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Abstract 

Resistance to platinum-containing regimens can develop in many women with ovarian cancer and may lead to relapse in >80% of 
patients. ZD0473 is a new-generation platinum agent that, in preclinical studies, shows evidence of antitumour activity and overcomes 
platinum-resistance mechanisms. This Phase II trial has evaluated the efficacy and tolerability of ZD0473 in second-line ovarian cancer 
patients. Patients received ZD0473 120 mg/m 2 (1-h iv infusion, day 1 q 3-weeks); the starting dose was increased to 150 mg/m 2 after 
a safety review. We report here on results when patients are divided into four cohorts depending upon whether they were considered 
platinum-resistant or -sensitive. Patients were placed into one of 3 cohorts if they were platinum resistant (relapsed/progressed <26 
weeks after completion of prior platinum-based chemotherapy) or cohort 4 if this period was >26 weeks (sensitive). Ninety-four 
patients were recruited to the trial (59 resistant, 35 sensitive; median age 58 [range 27-75] years; 86 with performance status [PS] _5< 1). 
Forty-nine patients received a starting dose of 120 mg/m 2, of which 15 escalated to 150 mg/m 2, and 45 received a starting dose of 
150 mg/m 2. Overall, the median number of treatment cycles received was 3 (range 1-8). Grade 3/4 thrombocytopenia was the most 
common haematological adverse event occurring in 62% of patients overall. Grade 3/4 lethargy, vomiting and nausea were the most 
common non-haematological toxicities. No clinically significant oto-, nephro- or neurotoxicity was observed. Overall response rates for 
all platinum-resistant and -sensitive patients were 8.3% and 32.4%, respectively. Stable disease occurred in 17 resistant and 15 sensitive 
patients. © 2002 Elsevier Science Ltd. All rights reserved. 
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1. P l a t i n u m  res is tance  in ovarian cancer  

Resistance to platinum-containing regimens can de- 
velop and this can lead to relapse in >80% of  ovarian 

* Tel.: +44-0207-808-2198; Fax: +44-207-808-2475. 
E-mail address: martin.gore@rmh.nthames.nhs.uk (M.E. Gore). 

cancer patients [1]. Three different mechanisms may cause 
this resistance: (1) decreased drug accumulation; (2) in- 
creased intracellular drug inactivation; and (3) prevention 
of  cell death following p la t inum-DNA binding [2,3]. 

Following relapse, the likelihood of  a response to plat- 
inum-containing chemotherapy increases with the length 
of  time since the patient's previous treatment of  this type 
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[4,5]. However, patients relapsing within 6 months of their 
previous therapy are considered to be platinum-resistant 
[6]. 

Clearly, the development of novel agents that pro- 
vide activity in relapsed, platinum-resistant ovarian cancer 
patients is very important [7]. 

and that the recommended starting dose for Phase II stud- 
ies was 120 mg/m 2. 

Amongst Phase II trials was a study to determine the 
antitumour activity of ZD0473 monotherapy in patients 
with ovarian cancer who had relapsed after first-line, plat- 
inum-based chemotherapy. The results from this study are 
described in this paper. 

2. ZD0473 

ZD0473 (cis-amminedichloro[2-methylpyridine]plati- 
num[II]) is a new platinum agent that has been rationally 
designed to overcome the mechanisms of platinum re- 
sistance. Data from preclinical studies demonstrated that 
ZD0473 has an extended spectrum of antitumour activity 
in a number of different cell and tumour types, including a 
panel of 11 ovarian cancer cell lines [2] and ovarian cancer 
cells derived from clinical tumours [8]. Holford et al. [2] 
have also reported that ZD0473 retained its activity against 
three platinum-resistant ovarian cell lines that represented 
the main mechanisms of cisplatin resistance [2]. ZD0473 
also exhibits antitumour activity against six out of seven 
human ovarian cancer xenografts, including those with 
cisplatin resistance [9,10]. 

