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Phase | dose-escalation trial of ZD9331 in Japanese patients
with refractory, solid malignancies
Wasaburo Koizumi2, Keisuke AibaP, Tsuneo Sasakic, Atsushi Satod and

Noboru Horikoshib

Background ZD9331 is a novel thymidylate synthase
inhibitor that, unlike some other antifolates, does not
require polyglutamation for activity. This phase |
dose-escalation trial investigated the tolerability, efficacy
and pharmacokinetics of ZD9331 in Japanese patients
with refractory, solid malignancies.

Patients and methods The mean age of patients was 57.6
years, and the most common primary tumours were
gastric and colorectal cancer. Most patients had received
prior chemotherapy and/or surgery. ZD9331 (69, 108 and
130 mg/m?2/day) was administered as a 30-min i.v.
infusion on days 1 and 8 of a 3-week cycle.

Results A total of 18 patients received ZD9331 treatment;
six at each dose level. Patients received a median of

2 cycles of treatment. ZD9331 demonstrated some
antitumour activity, with one-third of patients showing no
significant change in tumour size. ZD9331 was associated
with non-dose-dependent myelosuppression, and dose-
limiting toxicity was observed in one patient given

69 mg/m2/day and one patient given 130 mg/m2/day. The
maximum plasma concentration and total area under the
concentration-time curve increased with ZD9331 dose,

Introduction

Thymidylate synthase ('T'S) is an essential enzyme for
DNA replication and cell growth, and is the only &z novo
source of thymine nucleotide precursors for DNA syn-
thesis [1]. TS is a chemotherapeutic target for conven-
tional anticancer drugs, e.g. S-fluorouracil and, more
recently, for folate-based T'S inhibitors such as Z1D9331
[2]. ZD9331 is a novel, direct-acting T'S inhibitor that is
transported into cells via a saturable, carrier-mediated
system [reduced folate carrier (RFC)]. RFC proteins are
believed to be overexpressed in certain cancer cells [3]
and thus ZD9331 may selectively target tumour cells.
Many antifolate drugs require polyglutamation by the
enzyme folylpolyglutamate synthetase (FPGS) for cell
penetration and retention [4], whereas, in contrast to
some other folate analogues, ZD9331 does not require
polyglutamation by FPGS for activity [5]. Some cancer
cells display antifolate drug resistance due to underex-
pression of FPGS; therefore, Z1D9331 may also be active
in these tumour types. [6].
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whereas other pharmacokinetic parameters remained
constant and independent of dose. Pharmacokinetic
parameters were comparable following day 1 and 8 doses,
with no accumulation of ZD9331 following the second dose.

Conclusion ZD9331 has a manageable toxicity profile and
shows some evidence of activity in Japanese patients with
refractory, solid malignancies. The pharmacokinetic profile
of ZD9331 in Japanese patients is similar to that observed
in Western patients. Anti-Cancer Drugs 14 (suppl 1):S1-S5
© 2003 Lippincott Williams & Wilkins.
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Previous studies have investigated the tolerability and
pharmacokinetics of ZD9331. Phase I studies of treat-
ment refractory patients with a range of solid tumours
indicated that the principal dose-limiting toxicities
(DLTs) for ZD9331 were myelosuppression and skin rash
[7-10]. In phase I studies of Western patients, where
ZD9331 was administered as a 30-min infusion for 5 con-
secutive days, every 3 weeks, clearance of ZDD9331 was
non-linear and did not correlate with body surface area. A
fixed dose of 25 mg/m?/day was well tolerated and a
minor response was observed in one patient with col-
orectal cancer treated with 12 mg/m?2/day ZD9331 [7]. In
patients receiving ZID9331 as a continuous infusion for
5 days, DL'Ts were observed in three of six patients at the
8 mg/m?/day dose level. Maximum plasma concentration
(C.) and area under the concentration—time curve
(AUCQC) increased with dose; clearance (CL) was predom-
inantly renal and dose-dependent. Furthermore, evi-
dence of some antitumour activity against breast and
ovarian cancers was observed [8]. ZD9331 is also
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available in an oral formulation and phasel studies
recommend a daily oral dose of 3 mg/day for 28 days
followed by a 14-day rest period [9].

