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Abstract
Objectives To study the toxicity and eYcacy of weekly
paclitaxel and carboplatin (PC-W) in women with primary
ovarian cancer
Methods This investigation extended a phase-I dose Wnd-
ing study and was approved by the institutional review
boards of all participating institutions. Between 1999 and
2003, women with radically resected ovarian cancer of
FIGO stages II B to IV were enrolled at 17 German centres.
Patients received weekly paclitaxel at a dose of 100 mg/m2,
followed by carboplatin AUC 2. After a Wrst treatment
block consisting of six cycles of chemotherapy, patients
had a treatment-free interval of 14 days, followed by a sec-
ond block of six cycles. Treatment was completed by a
28-days break and a Wnal block of six cycles.

Results Altogether, 129 women with a mean age of
59 § standard deviation 11 years entered the study. Most
patients (82.9%) had serous papillary carcinoma of FIGO
stage III (72.9%) and IV (20.9%). Participants received
1,851 cycles of chemotherapy; averaging 14.3 § 4.3
cycles each patient. PC-W produced low rates of periph-
eral neuropathy (grade 3: 2.3%, 95% conWdence interval
[CI] 0.5–6.6%), with rapid recovery after 3 months. How-
ever, 72 patients had grade III/IV anaemia (55.8%, 95%
CI 46.8–64.5%). There were 36 events of grade III/IV
leukopenia (27.9%, 95% CI 20.4–36.5%). One patient
sustained neutropenic fever. CA-125- and objective
response was noted in 73.9% (95% CI 64.7–81.8%) and
55.6% (95% CI 41.4–69.1%) of patients. Median
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progression free and overall survival was 21 and
43 months, respectively.
Conclusions PC-W is feasible; a randomized study is
warranted to compare this new regimen with conventional
3-weekly treatment.

Keywords Ovarian cancer · Paclitaxel · Carboplatin · 
Clinical trials · Phase II · First-line chemotherapy

Introduction

First-line treatment of ovarian cancer demands aggressive
resection followed by adjuvant chemotherapy.

In a recent randomized trial of the Gynaecologic Oncol-
ogy Group (GOG) with more than 4,500 patients, the addi-
tion of other chemotherapeutic agents to the established
paclitaxel and carboplatin combination failed to improve
progression free or overall survival [1]. Thus, until new,
innovative compounds will be available on the market, pac-
litaxel and carboplatin given every 3 weeks remain the
undisputed standard of care [2–10]. Rather than changing
or adding drugs, the cytotoxic properties of this regimen
may, however, be improved by modifying its schedule or
route of administration. SpeciWcally, optimizing pharmaco-
kinetics may aid in overcoming the challenge of platinum-
resistance. 

Preclinical data indicate that duration of exposure is
one of the most important predictors of cell death.
Xenograft models suggested an additive anti-angiogenic
eVect with low-dose paclitaxel infusions [11–19]. Expos-
ing solid tumours with long doubling times continuously
to a high concentration of cytotoxic agents may enhance
the chance of killing malignant clusters during the cell
cycle.

Increasing the total dose is associated with higher rates
of grade III and IV haematological and non-haematological
toxicity. Another way of intensifying drug exposure is to
administer chemotherapy more frequently, for example, by
a weekly schedule.

We had previously demonstrated in a phase-I study that
weekly paclitaxel and carboplatin (PC-W) can be applied
safely as Wrst-line and salvage chemotherapy to patients
with ovarian cancer [20]. We found 100 mg/m2 of paclit-
axel and carboplatin at AUC 2 to be the maximum toler-
ated dose in this setting. To allow for more robust
conclusions about safety, and to gain an impression on the
eYcacy with the weekly schedule, we proceeded with an
exploratory phase-II study. We had objectives in describ-
ing the toxicity proWle, response and survival rates with
the new PC-W regimen.

