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ABSTRACT

Clofibrate (ethyl chlorophenoxyisobutyrate, Atnomid-S), be
cause it contains a chlorinated phenoxy moiety and is the most
commonly used hypolipidemic drug in the United States and
Europe, was fed at a concentration of 0.5% in the diet of 25
male F344 rats for 72 to 97 weeks, and the animals were
inspected for tumors up to a maximum of i 29 weeks. Between
72 and i 29 weeks, there were 10 rats with a total of i 6 tumors.
These included 4 hepatocellulan carcinomas, an adenocanci
noma of the glandular stomach, papillary carcinoma of the
urinary bladder, acinan cell carcinoma of the pancreas, lym
phosancoma involving pancreas, acinan cell adenomas of the
pancreas, renal carcinoma, and sarcomas of the lung and
parotid gland. Although the number of experimental animals
was small, none of these tumors were present in 25 controls,
and systematic examination of available literature dealing with
spontaneous tumors in several thousand rats indicated that the
tumors in clofibrate-fed rats were not spontaneous. A number
of the tumors were transplanted through several generations.
Clofibrate, like two other hypolipidemic drugs that are carci
nogenic, causes penoxisome proliferation. It is speculated that
some drugs that cause penoxisome proliferation may represent
a new class of chemical carcinogens and that there may be a
relationship between peroxisome proliferation and malignant
transformation.

INTRODUCTION

It has been stated that clofibrate (ethyl chlonophenoxyiso
butyrate, Atnomid-S) is the hypolipidemic drug most widely
used in the United States and Europe (i 3). It has been used in
clinical trials in large groups of patients, predominantly males,
in doses ranging usually between i .5 and 2 g daily for periods
of 6 years on longer (7, i i , 2i , 42, 48). Clofibrate reduces the
levels of serum cholesterol and triglycerides in humans (i 4,
3i ) and in several other species (2, 32, 58) and has a moderate
degree of toxicity. The pharmacodynamics, mechanism of ac
tion, and specific effects of clofibrate and related analogs have
been reviewed in detail by Havel and Kane (i 3) and by Schacht
(47). Clofibrate has been used for more than i 5 years for the
treatment of hyperlipoprotemnemia(30), although its effect on
development on progression of atherosclerosis remains in dis
pute (50).

Clofibrate causes hepatomegaly in male rats and, like a
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number of other hypolipidemic drugs, also causes an increase
in catalase activity and penoxisome proliferation in male rat
liven after short-term administration in the diet (i 5, 54), but
peroxisome proliferation is not necessarily dependent upon on
proportional to catalase content (36). Although the principal
biological role of penoxisomes and the reasons for their prolif
enation after administration of hypolipidemic drugs may not be
entirely elucidated, reports by Lazanow and DeDuve (24) and
by Lazanow(22) indicated that fatty acyl-CoA-oxidizing activity
is present in rat liver penoxisomes and increases significantly
after treatment of rats with clofibrate. There was a simultaneous
increase in the number of hepatic peroxisomes. Lazanow (22)
demonstrated in i i - to 18-fold increase in the capacity of rat
livers to oxidize palmitoyl-CoA with a simultaneous increase in
hepatic peroxisomes after clofibrate. Recently, Lazarow (23)
reported that rat liven penoxisomes may be specialized for ,6-
oxidation of long-chain fatty acid. Also, it has been reported
that catalase and unicase, another hepatic penoxisomal en
zyme, are synthesized in rat liver by free nibosomes rather than
by membrane-bound ribosomes as had been thought previ
ously and that these enzymes are transferred to the interior of
peroxisomes by a posttranslational mechanism (i 2). Masters
and Holmes (27) have published a recent detailed review of
the role of peroxisomes in cell physiology and biochemistry.

