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Introduction

Ovarian cancer (OC) is the leading cause of death in gyne-
cological tumors.1,2 Presently, the gold standard frontline treat-
ment is represented by carboplatin/paclitaxel and bevacizumab.3-7 
Beyond the first line, the platinum-free interval (PFI), i.e., the 
time between the end of the last treatment course and the occur-
rence of relapse or progression, is widely considered a critical issue 
for selecting the chemotherapy regimen.8,9 International guide-
lines recommend a re-challenge with carboplatin-based combina-
tion, for patients who relapse after at least 12 mo from the last 
chemotherapy course (platinum-sensitive patients).10 In particular, 

carboplatin/pegylated liposomal doxorubicin (PLD) combination 
is considered in the clinical practice an alternative choice com-
pared with carboplatin/paclitaxel in this specific setting.11-14

Patients with a PFI of 6–12 mo are defined platinum-
partially-sensitive and showed an intermediate likelihood of 
responding to a platinum-based regimen.14 In this subgroup it 
has been recently hypothesized, based on preclinical and clini-
cal findings, a potential benefit derived from an “artificial” pro-
longation of the PFI by the use of a platinum-free regimen (such 
as trabectedine–PLD combination).15-17 These trials reported 
significant advantage in progression free survival (PFS) which 
did not translate in overall survival (OS) prolongation.18,19
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Ovarian cancer is the leading cause of death among gynecological tumors. Carboplatin/paclitaxel represents the 
cornerstone of front-line treatment. Instead, there is no consensus for management of recurrent/progressive disease, 
in which pegylated liposomal doxorubicin (PLD) ± carboplatin is widely used. We performed a systematic review and 
metaanalysis to evaluate impact of PLD-based compared with no-PLD-based regimens in the ovarian cancer treatment. 
Data were extracted from randomized trials comparing PLD-based treatment to any other regimens in the January 2000–
January 2013 time-frame. Study end-points were overall survival (OS), progression free survival (PFS), response rate (RR), 
CA125 response, and toxicity. Hazard ratios (HRs) of OS and PFS, with 95% CI, odds ratios (ORs) of RR and risk ratios of 
CA125 response and grade 3–4 toxicity, were extracted. Data were pooled using fixed and random effect models for 
selected endpoints.

Fourteen randomized trials for a total of 5760 patients were selected and included for the final analysis, which showed 
no OS differences for PLD-based compared with other regimens (pooled HR: 0.94; 95% CI: 0.88–1.02; P = 0.132) and a sig-
nificant PFS benefit of PLD-based schedule (HR: 0.91; 95% CI: 0.86–0.96; P = 0.001), particularly in second-line (HR: 0.85; 
95% CI: 0.75–0.91) and in platinum-sensitive (HR: 0.83; 95% CI: 0.74–0.94) subgroups. This work confirmed the peculiar 
tolerability profile of this drug, moreover no difference was observed for common hematological toxicities and for RR, 
CA125 response.

PLD-containing regimens do not improve OS when compared with any other schedule in all phases of disease. A 
marginal PFS advantage is observed only in platinum-sensitive setting and second-line treatment.
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Patients with a platinum-refractory disease (with a PFI < 6 mo) 
are reported to gain little benefit from monotherapy with several 
drugs such as PLD, topotecan, etoposide, taxanes, gemcitabine, 
and oxaliplatin.20-26 However, none of them demonstrated to 
significantly improve OS. Therefore, no standard approach has 
been defined in this scenario.21,24,27-29

PLD is a liposome-encapsulated formulation of doxorubicin, 
a cytotoxic anthracycline antibiotic obtained from Streptomyces 
peucetius var caesius. The mechanism of its antitumor action is 
still not fully understood but it is thought to block topoisomer-
ase I and intercalate between adjacent base pairs of the double 
helix of DNA thus impairing the synthesis of DNA, RNA, and 
proteins.30,31

Overall, PLD is considered one of the most effective therapeu-
tic agents for the treatment of recurrent and progressive disease: 
it may be used in platinum-based regimens for platinum-sensitive 
patients, in combination with trabectedin in platinum-partially-
sensitive disease and as single agent for platinum-refractory 
patients, even if no significant advantages over other drugs have 
been demonstrated in the latter setting.20,25

