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Abstract: We performed this meta-analysis to evaluate the effect of pegylated or non-pegylated liposomal doxoru-
bicin (LD) compared with non-LD-based regimens in advanced breast cancer. Data were exacted from randomized 
controlled trials (RCTs) comparing LD-based treatment to any other regimens between January 2000 and May 
2015. Study end-points were overall survival (OS), progression free survival (PFS), response rate (RR), and toxic-
ity. Hazard ratios (HRs) of OS and PFS, with 95% confidence index (CI), odds ratios (ORs) of RR and toxicity, were 
exacted. Nine RCTs with 2490 patients were included, showing no OS difference for LD-based compared with other 
regimens (P = 0.235) and a significant PFS benefit of LD-based schedule (P < 0.001), particularly in pegylated LD 
subgroup. Moreover, no difference was observed for common hematological toxicities and for RR. In conclusion, 
LD-containing regimens do not improve OS compared with any other schedule, while a marginal PFS advantage is 
observed in LD-based schedule.
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Introduction

Breast cancer, the second most common form 
of cancer after lung cancer, accounts for 20% 
of cancer deaths in developed countries [1]. 
According to the statistical data, a 15% annual 
increase of new incident cases of breast can-
cer will be presented in the upcoming years. In 
current clinical practice, the gold standard 
treatment includes surgical intervention asso-
ciated with adjuvant chemotherapy, hormonal 
and radiation therapy [2]. 

Anthracyclines (e.g. doxorubicin) are one of the 
most effective chemotherapeutic agents and 
have been employed in the treatment of multi-
ple hematological malignancies and solid 
tumors in both adult and pediatric patients [3]. 
However, the efficacy of anthracycline agents 
were restricted by their serious side effects and 
the cardiotoxicity exerted by anthracycline 

agents could result in increased risk of morbid-
ity and mortality [4, 5]. 

By using an advanced and versatile drug deliv-
ery system to alter the tissue distribution and 
pharmacokinetics of the agents, liposomal 
encapsulated doxorubicin is designed to reduce 
the cardiotoxicity related to doxorubicin while 
preserving its anti-tumor efficacy [6, 7]. 
Previous trials have shown that liposomal doxo-
rubicin (LD) was significantly less cardiotoxic 
than conventional doxorubicin as a first-line 
treatment of the metastatic breast cancer [8, 
9]. However, inconsistent results were found on 
the use of LD treatment on the improvement of 
overall survival (OS) and progression free sur-
vival (PFS). 

The aim of this meta-analysis was to perform a 
comprehensive evaluation of the efficacy and 
safety of LD-based treatment compared with 
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non-LD-based regimens in the advanced breast 
cancer treatment.

Materials and methods

Literature search, selection, and data collec-
tion

Papers regarding single pegylated LD (PLD) or 
PLD-containing regimen therapy in patients 
with metastatic or advanced breast cancer that 
were published on PubMed and Web of Science 
between January 2000 and May 2015 were 
included in this meta-analysis. The following 
search terms were used: breast, mammary, 
cancer, neoplasm, oncology, tumor, malignan-
cy, carcinoma, adenocarcinoma, sarcoma, 
advanced, metastatic, secondary, recurrent, 
inoperable, disseminated incurable, systemic 
chemotherapy, liposomal doxorubicin, random-
ized clinical trials. Studies that met the follow-
ing criteria were included: (1) Was a full-text, 
English-written study; (2) Patients were diag-
nosed with metastatic or advanced breast can-
cer and with same demographic characteristics 
(age and performance status); (3) In the trial 
design, the patients in experimental arm were 
received with single PLD or PLD-containing reg-
imen, while the patients in control arm were 
applied with other single agent or PLD-free 
combination; (4) With a description of adequate 
staging and follow-up time. (5) To avoid overlap-
ping patient data in duplicate publications, only 
larger or updated publications were included.

Studies were excluded according to the follow-
ing criteria: (1) non-randomized studies; (2) 
without comparable end-points; (3) studies that 

and toxicity rates (TRs). The collected efficacy 
outcomes included median survival and clinical 
response. Additional subgroup analyses were 
performed in an attempt to gain more insight 
into the parameters or conditions that might 
exert an impact on the results. The subgroup 
analyses that were conducted included a treat-
ment line as well as different formula of pegylat-
ed and non-pegylated liposomal doxorubicin. 