This paper summarises the main tolerability, efficacy and
pharmacokinetic data from a phase I study of i.v. ZD9331
in Japanese patients with refractory solid malignancies.
In addition, a secondary objective of this study was to
compare pharmacokinetic parameters of ZD9331 in
Japanese patients with data from a similar phase I
Western study [11,12].

Patients and methods

Study design

This was a multicentre, non-randomised, collaborative,
open study employing a central registration method.

Patients

Adult Japanese patients with histologically or cytologi-
cally confirmed solid tumours resistant to standard
therapy, or for whom no appropriate treatment was avail-
able, were entered into this phase I, dose-escalating
study, provided they had a life expectancy of 23 months
and a WHO performance status of 0-2. Patients were
also required to present with adequate haematological,
renal and hepatic function. Patients were excluded if
they had received anticancer therapy (including treat-
ment with other investigational anticancer drugs) within
4 weeks of the study, or extensive radiotherapy or
chemotherapy with mitomycin C or nitrosoureas.
Patients taking folic acid supplements within 48 h of
treatment, presenting with brain metastasis or other
severe complications (e.g. active double cancer) were
also excluded.

The study was conducted in agreement with the princi-
ples of Good Clinical Practice according to the
Declaration of Helsinki, approved by the local ethics
committee and written informed consent was obtained
from each patient. Criteria for patient withdrawal
included non-compliance, the occurrence of serious
adverse events (AEs) or complications, disease progres-
sion (PD) and failure to meet re-treatment criteria.

Treatment '

Four different dose levels of ZD9331 were originally
planned (69, 108, 130 and 162.5 mg/m?/day). Patients
were administered ZD9331 as a 30-min i.v. infusion on
days 1 and 8 of a 3-week treatment cycle. Patients met
the following re-treatment criteria before each subse-
quent cycle of treatment: white blood cell count
23500/mm3, neutrophil count >2000/mm3, platelets
2105/mm3, total bilirubin <1.25 x upper limit of reference
range (ULRR), glutamic-oxaloacetic transaminase
(GOT) or glutamic-pyruvic transaminase (G'TP)
<2.5 x ULRR (5 x ULRR in the presence of liver metas-
tases) and serum creatinine <1.25 x ULRR.

DLT was evaluated after the first cycle of treatment at
each dose level. Three patients were to be included at
each dose level and three additional patients recruited to
the same dose level if DT was observed in one or more
out of three patients. If DLT was observed in three
patients, there was no further treatment at that dose
level. If no DLT was observed, three patients were
recruited to the next dose level. Intra-patient dose-esca-
lation was not permitted. DLT" was defined as: grade 4
neutropenia with fever or grade 4 neutropenia without
fever of 7 days or longer duration (including grade 4 neu-
tropenia with risk of potential infection, as judged by
study investigators); grade 4 thrombocytopenia; grade 3
or 4 non-haematological toxicity not improved by symp-
tomatic therapy (excluding transient and reversible ele-
vations of GOT or GPT). If re-treatment criteria were
not met or if grade 3 or 4 treatment-related neutropenia
or thrombocytopenia, or grade 2, 3 or 4 treatment-related
non-haematological toxicity (diarrhoea, stomatitis,
mucositis or rash) was observed in a patient at any time
during the first week of dosing in a cycle, the second
dose of treatment was withheld.

Tolerability and efficacy assessments

AEs were recorded continually throughout the study and
were assessed according to the National Cancer Institute
Common Toxicity Criteria (NCI-CTC). Objective
tumour response was assessed by changes in tumour size
according to the Japanese Society for Cancer Therapy’s
Ciriteria for Direct Response to Chemotherapy for Solid
Cancers [13]. The numbers of complete responses, partial
responses and the number of patients experiencing no
change or PD was also assessed. Measurable or assessable
lesions were examined by techniques including X-ray,
computed tomography, magnetic resonance imaging and
ultrasound at: (i) baseline before the first cycle of
ZD9331, (ii) at the end of each second cycle of ZD9331
and (iii) at the last dosing or withdrawal from treatment.