Phase I studies provided evidence for the anti-tumour 
activity of ZD0473 in the clinical setting, including a 
partial response (PR) in a patient with recurrent ovarian 
carcinoma. Stable or improved disease was also observed 
in five other patients with a variety of tumours, includ- 
ing two patients with ovarian cancer [11]. Phase I studies 
demonstrated that ZD0473 had a manageable toxicity pro- 
file, with the main toxicity being myelosuppression [11] 
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3. ZD0473 Phase II trial in patients with ovarian 
cancer 

As noted earlier, this was a Phase II, open-label, non- 
comparative, multicentre study in women with histologi- 
cally or cytologically confirmed measurable ovarian can- 
cer who had previously failed one prior platinum-based 
chemotherapy regimen. Patients were recruited from cen- 
tres across Europe, South Africa and Australia. 

Patients were screened to establish eligibility. Patient 
inclusion criteria were: women aged _>18 years with 
a histologically or cytologically confirmed diagnosis of 
ovarian cancer who had failed first-line, platinum-based 
chemotherapy; life expectancy of _> 12 weeks; progressive 
or relapsing disease; and WHO performance status <2; 
absolute neutrophil count (ANC) _>1.5 x 109/L, platelets 
_> 100 x 109/L and haemoglobin >9 g/dL; creatinine clear- 
ance >60 mL/min; serum bilirubin ___ 1.25 × upper limit 
of reference range (ULRR) and alanine/aspartate amino- 
transferase (ALT/AST) <5 × ULRR. All patients provided 
informed, written consent prior to study entry. 

Patients were divided into four cohorts (Fig. 1), with 
cohorts l-3 considered to be platinum-resistant and cohort 
4 considered to be platinum-sensitive. 

Sensitive 

End of 
platinum-based 
chemotherapy 

12 weeks 

26 weeks 

Cohorts 
Following completion of platinum therapy patients relapsed/progressed: 

• _<12 weeks having shown no response 

• _<12 weeks having responded 

[ ]  12-26 weeks 
[ ]  >_26 weeks 

Fig. 1. Patient cohorts. 



M.E. Gore et al . /  European Journal of Cancer Vol. 38 Suppl. 8 (2002) $7-S12 $9 

Table 1 
Patient demographics 

No. patients (n = 94) 

58 (27-75) Median age, years (range) 
No. patients per cohort 

cohort 1 11 
cohort 2 19 
cohort 3 29 
cohort 4 35 

WHO performance status 
0 5O 
1 36 
2 8 

Creatinine clearance (mL/min) 
<60 14 
60-79 37 
>80 43 

Metastatic disease 
yes 74 
no 20 

Prior therapies, n (%) 
none 0 (0) 
surgery 88 (93.6) 
chemotherapy 94 (100.0) 
immunotherapy/hormonal therapy 2 (2.1) 
radiotherapy 2 (2.1) 
other 2 (2.1) 

Table 3 
Percentage of patients with grade 3/4 haematological toxicity (worse 
grade per patient) 

ZD0473 dose (mg/m 2) 

120 120/150 150 total 
( n = 3 4 )  ( n = 1 5 )  ( n = 4 5 )  ( n = 9 4 )  

Thrombocytopenia 38 60 80 62 
Neutropenia 32 20 47 37 
Anaemia 29 53 33 35 

of any non-haematological toxicity to <grade 2. If these 
re-treatment criteria were not met by Day 28, the dose of 
ZD0473 was reduced in all subsequent cycles. Patients not 
meeting the criteria by Day 43 were withdrawn from the 
study. 

Adverse events occurring during each cycle and up to 
30 days after the last dose of ZD0473 were classified using 
the National Cancer Institute Common Toxicity Criteria 
(NCI-CTC). Revised NCI response evaluation criteria in 
solid tumours (RECIST) criteria were used to determine 
tumour response after treatment cycles 2, 4 and 6, at 
treatment withdrawal, and at subsequent visits until disease 
progression. 

Initially, a starting dose of 120 mg/m 2 ZD0473 (1-hour 
iv infusion) was administered to patients on Day 1 of a 
3-week cycle. This dose was escalated to 150 mg/m 2 in 
the absence of major toxicity. Following a safety review 
showing that 120 mg/m 2 was well tolerated, the start- 
ing dose was modified to 150 mg/m 2, which was also 
administered at 3-week cycles. 

