
elements have comparable cell sizes to those 
of warm, shallow waters of equatorial Laur- 
entia and Gondwana (Australia). Thereafter, 
conodonts appear restricted to within 40" of 
the paleoequator (33), and no link between 
cell size and latitudinal position is evident. 

At present, therefore, variations in in- 
ferred genome size lack an obvious adaptive 
explanation. Suggestions that variation in 
genome size is linked to paedomorphosis (5, 
9, 18) indlcate one avenue of inquiry, but 
little is now known of heterochronous pro- 
cesses in conodonts (34). Investigations of 
cell size in the fossil record of conodonts and 
other groups where comparable data are 
potentially available (for example, brachio- 
pods, arthropods, vertebrates, and vascular 
plants) can be used to test further adaptive 
explanations of changes in inferred genome 
size. 
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Do Short-Term Tests Predict Rodent Carcinogenicity? 
Long-term rodent studies are expensive 

($1 to $2 million) and time-consuming (3  
to 4 years), so there is great interest in being 
able to predict their results with the use of 
short-term tests (STTs). This interest is 
particularly keen since a battery of such tests 
costs approximately $10,000. Ternant et al. 
(1) examined the results of the rodent test 
and genetic toxicity tests for 73 compounds 
recently tested by the National Cancer Insti- 
tute and concluded that, of the four STTs 
examined, a single test, the Ames Salmonella- 
microsome test, is 60% concordant with the 
rodent test and that any one of the other 
three tests do not help in predicting rodent 
carcinogenicity. One might conclude that 
the other three tests are superfluous; either 
they lack additional information or they are 
not cost-effective. 

The conclusion of Ternant et al. appears 
to be based largely on looking at pairs of 
STTs. A rearrangement of their results, 
Table 1, shows a good correlation between 
the number of STT positives and the proba- 
bility of a positive rodent result. When all 
four STTs were positive, the rodent test was 

positive about 80% of the time. In only 
three instances were all STTs positive and 
the rodent test negative. 

Even with no STT positives, the rodent 
test was positive about 40% of the time. 
What are the possible explanations? Non- 
genetic mechanisms of carcinogenicity 
might be operable. These are likely because 
the rodent tests are conducted at maximal 
doses, which might be expected to upset 
hormonal or other physiological balances. It 
is also likely that some of the positive rodent 
results are statistical false-positives. There 
are many types of spontaneous tumors; for 
rats and mice, males and females, there can 
be 40 to 100 statistical tests for each com- 
pound. In multiple testing situations, Gill 
(2) has argued that one should expect posi- 
tive results by chance alone. Haseman et al.  
( 4 ,  in examining paired control groups 
from 18 studies, found one or more statisti- 
cally significant differences between the con- 
trol groups 44% of the time. In six of the 18 
studies, there were two or more statistically 
significant results. Also, Brown and Fears 
(4) estimated that false-positive results could 

be expected 30% of the time in long-term 
rodent tests. 

Figure 1 summarizes the above points: 
one might expect 30 to 44% of the rodent 
results to be false-positives; the rodent-STT 
regression line predicts about a 40% nonge- 
netic or statistical false-positive rate. Even 
with four STT positives, one should expect 
about 20% of the rodent tests to be nega- 
tive. 

0 -1 I 

014 114 214 314 414 
Genetic toxicity test (no. positiveltested) 

Fig. 1. Positive results in rodent tests versus 
positive results in genetic toxicity tests. *Estimat- 
ed false-positive rate (3). ?Estimated false-positive 
rate (4) (y = 41.5 + 3.7x, P < 0.007). 
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Table 1. Summary of genetic toxicity STTs and 
rodent tests, positive and tested. Cochran-Armi- 
tage linear trend test, P < 0.007. 

ST Ts Rodent 

positive1 Positive1 Positive 
tested tested (%) 

Total 44/73 60.3 

Since a linear response fits the data better 
than a step function comparing "no STT 
positive" to "any STT positive," the data 
indicate that additional STTs provide addi- 
tional information (as would be expected 
biologically). Since individual STTs are in- 
expensive relative to a long-term rodent test, 
the additional information is cost-effective 
(5). 

All of this begs the question, "Are rodent 
tests predictive of humans?" Readers inter- 
ested in that question might study (6) and 
(7) and reach their own conclusions. 
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Response: Young (1 )  raises two issues: (i) 
the comparative performance of a battery of 
short-term tests (STTs) versus the Salmonel- 

la mutagenesis assay (SAL) for predicting 
rodent carcinogenicity and (ii) the false- 
positive rate associated with rodent carcino- 
genicity studies. 

