THIOTEPA
This substance was considered by previous working groups, in April 1975 and
March 1987, under the title tris(l -azridinyl)phosphine sulphide (!AC, 1975, 1987).
Since that time, new data have beme available, and these have been incorporated

into the monograph and taken into consideration in the present evaluation.
1. ehemical and Physical Data
1.1 Synonyms

ehem. Abstr. Services Reg. No.: 52-24-4
ehem. Abstr. Name: Azridine, 1,1' 1" -phosphinothioylidynetris

Synnym: NSC-6396; phosphoric tri(ethyleneamide); TESPA; thiophosphamide; thiotriethylenephosphoramide; triazridinylphosphine sulfide; N,N' N"tri- 1,2-ethanediylphosphorothioic triamide; N,N' Nil -tri- 1,2-ethanediylthiophosphoramide; trie ethyleneimino )thiophosphoramide; meta-triethylenethiophosphoramide; N,N' N" -triethylenethiophosphoramide; meta-tris( aziridin-1-

yl)phosphine sulfide; triethylenethiophosphorotriamide; tris-(l-azridinyl)phosphine sulfide; tris(l-azridinyl)phosphine sulphide; tris-( ethyleneimino)thiophosphate; TSPA; WR-45312
1.2 Structural and molecular formulae and molecular weight
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1.3 Chemical and physical properties of the pure substance
From Windholz (1983) and Barnhart (1989), unless otherwse indicated

(a) Description: White, crystallne solid; fine white crystallne flakes from
pentane or ether
(b) Melting-pint: 51.5°C; 52-57°C (Reynolds, 1989)
(c) Solubility 1:8 in water; 19 g/100 ml water at 25 ° C; soluble in ethanol,

diethyl ether, benzene and chloroform
(d) Stability At temperatures above 2-8°C, thiotepa polymerizes and

becomes inactive. The bulk drug is stable (up to two years) at 2-8 ° C, is

unstable in acid and is sensitive to light. Aqueous solutions of 10 mg/ml
are stable for five days at 2-8 ° C. Thiotepa is stable in alkaline solution.
1.4 Technical products and impurities

Trade names: Ledertepa, Onco Thiotepa, Tespamin; Thio-TEPA; Tifosyl

Thiotepa is available in vials containing 15 mg thiotepa, 80 mg sodium chloride
and 50 mg sodium bicarbonate; when reconstituted, the pH is 7.6 (Barnhart, 1989).

2. Production, Occurrence, Use and Analysis
2.1 Production and occurrence

Thiotepa has been prepared by the addition of trichlorophosphine sulfide to
azridine and triethylamine (Kuh & Seeger, 1954) and by the addition of azridine to
phosphorus oxychloride (Bestian, 1950). Thiotepa is synthesized in J apan.
Thiotepa is not known to occur naturally.
2.2 Use

Thiotepa is a cytostatic agent. It has been used in the treatment of lymphomas
and a variety of solid tumours, such as those of breast and ovary; it has also been
used in cases of urinary bladder malignancies, meningeal carcinomatosis and

various soft-tissue tumours (Wright et al., 1958; Hollster & Coleman, 1980; Hagen

et al., 1987; Reynolds, 1989). Thiotepa is administered intramuscularly, intravenously and intrathecally; other parenteral routes (e.g., intratumoral injections)
have also been used. It has been used as instillations in cases of urinary bladder
carcinoma (Hollster & Coleman, 1980). Thiotepa has been used recently at high
doses in combination chemotherapy with cyclophosphamide in patients with
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refractory malignancies treated with autologous bone transplantation (Henner et
al., 1987; Lazarus et al., 1987; Willams et al., 1987; Ackland et al., 1988; Eder et al.,
1988; Willams et al., 1989).
The initial dosage of thiotepa has generally been 5-40 mg (3-23 mg/m2i at oneto four-weekly intervals (Wright et al., 1958; Cohen et al., 1986; Hagen et al., 1987);

doses up to 75 mg/m2 have been used in children (Heideman et al., 1989). The
dosage is generally adjusted on the basis of changes in leukocyte counts. High-dose
therapy has involved daily doses in excess of 1100 mg/m2 (Lazarus et aL., 1987).
2.3 Analysis

Thiotepa has been determined in pharmaceutical preparations by
colorimetric titration (US Pharmacopeial Convention, Inc., 1989) and in biological
fluids by chromatography (Egorin et al., 1985; Hagen et al., 1985; McDermott et al.,
1985) and high-performance liquid chromatography (Sano et al., 1988).

3. Biological Data Relevant to the Evaluation of

earcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs

The carcinogenicity of antineoplastic drugs, including thiotepa, in animaIs has
been reviewed (Berger, 1986).
(a) 1 ntraperitoneal administration

Mouse: ln a screening assay based on the accelerated induction of lung
tumours in a strain highly susceptible to development of this neoplasm, three
groups of ten male and ten female strain A/e mice, six to eight weeks of age,
received intraperitoneal injections of thiotepa (purity, 95-99%) in 0.1 ml of purified

tricaprylin three times perweek for fourweeks (total doses, 19,47 and 94 mg/kg bw).
A group of 80 males and 80 females recived 24 injections of 0.1 ml of tricaprylin
alone. AlI mice were killed 24 weeks after the first injection. The incidences of lung
tumours in treated mice were 16/20, 10/20 and 11/20 in the groups receiving the high,

mid and low doses, respectively, compared to 28% and 20% in male and female

controls. The numbers of Iung adenomas per mouse were significantly higher in the
high-dose (1.50;p .c 0.001) and mid-dose (0.74;p .c 0.05) groups in comparison to
male (0.24) and female (0.20) controls (Stoner et al., 1973).

Groups of 35 male and 35 female B6C3F1 mice, six weeks of age, received
intraperitoneal injections of thiotepa (purity, 98.0:f 1.0%) at 1.15 or 2.3 mg/kg hw
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three times a week for up to 52 weeks and were observed for an additional 34 weeks.

Two groups of 15 males and 15 females were untreated or recived injections of
phosphate-buffered saline vehicle only and served as matched controls. Pooled
troIs were also used, by adding 15 animals of each sex taken froID a

vehicle con

bioassay on another chemicaI. By 43 weeks, al high-dose females had died, and, by

56 weeks, all high-dose males had died. At weeks 8687, 15/35 low-dose males, 17/35

low-dose females, 7/15 vehic1e-control males and 1215 vehicle-cntrol females were

stil alive, at which time the study was terminated. Beause of early deaths,
statistical analyses were based only on time-adjusted incidences of tumours,
eliminating those mice that had died before week 52. The incidences of malignant
lymphoma and lymphocytic leukaemia combined were significantly greater in
high-dose animaIs (32/32 females, 26/28 males; p c: 0.001, Cochrane-Aritage test,
Fisher's exact test) in comparison with vehicle and poled controls (0/14 and 0/29

females; 1/8 and 1/18 males) (National Cancer Institute, 1978). (The Working
Group noted the poor survival among the high-dose animaIs and that the study
design involved controls pooled from different studies.)
Rat: Groups of 35-39 male and 31-35 female Sprague-Dawley rats, aged 35,42

or 58 days, received intraperitoneal injections of thiotepa (purity, 98.0 :f 1.0%) at
0.7, 1.4 or 2.8 mg/kg bw three times a week for up to 52 weeks and were observed for

addi tional periods of time. Two groups of ten males and ten females were untreated

or received injections of buffered saline alone at 2.5 mllkg bw and served as
controls. A lower-dose group was started 69 weeks after the beginning of the
original study, together with two addition

al control groups. Pooled vehicle controls

were also used, by adding ten rats of each sex from bioassays on other chemicals.

