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Abstract 
Purpose: The treatment of advanced breast cancer (ABC) is still challenging 
aiming mainly to improve or maintain the quality of life. The efficacy of pe-
gylated liposomal doxorubicin (PLD) was proven in patients with ABC. Be-
cause its expensive treatment there is a great need to find the predictive factors 
for the clinical outcome of PLD. Our purpose was to evaluate the factors which 
would affect the clinical outcomes in patients receiving PLD for advanced 
breast cancer. Methods: Retrospectively, we studied the medical records of 60 
eligible patients during the period of seven years (Jan. 2011-Dec. 2017). All pa-
tients were treated in Medical Oncology Department, South Egypt Cancer In-
stitute, Assiut University, Egypt. We included only patients with visceral me-
tastasis who received at least 2 cycles of PLD and had radiological assessment 
after that. Clinical benefit rate of PLD and survival outcome were assessed and 
correlated with patients and disease characteristic. Results: The majority of pa-
tients had a performance status grade II (81.7%), recurrent disease (86.7%), 
more than one metastatic site (83.3%), and chemoresistance to previous anth-
racycline (75%). The clinical benefit rate (CBR) to PDL was 30%. We found 
statistical significant association between higher CBR and biological subtypes 
(p < 0.001), type of metastatic breast disease (p = 0.003), chemosensitivity to 
anthracycline (p < 0.001), and the number of previous lines of chemotherapy 
(p = 0.041). The median progression-free survival (PFS) was five months. 
There was a statistically-significant improvement of PFS among patients with 
anthracycline-sensitive tumors compared to those with anthracycline-resistant 
tumors (10 months vs. 5 months, respectively, p = 0.004). The most common 
toxicity was palmar-plantar erythrodysesthesia (28% for all grade and 9% for 
grade 3 or more). There was no severe cardiotoxicity or treatment-related death. 
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Conclusion: Pegylated liposomal doxorubicin appears to be more effective in 
patients with (luminal B with Her2neu positive, triple-negative and in her2neu 
amplified), also we noticed that de novo metastatic disease, patient who are 
not heavily pretreated tumors and patients with the anthracycline-sensitive 
tumor get more benefit from PLD than others. 
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1. Introduction 

Globally, breast cancer is the most-common cancer in women after skin cancer 
[1]. Breast cancer is responsible for about 13.7% of cancer deaths in women 
worldwide [2]. This mortality is mainly related to metastatic or advanced disease 
[3]. 

The treatment of ABC is still challenging and mainly aiming to improve or 
maintain the quality of life, relieve the symptoms, and, to a lesser extent, im-
proving the disease-related survivals [4].  

There is no standard of care for ABC management; however, chemotherapy is 
a treatment option for many patients with ABC. Doxorubicin considered among 
the most active agents in [5]. 

Unfortunately, this known efficacy of doxorubicin in ABC is countered by its 
dose-limiting myelosuppression and cardiotoxicity [6] [7]. Myelosuppression may 
be life-threatening when sepsis occurs due to neutropenia that reaches its nadir 
10 to 14 days after treatment [8]. The incidence of the cardiotoxicity is propor-
tionally related to lifetime cumulative dose of doxorubicin which should not ex-
ceed 450 - 500 mg/m2 [9] [10] [11]. 

Pegylated liposomal doxorubicin (PLD) was manufactured through capsula-
tion of doxorubicin with polyethylene glycol-coated liposome. This results in a 
new pharmacokinetic criterion; that PLD is restricted to the vascular space in the 
tissues having tight capillary junctions, such as the cardiac muscle and gastroin-
testinal tract. PLD can penetrate fenestrations of the vascular wall where its en-
dothelial cells are either not tightly joined or disrupted by inflammation or tu-
mor growth. Thus, PLD has less concentration at cardiac muscle and gastroin-
testinal tract which are the sites of its potential toxicity and more concentration 
at the tumor tissue resulting in lesser toxicity (cardiotoxicity, myelosuppression, 
and alopecia) and more or, at a lesser extent, equal efficacy when compared with 
conventional doxorubicin [12]-[17].  

The dose-limiting toxicity of PLD is the palmar-plantar erythrodysesthesia 
(PPE), also known as a hand-foot syndrome [8] [17] [18] [19]. 

The efficacy of PLD was proven in patients with ABC [6] [7] [9] [10] [11] [20] 
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[21]. Still, there is a great need to find the predictive factors for the clinical out-
come of PLD in those patients. We conducted this retrospective study to find the 
possible predictive factors for the outcomes in those patients receiving PLD.   

