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Abstract

This prospective multicentre phase III trial was conducted to assess whether increased platinum dose intensity (DI) by combining

carboplatin with cisplatin has an impact on overall survival (OS) and progression-free interval (PFI) compared with the standard
combination of cyclophosphamide and cisplatin in patients with epithelial ovarian cancer. A total of 253 patients with epithelial
ovarian cancer of stages International Federation of Gynecology and Obstetrics (FIGO) IC–IV were randomised to receive either
cyclophosphamide (600 mg/m2, intravenously (i.v.), day 1) and cisplatin (100 mg/m2, i.v., day 2) (n=125) as the standard regimen

or carboplatin (300 mg/m2, i.v., day 1) and cisplatin (100 mg/m2, i.v., day 2) (n=128), every 28 days for six courses. The median
follow-up was 6.0 years. 124 patients randomised to the platinum dose-intensified arm and 123 patients randomised to the standard
arm met all of the eligibility criteria. Patient characteristics were well balanced between the two treatment groups. All eligible

patients randomised were included in the analysis of OS and PFI. The median OS of the standard and platinum dose-intensified
arms were 41.2 (95% Confidence Interval (CI): 29.2–50.7) and 43.0 months (95% CI: 34.3–63.2), respectively (P=Non-significant
(N.S.). The median PFI in the standard arm was 29.7 (95% CI: 17.4–41.7) versus 23.1 months (95% CI: 17.8–35.4) in the platinum

dose-intensified arm, respectively (P=N.S.). Toxicity, comprising leucopenia, granulocytopenia, thrombocytopenia, anaemia,
emesis and nausea, was statistically significantly higher in the platinum dose-intensified arm than in the standard arm. Unexpect-
edly, no statistically significant differences were found between the 2 arms’ overall neuro- and ototoxicity. When converting car-

boplatin-platinum into cisplatin-platinum on the basis of an equivalence ratio of 4:1, patients in the platinum dose-intensified arm
received a total platinum dose 1.58 times the platinum dose of the standard arm. With 35.0 mg/m2/week being administered, the
total platinum DI of the dose-intensified arm was statistically significantly (P<0.0001) higher than that of the standard regimen
(with 22.0 mg/m2 being administered). Calculating the average administered relative dose intensities of the regimens yielded almost

identical results with 0.56 and 0.58 for the standard and experimental arms, respectively. Thus, by conventional means, a 1.6-fold
increase in the platinum DI could be reached by combining carboplatin and cisplatin without unacceptable morbidity. Nevertheless,
this did not translate into any therapeutic benefit for the patient, even in the optimally debulked group of patients for whom dose-

intensification would have been expected to be of benefit.
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1. Introduction

At the start of this trial in 1990, the combination of
cyclophosphamide and cisplatin had become standard
therapy for epithelial ovarian cancer [1–3]. An Italian
gynaecological oncology group conducted a study to
assess the impact of cisplatin in the standard regimen by
comparing single agent cisplatin with three- and two-
agent chemotherapy [4]. This trial failed to demonstrate
that either of the combination regimens were superior to
single-agent cisplatin with regard to the rate of patho-
logical complete remissions (pCR) that was measured as
a likely predictor of long-term overall survival.
Intensive chemotherapy resulted in a rate of approxi-

mately 65% of pCR in optimally debulked patients [5],
but more than half of these patients with pCR even-
tually relapsed. Even at 7 years, the survival curves in
the Dutch study comparing cisplatin-containing therapy
with cisplatin-free therapy, yielded incomparably excel-
lent results, and the curves did not reach a plateau [6].
This study prompted a search for altered strategies of
primary therapy in ovarian cancer in order to obtain
higher percentages of pCR and to maintain them once
reached. Patients who might benefit most from these
new therapies were also to be tested. Therefore, high-
risk patients, and those with lower stages, e.g. FIGO IC,
were to be treated similarly to patients with advanced
stage disease.
Data on cisplatin, the most effective drug available,

were analysed providing evidence of a dose-dependent
effect both in-vitro using a clonogenic assay [7] and in
clinical trials using different dosages of cisplatin [8,9].
Regarding the new strategies, the concept of dose
intensity (DI), which advocates for an efficacy that does
not simply depend on the absolute drug concentration
reached, but merely on the dose per time unit, was
examined in ovarian cancer patients [10]. In retro-
spective analyses, significant correlations between the
amount of cisplatin per time unit given and the response
rate or the overall survival were documented. One way
to transform this concept into clinical practice is by
using an increased dose. Due to an unacceptable
increase in toxicity that followed an increase in the dose
[11], cisplatin was substituted with the analogue carbo-
platin which had been proven to be of equivalent effi-
cacy, but, in general, to be significantly less toxic,
although the pattern dose-limiting toxicities are differ-
ent with cisplatin treatment resulting in neuro-, oto-,
nephro-, and gastrointestinal toxicity and carboplatin in
haematotoxicity as its dose-limiting toxicity [12].
Data from three non-randomised studies—one phase