Patients and methods

Study design

In this multi-centre phase II study, we enrolled patients
with histologically conWrmed epithelial ovarian cancer of
FIGO stages II B to IV. Patients had undergone primary
surgery with the aim of maximal tumour reduction. The
institutional review boards of the participating centres
approved this study, and all patients provided written
informed consent.

Eligibility rules resembled those deWned in the previous
phase-I study. Patients were required to have all of the fol-
lowing inclusion criteria: a life expectancy of more than
3 months with an Eastern Cooperative Oncology Group
(ECOG) performance status ·2; a glomerular Wltration rate
(GFR) greater than 60 ml/min, or serum creatinine levels
below 1.6 mg/dl; liver transaminases less than two times
the normal levels, and bilirubin concentrations below
1.5 mg/dl and adequate bone marrow function as indicated
by a leukocyte count greater than 4,000/�l, and a platelet
count greater than 100,000/�l. Patients suVering from sec-
ondary malignancy or concurrent serious, uncontrolled
medical or psychiatric disease were excluded from this
study, as were subjects receiving other chemo-, immune-,
or hormonal therapy.

The target dose of paclitaxel depended on the body sur-
face area (BSA). The carboplatin dose was computed
according to Calvert’s formula [21], and is expressed as the
equating area under the curve (AUC, mg/ml £ min). The
GFR was estimated using Jellife’s equation [22], which
accounts for patient’s age, gender, weight, and serum creat-
inine.

The detailed treatment protocol has been published
elsewhere [20]. BrieXy, 100 mg/m2 of paclitaxel was
delivered as 1.0–1.5 h infusion (in 500 ml of 5% glucose
solution), and carboplatin AUC 2 (distribute in 250 ml
0.9% saline) as 0.5 h infusion via a venous port. Intrave-
nous premedication consisting of clemastine 2 mg,
ranitidine 50 mg, dexamethasone 12 mg, and a 5-HT3-
antagonist was administered 15 min prior to the chemo-
therapy.

The Wrst treatment block consisted of six cycles of che-
motherapy, administered on a weekly basis with a subse-
quent 14-day break. This was followed by another six
cycles of chemotherapy. After a treatment-free interval of
28 days, patients received another three cycles. Additional
cycles could be delivered if the patient experienced at least
partial response, and wanted to undergo further treatment.
Therapy duration of less than 12 doses of chemotherapy
was considered premature termination.
123



Cancer Chemother Pharmacol (2008) 61:243–250 245
Toxicity

Toxicity was graded according to the National Cancer
Common Toxicity Criteria [23]. Patients did not receive
primary supportive granulocyte-colony-stimulating factors
(G-CSF). Secondary G-CSF prophylaxis was provided in
case of a treatment delay caused by severe leucopenia or
neutropenic fever. Patients were withdrawn from the proto-
col if they experienced grade 3 or 4 (excluding alopecia and
nausea grade 3) toxicity, or had treatment delays of more
than 2 weeks.

EYcacy

Response in patients with bi-dimensionally measurable
tumours was deWned according to the criteria of the Interna-
tional Union Against Cancer (UICC) and was determined
by physical examination and ultrasound, CT, or MRI scan
before the seventh and thirteenth course of chemotherapy.
If the patient responded to therapy (i.e., partial or complete
response), the same examination method was repeated for
conWrmation. Response in subjects without measurable
lesions was determined by the CA-125 assay alone [24, 25].

Statistical analysis

The institutional review board mandated commencing a
phase-II investigation in case of promising preliminary
Wndings of the dose-Wnding study. This was arranged to
consolidate estimates, and to strengthen conclusions before
proceeding with a randomized trial. We posed no formal
null hypothesis, and toxicity and eYcacy were handled as
equitable endpoints for non-conWrmative analyses. We
strived for a sample size in the typical range of phase-II
designs, that is, between 75 and 150 patients. Since we
aimed at determining objective response, at least 25% of all
patients were required to have a macroscopic residual
tumour mass ¸2 cm. Recruitment was stopped after this
prevalence was reached in a consecutive cohort of patients.