2. Methods 
2.1. Study Design 

This retrospective study was based on the examination of the medical hospital 
records of patients with evidence of ABC during the period of seven years (Jan-
uary 2011 to December 2017). All patients were treated in Medical Oncology 
Department, South Egypt Cancer Institute, Assiut University, Egypt. We in-
cluded patients with visceral metastatic breast cancer who had received at least 2 
cycles of PLD. And the assessment of their response to PLD was done at least 
once. The exclusion criteria included any of the following items: double malig-
nancy other than bilateral breast cancer, PLD was received as doublet, or pa-
tients missed without assessment.  

PLD was given as 50 mg/m2 over a 30- or 60-minute intravenous infusion on 
day 1. The cycle frequency was every 4 weeks. It was given until maximal re-
sponse, unacceptable toxicity, or patient preference to discontinue.  

Patients were categorized into subgroups based on demographics and charac-
teristics of their tumor. Demographics’ subgroups were age-related (65 years or 
more vs. less than 65 years old), Eastern Cooperative Oncology Group perfor-
mance status (grade 0/I vs. II), menopausal status (pre/perimenopausals vs. 
postmenopausals). While the subgroups according to tumors’ characteristics 
were pathological type (IDC vs. ILC vs. Others), tumor grade (grade I/II vs. III), 
biological subtype (luminal A vs. luminal B & her2 −ve vs. Luminal B & her2 +ve 
vs. Her2 amplified vs. triple-negative), type of metastasis (de novo ABC vs. re-
current ABC), number of metastasized organ/s (one vs. two or more), the order 
of PLD line (the 3rd palliative vs. the 4th palliative or more), and chemosensitivity 
to previous anthracycline (chemosensitive vs. chemoresistant tumors). These 
variables were chosen based on the previous studies [6] [7] [9] [10] [11] [20] 
[21]. 

10B2.2. Subgroups Categorization of Patients 

We categorized patient according to St. Gallen classification system into five 
groups (Table 1) [22]. Also we categorized the patients according to anthracycline 
sensitivity into a) Anthracycline-resistance group, are those patients who had 
progression occurs during the anthracycline therapy when recurrence occurs 
within 12 months after the last curative cycle of anthracycline based regimen or 
within 6 months after the last palliative anthracycline cycle for patients who achieved 
complete remission. While the anthracycline-sensitive tumor (also called anth-
racycline-non-resistant) are those patients who didn’t fulfil the previous criteria 
of the chemoresistant tumor were not fulfilled [21]. 
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Table 1. Definition of subtypes of breast cancer—St. Gallen classification [22]. 

Breast cancer subtypes Er and Pr Her-2 Ki67 

Luminal a Er+ and/or pr+ Her-2− Ki67 < 14% 

Luminal b with her-2 negative Er+ and/or pr+ Her-2− Ki-67 ≥ 14% 

Luminal b with her-2 positive Er+ and/or pr+ Her-2+ Any ki-67 

Her-2 enriched Er−, pr− Her-2+ Any ki-67 

Basal-like (triple-negative) Er−, pr− Her-2− Ck5/6+ and/or EGFR+ 

Abbreviations: CK 5/6: cytokeratin 5/6; EGFR: epidermal growth factor receptors; Er: estrogen receptors; 
Pr: progesterone receptors. 

2.3. Statistical Analysis 

The primary endpoints were a) Clinical Benefit Rate (CBR); which defined as 
percentage of patients who have complete response [CR], partial response [PR] 
or stable disease [SD] for more than 6 months [23]. b) Progression-free survival 
(PFS); defined as the time from the start of treatment to disease progression, 
death from any cause, or date of last follow up, whichever came first).  

The secondary endpoint was overall survival (OS) which defined as the time 
from the start of treatment to date of death from any cause, or date of last follow 
up, whichever came first). Assessment toxicity profile was based on the Com-
mon Terminology Criteria for Adverse Events (CTCAE) [24]. Continuous va-
riables were presented as median and range. Categorical variables (nominal and 
ordinal) are presented as frequency and percentage. Bivariate analysis was done 
to compare categorical variables using the Chi-Square test. Kaplan-Meier method 
was used to estimate the survival time. Cox regression analysis was used for the 
multivariate analysis. p-value less than 0.05 was considered a significant value. 
SPSS version 21.0 (SPSS Inc. Chicago, IL, USA) was used in the storage and 
analysis of data [25]. 