Whether penoxisome proliferation beans a relationship to
malignant transformation is not clear at the present time, al
though it has long been known that a decrease in hepatic
catalase is one of the most consistent biochemical features in
cancer. Hepatic tumors have been reported in male rats (39)
and in acatalasemic mice given nafenopin ([2-methyl-2( p
i ,2,3,4-tetnahydno-i -naphthyl)phenoxyjpropionic acid, an an
yloxyisobutyrate analog of clofibrate) (4i ) or Wy-i 4,643 ([4-
chloro-6-(2,3-xylidino)-2-pynimidinylthio]acetic acid), another
hypolipidemic agent, unrelated to clofibrate, that causes pen
oxisome proliferation (35). A pancreatic cancer was also in
duced in a male rat given nafenopin (40), but the potential for
nafenopin on other hypolipidemic drugs to produce a widen
variety of tumors has not been reported, to our knowledge.
Neither nafenopin nor Wy-i 4,643 is used therapeutically;
therefore, although they are of experimental interest, they do
not have the potential impact on public health that clofibrate
might have.

In an abstract describing nafenopin-induced liver tumors,
incidental mention was made of 2 solitary, well-differentiated
liventumors in male rats given clofibrate, but no other clofibrate
related tumors were described, and the biological behavior of
the 2 liventumors was not recorded (38).

To our knowledge, no comprehensive or systematic report
of the spectrum of tumors in rats fed clofibrate for long periods
has been published. In view of the large numbers of humans
receiving clofibrate for long periods and considering that the
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RatDuration(wk)aNeoplasms272Hepatocellular

carcinoma880Acinar
cell carcinoma ofpancreas697Hepatocellular

carcinoma; gastric adenocar
cinoma; renalcarcinoma498Papillary

carcinoma of urinarybladder999Lymphosarcoma
(abdominal nodes and pan

creas); pancreaticadenomab1
11 09Sarcoma of lung; sarcoma of urinarybladder51

09Sarcoma of parotid gland; pancreatic ade
noma1
31 20Sarcoma oflung1
51 29Hepatocellular carcinoma; pancreatic ade
noma31

29Hepatocellular carcinoma
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such as dyspnea, failure to groom, or lethargy that suggested
the presence of a tumor. Thereupon, the respective expeni
mental animals were sacrificed, and necropsies were per
formed immediately at intervals indicated in Table i . Control
animals were similarly followed to 129 weeks and necropsied.
All tissues from both groups of animals were fixed in formal
dehyde. Paraffin sections of tumors and nontumorous organs
were prepared and stained with hematoxylin and eosin. San
comas were also stained with the Gomoni tnichnome method
and the pancreatic carcinoma was stained with azure A-eosin
B. Portions of selected tumors were fixed in 2% osmium
tetroxide buffered with s-collidine and processed for electron
microscopic examination. Small samples of renal and hepato
cellular carcinomas and sarcomas of the lung were minced in
sterile 0.9% NaCI solution and transplanted under aseptic
conditions s.c. in the groin of male F344 weanling recipients.
The pancreatic carcinoma and the carcinoma of the urinary
bladder were not transplanted because suitable recipients were
not available on the morning of sacrifice.

RESULTS

Table i lists the time of sacrifice and the number and types
of tumors induced by clofibrate on associated with its long-term
ingestion. Among the experimental animals, there were i 0 rats
with a total of i 6 tumors. All tumors of liver, kidney, pancreas
(with the exception of adenomas), and urinary bladder were
evident by palpation at the time of sacrifice. The 2 rats with
pulmonary sarcomas showed dyspnea and weight loss while
the sarcoma of the panotid gland was externally visible. The
pancreatic adenomas and gastric adenocancinoma were de
tected incidentally in animals that were sacrificed because of
an obvious tumor elsewhere (Rats 6, 9, 5, and i 5) or because
the animal was moribund (Rat i 2). Measurements of the
amount of diet consumed by the rats indicated an estimate of
350 mg clofibrate pen rat per week. Thus, among the animals
listed in Table i , the total amount of clofibrate ingested ranged
from approximately 25 to 33 g. Weight loss, when it occurred,
was acute and was present, at the longest, for i 0â€”i2 days
prior to sacrifice. Accordingly, reduced food intake would not
substantially affect the estimated range of clofibrate consump
tion.

