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Testing for carcinogenicity and the problem of
pseudocarcinogenicity

Jrom Francis J.C. Roe

MANY oncologists breathed a sigh of relief
when, over a decade ago, emphasis was
switched from screening chemicals for
cancer chemotherapeutic potential to
testing selected chemicals for carcinogenic
potential. Not only were the prospects of
prevention more promising than those of

effective treatment, but extrapolation.

from laboratory animals to man seemed
more valid for carcinogenesis tests in which
intact animals were simply exposed to the
test chemical via an appropriate route than
for cancer chemotherapy screens based on
inhibition of the growth of transplanted
tumours in animals. Recently, however, it
has become increasingly clear that the
interpretation of carcinogenicity tests in
animals is not necessarily simple and that
reappraisal of the methodology is overdue.

When the Carcinogenesis Testing Pro-
gram was started by the National Cancer
Institute (NCI) in the USA, great emphasis
was put on standardizing the test pro-
cedures and for most tests Fischer 344 rats
and B6C3F, hybrid mice were used. The
primary purpose of tests was to see whether
selected chemicals had any potential for
carcinogenicity at any site, and since for
almost all known carcinogens tumour in-
cidence increases with dose, it was deemed
logical to expose animals continuously to
maximum tolerated doses (MDT) through-
out most of their lives. Mainly because of
the risk that the selected putative MTD
would in practice prove excessive, a second
doselevel equal to 2 MTD was included in
the study design.

Through this approach an unexpectedly
large number of chemicals never previously
associated with cancer have produced
positive results for one or more sites in rats
and/or mice. In an attempt to defend these
chemicals many toxicologists have ques-
tioned the reliability of extrapolating to
man from positive results obtained by ex-
posing animals to extremely high doses that
overwhelm normal metabolic pathways
and defence mechanisms. To this the
‘hawks’ have responded that for carcino-
gens such as ionizing radiation there is no
evidence for the existence of any threshold.
Therefore, they argue, a positive result in
response to high exposure implies some risk
at low exposure and the most sensitive test
is one that involves maximum exposure.
Those who actually set up the original NCI
testing programme claim that it was never
meant to be more than a screen for possible
carcinogenicity. Positive results were to be
regarded as no more than a trigger for pro-
perly designed dose-response studies going
down to human exposure levels and for
studies of possible mechanisms.

It is now generally understood that car-
cinogenesis by penetrating ionizing radia-
tion is not a universally suitable model for
carcinogenesis by chemical agents, partly
because potentially genotoxic chemicals or
the genotoxically active metabolites of
chemicals may, in practice, never reach
target DNA and partly because some
chemicals which enhance cancer risk do so
by a mechanism that involves no damage to
DNA and no evidence of mutation. The
number of alternative non-genotoxic
mechanisms by which chemicals can
enhance cancer risk is legion. For some, a
threshold has been demonstrated, for
others a threshold probably exists, and for
yet others, there may be no threshold. An
understanding of mechanisms is obviously
very helpful in determining whether there is
likely tobe a threshold dose and, if so, what
it 1s. |

But it is snags of yet other kinds which
have recently been highlighted by
Haseman! in a review of patterns of
tumour incidence in a series of 25 tests in
Fischer 344 rats carried out under the
National Toxicology Program (NTP)
which took over the NCI Carcinogenesis
Testing Program. Taking together the
results of the 25 tests, all of which involved
exposure to the test chemical admixed with
food, Haseman found that the number of
treatment-associated significant (P<0.01)
increases in organ-specific tumour in-
cidence was approximately equalled by the
number of comparable decreases. Further-
more, in about two-thirds of the tests more
high-dose than control animals of one or
both sexes survived the full 2 years of
study. Thus survival was often significantly
improved by treatments which NTP con-
cluded were carcinogenic. Most of the
postitive findings in the tests were for liver
tumours whereas the apparently beneficial
effects of treatment were mainly on mam-
mary and lymphoreticular neoplasms.