I/II and two phase II studies testing the combination of
cisplatin and carboplatin—did show the feasibility of
this regimen with regard to toxicity and efficacy [13–15].
The Belgian study aimed to maximise the platinum
doses without excessive toxicities being experienced by
25 ovarian cancer patients who had been previously
untreated with cytotoxic drugs [13]. Carboplatin was
given on day 1 followed by cisplatin 24 h later. The dose
levels of 300/100 mg/m2 carboplatin/cisplatin were
recommended for further phase II/III studies. The
Danish trial reported on 42 previously untreated ovar-
ian cancer patients with residual disease who were trea-
ted with carboplatin (300 mg/m2, day 1) and cisplatin
(50 mg/m2, days 2 and 3) [14].
These data and our own in-vitro investigations,

revealing less than synergistic effects in the ovarian
cancer cell line, OVCAR-3, led us to perform a pilot
study combining carboplatin (300 mg/m2, day 1) with
cisplatin (100 mg/m2, day 2) in 20 previously untreated
ovarian cancer patients [15]. We concluded, like others,
that this combination did increase the platinum DI and
was effective and feasible. This result led us to initiate a
multicentre prospective randomised phase III study to
test the concept of platinum DI by combining cisplatin
with carboplatin and the putative impact on the out-
come of ovarian cancer patients.
2. Patients and methods

2.1. Patient selection

Eligible patients were required to have a histologi-
cally-confirmed diagnosis of epithelial ovarian cancer
including central reference pathology review; stages IC–
IV according to the International Federation of Gyne-
cology and Obstetrics (FIGO) [16] excluding borderline
tumours, with or without residual disease, with mea-
surable or non-measurable disease; performance status
according to the World Health Organization (WHO) of
3 or less; be aged 75 years or younger; have a life
expectancy of at least 2 months; normal renal function
(i.e. creatinine clearance of 51 ml/s/1.73 m2) and ade-
quate bone marrow function (i.e. leucocytes 53.5�109/
l, granulocytes 51.5�109/l, platelets 5100�109/l).
Patients with previous chemo- and/or radiotherapy,
with an expected inadequacy of follow-up, and with a
second malignancy with the exception of in-situ cervi-
cal cancer or adequately treated basal cell or squamous
cell carcinoma of the skin were excluded from the
randomisation.
In addition, only patients with an adequate surgical

tumour staging and therapy were eligible. This was a
total abdominal hysterectomy (TAH), bilateral sal-
pingo-oophorectomy (BSO), omentectomy, and pelvic/
para-aortic lymphadenectomy for early ovarian cancer
patients (FIGO stages IC and II) and for the advanced
ovarian cancer patients (FIGO stages III and IV), this
included a maximal tumour reduction (‘debulking’)
comprising of TAH, BSO, omentectomy and optional
lymphadenectomy. Peritoneal lavage before removal of
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any organ or tumour, registration of locialisation in the
detail and the extent of tumour spread before and after
surgery, biopsy of all suspicious areas as well as ran-
dom-blind biopsies and the assessment of the presence
and volume of ascites were the defined staging proce-
dures that were required within six weeks prior to study
entry.
The study was performed after approval by the local

ethical committees of each participating centre. Written
informed consent was obtained from each patient
before registration.

2.2. Treatment plan

Patients assigned to the standard therapy arm
received cyclophosphamide (Cyclo; Endoxan1, ASTA
Medica) at a dosage of 600 mg/m2 intravenously (i.v.)
over 1 h on day 1. Mesna (Uromitexan1, ASTA Med-
ica) was applied i.v. immediately before the application
as well as 4 and 8 h after the termination of the Cyclo
infusion. On day 2, 100 mg/m2 of cisplatin (Cis; Plati-
nol1, Bristol-Myers Squibb), dissolved in 2000 ml sal-
ine, was administered i.v. Vigorous prehydration with
500 ml mannitol 10% and 1000 ml ionic-equilibrated
saline given over 2 h was done before the application of
Cis followed by a 2-h posthydration phase with 2000 ml
ionic-equilibrated saline. Patients assigned to the
experimental therapy arm received carboplatin (Carbo;
Paraplatin1, Bristol-Myers Squibb) at a dosage of 300
mg/m2 i.v. on day 1, after the application of 1000 ml
saline in order to equilibrate putative inadequate fluid
intake, followed by 100 mg/m2 of Cis i.v. on day 2. Pre-
and posthydration were identical to the standard arm.
Both regimens were applied every 4 weeks for a total of
six courses.

2.3. Dose modification

When adverse effects occurred, strict criteria were
adopted to prevent or at least standardise a reduction in
DI. The dose modifications were determined by the
most severe toxicity and foreseen by the protocol:

a. in cases of myelosuppression at the start of the

next course: treatment was delayed for 1–3 weeks
and restarted at the same dosage as soon as
leucocytes reached 53.5�109/l, granulocytes
51.5�109/l and platelets 5100�109/l, respec-
tively. Patients who could not restart therapy
after a 3-week delay were taken off study;

b. according to the nadir counts: if the counts of

leucocytes dropped <0.8�109/l and/or granulo-
cytes <0.3�109/l and/or platelets <50�109/l,
respectively, during therapy, the Carbo dose had
to be reduced to 200 mg/m2; if the counts of
leucocytes dropped <0.5�109/l and/or granulo-
cytes <0.2�109/l and/or platelets <25�109/l,
respectively, the Carbo dose had to be reduced to
150 mg/m2 and, in the case of platelet nadirs at
<20�109/l, to 100 mg/m2. The dose modification
was continued until normalisation of the nadirs.
The subsequent drug doses could be escalated by
25% increments for each subsequent course until
the planned dose was reached and if no further
severe myelosuppression was noted. No dose
modification for Cis were foreseen;

c. in cases of renal dysfunction, i.e. creatinine

clearance <1 ml/s, before the application of
either Cis or the combined platinum regimen:
therapy was delayed and creatinine clearance was
determined after intensive i.v. hydration by ionic-
equilibrated saline. Therapy was only applied if
the creatinine clearance normalised;

d. in cases of disabling (WHO grade 3 or 4) neu-

rotoxicity or ototoxicity, respectively: both
drugs, Cis and Carbo, were reduced by 50%.