From August 2011 until early 2013, PLD was out of produc-
tion due to technical issues determining difficulties and doubts 
on use of this agent in daily clinical practice.32

Recent retrospective studies have raised some concern on the 
real efficacy of PLD in OC treatment.1,33,34

Results

Studies selection
Figure 1 reports the PRISMA chart related to Randomized 

Clinical Trials (RCTs) selection and search strategy. In the time 
frame covered by the systematic review (2000–2013), 238 stud-
ies were reported as full papers or meeting abstracts. Two hun-
dred and two studies were initially excluded: 53 of these were 
reviews and 149 were excluded for trial design without a clear-
cut PLD-based design. Subsequently, we examined in detail the 
remaining 36 trials. Among them 17 included PLD comparison 
did not meet selection criteria and were excluded from the final 
analysis. Further, 5 trials were excluded for peculiar reasons, in 
particular: Monk et al. and Vergote et al. (2009) because control 
arm included PLD; Gordon et al. (2001) reported preliminary 
data subsequently published in 2004, in an article included in 
the final analysis; Markman et al. (2010) duplicate data reported 
in Alberts et  al. (2008); HECTOR trial presented on ASCO 
2012 because data were not evaluable at single agent level.18,35-38 
Fourteen trials for a total of 5760 patients were selected and 
included in the final analysis.11,20,21,28,37,39-48 Two trials of Vergote 
and Rose were analyzed only for RR for missing data on sur-
vival endpoints. The trial of Kaye et al. and AURELIA trial, both 
designed for multiple arms comparison, were analyzed for single 
comparison considering an aggregate arm of different olaparib 
concentrations in the first study and comparing bevacizumab-
free arms in the second study. At least one data-comparison in 
terms of survival, RR, Ca125 response and toxicity was reported 
in all selected RCTs, which were therefore eligible for the end-
point analysis (Tables 1 and 2).

Study characteristics
These trials included two front-line (involving 1682 patients), 

ten second-line (2788 patients, 1669 of which were platinum-
sensitive and 1119 platinum-refractory) and two third-line (1290 
platinum-refractory patients) trials in which PLD-based treat-
ment was compared with other treatment.

The quality assessment of selected studies was evaluated 
according to the Cochrane reviewers’ handbook for 4 require-
ments: method of randomization, allocation concealment, blind-
ness, and adequacy of follow-up. Nine trials were scored A (low 
risk of bias), four trials were scored B (intermediate risk of bias), 
and one trial was scored C (high risk of bias) (Table 3).49,50

Quantitative data reports
Six trials were excluded from OS analysis because did not 

report retrievable data for this endpoint. PLD was not associated 
with improved survival in OC patients (pooled HR: 0.94; 95% 
CI: 0.88–1.02; P = 0.132) (Fig. 2A and C) and this result was 
confirmed in all subgroup analyses. The trial by Gordon et al. 
was the only RCT that reported a significant improvement in OS 
for PLD compared with topotecan. PFS data were not provided 
in 6 trials therefore these trials were excluded from PFS analysis. 
PLD-based treatment was found to be significantly associated 
with improved PFS (pooled HR: 0.91; 95% CI: 0.86–0.96; P = 
0.001) (Fig. 2B and D). However, the analyses of study subgroups 
demonstrate a significant PFS advantage only in second-line 

Figure 1. PRISMA chart showing the trial exclusion and inclusion process 
in the metaanalysis. SEER, Surveillance, Epidemiology, and End Results.
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setting (pooled HR: 0.85; 95% CI: 0.75–0.91) and in platinum-
sensitive patients (pooled HR: 0.83; 95% CI: 0.74–0.94), while 
analysis of other study-subgroups did not demonstrate a statisti-
cally significant advantage for PLD.

