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from 1920 to 1945 and showed that 35 cases (12 of which were of the scrotum) had had
exposure to creosotes. Most cases occurred in workers handling creosotes or creosoted
wood du ring timber treatment. A mortality analysis of workers in many occupations
indicated an increased risk of scrotal cancer for creosote-exposed brickmakers!.

B. Evidence for carcinogenicity to animaIs (sufficíent)
Creosotes, creosote oils and anthracene oils were tested for carcinogenicity in mice by

skin application, producing skin tumours, inc1uding carcinomas. One of the creosotes also
produced lung tumours in mice after skin application!.

C. Other relevant data
No occupationally related increase in mutagenicity was detected in the urine of creosote

workers, but urine from rats administered creosote was mutagenic to Salmonella

typhimurium in the presence of an exogenous metabolic system2.
Creosote enhanced transformation of Syrian hamster embryo cells initiated with

benzo(a)pyrene in a two-stage transformation assay, and creosote and a coal-tarjcreosote
mixture gave positive results in the mouse Iymphoma L5 178Y system. Creosote, vapour
emitted from creosote at 370C and a coal-tar j creosote mixture were mutagenic to S. typhi-
murium in the presence of an exogenous metabolic system2.
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eyeLAMATES (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
The evidence that the risk of cancer is increased among users of artificial sweeteners is

inconsistent!. Since the positive report ofHowe et a/.2, reports have become available on six
case-control studies and on one population study of bladder cancer.

The largest was a population-based study in ten areas of the USA, with 3010 bladder
cases and 5783 controls. The relative risk for bladder cancer associated with use of artificial
sweeteners was 1.0 (95% confidence interval, 0.89- 1.1) among men and 1.1 (0.89- 1.3) among
women. Significant trends of increasing risk with increasing average daily consumption
were found in certain subgroups examined a priori on the basis of the results of animal
experiments; these subgroups were female nonsmokers and male heavy smokers3.

Subsequent, independent re-analysis of the same data by a different statistical technique
(multiple logistic regression) confirmed the original findings ove 

raIl but cast doubt on the
significance of the findings in the two subgroups because of inconsistent dose-response
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trends, especially among the male heavy smokers4. ln response, the original investigators
noted that the inconsistency derived from the development of risk scores which, in their
opinion, were not correctly derived, as two relevant variables had been omitted5. ln a
subsequent report on data from one of the areas participating in this study, the use of
hospital and population controls was compared. A higher proportion of hospital controls
was found to have used artificial sweeteners than population controls6. This had been
postulated earlier2 as a possible reason for the negative findings of a hospital-based case-
control study7. Bias resulting from use of prevalent rather than incident cases8 has been

suggested as a possible reason for the negative findings of another hospital-based case-
control study9.

Two other case-control studies have also shown increased risks among subgroups. ln
one, conducted simultaneously in Japan, the UK and the USA, the relative risks among
women in the US component of the study associated with 'any' use of diet drinks and of
sugar substitutes were 1.6 and 1.5, respectively, and 2.6 and 2.1, respectively, for non-
smokerslO. ln the other two areas, however, a history of use of sugar substitutes, primarily
saccharin, was not associated with an elevated bladder cancer riskll. ln the other study,
conducted in West Yorkshire, UK, although elevated risks were found for saccharin takers
(see p. 334) who were nonsmokers, the risks associated with cyc1amate use were not
examinedl2.

Two studies in DenmarkI3,14, one in the USAI5 and a further case-control study in
Canadal6, however, gave negative results. ln one of the Danish studies, incidence ofbladder
cancer at ages 20-34 among people born 1941-1945 (when use of saccharin was high in
Denmark) was compared with that among those born 1931-1940. The risk for men was 1.0

(0.7-1.6) and that for women, 0.3 (0.1-1.0)13. The other two studies were population-based
case-control studies of bladder cancer. ln Denmark, the relative risk for people of the two
sexes combined was 0.78 (0.58-1.05)14. ln a study in the USA of bladder cancer in women
aged 20-49, the odds ratio for regular use of artificially sweetened beverages, table-top
sweetener or both was 1.1 (0.7-1.7)15. ln Canada, the odds ratio for use of cyclamatewas 1.09
(0.60-1.97) in males and 0.92 (0.63-1.36) in femalesl6. ln neither study were the increased
risks seen in subgroups in other studies replicated.

ln the USA, in a study of 1862 patients hospitalized for cancer and of 10 874 control
patients, a greater proportion of artificial sweetener us ers was found only among women
with cancer of the stomach. Little information was available on urinary-tract cancer. No
overall association was found between artificial sweetener use and cancer17.