Quality assessment

According to a previous study, the Cochrane 
Collaboration’s tool [10], which is used to 
assess the risk of bias, was used to assess the 
methodological quality of the included studies. 
Five items, including method of randomization, 
allocation concealment, blinding (participants/
personnel and outcome assessment), with-
drawal and dropout, baseline, were evaluated.

Meta-analysis

Meta-analysis was performed to assess the 
overall effect of the LD treatment vs. control 
arm on the pre-specified end-points according 
to previous description [11]. Survival data were 
extracted as hazard ratios (HRs) of OS and PFS 
with relative confidence intervals (95% CI). In 
the study with only median OS and PFS time 
available, the HR and 95% CI were calculated 
according to studies described by Hackshaw 
[12]. The overall effect of LD treatment on toxic-
ity was calculated using method for dichoto-
mous data (odds ratio and risk ratio; 95% CI 
assessment). HR > 1 reflects more deaths or 
progression in the LD-based arm. OR > 1 
reflects a favorable outcome in the LD-based 

Figure 1. Flow chart of study inclusion.

described particular admin-
istration of chemotherapy 
(e.g., intra-arterial or intra-
peritoneal infusion); (4) 
studies without any data 
regarding our pre-specified 
end-points. 

Data abstraction and anal-
ysis was performed by 3 
different researchers and 
reported on standardized 
forms. Study end-points 
were overall survival (OS), 
progression free survival 
(PFS), response rates (RRs), 
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arm for an unfavorable outcome for toxicities. A 
subgroup analysis, based on the different for-
mula of doxorubicin and line of treatment, was 
performed for all end-points. 

The Cochrane Q-test and I2 statistics were used 
to assess heterogeneity between studies. The 
Mantel-Haenszel fixed-effects model and the 
DerSimonian and Laird random-effects model 
were selected according to the I2 results for all 
end-points the analyses [13, 14].

The occurrence of publication bias was investi-
gated through the Begg test and by visual 

inspection of funnel plots [15]. A two-tailed P < 
0.05 was considered statistically significant. 

All the statistical analyses were performed by 
STATA™ SE v. 12.0 (STATA® Corporation, Texas, 
USA) [16]. 

Results

Search results and study quality

The final search, which took place on May 31, 
2015, resulted in 247 articles. A majority of the 
articles were excluded if the article was a dupli-
cated article, resulting in a total of 217 includ-

Table 1. Survival data of the included studies

Name Year Lines Patient 
No. Arms Phase OS PFS OS p (log 

rank test)
Chan 2004 First line 160 NPLD+C vs. E+C III 1.55 (0.77-1.72) 1.52 (1.06-2.20) 0.504

Keller 2004 Second or third 301 PLD  vs. V/(MC+Vinblastine) III 1.05 (0.82-1.33) 1.26 (0.98-1.62) 0.71

O-Brien 2004 First line 509 PLD vs. D III 0.94 (0.74-1.19) 1.00 (0.82-1.22) NR

Batist 2006 First line 68 NPLD vs. D III 1.12 (0.63-1.98) 1.14 (0.63-2.04) 0.71

Sparano 2009 First line 751 PLD-Docetaxel vs. Docetaxel III 1.02 (0.86-1.22) 0.66 (0.56-0.78) 0.81

Alba 2010 Second line 155 PLD vs. None III 0.86 (0.58-1.27) 0.54 (0.39-0.78) 0.435

Vici 2011 First line 104 PLD+V vs. E+V II 0.72 (0.49-1.49) 0.82 (0.53-1.59) NR

Baselga 2014 First line 364 NPLD+T+P vs. T+P III 0.79 (0.610-1.031) 0.84 (0.648-1.082) 0.083

Smorenburg 2014 First line 78 PLD vs. C III 0.87 (0.53-1.44) 0.68 (0.42-1.09) 0.59
OS: overall survival; PFS: Progression-free survival NPLD: non-pegylated liposomal doxorubicin; E: epirubicin; PLD: pegylated liposomal doxorubicin; V: vinorelbine; MC: 
mitomycin C; D: doxorubicin; T: trastuzumab; P: paclitacel; C: capecitabine; NR: Not reported.