Two trials did not report data in term of RR and were excluded 
from this analysis. The RR analysis revealed no advantage for 
PLD-based treatment (Fig. 3A and C) in all study-subgroups (OR 
for RR: 0.95; 95% CI: 0.65–1.39; P = 0.802). The analysis of 
Ca125 response confirmed the absence of any advantage derived 
from PLD-based treatment compared with control arm (Risk 
Ratio for Ca125 response: 1.21; 95% CI: 0.90–1.63) (Fig.  3B 
and D). Again, none of the study-subgroup analyses demon-
strated a significant result. Common adverse events were similar 
in both arms. We analyzed specifically hematological toxicity: 
among toxicities, anemia and neutropenia were more frequent in 
PLD-free treatment groups; however these differences were not 
statistically significant. Thrombocytopenia was revealed more 
frequent in the PLD group (0.74, 95% CI: 0.35–1.60) but again 
statistical significance was not reached. Other toxicities were not 

comparable for different schedules and agents in control arm for 
different tolerability profile. As expected palmar-plantar erythro-
dysesthesia was more common in PLD arms while neurotoxicity 
and alopecia occurred more frequently in taxane treated patients 
(Table 4).

Risk of bias in individual studies
A Begg funnel plot showed no significant evidence for publi-

cation bias (Fig. 4).

Discussion

This metaanalysis of 14 RCTs (for a total of 5760 patients), 
comparing PLD to any other drug in OC treatment, demon-
strated an advantage in terms of PFS for PLD-based regimen 
(pooled HR: 0.91; 95% CI: 0.86–0.96; P = 0.001). However, no 
significant advantages were found in terms of OS, RR or Ca125-
response despite of subgroups. This work confirmed the peculiar 
tolerability profile of this drug; moreover no differences were 

Table 1. Survival data extracted from analyzed clinical trials

Author Year No. pts Arms Phase
OS PFS OS P (log 

rank test)(HR) (HR)

I line

Pignata et al.39 2011 820 CPLD vs CP III
0.82 0.95

0.58
(0.72–1.12) (0.81–1.13)

Bookman et al.40 2009 862 CPLD vs CP III
0.97 0.96

0.79
(0.83–1.13) (0.93–1.09)

II line

Bafaloukos 
et al.44 2010 189 CPLD vs CP II -

1.15
-

(0.78–1.66)

Kaye et al.41 2011 97 PLD vs O II -
0.91

0.66
(0.6–1.39)

Kaye et al.41 2011 97 PLD vs O II -
0.86

0.66
(0.56–1.3)

Albert et al.43 2008 61 CPLD vs C III
0.46 0.54

0.03
(0.22–0.95) (0.32–0.93)

CALYPSO11 2010 976 CPLD vs CP III
0.99 0.82

0.05
(0.85–1.16) (0.72–0.94)

Ferrandina 
et al.28 2008 153 PLD vs G III - - 0.411

Mutch et al.20 2007 195 PLD vs G III
1.02

- 0.87
(0.71–1.42)

Gordon et al.36 2004 474 PLD vs T III
0.82 0.79

0.05
(0.68–1) (0.67–0.94)

III line

Colombo et al.45 2012 829
PLD vs 

Patupilone
III

1.07 0.95

(0.91–1.26) (0.8–1.12)

Abbreviations: OS, overall survival; PFS, progression free survival; HR, hazard ratio; CPLD, carboplatin and pegylated liposomal doxorubicin; CP, carboplatin 
and paclitaxel; PLD, pegylated liposomal doxorubicin; O, olaparib; C, carboplatin; G, gemcitabine; T, topotecan.
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observed in our analysis if we consider only the most common 
hematological toxicities.

Two recent metaanalyses published by Cochrane Collaboration 
analyzed the efficacy of PLD in OC in first line of treatment and 
in disease recurrence respectively. In the first work the authors 
concluded that carboplatin–PLD is a reasonable alternative to 

carboplatin–paclitaxel for similar efficacy and a different pro-
file of toxicity.51 The second Cochrane study and a metaanalysis 
conducted by Gibson et al. and published on the same period, 
demonstrated both that carboplatin-PLD combination is a rea-
sonable alternative to carboplatin–paclitaxel for better tolerabil-
ity while a monotherapy with PLD is a valid option also in a 

Table 2. Response rate and toxicities data extracted from analyzed clinical trials

Author Trial design RR (%)
Hematologic toxicity

TCP (%) Anemia (%) NTP (%)