Pharmacokinetic assessments

Blood samples for pharmacokinetic analyses were
collected from each patient during each cycle of therapy;
pre-dose (0 h), and at 0.5, 1, 4, 8, 24, 48, 72, 96 and 168 h
after both day 1 and day 8 ZD9331 doses. One further
blood sample was taken before administration of the first
ZD9331 dose of treatment cycle 2 (336 h). Plasma
concentrations of ZD9331 were determined using high-
performance liquid chromatography tandem mass
spectroscopy with detection limits of 1.0 ng/ml [14].
Pharmacokinetic parameters were defined for ZD9331
following the day 1 and day 8 doses. These included
C, . area under the plasma concentration—-time curve
from time 0 to 168 h (AUC,,_j4g,), terminal half-life (7;,,),
CL, volume of distribution at steady state (V) and
accumulation ratio. These parameters were calculated
using WinNonlin Professional (version 1.5) non-
compartmental analyses software.



Results

Patients

Eighteen patients with refractory solid tumours were
recruited into the study. Baseline patient characteristics
are shown in Table 1. The most common primary
tumours were gastric cancer (six patients, 33%) and col-
orectal cancer (four patients, 22%), with most patients
having received prior chemotherapy (17 patients, 94%)
and/or surgery (10 patients, 56%).

Treatment

Eighteen patients received a total of 49 cycles of ZD9331
treatment at three dose levels (69, 108 and
130 mg/m?/day). Six patients were included at each dose
level. The median number of cycles of ZD9331 treat-
ment was 2 cycles/patient (range 1-10). Table 2 sum-
marises the number of cycles of ZD9331 administered to
patients at each dose level. Of the 49 cycles adminis-
tered, the second dose of treatment was withheld in
20 cycles (41%) because patients did not meet the
re-treatment criteria.

Tolerability

Overall, the most common AEs following treatment with
719331 were myelosuppression (anaemia, 83%; lympho-
cytopenia, 83%; leucopenia, 67% and neutropenia, 56%)
and liver and gastrointestinal toxicities (elevated hepatic
transaminases, 89%; nausea, 67% and elevated alkaline
phosphatase, 56%). All CTC grade 3/4 AEs are shown in
Table 3. None of the patients experienced C'TC grade 3
or 4 gastrointestinal, renal or neurological AEs at any
dose level of ZD9331. C'TC grade 1/2 events occurring in
20% and higher of patients at each dose level of ZD9331
are shown in Table 4. Eleven patients (61%) experienced
mild to moderate (grade 1/2) skin rash, but no severe
(grade 3/4) events of this type were reported. However,
DLT (grade 4 febrile neutropenia and grade 4 thrombo-
cytopenia) was confirmed in one patient receiving
7ZD9331 69 mg/m?/day and in one other patient receiving
7ZD9331 130 mg/m?/day. Based on these results and data
from a study in Western patients [11,12], the incidence of
toxicity (especially DLT following the first dose of
ZD9331) was predicted to be high at 162.5 mg/m?/day
ZD9331 and therefore treatment at this dose level was
not carried out.

Activity

All patients were evaluated for tumour response during
this study. No complete or partial responses were
observed following treatment with Z1D9331; however, no
change was observed in six patients and PD in
12 patients. At all three dose levels no change was
observed, and included one patient with lung carcinoma
and one patient with myxoma in the 69 mg/m?/day
group; two patients with gastric cancer and one patient
with oesophageal cancer in the 108 mg/m?/day group;
and one patient with colorectal cancer in the
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Table 1 Baseline characteristics of patients

No. of patients (n = 18)