Table 2. Response rate and toxicities data of the included studies

Author Trial design RR 
(%)

Alopecia 
(%)

Nausea 
(%)

Vomiting 
(%)

Fatigue 
(%)

PPE 
(%)

Stomatitis 
(%)

Hematologic toxicity
TCP 
(%)

Anemia 
(%)

NTP 
(%)

Chan et al. NPLD+C 46 87 21* NR 0 0 7 4 25 87
E+C 39 85 19* NR 1 0 0 3 14 67

Keller et al. PLD 10 3 23 17 9 37 22 NR NR 3
V/(MC+Vinblastine) 12 4.6 31 20 20 0.7 3.3 NR NR 12.6

O-Brien et al. PLD 33 20 37 19 12 48 22 1 5 4
D 38 66 53 31 16 2 15 1 7 10

Batist et al. NPLD 31 NR NR NR NR 0 NR NR NR 60
D 11 NR NR NR NR 0 NR NR NR 60

Sparano et al. PLD-Docetaxel 35 48 28 11 20 61 52 NR 20 66
Docetaxel 26 45 22 9 15 1 14 NR 17 65

Alba et al. PLD 53 29 21* NR 35 33 NR NR 35 44
None 70 4 4* NR 8 0 NR NR 12 9

Vici et al. PLD+V 52 50 NR NR NR 6 NR 0 8 24
E+V 42.6 100 NR NR NR 0 NR 1.8 9.2 24

Baselga et al. NPLD+T+P 67 68 41 29 22 NR 33 NR NR 11
T+P 62 63 23 13 15 NR 13 NR NR 1

Smorenburg et al. PLD 18 NR 0 NR 13 10 10 NR NR NR
C 17 NR 1 NR 13 16 3 NR NR NR

RR: response rate; PPE: Palmar-plantar erythrodysesthesia; TCP: thrombocytopenia; NTP: neutropenia; NPLD: non-pegylated liposomal doxo-
rubicin; E: epirubicin; PLD: pegylated liposomal doxorubicin; V: vinorelbine; MC: mitomycin C; D: doxorubicin; T: trastuzumab; P: paclitacel; C: 
capecitabine; NR: Not reported. *Total number of nausea/vomiting.
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Figure 2. Forest plots of overall survival (OS) according to treatment line and 
doxorubicin formula (A and B) respectively, between patients treated with a li-
posomal doxorubicin (LD)-containing regiment vs. any other LD-free schedule. 
ES: effect size.

ed articles. After studies of an unrelated topic 
or review or commentary article or using lack-
ing the appropriate controls were omitted, 15 
articles remained. Finally, 9 articles [17-25] 
were included in this meta-analysis, comprising 
2490 patients, 1243 of whom were treated 
with a stem cell-based therapy. The review pro-
cess is depicted in Figure 1 following previously 
published reporting recommendations [26]. 

Study characteristics

The average number of participated patients 
per study was 436 ± 231. A 1:1 randomization 

scheme was used in most 
studies. Of the studies, 3 
used non-pegylated liposo-
mal doxorubicin and 6 
pegylated liposomal doxo-
rubicin, while 2 were used 
as second line treatment 
and 7 were used as first 
line treatment. The OS, 
PFS, log-rank results of OS 
for each individual study 
are listed in Table 1.

The risk of publication bias 
was summarized (Table 2), 
and a low risk of bias was 
identified in most of the 
studies, except for the stud-
ies conducted by Sparano 
et al. [21] and Alba et al. 
[22]. 

Meta-analysis of OS, PFS 
and RR

A standard meta-analysis 
was performed for the out-
comes PFS (13 studies), OS 
(13 studies) and RR (report-
ed in 13 studies), as suffi-
cient data were available. 
For RR, OS and PFS, the 
subgroup analysis results 
were presented based on 
treatment line and formula 
of doxorubicin. 