The time of sacrifice and the number and type of sponta
neous tumors in control and experimental animals are listed in
Table 2. In many instances, the presence of these tumors was
suspected or evident prior to the time of sacrifice, but animals
were allowed to live to permit maximum follow-up time for
possible detection of other tumors. The leukemia was evident
grossly as marked hepatosplenomegaly and microscopically
as leukemic infiltrates in spleen, liven, kidney, and abundance
of undifferentiated white blood cells in vascular lumens. Inter
stitial cell tumors of the testis and leukemia are known to occur
commonly as spontaneous tumors in aged Fischer rats (6, i 7).

Nonneoplastic changes that were observed in both expeni
mental and control rats included bronchitis, atelectasis, and
alveolar septal thickening in the lungs, chronic nephnitis with
interstitial inflammation and hyaline casts, occasional nephno
calcinosis, and mild myocardial fibrosis. At the times of sacrifice
and at the termination of the experiment, the weight of the
animals ranged from approximately 320 to 340 g.

Tumors in Clofibrate-fed Rats. The hepatocellularcarcino

agent contains a chlorinated phenoxy moiety, we tested clofi
brate for carcinogenicity in male rats. The study was prompted
also by an earlier comment of DeDuve and Baudhuin (i 0) who
pointed out that the fate of peroxisomes during malignant
transformation was a problem of interest. The purposes of this
paper are to record a variety of neoplasms in several organs in
male rats given clofibrate for an extended period; to illustrate
gross appearances, histopathology, ultrastructune; and to dis
cuss briefly transplantation of selected tumors.

MATERIALS AND METHODS

Fifty male weanling F344 rats (A. R. Schmidt Co., Madison,
Wis.) weighing approximately i 00 g were divided into 2 groups
of 25. Both groups received water and ground Purina chow
diet ad !ibitum. The experimental rats had 0.5% clofibrate
(Ayenst Laboratories, New York, N. Y.) added to their diet by
mixing the drug with an aliquot of the diet which was then
thoroughly mixed with an electric mixer into 2-kg batches that
were refrigerated. In both experimental and control animals
throughout the experiment, the amount of food consumed daily
was i 0 g as measured by weighing the feeding dishes before
replenishing them. Animals 2 and 8 received this diet for 72
and 80 weeks, respectively, at which time they were sacrificed
because of the presence of grossly palpable tumors. The
remaining experimental animals received clofibrate in their diet
for 97 weeks. Thereafter, clofibrate was withdrawn from their
diet, and they and the control animals were followed for an
additional interval extending to the maximum of i 29 weeks.
Prior to gross detection of the first tumor, laparotomy was
performed on 8 experimental animals between 54 and 59
weeks. At that time, 3 had small (0.5-cm), gray nodules in their
liven.The incisions were closed and the animals (Table i , Rats
2, 6, and i 5) were allowed to survive until the tumors were
palpable. Laparotomy was also performed on 9 control rats
between 90 and 100 weeks to search for abdominal tumors,
but none were apparent. Animals were housed in individual
plastic cages, weighed, and examined weekly until the first
tumor, a hepatocellular carcinoma, was palpable at 72 weeks.
Thereafter, both control and experimental animals were ex
amined daily for palpable or visible masses or lesions, ascites,
rapid weight loss, or any change in appearance on behavior,

Table 1
Tumors induced by clofibrate in male F344 rats

Clofibrate was given in a ground chow diet at a concentration of 0.5% for 72
to 97 weeks, and all animals were inspected for gross evidence of tumors up to
a maximum of 129 weeks.

a Time of sacrifice.

b Pancreatic adenomas were of exocrine cell type.
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Spontaneous tumors in control and experimental male F344ratsDurationRat

no.(wk)aNeoplasmsControl27112Leukemia301

12Interstitial cell tumors,testesb321
20Interstitial cell tumors,testes331
20Interstitial cell tumors,testes37129Leukemia381

29Interstitial cell tumors,testes40129Leukemia4

11 29Interstitial cell tumors,testesExperimentalc11

12Interstitial cell tumors,testes1
21 12Interstitial cell tumors,testes14120Leukemia1

61 29Interstitial cell tumors, testes; leuke
mia211

29Interstitial cell tumors,testes221
29Interstitial cell tumors, testes

Tumors in Rats Given C!ofibrate

Table 2 3-mm ulcer in the center of the mucosal surface. Microscopi
cally, the normal mucosa could be followed to the edge of the
ulcer. Beneath the ulcer and undermining the mucosa at the
ulcer periphery were numerous atypical glands which invaded
and replaced the submucosa (Fig. 7) and extended into the
musculanis (Fig. 8). Tumor cells were also present in a vessel
in fat adherent to the serosal surface of the stomach.