AlI high-dose males had died by week 19 and all high-dose females by week 21.
Treatment of mid-dose groups was terminated at week 34, and animaIs were

observed until weeks 78-81, at which time all of them had died. AIl other groups
were observed until weeks 82~87. Because of early deaths, statistical analyses were
based only on time-adjusted incidences of tumours, eliminating those rats that had

died before week 52. Malignant lymphomas, lymphocytic leukaemia and granulocytic leukaemia were observed in 6/34 low-dose (poled controls, 0/29; p = 0.020)
and 6/16 mid-dose (pooled controls, 0/30; p c: 0.001) males. Uterine adenocarcinomas were found in 7/21 mid-dose females (pooled controls, 0/28; p = 0.(01)
and 2/29 low-dose females but not in corresponding lower-dose controls. The
incidence of adenocarcinomas of the mamm.ary gland was significantly increased in
mid-dose females (8/24; pooled controls, 1/28; p = 0.00), but this tumour was also

observed in one lower-dose poled control and in 3/10 lower-dose untreated
controls. The incidences of neuroepitheliomas or nasal carcinomas (three in

low-dose males, two in low-dose females, two in mid-dose females) were not
statistically significantly increased, although they did not occur among
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corresponding controls or among the 388 pooled vehicle controls (National Cancer
Institute, 1978). (The Working Group noted the high mortality among high- and
mid-dose groups, which necessitated the later inclusion of the lower dose-treated
group, and that the study design included controls pooled from different studies.)
(b) 1 ntravenous administration

Rat: A group of 48 male BR46 rats, 100 days of age, received weekly
intravenous injections of thiotepa (purity and vehicle unspecified) at 1 mg/kg hw for
52 weeks. A group of 89 untreated males served as controls. Of the treated animaIs,

30 were stil alive when the first tumour appeared, compared to 65 controls.
Malignant tumours developed in 9/30 treated animaIs (two sarcomas of the

abdominal cavity, one lymphosarcoma, one 'myelosis', one seminoma, one
the salivary gland, one mammary
sarcoma, one phaeohromocytoma) and in 4/65 controls (three mammary
sarcomas, one phaeochromocytoma) (p -c 0.01). Benign tumours occurred in 5/30
treated and 3/65 control animaIs (Schmahl & Osswald, 1970; Schmahl, 1975). (The
Working Group noted the short latency of tumour induction.)
fibrosarcoma and one haemangioendothelioma of

3.2 Other relevant data
(a) Exerimental systems
(i) Absorption, distribution, exretion and metabolism

One hour after intraperitoneal injection of thiotepa at 9.3 mg/kg bw into
Sprague-Dawley rats, radioactivity was found in plasma (5.4%), peritoneal fluid
(26%), urine (1.9%), kidney (0.7%), liver (3.8%), lung (0.6%) and muscle (25.9%)
(Litterst et al., 1982). ln another study, 5 min after intravenous or intraarterial
injection of labelled thiotepa in Sprague-Dawley rats, slightly higher levels of
radioactivity were found in plasma, heart, kidneys and lungs, compared to other
organs; 94-98% of radioactivity administered intravenously was excreted in urine
within 8.5 h. Most of the urinary radioactivity was associated with unchanged
thiotepa; tris(l-azridinyl)phosphine oxide (tepa) was responsible for about 30% of
the radioactivity (Boone et al., 1962).
ln female mongrel dogs, 75-85% of an intravenous dose of labelled thiotepa
was recvered in the urine; only 0.2-0.3% unchanged thiotepa was found (Mellett

et al., 1962). Following intravenous (at 3 mglg bw) or oral (at 6 mglg qw)
administration of thiotepa to dogs, about 13% of the dose was excreted as tepa. The
plasma level of tepa was about 1.2 Ilglml2 h after intravenous injection of thiotepa.

The authors concluded that 50% of the administered thiotepa was absorbed
(Mellett & Woos (196).
A biexponential decline in thiotepa concentration in plasma was seen during

the first hours after intravenous injection of thiotepa at 5 mglg bw in

128

IARC MONOGRAHS VOLUME 50

Swiss-Webster mice. The half-time was 0.21 min for the first phase and 9.62 min for
the second (Egorin et al., 1984).

Mter an intravenous dose of thiotepa to rhesus monkeys, equilbrium with
plasma levels in lumbar and ventricular cerebrospinal fluid was obtained rapidly.
After intravenous administration, the total body clearance of thiotepa was about 35
ml/min (Strong et al., 1986).
The major urinary metabolite in rats, rabbits and dogs following a single
intravenous injection of 32p-thiotepa was tepa, which is also an alkylating agent.

Most of the radioactivity in mouse urine, however, was rccovered as inorganic
phosphate. ln mice and rats, a small proportion of radioactivity was detected in
most tissues nine days after an intravenous injection of thiotepa; higher levels were
detected in blood of rats (Craig et al., 1959).

Mter addition of thiotepa to sera from patients and healthy individuals, about
10% was bound to protein (Hagen & Nilsen, 1987).
(ii) Toxic effects

The LDso of thiotepa in rats was about 9.5 mg/kg bw by intravenous injection
and about 8.8 mg after intraarterial injection (Boeme et al., 1962). The LDso in mice
was 400 mg/kg bw 24 h after an intraperitoneal injection. The acute lethality after
1 h and 24 h was markedly increased by intraperitoneal injection of 60 mg/kg bw

pentobarbital shortly after the thiotepa injection (Munson et aL., 1974). Pretreatment of mice with 40 mg/kg bw SKF525A also enhanced the acute lethality of

thiotepa (Mellett & Woods, 196).
Thiotepa caused a dose-dependent inhibition of the growth of P388 murine
leukaemia cells in culture (Miler et al., 1988).
(ii) Effects on reproduction and prenatal toxicity

When rats were given thiotepa at 4 mg/kg bw by intraperitoneal injection on
gestation day 12, teratogenic effects occurred in the offspring (Murphy et al., 1958).
(The Working Group noted that the details given in the paper were insufficient to .

assess the significance of the effect.j
ln an extensive study of the effects of thiotepa in pregnant mice, Tanimura
(1968) demonstrated both dose-related and time-related effects. Prenatal mortality
was most pronounced following intraperitoneal injection of 5- 10 mg/kg bw on days
7.5 and 8.5 of gestation, and fetal growth was suppressed after injection on days
10.5-12.5 of gestation. The lowest single teratogenic dose was shown to be 1.0 mglg
bw; the dose that caused 100% incidence of malformed fetuses was 10.0 mg/kg. The
malformations observed were exencephaly, spina bifida, cleft palate, kinky tail and
digit alterations.
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(iv) Genetic and related effects
Thiotepa was mutagenic to Salmonella tyhimurium TA1535 (Benedict et al.,
1977a) and TA 100 (Pak et al., 1979) but gave contradictory results in TA98 (Bruce &
Heddle, 1979; Pak et al., 1979) in the absence of an exogenous metabolic system.