On OS analysis, LD-based 
treatment was not associ-
ated with improved survival 
in breast cancer patients 
(pooled HR: 0.96; 95% CI: 

0.87-1.06; P = 0.235) (Figure 2A and 2B). 
However, the analyses of study subgroups dem-
onstrate a significant OS disadvantage was in 
non-pegylated setting (pooled HR: 1.12; 95% 
CI: 0.60-1.64; P = 0.014), while analysis of 
other study-subgroups did not demonstrate a 
statistically significant advantage for LD. On 
PFS analysis, LD-based treatment was found to 
be significantly associated with improved PFS 
(pooled HR: 0.87; 95% CI: 0.70-1.05; P < 0.001) 
(Figure 3A and 3B). However, the analyses of 
study subgroups did not demonstrate a signifi-
cant PFS advantage in non-pegylated setting 
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Figure 3. Forest plots of progression free survival (PFS) according to treatment 
line and doxorubicin formula (A and B) respectively, between patients treated 
with a LD-containing regiment vs. any other LD-free schedule. ES: effect size.

(pooled HR: 1.10; 95% CI: 0.66-1.55; P = 
0.077).

The RR analysis revealed no advantage for 
LD-based treatment (Figure 4A and 4B) in 
patients with advanced breast cancer (OR for 
RR: 1.13; 95% CI: 0.94-1.35; P = 0.061). 
However, the analyses of study subgroups dem-
onstrate a significant RR disadvantage was in 
pegylated setting (pooled OR: 1.08; 95% CI: 
0.87-1.33; P = 0.017), while analysis of other 
study-subgroups did not demonstrate a statisti-
cally significant advantage for LD treatment.

Toxicity analysis 

We also extracted the 
major adverse reaction 
from all the included stud-
ies, and the results were 
listed in Table 3. Moreover, 
the further analysis of the 
most common adverse 
events showed that alope-
cia (OR = 0.612, 95% CI = 
0.508-0.736; P < 0.001) 
and PPE (OR = 13.252, 
95% CI = 10.665-16.466; P 
< 0.001) were significantly 
different between LD treat-
ed patients and controls, 
whereas we did not observe 
the difference on nausea, 
fatigue and NTP between 
these 2 group of patients 
(Table 4).

Publication bias

A Begg’s funnel plot for 
amputation showed that 
the studies were equally 
distributed around the ov- 
erall estimate (Figure 5). 
Moreover, the Egger’s test 
showed no publication bias 
(P = 0.897).

Discussion

This meta-analysis of 9 
RCTs (for a total of 2490 
patients), comparing LD to 
any other drug in breast 
cancer treatment, demon-
strated an advantage in 

terms of PFS for LD-based regimen (pooled HR: 
0.87; 95% CI: 0.70-1.05; P < 0.001). However, 
no significant advantages were found in terms 
of OS (pooled HR: 0.96; 95% CI: 0.87-1.06; P = 
0.235) or RR (OR for RR: 1.13; 95% CI: 0.94-
1.35; P = 0.061) despite of subgroups. This 
work confirmed the peculiar tolerability profile 
of this drug; moreover, the analysis of most 
common adverse events showed that alopecia 
(OR = 0.612, 95% CI = 0.508-0.736; P < 0.001) 
and PPE (OR = 13.252, 95% CI = 10.665-
16.466; P < 0.001) were significantly different 
between LD treated patients and controls, 



Meta-analysis of liposomal doxorubicin in advanced breast cancer

530 Int J Clin Exp Med 2016;9(2):525-534

whereas we did not observe the difference on 
nausea, fatigue and NTP between these 2 
group of patients.

Anthracyclines have been proved to exert obvi-
ous disease activity in breast cancer and serve 
as key component of treatment in both early 
and advanced disease [27]. However, the use 
of these agents are restricted due to their asso-
ciation with cumulative dose-related cardiotox-
icity during disease recurrence [28]. In women 
with HER2-overexpressing breast cancer who 
received an adjuvant anthracycline-trastuzum-
ab regimen, the risk of anthracycline-associat-

ed cardiotoxicity is report-
ed to be highest [29]. With 
the introduction of an 
advanced and versatile 
drug delivery system, lipo-
somal doxorubicin was 
demonstrated to have the 
equally efficacy without a 
significant risk of cardio- 
toxicity compared with  
conventional doxorubicin 
whether administered as 
monotherapy or in combi-
nation with other agents 
[19]. Therefore, LD was an 
effective and safe drug  
and a promising substitu-
tion for conventional doxo-
rubicin, which allowed re- 
treatment with an anthra-
cycline in the metastatic 
setting. Moreover, LD has 
also been shown to im- 
prove time to tumor pro-
gression when used as 
maintenance therapy [30]. 
These data, when coupled 
with the need to maintain 
efficacy and reduce car- 
diotoxicity in the manage-
ment of metastatic breast 
cancer, support the use  
of LD in the metastatic  
setting, as well as support 
the rationale for evaluating 
LD as adjuvant therapy.