Grossly, the renal carcinoma appeared as a light brown
nodule approximately 3 cm in diameter replacing the midpor
tion and lower pole of the left kidney. By light microscopy, the
tumor was composed primarily of sheets of cells ranging from
small, round cells to columnar cells with occasional areas of
differentiation into tubular or acinar structures (Fig. 9).

The carcinoma of the urinary bladder was composed of
numerous long, complex, branching papillae protruding into
the bladder lumen (Fig. i 0). The papillae were covered with
transitional epithelium and invaded deep into the muscular wall
of the bladder (Fig. i 1). The tumor was classified as Stage II
(invading muscle), and it obstructed the urinary outflow tract
causing marked distension of the bladder. None of the sections
of the urinary bladder with carcinoma on those of other exper
imental on control animals showed evidence of hyperplasia,
calculi, or presence of ova on parasites of Trichosomoides
crassicauda.

The lymphosarcoma (Rat 9) appeared as raised white
patches on the surface of the pancreas and enlargement of
abdominal nodes. Microscopically, the tumor was composed
of sheets of uniform cells resembling lymphoblasts that dis
placed most of the pancreatic parenchyma leaving isolated
groups of acini surrounded by tumor cells (Fig. 12).

The sarcomas of the lung appeared as firm, solid, tan,
depressed areas occupying most of the upper lobe of the night
lung. Microscopically, they appeared to arise from bronchial
muscle since tumor cells were apparent immediately adjacent
to bronchial epithelium (Fig. i 3) and appeared to be a result of
confluence of cincumbronchial growth. Microscopically, the
tumors were compact and composed of fusiform cells arranged
in many planes in a single section. In the portions of tumor
most distant from bronchial epithelium, there were conspicuous
cells with long cytoplasmic processes (Fig. i 4). These tumors
and the sarcomas of the urinary bladder (Fig. 15) and parotid
gland were similar microscopically. Tnichrome stains indicated
that they were leiomyosarcomas.

In 2 animals, the pancreatic adenomas had a predominantly
tubular appearance with several closely apposed acini lined by
low cuboidal epithelium and separated by an interstitium of
small, undifferentiated cells (Fig. i 6). Despite the tubular ap
pearance, these adenomas were confined to a panenchymal
lobule, close to an islet, and lacked clear columnar epithelium
of ducts. This lesion was interpreted to represent a more
advanced stage of the adenomas illustrated in Fig. 6 (see
â€ẫ€˜Discussion' â€˜and Ref. 3).

Transplantation Studies. The hepatocellulantumors main
tamed growth through 5 generations in all 3 recipients of each
generation. The transplanted tumors were palpable in the
groins of recipients approximately 8 to 12 weeks after each
transplantation. Microscopically, they maintained a trabeculan
appearance. The kidney tumor grew somewhat more rapidly
than the liver tumors. The tumor transplant was palpable in 1i
successive recipient generations at 4 week intervals and main
tamed the morphology of the primary tumor. The lung sarcomas

a Time of sacrifice.

b Bilateral tumors in all instances.

c Clofibrate (0.5%) in ground chow.

mas were presented as nodular brown masses approximately
2.5 to 3 cm in diameter in the median or lateral lobes. On
section, they were well demarcated and lacked apparent gross
necrosis or hemorrhage. By light microscopy, they involved the
major portion of the involved lobe and compressed the sun
rounding parenchyma at their periphery. The tumor cells were,
for the most part, arranged as linear cords one on more cells
thick and were classified as moderately differentiated trabec
ular carcinomas (Ref. 5; Fig. i ). By electron microscopy, the
tumor cells contained abundant mitochondnia and elongated
cisterns of endoplasmic reticulum coursing irregularly through
out the cytoplasm. The penoxisomes appeared normal in num
ben and structure, although occasional ones had a dense
noncrystallmne core in their matrix. Many cells contained one or
more enlarged nucleoli (Fig. 2). The livers were not cirrhotic.

