
data into model-fitting approaches. 
Whenever a chemical is unequivocally 
carcinogenic in at least one species (this 
would have to be true before Squire's 
ranking method would be employed), a 
model-fitting approach that utilizes both 
positive and negative data could objec- 
tively account for negative data. This 
seems preferable to  simply awarding a 
score based upon whether one or two 
species are affected, particularly since 
negative findings can be due to  limita- 
tions in experimental design. 

Regulatory action must take account 
of not only the carcinogenic potency of a 
chemical but also the numbers of hu- 
mans exposed and their exposure levels. 
With a model-fitting approach there is a 
built-in procedure for doing this; the 
ranking system approach would require 
still further arbitrary rules. A related 
problem is the fact that the regulatory 
actions recommended by Squire for dif- 
ferent classes of carcinogens are stated 
very generally; examples include "re- 
strict or ban," "no action," "labeling," 
and "public education." These recom- 
mendations beg the issue; regulatory 
agencies need to know how much to  
restrict use. To  answer this question 
regulators would undoubtedly be led 
back to a model-fitting approach. 

The chief criticism of the model-fitting 
approach-and a valid one-is that the 
shape of the dose-response curve at low 
doses is impossible to  determine experi- 
mentally, and different models, fit to 
experimental carcinogenicity data, often 
lead to vastly different estimates of low 
dose risks. Perhaps this difficulty could 
be mitigated by admitting that we don't 
know how to protect human health to  the 
levels of or lo-' lifetime risks and 
to begin paying more attention to com- 
parisons of carcinogenic potencies rather 
than absolute levels of risk. At anv rate, 
the data ranking system proposed by 
Squire doesn't solve this problem; in- 
stead, it appears to  create some addition- 
al ones. It seems likely that any such 
formula for ranking data would be sub- 
ject to  similar criticisms. 

KENNY S. CRUMP 
Science Research Systems, Inc., 
1201 Gaines Street, 
Ruston, Louisiana 71270 

We consider the validity of the scoring 
system proposed by Squire for the pur- 
pose of ranking the tumorigenic potential 
of known animal carcinogens to  be ques- 
tionable; this is due to  an inherent weak- 
ness which, in many cases, will cause it 
to fail. 

Briefly, a scoring system is applied by 
the author to  six factors which are con- 

sidered to be relevant parameters of the 
carcinogenicity of a substance; the final 
score is then derived by summing up 
the six scores arithmetically. It must be 
stressed that, although a set of six indi- 
vidual scores can adequately describe 
the biological behavior of a carcinogen, 
their sum does not. Several different 
combinations of them (each of these 
combinations representing a carcinogen 
with defined biological properties) will 
yield an identical final score if the pro- 
posed procedure is applied. Consequent- 
ly, substances whose carcinogenicity 
varies greatly in nature and degree will 
be merged into a seemingly homoge- 
neous class so that their individual quali- 
ties are blurred. 

For  the proposed ranking procedure, 
an unequivocal assignment of a single 
rank to a given set of relevant individual 
scores apparently does not exist. 

E. F R ~ H L I C H  
R. HESS 

Toxicology, Ciba-Geigy Ltd.,  
CH-4002 Basle, Switzerland 

The comments by Crump and by Froh- 
lich and Hess about my ranking system 
approach for animal carcinogens are 
among several constructive opinions I 
have received. A major reason for my 
devising a ranking scheme is the fact that 
mathematical models utilize only dose- 
response data and ignore most of the 
biological information derived from ani- 
mal tests that is relevant to  risk assess- 
ment. If, indeed, other biological factors 
can be incorporated into mathematical 
models, this may be the optimal ap- 
proach. However, in my experience, 
statisticians have been reluctant to  con- 
sider graduated observations. 

Crump's point about carcinogenic po- 
tency receiving inadequate attention is 
based upon the possibility of two chemi- 
cals having an identical effect in all the 
factors included in my system, except 
dose-response. This has never occurred 
in my experience, and precisely because 
chemicals vary so widely in all their 
effects, not only in dose-response, the 
model approach as currently employed is 
inadequate for risk assessment. 

Crump's second point on absolute 
numbers of neoplasms (or animals with 
specific neoplasms) is well taken, and I 
agree that this is an important oversight. 
I have tentatively modified the system 
since publication to include an additional 
factor based upon the proportion of ani- 
mals with the neoplasms in question in 
treated versus control groups. The P 
value resulting from statistical analysis 
of the tumor incidences may be a useful 
way to handle this. For  example, a very 

low P value of < .001 would receive 
more weight than a P value of < .05. The 
number of animals affected by a carcino- 
gen, the degree of tumor progression 
(malignancy), and the dose-response re- 
lationship are all reflections of carcino- 
genic potency in the test animals and, I 
agree, should be represented in the sys- 
tem. 

Crump's comment on human exposure 
is an important one, and this factor could 
be incorporated into a ranking system. 
However, I considered it to  be part of 
the next step, that is, the regulatory 
decision. As Crump points out, "how 
much to restrict" is a critical question, 
but it is a judgment based not only on 
risk but also on populations affected, 
patterns of use, benefits, economic con- 
siderations, and other factors that are 
not addressed in mv article. 

As indicated by Crump, a weakness of 
the model-fitting approach is the lack of 
information at  low dose exposure. How- 
ever, a greater weakness, as  indicated 
above, is that models ignore much of the 
relevant biological information derived 
from animal tests. I am not opposed to 
the use of mathematical models. Howev- 
er,  they are currently based on too limit- 
ed data, and I would prefer their use in 
conjunction with the weight of biological 
evidence. 

The letter bv Frohlich and Hess raises 
a question fundamental to any such sys- 
tematic approach. I agree that, if each of 
the factors were inde~endent  variables. 
the sum total might be meaningless. 
However, the factors are probably not 
independent. They, in fact, generally 
correlate in their direction of severity 
and their "sum" reflects the weight of 
evidence for estimation of carcinogenic 
potential in an untested species. I do not 
necessarily believe the factors should be 
given equal weight, as  most are in my 
article, or that the figures I have assigned 
have any intrinsic value. They are large- 
ly arbitrary. However, I believe it is the 
cumulative evidence that must be evalu- 
ated in carcinogenesis risk assessment, 
and the system I proposed is merely an 
example of an approach that could be 
considered. 

ROBERT A. SQUIRE 
Division of Comparative Medicine, 
School of Medicine, 
Johns Hopkins University, 
Baltimore, Maryland 21205 

Erratum: In the issue of 9 August 1968 (p. 5411, 
Science printed the Nobel lecture of Hans A. Bethe 
on "Energy production in stars." Eddington had at 
one time hypothesized that stellar energy arises from 
complete annihilation of matter. The energy to be set 
free bv such a process, if it could occur, would be 
enough to supply the sun's radiation for 15,000 
billion years. In the lecture, this number was errone- 
ously given as 1500 billion years. 
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