In this study, the most 
impressive results were 
obtained when we analyzed 
the activity of different LD 

Figure 4. Forest plots of response rate (RR) according to treatment line and 
doxorubicin formula (A and B respectively), between patients treated with a li-
posomal doxorubicin (LD)-containing regiment vs. any other LD-free schedule. 
OR: odds ratio.

treatment line and different formula of LD. 
Focusing on the LD formulation, a significant 
OS disadvantage and no significant PFS advan-
tage were found in non-pegylated setting. 
Moreover, the analyses of study subgroups 
demonstrate a significant RR disadvantage 
was in pegylated setting. However, we adjusted 
the subgroup into treatment line, no different 
conclusion was found on the OS, PFS and RR. 

Furthermore, in a previous study by Rafiyath et 
al. [31], they demonstrated that LD and PLD 
demonstrated favorable toxicity profiles with 
better cardiac safety and less myelosuppres-
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Table 3. Quality assessment of the included studies

Author Method of  
randomization

Allocation 
concealment Blindness Withdrawal and 

dropout Baseline Quality 
level

Chan et al. Centralized Central office No Detailed criteria Identical baseline A
Keller et al. Centralized Central office No NR Identical baseline A
O-Brien et al. Centralized Central office Yes Detailed criteria Identical baseline A
Batist et al. Centralized Central office No NR Identical baseline A
Sparano et al. Centralized NR No Detailed criteria Identical baseline B
Alba et al. NR NR No NR Identical baseline C
CVici et al. Centralized Central office Yes Detailed criteria Identical baseline A
Baselga et al. Centralized Central office No Detailed criteria Identical baseline A
Smorenburg et al. Centralized Central office No NR Identical baseline A
NR: not reported.

Table 4. Meta-analysis of most common adverse events 
Adverse events Pooled OR* (95% CI) P value
Alopecia 0.612 (0.508-0.736) < 0.001
Nausea 1.056 (0.872-1.280) 0.575
Fatigue 1.161 (0.924-1.460) 0.199
PPE 13.252 (10.665-16.466) < 0.001
NTP 1.202 (0.972-1.485) 0.089
OR: odds ratio; CI: confidence index; RR: response rate; PPE: Palmar-plantar erythro-
dysesthesia; NTP: neutropenia; *OR was calculated by Peto methods.

sion, alopecia, nausea and vomiting compared 
with the conventional anthracyclines, which 
makes it a favorable choice over conventional 
anthracyclines in elderly patients, patients with 
risk factors for cardiac disease and patients 

with prior use of anthracy-
clines. In this study, we 
found that as the most 
common adverse events 
alopecia (OR = 0.612, 95% 
CI = 0.508-0.736; P < 
0.001) and PPE (OR = 
13.252, 95% CI = 10.665-
16.466; P < 0.001) were 
significantly different be- 
tween LD treated patients 
and controls, whereas we 
did not observe the differ-
ence on nausea, fatigue 
and NTP between these 2 
group of patients. 

There are also some limi- 
tations in this meta-analy-
sis: First, this meta-analy-
sis was performed on liter-
ature data and was unable 
to retrieve data about all 
end-points from all the 
studies. Second, the differ-
ences in the agents used  
in the control arms may 
result in another potential 
bias despite the included 
trials reported homogenei-
ty on many points.

In conclusion, the absence 
of advantage in terms of  

Figure 5. Funnel plot for publication bias assessment. Log OR: logarithm of 
odds ratio; s.e.: standard error.

OS and the marginal benefit in terms of PFS, 
achieved only in selected groups of patients 
with a “favorable” outcome, indicate the neces-
sary to reconsider the actual effect of LD in 
clinical practice, also including the toxicities 
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exerted by LD. On the other hand, the re- 
ported findings do not argue against LD use  
in clinical practice, but provide novel informa-
tion which can be of help in the design of  
prospective studies, where combination with 
molecular targeted agents should be explored.