We tabulated means, medians, and proportions with their
adequate measures of distribution. We computed 95%
conWdence intervals (CI) for toxicity and response rates.
Kaplan–Meier analysis was performed to determine the
probability of progression-free and overall survival.

Results

Between March 1999 and April 2003, 129 women with
histological proven ovarian cancer were enrolled at 17
German cancer canters after primary surgery. Mean age
was 59 years § standard deviation 11 years. Most patients
(82.9%) had serous papillary carcinoma of FIGO stage III

(72.9%) and IV (20.9%). Demographic details are listed in
Table 1.

Participants received 1,851 cycles of chemotherapy;
averaging 14.3 § 4.3 cycles each patient. Overall, 67.4% of
patients received at least 12 cycles of chemotherapy, and
57.4% received at least 15 cycles.

Details on toxicity are provided in Table 2. We noted a
high incidence of grade 3 and 4 anaemia. Fifty-six patients
(43.4%, 95% CI 34.7–52.4%) needed a median of 2 (range
0–12) units of packed erythrocytes. Twenty patients
received erythropoietin (15.5%, 95% CI 9.7–22.9%). Three
patients required transfusion of platelet concentrates. Sec-
ondary G-CSF prophylaxis was administered to 49 patients
(38.0%, 95% CI 29.6–46.9%). We noted one episode of
neutropenic fever (0.8%, 95% CI 0.0–4.2%). No patient
developed sepsis.

There were no unexpected adverse drug eVects, or ther-
apy-related deaths. Toxicity required reducing the paclit-
axel dose to 80 mg/m2 in four patients. Another three

Table 1 Patient demography

Item

Mean age (years) (SD) 59.5 (10.6)

Mean body surface (m2) (SD) 1.70 (0.21)

ECOG performance score

0 37 (28.7%)

1 79 (61.2%)

2 13 (10.1%)

FIGO-stage

II b 3 (2.3%)

II c 5 (3.9%)

III a 3 (2.3%)

III b 10 (7.8%)

III c 81 (62.8%)

IV 27 (20.9%)

Histology

Papillary-serous 107 (82.9%)

Others 22 (17.1%)

Postoperative residual tumour mass

Macroscopically tumour-free 52 (40.3%)

·2 cm 41 (31.8%)

>2 cm 36 (27.9%)

Surgical methods

Hysterectomy 94 (72.9%)

Adnectomy 123 (95.3%)

Omentectomy 119 (92.2%)

Lymph node dissection 113 (87.6%)

Bowel resection 90 (69.8%)

Peritonectomy 43 (33.3%)

Presence of ascites 40 (31.0%)
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patients had to continue treatment with lowered carboplatin
doses.

A treatment delay of 1 week or longer occurred in 47
cycles (2.8%, 95% CI 2.1–3.7%).

Forty-three patients (33.3%, 95% CI 25.3–42.2%) termi-
nated treatment early because of 19 haematological and 9
non-haematological toxic events. Logistic reasons and
patients’ decisions resulted in further six and two with-
drawals. In six patients, treatment was discontinued
because of tumour progression.

Except alopecia, severe non-haematological toxicity was
rare. Of note, only three patients encountered grade 3 neu-
rotoxicity. Peripheral sensory neuropathy of any grade,
although reported by 71% of all patients immediately after
treatment, resolved rapidly over time (see Fig. 1).

Thirty of 54 patients with measurable disease had com-
plete or partial response (55.6%, 95% CI 41.4–69.1%). Of

111 patients with elevated CA-125 concentrations at study
entry, 82 normalized during treatment (response rate
73.9%, 95% CI 64.7–81.8%). Figure 2 displays pre- and
post-treatment tumour marker levels.

Median progression-free survival was 22 months (95%
CI 17–27). Median overall survival was 45 (95% CI 33–57)
months. Results of univariate survival analyses are dis-
played in Fig. 2. Overall survival meets estimates from
published randomized trials of 3-weekly chemotherapy
[9, 10]. Figure 3 illustrates the similarity in Kaplan–
Meier-estimates (Fig. 4).

