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Abstract 
AIM: To assess the efficacy and safety of the combi-
nation of pegylated liposomal doxorubicin (PLD) and 
carboplatin in patients with recurrent epithelial ovarian 
carcinoma (ROC), following disease progression on 
single agent PLD. 

METHODS: An analysis of the medical records of 10 
patients with ROC, treated in our institution with a 
combination of PLD and carboplatin following progres-
sion on single-agent PLD therapy was performed. The 
median age was 59.1 years (range, 45 to 77 years). 
All diagnoses were histological-proven. Eight of the 
10 patients were platinum-resistant. Following disease 
progression on single-agent PLD treatment, carboplatin 
area under the curve (AUC)-5 was added to PLD in all 
10 patients. In order to assess disease status, Ca-125 
was assessed before each PLD/carboplatin treatment. 
Relative changes in Ca-125 values were calculated, and 
response defined as a greater than 50% reduction in 
Ca-125 from baseline. Radiographic studies were re-
evaluated and responses to therapy based on com-

puter tomography (CT) scans carried out on a regular 
basis every 2-3 mo in each patient. Statistical analysis 
was performed using SPSS (V19).

RESULTS: A median of 10 cycles (range, 2-26) of 
the carboplatin-PLD combination was given. Of the 10 
treated patients, 6 had > 50% reduction in Ca-125 lev-
els from baseline, 4 of these had a partial response ac-
cording to Response Evaluation Criteria in Solid Tumors 
(RECIST) criteria, and the other 2 patients had no 
measurable disease. In a further 2 patients with a best 
response of disease stabilization and < 50% reduc-
tion of Ca-125 levels, one had progression of disease 
after 26 cycles, and the second progressed with brain 
metastases following 12 cycles. Seven of the eight pa-
tients who were platinum-resistant showed evidence of 
clinical benefit on carboplatin-PLD combination thera-
py; 5 of these had > 50% reduction in Ca-125 level, 4 
also showed a partial response on CT scan. The treat-
ment was generally well-tolerated by the patients.  

CONCLUSION: Addition of carboplatin to PLD, after 
disease progression on single-agent PLD therapy, is 
both effective and safe in patients with ROC, even in 
those with Platinum-resistant disease.

© 2012 Baishideng. All rights reserved.

Key words: Pegylated liposomal doxorubicin; Carbopla-
tin; Ovarian cancerchemotherapy; Platinum-resistant 
ovarian cancer; Platinum sensitive ovarian cancer 

Peer reviewer: Xian-jun Fang, PhD, Associate Professor, De-
partment of Biochemistry and Molecular Biology, Virginia 
Commonwealth University School of Medicine, 1101 E Mar-
shall Street, Richmond, VA 23298, United States 

Grenader T, Rosengarten O, Isacson R, Plotkin Y, Gabizon A. 
Pegylated liposomal doxorubicin (PLD)/carboplatin combina-
tion in ovarian cancer, progressing on single-agent PLD. World 
J Clin Oncol 2012; 3(10): 137-141  Available from: URL: http://



Grenader T et al . Doxil/carboplatin combination in recurrent ovarian cancer

138 October 10, 2012|Volume 3|Issue 10|WJCO|www.wjgnet.com

www.wjgnet.com/2218-4333/full/v3/i10/137.htm  DOI: http://
dx.doi.org/10.5306/wjco.v3.i10.137

INTRODUCTION
Upon clinical presentation, advanced-stage epithelial ovar-
ian carcinoma is frequently chemotherapy-sensitive ei-
ther before or after cytoreductive surgery, and response 
rates to platinum-based therapy are generally in excess 
of  80% with a pathological complete remission rate of  
around 25%[1]. Regrettably, recurrences tend to occur in 
the majority of  patients. Among the factors influencing 
choice of  treatment in recurrent ovarian cancer (ROC), 
the potential for platinum sensitivity is one of  the most 
important. In general, platinum sensitive ROC patients 
have response rates in excess of  50% and an overall sur-
vival (OS) of  > 1 year, and platinum resistant patients 
tend to have response rates of  less than 20% and an OS 
of  < 12 mo[1-3].

The cost-effectiveness of  palliative chemotherapy for 
platinum-resistant ROC has been studied by Rocconi et 
al[4] and they concluded that the only cost-effective ap-
proach in these patients was best supportive care. 

