly the same reason Eng
lish is also a hazardous language when different branches of sci
ence have to cooperate. This is because the specialist in one 
branch is apt to assume, consciously or subconsciously, that the ex
pressions used in another branch describe achievements instead of 
goals for understanding. 

An illustrative example of risk-assessment has been given by 
David Okrent in an excellent publication on Social Risk [1] - 3 
people crossing the Atlantic in a rowing boat face a hazard of 
drowning, 300 people crossing the Atlantic in an oceanliner face 
the same hazard of drowning. It may be added that the oceanliners 
also face well-documented hazards of fire, fatal collision with 
other ships or icebergs and the passengers risk accidents from fall
ing. The maximum societal hazard of the oceanliner is 100x higher 
than the maximum societal hazard of the rowing boat. As far as I 
know, there are no documented hazards from crossing the Atlantic 
in a rowing boat (which feat has been performed only once or per
haps twice). From this very concrete example, Okrent nor anybody 
else will "conclude" that crossing the Atlantic by rowing boat is 
safer than or preferable to crossing by oceanliner. 
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Nevertheless, in less concrete examples (e.g., comparing haz
ards of energy from coal with those of nuclear energy or risk-as
sessment of saccharin) people do come to such conclusions using 
lines of reasoning which are less obviously wrong because the "as
sumptions" are more abstract and hence less transparently wrong. 

An example of the potential hazards of colorful expressions in 
genetics is given by the term "mutational load." The significance 
of this term seems immediately obvious to the outsider, primarily 
by its emotional and descriptive impact. However, a geneticist is 
hard pressed to give a satisfactory definition of what is meant, 
partly as a consequence of the absence of any known environmental 
effect on genetic disease [2, 3, 4] not even in the children born 
to the Hiroshima and Nagasaki survivors [5J. Because of this situa
tion, Charlotte Auerbach, in 1975, gave a timely warning to the 
ranking of substances in order of (genetic) risk "because it will 
create the impression that our conclusions are meaningful, whereas 
in reality they are so full of uncertainties as to be practically 
meaningless" [16]. Her warning is still as valid in 1981 and was 
indeed repeated yesterday by Dr. Arlett. 

In carcinogenesis research the expression risk-analysis is of 
course widely used. To the outsider and sometimes the legislator, 
the expression seems to mean that one determines the risk that some
body will develop a cancer of a specified site when he is exposed 
for a specified duration to a specified dosage of a defined chemical. 

This can be done and has been done for smoking cigarettes. It 
has been done by Williams for a new aromatic amine, i.e., 4-amino
biphenyl which was considered for manufacture in the UK. This 
aromatic amine was already in production in the USA since 1938 with
out - at that time - any known carcinogenic hazard. As a result of 
Williams's analysis, epidemiologic research was initiated in the USA 
and Williams's quantitative prediction proved extraordinarily pre
cise. Let us analyze why these 2 examples of correct quantitative 
analysis were possible - (they are the only two examples I know of): 

(a) the risk-analysis of cigarette-smoking is based on a large
scale human experiment on more than 50,000 Americans [7] and a 
similar experiment on British doctors and not at all on animal 
experiments [8]. In fact, animal experiments at the time, 
would lead to the conclusion that cigarette-smoking does not 
constitute a carcinogenic hazard which is why many experimental 
cancer researchers doubted the validity of the epidemiologic 
data at a time that their results were already obvious, at 
least in retrospect. Of course, retrospective analysis is al
ways a particularly satisfactory way of analyzing scientific 
problems because we can feel so clever in decrying those who 
could not yet rliscern the - now - obvious at the time. 
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(b) Williams's risk analysis of the hazard of 4-aminobiphenyl was 
based on: 
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(i) his own intimate knowledge of manufacturing conditions in 
the USA and UK at that time; 

(Ii) his own extremely tragic knowledge of the hazard of ~
naphthyl amine manufacture under UK conditions of manu
facture; 

(iii) a comparison in suitable experimental animals of the 
carcinogenicity of ~-naphthylamine and 4-aminobiphenyl. 
(~-naphthylamine is not carcinogenic in rats, therefore 
both were tested in dogs.) 

We can conclude that quantitative risk-analysis of a human car
cinogen is possible, provided the evidence, additional to an inde
pendent of the animal data alone is available. 