2.4. Pretreatment and follow-up evaluation

Complete blood cell counts including differential
blood counts were repeated weekly. Blood chemistry
including creatinine, creatinine clearance and CA-125
serum levels, assessment of WHO performance status
and physical/gynaecological examination were under-
taken monthly before each retreatment. Neurological
examinations and audiograms were performed at study
entry, as well as after four and six courses of therapy
and when clinically indicated. The assessment of the
disease status by means of ultrasonography and/or
computed tomography as well as chest X-ray was per-
formed before the start, as well as after four and six
courses of therapy. After the termination of treatment,
physical/gynaecological examination were performed
every 3 months for the first 3 years, every 6 months
between 3 and 5 years and at yearly intervals thereafter.

2.5. Response and toxicity evaluation

Clinical response and toxicity were assessed in accor-
dance with the WHO criteria [17]. Patients had to
receive a minimum of two courses to be evaluable for
response and a minimum of one drug application to be
evaluable for toxicity.
Response evaluation was foreseen after four and six

courses of therapy. Patients with no evidence of disease
(NED), clinical complete remission (cCR) and clinical
partial remission (cPR) after four courses continued the
same therapy for two more courses, whereas patients
with progressive disease (PD) and no change (NC) were
taken off the first-line therapy. Second-look-laparotomy
with peritoneal washings and multiple biopsies both in
Ch. Dittrich et al. / European Journal of Cancer 39 (2003) 1129–1140 1131



random-blind and suspicious areas was intended to be
performed in patients with NED following six courses
of chemotherapy, in those persisting to have cCR since
course 4 and in those reaching cCR since then. A nega-
tive second-look laparotomy denoted a pathological CR
(pCR). In cases of microscopic disease with a greater
than 50% decrease in the size of peritoneal nodules,
patients were considered to be in pathological PR (pPR).
Patients with objective remissions (p/c CR and p/c PR)
together with those presenting with NC and NED were
summarised as the freedom from progression (FFP) sub-
group. Toxicity was checked at monthly intervals.

2.6. DI evaluation

The calculation of DI, planned and received, was per-
formed as described by Levin andHryniuk inRef. [10]. For
this analysis, the time period to administer the six courses
of therapy plus the duration of one complete course (4
weeks) was considered as DI planned and the time period
to administer the number of courses of therapy given plus
the duration of one course thereafter as DI received.

2.7. Statistical methods

2.7.1. Outcome variables
The major efficacy criteria were progression-free

interval (PFI) and overall survival (OS); in addition, the
response rate, specifically the rate of pCR, as well as
toxicity were evaluated and compared. PFI was the time
interval between the start of chemotherapy and the first
evidence of progression at any time; OS was measured
from the same time point until death. Only eligible
patients were included in the analysis for PFI and OS.
Patients who died for reasons other than toxicity before
the first re-evaluation were included in the subgroup of
patients with PD.

2.7.2. Sample size
The estimation of the sample size by using the pro-

gram STPLAN [18] was done based on the following
assumptions: alternative hypothesis: 35% versus 50%
probability of survival at 3 years in the two respective
therapy groups; at all time points constant hazard
ratios. By using the test of Mantel [19] at a one-sided
level of significance of 0.05 based on a yearly recruit-
ment of 70 patients, a duration of recruitment of 3.5
years (i.e. n=244) and a follow-up period of 4 years, a
power of 0.88 was obtained. Power means the prob-
ability of a significant result (P<0.05) if the true and
unknown treatment effect is at least as strong as speci-
fied by the alternative hypothesis.

2.7.3. Randomisation
Patients were centrally registered at the documenta-

tion unit of the Vienna University and then allocated to
the treatment arms using a computer program for the
adaptive randomisation scheme according to Pocock
and Simon [20]. This scheme guarantees established
prognostic factors (residual tumour volume, stage, his-
tological differentiation, grade, preoperative perfor-
mance status, histological typing, age, ascites and
institution) to be balanced in both treatment groups.

2.7.4. Analyses
Comparisons of treatment groups with respect to

binary and categorical outcome variables were per-
formed using the Chi-square test. With respect to
ordered categorical outcome variables, the groups were
compared by the Wilcoxon Rank Sum test, and the t-
test was used to test for differences in continuous out-
come variables. Survival probabilities were estimated by
the Kaplan–Meier method [21]. Univariate and multi-
variate Cox regression analyses [22] were performed to
evaluate the influence of therapy and other prognostic
factors on the survival probability. Relative risks (with
95% Confidence Intervals (CIs)) were given to describe
the strength of the prognostic factors. The median fol-
low-up time was estimated using the reverse Kaplan–
Meier method [23]. All P-values are the results of two-
sided tests. P values smaller than 0.05 were considered
statistically significant.
3. Results

3.1. Patient characteristics

253 patients with epithelial ovarian cancer from 27
different institutions entered into the trial between June
1990 and December 1993 were randomised (Fig. 1). 6
patients were considered ineligible due to creatinine
clearance <1 ml/s (n=3), postoperative mortality
(n=1), endometrial cancer (n=1) and pretherapeutic
deafness (n=1). The characteristics of all 247 eligible
randomised patients are detailed in Table 1, reflecting
that the prognostic factors were well balanced between
both groups.
10 patients of the Carbo–Cis arm (n=124) and 8