I line

Pignata et al.39
CPLD 57 16 10 43

CP 59 2 4 50

Bookman et al.40
CPLD - 38 - 69

CP - 22 - 59

II line

CALYPSO11
CPLD - 16 8 35

CP - 6 5 45

Bafaloukos et al.44
CPLD 51 11 - 35

CP 57 2 - 30

Alberts et al.43
CPLD 52 29 16 29

C 29 10 0 3

Kaye et al.41
PLD 25 - 0 -

O 18 - 6 -

Kaye et al.41
PLD 18 - 0 -

O 31 - 13 -

Ferrandina et al.28
PLD 16 0 7 6

G 29 5 5 23

O’ Byrne et al.48
PLD 17.8 - - -

P 22.4 - - -

Mutch et al.20
PLD 8 5 2 18

G 6 6 3 38

Gordon et al.36
PLD 20 1 28 12

T 17 34 5 77

Rose et al.47
PLD 10 - - -

CC 32 - - -

Aurelia46
PLD 7.9 - - -

T 3.3 - - -

Aurelia46
PLD 7.9 - - -

P 12.6 - - -

III line

Vergote et al.35
PLD 11 7 5 14

Canfosfamide 4 5 11 8

Colombo et al.45
PLD 7.9 - 3.7 10

Patupilone 15.5 - 4.5 3

Abbreviations: OR, odds ratio; rr, risk ratio; CPLD, carboplatin and pegylated liposomal doxorubicin; CP, carboplatin and paclitaxel; PLD, pegylated liposo-
mal doxorubicin; O, olaparib; C, carboplatin; G, gemcitabine; T, topotecan.
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platinum-refractory setting. However Gibson et al. did not evalu-
ate the efficacy endpoints in the different clinical subgroups.52 
Moreover, in these works, the authors pay particular attention 
to tolerability and such analysis leads them to conclude that, 
despite of similar efficacy, the choice of regimen could be based 
on individual patient preference on the basis of side effects.52,53 In 
particular Lawrie et al. recognized a role of PLD in refractory-
platinum subgroup without comparison with other single agents 
and without providing evidence in support of a rational timing of 
individual agent administration.52

Furthermore Lawrie et al. included in final analysis also the 
trials containing PLD in control arm.

On the basis of these findings, which are of relevance taking 
into account that tolerability is an important endpoint in the pal-
liative setting, we focused however our attention on the analysis 
of drug effectiveness in terms of survival endpoints, stratifying 
the trials for treatment line and platinum sensitivity, that are the 
most important parameters in decision making.

In our study, the most impressive results were obtained when we 
analyzed the activity is different PLD second-line treatment and 
platinum-sensitive patients. Focusing on the first-line treatment, 
our results confirmed that carboplatin–paclitaxel combination 
is the only evidence-based choice with recent implementation of 
bevacizumab addition. Indeed, the results of this pooled analysis 
with a non-significant HR 0.92 for OS and HR 0.96 for PFS in 
this setting evidenced non-superiority of PLD in combination 
with carboplatin as compared with carboplatin-paclitaxel. These 
findings partially support the common belief that carboplatin–
PLD is an adequate alternative choice in the management of first-
line OC patients. In fact none of the first-line trials was based on 

a non-inferiority design which could actually demonstrate non-
inferiority of carboplatin–PLD.

Moreover, the use of carboplatin–PLD in first line treatment 
needs to be investigated in new trials comparing this schedule to 
bevacizumab-containing regimen because at present, this anti-
VEGF Ab is the only agent able to increase survival when added 
to standard carboplatin-paclitaxel front-line chemotherapy.6,7,54

In second-line (first recurrence or progression), PLD-based 
treatment produced a significant improvement in term of PFS, 
which did not translate in longer OS. This PFS advantage was 
marginal in unselected patients, becoming more evident in plat-
inum-sensitive disease.

Most of the trials evaluated patients non-selected for plat-
inum-sensitivity status. Indeed, subgroup analyses reported a 
clear survival advantage in platinum-sensitive OC patients sup-
porting PLD-based treatment as preferred choice in this particu-
larly setting.