Table 2 Toxicity proWle

CTC Grade I CTC Grade II CTC Grade III CTC Grade IV

Patients Incidence (95% CI) Patients Incidence (95% CI) Patients Incidence (95% CI) Patients Incidence (95% CI)

Alopecia 2 1.6% (0.2–5.5%) 15 11.6% (6.7–18.5%) 96 74.4% (66.0–81.7%) 0 –

Neuropathy 50 38.8% (30.3–47.7%) 38 29.5% (21.8–38.1%) 3 2.3% (0.5–6.7%) 0 –

Diarrhoea 23 17.8% (11.7–25.5%) 20 15.5% (9.7–22.9%) 2 1.6% (0.2–5.5%) 0 –

Constipation 37 28.7% (21.1–37.3%) 14 10.9% (6.1–17.5%) 1 0.8% (0.0–4.2%) 1 0.8% (0.0–4.2%)

Dyspnea 21 16.3% (10.4–23.8%) 16 12.4% (7.3–19.4%) 4 3.1% (0.9–7.7%) 0

Stomatitis 16 12.4% (7.3–19.4%) 6 4.7% (1.7–9.8%) 1 0.8% (0.0–4.2%) 0

Pain 44 34.1% (26.0–43.0%) 22 17.1% (11.0–24.7%) 5 3.9% (1.3–8.8%) 0

Infection 22 17.1% (11.0–24.7%) 10 7.8% (3.8–13.8%) 3 2.3% (0.5–6.7%) 0

Nausea 34 26.4% (18.9–34.8%) 37 28.7% (21.1–37.3%) 6 4.7% (1.7–9.8%) 1 0.8% (0.0–4.2%)

Skin changes 31 24.0% (16.9–32.3%) 12 9.3% (4.9–15.7%) 2 1.6% (0.2–5.5%) 0

Anaemia 22 17.1% (11.0–24.7%) 32 24.8% (17.6–33.2%) 59 45.7% (36.9–54.7%) 13 10.1% (5.5–16.6%)

Leukopenia 76 58.9% (49.9–67.5%) 17 13.2% (7.9–20.3%) 20 15.5% (9.7–22.9%) 16 12.4% (7.3–19.4%)

Thrombopenia 118 91.5% (85.3–95.7%) 6 4.7% (1.7–9.8%) 2 1.6% (0.2–5.5%) 2 1.6% (0.2–5.5%)

Fig. 1 Neurotoxicity, all grades. Overall frequency, and resolution
over time
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Residual disease, performance status, and the number of
delivered cycles contributed independently to the probabil-
ity of survival. The Wndings from Cox regression analysis
are summarized in Table 3.

Discussion

In this reasonably large cohort of patients, PC-W was asso-
ciated with a high incidence of grade III and IV haemato-
logical toxicity. Progression-free and overall survival rates
curtailed the expectations from in vitro and preliminary
clinical evidence, and did not exceed those reported for
conventional treatment.

Weekly chemotherapy is commonly prescribed in
patients with relapsed ovarian cancer, and other solid
tumours. Phase-II studies showed response rates about 25%
in patients with relapsed ovarian cancer and resistance to
Wrst-line, 3-weekly platinum and paclitaxel [26–28]. In a
randomized trial, weekly administration was less toxic than

the conventional 3-weekly schedule [3]. Previous investiga-
tions strived for lower paclitaxel doses (that is, 60–80
mg/m2) than those applied in the present protocol but they
have not performed a dose-Wnding study and patients were
all pre-treated with platinum-based chemotherapy [29].