patients of the Cyclo–Cis arm (n=123) received less
than two courses of therapy. The reasons for this were
refusal of therapy in 7 patients (in 6 before and in 1
after the first course) and 5 patients (in 3 before and in 2
after the first course), in the Carbo–Cis arm and Cyclo–
Cis arm, respectively, as well as the stopping of therapy
due to toxicity in 6 patients, 3 patients in each arm (in
the Carbo–Cis group: creatinine clearance <1 ml/s
(n=2), persistant leucopenia (n=1); in the Cyclo–Cis
group: creatinine clearance <1 ml/s (n=1), ototoxicity
(n=1), persistant intractable vomiting (n=1)). No
treatment-related deaths occurred. Overall, 6 patients
died due to tumour progression before completion of
1132 Ch. Dittrich et al. / European Journal of Cancer 39 (2003) 1129–1140



therapy; 4 in the experimental arm, 2 in the standard
arm.
The number of patients treated at each course and the

interval between consecutive courses are shown in
Table 2. Only slightly fewer patients (80/124; 65%)
completed the platinum-intensified regimen than the
standard regimen where 88 out of 123 patients com-
pleted the therapy (72%) (P=0.236). 38 patients (31%)
in the platinum-intensified arm versus 32 patients (26%)
in the standard arm did not complete all six courses due
to PD/NC, death, toxicity and/or refusal of further
therapy (P=0.349). The median number of days
between courses ranged from 29 to 34 in the Carbo–Cis
arm and from 29 to 33 in the Cyclo–Cis arm and did not
show indication of cumulative toxicity. The number of
cycles administered was 610 (82% of the planned) and
641 (87% of the planned) in the Carbo–Cis and Cyclo–
Cis arms, respectively. The frequency of dose modifi-
Fig. 1. Flow chart of the progress of patients through the various steps of the trial (adapted from Ref. [27]). PFI, progression-free interval; OS,

overall survival.
Ch. Dittrich et al. / European Journal of Cancer 39 (2003) 1129–1140 1133



cations were 67% and 23% in the Carbo-Cis and
Cyclo–Cis arms, respectively. This difference was sta-
tistically significant (P<0.0001) (Table 3). No differ-
ences were observed for global treatment delay
(P=0.8429) and for toxicity-related delay
(P=0.1333). These results infer that the Carbo–Cis
arm was slightly more toxic than the standard Cyclo–
Cis arm.

3.2. Total dose and dose intensity

The planned total dose of Cis was the same (600 mg/
m2) for both treatment groups (Table 4). There was no
statistically significant difference between the groups in
the total administered dose of Cis (P=0.0908). When
converting Carbo–platinum into Cis–platinum on the
basis of an equivalence ratio of 4:1, patients in the
Carbo–Cis arm received a total platinum dose 1.58
times the platinum dose of the Cyclo–Cis arm, which
was only slightly below the normalised projected total
platinum total dose. The normalised values shown in
Table 4 facilitate a comparison of the experimental
regimen and the standard regimen by indicating the
projected total platinum total dose per therapy arm as
1.0 and the administered one accordingly.
Focusing on differences in the platinum dose inten-

sities, a total platinum DI of 25 mg/m2/week in the
standard arm and one of 43.75 mg/m2/week in the dose-
intensified one was projected yielding a mean adminis-
tered total platinum DI of 22 mg/m2/week in the stan-
dard arm and one of 35 mg/m2/week in the experimental
arm, which was significantly different (P=0.0001). In
the standard arm an average of 88% of the projected
total platinum DI could be administered, whereas the
degree of the drug delivery in the experimental arm was
significantly reduced with an average of 80%. In order
to allow a comparison of the standard regimen (Cyclo–
Cis) with the experimental arm (Carbo–Cis), the values
were also expressed in a normalised way, i.e. by indi-
cating the normalised projected total platinum DI of
the reference arm as 1.0 and the administered one
accordingly.
In addition, DI was calculated as suggested by Levin

and Hryniuk [10], using the Greco version of a CHAP
regimen as a standard in order to facilitate the compar-
ison of data from regimens not restricted to platinum
only with the relevant literature [24]. In the standard
CHAP regimen, ignoring schedule differences and
reducing to the form of mg/m2/week, the DIs were:
Cyclo 175, hexamethylmelamine 525, doxorubicin 10,
and Cis 15, respectively. The average relative DI of a
regimen was calculated as follows: each of the four sin-
gle drug DIs calculated as a decimal fraction of the DI
of the respective drug in the standard regimen was
added and this sum was divided by 4 (the number of
drugs in the CHAP regimen). In regimens containing
fewer than four drugs, a DI of zero was assigned to the
missing drug, but the sum of the fractions was still
divided by 4. Relative to the Greco standard, the aver-
age projected relative DIs of treatment for the regimens
in this study were 0.63 (standard regimen: Cyclo 150
mg/m2/week, Cis 25 mg/m2/week) and 0.73 (platinum-
intensified regimen: Carbo 75 mg/m2/week, Cis 25 mg/
m2/week), those administered were 0.56 and 0.58,
respectively.
Thus, the two regimens which were designed to yield

only a 16% increase in the average projected relative DI
in the experimental arm (0.73) versus the standard arm
(0.63), lost even that modest difference for various rea-
sons (i.e. delay of therapy, dose modification). In fact,
only a 4% increase in DI was observed in the experi-
mental arm (0.58) compared with the standard arm
(0.56) in the final evaluation.
Table 1

Characteristics of all eligible patients (n=247)
Variables
 Carboplatin–cisplatin