3. Results 
3.1. Patients’ Demographics and Tumor Characteristics 

Sixty eligible patients were analyzed for results. Table 2 shows that the majority 
(95%) were adults (less than 65 years). Most patients (81.7%) had a performance 
status of grade II. About one third (30%) of the patients were postmenopausal. 
The most common biological type was luminal A (41.7%), then triple-negative 
type (36.7%). De novo ABC incidence (13.3%) was less than recurrent ABC 
(86.7%). Fifty out of the studied patients had more than one metastatic organ.  

Sixteen patients (26.7%) received PLD as the 3rd line palliative after the pre-
vious anthracycline and taxanes lines, while the remaining (73.3%) received it as 
4th line or beyond that. Three quarters (75%) of our patients had tumors that 
were chemoresistant to previous anthracyclines (doxorubicin or epirubicin). 
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Table 2. Patients’ demographics and tumor characteristics. 

Characteristic N˚ % 

Age (years) 

Median 

Range 

 

45 

28 - 65 

Age group (years) 

<65 

≥65 

 

57 

3 

 

95.0 

5.0 

ECOG PS 

0, I 

II 

 

11 

49 

 

18.3 

81.7 

Menopausal status 

Pre/perimenopausal 

Postmenopausal 

 

42 

18 

 

70.0 

30.0 

Pathological type 

IDC 

ILC 

Others 

 

52 

6 

2 

 

86.7 

10.0 

3.3 

Tumor Grade 

Grade I or II 

Grade III 

 

54 

6 

 

90.0 

10.0 

Biological subtype 

Luminal A 

Luminal B & her2 −ve 

Luminal B & her2 +ve 

Her2 amplified 

Triple-negative 

 

25 

5 

0 

8 

22 

 

41.7 

8.3 

0.0 

13.3 

36.7 

Type of metastasis 

Denovo ABC 

Recurrent ABC 

 

8 

52 

 

13.3 

86.7 

No of metastasized organ/s 

One 

Two or more 

 

10 

50 

 

16.6 

83.4 

Order of PLD line 

3rd palliative 

4th palliative or more 

 

16 

44 

 

26.7 

73.3 

Chemosensitivity 

Chemosensitive 

Chemoresistant 

 

15 

45 

 

25.0 

75.0 

Chemotherapy cycles 

Total number 

Mode 
Range 

 

296 

3 

3 - 18 

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; IDC, invasive ductal 
carcinoma; ILC, infiltrating lobular carcinoma; Her 2, human epidermal growth factor receptor 2. 
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3.2. Response Rates 

There was no case of complete response (CR). Five cases (8.3%) developed par-
tial remission, while thirteen cases (21.7%) had stable disease for more than six 
months. Forty-two cases (70%) had progressive disease. From previous results, 
CBR was 30%. Four factors significantly affected CBR. The very high significant 
value appeared within biological subtypes; all cases (100%) with luminal B with 
her2 positive subtype were stable on PLD, while CBR for patients with TNBC 
and HER2 amplified disease were 40.9% and 37.5%, respectively (p < 0.001). 
CBR in patients with de novo ABC was about three times higher than in patients 
with recurrent ABC (75% vs. 23.1% respectively; p = 0.003). Patients with the 
chemosensitive disease had a significantly higher CBR when compared to those 
with the chemoresistant disease (66.7% vs. 17.8% respectively; p < 0.001). PLD 
given as the 3rd line achieved higher CBR than when it given as the 4th line or 
more (50.0% vs. 22.7% respectively; p = 0.041). 

3.3. Survival Outcome 

The median PFS was five months; 95% CI 4.05 - 5.94 months (Figure 1). Che-
mosensitivity to the previous anthracycline is the only factor that significantly 
affected the PFS; The median PFS was twice as long for patients with chemosen-
sitive tumor compared to those with chemoresistant tumor (10 months; 95% CI 
5.31 - 14.68 versus 5 months; 95% CI 4.20 - 5.79 respectively; p = 004) (Figure 2). 

The median OS was 11 months, with 95% CI of 9.48 - 12.51 months (Figure 3). 
Our results demonstrated that there was no significant effect of the studied fac-
tor on OS. 
 

 
Figure 1. Kaplan-meier plot: progression-free survival. CI: confidence 
interval; PFS: progression-free survival. 
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Figure 2. Kaplan-meier plot: progression-free survival according to chemo-
sensitivity to previous anthracycline. CI: confidence interval; PFS: progres-
sion-free survival. 

