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Abstract 
Introduction: The treatment of metastatic breast cancer (MBC) is still chal-
lenging. Many studies documented the efficacy of pegylated liposomal dox-
orubicin (PLD) in patients with MBC, but there is a limited data about the 
cardiac safety with high cumulative dose (HCD) of PLD. Aim of the work: 
We conducted this trial to outline the cardiac safety of HCD of PLD in patients 
with MBC who previously received conventional anthracyclines. Methods: 
During the period of nine years (January 2011 to December 2019). We ex-
tracted the data of the patients with MBC receiving PLD at Medical Oncology 
Department, South Egypt Cancer Institute, Assiut University. These included 
patients’ demographics and therapeutic data including the full data of PLD, 
prior conventional anthracyclines, prior trastuzumab, and prior radiotherapy. 
Also, data about comorbidities as well as cardiac and other toxicities of PLD 
were obtained. The data was analysed using SPSS v. 21. Results: For all 81 el-
igible patients, the mean age was 43.9 years (±standard deviation (SD) 13.2). 
The mean cumulative dose of PLD was 378.4 mg/m2 (± SD of 250.2) and a 
range of 100 - 1200 mg/m2. About thirty-one (38.3%) patients received high 
cumulative dose (400 mg/m2 or more), while the remaining 50 patients did not. 
The decline in left ventricular ejection fraction (LVEF) was relatively rare; and 
of low grade. Grade 2 decline in LVEF occurred in only two patients who re-
ceived high cumulative dose of PLD, and only one patient who did not reach 
HCD (p = 0.555). Grade 3 or 4 decline in LVEF did not occur in patients ei-
ther with or without HCD. Regarding other toxicities, there was a significant 
increase in incidence of all grades palmar plantar erythrodysesthesia (PPE) in 
patients who received HCD of PLD when compared to those who did not reach 
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the HCD (38.7% versus 16% respectively; p = 0.021). Conclusion: Our study 
concluded that the use of PLD seems to be a justified agent in the treatment of 
MBC who previously treated by conventional anthracyclines in the adjuvant, 
metastatic or both settings, even in patients reaching the cumulative dose of 
conventional anthracycline. 
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1. Introduction 

Globally, breast cancer is the most common cancer diagnosed in women [1]. At 
initial presentation, about 17% have advanced stage [2]. The treatment of this 
advanced stage is still challenging [3]. The primary goal of that treatment is find-
ing a tool with higher, or at least equal efficacy and lower toxicity [3].  

There is no standard of care for management of the metastatic breast cancer 
(MBC). However, chemotherapy is a treatment option for many patients with 
MBC [4]. Anthracyclines and taxanes are the most effective cytotoxic agents in 
treatment of MBC [4]. The use of the anthracyclines is limited by their cumula-
tive doses regarding the cardiac toxicity [5] [6] [7]. This problem is greatly re-
solved by invention of pegylated liposomal doxorubicin (PLD) by capsulation of 
doxorubicin with polyethylene glycol-coated liposome [8] [9]. By this modifica-
tion, PLD has limited penetration into cardiac muscle, resulting in lesser cardiac 
toxicity when compared with conventional anthracyclines [8] [9]. 

Although many studies documented the efficacy of PLD in patients with MBC, 
there is a limited data about the cardiac safety with high cumulative dose (HCD) 
of PLD [6] [7] [8] [10] [11]. Kesterson et al. published a retrospective chart re-
view showing that the cumulative doses of PLD ≥ 400 mg/m2 are not associated 
with clinically evident cardiac toxicity in patients with gynecologic malignancies. 
However, they assessed the cardiac toxicity in patients without prior exposure to 
anthracyclines [12].  

We conducted this trial to outline the cardiac safety of HCD of PLD in patients 
with MBC who previously received conventional anthracyclines. 

2. Patients and Methods 
2.1. Study Design 

The data were extracted from the medical hospital records of patients with evi-
dence of MBC during the period of nine years (January 2011 to December 2019) 
treated at Medical Oncology Department, South Egypt Cancer Institute, Assiut 
University. The inclusion criteria included the evidence of MBC, received PLD, 
age of 18 years old or more, no evidence of heart failure before treatment, fre-
quent assessments by echocardiography were present. These data included the 
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age of the patient, Eastern Cooperative Oncology Group (ECOG) performance 
status, height, weight, medical comorbidities (i.e. diabetes mellitus and hyper-
tension), type of previously received conventional anthracycline and its cumula-
tive dose, prior exposure to trastuzumab, prior exposure to locoregional radio-
therapy to left breast cancer, the cumulative dose and number of cycles of PLD, 
left ventricular ejection fraction (LVEF) as measured by echocardiography (base-
line and follow up measurements), and manifestations of congestive heart failure 
(CHF). Body mass index (BMI) was calculated from patient’s height and weight 
to outline whether the patient was obese (BMI ≥ 30 kg/m2) or not.  