Rats perfused with thiotepa produced urine that was mutagenic to S. tyhimurium
(Pak et al., 1979). ln the host-mediated assay in mice, thiotepa was mutagenIc to S.

tyhimurium TA1535 (Arni et al., 1977) and G46 (Devi & Reddy, 1980).
Thiotepa induced forward mutations to 8-azaguanine resistance inAspergillus

nidulans (Bignami et al., 1982) and chromosomal aberrations (Kihlman, 1975;
Sturelid & Kihlman, 1975; Popa et al., 1976) and sister chromatid exchange
(Kihlman, 1975) in root meristem cells of Vicia laba. It induced sex-linked recessive

lethal mutations in Drosophüa melanogaster (Lüers & Röhrborn, 1965; Fahmy &

Fahmy, 1970) and dominant lethaI mutations in Aedes aegyti (Rodriguez &
Rodriguez, 1985).

Thiotepa induced unscheduled DNA synthesis in unstimulated human
peripheral lymphocytes (Titenko, 1983). It induced mutations at the hprt locus in
Chinese hamster V79 cells (Paschin & Kozachenko, 1982), and, in a host-mediated

assay with mice and mouse lymphoma L5178Y cells, it induced resistance to
thymidine and methotrexate (Le, 1973).

Thiotepa induced sister chromatid exchange in mouse cells (Andersen, 1983),

a cloned hamster cell line (Banerjee & Benedict, 1979), Chinese hamster celIs
(Chebotarev & Selezneva, 1979; Chebotarev et al., 1980; Selezneva et al., 1982) and
peripheral lymphocytes of rhesus monkeys (Kuzin et al., 1987) and hum

ans

(Littlefield et al., 1979; Mourelatos, 1979; Chebotarev & Listopad, 1980; Listopad &

Chebotarev, 1982; Shcheglova & Chebotarev, 1983a). It induced chromosomal

aberrations in a cloned hamster cell line (Benedict et al., 1977b), in Chinese hamster

CHO cells (Maier & Schmid, 1976; Sturelid, 1976), in peripheral lymphocytes of
rabbits (Bochkov et al., 1982) and in human peripheral lymphocytes in vitro
(Hampcl et al., 196; Bohkov & Kuleshov, 1972; Bohkov et al., 1972; Chebotarev,
1974; Kirichenko, 1974; Kirichenko & Chebotarev, 1976; Yakovenko & Nazarenko,

1977; Bochkov et al., 1979; Wolff & Artynyan, 1979; Yakovenko & Kagramanyan,
1982; Shcheglova & Chebotarev, 1983a). Thiotepa induced morphological

transformation of C3H/10rh cells (Benedict et al., 1977b).
Thiotepa induced DNA cross-links in chick embryos (McCann et al., 1971). It

induced sister chromatid exchange (Shcheglova & Chebotarev, 1983b) and
chromosomal aberrations (Malashenko & Surkova, 1974a,b, 1975; Sram, 1976;
Lenard et al., 1979; Malashenko & Surkova, 1979; Shcheglova & Chebotarev,

1983b) in bone marrow of mice treated in vivo. It induced mIcronuclei in the bone
marrow of rats (Setnikar et al., 1976) and mice (Maier & Schmid, 1976; loan et al.,
1977; Bruce & Heddle, 1979; Lenard et al., 1979) and chromosomaI aberrations in
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peripheral lymphocytes of rabbits (Bohkov et al., 1982) and rhesus monkeys (Kuzn
et al., 1987) in vivo. Treatment of pregnant mice with thiotepa led to chromosomal
aberrations in embryonic liver cells (Korogodina et al., 1979; Korogodina &
S'yakste, 1981).

Thiotepa induced dominant lethal mutations (Machemer & Hess, 1971;
Epstein et al., 1972; Setnikar et al., 1976; Sram, 1976; Semenov & Malashenko, 1981)
and chromosomal aberrations in spermatogonia (Malashenko & Beskova, 1988)
and spermatocytes (one dose) (Devi & Reddy, 1980; Meistrich et al., 1982) in mice in

vivo. Treatment of male mice with thiotepa led to chromosomal aberrations in
preimplantation embryos (one dose) (Malashenko et al., 1978a; Semenov &
Malashenko, 1979). Thiotepa also induced sperm abnormalities (Bruce & Heddle,
1979) and heritable translocations (one dose) (Malashenko & Surkova, 1974b;
Semenov & Malashenko, 1977; Malashenko et al., 1978b; Malashenko & Goetz
1981) in mice in vivo. Thiotepa produced liver protein variants in Fi fetuses derived
from treated male mice (one dose) (Paschin & Ambrossieva, 1984).

(h) Humans
(i) Pharmcokinetics

Because of acid instability, absorption of thiotepa after oral administration is
erratic and incomplete (Mellet et al., 1962). After an intravenous bolus injection of

thiotepa at 12 mg/m2, a biexponential disappearance from the plasma was
observed; the second-phase half-time was 73.7 min (Egorin et al., 1985).
Disappearance half-times of 1.3-2.1 h were reported in further studies (McDermott
et al., 1985; Cohen et al., 1986; Hagen et al., 1987; Henner et al., 1987; Hagen et al.,

1988; Heideman et al., 1989) after intravenous or intramuscular administration. At
dose levels in excess of 25 mg/m2 (Heideman et al., 1989), 180 mg/m2 (Henner et al.,
1987) and 4.8 mg/kg (Ackland et al., 1988), the plasma clearance of thiotepa was
reported to decline with increasing dose. However, in one study with high doses
(45- 1215 mg/m2), no dose-dependence of kinetics was reported (Lazarus et aL.,
1987). The volume of distribution of thiotepa has been rePOrted to be approximately

501 (Cohen et al., 1986; Henner et al., 1987; Hagen et al., 1988; Heidemann et al.,
1989).