(n=124)
Cyclophosphamide–cisplatin

(n=123)
n (%)
 n (%)
Age (years)
Median (range)
 56 (21–75)
 55 (22–74)
Performance status (WHO)
0
 78 (63)
 69 (56)
1
 36 (29)
 47 (38)
2
 10 (8)
 7 (6)
Histological type
Serous
 89 (72)
 96 (78)
Mucinous
 5 (4)
 5 (4)
Endometrioid
 11 (9)
 9 (7)
Clear-cell
 5 (4)
 2 (2)
Other
 14 (11)
 11 (9)
Grade
1
 17 (14)
 18 (15)
2
 35 (28)
 36 (29)
3
 72 (58)
 69 (56)
Stage
I
 11 (9)
 11 (9)
II
 15 (12)
 11 (9)
III
 83 (67)
 86 (70)
IV
 15 (12)
 15 (12)
Residual disease (cm)
0
 46 (37)
 41 (33)
<2
 33 (27)
 34 (28)
2–5
 14 (11)
 17 (14)
>5
 31 (25)
 31 (25)
Surgery
TAH+BSO
 104 (84)
 98 (80)
Biopsies only
 20 (16)
 25 (20)
Ascites
Present
 46 (37)
 46 (37)
Absent
 78 (63)
 77 (63)
TAH+BSO, total abdominal hysterectomy+bilateral salpingo-

oophorectomy; WHO, World Health Organization.
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3.3. Response

Response was assessed in 229 eligible patients. As
detailed in Table 5, there were no statistically significant
differences in the rates of objective responses, with 38%
in the Carbo–Cis arm and 44% in the Cyclo–Cis arm
(P=0.308), or in the rates of patients who were free
from tumour progression, with 87% in the Carbo–Cis
arm and 86% in the Cyclo–Cis arm. The percentages of
patients with NC and PD were also similar. 30 (26%)
out of the 114 and 115 patients in each of the two
treatment arms, reached a cCR. According to the pro-
tocol, these patients, together with the patients with
NED, were candidates to undergo second-look lapa-
rotomy for a more exact response assessment. Overall,
only 24% (56/229) of the patients evaluable for response
underwent a re-assessment by second-look laparotomy
(Table 6). 27 out of 60 (45%) patients belonging to the
Carbo–Cis arm and 29 out of 55 (53%) patients to the
Cyclo–Cis arm could be pathologically re-assessed.
Interestingly, the rate of macroscopically-positive dis-
ease did not differ between the two arms, with 41% in the
Carbo–Cis arm and 34% in the Cyclo–Cis arm (P=0.812).
Overall, the rates of 44% pCR in the Carbo–Cis arm and
45% in the Cyclo–Cis arm of all patients undergoing
second-look laparotomy were almost identical.

3.4. Progression-free and overall survival

Figs. 2 and 3 display the PFI and OS curves. All eli-
gible patients randomised were included in these ana-
lyses. The median duration of follow-up was 6 years.
There were no statistically significant differences
between the treatment groups in both graphs. The
median PFI in the Cyclo–Cis group was 29.7 months
(95% CI: 17.4–41.7); in the Carbo–Cis group this was
23.1 months (95% CI: 17.8–35.4) (relative risk: 1.03;
95% CI: 0.74–1.41; P=0.88). The median OS of
patients treated with Cyclo–Cis was 41.2 months (95%
CI: 29.2–50.7) and for those treated with Carbo–Cis it
Table 3

Number of courses completed and treatment delayed and/or dose modified according to treatment group
Course
 n
 Carboplatin–cisplatin (n=124)
 n
 Cyclophosphamide–cisplatin (n=123)
Delay
 Modification
 Delay
 Modification
Toxicity
 No toxicity
 Toxicity
 No toxicity
n (%)
 n (%)
 n (%)
 n (%)
 n (%)
 n (%)
1
 118
 0 (0)
 0 (0)
 0 (0)
 120
 0 (0)
 0 (0)
 0 (0)
2
 114
 20 (18)
 9 (8)
 33 (29)
 115
 10 (9)
 10 (9)
 5 (4)
3
 108
 21 (19)
 14 (13)
 34 (31)
 113
 11 (10)
 7 (6)
 6 (5)
4
 102
 22 (22)
 18 (18)
 48 (47)
 108
 20 (19)
 6 (6)
 7 (6)
5
 88
 16 (18)
 12 (14)
 44 (50)
 97
 18 (19)
 16 (16)
 10 (10)
6
 80
 19 (24)
 8 (10)
 46 (58)
 88
 18 (20)
 7 (8)
 15 (17)
Table 2

Number of courses completed, application intervals and number of courses administered/cancelled
Course
 Carboplatin–cisplatin (n=124)
 Cyclophosphamide–cisplatin (n=123)
Patients treated
 Days between courses
 Patients treated
 Days between courses
n
 (%)
 Median
 90%tile
 n
 (%)
 Median
 90%tile
1
 118
 (95)
 –
 –
 120
 (98)
 –
 –
2
 114
 (92)
 31
 42
 115
 (93)
 29
 40
3
 108
 (87)
 29
 42
 113
 (92)
 29
 36
4
 102
 (82)
 33
 43
 108
 (88)
 29
 42
5
 88
 (71)
 32
 47
 97
 (79)
 33
 49
6
 80
 (65)
 34
 42
 88
 (72)
 30
 41
Courses
 Patients (n)
 (%)
 Courses (n)
 (%)
 Patients (n)
 (%)
 Courses (n)
 (%)
Planned
 124
 (100)
 744
 (100)
 123
 (100)
 738
 (100)
Cancelleda
 38
 (31)
 32
 (26)
due to: Toxicity
 17
 52
 14
 36
PD+NC
 12
 27
 12
 30
Refusal
 12
 56
 9
 42
Administered
 80
 (65)
 610
 (82)
 88
 (72)
 641
 (87)
PD, progressive disease; NC, no change.
a One or more reasons for correlation as a single patient simultaneously.
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was 43.0 months (95% CI: 34.3–63.2) (relative risk:
1.05; 95% CI: 0.76–1.46; P=0.75). An intention-to-
treat analysis including all randomised patients did not
alter these results appreciably (data not shown).
Table 7 lists the relative death rates (relative risks) for all

patients with respect to several prognostic factors. All
characteristics considered as stratification criteria kept their
discriminating value on the basis of univariate regression
analyseswith the exceptions of therapy andgrade.Whenall
these factors were entered into amultivariate analysis, only
histological type (P=0.002) and postoperative residual
disease (P=0.005) kept their discriminative power and
were independent prognostic factors for survival. Che-
motherapies in general, and especially the platinum dose-
intensified one tested, did not impact upon survival, either
in the univariate or the multivariate analyses.