A frequently cited example of the possibilities of risk-analy
sis is vinylchloride monomer. As you may recall, Maltoni reported 
in 1974 on the occurrence of angiosarcomas in rats, mice, and ham
sters, inhaling different concentrations of vinylchloride monomer 
(VCM). The effect was dose-related and appeared down to very low 
concentrations of VCM. Independently and at approximately the same 
time, a hospital physician and a local company doctor were alerted 
by the third case of angiosarcoma over a number of years, all in 
workers at a local PVC plant [10]. Angiosarcoma is a very rare dis
ease - about 20-25 cases per year being recorded in the entire USA 
[11]. It was known at that time to be caused by Arsenic and Thoro
trast. In this case the animal experiments accurately predicted 
that there was a hazard to humans. However, it is questionable 
whether the animal experiments also predicted the size of the haz
ard [12, 13, 14]. Up till now, that is seven years after discovery 
and enormous publicity, about 90 cases of angiosarcoma have been dis
covered in the entire VCM Industry outside the Communist World, cov
ering more than 20,000 workers (although many or most of these were 
only exposed for a comparatively short period). Allor almost all 
cases occurred in the very small plants built before the sixties, 
when because of the very great technical difficulties involved ex
posures were also immense and led to a number of cases of lethal 
asphyxiation (which occurs after exposure to about 50% (not ppm) or 
more of VCM). In summary, in animal experiments VCM looks like one 
of the most potent carcinogens but in man it looks as if colossal 
concentrations are necessary before a carcinogenic hazard occurs 
and it is possible that the Chemical Industry had eliminated the 
carcinogenic hazard of VCM by normal Technological development even 
before they were aware of the existence of such a hazard. This op
timistic evaluation is by no means established: it is still well 
possible that angiosarcomas will develop at plants built after 1960 
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with a longer latency period. More importantly, it is not excluded 
that VCM may also cause other tumors than angiosarcoma in man. In 
this case there is a distinct difference between the concepts in the 
USA and Europe. European epidemiology has not shown the brain and 
lung tumors of the American investigation. This is not simply a 
question of whose epidemiology is "better": with the exception of 
the UK and Denmark, European epidemiology is certainly worse than 
the USA because of the absence of reasonable cancer registers. How
ever, the brain and lung tumors would probably have been found if 
indeed present. Due to the absence of good cancer registries in 
most Industrial Europe, it may be impossible to definitely answer 
this question other than in the UK. However, if a credible positive 
answer would be obtained, then the entire risk-assessment of VCM 
might change. Whatever quantitative data are obtained in the future, 
the qualitative correctness of the animal data is beyond doubt. 

It is unlikely that anybody would have doubted the qualitative 
prediction of dose-related carcinogenic effects in 3 animal species 
as demonstrated for VCM by Maltoni. 

The same applies to nitrosamines: at a not so recent count, 
diethylnitrosamine was found highly carcinogenic in every experiment 
in a total of 14 species and strains, including monkeys and apes 
[15]: it would be very surprising if such a compound was not car
cinogenic in men sufficiently exposed. However, accepting the high 
probability that the qualitative prediction is correct, does not 
automatically imply acceptance of a quantitative prediction. In 
public health considerations the latter prediction is frequently 
the most important one. 

For PVC manufacture, the question of quantitative correlation 
between experimental data and human experience is not of overriding 
importance since Industry and Society can live with the measures 
taken up till now. However, for nitrosamines, the same question is 
of the greatest practical importance: nitrosamines are virtually 
ubiquitous and also produced within the human body. The nitrosa
mines and nitrosamides together can produce virtually the entire 
spectrum of human cancer and together they are the only class of 
known experimental carcinogens which could conceivably cause an im
portant part of the now occurring cancers. The absence of human 
data is not too surprising in view of the difficulty of defining 
groups of people who differ in their exposure to these compounds. 
There are several theories which try to explain the origin of some 
human cancer in terms of nitrosamines. The fundamental difficulty 
of all these theories is that even if they are qualitatively all 
completely true for man (which has not been proven), there is as 
yet no possibility to conclude whether they explain an insignifi
cant part of the current incidence or whether they explain the 
larger part or perhaps even the greatest part of the cancer con
cerned. (I am speaking about specific cancers such as stomach 
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cancer and colon cancer.) Under these circumstances, it would be 
of greatest importance if quantitative or semi-quantitative data 
could be developed for the human carcinogenicity of specific nitro
samines. 