Based on our results, even if LD treatment 
could only produce a limited advantage in term 
of PFS, this effect does not translate into a  
significant effect on OS. According to above 
conclusion, LD regimens should not be for- 
mally considered as first-line treatment failure, 
especially in non-pegylated setting. Individual 
treatment selection in the clinical practice 
should consider toxicity experienced by the 
patient, offering for instance LD to patients 
with taxane-related neurotoxicity. Novel thera-
peutic approaches, largely based on preclinical 
findings, with validated efficacy predictors  
and investigated by trial design are eagerly 
awaited.

Acknowledgements

This work was supported by National Natural 
Science Foundation of China (Grant No. 
81271200).

Disclosure of conflict of interest

None.

Address correspondence to: Jian-Qing Gao, Institute 
of Pharmaceutics, College of Pharmaceutical Sci- 
ences, Zhejiang University, 866 Yuhangtang Road, 
Hangzhou 310058, Zhejiang, China. Tel: +86-571-
88208436; Fax: +86-571-88208436; E-mail: gaoji-
anqing@zju.edu.cn; Zheng Xia, Laboratory Animal 
Research Center, Zhejiang Chinese Medical Uni- 
versity, 548 Binwen Road, Hangzhou 310053, 
China. Tel: +86-571-81110215; Fax: +86-571-
81110215; E-mail: volcano_xia@163.com

References

[1] Verdecchia A, Francisci S, Brenner H, Gatta G, 
Micheli A, Mangone L and Kunkler I. Recent 
cancer survival in Europe: a 2000-02 period 
analysis of EUROCARE-4 data. Lancet Oncol 
2007; 8: 784-96.

[2] Lotrionte M, Palazzoni G, Natali R, Comerci G, 
Abbate A, Di Persio S and Biondi-Zoccai GG. 
Appraising cardiotoxicity associated with lipo-
somal doxorubicin by means of tissue Doppler 
echocardiography end-points: rationale and 

design of the LITE (Liposomal doxorubicin-In-
vestigational chemotherapy-Tissue Doppler 
imaging Evaluation) randomized pilot study. 
Int J Cardiol 2009; 135: 72-7.

[3] Theodoulou M and Hudis C. Cardiac profiles of 
liposomal anthracyclines: greater cardiac safe-
ty versus conventional doxorubicin? Cancer 
2004; 100: 2052-63.

[4] Chatterjee K, Zhang J, Honbo N and Karliner 
JS. Doxorubicin cardiomyopathy. Cardiology 
2010; 115: 155-62.

[5] Octavia Y, Tocchetti CG, Gabrielson KL, Jans-
sens S, Crijns HJ and Moens AL. Doxorubicin-
induced cardiomyopathy: from molecular 
mechanisms to therapeutic strategies. J Mol 
Cell Cardiol 2012; 52: 1213-25.

[6] Lien MY, Liu LC, Wang HC, Yeh MH, Chen CJ, 
Yeh SP, Bai LY, Liao YM, Lin CY, Hsieh CY, Lin 
CC, Li LY, Lin PH and Chiu CF. Safety and  
efficacy of pegylated liposomal doxorubicin-
based adjuvant chemotherapy in patients  
with stage I-III triple-negative breast cancer. 
Anticancer Res 2014; 34: 7319-26.

[7] Ricevuto E, Cocciolone V, Mancini M, Cannita 
K, Romano S, Bruera G, Pelliccione M, Adinolfi 
MI, Ciccozzi A, Bafile A, Penco M and Ficorella 
C. Dose-dense nonpegylated liposomal Doxo-
rubicin and docetaxel combination in breast 
cancer: dose-finding study. Oncologist 2015; 
20: 109-10.

[8] Batist G, Ramakrishnan G, Rao CS, Chan-
drasekharan A, Gutheil J, Guthrie T, Shah P, 
Khojasteh A, Nair MK, Hoelzer K, Tkaczuk K, 
Park YC and Lee LW. Reduced cardiotoxicity 
and preserved antitumor efficacy of liposome-
encapsulated doxorubicin and cyclophospha-
mide compared with conventional doxorubicin 
and cyclophosphamide in a randomized, multi-
center trial of metastatic breast cancer. J Clin 
Oncol 2001; 19: 1444-54.

