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Summary. The in vivo antitumor activity of etoposide and
mitozolomide was assessed in nude mice bearing a xeno-
graft (CC3) of human gestational choriocarcinoma. Both
agents demonstrated, at best, marginal activity observed as
a delay in tumour growth. This lack of sensitivity suggests
that the CC3 xenograft is not a good model for selection of
agents for clinical evaluation in gestational choriocar-
cinoma.

Plasma and tissue concentrations of etoposide and mi-
tozolomide were measured in nude mice. Drug concentra-
tions found in tumour tissue were 60% and 30% of plasma
levels for mitozolomide and etoposide respectively.

Etoposide and mitozolomide activity was also evaluat-
ed in vitro with another choriocarcinoma cell line (JAR).
Maximum cell-kill was achieved after exposure to etopo-
side 0.05-1 pg/ml for 3—-24 h. In vitro response to etopo-
side demonstrates the importance of exposure time in de-
termining cytotoxicity. In contrast, mitozolomide at con-
centrations from 1-100 ug/ml did not have a marked ef-
fect against JAR after exposure for 3-24 h.

Introduction

Etoposide (VP 16-213) has proven clinical effectiveness
against a number of human tumours [16], including gesta-
tional choriocarcinoma [14]. We have evaluated the activi-
ty of etoposide in a human choriocarcinoma xenograft
(CC3) implanted into nude mice in an attempt to assess
the predictive value of this tumour model. Screening for
antitumour activity in nude [22] or thymectomised [20}
mice bearing human tumour xenografts is potentially use-
ful in obtaining information on the activity of new drugs
in specific tumour types. With this objective, we also inves-
tigated the activity of mitozolomide, an alkylating agent [8]
with broad-spectrum antitumour activity [6, 10] which is
currently undergoing phase II clinical evaluation.

In a separate experiment, we measured etoposide and
mitozolomide concentrations in plasma and tissue in order
to obtain pharmacokinetic information concerning the dis-
tribution of these agents and to assess any relationship
with antitumour efficacy.

Data is presently unavailable on the sensitivity of chor-
iocarcinoma cells in vitro to etoposide. This lack of infor-
mation prompted us to investigate the in vitro activity of
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etoposide on another choriocarcinoma cell line (JAR) over
a wide range of concentrations (0.001-5 pug/ml) and for
exposure times up to 24 h.

Using the pharmacokinetic results in mice and an in-
vestigation of the stability of etoposide and mitozolomide
in culture, the in vivo and in vitro effects of these drugs are
related by the concept of total exposure (concentration
and time; C x 1) as a determinant of cytotoxicity.

Materials and methods

Drugs. Etoposide was obtained from Bristol-Myers Labo-
ratories (Syracuse, USA) and mitozolomide was kindly
supplied by Prof. M. F. G. Stevens (Dept. of Pharmaceuti-
cal Sciences, Cancer Research Campaign Laboratories,
Aston University, UK).

Mitozolomide is unstable in aqueous solution and de-
composes in a temperature- and pH-dependent manner to
form cytotoxic products which also readily degrade [21]. In
tissue culture medium at 37 °C, we found that mitozolo-
mide decomposed by a first-order process with a half life
of approximately 55 min. In contrast, etoposide was rela-
tively stable and decomposed by approximately 21% in
72 h.

Cell culture. Human JAR choriocarcinoma cells [17] were
grown in DMEM with 20 m M HEPES buffer (Flow Labo-
ratories, UK) supplemented with 10% bovine calf serum
(Flow Laboratories, UK), 100 units/m! penicillin (Gibco
UK), 100 pg/ml streptomycin (Evans Medical Ltd., UK)
and 2 m M L-glutamine (Flow Laboratories, UK). Cultures
were maintained as monolayers at 37 °C and were pas-
saged using 0.05% trypsin and 0.02% EDTA.