According to this view, Gordon et  al. in 2004 reported a 
clinical advantage in terms of PFS for PLD compared with 
topotecan on the whole study population, which was however 
restricted to platinum-sensitive disease. The results of this 
trial led to the administration in the clinical practice of PLD 
to OC patients regardless of platinum-sensitivity status. This 
highlights the need of trial design considering the platinum-
sensitivity status.21

Our results on the PFS end-point in platinum-sensitive sub-
group showed an advantage for PLD- containing regimen. 
However, forest plots in Figure  2B and D shows the preemi-
nent weight of Calypso trial in the imbalance in favor of PLD. 
That study is a non-inferiority trial designed to compare the 

Table 3. Quality assessment

Included studies
Method of 

randomization
Allocation 

concealment
Blindness

Withdrawal 
and dropout

Baseline Quality level

Pignata et al.39 Centralized Central office No Detailed criteria Identical baseline A

Bookman et al.40 Centralized Not detailed No Detailed criteria Identical baseline B

CALYPSO11 Centralized Central office No Detailed criteria Identical baseline A

Bafaloukos et al.44 Centralized Central office No Detailed criteria Identical baseline A

Alberts et al.43 Centralized Not detailed No Detailed criteria Identical baseline B

Kaye et al.41 Centralized Central office No Not detailed Identical baseline B

Ferrandina et al.28 Centralized Central office Yes Detailed criteria Identical baseline A

Mutch et al.20 Centralized Not detailed No Detailed criteria Identical baseline B

Gordon et al.36 Centralized Central office No Detailed criteria Identical baseline A

O’Byrne et al.48 Not reported Not detailed No Not detailed Identical baseline C

AURELIAl46 Centralized Central office No Detailed criteria Identical baseline A

Colombo et al.45 Centralized Central office No Detailed criteria Identical baseline A

Vergote et al.35 Centralized Central office No Detailed criteria Identical baseline A

Rose et al.47 Centralized Not detailed No Not detailed Identical baseline B

Figure 2A and B (See next page). Comparison of OS and PFS, according to treatment line (A and B respectively) or platinum sensitivity (C and D 
respectively), between patients treated with a PLD-containing regimen vs. any other PLD-free schedule. Abbreviation: OS, overall survival; PFS, progres-
sion free survival; HR, hazard ratio; CPLD, carboplatin and pegylated liposomal doxorubicin; CP, carboplatin and paclitaxel; PLD pegylated liposomal 
doxorubicin; O, olaparib; C, carboplatin; G, gemcitabine; T, topotecan.
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carboplatin-PLD to carboplatin-paclitaxel combination: PLD-
based regimen produces an advantage of less than two months 
in PFS (HR 0.82) without any advantage in OS. Anyhow, a sub-
set analysis of the CALYPSO phase III trial about health-related 
quality of life in platinum-sensitive OC, confirmed a slightly 
lower toxicity and a lower impact on the body image item in 
carboplatin-PLD arm compared with carboplatin-paclitaxel with 
borderline differences on most other items.55 The results reported 
in this trial, in our opinion, failed to provide a formal proof that 
PLD is the best option for clinical practice.11

On this basis, it is possible to conclude that, at present, the 
cornerstone of platinum-sensitive OC treatment is represented by 
a re-challenge with carboplatin-based chemotherapy; additional 
evidence is required in order to consider PLD as a first choice in 
this specific setting.56

Even in platinum-sensitive patients, the anti-VEGF monoclo-
nal antibody bevacizumab is the only agent that demonstrated 
able to produce a consistent 4 mo improvement in terms of PFS, 
(HR 0.48) in combination to platinum-containing second-line 
treatment.57

As a pitfall of our analysis, none of the trials examined was 
specifically designed for the partially platinum-sensitive set-
ting. Indeed, the MITO-8 trial, investigating the role of PLD 
against CP in this setting, is presently ongoing, and the trial by 
Monk et  al., comparing PLD vs. PLD/trabectedine, could not 
be included in our analysis.18,58 Ferrandina et  al. described an 
advantage in terms of PFS for PLD compared with gemcitabine 
in patients who experienced recurrence within 12 mo.28 If we 
consider that all trials designed for refractory patients did not 
report an advantage for PLD compared with any other drug, it is 
conceivable that these results were mostly produced in the patient 
cohort relapsing between 6 and 12 mo.