After an intravenous injection of thiotepa in paediatric patients, the
cerebrospinal fluid:plasma ratio of thiotepa was 0.92 (Heideman et al., 1989). After
intraventricular administration of thiotepa, the ratio of thiotepa concentrations in
cerebral ventricular fluid:plasma was almost 100 (Strong et al., 1986); in another,
similar study, it was approximately 20 (Grochow et al., 1982). The urinary excretion
of unchanged thiotepa is complete usually within 8 h of the injection, and less than
1.5% of the dose is excreted in the urine unchanged (Egorin et al., 1985; Hagen et aL.,

1985; Cohen et al., 1986; Hagen et al., 1987). Five minutes after an intravenous
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injection of thiotepa, tepa was observed in the blood; after 12 min, the
concentration of tepa in the bloo was higher than that of thiotepa. The proportion
of thiotepa in urine was 1.5%, and that of tepa was 4.2%; other alkylating
metabolites represented another 23.5% of the dose administered (Cohen et al.,
1986).
(ii) Adverse effects

The toxic effect of thiotepa that limits the dose that can be given is
myelosuppression, characterized by granulocopenia and thrombocytopenia;
disturbances in hepatic and renal function, neurotoxicity, nausea and vomiting

were uncommon at dose levels of approximately 75 mglm2 or less (Wright et al.,
1958; Heideman et al., 1989). ln high-dose therapy with autologous bone-marrow
transplantantion, central nervous system disturbances, hepatic damage, infections,
ng, diarrhoea, mucositis, skin rashes, haemorrhagic cystitis and
cardiomyopathy may be severe (Lazrus et al., 1987; Willams et al., 1987, 1989).
Severe myelosuppression has also been described after intravesicular instilations
of thiotepa (Bruce & Edgcomb, 1967; Watkins et al., 1967; Hollster & Coleman,
nausea, vomi

ti

1980).
(iii) Effects on reproduction and prenatal toxicity
Use of thiotepa in the third tri

mes

ter of pregnancy had no adverse effect on the

progeny (Nicholson, 1968; Sweet & Kinzie, 1976). ln a report of the effects of

treatment of women with stage-II and stage-III Hodgkin's disease with
radiotherapy and chemotherapy with TVP (thiotepa, vinblastine, vincristine,
procarbazne and prednisone), menstrual function ceased in two of four women

aged 35-44 years but continued in all 30 women under 35 years of age. Ten of the
women had a total of 12 babies, all with normal development (Lacher & Toner,
1986).

As reported in an abstract, transient azoospermia occurred in a man treated
with thiotepa; the effect was reversed when the dose interval was increased from
monthly to three-monthly dosing (Bayar et al. 1978).
(iv) Genetic and related effects
Five patients who received a total dose of thiotepa at 40-100 mg had 9.5 :l
1.07% aberrant cells in peripheral lymphocytes 24 h after the last treatment,
compared with 1.4 :l 0.1% in a control group (Selezneva & Korman, 1973).
3.3 Case reports and epidemiological studies of carcinogenicity to humans

Many case reports have been made of cancer occurring following treatment

with thiotepa (!AC, 1975; Nakanuma et al., 1976; Anon., 1977; Hollster &
Coleman, 1980; Sheibani et al., 1980; Easton & Poon, 1983; Silberberg & Zarrabi,
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1987). AlI report the ocurrence of nonlymphocic leukaemia, and usually thiotepa
was the only chemotherapeutic agent administer~d.
No increased risk of secnd malignancies was found among 470 patients with

colorectal cancer randomized to low-dose (four doses of 0.2 mglg bw) adjuvant
therapy with thiotepa, followed for 3102 person-years (30 secnd noncolorectal
malignancies observed, 31.4 expted; Boice et al., 1980). No increased risk of
second malignancies was found among 90 patients with breast cancer randomized
to adjuvant therapy with thiotepa for one year (at 0.8 mglg bw in divided doses
followed by 0.2 mglg bw weekly maintenance); afr an average follow-up of
approximately five years, five nonskin, nonbreast cancers had ocurred in 5819

person-years among 90 treated subjects compared with six in 4746 person-years
among the 77 nonexposed patients (Kadinal & Donegan, 1980). (Te Working
Group considered these two studies to be too small to provide useful information.)

Kaldor et al. (199) compared 114 cases of leukaemia that developed in
patients previously diagnosed with ovarian cancer, with 342 controls with ovarian
cancer who had survived as long as the cases and who were matched by age and year
of diagnosis of ovarian cancer. Chemotherapy (without radiotherapy) was

associated with a relative risk of 12 (95% confidence interval, 4.4-32) compared to
treatment by surgery only. For nine cases and Il controls, the only chemotherapy

was thiotepa; 21 cases and 187 controls had had no chemotherapy. The matched
relative risks were 8.3 and 9.7 in a lower- and a higher-dose group, and these were

significantly different from 1.0 (p .: 0.01). ln the samestudy, four other alkylating
agents known to be carcinogenic (melphalan, chlorambucil, cyclophosphamide and
treosulphan; sec IAC, 1987) were independently associated with significantly

increased risks for leukaemia.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Thiotepa is a cytostatic agent that has been used in the treatment of malignant
lymphomas and solid tumours, in a wide range of doses.
4.2 Experimental carcinogenicity data

Thiotepa was tested for carcinogenicity by intraperitoneal administration in
ce, it induced an
increased incidence of lung tumours and lymphoproliferative malignancies in mice
of each sexe ln rats, intraperitoneal administration induced an increased incidence
mice and rats and by intravenous administration in male rats. ln mi

of lymphoproliferative malignancies in males and of uterine adenocarcinomas and
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mammary carcinomas in females. Intravenous administration to male rats induced
tumours at a variety of sites.
4.3 "uman carcinogenicity data

Several cases of leukaemia following treatment with thiotepa alone have been
reported. One case-control study has shown a strong association between risk for

leukaemia and treatment with thiotepa.

4.4 Other relevant data
ln one study, there was no evidence that thiotepa therapy adversely affected

subsequent fertility in women. Thiotepa is embryotoxic to mice and rats, and
embryo- and fetolethality and gross structural abnormalities were induced during

organogenesis after single intraperitoneal injections.
Thiotepa is converted to alkylating metabolites in vivo. It suppresses the bone
marrow in humans.
ln one study, increased frequencies of chromosomal aberrations were

observed in peripheral lymphocytes of patients receiving thiotepa.

Thiotepa induced chromosomal aberrations in germ cells, sperm
abnormalities and dominant lethal mutation in mice in vivo. It induced micronuc1ei
omal aberrations in bone-marrow

in the bone marrow of .rats and mice, chromos

cells and liver cells of mice and in peripheral lymphocytes of rabbits and rhesus
monkeys and sister chromatid exchange in bone-marrow cells of mice in vivo.

Thiotepa induced DNA damage in chick embryos. It induced chromosomal
aberrations in cloned hamster cells, in Chinese hamster cells and in human cells,
sister chromatid exchange in human, mouse, Chinese hamster and rabbit cells, gene
mutations in Chinese hamster cells and unscheduled DNA synthesis in human
peripheral lymphocytes in vitro. It induced cell transformation in mouse cells.
Thiotepa induced sex-linked recessive lethal mutations in Drosophila and sister
chromatid exchange and chromosomal aberrations in Vicia faba. It induced gene

mutations in Aspergillus nidulans and Salmonella tyhimurium. (See Appendix 1.)
4.5 Evaluationl

There is suffcient evidence for the carcinogenicity of thiotepa in humans.
There is suffcient evidence for the carcinogenicity of thiotepa in experimental
animaIs.