When used for drug activity testing, the cells were plat-
ed out in quadruplicate at 1.5 x 10° cells per 35-mm-diame-
ter culture well (Costar, UK). Cultures were allowed to ad-
here for 24 h before use.

In vitro JAR cytotoxicity assay. The effect of etoposide and
mitozolomide on JAR cell viability was examined by de-
termining cell number of treated cells compared to cells in-
cubated with drug vehicle alone. Etoposide was dissolved
in Tween 80 and saline (1:10), and mitozolomide in
DMSO and saline (1:10). All solutions were filtered
through 0.2-um filters (Amicon, UK) before being added
to the cells to give a final drug concentration between
0.001 pg/ml and 100 pg/ml. Cells which had been incubat-
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ed at 37 °C with the drug for between 3 and 24 h were
washed 3 times with 1 ml sterile saline, and reincubated
for a total of 48 h before counting by haemocytometer.
Cell viability was assessed by means of trypan blue.

Calculation of area under in vitro etoposide and mitozolo-
mide exposure curves. Because of the instability of etopo-
side and mitozolomide, drug concentrations during cell in-
cubations at 37 °C were corrected and total area under the
C x t curves were calculated as

Co Ct
Cxt=——-—

Ke Ke’
where Co is the initial drug concentration, Ke is the first-
order rate constant for drug decomposition and Ct is the
concentration of drug at the end of the incubation.

Studies in mice. Albino, nude (athymic) female mice (nu/
nux MF/1 albinos) weighing 20-25g and aged 8-12
weeks were used in these experiments. Mitozolomide and
etoposide were dissolved in the same vehicle as used in the
in vitro studies to yield doses measured in mg/kg. For the

antitumour efficacy studies, etoposide (20 mg/kg/day)

and mitozolomide (8 or 16 mg/kg/day) were administered
1.p. over 5 consecutive days. The etoposide schedule was
repeated after a rest period of 10 days. A total dose of 40
or 80 mg/kg mitozolomide was amdinistered. The CC3
choriocarcinoma xenograft was originally obtained from a
tumour biopsy of a patient with gestational choriocarcino-
ma prior to receiving chemotherapy. The in vivo sensitivi-
ty of this patient’s tumour to chemotherapy could not be
adequately assessed since her human chorionic gonadotro-
phin (hCG) concentration fell to the normal range follow-
ing surgical excision. After implantation into nude mice
the xenograft was maintained by serial s.c. passage. Up to
this study tumour has been passaged 52 times with no sig-
nificant change in morphology or growth rate (G. Boxer,
personal communication). The CC3 tumour grows as an
encapsulated nodule and does not metastasise. Histologi-
cally, it is poorly differentiated and contains both cytotro-
phoblastic and hCG-producing syncytiotrophoblastic ele-
ments. Extensive central necrosis is common in this model
[18]. For the in vivo therapy experiments, 1 mm® tumour
was implanted s.c. into the left flank of nude mice. Mice
used as controls were implanted with the same volume of
tumour in the same experiment and recieved drug vehicle
only.

In each experiment, five mice were randomised for
drug treatment and five for control. At the start of treat-
ment all tumours had a volume of between 20 and
100 mm>. Tumours were measured every 3—4 days in three
dimensions by the same observer. The volume was calcu-
lated by the equation ax bx ¢/2 in which a represents tu-
mour length, b tumour width and ¢ tumour thickness ex-
pressed in cu.mm.

Because of the variety of tumour sizes at the initiation
of treatment, tumour volumes were converted to values re-
lated to the initial tumour volume. The relative tumour vo-
lume was expressed by the formula Vt/Vo, where Vt is the
tumour volume at any given time and Vo is the volume at
the initiation of treatment. The effect of treatment was ex-
pressed numerically as the fractional volume reduction
[20] (FVR).

mean Ve
FVR = logi0 1 can vm

where Ve and Vm are the relative tumour volume of the
control and treated groups respectively at the time when
tumour volume difference between control and treated
mice was at a maximum.