Finally our analysis highlights the total ineffectiveness of PLD 
compared with any other agent to produce an improvement in 
any of the pre-specified end-points in the platinum-refractory 
setting. Recently, two mono-institutional experiences suggested 
that in platinum-refractory setting the use of PLD did not result 
in survival benefit.33,34 The only study designed for platinum-
resistant and refractory patients (Mutch et al.) in second-line, did 
not show any advantage for PLD compared with gemcitabine.20 
Furthermore, this trial reported that PLD was not superior even 
in the toxicity profile. A survival advantage for paclitaxel com-
pared with PLD was reported in O’Byrne trial; however, these 
results have never been published in extenso.48 On this basis, in 
the platinum-resistant setting, topotecan or gemcitabine still rep-
resent an adequate alternative to PLD despite of a low RR and 
moderate bone marrow toxicity.

Again, the most important results on this difficult subgroup 
of patients have been achieved by bevacizumab, which, in the 
AURELIA trial, was reported to almost double the PFS of plat-
inum-refractory OC patients (6.7 vs. 3.4 mo). Moreover, the 
best outcome was reported in the subgroup of patients treated 
with the combination of weekly paclitaxel and bevacizumab that 
showed an interesting median PFS of 10.4 mo.46,59

This metaanalysis presents some limitations: it was per-
formed on literature data and was not possible to retrieve data 
about all end-points from all the studies; although the included 
trials reported homogeneity on many points, the differences in 
the agents used in the control arms may had produced another 
potential bias.

In conclusion the absence of advantage in terms of OS and 
the marginal benefit in terms of PFS, achieved only in selected 
groups of patients with a “favorable” outcome, indicate the need 
to reconsider the real impact of PLD in clinical practice, also tak-
ing into account the PLD-related toxicities. On the other hand, 
the reported findings do not argue against PLD use in clinical 
practice, but provide novel information which can be of help in 
the design of prospective studies, where combination with molec-
ular targeted agents should be explored.

According to our results, even if PLD treatment produces a 
minimal advantage in terms of PFS, this effect does not translate 
into a significant impact in terms of OS. On this basis, PLD 
should not be formally considered “the first choice agent” after 
first-line treatment failure, especially in platinum-refractory set-
ting, where none of the currently used agents (with the excep-
tion, perhaps, of bevacizumab) reported to be able to change the 
OC patient outcome. Individual treatment selection in the clini-
cal practice should consider toxicity experienced by the patient, 
offering for instance PLD to patients with taxane-related neuro-
toxicity. New treatment approaches, largely based on preclinical 
findings, with validated efficacy predictors and investigated by 
trial design based on platinum-sensitivity are eagerly awaited.

Patients and Methods

Eligibility criteria
Eligible trials included patients with the following charac-

teristics: diagnosis of OC and common demographic charac-
teristics of trial population (age and performance status). In the 
experimental arm, patients were treated with single PLD or PLD-
containing regimen, while in the control arm with other single 
agent or PLD-free combination. Adequate staging and follow-
up had to be described. We excluded: non-randomized studies; 

Figure 2C and D (See previous page). Comparison of OS and PFS, according to treatment line (A and B respectively) or platinum sensitivity (C and D 
respectively), between patients treated with a PLD-containing regimen vs. any other PLD-free schedule. Abbreviation: OS, overall survival; PFS, progres-
sion free survival; HR, hazard ratio; CPLD, carboplatin and pegylated liposomal doxorubicin; CP, carboplatin and paclitaxel; PLD pegylated liposomal 
doxorubicin; O, olaparib; C, carboplatin; G, gemcitabine; T, topotecan.

Figure 3A and B (See opposite page). Comparison of RR and Ca125 response, according to treatment line (A and B respectively) or platinum sensitiv-
ity (C and D respectively), between patients treated with a PLD-containing regimen vs. any other PLD-free schedule. Abbreviation: OR, odds ratio; rr, 
risk ratio; CPLD, carboplatin and pegylated liposomal doxorubicin; CP, carboplatin and paclitaxel; PLD, pegylated liposomal doxorubicin; O, olaparib; 
C, carboplatin; G, gemcitabine; T, topotecan.
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reports in languages other than English; non-comparable end-
points; studies that described particular administration of che-
motherapy (e.g., intra-arterial or intra-peritoneal infusion); 
studies not reporting any data regarding our pre-specified end-
points. To avoid overlapping patient data in duplicate publica-
tions, only larger or updated publications were included.