[9] Harris L, Batist G, Belt R, Rovira D, Navari R, 
Azarnia N, Welles L and Winer E. Liposome-
encapsulated doxorubicin compared with con-
ventional doxorubicin in a randomized multi-
center trial as first-line therapy of metastatic 
breast carcinoma. Cancer 2002; 94: 25-36.

[10] Higgins JP, Altman DG, Gotzsche PC, Juni P, 
Moher D, Oxman AD, Savovic J, Schulz KF, 
Weeks L and Sterne JA. The Cochrane Collabo-
ration’s tool for assessing risk of bias in ran-
domised trials. BMJ 2011; 343: d5928.

[11] Crowther M, Lim W and Crowther MA. System-
atic review and meta-analysis methodology. 
Blood 2010; 116: 3140-6.

[12] Hackshaw A. Statistical Formulae for Calculat-
ing Some 95% Confidence Intervals. A Concise 
Guide to Clinical Trials 2009; 205-207.

[13] DerSimonian R and Levine RJ. Resolving dis-
crepancies between a meta-analysis and a 

mailto:gaojianqing@zju.edu.cn
mailto:gaojianqing@zju.edu.cn


Meta-analysis of liposomal doxorubicin in advanced breast cancer

533 Int J Clin Exp Med 2016;9(2):525-534

subsequent large controlled trial. JAMA 1999; 
282: 664-70.

[14] DerSimonian R and Kacker R. Random-effects 
model for meta-analysis of clinical trials: an up-
date. Contemp Clin Trials 2007; 28: 105-14.

[15] Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, 
Jones DR, Lau J, Carpenter J, Rucker G, Har-
bord RM, Schmid CH, Tetzlaff J, Deeks JJ, Pe-
ters J, Macaskill P, Schwarzer G, Duval S, Alt-
man DG, Moher D and Higgins JP. 
Recommendations for examining and inter-
preting funnel plot asymmetry in meta-analy-
ses of randomised controlled trials. BMJ 2011; 
343: d4002.

[16] Boston RC and Sumner AE. STATA: a statistical 
analysis system for examining biomedical 
data. Adv Exp Med Biol 2003; 537: 353-69.

[17] Chan S, Davidson N, Juozaityte E, Erdkamp F, 
Pluzanska A, Azarnia N and Lee LW. Phase III 
trial of liposomal doxorubicin and cyclophos-
phamide compared with epirubicin and cyclo-
phosphamide as first-line therapy for metastat-
ic breast cancer. Ann Oncol 2004; 15: 
1527-34.

[18] Keller AM, Mennel RG, Georgoulias VA, Nab-
holtz JM, Erazo A, Lluch A, Vogel CL, Kaufmann 
M, von Minckwitz G, Henderson IC, Mellars L, 
Alland L and Tendler C. Randomized phase III 
trial of pegylated liposomal doxorubicin versus 
vinorelbine or mitomycin C plus vinblastine in 
women with taxane-refractory advanced 
breast cancer. J Clin Oncol 2004; 22: 3893-
901.

[19] O’Brien ME, Wigler N, Inbar M, Rosso R, 
Grischke E, Santoro A, Catane R, Kieback DG, 
Tomczak P, Ackland SP, Orlandi F, Mellars L, Al-
land L and Tendler C. Reduced cardiotoxicity 
and comparable efficacy in a phase III trial of 
pegylated liposomal doxorubicin HCl (CAELYX/
Doxil) versus conventional doxorubicin for first-
line treatment of metastatic breast cancer. 
Ann Oncol 2004; 15: 440-9.

[20] Batist G, Harris L, Azarnia N, Lee LW and Daza-
Ramirez P. Improved anti-tumor response rate 
with decreased cardiotoxicity of non-pegylated 
liposomal doxorubicin compared with conven-
tional doxorubicin in first-line treatment of 
metastatic breast cancer in patients who had 
received prior adjuvant doxorubicin: results of 
a retrospective analysis. Anticancer Drugs 
2006; 17: 587-95.