In our previous phase-I study diVerent doses of weekly
paclitaxel and carboplatin were analysed for deWning the
dose limiting toxicities and the maximal tolerated dose
(MTD) of this new regimen [20]. So, consequently we used
the dose of 100 mg/m2 for paclitaxel and AUC 2 for car-
boplatin. Nevertheless, there are only preclinical studies but
no phase-III data available, which have showed any clini-
cally relevant dose–response eVect for higher doses of pac-
litaxel or carboplatin. In a study of 330 patients previously
treated with Wrst-line platinum-based combination chemo-
therapy were treated with either 175 mg/m2 over 24 h every
3 weeks or 250 mg2 over 24 h plus G-CSF support [30].
The higher dose produced a higher response rate (36 vs.
28%), but no diVerences in progression free survival or
overall survival were observed. Moreover, phase II trials
have not shown convincing evidence indicating a role for
high-dose chemotherapy in advanced ovarian cancer. Based
on the experience in relapsed ovarian cancer we believe
that a weekly dose of 80 mg/m2 of paclitaxel induce the
same response rate as a higher dose of 90 or 100 mg/m2 but
associated with a better toxicity proWle. Nevertheless, there

Fig. 3 Survival analysis, Kaplan–Meier-estimates
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Table 3 Cox regression analysis

HR 95% CI P

Univariate analysis

Age 1.03 1.00 1.07 0.0300

Age, percentiles 1.22 0.95 1.56 0.1130

53–61 versus ·60 years 0.47 0.19 1.15 0.0990

62–66 versus ·60 years 0.96 0.45 2.02 0.9070

67–89 versus ·60 years 1.59 0.80 3.16 0.1870

Completed cycles 0.94 0.89 1.00 0.0670

¸15 cycles versus <15 cycles 0.49 0.28 0.87 0.0140

Performance 2.00 1.22 3.30 0.0060

ECOG 1 versus ECOG 0 1.40 0.71 2.79 0.3350

ECOG 2 versus ECOG 0 4.27 1.76 10.32 0.0010

Histologic grade 1.18 0.68 2.07 0.5580

Ascites 1.54 0.87 2.71 0.1350

CA-125 at study entry 1.00 1.00 1.00 0.7370

Serous-papillary versus others 1.18 0.55 2.51 0.6690

Residual disease 2.00 1.41 2.83 <0.0001

·2 cm versus tumour-free 2.37 1.16 4.85 0.0180

>2 cm versus tumour-free 4.09 1.98 8.44 <0.0001

Multivariate model

Residual disease 1.95 1.36 2.81 <0.0001

Performance 1.75 1.10 2.79 0.0170

Completed cycles 0.92 0.86 0.98 0.0080
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are no randomized studies available which have deWned the
best dose for weekly paclitaxel in patients with ovarian
cancer.

Furthermore, only few data are available on weekly
treatment for primary disease. In a recent study, Safra et al.
[31] assigned 37 women with stage I C to IV epithelial
ovarian, tubal or primary peritoneal carcinoma to weekly
carboplatin and 80 mg/m2 of paclitaxel. Patients received,
on average, six cycles of chemotherapy. Grade 3 and 4 neu-
tropenia were recorded in Wve (13.5%) and one patient
(2.7%), respectively. Thus, severe neutropenia occurred in
16.2% (95% CI 6.2–32.0%) of cases, compared to an inci-
dence of 55.8% (95% CI 46.8–64.5%) noted in our investi-
gation. With an incidence of zero and one case, patients in
both studies had a negligible risk for neutropenic fever.

Response rates were displayed inconsistently in Safra’s
study. Although 26 and 7 of 33 women with measurable
disease were reported to have achieved complete and par-
tial response, 13 and 1 had progressed or died by the time
of data collection. So, the rate of complete and partial
response was 19/33, or 57.6% (95% CI 39.2–74.5%), which
exactly meets the response rate observed in our patient
sample.

With a median time to progression of only 7.5 months,
and lacking estimates of overall survival, no valid
conclusions can be drawn about the eYcacy of Safra’s
approach. The authors stress the low rate of grade 3
neurotoxicity (2/37, or 5.4% [95% CI 0.7–18.2%]) with
PC-W, which is in line with our results. However, grade 3
neuropathy is a similarly rare complication with 3-weekly
administration of paclitaxel and carboplatin.

