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Sources of Variability in Rodent Carcinogenicity Studies. HASEMAN, J. E., HUFF, J. E., RAO,
G. K, AND Eusns, S. L. (1989). Fundam. Appl Toxicol. 12, 793-804. A number of factors
may influence tumor rates in rodent carcinogenicity studies, including the animal room envi-
ronment, genetic differences, food consumption/weight gain, survival/age of the animals, identi-
fication of gross lesions, pathology sampling procedures and preparation of the histology slides,
and histopathologjc diagnosis. The relative importance of these factors is evaluated, making use
of laboratory animal carcinogenicity data from the National Toxicology Program and from
other sources. An investigator must be aware of these potentially confounding factors, so that
appropriate measures can be taken to reduce or eliminate their impact on the interpretation of
study results. Certain potential sources of within-study variability can be controlled by appropri-
ate experimental design and by proper conduct according to standard operating procedures. The
effect of certain factors influencing tumor prevalence may be magnified when variability from
study to study is considered, and thus it may be difficult to formulate a biologically meaningful
statistical analysis that uses historical control data in a formal testing framework. © 1989 Soaety
ofToxjcotofy

Laboratory animal carcinogenicity studies,
such as those carried out by the National
Toxicology Program (NTP), the National
Cancer Institute (NCI), and other national
and international organizations, are utilized
by the scientific community and by various
government agencies in making regulatory
decisions affecting public health. These ex-
periments are important because, as noted by
the International Agency for Research on
Cancer (1987), "in the absence of adequate
data on humans, it is biologically plausible
and prudent to regard agents for which there
is sufficient evidence of carcinogenicity in ex-
perimental animals as if they presented a car-
cinogenic risk to humans."

In the design, analysis, and interpretation
of these studies, an investigator must main-
tain an awareness of the potentially con-
founding factors that may influence tumor
prevalence both within and among experi-
ments. This report summarizes and discusses

what we consider to be the major sources of
variability in rodent carcinogenicity experi-
ments, as determined by an evaluation of the
NTP/NCI carcinogenicity study results as
well as an examination of other large data
sets.

POTENTIAL SOURCES OF
VARIABILITY

A number of factors in addition to the
chemical may influence tumor prevalence in
long-term carcinogenicity studies. The more
important of these are discussed below.

Animal Room Environment

Environmental variables that may influ-
ence the physiology of the animals and im-
pact on toxicological findings include physi-
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cal factors, such as light, temperature, relative
humidity, ventilation, water, bedding, and
diet, and biological factors, such as infections,
diseases, and group compatibility of the ani-
mals in the experiments (Rao, 1986). Since
many of these factors are comparable for con-
trol and chemically exposed animals within a
given study (which are normally housed in
the same room throughout the experiment),
environmental variables are perhaps more
important in determining among-study
rather than within-study variability. How-
ever, even within a given study, a proper ran-
domization of animals is essential to reduce
or eliminate the effects of these variables on
tumor prevalence.

In most studies animals are assigned at ran-
dom to experimental groups, often after first
stratifying by body weight. However, after
this initial randomization, animals in some
studies are housed by group in the same loca-
tion in the animal room for the entire study
period. While such housing simplifies main-
tenance of the animals, it is conceivable that
certain factors associated with the animal
room environment could selectively influ-
ence the biological responses of animals in
certain cage locations, thus introducing a po-
tential confounding factor into the analysis
(Young, 1987, 1988; Haseman, 1988a,b).

For example, elevated rates of nonneoplas-
tic eye lesions (cataracts and retinopathy) are
frequently observed in rats or mice occupying
the top row of cages in the rack (Greenman et
al, 1982; Rao, 1986; Haseman, 1988b). High
light intensity is known to cause eye lesions
in albino rodents (Rao, 1986), and animals in
the top rows are nearer the fluorescent light
source and thus exposed to more light than
are animals in other cages.