B. Evidence for carcinogenicity to animais (limited)
Sodium cyclamate was tested for carcinogenicity both alone and in combination with

other chemicals in different animal species and by several routes of administration.
Following its oral administration to two strains of mice, an increased incidence of

lymphosarcomas was observed in female mice of one strain; a few bladder tumours were
seen in rats exposed orally. Several other experiments in mice, rats, hamsters and monkeys
were inadequate for evaluation. A 10: 1 mixture of sodium cyc1amate:sodium saccharin was
given to mice in one multigeneration experiment and to rats in two single-generation
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experiments: transitional-cell carcinomas were induced in the bladders of male rats of one
strain given the highest dosel. ln a similar two-generation ex periment in rats, no treatment-
related tumour was observed 18. Instilation oflow doses of N-methyl-N-nitrosourea into the
bladder of rats fed sodium cyclamate for long periods resulted in a dose-related induction of
transitional-cell neoplasms of the bladder. After subcutaneous injection of rats with sodium
cyclamate, no tumour was observed at the site of injection, the only site for whieh tumour
incidence was reported. A significant increase in the incidence of bladder carcinomas was
observed in mice given bladder implants of pellets containing sodium cyclamatel. Trans-
placental application of cyclamate to rats did not produce an increase in tumour incidence at
any sitel9.

Calcium cyclamate did not alter tumour incidence when tested by oral administration in
a two-generation experiment in rats but produced local tumours in another experiment
following its subcutaneous injection 1.

Cyc10hexylamine was tested by oral administration at several dose levels in different
strains of mice and rats, and in one multigeneration study in mice. No tumour related to
treatment was observedl.

C. Other relevant data

No data were available on the genetic and related effects of calcium cyc1amate, dicyc1o-
hexylamine or cyc10hexylamine in humans. ln a single study, eight persons ingesting sodium
cyc1amate (70 mgj kg per day) did not exhibit chromosomal aberrations in their
lymphocytes2o.

Calcium cyclamate induced chromosomal aberrations in bone-marrow cells of gerbils,
but not in bone-marrow cells or spermatogonia of rats, treated in vivo. It did not induce
dominant lethal mutations in rats or mice or micronuc1ei or sperm abnormalities in mice
treated in vivo. It induced chromos omal aberrations in human lymphocytes but not in rat
kangaroo cells in culture. It did not induce aneuploidy in Drosophila, but contradictory
results were reported in assays for sex-linked recessive lethal mutations and heritable
translocations. Calcium cyclamate was not mutagenic to bacteria20.

Sodium cyclamate did not induce dominant lethal mutations or chromosomal

aberrations in spermatogonia or spermatocytes of mice treated in vivo. It induced sister
chromatid exchanges and chromosomal aberrations in cultured human lymphocytes and
chromosomal aberrations in cultured Chinese hamster cells. It did not induce aneuploidy or
sex-linked recessive lethal mutations in Drosophila or chromos omal aberrations in plants2o.

Cyclohexylamine did not induce dominant lethal mutations in one study in rats, but
contradictory results were obtained in mice. It gave weakly positive results in the mouse spot
test. Cyclohexylamine induced chromosomal aberrations in lymphocytes but not in bone-
marrow cells of hamsters and lambs or in spermatogonia of hamsters and mice treated in
vivo. ln treated rats, chromos omal aberrations were induced in spermatogonia but not in
leucocytes, and contradictory results were obtained for bone-marrow cells. Cyclohexyl-
amine induced sister chromatid exchanges in cultured human lymphocytes, but, again,
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conflcting results were obtained concerning the induction of chromosomal aberrations.
Cyclohexylamine enhanced virus-induced transformation of Syrian hamster embryo cells
and induced chromos omal aberrations in cultured rat kangaroo cells. It did not induce
somatic or sex-linked recessive lethal mutations, aneuploidy or heritable translocations in
Drosophila and was not mutagenic and did not induce prophage in bacteria. ln host-
mediated assays, it did not induce mutation in bacteria or chromosomal aberrations in
human leucocytes2o.

Dicyclohexylamine induced chromos omal aberrations in cultured human lymphocytes.
It was not mutagenic to bacteria20.
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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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