On the same day as the tumours were measured, blood
samples were taken from the tail vein and collected into
25-ul capillaries (Horwell, Hampstead, UK). These sam-
ples were diluted in 375 pl 0.7 M phosphate buffer and
blood concentration of hCG was estimated by radioimmu-
noassay [11].

Preparation of plasma and tissue for HPLC analysis

For mitozolomide, blood samples were taken by cardiac
puncture from mice under halothane anaesthesia at the
following points: 0, 5, 10, 15, 30 min, 1, 2, 4 h after drug
administration. Tissues (tumour, liver, kidney, lung, brain)
were removed at the same time. Plasma and tissues were
immediately frozen at —20 °C until required for analysis.
Samples were estimated by high-pressure liquid chroma-
tography (HPLC) as described previously [2].

For etoposide, blood and tissue samples were obtained
by the procedure outlined above at the following times: 0,
15, 30 min, 1, 1.5, 2, 3 h after drug administration. HPLC
analysis of etoposide was performed as described previ-
ously [1].

Pharmacokinetic calculations. No attempt was made to fit
plasma and tissue C x t curves to a pharmacokinetic mod-
el. Area under the C xt curve (AUC) was estimated by the
trapezoidal rule to the final sample time.

Results

Antitumour activity of etoposide and mitozolomide

The antitumour effect of etoposide and mitozolomide is
shown in Fig. lA-D. Both agents produced a significant
tumour growth delay (Fig. 1A, C) without achieving com-
plete remission. FVR values for etoposide and mitozolo-
mide calculated from the data shown in Fig. 1A and C re-
spectively were almost identical (0.55 and 0.58 respective-
ly). Blood concentrations of hCG produced by the tumour
did not show any appreciable changes between treated and
control animals. However, both a reduction in tumour
growth (FVR=0.722) and a fall in hCG concentrations
were apparent after a second course of etoposide.

Plasma and tissue distribution of eroposide and
mitozolomide

Concentration vs time profiles for etoposide in plasma and
tumour are shown in Fig. 2A. After i.p. administration of
20 mg/kg etoposide, the distribution in nude mice is simi-
lar to that described by Columbo et al. [3] in C57B1/66
mice. The highest concentrations were found in the liver
(19.6 ughml~") and the lowest in the brain
(0.555 ugh.ml~"). The distribution of mitozolomide in
plasma and tumour (Fig. 2B) and in other tissues studied
was similar to that observed in AKR mice [2]. Concentra-
tions of drug in tumour were 30% and 60% of plasma levels
for etoposide and mitozolomide respectively.

Effect of etoposide and mitozolomide against JAR viability
in vitro

Figure 3A illustrates that JAR viability is significantly de-
creased as etoposide concentration is increased between
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Fig. 1 A-D. Chemosensitivity profiles for the CC3 xe-
nograft in the s.c. nude mouse assay. Drugs were ad-
ministered i.p. at the times indicated (arrows). Mitozol-
omide was given at a dose of 16 mg/kg/day and etopo-
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0.01 and 0.5 pg/ml. In vitro drug esposure as a function of
C x t was calculated for each concentration and exposure
time used. Etoposide was shown to decompose by 21%
over 72 h (Ke=0.003 min — 1) and the C x t value was cor-
rected for this loss. Cytotoxicity of etoposide is dependent
on drug esposure. For example, an approximately 1-log
cell kill was achieved using either 5pg/ml over 3 h
(15.0 pg.homl™" or 0.5 ug ml over 24 h (11.7 pg.h.mi— ).
Mitozolomide (Fig. 3B) showed no significant activity
in vitro at concentrations of 1-10 pg/ml after 3- to 24-h
exposures. Increasing mitozolomide concentration to
100 pg/ml resulted in an increase in toxicity to JAR cells
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Fig. 2 A, B. Plasma and tumour concentrations of etoposide (A)
and mitozolomide (B) in nude mice after administration of
20 mg/kg etoposide or 16 mg/kg mitozolomide

£V side at 20 mg/kg/day

but there was less than a 1-log cell kill. Prolonging expo-
sure time up to 24 h did not significantly increase cytotoxi-
city of mitozolomide. This observation was not unexpected
because the decomposition half-life of mitozolomide in
phosphate buffer [19] and in our studies in cell media was
approximately 55 min. Therefore, after 6 h virtually no
cytotoxic products would be present. On comparison with
control wells where solvents alone were added, there was
no effect on cell number.