3.5. Toxicity

238 patients were evaluable for toxicity (Table 8). The
severity of leucopenia, granulocytopenia, thrombocyto-
penia, anaemia, nausea and emesis was statistically sig-
nificantly higher in the Carbo–Cis arm than in the
Cyclo–Cis arm in an evaluation of maximal toxicities per
patient. It is of interest to note that although we expected
Table 4

Total dose and dose intensity according to treatment group
Carboplatin–cisplatin
 Cyclophosphamide–cisplatin
Total dose
Projected TD (mg/m2)
 1800
 600
 3600
 600
Administered TD (mg/m2)
 1400
 550
 3490
 489
Administered/projected TD %
 78
 92
 97
 82
Projected TD with platinum conversiona (mg/m2)
 450
 600
 3600
 600
Administered TD with platinum conversiona (mg/m2)
 350
 550
 3490
 568
Administered TD/projected TD %
 78
 92
 97
 95
Projected total platinumb TD (mg/m2)
 1050
 –
 600
Administered total platinumb TD (mg/m2)
 900
 –
 568
Administered total platinumb TD %
 86
 –
 95
Normalizedc projected total platinumb TD
 1.75
 –
 1.00
Normalizedc administered total platinumb TD
 1.58
 –
 1.00
Dose intensity
Projected DI (mg/m2/week)
 75
 25
 150
 25
Administered DI (mg/m2/week)
 56
 21
 133
 22
Administered/projected DI%
 75
 84
 89
 88
Average projected relative DI
 0.73
 0.63
Average administered relative DI
 0.58
 0.56
Projected total platinum DI with C!P conversion (mg/m2/week)
 43.75
 –
 25
Administered total platinum DI with C!P conversion (mg/m2/week)
 35.00
 –
 22
Normalisedc projected total platinum DI
 1.75
 –
 1.00
Administered total platinum DI
 1.40
 –
 0.88
Normalisedc administered total platinum DI
 1.60
 –
 1.00
TD, total dose: cumulative dose over all courses projected/administered; DI, dose intensity.
a Platinum conversion: platinum resulting from the conversion of carboplatin–platinum in ‘cisplatin–platinum’ based on the conversion rate of

4:1.
b Total platinum: platinum from cisplatin plus the platinum resulting from the conversion of carboplatin–platinum in ‘cisplatin–platinum’ based

on the conversion rate of 4:1.
c Normalised: the standard is arbitrarily indicated by 1.0.
Table 5

Clinical response according to treatment group
Clinical response
 Carboplatin–

cisplatin

(n=114) %
Cyclophosphamide–

cisplatin

(n=115) %
Freedom from progression
 87
 86
Complete remission
 26
 26
Partial remission
 12
 18
No evidence of disease
 43
 37
No change
 5
 5
Progression
 13
 14
Table 6

Results of measurement by second-look laparotomy according to

treatment group
Re-assessment result
 Carboplatin–

cisplatin

n=27 (%)
Cyclophosphamide–

cisplatin

n=29 (%)
Microscopically-negative
 12 (44)
 13 (45)
Microscopically-positive
 4 (15)
 6 (21)
Macroscopically-positive
 11 (41)
 10 (34)
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an increase in neurotoxicity following platin dose intensi-
fication, neither the degree of peripheral neurotoxicity
(Wilcoxon Rank Sum test, P=0.40) nor ototoxicity (Wil-
coxon Rank Sum test, P=0.120) differed significantly
between the two treatment arms. Nevertheless, when the
two treatment arms were compared with regard to the
ototoxicity of WHO Grade52, a statistically significant
higher frequency of this toxicity (P=0.03) was found
for the platinum dose-intensified regimen. With regard
to peripheral neurotoxicity, the same categorisation
(WHO Grade<2 versus 52) did not reveal any statis-
tically significant differences (P=0.5332).

4. Discussion

A retrospective sub-analysis of 33 clinical trials by
Levin and Hryniuk, trying to assess the relationship
between DI and clinical outcome in patients with ovar-
ian cancer, revealed that only cisplatin was substantially
correlated with response and contributed dis-
proportionately to the clinical outcome when compared
with other agents of combination chemotherapy [10].
This analysis suggested a positive correlation between
median survival and the DI of cisplatin in a variety of
non-randomised and randomised ovarian cancer trials.
Therefore, we focused specifically on the comparison of
the platinum DI in our study. Based on earlier described
assumptions on the comparability of the two platins
used, we converted the projected and administered DI
of Carbo into platinum DI for this purpose. With an
average of 35.0 mg/m2/week, the administered total
platinum DI of the Carbo–Cis arm was significantly
higher than that of 22 mg/m2/week reached in the
Cyclo–Cis arm (P<0.0001). Overall, the total platinum
DI of the platinum dose-intensified regimen adminis-
tered was 1.6-fold that of the Cyclo–Cis standard
Fig. 2. Progression-free interval in ovarian cancer patients treated with carboplatin–cisplatin or cyclophosphamide–cisplatin. 95% CI, 95% Con-