IFor desription of the italicize terms, se Preamble, pp. 2629.
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Overall evaluation

Thiotepa is carcinogenic to humans (Group 1).

s. References
Ackland, S.E, Choi, K.E., Ratain, M.J., Egori, M.J., Wiliams, S.E, Sinkule, J.A. & Bitran,
J.D. (1988) Human plasma pharmacokietics of thiotepa followig administration of
high-dose thiotepa and cyclophosphamide.l clin. Onco/.,6, 1192-1196

Andersen, O. (1983) Effects of col combustion products and metal compounds on sister
chromatid exchange (SCE) in a macrophagelike cell line. Environ. Bealth Perspect., 47,
239-253

Anon. (1977) Case records of the Massachusetts General HospitaL. Case 28-1977. New
Engl.l Med., 297, 102-106
Ami, E, Mantel, 1:, Deparade, E. & Müller, D. (1977) Intrasanguine host-mediated assay

with Salmonella typhimurium. Mutat. Res., 45, 291-307

Banerjee, A. & Benedict, WE (1979) Production of sister chromatid exchanges by various
cancer chemotherapeutic agents. Cancer Res., 39, 797-799

Bamhart, E. (1989) Physician's Desk Reference, 43rd ed., Oradell, NJ, Medical Economies, p.
1152

Bayar, H., Daniell, L. & Glazerman, M. (1978) Transient azoospermia in a male treated with
thiotepa. Arch. Androl., 1, 367

Benedict, WE, Baker, M.S., Haroun, L., Choi, E. & Ames, B.N. (1977a) Mutagenicity of
cancer chemotherapeutic agents in the Salmonellalmicrosome test. Cancer Res., 37,

220-2213
Benedict, W.E, Banerjee, A., Gardner, A. & Jones, EA. (1977b) Induction of morphological
transformation in mouse C3H1OT% clone 8 cells and chromosomal damage in hamster
A(f1)C1-3 cells by cancer chemotherapeutic agents. Cancer Re., 37,2202-2208
Berger, M.R. (1986) Carcinogenicity of alkylating cyostatic drugs in animaIs. In: Schmähl,

D. & Kaldor, J.M., eds, Carcinogenicity of Alkylating Cytostatic Dru~ (lARC Scientific
Publications No. 78), Lyon, IARC, pp. 161-176
Bestian, H. (1950) Chemistry and pharmacology of a new antihistamine. Med. Monatsschr.,4,

258-26
Bignami, M., Carere, A., Conti, G., Conti, L., Crebell, R. & Fabrii, M. (1982) Evaluation of
2 different genetic markers for the detection of frameshift and missense mutagens inA.
nidulan. Mutat. Res., 97, 293-302

Bochkov, N.E & Kuleshov, N.E (1972) Age sensitivity of human chromosomes to alkylating
agents. Mutat. Re., 14, 345-353

Bochkov, N.E, Yakovenko, K.N., Chebotarev, A.N., Funes Cravioto, E & Zhurkov, \ZS.

(1972) Distribution of defective chromosomes in human cells after treatment with
chemical mutagens in vitro and in vivo. Sov. Genet., 8, 1595-1601

THIOTEPA

135

Bochkov, N.E, Yakovenko, K.N. & Nazrenko, S.A (1979) Combined effect of alkylating
compounds on human chromosomes. Sov. Gen., 15, 109-116

Bochkov, N.P., Stukalov, S.\' & Chebotaev, AN. (1982) Comparin of the frequency of
chromosomal aberrtions induce by thiophosphamide in rabbit lymphoces in vitro
and in vivo. Bull. ex. Biol. Med., 94, 1118-1121

Boice, J.D., Greene, M.H., Keehn, RJ., Higgins, G.A & Fraumeni, J.F., Jr (1980) Late
effects of low-dose adjuvant chemotherapy in coloreetal cancer. 1 nal Cancer Ins., 64,
501-511

Boeme, LU., Rogers, B.S. & Wiliams, D.L. (1962) Toxicity, metabolism, and tissue
distnbution of carbn14-labeled N,N' ,N" -triethylenethiophosphoramide (Tio-

TEPA) in rats. Toxicol. appl. Phaol., 4,34-353

Bruce, D.W & Edgcomb, J.H. (1967) Pancyopenia and generalized sepsis folowig
treatment of cancer of the bladder with instilations of triethylene thiophosphoramide.
Urology, 97, 482-485

Bruce, WR. & Heddle, J.A (1979) The mutagenic activity of 61 agents as detennined by the
micronucleus, Salmonella, and spenn abnonnality assays. Cano 1 genet. Cytol., 21,
319-334
Chebotarev, A.N. (1974) Investigation of the temperature dependence of the cyogenetic

action of thiophosphamide in various concentrations on human lymphoces. Sov.
Genet.,

10, 1178-1182

Chebotarev, A.N. & Listopad, G.G. (1980) Effeet of expsure tIme to BUdR on the number
of sister chromatid exchanges in human cells. Dok/. biol. Sei., 252,238-240

Chebotarev, A.N. & Selezneva, IG. (1979) Induction of sister chromatid exchanges by
thiophosphamide at different phases of the cell cycle of a culture of Chinese hamster
cells. Sov. Genet.,

15, 1235-1239

Chebotarev, A.N., Selezneva, 'fG. & Ressner, P. (1980) Frequency of sister chromatid
exchanges in the cell culture of Chinese hamster with prolonged action of
thiophospliamide. Sov. Genet., 16, 1384-1388

Cohen, B.E., Egori, M.J., Kohlhepp, E.A., Alsner, J. & Gutierrez, P.L. (1986) Human
plasma phannacokietics and uriaiy excretion of thiotepa and its Metabolites. Caner

Treal. Rep., 70, 859-86

Craig, A.W, Fox, B.W & Jacksn, H. (1959) Metabolic studies of 32P-Iabelled
triethylenethiophosphoramide. Biochem. Phaol., 3, 42-50

Devi, K.R. & Reddy, P.P. (1980) Evaluation of thiotepa for genetic damage in mice. Indian 1

ex. Biol., 20, 86-867

Easton, D.J. & Poon, M.A. (1983) Acute nonlymphocic leukaemia followig bladder
instilations with thiotepa. Cano med. Assac. J., 129, 578-579

Eder, J.E, Antman, K., Elia, A., Shea, 'fC., Teicher, B., Henner, W.D., Schiyer, S.M.,
Holden, S., Finberg, R., Chritchlow, J., Flahert, M., Mick, R., Schnipper, L.E. & Frei,

