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C. Other relevant data
No data were available on the genetic and related effects of chlorodifIuoromethane in
humans. It did not induce dominant lethal mutations in rats or chromosomal aberrations in
bone-marrow ce
human ce

Ils of mice treated in vivo. It did not induce unscheduled DN A synthesis in
Ils in vitro or mutation in cultured Chinese hamster V79 cells. It did not induce

mutation or mitotic gene conversion in yeast, either after direct exposure or in a hostmediated assay. It was mutage

nie to plants and bacteria2.
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eHLOROETHYL NITROSOUREAS:
BISeHLOROETHYL NITROSOUREA (BeNU) (Group 2A)
1-(2-eHLO R 0 ETHYL )-3-eY eLO HEX YL-1- NITR 080 UREA

(eeNU) (Group 2A)
1-(2-eHLO R 0 ETHYL )-3-( 4- METHYLCY eLO HEX YL )-1-

NITROSOUREA (METHYL-CeNU) (Group 1)
A. Evidence for carcinogenicity to humans (limited for BCNU; inadequate for CCNU;
sufficient for methyl-CCNU)

ln seven randomized trials of treatment for brain tumours, two cases of acute
nonlymphocytic leukaemia (ANLL) occurred among 1628 patients treated with BCNU
(0.08 expected) within the first two years of treatment, whereas no such case occurred
among 1028 patients not treated with BCNUI.
No epidemiological study of CCNU as a single agent was available to the Working
Group2.

Adjuvant treatment with methyl-CCNU has been evaluated in 3633 patients with
gastrointestinal cancer treated in nine randomized trials. Among 2067 patients treated with
methyl-CCNU, 14 cases of ANLL occurred (relative risk, 12.4; 95% confidence interval,

1.7-250), whereas one occurred among 1566 patients treated with other therapies.
Cumulative (actuarial) risk was 4% at six years and was not affected by concomitant

radiotherapy or immunotherapy3. A subsequent report described a strong dose-response
relationship, adjusted for survival time, giving a relative risk of almost 40 fold among
patients who had received the highest dose4.
B. Evidence for carcinogenicity to animais (sufficíent for BCNU and CCNU; limited for
methyl-CCNU)
BCNU produced malignant tumours of the lung and an increased risk for neurogenic

tumours in rats after its repeated intraperitoneal or intravenous administration, and
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tumours in the peritoneal cavity after its intraperitoneal administration2,5,6, Tests in mice by
intraperitoneal administration and in rats by oral administration could not be evaluated2.

When tested in mice by skin application together with ultraviolet B irradiation, BCNU
caused an earlier appearance of skin tumours2. Two studies by skin painting in mice were
inadeq uate2, 7.

CCNU produced lung tumours in rats following its intraperitoneal or intravenous
injection2,. When tested in mice by intraperitoneal injection, it induced a slight increase in
the incidence oflymphomas. Tests in rats by oral administration could not be evaluated2. ln
one study by skin application to mice, no skin tumour was observed, but the duration of

the

experiment was inadequate7.

Data on methyl-CCNU were included in a report in which a large number of cancer
chemotherapeutic agents were tested for carcinogenicity by intraperitoneal injection in
Sprague-Dawley rats and Swiss mice. ln male rats injected with methyl-CCNU thrice
weekly for six months, total tumour incidence was reported to be increased 1.5-2 fold over
that in controls at 18 months. A slight increase in tumour incidence was reported in mice8.
Intravenous administration of methyl CCNU to rats induced lung tumours5.

C. Other relevant data
BCNU, CCNU and Me-CCNU are directly-acting, bifunctional alkylating agents9.
No data were available on the genetic and related effects of BCNU in humans. An
increased frequency of sister chromatid exchanges was observed in a single study of
peripheral blood lymphocytes of patients treated with CCNU.
omal aberrations, micronuclei and sister chromatid exchanges
mage in human cells in vitro, and aneuploidy,
BCNU induced chromos

in cells of mice treated in vivo, DN A da

chromosomal aberrations, sister chromatid exchanges, mutation and DN A damage in
rodent cells in vitro. It induced sex-linked recessive lethal mutations in Drosophila and gene

conversion in yeast. It was mutagenic and caused DNA damage in bacteria9.
CCNU induced dominant lethal mutations in rats and DN A damage in ce

lis of mice and

lis in vitro and sister
changes and mutation in cultured Chinese hamster cells. It induced mutation
mage in bacteria9.