Combinations of  chemotherapeutic agents have re-
ceived considerable attention in ROC, and while slightly 
higher objective response rates and two to three months 
improvements in progression-free survival have been achieved, 
these regimes are associated with a higher level of  toxic-
ity, and no combination has yet been shown definitively to 
produce a survival benefit over single agent therapy.

Doxorubicin has single-agent activity in relapsed ovarian 
cancer[5] and two meta-analyses of  trials using platinum-
based therapy[6,7] suggested that the addition of  anthra-
cyclines increased overall survival. The 2nd International 
Collaborative Ovarian Neoplasm Study (ICON2), a ran-
domised trial comparing single-agent carboplatin with a 
combination of  cisplatin-doxorubicin-cyclophosphamide 
(CAP) did not confirm this suggestion and CAP resulted 
in a higher level of  toxicity with no improvement in out-
come[8].

Pegylated liposomal doxorubicin (PLD), marketed under 
the names of  Doxil or Caelyx, is a form of  liposomal 
doxorubicin in which the liposomes are coated with the 
hydrophilic polymer, polyethylene glycol. This coating 
results in reduced uptake of  the liposomes by the reticu-
loendothelial system and, consequently, in a substantially 
increased half-life in the circulation (50-60 h), and a 
modified, and generally less problematic toxicity pro-
file[9,10]. In particular, PLD appears to be associated with 
a lower incidence of  myelosuppression, alopecia and car-
diac side-effects than conventional doxorubicin, although 
a higher incidence of  skin toxicity has been found. In 
addition, long-term therapy with PLD has been shown 
to be well-tolerated and without cumulative cardiotox-
icity[11]. The efficacy of  single-agent PLD in ovarian 
cancer was demonstrated in a phase Ⅲ study compar-
ing PLD and topotecan (Hycamtin)[12,13] as second-line 

therapy. OS was superior with PLD (63 wk vs 60 wk, P 
= 0.05), particularly in platinum-sensitive patients (112 wk 
vs 77 wk, P = 0.002)[13]. In addition, PLD had a more 
favorable safety profile and a less cumbersome adminis-
tration schedule. Differences in OS in the subgroup of  
platinum-resistant patients did not reach statistical sig-
nificance attesting to the limitations of  single agent PLD 
in the treatment of  this patient population.

Platinum agents are used in combination with doxo-
rubicin in the treatment of  a variety of  solid tumors. 
These two agents have different mechanisms of  action, 
show no cross resistance, and their toxicities do not 
overlap. Lyass et al[14] evaluated the feasibility of  admin-
istering a combination of  PLD and cisplatin and deter-
mined the maximum tolerated dose of  the combination. 
They showed that PLD can be administered at its maxi-
mum tolerated dose (50 mg/m2 every 4 wk) in combina-
tion with cisplatin at 60 mg/m2 also every 4 wk, with no 
evidence of  major overlapping toxicities. The incidence 
and severity of  palmar-plantar erythrodysesthesia ap-
peared to be diminished, in comparison with single-
agent Doxil, and neutropenia became the dose limiting 
toxicity. They also demonstrated accelerated clearance of  
Doxil when administered after cisplatin. 

Recently, a number of  studies have attested to the val-
ue of  combinations of  PLD and carboplatin in terms of  
both efficacy and safety in patients with advanced ovar-
ian cancer[15]. The combination of  carboplatin and PLD 
appears to be the optimal therapeutic approach currently 
available for platinum-sensitive ROC , and may be also 
a suitable alternative to carboplatin-paclitaxel for 1st 
line chemotherapy[16]. Finding an effective line of  che-
motherapy for Platinum (Pt)-resistant patients may help 
improve their survival as suggested by results of  Güth 
et al[17] who reported that Pt-resistant recurrent ovarian 
cancer patients, who received two or more therapy lines 
had comparable survival rate with Pt-sensitive patients. 
On the basis of  these observations, the addition of  
carboplatin to PLD in patients with ovarian carcinoma 
may be a valuable approach to therapy deserving further 
investigation and an expanded use. 

We therefore decided to review our own institutional 
experience with this combination in ROC patients who 
received prior standard treatment with single agent PLD. 