In contrast, associations of cage location
with tumor prevalence have not been well
documented and are not consistent findings.
Some investigators have reported that differ-
ences in tumor prevalence may be related to
cage shelf level, but such associations have ei-
ther been inconsistent (Lagakos and Mos-
teller, 1981) or quite subtle, requiring thou-

sands of animals per group to attain statistical
significance (Greenman et al., 1984). Hase-
man et al. (1986) evaluated 18 long-term
studies that utilized two concurrent control
groups housed in separate locations in the an-
imal room for the entire study, and found
that the number of significant differences in
tumor prevalence between the two control
groups agreed closely with the number ex-
pected by chance. Thus, the animal room en-
vironment and caging protocols did not ap-
pear to contribute significantly to the ob-
served tumor rates.

Conversely, Young (1987, 1988) reported
that "local room effects" influenced the prev-
alence of hepatocellular neoplasms in one ex-
perimental group of male mice in a 2-year
study of eugenol (NTP, 1983) and the preva-
lence of pancreatic acinar cell tumors in a
control group of male rats in a carcinogenic-
ity study of benzyl acetate (NTP, 1986).
However, Haseman (1988a,b), in a broader
evaluation of NTP studies with F344 rats and
B6C3F1 mice, found that the frequency of
such "significant effects" in these experi-
ments was similar to chance expectation.
Thus, it is likely that the apparent "local
room effects" found by Young reflect ran-
dom variability.

It is common practice to house laboratory
animals three to five per cage for economic
reasons and also because individual housing
has been shown to cause stress in some in-
stances (Hatch et al., 1965; Sigger al., 1966).
However, group housing introduces the pos-
sibility of "cage effects," i.e., the clustering of
tumors within cages. This may impact on the
selection of the proper experimental unit and
the subsequent statistical analysis (Gart et al.,
1986). However, there has been little evi-
dence to suggest that tumor prevalences clus-
ter within cages, particularly when survival
differences are taken into account (Gart,
1976; Arnold et al., 1985; Gart et al., 1986;
Haseman, I988a,b).

Because of problems associated with fight-
ing among group-housed male mice, the
NTP currently employs individual caging for
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its studies with B6C3F1 mice. The NTP ex-
perimental design also includes random allo-
cation of animals to cages, random assign-
ment of columns of cages in a rack to chemi-
cally exposed or control groups, and periodic
rotation of racks in the room and cage loca-
tion in the racks (NTP, 1984).

Another environmental factor studied by
the NTP is the possible influence of viral in-
fection on tumor prevalence in Fischer 344
rats and B6C3F1 mice. Tumor rates were
compared between NTP studies with viral in-
fections (Sendai virus, pneumonia virus of
mice, rat coronavirus/sialodacryoadenitis vi-
rus, mouse hepatitis virus) and studies with-
out such infections. It was found that none
of the viral infections appeared to affect the
tumor rates in these studies when survival
differences, interlaboratory variability, and
time-related trends were taken into account
(Rao etal., 1989a,c).

Genetic Factors

Outbred stocks (e.g., ICR-Swiss, Sprague-
Dawley) of rodents have low genetic stability
marked by genetic drift between colonies
(sources) and within the same colony over
time. Even inbred strains from different
sources separated by several generations may
have subtle genetic differences. These differ-
ences coupled with environmental factors
may influence toxicity (Walden and Schiller,
1985) and tumor prevalences (MacKenzie
and Garner, 1973).

Within a given study it is conceivable that
"litter effects" may influence tumor preva-
lence. Littermate information is generally not
available when experimental animals are re-
ceived from the supplier, but a proper ran-
domization of animals to dosed and control
groups should control this potential source of
variability in any case.

An evaluation of possible litter effects in
the ED01 study, which used approximately
24,000 animals, concluded that "In this
study, one can reasonably assume that for the

occurrence of most tumor types, the preva-
lence rates do not vary significantly among
litters" (Gaylor et al., 1985). Other investiga-
tors have reached similar conclusions (Hase-
man, 1988c). Specialized methods of statisti-
cal analysis have been proposed (Mantel et
al, \911; Mantel and Ciminera, 1979; Gart
et al., 1986) if an investigator wishes to em-
ploy a litter-matched design. Also, for carci-
nogenicity studies in which animals are ex-
posed in utero, the litter rather than the indi-
vidual animal may be the appropriate
experimental unit (Gart etal., 1979).

Age and Survival of Animals

In some studies there may be apparent
dose-related differences in tumor prevalence
that simply reflect the greater survival of one
group relative to the other. This underscores
the need to take survival differences into ac-
count when assessing changes in tumor prev-
alence. Gart et al. (1986) provide an excellent
discussion of the various survival-adjusted
statistical methods that have been proposed
for laboratory animal carcinogenicity studies.

