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died during the study period; among the 237 'nonroutinely' exposed, two deaths were
observed, with 6.4 expected, one of which was due to cancer of the large intestine!.

B. Evidence for carcinogenicity to animais (suffcient)

The carcinogenicity of a commercial preparation of polybrominated biphenyls

(FireMaster FF-l, various lots), composed primarily of hexabromobiphenyl with smaller
amounts of penta- and heptabrominated isomers, was tested by oral administration in mice
and rats. ln mice, it produced malignant liver tumours. ln five studies in rats, it produced
benign and malignant hepatic tumours, including cholangiocarcinomas, depending on the
exposure conditions. Oral administration of polybrominated biphenyls enhanced the
incidence of liver nodules induced by N-nitrosodiethylamine2, but cutaneous application
did not increase the incidence of skin tumours induced by 2-acetylaminofluorenel.

C. Other relevant data

No data were available on the genetie and related effects of polybrominated biphenyls in
humans.

Polybrominated biphenyls did not induce chromosomal aberrations in bone-marrow
cells of rats or mice nor in rat spermatogonia and did not induce micronuclei in mice treated
in vivo. They did not induce mutation in human or rodent cells in vitro or unscheduled DNA
synthesis in rodent hepatocytes in vitro. Polybrominated biphenyls were not mutagenic to
bacteria in vitro or in a host-mediated assay3.

2,4,5,2' ,4' ,5' -Hexa bromo biphenyl, 2,3,4,5,2',4',5' -heptabromo biphenyl and
2,3,4,5,2',3',4',5'-octabromobiphenyl inhibited intercellular communication in Chinese
hamster V79 cells; other congeners tested were only weakly active or were inactive3.

References

lIARC Monographs, 41, 261-292, 1986

2Jensen, R.K. & Sleight, S.D. (1986) Sequential study on the synergistic effects of 2,2',4,4',5,5'-

hexabromobiphenyl and 3,3',4,4',5,5'-hexabromobiphenyl on hepatic tumour promotion.
Carcinogenesis,7,1771-1774

3IARC Monographs, Suppl. 6, 466-468, 1987

POLyeHLORINATED BIPHENYLS (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
Information on the possible carcinogenic risk of human exposure to polychlorinated

biphenyls (PCBs) comes from studies of occupational populations and of populations
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exposed to the compounds accidentaIly. PCB mixtures may be contaminated with
polychlorinated dibenzofurans and polychlorinated dibenzodioxins (see, e.g., p. 350).

A slight increase in the incidence of cancer, particularly melanoma of the skin, was
reported in a small group ofmen exposed to Aroclor 1254, a mixture ofPCBsl. ln a study of
over 2500 US workers exposed to a similar mixture of PCBs during the manufacture of
electrical capacitors, five deaths due to cancer of the liver and biliary passages were
observed, whereas 1.9 would have been expected. This increase was sustained mainly by
female workers in one of the two plants in the study (four of the five deaths), and aIl five
workers had first been employed before the early 1950s2,3. Another study of workers in a
capacitor plant was conducted in Italy. Exposure in the early years of production (until
1964) was to PCB mixtures containing 54% chIo ri ne (mainly Aroc1or 1254 and Pyralene
1476), which were later replaced by mixtures containing 42% chlorine (mainly Pyrale ne
3010 and 3011). Early results showed a significant ex cess of aIl cancers among male workers,
which was due mainly to cancers of the digestive system and of the Iymphatic and
haematopoietic tissues. Among female workers, a slight increase in mortality from cancer of
the Iymphatic and haematopoietic tissues was reported4. The study was later enlarged and
extended to include 2100 workers and to coyer the period 1946-1982. Both male and female
workers exhibited significantly increased cancer mortality in comparison with rates for the
local population (14 observed, 7.6 expected; and 12 and 5.3, respectively, for men and
women). Among male workers, cancers of the gastrointestinal tract (two stomach, two
pancreas, one liver and one biliary passages) taken together were significantly increased
(6 observed, 2.2 expected). Female workers showed a significant increase in deaths from
haematological neoplasms (4 observed, 1.1 expected)5. ln Sweden, among 142 male workers
employed between 1965 and 1978 in a capacitor manufacturing plant when PCB mixtures
containing up to 42% chlorine had been used, no significant excess of cancer deaths was
noted. Cancer incidence was also examined: the number of cases observed corresponded
well to that expected. One individual in a subgroup with higher exposure developed two
relatively rare tumours, both of which occurred ten years after the start of exposure: a
slow-growing mesenchymal tumour (desmoid) and a malignant lymphoma6.