rats treated in vivo. It induced DNA damage in human and rodent ce
chromatid ex
and DNA da

References
¡Greene, M.H., Boice, J.O., Jr & Strike, T.A. (1985) Carmustine as a cause of acute nonlymphocytic
leukemia. New Engl. J. Med., 313,579
2/ARC Monographs, 26, 79-95, 137-149, 1981

3Boice, J.O., Jr, Greene, M.H., Kilen, J.Y., Jr, EIlenberg, S.S. & Fraumeni, J.F., Jr(1986) Leukemia
after adjuvant chemotherapy with semustine (methyl-CCNU). Evidence of a dose-response
effect. New Engl. J. Med., 314, 119-120

4Boice, J.O., Jr, Greene, M.H., KiIlen, J.Y., Jr, EIlenberg, S.S., Keehn, R.J., McFadden, E., Chen,

T.T. & Fraumeni, J.F., Jr (1983) Leukemia and preleukemia after adjuvant treatment of
gastrointestinal cancer with semustine (methyl-CCNU). New Engl. J. Med., 309, 1079-1084

IARC MONOGRAPHS SUPPLEMENT 7

152

5Habs, M. & Schmähl, D. (1984) Long-term toxic and carcinogenic effects of cytostatic drugs. Dev.
Oncol., 15,201-209
6Eisenbrand, G. (1984) Anticancer nitrosoureas: investigations on antineoplastic, toxic and neoplastic

activities. ln: O'Neil, I.K., von Borstel, R.C., Miller, C.T., Long J. & Bartsch, H., eds,
(IARC
N-Nitroso Compounds: Occurrence, Biological Effects and Relevance to Human Cancer

Scíentifc Publications No. 57), Lyon, International Agency for Research on Cancer, pp. 695-708

7Zackheim, H.S. & Smuckler, E.A. (1980) Tumorigenic effect of topical mechlorethamine, BCNU and
CCNU in mice. Experientia,

36, 1211-1212

8Weisburger, E.K. (1977) Bioassay program for carcinogenic hazards of cancer chemotherapeutic
agents. Cancer,

40, 1935-1951

9/ARC Monographs, Suppl. 6, 116-118, 152-154, 1987

eHLOROFORM (Group 2B)
A. Evidence for carcinogenicity to humans (inadequate)
Two studies of trihalomethane levels in drinking-water supplies and community-based
rates of cancer mortality have been reported. Correlations were found between these levels
and various site-specifie cancer mortality rates, especially those for bladder cancer, but also
those for cancers of

the rectumjlarge intestine, brain and kidney and lymphoma1,2. ln one

study in which trihalomethane levels in drinking-water at place of residence were compared

directly for 395 matched pairs of female teachers with regard to colorectal cancer, no
association with trihalomethane exposure was observed3. A mortality study of anaesthesio-.
logists who worked at the time chloroform was used provided no significant information4.
Several investigations have attempted to assess the effects of trihalomethanes in

drinking-water indirectly by comparing risks of cancers at various sites with extent of
chlorination. Although excesses of some cancers have been found, it is not possible to
evaluate any effect of chloroform from such studies5-16.

B. Evidence for carcinogenicity to animais (sufficient)
Chloroform produced benign and malignant tumours of the liver and kidney in mice
following oral gavage17,18. Administration in drinking-water to female mice did not increase

the incidence of liver tumours19. Administration of chloroform to rats by gavage or in
drinking-water increased the incidences of kidney17,19 and thyroid tumours17 and of
neoplastic nodules ofthe liver20. Chloroform was tested inadequately by subcutaneous and

intraperitoneal injection in mice17. A study by oral administration in dogs gave negative
results21. Oral administration of chloroform did not enhance the incidences ofliver and lung
tumours induced in mice by intraperitoneal injection of N-ethyl-N-nitrosourea22, but it
enhanced the incidence of liver preneoplastic foci induced in rats treated by gavage with a
single dose of N-nitrosodiethylamine23.