Differences in the age of the animals may
also influence tumor rates. For example,
young animals (especially neonates) may be
more susceptible to chemical-induced neo-
plasia than are older animals (Maltoni et al.,
1982; Drew et al., 1983). All animals within
a given study generally arrive in a single ship-
ment and are thus approximately the same
age. In contrast, animals from different stud-
ies may differ in age at the time of study onset,
and the studies could be of varying durations
(e.g., 18 months vs 24 months). Such differ-
ences may contribute to among-study vari-
ability in tumor rates.

Food Consumption/Weight Gain

Laboratory animals with lower body
weights frequently have decreased tumor
prevalence and improved survival relative to
heavier animals (Ross and Bras, 1971; Con-
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ybeare, 1980). Perhaps most striking is the as-
sociation between lower body weights and the
decreased prevalence of mammary gland
neoplasms (see Haseman, 1983a; Rao et ai,
1987 and the references cited therein) and pi-
tuitary gland tumors (Ross et ai, 1970; Gries
and Young, 1982; Rao et ai, 1987) in rats.
There are also data to support a positive cor-
relation between body weight and tumor inci-
dence in humans (Doll and Peto, 1981).

This association may become an issue
when animals exposed to chemicals consume
less food (because of palatability, toxicity, or
other factors) and gain less weight than con-
current controls. These chemically exposed
animals often also show decreased tumor
prevalence relative to controls. Thus, it is
more difficult to detect chemically related
carcinogenic effects in these animals, which
may increase the false-negative rate.

Paired feeding is one possible solution to
this problem, but such a study would be more
time consuming and costly and might be
difficult to implement effectively. Another
approach would be to alter the common prac-
tice of ad libitum feeding and restrict food in-
take to a preselected amount for each animal.
Alternatively, the feed could be made avail-
able only at preselected times and/or for lim-
ited periods. Modifications in the formula-
tion of the diet should also be considered.
Since 1980 the NTP has utilized the relatively
high protein (24%) NIH 07 diet (Rao and
Knapka, 1987), but is currently considering a
reformulation with lower protein content,
due in part to continuing concerns regarding
possible dietary effects on tumor prevalence.

Tumor rates may be modulated by other
dietary factors, including caloric restriction,
amount and nature of fat in the diet, and
amount of protein (Tannenbaum and Silver-
stone, 1952; Everett, 1984; Rao, 1986). We
do not discuss these further except to point
out the association of corn oil gavage with re-
duced rates of mononuclear cell leukemia
and elevated prevalences of pancreatic acinar
cell adenoma in male F344 rats (Haseman et
ai, 1985). The mechanism by which corn oil

given by gavage affects these two tumor types
is unknown (Eustis and Boorman, 1985).

Pathology

There are several individual pathology
tasks beginning with the necropsy of the ex-
perimental animal and ending with the mi-
croscopic examination of the tissues that can
contribute to the variability in reported tu-
mor rates. These can be a source of potential
bias within a study and more likely a source
of variability among studies performed at
different laboratories.

The histopathology sampling procedure in
general use by the NTP is a combination of
nonrandom sampling (all gross lesions ob-
served at necropsy are examined microscopi-
cally) and random sampling (routine tissue
sections are taken from all protocol required
tissues). A thorough gross examination is im-
portant, since many of the tumors ultimately
diagnosed microscopically are initially iden-
tified macroscopically by the prosector and
pathologist. To minimize the possibility that
tumors visible at gross necropsy will be over-
looked, NTP procedures require that all tis-
sues be saved following necropsy and be sub-
ject to an independent audit for untrimmed
lesions.

Bias or variability can be introduced if the
number of tissue samples taken for histopa-
thology varies among groups. Under these
conditions, a noncarcinogen might appear to
be carcinogenic simply because of an increase
in the number of sections evaluated and thus
in the number of tumors detected (Ad Hoc
Panel, 1984; Haseman, 1984). The potential
for variability is reduced by utilizing proto-
cols that specify set procedures for tissue sam-
pling.