Regarding the first issue, we concluded 
that, for a set of 73 chemicals evaluated by 
the National Toxicology Program (NTP), a 
battery of four STTs was not significantly 
more predictive of the results of rodent 
carcinogenicity studies than was SAL alone 
(2). young apparently questions this conclu- 
sion, asserting that, for the battery of four 
STTs (including SAL), a trend test shows 
that there is "a good correlation between the 
number of STT positives and the probabili- 
ty of a positive rodent result." This is mis- 
leading-because the "good correlation" of 
the battery reflects primarily the high pre- 
dictivity of SAL. When SAL is excluded 
from the battery and separate comparisons 
are made for SAL positive and SAL negative 
chemicals, Young's trend test analysis shows 
no significant association between the num- 
ber of STT positives and rodent carcinoge- 
nicity, as indicated in Table 1. 

To put this matter into perspective, one 
could consider a comparison of the predicti- 
vity and concordance of the two approaches. 
Young states that "when all four STTs were 
positive, the rodent test was positive about 
80% of the time." However, the predictivity 
of a positive SAL is even greater (83%; see 
Table 1). Young hrther states that SAL "is 
60% concordant [62% actually]" with the 
rodent test. However, the corresponding 
concordance of the battery of four STTs is 
essentially the same, that is, 55 to 66%, 
depending upon the decision rule employed 
(2). Thus, for the 73 NTP chemicals the 
predictivity and concordance of the battery 
offour STTs is similar to that of SAL alone. 

Regarding the second issue, Young as- 
serts that rodent carcinogenicity studies 
have a high statistical false-iositiv; rate. His 
conclusion is based on what appears to be a 
misinterpretation of the results of Brown 
and Fears (3) and of Haseman et al. ( 4 ) ,  who 
emphasized that such high false-positive 

Table 1. Performance of a battery of three STTs (excluding SAL) for predicting for carcinogenicity 
of 73 NTP chemicals. 

Proportion of 
S n s  positive 

Chemicals 
positive in SAL 
[proportion of 

carcinogens 
("/.)I 

Chemicals 
negative in 

SAL 
[proportion of 

carcinogens 
("/.)I 

313 14/17 (82) 519 (56) 
213 516 (83) 7/14 (50) 
113 - 6/10 (60) 
013 111 (100) 6/16 (38) 

Total 20124 (83) 24/49 (49) 
Cochran- Armitage P > 0.50 P > 0.20 

linear trend test 

rates (30 to 44%) would occur only if every 
statistically significant (P < 0.05) increase in 
tumor incidence were regarded as a biologi- 
cally meaningful effect. This does not occur 
in practice because biological as well as 
statistical factors are taken into consider- 
ation in the overall evaluation of the data. 
Most investigators in this area are familiar 
with the multiple comparisons issue, and 
thus it is generally recognized that the actual 
false-positive rate is much lower than 30 to 
44%. 

What is the actual false-positive rate? The 
International Agency for Research on Can- 
cer concludes that "rules which attempt to 
model the actual decision process indicate 
that false-positive rates are close to the nom- 
inal level" (5). The Office of Science and 
Technology Policy (6) reaches a similar con- 
clusion. Moreover, one of us (J.K.H.) (7) 
has estimated that the false-positive rate 
associated with NTP carcinogenicity studies 
(such as those used by Ternant et al.) is no 
greater than 7 to 8%. Many NTP "nongeno- 
toxic carcinogens" showed markedly in- 
creased tumor incidences at multiple sites 
and for multiple doses or in three to four 
sex-species groups, or both. It is extremely 
unlikely that these striking effects are statisti- 
cal false-positives, as suggested by Young. 

In summary, for the particular 73 chemi- 
cals considered by Tennant et al. (2), the 
evidence is compelling that the other three 
STTs did not improve significantly the per- 
formance of SAL for predicting rodent car- 
cinogenicity. Additional studies are now in 
progress to determine whether these results 
also hold for a second set of chemicals 
recently evaluated by the NTP. 

J. K. HASEMAN 
B. H. MARGOLIN 

M. D. SHELBY 
E. ZEIGER 

R. W. TENNANT 
National Toxicology Pvogvam, 

Post Ofice Box 12233, 
Reseavck Tviangle Pavk, NC 27709 
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