MATERIALS AND METHODS
An analysis of  the medical records of  10 patients with re-
current ovarian cancer, treated between January 2002 and 
December 2011 with a combination of  PLD and carbo-
platin following progression on single-agent PLD therapy 
was performed. The median age was 59.1 years (range, 45 
years to 77 years). All diagnoses were histological-proven. 
Eight of  the 10 patients were Pt-resistant median TFI 
3.5 mo. Two Pt-sensitive patients had TFI’s of  7 mo and 
8 mo respectively. The median TFI for the entire study 
group was 4.3 mo. 

Of  the 10 patients, 6 had not previously received any 



A

139 October 10, 2012|Volume 3|Issue 10|WJCO|www.wjgnet.com

Grenader T et al . Doxil/carboplatin combination in recurrent ovarian cancer

chemotherapy for their recurrent disease, one patient had 
received topotecan, and 3 patients had received 3 lines 
of  chemotherapy following their initial recurrence. 

The initial dose of PLD per course was 40-50 mg/m² 
every 4 wk, with considered dose reduction to 35-45 mg/m² 
in the 2nd or 3rd cycle. This reduced dose was then main-
tained for the duration of  treatment with PLD. In every 
case, the PLD was administered by intravenous infusion 
over a 1-2 h period. In all ten patients carboplatin area un-
der the curve (AUC-5) every 4 wk was added, after disease 
progression on single-agent PLD treatment.

In order to assess disease status, Ca-125 was assessed 
before each PLD/carboplatin treatment. Relative changes 
in Ca-125 values were calculated, and response defined 
as a greater than 50% reduction in Ca-125 from baseline. 
Radiographic studies were re-evaluated and responses to 
therapy based on CT scans carried out on a regular basis 
every 2-3 mo in each patient. The responses were then 
classified according to the Response Evaluation Criteria in 
Solid Tumors (RECIST)[18]. Data analysis was performed 
using SPSS (V19; Chicago, United States).

RESULTS
A median of  10 cycles was given (range, 2-26 cycles). Of  
the 10 treated patients, 6 had a greater than 50% reduction 
in Ca-125 from baseline (Figure 1). Four of  these had a 
partial response according to RECIST, and 2 patients had 
no measurable disease. Two patients achieved stabilization 
of  the disease as judged by CT scan and stable Ca-125 
values. One of  them had progression of  disease after 26 
cycles of  treatment and the second progressed with brain 
metastases following 12 cycles of  treatment. An additional 
patient had stable disease by CT scan, but elevation of  the 
Ca-125 after 2 cycles of  combination therapy, and another 
patient had progressive disease according to CT scan but 
with a stable Ca-125 after 2 cycles of  combination therapy.

Seven of  the eight patients who were Pt-resistant showed 
evidence of  clinical benefit on the combination therapy 
(PLD plus carboplatin); five of  these had a greater than 
50% reduction in Ca-125 (four also showed a partial re-
sponse on CT scan and one had no evidence of  disease 

on CT scan). Two patients had stable disease, and one 
patient had progressive disease. 

Median progression free survival was 10.6 mo (95% 
CI: 5.91-15.3). Median overall survival was 20.93 mo 
(95% CI: 16.07-25.8) (Figure 2). 

The treatment was generally well-tolerated by the pa-
tients. Toxicity data were analyzed retrospectively in a sys-
tematic fashion. The following toxic effects previously de-
scribed with PLD and carboplatin were observed: mild to 
moderate myelosuppression (but no cases of  neutropenic 
fever); 5 patients developed grade 1-2 thrombocytopenia; 
3 patients developed neutropenia including 1 patient with 
grade 3 neutropenia. There was also mild to moderate skin 
toxicity and fatigue. There was no evidence of  congestive 
heart failure or other cardiotoxic events. Left ventricular 
ejection fraction remain within normal limits despite the 
high cumulative doses in several patients. There were no 
hospitalizations or death related to treatment.  

DISCUSSION 
An attempt to demonstrate synergy between PLD and 
other therapeutic agents has resulted in the appearance 
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Figure 1  Waterfall plot showing maximum percent decrease in Ca-125 level.
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Figure 2  Kaplan-Meier survival curve for all patients over the period of 
follow-up. A: Kaplan-Meier progression-free survival curve. Median progres-
sion free survival (PFS) was 10.6 mo (95% CI: 5.91-15.3); B: Kaplan-Meier 
overall survival (OS) curve. Median overall survival was 20.93 mo (95% CI: 
16.07-25.8).