When slides are prepared, the amount of
tissue trimmed, the site at which samples are
taken, the orientation of the tissue on the
slide, and the number of sections per animal
should be similar in chemically exposed and
control groups. For example, in one study the
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histology technicians prepared cross sections
of thyroid tissue for all control and most low-
dose female rats, but prepared longitudinal
sections for more than 60% of the high-dose
female rats. The longitudinal sections in-
cluded roughly twice the amount of thyroid
tissue as the cross sections, and there was a
concomitant increase in the prevalence of
thyroid tumors in high-dose females relative
to controls. This increase was attributed to
the greater proportion of thyroid tissue exam-
ined microscopically in the high-dose group
(NTP, 1988).

The histology technicians responsible for
the study must be well trained and ideally
should be assigned equal proportions of ani-
mals from each group to control this poten-
tial source of variability. Also, detailed stan-
dard operating procedures describing the his-
tology functions are needed to prevent bias
within a study and variability from study to
study.

Histopathological examinations should
follow stringent standards of quality, unifor-
mity, and objectivity (Boorman and Eustis,
1986; Gart et al., 1986). Because there may
be variability among pathologists in histopa-
thology nomenclature and diagnostic cri-
teria, the same pathologist should examine all
slides from chemically exposed and control
groups in a species.

Further, even if a single pathologist is re-
sponsible for the histopathology of a given ex-
periment, there may be time-related "diag-
nostic drifts" in classifying lesions. Since the
histological criteria for distinguishing hyper-
plasia from neoplasia and benign from malig-
nant tumors often consist of multiple factors
of a subtle qualitative and/or quantitative na-
ture, it is sometimes difficult to maintain con-
sistency in the application of these criteria
over time.

To avoid the possibility of diagnostic drift
or subtle bias in identifying tumors, some in-
vestigators favor blinded pathology, i.e., his-
topathological examination without prior
knowledge of whether the tissues are from
chemically exposed or control animals. The

arguments for and against this practice have
been debated (e.g., Fears and Schneiderman,
1973; Weinberger, 1980; Haseman, 1984;
American College of Veterinary Pathologists,
1986). Perhaps a reasonable compromise be-
tween fully open and totally blind pathology
is a procedure currently used by the NTP,
which allows the study pathologist to diag-
nose tumors in a nonblind fashion, but then
employs blind pathology during the pathol-
ogy review phase of the study (Boorman and
Eustis, 1986). Thus, all chemically related
effects are verified under a more rigorous pro-
cedure that better ensures objectivity of diag-
noses. Blind pathology is also important in
the diagnosis of subtle toxic lesions.

The importance of histopathology diagno-
sis as a source of variability in tumor inci-
dence is illustrated by considering the results
of two independent examinations of the same
slides from carcinogenicity studies of mala-
thion and malaoxon (Reuber, 1985; Huffed
al., 1985). Remarkably different conclusions
were reached by these two sets of investiga-
tors concerning tumor prevalence and the re-
sulting carcinogenic potential of the chemi-
cals studied. Examples of differences in histo-
pathology diagnosis are given in Table 1 for
male rats receiving malaoxon; similar differ-
ences were seen in the other experiments re-
ported in these papers.

Fortunately, such major disagreements in
tumor diagnosis do not appear to be com-
monplace. In NTP studies all tumors diag-
nosed and all target organs are subject to re-
view by an independent pathologist (Boor-
man et al., 1985), and differences of opinion
are resolved by a pathology working group
consisting of six to eight experts in rodent tox-
icologic pathology (Boorman and Eustis,
1986). This procedure reduces the likelihood
that histopathology diagnosis will be a major
source of within-study variability in tumor
prevalence.

Random Differences

In laboratory animal carcinogenicity stud-
ies, as many as 30 to 40 different organ and
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TABLE 1

EXAMPLES OF DIFFERENCES OF HISTOPATHOLOGY DIAGNOSIS: TUMOR INCIDENCES FOR MALE F344 RATS IN THE
MALAOXON STUDY AS DETERMINED BY REUBER (1985) AND BY HUFF et al. (1985)

Selected site-specific
tumors

Adrenal gland
Adenoma
Carcinoma

Leukemia
Liver

Nodules
Carcinoma

Forestomach papilloma

All malignant tumors

Control
group

4/50
1/50

20/50

0/50
0/50
1/50

35/50

Reuber

Low
dose

9/50
6/50

46/50

2/50
2/50

12/50

49/50

High
dose

11/46
10/46
39/46

3/46
6/46

12/46

42/46

Control
group

0/50
0/50

19/50

0/50
1/50
0/47

28/50

Huff el al.