fidence Interval.
Fig. 3. Overall survival in ovarian cancer patients treated with carboplatin–cisplatin or cyclophosphamide–cisplatin.
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regimen. This significant difference is also reflected by
the values of the normalised converted ‘total platinum’
total doses administered.
The mature results of this prospective randomised

trial contribute to the discussion of whether dose-inten-
sified therapy in ovarian cancer impacts upon patients
prognosis. In the late 1980s, Levin and Hryniuk asses-
sed the relationship between outcome and DI for first-
line chemotherapy in advanced ovarian cancer using a
four drug regimen comprising among other agents of
Cis and Cyclo as the standard therapy at that time and
they were the first to find a distinct advantage for multi-
agent regimens over single alkylating agents, especially
when they contained Cis [10]. In a sub-analysis, only the
DI of Cis was substantially correlated with response and
consecutive clinical outcome. McGuire and colleagues
conducted a prospective study to investigate the impact
of DI of Cyclo–Cis as a standard regimen on OS, PFS
and the response of patients with sub-optimally
debulked ovarian cancer [25]. In this trial, patients
received the same total dose of Cyclo and Cis, but 1.97
times greater DI than the standard group. Clinical and
pathological response rates and survival were similar in
both groups, but toxicities were significantly more
common and severe in the dose-intensified group.
Although our trial design differed with regard to how

the dose intensification of platinum was reached, we
drew almost identical conclusions. In the original pub-
lication of Levin and Hryniuk on DI analysis of regi-
mens in ovarian cancer, the average DI normalised
to the Greco standard varied from 0.21 to 1.11 and for
Cis from 0.33 to 2.22, respectively [10]. McGuire and
Table 7

Patient characteristics related to survival performing Cox regression analyses
Prognostic factor
 Univariate analyses
 Multivariate analyses
Relative risk
 95% Confidence Interval
 P value
 Relative risk
 95% Confidence Interval
 P value
Age (years)
 0.021
 0.094
Increase by 10 years
 1.20
 1.03–1.40
 1.16
 0.98–1.37
Performance status (WHO)
 0.0009
 0.326
0
 1.00
 1.00
1
 1.13
 0.80–1.60
 0.99
 0.68–1.43
2
 2.82
 1.64–4.86
 1.59
 0.84–2.99
Histological type
 0.040
 0.002
Serous
 1.00
 1.00
Mucinous
 2.31
 1.17–4.57
 4.69
 2.15–10.26
Endometrioid
 0.83
 0.43–1.58
 1.71
 0.84–3.49
Clear-cell
 0.33
 0.08–1.34
 0.91
 0.21–3.87
Other
 1.31
 0.81–2.14
 1.43
 0.83–2.46
Grade
 0.094
 0.219
1
 1.00
 1.00
2
 1.53
 0.85–2.72
 1.73
 0.93–3.21
3
 1.79
 1.05–3.06
 1.54
 0.84–2.80
Stage
 0.0001
 0.519
I
 1.00
 1.00
II
 1.00
 1.00
III
 3.05
 1.75–5.34
 1.37
 0.66–2.81
IV
 4.51
 2.30–8.85
 1.64
 0.70–3.87
Residual disease (cm)
 0.0001
 0.005
0
 1.00
 1.00
<2
 3.01
 1.89–4.81
 2.81
 1.51–5.21
2–5
 3.19
 1.86–5.47
 2.49
 1.25–4.96
>5
 4.04
 2.53–6.44
 3.28
 1.62–6.62
Surgery
 0.0001
 0.973
TAH+BSO
 1.00
 1.00
Biopsies only
 2.24
 1.48–3.39
 0.99
 0.56–1.77
Ascites
 0.0003
 0.367
Present
 1.00
 1.00
Absent
 1.96
 1.37–2.82
 1.21
 0.80–1.81
Chemotherapy
 0.752
 0.434
Cyclophosphamide–cisplatin
 1.00
 1.00
Carboplatin–cisplatin
 1.05
 0.76–1.46
 1.14
 0.82–1.60
TAH+BSO, total abdominal hysterectomy+bilateral salpingo-oophorectomy; WHO, World Health Organization.
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colleagues succeeded in a better separation of their
median global relative DIs (according to Greco stan-
dard [24]) varying from 0.46 to 0.91 from that of Cis
varying from 0.99 to 1.96, reflecting a dose intensifica-
tion by a factor of almost 2 for both, the entire regimen
as well as for Cis separately. In our prospective study,
the average projected relative DIs of 0.63 for Cyclo–Cis
and 0.73 for Carbo–Cis, and the average administered
relative DIs of 0.56 for Cyclo–Cis and 0.58 for Carbo–
Cis, did result in an uncomparable study situation due
to discrepancies in the DIs. Moreover, we tried to focus
on the comparison of platinum DIs since Levin and
Hryniuk established a significant correlation between
DI and survival exclusively for this drug. Based on the
above detailed conversion of Carbo–platinum DI into
total platinum DI, the following intensities were repor-
ted for the Cyclo–Cis arm and the Carbo–Cis arm,
respectively: normalised projected total platinum DI:
1.0 versus 1.75; administered total platinum DI: 0.88
versus 1.40, resulting in a normalised administered total
platinum DI of 1.0 versus 1.60. Although the DI factor
of 1.6 is somewhat smaller than the one of 2.0 reported
by McGuire and colleagues, the tendency and therefore
also our conclusion are the same. That is, an increase in
DI of a magnitude that is feasible by means of conven-
tional procedures, i.e. without a built-in (and regularly
needed) rescue management with bone marrow and/or
peripheral stem cell transplantation, is not beneficial for
patients with epithelial ovarian cancer.
If the dose-intensified therapy arm had proved to be