Information sources
Eligible trials were retrieved from PubMed, Embase, the 

Central Registry of Controlled Trials of the Cochrane Library) 
and major meeting abstract databases (ASCO and ESMO) and 
selected studies published between January 2000, at the time of 
PLD treatment introduction, and January 2013.

Search strategy
Search strategy and study identification were conducted as 

described in previous works.60,61 Briefly, we performed a literature 
search of main scientific databases. Published trials, in form of 
full article or abstract, were eligible. In this analysis only English-
written prospective studies were allowed, in order to reduce or 
minimize the risk of selection or information bias.62,63 The main 
keywords and their combination used for the search were: ovar-
ian cancer, systemic chemotherapy, pegylated liposomal doxoru-
bicin, randomized clinical trials. The “related articles” function 
was used to include as many studies as possible in the first screen-
ing analysis and, subsequently, retrieved articles were screened to 
ensure accuracy of the search strategy.

Data collection
Studies were independently evaluated by two investigators 

(N.S. and D.C.) to select homogeneous reports. We extracted and 
evaluated different variables from selected trials such as number 
of patients enrolled, year of publication, treatment schedule, and 
efficacy results. Data regarding the occurrence of toxicities were 
obtained from the safety profile reported in each study. Any dis-
crepancy was discussed and resolved by two additional reviewers 
(P.T. and P.T.).64

Study endpoints
Study end-points were OS, PFS, response rates (RRs), CA125 

response, and toxicity rates (TRs). The collected efficacy out-
comes included median survival and clinical response.

Metaanalysis
A metaanalysis was performed in order to evaluate the overall 

effects of the PLD treatment vs. control arm on the pre-specified 
end-points.65 Survival data were extracted as hazard ratios (HRs) 
of OS and PFS with relative confidence intervals (95% CI). The 
interaction between survival and PLD-treatment was obtained 
from each study by the HRs logarithm. The overall effect of PLD 
treatment on RR, CA125-response and toxicity was calculated 
using method for dichotomous data (odds ratio and risk ratio; 
95% CI assessment). HR > 1 reflects more deaths or progres-
sion in the PLD-based arm. OR > 1 reflects a favorable outcome 

in the PLD-based arm for response, survival probability or an 
unfavorable outcome for toxicities. A subgroup analysis, based on 
the platinum-status and line of treatment, was performed for all 
end-points. The Cochrane Q-test and I2 statistics were used to 
assess heterogeneity between studies. For all endpoints the analy-
ses were performed with the Cochrane-Mantel-Haenszel fixed-
effects model and the DerSimonian and Laird random-effects 
model.66-68 The occurrence of publication bias was investigated 
through the Begg test and by visual inspection of funnel plots.69 
A two-tailed P value ≤ 0.05 was considered statistically signifi-
cant. All the statistical analyses were performed by STATA™ 
SE v. 12.0 (STATA® Corporation, Texas, USA) and according to 
PRISMA guidelines.70
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Figure 3C and D (See opposite page). Comparison of RR and Ca125 response, according to treatment line (A and B respectively) or platinum sensitiv-
ity (C and D respectively), between patients treated with a PLD-containing regimen vs. any other PLD-free schedule. Abbreviation: OR, odds ratio; rr, 
risk ratio; CPLD, carboplatin and pegylated liposomal doxorubicin; CP, carboplatin and paclitaxel; PLD, pegylated liposomal doxorubicin; O, olaparib; 
C, carboplatin; G, gemcitabine; T, topotecan.

Table 4. Most common adverse events analyzed in the metaanalysis

Adverse events Overall risk ratio (95% CI) P value

Anemia 0.94 (0.42–2.11) 0.88

Neutropenia 0.89 (0.57–1.39) 0.61

Thrombocytopenia 1.34 (0.62–2.90) 0.45

Neurotoxicity 0.48 (0.16–1.41) 0.18

Palmar–plantar 
erythrodysesthesia

26.33 (11.76–58.99) <0.01

Alopecia 0.22 (0.10–0.46) <0.01

Figure 4. Funnel plot (Begg test) assessing publication bias.
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