The pancreatic carcinoma was a roughly spherical, multilob
ulated, white, firm mass that distended the abdominal cavity,
invaded several loops of small intestine, and part of the colon.
No remaining normal pancreas could be identified either
grossly on microscopically (Fig. 3). By light microscopy, the
tumor was compact, lobulated, and consisted of cells the
cytoplasm of which contained abundant eosinophilic granules
on hematoxylin and eosin and with azure A-eosin B. The cells
were elongated or columnar and often formed pseudorosettes
around a fibrous stalk onacinan patterns (Fig. 4). Mitoses were
abundant. The stroma was sparse. In many respects, the
arrangement and granularity of the cells resembled normal
pancreatic exocnine cells. By electron microscopy, the tumor
cells contained many characteristic homogeneous, electron
dense zymogen granules up to 250 nm in diameter. In addition
to complete zymogen granules, there were several vacuoles
that were empty or only partially filled with electron-dense
material (Fig. 5). The light and electron microscopic features
were indistinguishable from acinar cell pancreatic carcinomas
described in humans (59). Three pancreatic adenomas had a
lobular structure and were composed of a mixture of clusters
of acinar cells, some with atypism, mixed with a few small,
duct-like structures lined with low cuboidal cells (Fig. 6).

The gastric carcinoma grossly appeared as a raised, firm,
circular mass approximately i .5 cm in diameter and 0.5 cm
thick on the greater curvature of the stomach and with a 2- to
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grew through 9 generations and were generally detectable at
4 weeks after transplantation. All transplantations were delib
enately terminated at the times indicated.

DISCUSSION

The number of animals in this study is small and limited to a
single dose in male rats. Accordingly, this study does not
represent a formal bioassay for carcinogenicity (8, 45, 46).
Similarly, even with far more extensive data on carcinogenicity
in several species and doses, given over the entire animal life
time, extrapolation of a possible carcinogenic hazard to hu
mans is known to be fraught with difficulty. Differences in rates
and sites of metabolism, toxicity, solubility, enzyme induction,
immune response, and other factors differ not only among
animal species but from lower animals to humans (60). None
theless, the presence of several tumors in male rats given 0.5%
clofibrate in their diet, when compared to controls, strongly
suggests that clofibrate is capable of causing malignant tumors
in a number of organs of male F344 rats. In a small study such
as this, the question of spontaneous tumors is very important.
Consequently, a thorough search of the literature on sponta
neous tumors in rats and careful examination of results in
control groups in carcinogenesis experiments have been con
ducted. In studies of aged Fischer rats, interstitial cell tumors
of the testis and leukemia were the most common spontaneous
tumors. Accordingly, the few interstitial cell tumors and leuke
mia cases in the present study listed in Table 2 are regarded
as spontaneous.

Careful scrutiny of the available literature regarding sponta
neous tumors in over 30,000 identified strains of rats indicates
that the tumors in rats given clofibrate and listed in Table 1
were most likely to be spontaneous (4, 5, 9, i 6, 29, 33, 34,
51, 56).

Considering the data on spontaneous tumors cited above
and the absence of any of the tumors listed in Table i among
our controls, it appears that clofibrate is carcinogenic in male
F344 rats. Those tumors, which were not transplanted, such
as the gastric and pancreatic carcinomas, the carcinoma of the
urinary bladder, and the bladder sarcomas were obviously
malignant as indicated by their invasiveness. The pancreatic
carcinoma, for example, not only filled the abdomen but also
infiltrated the walls of most of the small and large intestine. In
this regard, it should be noted that the time of sacrifice of the
experimental animals, as listed in Table 1, is undoubtedly
longer than the actual induction period. The presence of a
tumor was detected or suspected a short time prior to sacrifice,
but animals were allowed to survive until at least one tumor
was sufficiently large or otherwise clinically apparent to be
diagnosed with relative certainty. This also allowed time for
tumors to grow to a large size and made assessment of malig
nancy more accurate than it might have been with smaller
lesions.