Another example of the importance of quantitative assessment 
of carcinogens are the aflatoxins. Aflatoxin Bl is one of the most 
potent liver carcinogens in the rat. In South Asia and Africa the 
(high) incidence of liver cancer is well correlated with aflatoxin 
exposure and a dose-response curve in humans can be constructed in 
these continents [17]. 

The considerations quite rightly sufficed to convince author
ities in the developed world that aflatoxin exposures should be re
duced and indeed this has been possible without great social or 
technical problems being encountered. However, a few, not yet well 
established data make scientific certainty less than absolute. 

(i) aflatoxin Bl is not carcinogenic for mice under normal 
experimental conditions [18] (it is when newborn mice 
are exposed [19]; 

(ii) aflatoxin seems to be metabolized by human liver even 
slower or less efficiently than by mouse liver [20]; 

(iii) high incidences of liver cancer occur only in those 
countries with a high incidence of hepatitis B. 

(iv) liver cancer does not seem to be a great problem in the 
countries of South and Middle America [21] even though 
aflatoxin was originally discovered in peanuts from 
Brazil. 

None of the four arguments are particularly convincing and sev
eral can be wrong or differently explained (especially the last 
argument). However, together they constitute a real possibility 
that perhaps aflatoxin is only carcinogenic in people affected by 
hepatitis B. This hypothesis has not received wide attention in 
the developed world where indeed the practical implications are 
small. However, in view of the present feasibility of vaccination 
against hepatitis B [22, 23], the question is of very great im
portance for several undeveloped countries which might find eradica
tion for viral hepatitis a possible goal to achieve but severe re
striction of aflatoxin-intake almost impossible before a relatively 
very great increase in wealth is achieved in these countries. 

Until now, we have only discussed compounds which certainly 
produce cancer in man or at least are extremely likely to produce 
cancer in men sufficiently exposed. This situation dramatically 
changes in the face of conflicting experimental data. One such con-
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flict was discussed with aflatoxin. The more common possibility is 
exemplified by the currently rapidly increasing range of compounds 
which produce liver or lung tumors in mice but not in other species. 
Many countries treat or have treated such compounds as if they are 
carcinogenic to man. This may be or may not be good Public Policy. 
However, such decisions have nothing to do with Science or with 
Risk Assessment because in these cases we must prefer the prediction 
from one animal species above the contrary prediction from another 
animal species and, as Cairns has rightly pointed out in his recent 
publication in Nature [24], usually we have no scientific basis for 
preferring the prediction from one species above a contrary predic
tion from another species. However, developments mainly of the last 
decade or last 5 years enable us to develop some arguments which may 
help in deciding whether such compounds may be a carcinogenic hazard 
to man under the conditions of human exposure: 

(1) None of these compounds is known to be carcinogenic to man [25]. 
The evidence for this statement varies between non-existent and 
weak but is strong and convincing for two such compounds, i.e., 
Isoniazid [26, 27] and Phenobarbitone [28, 29]. The pheno
barbitone data are especially convincing because they have been 
obtained on 8100 epileptics who were treated for life at dos
ages which produce measurable microsomal stimulation of the 
liver in man; moreover their epidemiological status was regu
larly updated until the latest publication covered 35 years of 
follow-up and each update reinforced the conclusions of the 
previous ones. 

(2) Clayson has cogently argued that standard carcinogenicity tests 
cannot distinguish between promo tors and complete carcinogens 
if the same tumors which seem to be caused by the test com
pounds also occur in the controls [30]. This particularly ap
plies to many mice-strains used in testing which show a high 
incidence of liver and/or lung tumors in the controls. Be
cause the incidence of human cancer seems largely affected by 
the presence or absence of promo tors or inhibitors in the diet 
[31], the distinction between a promotor and complete carcino
gen is not at all identical with the distinction between safety 
and hazard. However, some promotors seem to act only at con
centrations well above those encountered by humans (pheno
barbitone and saccharin might be examples) whereas others might 
be effective under human conditions (estrogens for alleviating 
menopausal symptoms might be an example). 

(3) Most, but not all of these compounds are negative in mutagenic 
tests. The evidence for this statement ranges from weak (few 
tests have been conducted on phenobarbitone and there is evi
dence that phenobarbitone is not metabolized under the condi
tions of these tests) to strong (dieldrin). Consequently, ac
cording to a recent advice to the Dutch Health Authorities [32] 
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and according to a recent Working Group convened by the Inter
national Agency for Research on Cancer in Lyon, the results of 
such tests in mice only are not considered to establish carcino
genic activity unless independent information indicates such an 
activity [33]. Yet another example has been given yesterday by 
Dr. Legator in this course when discussing benzene: if benzene 
would be introduced as a new compound, i.e., without the bene
fit of the extensive human experience I doubt whether it would 
have great difficulties in passing the regulators: negative 
in the Ames Test and all other mutagenic tests (which have been 
done - not very many), only positive in chromosome aberrations 
in mice but not in Chinese Hamsters and, as recently found, also 
negative in another strain of mice which reacts positive on most 
known mutagens. 