Males/females (n) 9/9
Mean age [years (range)] 57.6 (33-70)
Prior therapy (n)
chemotherapy 17
surgery 10
radiotherapy 2
hormonal therapy 1
other 1
none 1
Performance status (n)
0
1
2
Primary tumour site (n)
gastric
colorectal
breast
other
Site of metastases (n)
lymphoid
liver
lung
bone
other
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Table 2 Patient exposure to ZD9331

No. of cycles of treatment

ZD9331 dose  No. of

(mg/m?2/day) patients Median Maximum Minimum Total
69 6 3 10 1 22
108 6 2 8 1 17
130 6 2 2 1 10

Table 3 All CTC grade 3/4 AEs
Dose level ZD9331 (mg/m2/day)

69a 108 1302

Grade 3 4 3 4 3 4
Haematological (n)

anaemia 0 0 3 0 2 0

thrombocytopenia 0 1 0 0 0 1

neutropenia 0 1 2 0 0 1

lymphocytopenia 1 3 4 2 1 4

leucopenia 0 1 1 0 0 1
Non-haematological (n)

bilirubin elevation 0 2 0 0 0 1

hepatic transaminase 4 0 0 0 1 0

alkaline phosphatase 3 0 0 0 2 0

pulmonary 0 0 0 1 0 0

aDLT of grade 4 neutropenia and grade 4 thrombocytopenia confirmed in one
patient.

130 mg/m?/day group. The patient with myxoma in the
69 mg/m?/day dose group received 10 cycles of treatment
and the patient with gastric cancer in the 108 mg/m?2/day
dose group received 8 cycles of treatment.

Pharmacokinetics

The mean plasma concentrations of ZD9331 following
administration on day 1 and day 8 at each dose level
are shown in Fig. 1. At the end of the 30-min infusion
of dose 1 (day 1), ZD9331 plasma levels declined
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Table 4 CTC grade 1/2 AEs occurring in 20% or more of patients

Dose level ZD9331 (mg/m2/day)

69 108 130

Grade 1 2 1 2

Haematological (n)
anaemia
thrombocytopenia
neutropenia
leucopenia

Non-haematological (n)
hepatic transaminase
alkaline phosphatase
nausea
vomiting
diarrhoea
proteinuria
haematuria
weight gain/loss
alopecia
fever in absence

of infection
skin rash
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Table 5 Pharmacokinetic parameters after day 1 dose of
ZD9331

Dose level ZD9331 (mg/m2/day)

Mean (SD) 69 108 130
AUC,_;gg 1, (ng/h/ml) 135.0 (38.0) 184.0 (80.8) 263.0 (94.6)
Conax (ig/ml) 19.9 (3.4) 275 (5.3) 37.3 (5.2)
ty0 (h) 35.5 (7.4) 34.5 (9.8) 39.0 (9.0)
CL (ml/min) 13.0 (3.7) 156.9 (6.0) 14.1 (7.1)
Ves () 15.5 (3.8) 22.0 (11.4) 18.0 (7.2)

bi-exponentially, with an initial, more rapid, decline over
the first 24 h post-dose and a subsequent slower decrease
observed up to day 8. Following the second dose (day 8),
the ZD9331 plasma concentration—time profile was
triphasic, with ZD9331 detectable until day 15 post-
dose. The #,;, was approximately 2 days. The mean phar-
macokinetic parameters following the day1 dose of
7ZD9331 are shown in Table 5. Exposure (in terms of €, ,,
and AUC) generally increased with dose, whereas the
pharmacokinetic parameters #,, CL. and V; were con-
stant and dose-independent. Pharmacokinetic para-
meters following the day 1 and day 8 doses of ZD9331
were comparable, with similar €, and AUC_jq,
values. The accumulation ratio, calculated on the basis of
AUC, 451, values following doses 1 and 2, was approxi-
mately 1, suggesting that no obvious accumulation of
Z1D9331 occurred following administration of the second
dose. However, patients showing a high systemic expo-
sure to ZD9331 (in terms of AUC) were more likely to
experience a haematological DT (data not shown).