The incidence of grade 2 and 3 neuropathy in patients
treated with conventional paclitaxel and carboplatin was
estimated at 13% [32]. In a reanalysis of the Multicenter
Italian Trial in Ovarian cancer (MITO-4) [33], 65 of 120
women (54.2%) had at least grade 1 neurotoxicity during
chemotherapy. The incidence of sensory grade 2 and 3, and
motor grade 1 toxicity was 13/120 (10.8%), 1/120 (0.8%),
and 3/120 (2.5%). Of note, 46 of 60 patients (76.7%) fully
recovered, mostly within 6 months after end of treatment.
Assuming that Wve women lost to follow-up still had neu-
ropathy, patients may be assured of a 70% chance for com-
plete resolution of symptoms. Also, only 2 (2.3%) and
3 (5.0%) participants had sensory grade 2 and motor grade
1 residual toxicity, whereas no patient suVered from grade
3 severity.

The high paclitaxel exposure in our study may have, in
part, caused the unfavourable haematological toxicity pro-
Wle of the PC-W regimen. However, we deliberately pro-
ceeded with the optimal dose of 100 mg/m2 derived from
the preceding dose Wnding study. Although toxicity was not
associated with serious complications like sepsis or neu-
tropenic fever, a considerable number of additional

treatments were needed to counterbalance the impaired
bone marrow function. This will also produce extra costs.
Maybe, a lower dose of paclitaxel of 80 mg/m2 will pro-
duce a better toxicity proWle.

Progression free survival and overall survival are
accepted endpoints for Wrst-line trials and are more relevant
than response rates. Although not deduced from a head-to-
head-comparison, the similarity between survival curves
with the present PC-W approach and conventional
3-weekly treatment is compelling.

Improving the therapeutic index is a major goal of ovar-
ian cancer research, either by reducing toxicity (while
maintaining current survival rates), or accepting higher tox-
icity for a considerably longer survival.

The dose of paclitaxel utilized in our regimen was
100 mg/m2 per week. In comparison to the conventional
therapy, this is slightly (29%) higher than one would have
received if they received a 3-week schedule of 175 mg/m2

per week. The total dose of paclitaxel administered in this
Wrst-line regimen was 1,800 mg/m2 compared to the
1,050 mg/m2 for the 3-week schedule (71% more). In com-
parison to the standard every 3-week schedule the platinum
dose was equivalent but the dose intensity was lower in this
study by 33%. This may have adversely aVected the
eYcacy.

In a randomized trial of the Danish Ovarian Cancer
Group, a doubling of the carboplatin dose-intensity did not
result in any signiWcant improvement of survival when
combined with cyclophosphamide [34]. Future research
must prove if dose saturation by additional treatment cycles
is necessary to improve survival rates when using a combi-
nation of carboplatin and paclitaxel.

Based on our large phase-II trial a valid comparison of
the weekly regimen with the 3-week regimen of paclitaxel
and carboplatin is not possible. But we think that it is
unlikely that PC-W contributes substantially improvement
as Wrst-line therapy. For patients with platinum-sensitive
patients the weekly regimen seems to be maybe more
attractive. Nevertheless, only a large randomized phase-III
study is able to answer this question.

In conclusion, PC-W is associated with high rates of
severe anaemia and leukopenia. Although not producing a
high risk for sepsis or neutropenic fever, many patients may
require rescue treatment with erythropoietin, erythrocytes,
and G-CSF. Potentially lower neurotoxicity is a argument
in favour of PC-W, given the reasonable chance for a self-
limiting course of the condition. Median progression-free
and overall survival did not exceed rates expected with
standard treatment.

Only a prospective randomized study comparing the
weekly schedule with the established 3-week schedule of
the combination of carboplatin and paclitaxel is able to
identify the best regimen with the best therapeutic index.
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Beside eYcacy parameter (e.g. progression free survival)
quality of life must be deWned as primary objectives.
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