Low
dose

0/50
1/50

11/50

2/50
0/50
1/48

16/50

High
dose

0/49
0/49

10/50

0/50
1/50
0/48

26/50

tissue sites are examined for possible chemi-
cally related effects. In this situation statisti-
cally significant differences in tumor preva-
lence may occur by chance. It has been esti-
mated that in a study involving male and
female rats and mice, the probability is ap-
proximately 47-50% that some tumor type
may show a statistically significant (p < 0.05)
increased prevalence in a high-dose group rel-
ative to controls by chance (Haseman et al.,
1986). This underscores the need to be aware
of the multiple comparisons issue, and not to
regard every statistically significant increase
in tumor prevalence automatically as a bio-
logically meaningful effect. Biological as well
as statistical factors must be considered in the
overall evaluation of the data (Haseman,
1983b).

While the importance of random variabil-
ity should not be minimized, the issue of false
positives is well recognized by investigators in
the field and generally taken into account in
the overall evaluation of the data. For exam-
ple, Gart et al. (1986) cite a number of studies
that have demonstrated that "rules which at-
tempt to model the actual decision process
indicate that the false-positive rates are close
to the nominal level." The Office of Science
and Technology Policy (1985) reaches a sim-

ilar conclusion. Thus, the actual false-posi-
tive rates associated with laboratory animal
carcinogenicity studies are much lower than
the 47-50% figure given above, and have
been estimated by Haseman (1983b) to be no
greater than 7-8%. Moreover, a number of
statistical procedures have been proposed to
deal specifically with the false-positive issue
(see, e.g., Fears et al., 1977; Gart et al., 1979;
Brown and Fears, 1981; Haseman, 1983b;
Heyse and Rom, 1987; Farrar and Crump,
1988).

IMPLICATIONS OF TUMOR
VARIABILITY ON THE USE OF
HISTORICAL CONTROL DATA

Although the concurrent control group is
always the first and most appropriate control
group used for decision making (Gart et al.,
1979; Tarone et al., 1981), there are certain
instances in which historical control informa-
tion can aid in the overall evaluation of tu-
mor prevalence. One example is the occur-
rence of rare or uncommon tumors, which
may require less stringent statistical evidence
of a chemical effect if a low background rate
of the tumor can be documented from histor-
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ical control data (Gart et al, 1986). Another
example is a marginally significant increase
in tumor prevalence relative to concurrent
controls, which may be discounted or consid-
ered to be biologically meaningful when his-
torical control data are considered (Tarone el
al, 1981; Society of Toxicology, 1982). Tab-
ulations of historical control tumor preva-
lences from NTP carcinogenicity studies
have been published (e.g., Solleveld et al,
1984; Haseman et al, 1984, 1985), and his-
torical control rates for tumors showing evi-
dence of chemically related effects also ap-
pear in NTP Technical Reports.

A number of statistical procedures have
been proposed for incorporating historical
control data in a formal testing framework,
and a good discussion of these techniques is
given by Krewski et al (1988). However,
there is currently no consensus regarding how
and when historical control data should be
used in the decision-making process (Krew-
ski et al, 1988; Haseman, 1988c). Some in-
vestigators have been critical of these proce-
dures on statistical grounds (Tamura and
Young, 1986), but there are also biological
factors that may limit the use of historical
control data. If historical control data are to
be used in a meaningful way, the experiments
in the data base must be similar to the current
experiment in factors known to affect tumor
rates (Gart el al, 1986). This is often difficult,
because each experiment is unique, and the
effect of the factors discussed above may be
magnified when variability in tumor preva-
lences from study to study is considered.

A number of investigators have reported
significant variability in control tumor rates
among laboratories (Tarone et al, 1981;
Haseman et al., 1984, 1986). For example,
Haseman et al (1986) examined tumor rates
from a series of 18 carcinogenicity studies
conducted in rats and mice. The majority of
these studies (13/18) were carried out in two
laboratories—6 in Laboratory A and 7 in
Laboratory B. Although the age of the ani-
mals at terminal sacrifice varied among the
13 studies, the average length of study (in

days; mean ± SE) was similar at Laboratory
A (856 ± 23) and Laboratory B (850 ±21).