E., III (1988) Cyclophosphamide and thiotepa with autologous bone marrow
transplantation in patients with solid tumors.l nal Caner In., 80, 1221-1226
Egori, M.J., Akan, S.R. & Gutierrez, L. (1984) Plasma pharmacokietics and tissue

distnbution of thiotepa in mice. Caner Treal. Rep., 68, 1265-126

IARC MONOGRAHS VOLUME 50

136

Egonn, M.J., Cohen, B.E., Kohlhepp, E. & Gutierrez, -l (1985) Gas-liquid chromatographic
analysis of N,N' ,N"-triethylene thiophospramide and N,N' ,N"-triethylene phosphoramide in biological samples. L Chromaogr., 343, 196202
Epstein, S.S., Arold, E., Andrea, J., Bass, W. & Bishop, Y. (1972) Detection of chemical
mutagens by the dominant lethal assay in the mouse. Toxicol. appl. Phancol., 23,

28-325
Fahmy, O.G. & Fahmy, M.J. (1970) Gene elimination in carciogenesis: reinterpretation of
the somatic mutation theory. Caner Res., 30, 195-205

Grochow, L.B., Grossman, S., Garrett, S., Murray, K., Trump, M. & Colvi, M. (1982)

Pharmacokietics of intraventricular thio-tepa (I in patients with meningeal
carcinomatosis. Proc. Am. Soc. clin. Oncol., 1, 19
Hagen, B. & Nilsen, O.G. (1987) The binding of thio-TEPA in human serum and to isolated

serum protein fractions. Caner Chemother. Phaol., 20,319-323

Hagen, B., Walseth, F., Walstad, R.A. & Iversen, i: (1985) Gas chromatographic assay of
triethylenethiophosphoramide in serum and unne.l Chromatogr.,345, 173-177

Hagen, B., Walseth, F., Walstad, R.A., Iversen, i: & Nilsen, O.G. (1987) Single and repeated
dose pharmacokietics of thio-TEPA in patients treated for ovarian carcinoma. Cancer
Chemother. Pharacol., 19, 143-148

Hagen, B., Walstad, R.A. & Nilsen, O.G. (1988) Phannacokietics of thio-TEPA at two
different doses. Cancer Chemother. Pharacol., 22, 356-358
Hampel, K.E., Kober, B., Rösch, D., Gerhartz, J. & Meinig, K.-H. (196) The action of
cyostatic agents on the chromosomes of human leukoces in vitro. Blood, 27, 816-823

Heideman, R.L., Cole, D.E., Balis, F., Sato, J., Reaman, G.H., Packer, R.J., Singher, L.J.,

Ettinger, L.J., Gilespie, A., Sam. J. & Poplack, D.G. (1989) Phase I and
phannacokietic evaluation of thiotepa in the cerebrospinal fluid and plasma of
pediatrie patients: evidence for dose-dependent plamsa clearance of thiotepa. Cancer
Res., 49, 736-741

Henner, W.D., Shea, i:C., Furiong, E.A., Flahert, M.D., Eder, J.E, Elias, A., Begg, C. &
Antman, K. (1987) Pharmacokinetics of continuous-inusion high-dose thiotepa.
Cancer Treal. Rep., 71, 1043-H)47

Hollister, D., Jr & Coleman, M. (1980) Hematologie effects of intravesicular thiotepa
therapy for bladder carcinoma.l Am. med. Assoc., 18, 205-217

IARC (1975) lAC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Man,
VoL. 9, Sorn aziridines, N-, S- an O-Mustards and Selenium, Lyon, pp. 75-94

IARC (1987) lAC Monographs on the Evaluation of Carcinogenic Risks to Human, Suppl. 7,
Overall Evaluation of Catcinogenicity: An Updating ofIARC Monographs JJlumes 1 to

42, Lyon, pp. 368-369
Ioan, D., Petrescu, M. & Maxilian, C. (1977) The mutagenic effect of 1311 and of two

cyostatics revealed by the micronucleus test (MT). Re Roum. med.-Endocrinol., 15,
119-122

THIOTEPA

137

Kaldor, J.M., Day, N.E., Petersson, E, Clarke, A., Pedersen, D., Mehnert, W., Bell, J., Høst,
H., Pror, P., Karjalainen, S., Neal, E, Koch, M., Band, P., Choi, w., Ki, VP., Arslan,
A., Zarén, B., BeIch, AR., Storm, H., Kittelmann, B., Fraser, P. & Stovall, P. (199)
Leukemia followig chemotherapy for ovarin cancer. New Engl. J Med., 322, 1-6
Kardinal, C.G. & Donegan, WL. (1980) Secnd cancers after prolonged adjuvant Thiotepa

for operable carcioma of the breast. Caner, 45, 202-20
Kilman, B.A. (1975) Sister chromatid exchanges in Vicia laba. II. Effects of thiotepa,
cafeine and 8-ethoxycafeine on the frequency of SCE's. Chromosoma, 51, 11-18

Kichenko, O.P. (1974) Dependence of the cyogenetic action of thiophosphamide on the
duration of treatment of human cells. Sov. Genet., 10, 1172-1175

Kichenko, O.P. & Chebotarev, AN. (1976) Dependence of the cyogenetic action of
various thiophosphamide and phosphemid concentrations on the time of contact with
human lymphoces. Sov. Genet., 12, 759-765
Korogodina, Yu.V: & Lil'p I.G. (1978) Mutabilty of somatic cens of mice of different lines.
Communication II. Cytol. Gene., 12,35-37
Korogodina, Yu.V: & S'yakste, 'fG. (1981) Mice of the lO11R line as a possible model of
human diseases with chromosomal instability. Sov. Genet., 17, 634-637

Korogodina, Yu.V:, Gordeeva, E.V: & Lil'p, LG. (1979) Chromosomal aberrations in
embryonic Uver and bone marrow cells of AIe and C57BL/6 mice induced bythiotepa.
Bull. ex. Biol. Med.,88, 1182-1184
Kuh, E. & Seeger, D.R. (1954) Thiophosphoric acid derivatives. US Patent 2,670,347, 23
February, to American Cyanamid Co.
Kuzin, S.M., Stukalov, S.V & Popandopulo, P.G. (1987) Quantitative comparison of the

cyogenetic effect of thiophosphamide on monkey lymphoces in vivo and in vitro.