 

 
Figure 3. Kaplan-Meier plot: Overall survival. CI: confidence interval; OS: 
overall survival. 

3.4. Adverse Effects 

All cases received 296 cycles of PLD (range 3 - 18). The dose reductions were 
required in eight cases (13.3%), while four cases (6.7%) could not tolerate PLD 
due to PPE (2 cases), stomatitis (one case), and hypersensitivity (one case). As 
shown in Table 3, the majority of adverse effects were of low grades. PPE was  
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Table 3. Toxicity of pegylated liposomal doxorubicin in the studied patients (N = 60). 

Event 
All grades 

No (%) 
Grade III/IV 

No (%) 

Non-hematological   

PPE 17 (28) 5 (9) 

Stomatitis 15 (25) 4 (7) 

Diarrhea 10 (17) 3 (5) 

Fatigue 9 (15) 2 (4) 

Anorexia 8 (13.3) 1 (2) 

Nausea 7 (12) 1 (2) 

Hypersensitivity 7 (12) 2 (4) 

Asthenia 6 (10) 1 (2) 

Constipation 5 (9) 1 (2) 

Cardiac toxicity 2 (4) 0 (0) 

Hematological   

Anemia 10 (17) 2 (4) 

Neutropenia 4 (7) 3 (5) 

Leukopenia 3 (5) 2 (4) 

Thrombocytopenia 2 (4) 0 (0) 

Abbreviation: PPE: palmar-plantar erythrodysesthesia. 

 
the most common non-hematological toxicity (28%) followed by stomatitis (25%) 
then diarrhea (17%), while neutropenia (5%) was the most common hematolog-
ical toxicity, followed by anemia and leukopenia (4% for each adverse effect). No 
reported cases for severe cardiac toxicity. Also, there was no treatment-related 
death. 

4. Discussion 

In this retrospective study that included 60 patients with ABC received PLD. Af-
ter data analysis, we found that CBR was 30%, with four among the investigated 
factors had a significant effect on CBR: biological subtypes, type of ABC, che-
mosensitivity, and order of PLD line.  

We stated that the luminal B subtype had the best CBR, followed by TNBC, 
then HER2 amplified, and then the lowest CBR for luminal A (100%, 40.9%, 
37.5%, and 4% respectively; p = 0.000). To best of our knowledge, no study ad-
dressed the effect of biological subtypes on CBR in patients received PLD as single 
agent for ABC; however, Fabi et al. [26] conducted a phase II clinical trial to de-
termine the clinical efficacy and safety of PLD in combination with gemcitabine as 
a first- or second-line treatment option in patients with ABC. They reported that 
HER2 overexpression predicted response to PLD in ABC patients (CBR; 84.3% 
for patients with HER2-positive tumors vs. 74% for patients with HER2-positive 
tumors) [26]. CBR is higher than that of our study (37.5%); this may be due to 
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the high percentage of chemoresistant (75%) and luminal A (41.7%) subgroups 
and low percentage (13.3%) of her2 amplified subgroup within our patients 
(Table 2). 

CBR in patients with de novo ABC was about three times higherthan in pa-
tients with recurrent ABC (75% vs. 23.1% respectively; p = 0.003). To the best of 
our knowledge, there is no previous work on this topic regarding PLD. 

As regards to the chemotherapy-related factors, patients with chemosensitive 
disease had about four times CBR higher than in patients with chemoresistant 
disease; (66.7% vs. 17.8%; p = 0.0001). Also, when PLD was given as the 3rd line, 
CBR was higher than when given as the 4th line or more (50.0% vs. 22.7% re-
spectively; p = 0.041). Aphase III German study conducted by Al-Batran et al. 
[13] and an Austrian observational trial conducted by Fiegl et al. [27] studied 
these factors. Al-Batran et al. showed slightly less CBR than that our study (24% 
vs. 30% respectively). In agreement with our data, this German study [13] re-
vealed that the patients not heavily pretreated had higher CBR than those heavily 
pretreated (30%, 21.7%, 19.2% for patients received one, two, and three more 
previous regimen/s respectively). Also, Austrian observational [27] trial proved 
the same conclusion (overall response rate [ORR]; 32% for patients received up 
to three previous regimens vs. 12% for patients received four or more previous 
regimens; p = 0.024). In contrast with our result, Al-Batran et al. [13] documented 
that chemosensitivity had an insignificant effect on CBR (16.1% in patients with 
anthracycline-resistant disease vs. 29% in non-anthracycline-resistant patients; p 
= 0.186), it may be due to different definitions of the chemosensitivity between 
two studies; they defined anthracycline resistance when patients had disease 
progression on anthracycline therapy for ABC or within 6 months of adjuvant 
therapy. 