Discussion

In the present study we have evaluated the antitumour ac-
tivity of a clinically effective drug (etoposide) and also a
novel agent (mitozolomide), against the CC3 choriocarci-
noma xenograft. Maximum tolerated doses of these agents
were administered over a 5-day schedule and the relative
tumour volume was used as the end-point. Tumour hCG
production was also measured and compared to tumour
growth.

Although etoposide shows a significant tumour growth
delay, it is at best only marginally active (Fig. 1A). This
does not correlate well with clinical observations where
etoposide is used as a first-line drug in the treatment of
choriocarcinoma [14]. In contrast, other authors have
shown a good correlation between the activity of antican-
cer drugs against xenografts and clinical efficacy [20, 22].
The activity of mitozolomide against the CC3 xenograft
(Fig. 1C) was comparable to that of etoposide. A similar
growth delay was also observed at the lower total dose of
40 mg/kg mitozolomide (FVR=0.26). The poor response
of the CC3 choriocarcinoma to mitozolomide was unex-
pected, since mitozolomide had been shown to be highly
effective against other human tumour xenografts {6]. In ad-
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Fig. 3 A, B. Etoposide (A) and mitozolomide (B)
1 cytotoxicity as a function of exposure time in vitro.
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dition to the limited responses reported here to etoposide
and mitozolomide, CC3 showed only moderate growth de-
lay when treated with methotrexate and the thymidylate
synthetase inhibitor CB 3717 (M. Jones and K. R. Harrap,
personal communication). The relative inactivity of both
agents cannot be explained by different metabolic pro-
cesses in man and mouse. Unchanged etoposide is the ac-
tive cytotoxic species [23] and mitozolomide spontaneous-
ly decomposes to yield the active metabolite [8, 21]. It is
possible that etoposide and mitozolomide fail to reach suf-
ficient concentration in tumour tissue in order to elicit a
cytotoxic response. This hypothesis was investigated by
evaluating the pharmacokinetics of both agents in nude
mice. The pharmacokinetics of etoposide [3] and mitozolo-
mide [2, 9] have been previously studied in mice. In the
present investigation, the plasma and tissue distribution of
etoposide and mitozolomide in nude mice bearing a chor-
iocarcinoma xenograft (Fig. 2A, B) was comparable to that
found in those studies cited above. Both etoposide and mi-
tozolomide were well distributed in tissues after i.p. ad-
ministration, and appreciable concentrations of these
drugs were found in tumour tissue. A dose of 20 mg/kg
etoposide in the mouse is approximately equivalent to
62 mg/m? in man [7]. The plasma concentration of etopo-
side after infusion of 100 mg/m? rached 20 ug/ml [1], vir-
tually identical to the level obtained in mice (Fig. 2A). Al-
so, peak tumour concentration of etoposide was 3.9 ug/mil
in mice, which is comparable to concentrations of 2—-6 pug/
ml etoposide observed in the myometrium of patients with
gestational choriocarcinoma [5] after a therapeutic dose of
this agent. In contrast, the AUC value in man (84 ug-h
-ml~!) [1] was over five times greater than that in mice
(16 ug-h-ml~"). Tumour concentrations of etoposide in
man were 40%—50% of plasma levels [5], similar to the tu-
mour:plasma ratios in mice (1:3) shown in Fig. 2A. There-
fore the relative insensitivity of the CC3 xenograft to etop-
oside may be due, at least in part, to reduced exposure of
the tumour to the drug compared with the greater potential
drug contact time in patients. The peak plasma concentra-
tion of mitozolomide achieved in mice (10 ng/ml; Fig. 2B)
was comparable to that achieved in man (6 pg/ml) [15] at a
dose of 115 mg/m? (which will induce severe thrombocy-
topaenia on repeated dosing or in patients who have re-
ceived prior therapy).