Bull. ex. Biol. Med., 103, 394-396

Lacher, M.J. & Toner, K. (1986) Pregnancies and menstrual function before and after

combined radiation (R and chemotherapy (IP) for HodgkI's disease. Caner

Inves., 4, 93-100

Lazarus, H.M., Reed, M.D., Spitzer, 'fR., Rabaa, M.S. & Blumer, J.L. (1987) High-dose iv
thiotepa and cryopreserved autologous bone marrow transplantation for therapy of
refractory cancer. Caner Treal. Rep., 71, 689-695

Lee, S. Y. (1973) Current status of the host-mediated L5178Y system for detecting chemical

mutagens. Environ. Health Perspect., 6, 145-149
Leonard, A., Poncelet, E, Grutman, G., Carbn

elle, E. & Fabry, L. (1979) Mutagenicity tests

with griseofulvi. Mutat. Re., 68, 225-234

Listopad, G.G. & Chebotarev, A.N. (1982) Comparative effectiveness of the induction of
sister chromatid exchanges by ethylenimine derivatives in a human leukoce culture.
Cytol. Genet., 16, 40-44

Litterst, C.L., Torres, LJ., Arold, S., McGunagle, D., Fumer, R., Sikc, B.l. & Guario,

A.M. (1982) Absorption of antineoplastic drugs followig large-volume Lp.
administration to rats. Caner Treat. Rep., 66, 147-155

IARC MONOGRAHS VOLUM 50

138

Uttlefield, L.G., Colyer, S.~, Sayer, AM. & Dufra, RJ. (197) Sister-chromatid
exchanges in human lymphoces expsed durig Go to fourdases of DN A-damaging
chemicals. Mutat. Re., 67,259-26
ne Wirkung.

Lüers, H. & Röhrbm, G. (1965) Chemishe Konstitution und mutage

(Chemical structure and mutagenicity (Ger.).) Mutat. Re., 2, 29-44
Machemer, L. & Hess, R. (1971) Comparative dominant lethal studies with phenylbutane,
thio-tepa and MMS in the mouse. Exrienta, 27, 10501052

Maier, ~ & Schmid, W. (1976) Thn model mutagens evaluated by the micronucleus test.
Mutat. Re., 40, 325-338

Malashenko, A.M. & Beskova, 1:B. (1988) Induction of chromosome defects by
thiophosphamide in spermatogonia of mice of inbred lines 101HY, PTS/Y, and
CBAlcY. Sov. Genet., 24, 320325
Malashenko, A.M. & Goetz, ~ (1981) Cyogenetic analysis of transloctions induce by the

chemical mutagen thio-tepa in sprmatids of male mice. Folia biol., 27, 178-185
Malashenko, A.M. & Surkova, N.I. (1974a) The mutagenic effect of thio-tepa in laboratoiy
mice. Communication 1. Chromosome aberrations in somatic and germ cells of male
mice. Sov. Genet., 10, 51-58
Malashenko, A.M. & Surkova, N.I. (1974b) The mutagenic effect of thio-tepa in laboratoiy

mice. Communication III. Comparin of the effects of different doses in the germ and
somatic cells of male mice. Sov. Genet., 10, 100-1008
Malashenko, A.M. & Surkova, N.I. (1975) The mutagenic effect of thio-tepa in laboratoiy

mice. Communication \Z Infuence of the genotye of females in the realiztion of
dominant lethal mutations induced in spermatids of males. Sov. Genet., Il, 210-214
Malashenko, A.M. & Surkova, N.I. (1979) A new line of WR mice, highly sensitive to the

cyogenetic effect of thioTEPA. Cytol. Genet., 13, 45-48
Malashenko, A.M., Semenov, K.K., Selezneva, G.P. & Surkova, N.I. (1978a) Investigation of
the mutagenic effect of chemica compounds on laboratoiy mice. Sov. Genet., 14, 35-42

Malashenko, A.M., Semenov, K.K., Selezneva, G.~ & Surkova, N.L (1978b) Studies of
mutagenic effect of chemical compounds in laboratory mice. Genetika, 14, 52-61
McCann, J.J., Lo, 1:M. & Webster, D.A (1971) Cross-linkig of DNA by alkylating agents
and effects on DNA function in the chick embiyo. Caier Re., 31, 1573-1579

McDermott, B.J., Double, J.A., Bibby, M.C., Wilman, D.E.\Z, Loadman, ~M. & Thrner,
R.L. (1985) Gas chromatographic analysis of triethylenethiophosphoramide and
triethylenephosphoramide in biological speciens. 1 Chromatogr., 338, 335-345

Meistrich, M.L., Finch, M., da Cunha, M.E, Hacker, U. & Au, w.w. (1982) Damaging effects
of fourteen chemotherapeutic drugs on mouse testis cells. Caner Re., 42, 122-131

Mellett, L.B. & Woos, L.A. (196) The comparative physiological dissition of thio-TEPA
and TEPA in the doge Caner Res., 20, 524-532

Mellet, I.B., Hodgson, ~E. & Woos, L.S. (1962) Absorption and fate of Cl4-labeled
N,N' ,N" -triethylenethiophosphoramide (thio-TEPA) in humans and dogs.l La. clin.
Med., 60, 818-825

').,

lHIOTEPA

139

Miler, B., Tenenholz, 1:, Egori, M.J., Sosnovsky, G., Rao, N.U.M. & Gutierrez, P.L. (1988)

Cellular pharmacology of N,N' ,N"-triethylenethiophosphoramide. Cancer Lett., 41,
157-168
Mourelatos, D.C. (1979) Enhancement by cafeine of sister-chromatid exchange frequency

induced by antineoplastic agents in human lymphoces. Exrientia, 35, 822-823
Munson, A.E., Rose, W.C. & Bradley, S.G. (1974) Synergistic lethal action of alkylating
agents and soium pentobarbital in the mouse. Pharcology, Il,231-240

Murphy, M.L., Moro deI, A. & Lacon, C. (1958) The comparative effects of five
polyfunctional alkylating agents on the rat fetus, with additional notes on the chick

embiyo. An. N'Y Acad. Sei, 68, 763-782
Nakanuma, Y., Saiki, S., Hisumi, H. & Matsubara, F. (1976) An autopsy case of atyical
leukemia ocurred durig thiotepa administration. Jpn. 1 clin. Bernatol., 20, 75-81
Thotepa for Possible Carcinogenicity (Tech. Rep.
Sere No. 58; DHEW PubL. No. (NIH) 78-1308), Washington DC, US Govemment

National Cancer Institute (1978) Bioàssay of

Prting Office

Nicholson, H.O. (1968) Cytotoxic drugs in pregnancy. 1 Obstet. Gynaecol. Br.
Convonweaüh., 75,307-312

Pak, K., Iwasaki, 1:, Miyakawa, M. & Yoshida, O. (1979) The mutagenic activity of
an

ti-cancer drugs and the urie of rats given these drugs. Vrol. Res., 7, 119-124

Paschin, Y.V: & Ambrossieva, E.D. (1984) Electrophoretic enzye variants detected in FI

progeny of males treated by alkylating mutagen. Mutat. Res., 125, 71-74
Paschin, y.v: & Kozachenko, V:1. (1982)

The modifg effect ofhexavalent chromate on the

mutagenic activity of thio-tepa. Mutat. Res., 103, 367-370
Popa, N.E., Atramentova, L.A. & Shakhbazov, V:G. (1976) Investigation of the cyogenetic

and electrophoretic effect in the combined action of thiotepa and ß-indoleacetic acid
on Vicia faba L. seedlings. Cytol. Genet., 10, 11-13

