
182 IARC MONOGRAPHS SUPPLEMENT 7

15Piper, J.M., Matanoski, G.M. & Tonascia, J. (1986) Bladder cancer in young women. Am. J.
Epidemiol., 123, 1033-1042

16Risch, H.A., Burch, J.D., Miller, A.B., Hill, G.B., Steele, R. & Howe, G.R. (1987) Dietary factors

and the incidence of cancer of the Ufinary bladder. Am. J. Epidemiol. (in press)
17Morrison, A.S. (1979) Use of artificial sweeteners by cancer patients. J. natl Cancer Inst., 62,

1397-1399
18Schmähl, D. & Habs, M. (1984) Investigations on the carcinogenicity of the artificial sweeteners

sodium cyclamate and sodium saccharin in rats in a two-generation experiment. Arzneimittel.-
Forsch., 34, 604-606

19Schmähl, D. & Habs, M. (1980) Absence of carcinogenic response to cyclamate and saccharin in

Sprague-Dawley rats after transplacental application. Arzneimittel.-Forsch.,30, 1905-1906
20IARC Monographs, Suppl. 6, 188-195,240-241, 1987

eyeLOPHOSPHAMIDE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Many cases of cancer have been reported following therapy with cyclophosphamide1.
Excess frequencies of bladder cancer following therapy with cyclophosphamide for

nonmalignant diseases have been clearly demonstrated in two epidemiological studies1,2.
Three recent studies confirmed that cyclophosphamide is also a leukaemogen. Among 602
patients treated predominantly with cyclophosphamide for non-Hodgkin's Iymphoma in
Denmark, nine cases of acute nonlymphocytic leukaemia (ANLL) or preleukaemia were
observed, compared to 0.12 expected on the basis of incidence rates in the general.
population3. ln the USA, three cases of ANLL or preleukaemia were observed among 333
women treated only with cyclophosphamide for ovarian cancer; 1.2 were expected4. ln the
German Democratie Republic, a case-control study was carried out of leukaemia arising as
a second primary malignancy following breast or ovarian cancer. Relative risks of 1.5,3.3
and 7.3 were estimated in association with cumulative doses of":l0 g, 10-29 g and ),30 g of
cyc1ophosphamide, respectively5.

Cyclophosphamide is a far less potent leukaemogen than 1,4-butanediol dimethane-
sulphonate (Myleran; see p. 137) when used following surgery for lung cancer6. Similarly,
melphalan (see p. 239) produces a much higher incidence of leukaemia than cyc1o-
phosphamide when used in the therapy of multiple myeloma7 and of ovarian cancer4.

B. Evidence for carcinogenicity to animaIs (sufficient)
Cyc1ophosphamide has been tested for carcinogenicity by oral administration and by

intravenous and intraperitoneal injection in rats and by subcutaneous and intraperitoneal
injection in mice. It produced benign and malignant tumours at various sites, inc1uding the
bladder, in rats after its oral or intravenous administration, and benign and malignant
tumours at the site of injection and at distant sites in mice following its subcutaneous
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injection. There was sorne evidence of its carcinogenicity to mice and rats following
intraperitoneal injection1. A study in which cyclophosphamide was given intraperitoneally
to rats in combination with methotrexate (see p. 241) and 5-fIuorouracil (see p. 210) resulted
in induction of tumours in the nervous system, haematopoietic and lymphatic tissues, the
urinary bladder and adrenal glands; however, because of lack of matched controls, it could
not be concluded whether tumour induction was due to a combined effect of the three
chemicals or of any one of them8.

C. Other relevant data

Cyclophosphamide is metabolized to an alkylating intermediate. Increased incidences of
chromosomal aberrations and sister chromatid exchanges were observed in peripheral
blood lymphocytes and, in one study, in bone-marrow ce Ils of patients treated with
cyc1ophosphamide for a variety of malignant and nonmalignant diseases9.

Cyc1ophosphamide has been tested extensively for genetic effects in a wide variety of
tests in vivo and in vitro, giving consistently positive results. It bound to DNA in kidney,
lung and liver of mice and induced dominant lethal mutations, chromosomal aberrations,
micronuclei, sister chromatid exchanges, mutation and DNA damage in rodents treated in
vivo. ln human ce Ils in vitro, it induced chromosomal aberrations, sister chromatid
exchanges and DNA damage. ln rodent cells in vitro, it induced transformation,
chromos omal aberrations, sis ter chromatid exchanges, mutation and unscheduled DNA
synthesis. ln Drosophila, it induced aneuploidy, heritable translocations and somatic and
sex-linked recessive lethal mutations. ln fungi, it induced aneuploidy, mutation, recombi-
nation, gene conversion and DNA damage. ln bacteria, it induced mutation and DNA
damage. ln bacteria, it induced mutation and DNA damage. ln host-mediated assays, it
induced chromosomal aberrations and sis ter chromatid exchanges in human Iymphoid
cells, mutation and sister chromatid exchanges in Chinese hamster cells, gene conversion in
yeast, and mutation in bacteria. It was active in body-fIuid assays of urine from humans and
rodents exposed in vivo, and in one study using serum from rats9.
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DAeARBAZINE (Group 2B)

Á. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of dacarbazine as a single agent was available to the W orking

Group. Occasional case reports of exposure to dacarbazine, especially in the presence of
concurrent therapy with other putative carcinogens, such as ionizing radiation, alkylating
agents and other potent oncotherapeutie drugs, do not constitute evidence of carcino-
genesisl.

ln a large systematic follow-up of patients with Hogdkin's disease treated with an
intensive chemotherapeutic combination inc1uding dacarbazine (plus adriamycin (see
p. 82), vinblastine (see p. 371) and bleomycins (see p. 134)) but no alkylating agent, pre-
liminary evidence suggested no excess of acute nonlymphocytic leukaemia in the first
decade after therapy2.

B. Evidence for carcinogenicity to animais (suffcíent)
Following its oral or intraperitoneal administration to rats, dacarbazine produced

tumours at various sites, including the mammary gland, thymus, spleen and brain, in as little
as 18 weeks after initial exposurel. After its intraperitoneal administration to rats at the end
of pregnancy, dacarbazine produced tumours, the majority of which were malignant

neurinomas, in offspring3. Dacarbazine produced tumours at various sites, including lung,
haematopoietic tissue and uterus, after intraperitoneal administration to mieel.

C. Other relevant data
Dacarbazine did not induce sister chromatid exchanges in lymphocytes of treated

patients in one study. It gave weakly positive results for induction of sister chromatid
exchanges in Chinese hamster cells in vitro and was mutagenic to cultured rodent cells and
to bacteria4.
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