Discussion

This study evaluated the tolerability, activity and phar-
macokinetics of i.v. ZD9331, a novel TS inhibitor, in
Japanese patients with a range of solid refractory
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Mean plasma concentrations of ZD9331 following administration of

69, 108 and 130 mg/m?/day on day 1 and day 8 in Japanese patients
with solid tumours.

malignancies. ZD9331 showed a manageable toxicity
profile in this group of patients, with no evidence of
grade 3/4 skin rash as reported in studies of Western
patients [7,15]. Furthermore, DLTs, evident as grade 3/4
thrombocytopenia and neutropenia, were consistent with
the results of other phase I studies [7-9,15]. Although no
objective responses were observed in this study, ZD9331
demonstrated some antitumour activity, with one-third of
these patients showing no significant change in tumour
size under ZD9331 treatment.
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Table 6 Pharmacokinetic parameters after day 1 dose of ZD9331 in Japanese and Western studies [11,12]

Dose level ZD9331 (mg/m2/day)

69 108 130
Mean (SD) Japanese Western Japanese Western Japanese Western
AUC,_;gg 1 (ng/h/ml)2 131.0 (29.3) 132.0 (36.4) 171.0 (34.8) 208.0 (43.0) 2470 (42.6) 227.0 (57.4)
Cinax (1g/mi)2 19.6 (19.8) 20.0 (12.8) 271 (19.7) 274 (28.3) 37.0 (13.8) 31.8 (17.8)
ty/ (h) 35.5 (7.4) 33.1 (9.5) 34.5 (9.8) 31.9 (11.3) 39.0 (9.0) 32.2 (7.6)
CL (ml/min) 13.0 (3.7) 15.6 (3.6) 15.9 (6.0) 18.1 (6.6) 14.1 (71) 18.6 (9.3)
Vi () 15.5 (3.8) 19.6 (4.3) 22.0 (11.4) 24.8 (7.4) 18.0 (7.2) 24.9 (15.9)

aGeometric mean, coefficient of variance (%).

Pharmacokinetic data confirmed that ZD9331 plasma
levels declined non-linearly and that C,,, and AUC gen-
erally increased with dose, as observed in other studies
[7,16]. ZD9331 had a low V; as previously reported [8],
and no evidence of drug accumulation was found in this
study. However, in contrast to the findings of other inves-
tigators, the 7, and CL of ZD9331 were relatively con-
stant and dose independent [7,15,16]. These findings
may reflect differences in the treatment regimen
between this and other phase I studies in terms of doses,
schedule and route of administration.

The pharmacokinetic parameters of ZD9331 adminis-
tered at identical doses in an identical treatment regimen
have also been investigated in a phase I study in Western
patients [11,12]. Seventy-one patients with solid tumours
refractory to standard therapy and a mean age of 54.6
years (range 34-75) were included in the analysis of
safety in this study. When compared, the plasma concen-
tration profiles and pharmacokinetic parameters of
ZD9331 in Japanese patients were similar to those of
Western patients receiving equivalent doses of ZD9331.
AUC_;¢3n and G, increased with dose in the present
study and correspond to phase I Western data ('Table 6).
Both studies confirm that the #;,, of i.v. ZD9331 is long,
probably as a result of slow plasma clearance.
Furthermore, both studies confirm that patients with a
high systemic exposure to ZD9331 are more likely to
experience a haematological DLT.

Conclusions

Intravenous ZD9331 has a manageable toxicity profile
and shows evidence of some activity in Japanese patients
with refractory solid malignancies. The most relevant
DLT associated with ZD9331 treatment was myelosup-
pression, which did not appear to be dose-dependent
occurring at both the 69 and 130 mg/m?/day dose levels.
Since the incidence of toxicity (DLT) was expected to be
high at ZD9331 162.5 mg/m?/day, treatment at this dose
level was not carried out. Any future studies in Japanese
patients will utilise a ZD9331 dose of 130 mg/m?2/day or

less. The pharmacokinetic profile of ZD9331 in Japanese
patients is similar to that observed in Western patients.
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