After contamination of cooking oil with a mixture of PCBs (Kanechlor 400) in Japan in
1968, a large population was intoxicated ('Yusho' disease). An early report on mortality
from 1963- 1 983 showed a significantly increased risk of aIl cancers, and an almost five-fold

significantly elevated risk of primary liver cancer. The edible rice oil had also been
contaminated by polychlorinated quaterphenyls and polychlorinated dibenzofurans. Dose-
response relationships were not c1arified7. A further comprehensive study of 887 male
'Y usho' patients showed statistically significantly increased mortality from aIl malignancies
(33 observed, 15.5 expected), from liver cancer (9 observed, 1.6 expected) and from lung
cancer (8 observed, 2.5 expected). Use of local rather than national rates in calculating
expected number of deaths decreased the observed:expected ratio for liver cancer from 5.6
to 3.9, which was stil statistically significant. A c10ser look at the geographical distribution
of liver cancer cases did not allow exclusion of factors other than PCB poisoning as a
possible explanation for this finding. For the 874 female patients examined, none of the
noted observed:expected ratios was significant8. ln a series of ten autopsies of 'Yusho'
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patients, two adenocarcinomas of the liver were found, with no indication of a direct
association with exposure to PCBs9. Ultrasonic and tumour marker examination of two
series of 79 and 125 patients with 'Y usho' disease in 1983 and 1984, respectively, did not
reveal any case ofhepatic-cell carcinomalO. Two studies ofthe PCB content offat tissues and
cancer occurrence were available. An association was suggested between PCB concen-
trations in subcutaneous abdominal adipose tissue and the occurrence of cancers of the
stomach, colon, pancreas, ovaries and prostate11. No indication emerged of a relationship
between PCB content in extractable breast fat tissue and the occurrence of breast cancerl2.

The available studies suggest an association between cancer and exposure to PCBs. The
increased risk from hepatobiliary cancer emerged consistently in different studies. Since,
however, the numbers were smaIl, dose-response relationships could not be evaluated, and
the role of compounds other than PCBs could not be excluded, the evidence was considered
to be limited.

B. Evidence for carcinogenicity to animais (sufficient)
Certain PCBs (particularly with greater than 50% chlorination) produced benign and

malignant liver neoplasms in mice and rats after their oral administration1,13,14. Oral
administration of Aroclor 1254 to rats yielded hepatocellular adenomas and carcinomas as
weIl as intestinal metaplasia and a low, statistically nonsignificant incidence of stomach
adenocarcinomasl5. PCBs were inadequately tested in mice for induction of skin
tumoursI6,17. ln several studies, oral or intraperitoneal administration of PCBs enhanced
the incidences of preneoplastic lesions18-20 and of neoplasms21,22 of the liver induced in rats

by N-nitrosodiethylamine or 2-acetylaminofluorene. ln one study, intragastric adminis-
tration of PCBs to mice increased the incidence of lung tumours induced by intraperitoneal
administration of N-nitrosodimethylamine23.

C. Other relevant data
No data were available on the genetic and related effects of PCBs in humans.

Dominant lethal effects were not induced in rats administered PCBs orally, but were
produced in rats nursed by females that had received PCBs orally. PCBs did not induce
chromosomal aberrations in bone-marrow cells or spermatagonia of rats treated in vivo;
micronuclei were not induced in bone-marrow cells of mice in one study, while equivocal
results were obtained in a second study in which the PCBs were administered in corn oil.
They did not transform Syrian hamster embryo cells in vitro. PCBs induced DNA strand
breaks and unscheduled DNA synthesis in rat hepatocytes in vitro. Neither chromosomal
breakage noraneuploidy was induced in Drosophila. PCB mixtures did not induce SOS
repair and were not mutagenic to bacteria24.

2,2',5,5'-Tetrachlorobiphenyl induced DNA strand breaks in mouse ce 
lis in vitro.

2,4,5,2',4',5'-Hexachlorobiphenyl but not 3,4,5,3',4',5'-hexachlorobiphenyl inhibited inter-
cellular communication in Chinese hamster V79 cells. Purified 2,4,2',4'-, 2,5,2',5'- and
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3,4,3',4'-tetrachloro- and 2,4,6,2',4',6'-hexachlorobiphenyl were not mutagenic to
bacteria24.
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PREDNISONE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Many case reports of cancer include a mention of previous treatment with prednisone, as

would be expected by chance alone in view of the very wide use of this drug in many different
disorders. Prednisone is a common drug, prescribed for long periods in the treatment of
many chronic conditionsl. Patients treated with prednisone for rheumatoid arthritis appear
to havt, if anything, a lower than expected cancer risk. Over an average follow-up period of
12 years, 11% of 153 deaths that occurred in patients who had received prednisone were due
to malignancies, compared to 20% of 74 deaths among patients who had not received
prednisone2. The strong link between combination therapy for Hodgkin's disease and
subsequent second malignancies (see summary of data on MOPP and other chemotherapy
inc1uding alkylating agents, p. 254) is much more plausibly explained on the basis of
concurrent administration of clearly carcinogenic agents than of prednisone.

A study of cancers that appeared within four years after documented use of common
drugs showed that prednisone was among the 53 (of 95) drugs associated positively with
cancer at least once. However, the excess consisted of 12 cases of lung cancer (31 observed,
19 expected), known to be largely related to cigarette smoking (which was not measured)
and known to occur after a latent period mu ch longer than the interval under observation.
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