Patients who did not experience disease progression 
could receive up to six treatment cycles. Biochemical 
and haematological parameters were measured on Days 
1, 8, 15 and 22 of each treatment cycle, at treatment 
withdrawal, and 30 days after the last dose. In cases 
of dose delay, these measurements were also performed 
on Days 29, 36 and 43. After the first treatment cycle 
(and prior to subsequent cycles), the following criteria 
had to be met before further treatment was given: ANC 
_> 1.5 x 109/L; platelets _> 100 x 109/L; serum creatinine 
_< 1.25 x ULRR; bilirubin < 1.25 × ULRR; and resolution 

4. Results 

A total of 94 patients were recruited into the study and 
the demographics of patients in cohorts 1-4 are shown in 
Table 1. 

A total of 49 patients received a starting dose of 120 
mg/m 2, of whom 15 patients were subsequently escalated 
to 150 mg/m 2 as the initial starting dose was well toler- 
ated. A total of 45 patients received a starting dose of 150 
mg/m 2 (Table 2). 

4.1. Tolerability of  ZD0473 in ovarian cancer 

Grade 3/4 haematological toxicities included throm- 
bocytopenia, neutropenia and anaemia (Table 3). Further 
details relating to the tolerability profile of ZD0473 in 
ovarian cancer can be found in the accompanying primary 
manuscript [ 12]. 

Table 2 
ZD0473 treatment received 

ZD0473 dose (mg/m 2) 

120 
( n = 3 4 )  

120/150 
( n = 1 5 )  

150 
(n = 45) 

total 
(n = 94) 

Total no. cycles 
Median no. cycles (range) 
No. patients receiving >4 cycles 
No. patients with cycles delayed due to toxicity 
No. patients with dose reduced >20% 

104 
2 (1-8) 
13 
10 
6 

67 
6 (2-6) 
10 
6 
8 

166 
3 (1-8) 
21 
25 
21 

337 
3 (1-8) 
44 
41 
35 
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Table 4 
Activity of ZD0473 
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Cohort No. patients (n = 82) 

evaluable complete response partial response stable disease disease progression 

1 8 0 0 2 6 
2 13 0 1 4 8 ~ 
3 27 3 0 11 13 
4 34 5 6 15 8 a 

aIncludes 1 patient with symptomatic deterioration. 

4.2. Activity o f  ZD0473 in ovarian cancer 

Activity data were available for 82 patients (48 plat- 
inum-resistant, 34 platinum-sensitive) and some antitu- 
mour activity was observed in cohorts 2, 3 and 4 (Table 4). 
Activity was minimal in patients who responded to prior 
platinum therapy but relapsed within 3 months (cohort 2), 
with only 1 PR. However, three complete responses (CR) 
were seen in cohort 3 (patients who had relapsed 3-6 
months from prior platinum therapy) and patients who had 
relapsed >6 months from prior platinum therapy (cohort 
4) were associated with encouraging antitumour activity (5 
CR, 6 PR). There was no antitumour activity in patients 
who did not respond to previous platinum therapy and 
progressed within 3 months of treatment (cohort 1) [Table 
4]. 

Overall, there was minimal antitumour activity in 
patients who were platinum-resistant. The majority of re- 
sponses amongst platinum-resistant patients were observed 
in patients who had relapsed 3--6 months after ending 
prior platinum therapy (cohort 3). In contrast, antitumour 
responses were most frequently observed in platinum-sen- 
sitive patients (cohort 4). 

The time to progression (TTP) for cohorts 1-3 (plat- 
inum-resistant) and cohort 4 (platinum-sensitive) is shown 
in Fig. 2. The overall response rate for the platinum-resis- 
tant patients was 8.3% (95% CI 2.3, 20.0) in comparison 
with 32.4% (95% CI 17.4, 50.5) for the platinum-sensi- 
tive patients. TTP for the platinum-resistant and -sensitive 

groups was 57 (95% CI 49, 92) and 180 (95% C1 98, 299) 
days, respectively. 