The median PFS for our patients was five months (95% CI 4.05 - 5.94 months), 
which is slightly more than that stated by Al-Batran et al. [13] (3.6 months; 95% 
CI 2.7 - 6.4). In our study, the chemosensitivity was the only significant predic-
tive factor for the median PFS (10 months; 95% CI, 5.31 to 14.68 for patients 
with chemosensitive tumor versus 5 months; 95% CI, 4.20 to 5.79 for those with 
chemoresistant tumor; p = 004). Data about the effect of chemosensitivity on 
PFS for patients receiving PLD is still lacking. Only two studies addressed that 
issue, but without details or direct conclusion. These two studies agree with our 
findings. The first one is conducted by Al-Batran et al. [13] who reported patients 
with a non-anthracycline-resistant disease has a higher PFS than those having an 
anthracycline-resistant disease; however, P-value was not reported. The second 
trial reported by Keller et al. [17] who indirectly confirmed the same finding. 
They stated that PLD has a superior PFS compared to vinorelbine in the patients 
with non-anthracycline-resistant disease (3.7 vs. 2.6 months respectively), but in 
patients with anthracycline-resistant ABC, the median PFS is comparable (2.6 
months for each group). 

Median OS of our patients was 11 months (95% CI 9.48 - 12.51 months), 
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which is slightly less than that documented by Al-Batran et al. [13] (12.3 months; 
95% CI 7.7 - 16.3). All investigated factors in our study had no any significant 
effect on the median OS. In contrast with our study, Fiegl et al. [27] reported 
that the occurrence of a greater number (≥4) of metastatic sites was the only in-
dependent risk factor for shorter OS (hazard ratio, 2.78; 95% CI, 1.75 - 4.42; p < 
0.001). 

We do not report any case of severe cardiac toxicity. This is matching with 
previous studies published by Al-Batran et al. [13], Keller et al. [17], and Basso et 
al. [28] and likely similar results of studies conducted by Harbeck et al. [29] and 
Huober et al. [20] who reported that the incidence of severe cardiac toxicity was 
about 1%. We recorded that PPE was the most common adverse effect (28% for 
all grades and 9% for grade 3/4 toxicities). The occurrence of grade 3/4 PPE in 
our study is slightly nearby the results documented by Al-Batran et al. (6.4%) 
[13], Basso et al. (6.3%) [28], and Huober et al. (6.0%) [20], and greatly lower 
than that the incidence reported by Harbeck et al. (39%) [29] and Keller et al. 
(19%) [17]. Fiegl et al. [27] documented only 1% grade 3/4 PPE. This variance in 
occurrence of PPE may be due to different biological criteria of the patients, dif-
ferent dosage per cycles, and different cumulative dose of PLD received by every 
patient.  

The main limitations of our study are its retrospective nature and a relatively 
small number of sample size. Also, the PLD was given beyond previous two lines 
of palliative chemotherapy. We recommend a further prospective study includ-
ing the larger sample size, with PLD given as a frontline therapy.   

5. Conclusion 

Pegylated liposomal doxorubicin appears to be more effective in patients’ sub-
groups with specific tumor criteria including special biological subtypes (luminal 
B with human epidermal growth factor receptor 2 positive, triple-negative, and 
her2 amplified), de novo metastatic disease, not heavily pretreated tumors, and 
the anthracycline-sensitive tumor. Therefore, patients selection should be con-
sidered. 
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ABC: advanced breast cancer  
CBR: clinical benefit rate  
CIs: confidence intervals  
CK 5/6: cytokeratin 5/6 
CR: complete response  
CTCAE: Common Terminology Criteria for Adverse Events  
ECOG: Eastern Cooperative Oncology Group 
EGFR: epidermal growth factor receptors 
Er: estrogen receptors 
Her2: human epidermal growth factor receptor 2 
HRs: hazard ratios  
IDC: invasive ductal carcinoma 
ILC: infiltrating lobular carcinoma 
OS: overall survival  
PFS: progression-free survival  
PLD: pegylated liposomal doxorubicin  
PPE palmar-plantar erythrodysesthesia  
PR: partial response  
Pr: progesterone receptors 
SD: stable disease 
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