It was estimated that the experimental rats in the present
study ingested between 25 and 33 g of clofibrate. This com
pares with an intake of 2 g/day in most humans receiving the
drug, either on a trial basis on for long-term therapy. Clofibrate
has been used for more than 10 years for treatment of hyper
lipoproteinemia (30), and many patients have received 2 g daily
for up to 6 years. Such a regimen would result in a total intake
of approximately 4380 g in some humans compared to the

highest estimated total intake of 33 g among the experimental
rats in the present study. As with many known carcinogens, a
safe level or no-effect tumonigenic dose of clofibrate in rats has
not been determined. In the long-term comprehensive study of
clofibrate and niacin in coronary heart disease conducted in
the United States by the Coronary Drug Project, we could find
no documentation of increased cancer risk among the large
number of patients studied (7), non was there such documen
tation in other long-term trials in England and Scotland. On the
other hand, in an extensive cooperative review of the use of
clofibrate in the United Kingdom and parts of East Europe (43),
it was shown in those data (their Table 17) that death from
malignant tumors was at least twice as frequent among 5000
males given clofibrate than among a control group. Despite
possible statistical argument, admitted by the authors of the
study, they stated that there were more deaths from cancers of
the liver, gallbladder, and intestines in the clofibrate-treated
group than among controls. The authors also suggested that
clofibrate may have accelerated the growth of preexistent
cancers. These observations serve to emphasize the possible
hazard of long-term clofibrate ingestion in humans.

The variety of tumors induced by a single agent is unusual,
although it was previously reported that several tumors of
differing histological patterns were induced with actinomycin D
(55) and nitnosaminesare capable of causing malignant tumors
in several organs in experimental animals. In addition to the
variety of tumors, the number of each type in a specific organ
was small, i.e., a single cancer in the stomach, kidney, and
urinary bladder. With a larger number of experimental animals
or use of a higher dose, it is probable that more tumors of these
organs would have occurred.

Clofibrate was given in the diet; therefore, it is obvious that
the gastric mucosa was exposed to the drug and this initial
exposure may account for the gastric adenocancinoma ob
served. Several chemicals capable of causing experimental
stomach cancer in rodents, rabbits, and dogs have been ne
viewed by Sugimunaand Kawachi (53).

Most of the clofibrate is excreted in the urine (i 3); therefore
it is apparent that both the kidney and urinary bladder are

exposed to a metabolite (largely a glucuronide) of the drug.
Carcinogenicity of clofibrate for kidney and urinary bladder
may be related to this route of excretion. No suspicious areas
of hyperplasia, metaplasia, or atypism that could be regarded
as â€˜â€˜preneoplastic' â€w̃ere apparent after clofibrate.