Reynolds, J.E.F., ed. (1989) Marindale. The Exra Phanacopoia, London, The
Pharmaceutical Press, pp. 652-653
Rodriguez, P.H. & Rodriguez, K.A. (1985) Dominant lethal effects of thiotepa in male Aedes

aegypti (diptera: culicidae).l med. Entomol., 22,343-34
Sano, A., Matsutani, S. & 1àkitani, S. (1988) High-pedormance liquid chromatography of

the antitumour agent triethylenethiophosphoramide and its metabolite triethylenephosphoramide with soium sulphide, taurie and o-phthalaldehyde as per-column
fluorescent derivatiztion reagents.l Chromaogr., 458,295-301

Schmahl, D. (1975) Experiental investigations withanti-cancer drugs for carcinogenicity
with special reference to immunedepression. ln: Grundmann, E. & Gross, R., eds, Th
Amivalence of Cytostatic Thrapy, Berlin, Spriger, pp. 18-28

Schmahl, D. & Osswald, H., (1970) Exeriental studies on carcinogenic effects of
anticancer chemotherapeutics and imunosuppressives. Arirnittel. -forsch., 20,
1461-1467
Selezneva,1:G. & Korman, N.P. (1973) Analysis of chromosomes of somatie cells in patients
treated with antitumor drugs. Sov. Genet.,

9, 1575-1579

IARC MONOGRAHS VOLUME 50

140

Selezneva, TG., Shatalina, I. & Chebotarev, A.N. (1982) Correlation to the efficiency of the
induction of sister chromatid exchanges with the chemical structure of thé' mutagen.
Sov. Genet., 18, 210-215

Semenov, K.K. & Malashenko, A.M. (1977) The search for transloction-heterozygous
female mice among the progeny of males treated with chemical mutagen (thio-tepa).
Cytol. Genet., Il, 59-61

Semenov, K.K. & Malashenko, A.M. (1979) Assessment of the contribution of
thiophosphamide-induced chromosomal aberrations to preirplantation embiyonic
mortlity in mice. Bull. ex. Biol. Med., 88, 1074-1076

Semenov, K.K. & Malashenko, A.M. (1981) Appearance of dominant lethal mutations
durig early embiyogenesis of the mouse. Sov. Gene., 17, 309-313

Setnikr, I., Magistretti, M.J. & Veronese, M. (1976) Mutagenicity studies on nifurpipone
and nitrofurantoin. Proe. EuT. Soc. Toxicol., 17, 405-412

Shcheglova, E.G. & Chebotarev, A.N. (1983a) Comparin of level of sister chromatid
exchanges and chromosomal aberrtions induce by chemical mutagens in vitro. Bull.

ex. Biol. Med., 96, 160-160
Shcheglova, E.G. & Chebotarev, A.N. (1983b) Correlation between level of sister chromatid
exchanges and chromosomal aberrations induced by chemical mutagens in vivo. Bull.
ex. Biol. Med., 96, 1734-1736

Sheibani, K., Bukowski, R.M., Thbbs, R.R., Savage, R.A., Sebek, B.A. & Hoffman, G.C.

(1980) Acute nonlymphocic leukemia in patients receivig chemotherapy for

nonmalignant diseases. Hum. Pathol., Il, 175-179

Silberberg, J.M. & Zarrbi, M.H. (1987) Acute nonlymphocic leukemia after thiotepa
instilation into the bladder: report of 2 cases and review of the literature.1 Urol., 138,

402-403

Sram, R.J. (1976) Relationship between acute and chronic expsures in mutagenicity studies
in mice. Mutat. Res., 41, 25-42
Stoner, G.D., Shirki, M.B., Kniazeff, A.J., Weisburger, J.H., Weisburger, E.K. & Gori,

G.B. (1973) Test for carcinogenicity of foo additives and chemotherapeutic agents by

the pulmonaiy tumor response in strain A mice. Caner Res., 33, 309-3085

Strong, J.M., Collins, J.M., Lester, C. & Poplack, D.G. (1986) Pharmaco-kietics of
intraventricular and intravenous N,N' ,N" -triethylenethiophosphoramide (thiotepa)
in rhesus monkeys and humans. Cancer Res., 46, 6101-6104

Sturelid, S. (1976) Enhancement by cafeine of cell kiling and chromosome damage in
Chinese hamster cells treated with thiotepa. Hereditas, 84, 157-162

Sturelid, S. & Kilman, B.A. (1975) Enhancement by methylated oxyuries of the
frequency of induced chromosomal aberrations. Hereditas, 80, 233-246
Sweet, D.L. & Kizie, J. (1976) Consequences of radiotherapy and antineoplastic therapy for
the fetus.1 reprod. Med., 17, 241-246

Thnirura, 1: (196) Relationship of dosage and time of administration to teratogenic effects
of thiotepa in mice. Okajima Fol. anat. jpn., 44, 203-253

Titenko, N.~ (1983) Unscheduled sythesis induced by thiophosphamide in human
lymphoces. Tsitol. Genet., 17, 58-62

THIOTEPA

141

US Pharmacopeial Convention, Inc. (1989) Th US Phaopeia, 22nd rev., Easton, PA, p.
796
Watkis, WE., Kozak, J.A & Flanagan, MJ. (1967) Severe pancyopenia assoted with the
use of intravesical thio-tepa. l Urol., 98, 470-471

Wiliams, S.F., Bitran, J.D., Kaminer, L., Westbrook, C., Jacos, R., Ashenhurst, J., Robin,
E., PurI, S., Beschomer, J., Schroeer, C. & Golomb, H.M. (1987) A phase l - II stndy of

bialkylator chemotherapy, high-dose thiotepa, and cyclophosphamide with autologous
bone marrow reInusion in patients with advance cancer.l clin. Oncol., 5, 26-265
Wiliams, S.F., Bitran, J.D., Hoffman, EC., Robin, E., Fullem, L., Beschomer, J., Golick, J.
& Golomb, H.M. (1989) High-dose, multiple-alkylator chemotherapy with autologous

bone marrow reInusion in patients with advance non-small cell lung cancer. Cancer,
63, 238-242
Windholz, M., 00. (1983) Th Merck Inex 10th 00., Rahway, NJ, Merck & Co., pp. 1382-1383

Wolff, S. & Artynyan, R. (1979) The apparent decease in thiotepa-induced chromosome
aberrations in human lymphoces canse by an effect of WR2721 on the cell cycle as
found by the definitively determined diviion method. Environ. Mutagenesis, 1, 5-13

Wright, J.C., Golomb, F.M. & Gumport, S.L. (1958) Summary of results with triethylene

thiophosphoramide. An. NY Acad. Sei., 68, 937-96
Yakovenko, K.N. & Kagramanyan, M.S. (1982) Effects of conditions of storage of
lymphoces on the frequency of chromosome aberrations inducOO by continuons and
fractionated action of thiophosphamide. Cytol. Genet., 16, 55-59

Yakovenko, K.N. & Nazrenko, S.A. (1977) Combined action of thiophosphamide and dipin
on chromosomes of human lymphoces. Cytol. Genet., Il, 53-56