140 October 10, 2012|Volume 3|Issue 10|WJCO|www.wjgnet.com

Grenader T et al . Doxil/carboplatin combination in recurrent ovarian cancer

in the literature of  a plethora of  phase Ⅰ studies, but rel-
atively few phase Ⅱ or phase Ⅲ studies. PLD has been 
combined with a variety of  agents in phase Ⅰ studies, 
including ifosfamide, etoposide, platinums, topotecan 
(oral and intravenous), taxanes, vinorelbine, capecitabine 
and gemcitabine[15]. Studies have proceeded to phase Ⅱ 
with but a few combinations, however, these including 
taxanes, vinorelbine, topotecan, gemcitabine and plati-
nums[19-22]. 

The combination of  PLD and carboplatin was the 
subject of  at least three phase Ⅱ studies. Two of  these 
involved combination of  PLD with carboplatin at a dose 
of  AUC-5, with response rates of  52%-62%[23,24]. A third 
study combined PLD with carboplatin at a dose of  AUC-6, 
achieving the slightly higher response rate of  68%[25].Time 
to disease progression was similar in all three studies, and 
of  the order of  9-12 mo. When compared to the low rate 
of  response to single agent PLD (about 20%)[12,13], the high 
response rate to the Carboplatin-PLD duplet suggests that 
this is a synergistic combination. These encouraging results 
in the area of  ovarian cancer prompted evaluation of  the 
combination in phase Ⅲ studies.  

PLD in combination with carboplatin as first-line 
therapy was studied in the Multicentre Italian Trials in 
Ovarian Cancer-2 (MITO-2)[16]. In this study, both treat-
ment groups received carboplatin at a dose of  AUC-5. 
One group received, in addition, PLD at a dose of  30 
mg/m2 on a 21 d cycle, and the other, paclitaxel at a 
dose of  175 mg/m2, also on a 21 d cycle. The efficacy 
was similar in the two groups, with similar response 
rates, progression free and overall survival, but different 
toxicity (less neurotoxicity and alopecia, but more hema-
tologic adverse effects.  

A further phase Ⅲ study comparing the same two 
combinations is the Calypso trial, which involves patients 
with platinum-sensitive recurrent ovarian cancer. This 
study which is being carried out under the auspices of  
the Gynecologic Cancer Inter Group (GCIG), and the 
Gynecologic Oncology Group (GOG) protocol 182[15], 
is still in progress in relation to the survival end-point. 
The Calypso trial was a non-inferiority trial in which the 
combination of  PLD and carboplatin was compared 
with the standard regimen of  paclitaxel and carboplatin 
in the second- or third-line treatment of  Pt-sensitive 
epithelial ovarian cancer. All patients were previously 
exposed to a taxane. The combination of  PLD and car-
boplatin was found superior with regard to progression-
free survival (11.3 mo vs 9.4 mo, respectively)[26]. Carbo-
platin-PLD had also a more favorable risk-benefit profile 
than paclitaxel/carboplatin combination. 

These results support the contention that the carbo-
platin/PLD combination may prove to be a valuable 
alternative to carboplatin/paclitaxel in various settings, 
including the frontline treatment of  ovarian cancer.

Our retrospective study has demonstrated that the 
addition of  carboplatin to PLD in recurrent ovarian can-
cer which had progressed on single agent therapy PLD 
therapy, produced a partial response, with a prolonged 

time to disease progression in 5 of  the 8 platinum resis-
tant patients, and sustained stable disease in the another 
two patients. These patients had a very low to nil prob-
ability of  responding to single agent carboplatin. It is 
therefore possible that the platinum-PLD combination 
results in a synergistic therapeutic effect. While some 
toxic effects were noted, including myelosupression, 
some skin toxicity and fatigue, the PLD and carboplatin 
combination was generally well-tolerated. 

On the basis of  this small retrospective survey, we 
conclude that addition of  carboplatin to PLD is both ef-
fective and safe for long-term administration in patients 
with recurrent ovarian cancer which has progressed on 
single-agent PLD therapy. This approach, either as res-
cue therapy of  patients on single agent PLD or as initial 
therapy in ROC patients, particularly in the Pt-resistant 
population, would thus appear to be a viable alternative 
to existing strategies. 
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