Spontaneous exocnine cell carcinoma of the pancreas of the
Fischer rat has not been recorded, to our knowledge, and, like
adenocarcinoma of the glandular stomach in rats, has been
chemically induced only recently in rats (i 8â€”20,26) with 4-
hydnoxyaminoquinoline i-oxide and other stimuli on with aza
senine. The pancreatic carcinoma induced with clofibrate was
indistinguishable in its histology from those reported by Konishi
et a!. (1 9) in rats and by Webb (59) in humans. The rat
pancreatic carcinoma also had ultrastructunal features similar
to those in the human. It is important to note that pancreatic
carcinoma was induced in a male F344 rat given nafenopin, a
hypolipidemic analog of clofibrate that is also mitogenic in
mouse liver (28). The tumor occurred at 80 weeks, which
coincides with the one observed in this study. Its histology and
ultrastructure were also similar to the present case (40). The
nafenopin-induced tumor was transplantable. Although trans
plantation was not attempted with the clofibrate-induced pan
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creatic carcinoma, the invasiveness, histology, cytological ab
nonmalities, and numerous mitoses indicated its malignancy.
Konishi et a!. (19) suggested that chemically induced pan
creatic adenomas may be precursors of pancreatic acinan cell
carcinoma. Studies of Longnecker (25) also indicate that acinar
nodules induced in rat pancreas with azasenine progress to
malignant tumors. Ultrastructural studies by Shinozuka et a!.
(49) suggested that atypical pancreatic nodules induced in rats
by 4-hydnoxyammnoqumnolinei -oxide may represent early neo
plastic foci. The pancreatic adenomas in the present study
warrant additional comment. The degree of cell variation and
atypism and occasional tubular structure suggest that they may
have been precursors to acinan cell carcinomas and would
have been identified as such had the animals not been sacni
ficed at their respective times. In this regard, it is important to
point out that Bockman et a!. (3) have provided persuasive
evidence that, despite occasional tubules in such adenomatous
areas, they actually arise from zymogen-containing acinar cells
and that the tubular onductal appearance is merely a result of
loss of zymogen-granules that accompanies tumor induction.
In this context, the duct-like appearance of the adenoma illus
tnated in Fig. i 6 suggests that it represents a greaten degree of
â€ ẽxocnine exhaustion' â€˜ or zymogen depletion than the ade

noma illustrated in Fig. 6 but is, nonetheless, of exocnine cell
origin. The adenomas induced by clofibrate were mndistinguish
able from acinar-denived precancerous foci illustrated by Bock
man et a!. (3). Considering that both clofibrate and its analog,
nafenopin, are capable of inducing frank pancreatic exocnine
carcinomas as well as adenomas that are likely to be precan
cerous, it is probable that serial studies of larger groups of rats
given clofibrate could serve as a useful model for studying
cytogenesis of chemically induced carcinoma of pancreatic
exocrine cells. Although a hypolipidemic drug chemically re
lated to clofibrate (procetofene, isopropyl[4'-( p-chloroben
zoyl)-2-phenoxy-2-methyljpropionate) was reported as non
mutagenic in the Ames test and noncarcinogenic in dogs, mice,
and rats, no details of the carcinogenic testing were given, but
it may be important, in view of animal studies, to note that one
patient given procetofene died with fulminant pancreatic car
cinoma (i).

After its administration, small amounts of clofibrate are found
in the liver, and it has been shown that binding of clofibrate to
plasma proteins is accompanied by increased uptake of thy
roxine in the liver (44, 57). It has been proposed, although not
entirely substantiated, that the hypolipidemic action of clofi
brate and its effect on liver size (hepatomegaly) and architec
tune might be related to localized@ â€˜hepatichyperthyroidismâ€•
(13). In any case, it has been amply documented that clofibrate
causes hepatomegaly and significant increases in the number
of hepatic peroxisomes as well as increased catalase synthesis
in rat liver (37), indicating that the drug, or a metabolite, has
marked and reproducible effects on rat liven. In the present
experiments, clofibrate induced 4 hepatocellular carcinomas.
It has been previously demonstrated that nafenopin, a clofibrate
analog, is mitogenic in mouse liver (28) and, like Wy-i 4,643,
is capable of causing hepatocellular carcinoma in rats and
acatalasemic mice (35, 39, 4i ). Thus, there is early emergence
of evidence that 3 hypolipidemic drugs are carcinogenic in
animals.

The present studies with clofibrate are clearly preliminary
and require considerable elaboration. The drug may be only

weakly carcinogenic. Cleanly, it should be administered to
larger numbers of rats of both sexes and to both sexes of
another species at 2 or more dose levels. It may be informative
to administer the drug at a higher concentration. Also, if, as
suggested by the cooperative study (43), clofibrate accelerates
the growth of preexistent cancers in humans, it may be inform
ative to test its promoting activity after administration of a
known carcinogen acting as initiator. It is planned to test these
possibilities and to explore other evidence of carcinogenicity
of clofibrate using animal studies and other indices in our
laboratories.