Citing evidence in the literature that
reduced dietary intake and reduced weight
gain are associated both with reduced
spontaneous tumour incidence and,
although he does not mention it, with im-
proved survival, Haseman! postulates that
the treatment-related decreases in tumour
incidence are consequential on treatment-
related inhibition of body weight gain. To
test this theory he analysed the NTP data
for any association between tumour in-
cidence and body weight gain during the
second year of the experiment. Had he
been aware of the recent report by Ross et
al.? he might have paid more attention to
the effects of treatment on body weight at
the start of experiments, since those

)

authors found that differences in diet dur-
ing the few weeks after weaning had pro-
found and permanent effects on subse-
quent tumour risk. Nonetheless, Haseman
found that treated male rats with deficits of
more than 18 per cent in body weight gain
during the second year of study had fewer
incidences of tumours of the pituitary,
thyroid (C-cell), adrenal medulla and pan-
creas (islet cell) than controls. In low-
weight-gain females, reduced incidences of
mammary fibroadenoma and particularly
pituitary tumours were seen. In neither sex
was was reduced weight gain associated
with reduced incidence of lymphoreticular
neoplasia. However, four out of five com-
pounds which significantly enhanced liver
tumour incidence, simultaneously
significantly reduced the incidence of
lymphoreticular neoplasia.

Of the 25 substances reviewed by
Haseman, it is likely that fewer than a third
had the potential to act as genotoxic car-
cinogens. Thus most of the 17 positive
results probably depended on non-
genotoxic mechanisms, 7 of them affecting
endocrine glands (Leydig cell, thyroid
C-cell, pancreatic islet cell) or hormone-
controlled tissues (uterus). With the possi-
ble exception of lymphoreticular neo-
plasia, all 17 examples of beneficial effects
of treatment on tumour incidence were also
of endocrine (Leydig cell) or hormone-
controlled (uterus, mammary gland,
preputial gland) tissues. Both sex hormone
status and nutritional status affect lympho-
reticular neoplasia in mice, maleness and
diet restriction reducing the risk*#4. The
data reviewed by Haseman for the F334 rat
provide no evidence of similar effects in the
rat, but a mechanism in which hormones
play a part has by no means been ruled out.

The design of the standard carcino-
genicity test in rodents is based on the
assumption that untreated control animals
are representative of unexposed humans. It
is, alas, abundantly clear that this is not the
case because, as the animals get older, they
exhibit a very high incidence of mixed en-
docrine disturbances associated with in-
cidences of endocrine tumours which are
not encountered in humans (see, for exam-
ple, ref.5). Clinicians impatient for new
drugs may well be shocked to learn that
promising drugs are ‘killed’ because they
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[image: image2.png]significantly increase the incidence of one
or other kind of endocrine tumour in rats
that spontaneously show such serious
disturbances of general hormonal status.
Why are untreated laboratory animals so
abnormal from a hormonal viewpoint?
Over-provision of an over-nutritious diet is
doubtless partly responsible, but it may
well be a mistake to equate this simply with
body weight gain or calorie intake. The
beneficial effects of diet restriction may be
secondary to hormonal changes associated
with being faced for a part of each day by
an empty food basket rather than with an
overall reduction in calorie intake®, or with
the enforcement of celibacy in the con-
ditions of continuous sexual stimulation

that exist in animal rooms where there are
separately housed animals of both sexes. If
these factors are important, then one must
expect non-specific effects on endocrine
status and tumour incidence from factors
such as increased or decreased palatability
of diet and from treatment-related changes
in libido or sex appeal.

It would also not be unreasonable to ask
‘why haven’t those responsible for funding
and carrying out carcinogenicity tests paid
more attention to getting the conditions
right?’ ‘Why have they seemingly taken no
steps to evolve ways of maintaining
laboratory animals into old age in normal
hormonal status?’ There are several
reasons: for example, too few testers think

strategically; too many evaluators think in
numbers rather than of mechanism;
changes in methodology would devalue
background data accumulated at great ex-
pense. Of course, none of these reasons is
sound and what we urgently need are

‘micro-methods for assessing the hormonal

status of living animals. These would
facilitate research on mechanism and help
us to distinguish between true carcino-
genicity and pseudocarcinogenicity depen-
dent on laboratory artefacts. O
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