An entirely different aspect of Risk-Assessment is provided by 
the continuing series of assessment of the risks of taking the con
traceptive pill [34, 35]. This series of assessments is clearly 
needed, of the highest importance and a tribute to the power of 
modern epidemiology [34], coupled with astute observation by ob
servant physicians [35]. In a Dutch publication it was noted that 
the crude incidence of Down's syndrome was almost halved in the 
Netherlands and this was related to the drop in pregnancies in women 
above 35 years of age [36], presumably because of the use of the 
"pill." The same situation in the USA (a drop of 30-40% in the 
crude rate) was noted in a footnote in an American publication [37]. 
When I asked genetic epidemiologists from other countries they all 
confirmed the general phenomenon and added: but that is not a risk, 
therefore irrelevant for a risk-evaluation. Yet, the largely un
recorded partial disappearance of the burden of Down's syndrome may 
well represent a larger, more important, social effect than all the 
real risks together which have hitherto been associated with the 
pill. I am hesitant to use that other well-meaning and popular ex
pression of risk-benefit equation in this context, mainly because 
the real benefits of using the pill are far wider, greater and also 
more personal. However, I do want to stress the grossly incomplete 
and therefore possibly grossly misleading picture which may result 
from only making a risk-assessment. Even if the risk-assessment is 
quantitatively precise (which it almost never is and mostly not at 
all), the assessment may force attention to such a small part of the 
entire change brought about by the compound or action being assessed 
that the resulting focus may be socially and humanly entirely wrong. 

Risk-assessment is an extremely important but hardly developed 
scientific endeavor. Very often it is nothing more than extremely 
precise but meaningless calculations based on assumptions which are 
so wide that they must be wrong sometimes, many times, or even 
nearly always. However, definite and clear progress can be made, 
provided that we apply the same scientific rigor in our endeavor as 
we would apply to any other science and provided that we separate 
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definitions, knowledge and assumptions as rigorously as Peto and 
Doll have done in their recent publication on the avoidable risks 
of cancer in the USA [38]. This may well be considered to be the 
definitive publication on the risk of cancer, not in the sense that 
it will not be changed by subsequent findings - on the contrary, I 
sincerely hope that it will become such a seminal publication that 
it will be quickly outdated by a spate of research generated by it. 
However, it can be considered definitive in the sense that for the 
first time, clear definitions of each issue are given, the limits 
of our knowledge have been reasoned and explained and, for the first 
time reasonable maximum and minimum limits have been given for each 
estimate. From now on, anybody will have to challenge their esti
mates with arguments or new data - both excellent ingredients for 
creative scientific progress. 

Finally, I would like to give a few parameters within which 
each risk-assessment has to operate: 

risk of dying 

risk of dying from cancer 

"'1.0 

"'0.25 (in developed countries, 
strongly dependent on age 
distribution and average 
age of death) 

risk of contracting bladder 1.0 
cancer for a small group 
of distillers 

risk of dying from radia
tion induced cancer in 
survivors of Hiroshima 
and Nagasaki 

"'0.01-0.02 (as percentage of 
natural deaths 
until 1974). 

I fully agree with Doll and Peto's admonition that "the detec
tion of occupational hazards should [38] have a higher priority in 
any program of cancer prevention than their proportional importance 
might suggest" (because the risk to the small group involved may be 
very high). Yet I do want to emphasize that the overall cancer risk 
in a developed society is large and that the study of measures to 
lower that risk with 10-50% or more is at the very least as impor
tant as the further attempts to "calculate" risks of 100,000 or even 
less. Such studies of how to lower the cancer risks are now feasible 
for a number of sites [31, 38] but are pursued by a pitifully small 
number of researchers and are held up by legislative complications 
(which prohibit combining personal data with mortality data) in 
nearly the entire European continent (the UK and Denmark being shin
ing exceptions which have therefore been able to contribute to an 
extraordinary degree to the epidemiological insights so ably analyzed 
by Doll and Peto). 
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