Although still speculative, it is possible that hypolipidemic
drugs, especially those that cause peroxisome proliferation,
may represent a new class of chemical carcinogens and that,
in some instances, peroxisomes may be related to malignant
transformation.
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Fig. 1. The hepatocellular carcinomas were moderately well differentiated. They were composed of cords of polygonal cells containing large nucleoli. H & E,
x 520.

Fig. 2. By electron microscopy, the cells of the hepatocellular carcinomas contained abundant mitochondria lacking dense matrix granules, several peroxisomes,
and elongated cisterns of endoplasmic reticulum coursing Irregularly throughout the cytoplasm. Lead stain, x 12,300.

Fig. 3. The pancreatic carcinoma distended the abdominal cavity compressing other viscera to the periphery. It presented as a firm, roughly spherical, white
lobulated mass that Invaded several loops of small Intestine and the colon.

Fig. 4. By light microscopy, the pancreatic carcinoma was composed of acinar cells in which cytoplasm was filled with eoslnophilic granules. Most cells were
elongated with basal nuclei and often arranged as pseudorosettes around a small lumen or a delicate fibrovascular stalk. Stroma was scant; numerous mitoses were
present. Azure A-eosin B, x 300.
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Fig. 5. By electron microscopy, the cytoplasm of the pancreatic carcinoma contained several electron-dense zymogen granules. In addition, some granules are
only partially filled with zymogen of varying electron density, and occasional empty vacuoles are present. Lead stain, x 19,500.

Fig. 6. Three pancreatic adenomas involved several lobules and were composed of clusters of small, sometimes atypical and hyperchromatic acinar cells and
occasional small acini or tubules lined by low cuboidal epithelium. H & E, x 280.

Fig. 7. The adenocarcinoma of the glandular stomach had a small central ulcer on its mucosal aspect (right). Neoplastic glands undermine the mucosa and
replace the submucosa. H & E, x 200.

Fig. 8. At one area, the neoplastic glands of the gastric adenocarcinoma invaded through the muscle wall of the stomach and reached the serosal surface. A small
vessel in perigastric fat also contained tumor cells. H & E, x 224.
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Fig. 9. The renal carcinoma was composed of small, round to columnar cells forming almost solid sheets of tumor. Occasional tubular differentiation was apparent
(top left and bottom right). H & E, x 344.

Fig. 10. The carcinoma of the urinary bladder was composed of numerous branching papillae which protruded Into the lumen (right) and extended Into the muscle
wall (left). H & E, x 80.

Fig. 11. At higher magnification, several neoplastic paplllae are shown Invading the muscle wall and replacing portions of muscle bundles. H & E, X 240.
Fig. 12. The lymphosarcoma involving pancreas was composed of fairly uniform cells resembling lymphoblasts and was well differentiated. The tumor cells have

replaced much of the pancreatic parenchyma and separate small groups of remaining acinl. H & E, X 360.
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Fig. 13. The pulmonary sarcomas had a peribronchial location and tumor cells were immediately subjacent to bronchial epithelium (top). The cells were small and

poorly differentiated, forming a dense mass with cells disposed in different planes in a single section. H & E, x 360.
Fig. 14. In many areas of the pulmonary sarcomas, cells with long cytoplasmic processes were apparent. H & E, x 360.

Fig. 15. The sarcomas of the wall of the urinary bladder and of the parotid gland were composed of small poorly differentiated cells forming solid sheets and
disposed in several planes in a single section. Occasional cells with long processes (as illustrated in Fig. 14) were present. Gomori trichrome stains of these tumors
indicated that they were leiomyosarcomas. H & E, x 224.

Fig. 16. Two pancreatic adenomas had a predominantly tubular pattern giving a superficial appearance of ductal hyperplasia. They were of a lobular configuration.
however (a portion of an islet of Langerhans is present at the far right); the acini were lined by low cuboidal epithelium and were interspersed among small exocnne
cells. The lesion represents a more advanced stage of adenomatous change than illustrated in Fig. 6, and the pattern is most probably due to a more advanced
degree of exhaustion or depletion of zymogen from exocrine cells (3). H & E, x 240.
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