The observed rates of adrenal gland corti-
cal tumors in the dual-control groups of fe-
male rats from these experiments are given in
Table 2. Within a study, there was little
difference in tumor rates between the two
concurrent control groups. Laboratory A
maintained relatively consistent tumor rates
across studies, while there was considerable
variability among the studies evaluated at
Laboratory B. Moreover, the overall preva-
lence of adrenal gland cortical tumors in con-
trol female rats at Laboratory B (280/968,
29%) was approximately 15 times the rate ob-
served at Laboratory A (17/839, 2%).

The prevalences of certain tumors also ap-
pear to be increasing over time (Everett,
1984; Haseman et al, 1984; Rao et al.,
1989b). For example, the rates of hematopoi-
etic system tumors (primarily mononuclear
cell leukemia) in male F344 rats averaged less
than 10% in control animals from 2-year NCI
studies conducted during 1971-1974 (Fig. 1).
During 1980-1983 the rate was almost 50%.
Less striking increases were observed in other
commonly occurring tumors in both male
and female F344 rats (Rao et al, 1989b).

To determine whether or not changes in
pathology diagnosis might be contributing to
the apparent changing tumor rates over time,
the NTP initiated a pathology reevaluation of
slides from untreated control animals from
representative early and later studies for those
tumors showing the most pronounced time-
related differences. The results of this evalua-
tion for male and female rats are summarized
in Table 3 (taken from Rao et al, 1989b).

This pathology reevaluation resulted in
consistently higher rates of leukemia, thyroid
gland C-cell tumors, and adrenal gland pheo-
chromocytomas and lower incidences of an-
terior pituitary gland tumors than originally
diagnosed. While changes in diagnostic cri-
teria may have contributed to the apparent
time-related increases in leukemia, adrenal
gland pheochromocytoma, and pituitary
gland neoplasms, the increasing time-related
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TABLE 2

INCIDENCE OF ADRENAL CORTICAL TUMORS IN DUAL CONTROL GROUPS OF FEMALE RATS

FROM 13 COLOR ADDITIVE STUDIES

Compound

FD&C Blue 1
FD&C Yellow 5
FD&C Red 3
D&C Red 6
D&CRed21
D&C Red 33

Overall rate

Laboratory A
control rates"

1/70-0/70
2/69-O/70
1/70-O/70
2/70-1/70
3/70-1/70
2/70^»/70

17/839(2%)

Compound

FD&C Blue 2
FD&C Green 3
FD&C Yellow 6
D&C Yellow 10
D&C Red 19
D&C Orange 5
D&C Orange 17

Overall rate

Laboratory B
control rates"

16/69-17/69
37/69-39/70
37/70-34/69
9/69-3/70
7/69-7/69

32/69-32/69
5/68-5/69

280/968 (29%)

' Tumor incidences observed in each of two separate "identical" concurrent control groups.

trends were evident for most tumors, based
on both the original and new diagnoses (see
Table 3).

Changes in the amount of tissue examined
may also have contributed to the time-related
differences in the rates of pituitary gland, thy-
roid gland, and adrenal gland medullary tu-
mors. For example, the median anterior pitu-
itary gland tissue size for male rats was only
5.0 mm2 in the 1972-1973 studies compared
with 9.0 mm2 in the 1980-1981 studies, and
if these two sets of studies are matched by

60-

40

• -
-

YEAHSOf STUDY

FIG. I. Incidence of hematopoietic system tumors in
untreated male F344 rats in NCI/NTP studies (mean
± SD). Least-squares regression line is given. Tumor in-
cidence shows significant (p < 0.001) linear increase over
time.

amount of tissue examined, there is no longer
a significant difference in tumor prevalence
between them. A similar result holds for adre-
nal gland and thyroid gland tumors (Rao el
ai, 1989b).

However, this finding is difficult to inter-
pret because the presence of a tumor in a tis-
sue will likely result in a larger section for ex-
amination. Thus, it is not clear if more tu-
mors were detected because of the increased
amount of tissue examined, or alternatively,
if the increased prevalence of tumors resulted
in larger sections for examination.