[21] Sparano JA, Makhson AN, Semiglazov VF, Tju-
landin SA, Balashova OI, Bondarenko IN, Bog-
danova NV, Manikhas GM, Oliynychenko GP, 
Chatikhine VA, Zhuang SH, Xiu L, Yuan Z and 
Rackoff WR. Pegylated liposomal doxorubicin 
plus docetaxel significantly improves time to 
progression without additive cardiotoxicity 
compared with docetaxel monotherapy in pa-

tients with advanced breast cancer previously 
treated with neoadjuvant-adjuvant anthracy-
cline therapy: results from a randomized phase 
III study. J Clin Oncol 2009; 27: 4522-9.

[22] Alba E, Ruiz-Borrego M, Margeli M, Rodriguez-
Lescure A, Sanchez-Rovira P, Ruiz A, Mel-Lo-
renzo JR, Ramos-Vazquez M, Ribelles N, Calvo 
E, Casado A, Marquez A, Vicente D, Garcia-
Saenz JA and Martin M. Maintenance treat-
ment with pegylated liposomal doxorubicin 
versus observation following induction chemo-
therapy for metastatic breast cancer: GEICAM 
2001-01 study. Breast Cancer Res Treat 2010; 
122: 169-76.

[23] Vici P, Colucci G, Giotta F, Sergi D, Filippelli G, 
Perri P, Botti C, Vizza E, Carpino A, Pizzuti L, 
Latorre A, Giannarelli D, Lopez M and Di Lauro 
L. A multicenter prospective phase II random-
ized trial of epirubicin/vinorelbine versus pe-
gylated liposomal doxorubicin/vinorelbine as 
first-line treatment in advanced breast cancer. 
A GOIM study. J Exp Clin Cancer Res 2011; 30: 
39.

[24] Baselga J, Manikhas A, Cortes J, Llombart A, 
Roman L, Semiglazov VF, Byakhov M, Lokan-
atha D, Forenza S, Goldfarb RH, Matera J, Azar-
nia N, Hudis CA and Rozencweig M. Phase III 
trial of nonpegylated liposomal doxorubicin in 
combination with trastuzumab and paclitaxel 
in HER2-positive metastatic breast cancer. 
Ann Oncol 2014; 25: 592-8.

[25] Smorenburg CH, de Groot SM, van Leeuwen-
Stok AE, Hamaker ME, Wymenga AN, de Graaf 
H, de Jongh FE, Braun JJ, Los M, Maartense E, 
van Tinteren H, Nortier JW and Seynaeve C. A 
randomized phase III study comparing pegylat-
ed liposomal doxorubicin with capecitabine as 
first-line chemotherapy in elderly patients with 
metastatic breast cancer: results of the OME-
GA study of the Dutch Breast Cancer Research 
Group BOOG. Ann Oncol 2014; 25: 599-605.

[26] Moher D, Liberati A, Tetzlaff J and Altman DG. 
Preferred reporting items for systematic re-
views and meta-analyses: the PRISMA state-
ment. PLoS Med 2009; 6: e1000097.

[27] Effects of chemotherapy and hormonal thera-
py for early breast cancer on recurrence and 
15-year survival: an overview of the ran-
domised trials. Lancet 2005; 365: 1687-717.

[28] Swain SM, Whaley FS and Ewer MS. Conges-
tive heart failure in patients treated with doxo-
rubicin: a retrospective analysis of three trials. 
Cancer 2003; 97: 2869-79.

[29] Seidman A, Hudis C, Pierri MK, Shak S, Paton 
V, Ashby M, Murphy M, Stewart SJ and Keefe D. 
Cardiac dysfunction in the trastuzumab clinical 
trials experience. J Clin Oncol 2002; 20: 1215-
21.



Meta-analysis of liposomal doxorubicin in advanced breast cancer

534 Int J Clin Exp Med 2016;9(2):525-534

[30] Verma S, Dent S, Chow BJ, Rayson D and Safra 
T. Metastatic breast cancer: the role of pegylat-
ed liposomal doxorubicin after conventional 
anthracyclines. Cancer Treat Rev 2008; 34: 
391-406.

[31] Rafiyath SM, Rasul M, Lee B, Wei G, Lamba G 
and Liu D. Comparison of safety and toxicity of 
liposomal doxorubicin vs. conventional anthra-
cyclines: a meta-analysis. Exp Hematol Oncol 
2012; 1: 10.