Unfortunately, attempts to grow CC3 in vitro have so
far been unsuccessful, and in the absence of this cell line
we employed a different choriocarcinoma cell line (JAR)
derived from another patient. As was expected on the basis
of the proposed mechanism of action of etoposide [23],
JAR cell survival appeared to be greatly influenced by
drug contact time. Drug concentrations of 0.5 png/ml for

Mitozolomide concentration (ug/ml)

JAR cells were exposed to drugs at the concentra-
tions indicated for 3-72 h

24 h produced a 1-log cell kill, whereas a comparable ef-
fect was realised after exposure for only 3 h when the con-
centration was raised to 5 pg/ml. The importance of con-
tact time in determining the effect of etoposide has already
been described for other cell types [4, 13]. The cytotoxicity
against JAR cells approaches a plateau with increasing
concentration at a fixed exposure time (Fig. 3A).

The inactivity of mitozolomide was unexpected. At in
vitro concentrations comparable to those used in this
study, mitozolomide had significant activity against a
number of different human cell lines [6, 8]. Mitozolomide
has activity comparable to that of CCNU [6], and in some
cell lines concentrations of CCNU exceeding 10 pg/ml
were required for activity [10]. However, exposure of
CCNU in these studies was comparable to C x t values in
the present study. Increasing the exposure time of mitozol-
omide would not be expected to increase toxicity in vitro
since decomposition of the drug is virtually complete with-
in 6 h.

The lack of correlation between cytotoxicity in JAR
cells in vitro and antineoplastic activity against the CC3
xenograft in vivo is, of course, difficult to interpret. How-
ever, we are now able to grow the JAR xenograft in mice
and investigations to evaluate the sensitivity of this tumour
are under way.

Acknowledgements. The authors wish to thank Bridget Carrol and
Joan Boden for their expert technical assistance.

References

1. Brindley CJ, Antoniw P, Newlands ES, Bagshawe KD (1985)
Pharmacokinetics and toxicity of the epipodophyllotoxin de-
rivative etoposide (VP 16-213) in patients with gestational
choriocarcinoma and malignant teratoma. Cancer Chemother
Pharmacol 15: 66

2. Bridley CJ, Antoniw P, Newlands ES (1986) Plasma and tis-
sue disposition of mitozolomide in mice. Br J Cancer 53: 91

3. Columbo T, Broggini M, Torti L, Erba E, D’Incalci M (1982)
Pharmacokinetics of VP16-213 in Lewis lung carcinoma bear-
ing mice. Cancer Chemother Pharmacol 7: 127

4. D’Incalci M, Erba E, Vaghi M, Morasca L (1982) In vitro cy-
totoxicity of VP16 on primary tumour amd metastases of
Lewis lung carcinoma. Eur J Cancer Clin Oncol 18: 377

5. D’Incalci M, Sessa C, Rossi C, Roviaro G, Mangioni C
(1985) Pharmacokinetics of etoposide in gestational chorio-
carcinoma. Cancer Treat Rep 67: 69

6. Fodstad O, Aamdal S, Pihl A, Boyd MR (1985) Activity of
mitozolomide (NSC 353451), a new imidazoterazine, against
xenografts from human melanomas, sarcomas and lung and
colon carcinomas. Cancer Res 45: 1978

7. Friereich EJ, (1966) Quantitative comparison of toxicity of
anticancer agents in mouse, rat, dog, monkey and man. Can-
cer Chemother Rep 50: 219



10.

1.

12.