Rats in the more recent studies had higher
body weights, which may also have contrib-
uted to the increased tumor rates observed in
these animals (Rao et ai, 1989b).

In summary, there are a number of factors
that may produce variability in tumor rates
from study to study. Thus, even if a univer-
sally accepted statistical analysis could be de-
veloped for utilizing historical control data in
a formal testing framework, such analyses
may not be appropriate on biological grounds
because of the lack of comparability of ani-
mals in the contemporary study to those from
earlier studies in the data base.

CONCLUSIONS
What are the practical implications of these

potential sources of variability? First, within-
study variability should be minimized by a
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TABLE 3

ORIGINAL AND REEVALUATED PREVALENCES FOR LEUKEMIA, ANTERIOR PITUITARY TUMORS, THYROID C-CELL
TUMORS, AND ADRENAL PHEOCHROMOCYTOMAS IN UNTREATED MALE AND FEMALE F344 RATS FOR FOUR SE-
LECTED TIME PERIODS

Year study
starts

Male
1972-1973
1975-1976
1978-1979
1980-1981

Female
1972-1973
1975-1976
1978-1979
1980-1981

No. of
animals

244
250
250
249

247
248
250
248

Leukemia

O

13
33
30
44

11
21
16
27

R

23
44
41
50

21
30
28
31

Anterior
pituitary
tumors

O

11
18
26
26

37
44
50
49

R

9
17
23
26

28
29
27
34

O

9
10
11
15

7
9
8

19

Thyroid
C-cell

tumors

R

11
14
17
20

10
14
18
23

Adrenal
pheochro-

mocytomas

O

11
18
23
31

a

a

a

a

R

27
29
26
38

a

a

a

a

Note. O - Original tumor rates; R = reevaluated tumor rates; data taken from Rao etal.(\ 989b).
" Tumors not reevaluated.

proper experimental design. Specific recom-
mendations include appropriate randomiza-
tion of animals; control of environmental
factors; consistency of gross necropsy, slide
preparation, and histopathology diagnosis
across groups; and comprehensive quality as-
surance and pathology review procedures.

Second, in the statistical analyses of tumor
data, appropriate measures should be taken
to minimize the impact of potential con-
founding factors that are likely to influence
the overall interpretation of the study. One
such example is the utilization of survival-ad-
justed methods to take into account differ-
ences in age at death between chemically ex-
posed and control groups.

Third, the false-positive and false-negative
issues must be considered when interpreting
experimental results. Because of the multi-
plicity of sites examined, differences in tumor
rates among groups may occur by chance.
While the statistical significance of an ob-
served effect is important in the overall evalu-
ation of the data, biological factors must al-
ways be considered.

Fourth, because of the importance of the
various factors that influence tumor rates
across studies, care should be exercised in us-
ing historical control data in the overall eval-
uation of rodent carcinogenicity studies. The
most relevant historical data are from con-
temporary studies at the same laboratory.
Even in this instance, however, it is unclear
whether or not historical data should be uti-
lized in a formal testing framework.

These results also suggest that efforts to
construct large data bases of tumor rates ob-
tained by pooling data from studies at differ-
ent laboratories carried out at different times
under different experimental protocols may
be of limited scientific value if the intent of
such a data base is to provide a reference
point for comparing tumor prevalence in a
particular study. There are simply too many
uncontrolled sources of variability in tumor
rates. To have any value, such efforts should
include as a minimum a reexamination of
slides to ensure some consistency of diagnosis
across studies.

Finally, one should not overinterpret the
implications of variability in tumor rates. Us-
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ing the concurrent control group as the pri-
mary basis for comparison eliminates the im-
pact of among-study variability. Further,
proper utilization of scientific principles in
the design, conduct, analysis, and interpreta-
tion of laboratory animal studies will mini-
mize the impact of many sources of within-
study variability. Thus, the mere existence of
variability in response does not invalidate an
experiment. The critical issue is to maintain
an awareness of potential confounding fac-
tors that may affect tumor prevalence, so that
appropriate measures can be taken to reduce
or eliminate their influence on the design,
analysis, and interpretation of the study.
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