The time to death (TTD) for cohorts 1-3 and cohort 4 is 
shown in Fig. 3. The overall TTD for the platinum-resistant 
patients was 242 (95% CI 194, 560) days with 39.3% of 
patients surviving at 1 year. In contrast, the overall TTD 
for the platinum-sensitive patients was 402 (95% CI 309, 
480) days with 55.4% of patients surviving at 1 year. 

5. D i s c u s s i o n  

The present study provides evidence that ZD0473 has a 
manageable tolerability profile when administered as sec- 
ond-line chemotherapy for ovarian cancer. Furthermore, 
ZD0473 does show some activity in the second-line ther- 
apy of ovarian cancer in patients who have relapsed after 
prior platinum chemotherapy. This activity is particularly 
apparent in those patients who are platinum-sensitive. 

Studies have previously shown that the use of cisplatin 
or carboplatin as second-line therapy in patients who are 
platinum-sensitive produces a response rate of at least 30% 
[4,13-15], which is comparable with the response rate in 
the ZD0473-treated, platinum-sensitive patients (32.4%) 
reported in this study. Previously published TTP data 
shows longer median TTP for cisplatin-treated patients 
who are platinum-sensitive (approximately 46 weeks) [14] 
than the TTP for ZD0473 reported in this study (24-25 
weeks). 
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Fig. 2. Median time to progression (Kaplan-Meier). 
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ZD0473 appears to possess similar activity to standard 
platinum agents when used as second-line therapy in ovar- 
ian cancer patients who are platinum-sensitive. To iden- 
tify whether ZD0473 offers any therapeutic advantages 
to patients classified as platinum-resistant, the results can 
be compared with other studies in relapsed/resistant ovar- 
ian cancer patient populations. Paclitaxel, topotecan and 
liposomal doxorubicin monotherapy are standard treat- 
ment options in platinum-resistant patients [16] and these 
treatments offer useful comparisons with which to assess 
the activity of ZD0473. 

Higher response rates have been reported in patients 
with platinum-resistant ovarian cancer with paclitaxel or 
liposomal doxorubicin. Response rates of 30-48% have 
been reported in paclitaxel-treated platinum-resistant ovar- 
ian cancer [17-19] that are superior to the response rate of 
8.3% in the present study. Liposomal doxorubicin has also 
shown response rates of 12-26% in platinum-refractory 
ovarian cancer [20,21]. Topotecan has been shown to pro- 
duce overall response rates of 6-13% in platinum-resistant 
ovarian cancer [21,22], which is similar to the response 
rate of 8.3% reported in the present study. 

Clinical studies have indicated that the median TTP in 
platinum-resistant patients is approximately similar for the 
clinically approved monotherapy agents paclitaxel, topote- 
can and liposomal doxorubicin, with none reporting TTP 
equivalent to those seen in retreated platinum-sensitive 
patients [14]. In platinum-resistant patients, paclitaxel has 
been shown to produce median TTPs of 14 and 17 weeks 
[19,22], liposomal doxorubicin 16 weeks [21] and topote- 
can 14 and 23 weeks [21,22]. 

Other chemotherapeutic agents, such as oral etoposide 
[23] and vinorelbine [24] are currently being investigated 
in platinum-resistant ovarian cancer and have produced 
reasonable response rates (27% and 21%, respectively). 
However, it should be highlighted that these response rates 
were achieved with significant dose-limiting haematologi- 
cal toxicity, while in comparison ZD0473 has manageable 
tolerability and minimal dose-limiting adverse events. 

Studies are currently ongoing with other new platinum 
agents such as oxaliplatin [7]. 

6. Conclusions 

In conclusion, the results of the present study indicate 
that while ZD0473 is effective in overcoming preclinical 
models of platinum resistance, major resistance mecha- 
nisms remain in the clinical setting that limit the activity of 
ZD0473 in platinum-resistant patients. However, ZD0473 
may offer some benefits in terms of tolerability over exist- 
ing platinums and may therefore be a possible alternative. 

Final data are almost complete from ZD0473 com- 
bination studies, including studies evaluating ZD0473 in 
combination with paclitaxel [25] and liposomal doxoru- 
bicin [26]. Interestingly, some antitumour activity (CR and 

PR) has been reported in the latter trial that included 
patients with refractory ovarian cancer. 
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