of benefit to the patients, our study could not have dif-
ferentiated whether that effect was exclusively due to an
increased DI and not, or at least not also, due to
increased total dosages in the dose-intensified arm. It is
likely that that total platinum dose and/or the platinum
intensity did not significantly impact upon the patient’s
prognosis in our study. This is to be said with the
restriction that both the lower platinum total dose and
the lower platinum DI of the standard arm may have
been compensated for by the combination with Cyclo
and that this is somehow reflected by the comparable
average relative DIs of the two treatment arms.
Of note, until now most data in the literature refers to

suboptimally debulked patients. In the study by
McGuire and colleagues, 4 out of 5 patients had lesions
that were larger than 2 cm left behind after the primary
surgery [25]. We, for the first time, report on a patient
population with 3 out of 4 patients belonging to the
optimally debulked group of patients, a group for which
Hoskins and colleagues claimed more profit from a dose
intensification than for large-volume disease patients
[26]. Based on the data presented, we conclude that
platinum dose intensification within the limits of con-
ventional procedures was not of benefit, even in patients
with a high preponderance of small volume disease left
behind after surgery. This even holds true after the sub-
group analysis of patients with postoperative small-
volume (<2 cm) and larger volume (52 cm) disease.
No positive impact from the platinum dose-intensified
regimen was observed with regard to PFI and OS.
Although—in general—the combination of a platin

and paclitaxel is the standard of first-line therapy for
ovarian cancer worldwide, we think it is still appro-
priate to report on the above comparisons of drug
combinations. Firstly, these data are one of the few
reports of mature long-term results of a prospective
study; secondly, for small volume disease patients, the
question of platinum dose intensification has not yet
been answered and thirdly, even in the era of the
taxanes, the platins are still considered most important.
To our knowledge, platinum has not been substituted
in any combination therapy study started in the taxane
era. The question of dose-intensification up to a level
where rescue has to be given, e.g. via peripheral blood
Table 8

Occurrence of adverse effects (%) according to maximum severity (WHO grading system) and treatment group per patient
Adverse event
 Carboplatin–cisplatin
 Cyclophosphamide–cisplatin
 P value
Grade of severity
 Patients
 Grade of severity
 Patients
0
 1
 2
 3
 4
 n
 0
 1
 2
 3
 4
 n
Leucopenia
 4
 12
 33
 38
 11
 113
 5
 15
 47
 31
 3
 117
 0.045
Granulocytopenia
 4
 4
 11
 28
 51
 106
 8
 6
 28
 37
 21
 115
 <0.001

Thrombocytopenia
 5
 9
 10
 36
 40
 114
 50
 16
 13
 19
 3
 117
 <0.001
Anaemia
 4
 25
 46
 22
 4
 114
 12
 45
 30
 11
 2
 117
 <0.0001
Increase in creatinine
 84
 14
 0
 2
 0
 115
 89
 9
 2
 0
 0
 119
 0.150
Peripheral neurotoxicity
 45
 37
 13
 4
 0
 115
 50
 36
 13
 1
 1
 119
 0.400
Ototoxicity
 53
 24
 14
 9
 0
 115
 65
 24
 8
 3
 0
 119
 0.120
Nausea/emesis
 4
 23
 37
 32
 4
 115
 15
 29
 29
 19
 8
 119
 0.003
Mucositis
 87
 11
 1
 1
 0
 115
 95
 4
 1
 0
 0
 119
 0.150
Alopecia
 16
 35
 42
 8
 0
 115
 14
 35
 34
 15
 3
 119
 0.150
Infections
 83
 15
 2
 1
 0
 114
 87
 12
 1
 0
 0
 118
 0.580
WHO, World Health Organization.
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stem cell support, has been addressed, but not yet
answered up.
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Additional investigators of the Austrian Ovarian
Cancer Study Group:
Barmh. Schwestern Ried (A. Prestel; F. Nagel)

Barmh. Schwestern Linz (W. Stummvoll) KH Leoben
(D. Pfusterer; H. Mayer) KH Lainz (M. Medl; S. Leo-
dolter) Barmh. Brüder Wien (S. Harhammer; G.
Wagner) KH Horn (E. Rammer; F. Friedrich) LKH
Salzburg (H. Graf; A. Staudach) KH Hollabrunn (M.
Markovic; W. Neunteufel) KH Szombathely (M.
Wenczl) KH Hallein (G. Greinwald; B. Rudelstorfer)
KH Rudolfstiftung (M. Wirth; J. Schüller; W. Grün-
berger) KH Bruck/Mur (G. Prettenhofer; B. Plotho)
Wilhelminenspital (U. Denison; P. Sagaster) KH Kla-
genfurt (von Trotzenburg; Ellersdorfer; J. Klocker; S.
Szalay) Donauspital SMZ-Ost (H. Flores-Genger; K.
Philipp) Hanuschkrankenhaus (M. Klein; A. Beck) KH
Oberpullendorf (M. Fabsits) KH Mödling (P. Riss) KH
Neunkirchen (H. Dobernig) Semmelweisklinik (P.
Wagenbichler) KH Stockerau (G. Gerstner) KH Gött-
licher Heiland Wien (A. Mayer) KH Melk (A. Abur-
umieh) KH St. Veit/Glan (W.-D. Kohlbesen) KH
Wiener Neustadt (C. Gamperl; W. Taschner) I.
Frauenklinik, Universität Wien (N. Vavra; C. Kurz)
Reference Pathologist: K. Czerwenka.
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