. Gibson NW, Hickman JA, Erickson LC (1984) DNA cross-

linking and cytotoxicity in normal and transformed human
cells treated in vitro with 8-carbamoyl-3-(2-chloroethyl)imida-
zo[5, 1-d}-1, 2, 3, 5-tetrazin-4 (3h)-one. Cancer Res 44: 1772

. Goddard C, Slack JA, Stevens MFG (1985) Antitumour im-

idazotetrazines. IX. The pharmacokinetics of mitozolomide in
mice. Br J Cancer 52: 37

Hickman JA, Stevens MFG, Gibson NW, Langdon SP, Fitz-
james C, Lavelle F, Atassi G, Lunt E, Tilson RM (1985)
Experimental antitumour activity against murine tumour
model systems of 8-carbamoyl-3-(2-chloroethyl)-imidazo[5,
1-d]-1, 2, 3, 5,-tetrazin-4 (3H)-one (mitozolomide), a novel
broad-spectrum agent. Cancer Res 45: 3008

Kardana A, Bagshawe KD (1975) A rapid, sensitive and spe-
citive radioimmunoassay for human chorionic gonadotro-
phin. J Immunol Methods 9: 27

Lee YF, Workman P, Roberts JJ, Bleechen NM (1985) Clinical
pharmacokinetics of oral CCNU. Cancer Chemother Pharma-
col 14: 125

. Matsushiba Y, Kanzawa F, Hoshi A, Shimizu E, Nomori H,

Sasaki Y, Saijo N (1985) Time schedule dependency of the in-
hibitory activity of various anticancer agents in the clonogen-
ic assay. Cancer Chemother Pharmacol 14: 104

. Newlands ES, Bagshawe KD (1982) The role of VP16-213

(etoposide, NSC 141540) in gestational choriocarcinoma.
Cancer Chemother Pharmacol 7: 211

. Newlands ES, Blackledge G, Slack JA, Goddard C, Brindley

CJ, Holden L, Stevens MFG (1985) Phase I clinical trial of
mitozolomide. Cancer Treat Rep 69: 801

16.

20.

21.

22.

23.

225

O’Dwyer PJ, Leyland-Jones B, Aconsu MT, Marsoni S, Wi-
ters RE (1985) Etoposide (VP16-213). Current status of an ac-
tive anticancer drug. N Engl J Med 312: 692-700

. Patillo RA, Ruckert A, Hussa R, Bernstein R, Delfs E (1971)

The JAR cell line — continuous human multihormone pro-
duction and controls. In Vitro 6: 398

. Searle F, Boden J, Lewis JCM, Bagshawe KD (1981), A hu-

man choriocarcinoma xenograft in nude mice: a model for
the study of antibody localisation. Br J Cancer 44: 137

. Slack JA, Goddard C (1985) Antitumour imidazotetrazines.

VIII. Quantitative analysis of mitozolomide in biological
fluids by HPLC. J Chromatogr 33: 178

Steel GG, Courtenay VD, Peckham MJ (1983) The response
to chemotherapy of a variety of human tumour xenografts. Br
J Cancer 47: 1

Stevens MFG, Hickman JA, Stone R, Gibson NW, Baig GU,
Lunt E, Newton CG (1984) Antitumour imidazotetrazinones.
1. Synthesis and chemistry of 8§-carbamoyl-3-(2-chloro-
ethyl)imidazo[5, 1-d]-1, 2, 3, 5-tetrazin-4 (3h)-one, a novel
broad spectrum antitumour agent. ] Med Chem 27: 196
Venditti JM (1983) The National Cancer Institute antitumour
drug discovery program, current and future perspectives: a
commentary. Cancer Treat Rep 67: 767

Wozmak AJ, Ross WE (1983) DNA damage as a basis for
4’-demethylepipodophyllotoxin-9-(4, 6-O-ethylidine-p-D-glu-
copyranoside) (etoposide) cytotoxicity. Cancer Res 43: 120

Received October 14, 1985/Accepted December 29, 1986