2.2. Patients Stratification 

Patients were grouped according to age group (less than 65 years and 65 years or 
more according to definition of World Health Organization of the elderly), ECOG 
performance status (grade 0/I and grade II), obesity (obese or not), medical com-
orbidities (No, diabetes mellitus, hypertension or both diabetes mellitus and hyper-
tension),prior conventional anthracyclines (doxorubicin or epirubicin), cumula-
tive dose of prior conventional anthracyclines in mg/m2, prior exposure to tras-
tuzumab (yes or no), prior exposure to locoregional radiotherapy to left breast 
cancer (yes or no), the cumulative dose of PLD in mg/m2, degree of the cumula-
tive dose (high ≥ 400 mg/m2 versus not high, based on definition reported by 
Kesterson et al. [12]), grades of the decline in LVEF according to the Common 
Terminology Criteria for Adverse Events (CTCAE) version 4.03 [13], grades of 
congestive heart failure according to the CTCAE 4.03 [13].   

2.3. Grades of the Decline in LVEF According to CTCAE 4.03 [13] 

Grade 1: not applicable; 
Grade 2: Resting ejection fraction (EF) 40% - 50%; or 10% - 19% drop from 

baseline; 
Grade 3: Resting ejection fraction (EF) 20% - 39%; >20% drop from baseline; 
Grade 4: Resting ejection fraction (EF) < 20%; 
Grade 5: not applicable. 

2.4. Grades of the Heart Failure According to CTCAE 4.03 [13] 

Grade 1: Asymptomatic with cardiac imaging abnormalities; 
Grade 2: Symptoms with mild to moderate activity or exertion; 
Grade 3: Severe with symptoms at rest or with minimal activity or exertion; 

intervention indicated; 
Grade 4: Life-threatening consequences; urgent intervention indicated (e.g., 

continuous IV therapy or mechanical hemodynamic support); 
Grade 5: Death. 

2.5. Treatment Plan and Assessment of Cardiac Function 

PLD was given as 50 mg/m2 as a 30- or 60-minute intravenous infusion on day 1, 
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repeated every 28 days. The medical history and clinical examination were taken 
every visit specially cardiac symptoms and signs suggesting cardiac failure and 
other toxicity. Baseline echocardiography was done, then every 3 - 4 courses of 
PLD. Treatment was continued until maximum response, unacceptable toxicity, 
or patient refusal to continue.   

2.6. Statistical Analysis 

The primary endpoint was PLD-related cardiotoxicity though outlining the 
grades of the decline of LVEF and grades of heart failure. This assessment is based 
on the Common Terminology Criteria for Adverse Events (CTCAE 4.03) [13]. 
The secondary endpoint were PLD-related other toxicities. Shapiro-Wilk test 
was used to define the normality of distribution of our sample. Univariate analy-
sis was used through the presentation of continuous variables as mean ± stan-
dard deviation. Categorical variables (nominal and ordinal) are presented as fre-
quency and percentage. Bivariate analysis was done to compare categorical va-
riables using Chi-Square test or Fisher Exact test when appropriate. A p-value 
less than 0.05 is considered as a cut off of significance. SPSS version 21.0 (SPSS 
Inc. Chicago, IL, USA) was used in the storage and analysis of data [14]. 

3. Results 
3.1. Patients’ Flow Chart 

CONSORT diagram (Figure 1) shows flow of the examined and the analyzed 
cases through this retrospective trial. During a period of nine years (January 2011 
to December 2019), eighty-one patients met our eligibility criteria.  

3.2. Patients’ Demographics and Disease Characteristics 

On initial statistical assessment, we found that our sample was normally distri-
buted (Shapiro-Wilk test is not significant, p = 0.076). Table 1 illustrates the pa-
tients’ demographics and disease characteristics. The mean age at the time PLD in-
itiation was 43.9 years with the standard deviation of 13.2 years. About one-tenth 
(9.9%) of our sample were elderly (65 or more years old). Twenty-one patients 
were hypertensive, while seven patients were diabetic. Only three cases had both 
hypertension and diabetes mellitus (DM). The majority (93.8%) had ECOG per-
formance status grade II. About one-fifth (21%) of the subjects had a history of 
prior exposure to trastuzumab. Regarding the prior anthracyclines, less than 
half (39.5%) of the cases received doxorubicin (mean cumulative dose ± SD: 
253.1 ± 25.2 mg/m2), whereas the remaining cases (60.5%) received epirubicin 
(mean cumulative dose ± SD: 588.0 ± 97.3 mg/m2). The mean number of PLD 
cycles was 7.57 (range 2 - 24). The mean cumulative dose of PLD was 378.4 mg/m2 
(±SD of 250.2) and a range of 100 - 1200 mg/m2. With taking of 400 mg/m2 as 
the cutoff of the HCD of PLD, thirty-one (38.3%) patients received HCD of PLD 
(400 mg/m2 or more), while the remaining 50 patients did not. 
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Figure 1. CONSORT diagram. 

 
Table 1. Patients’ demographics and disease characteristics (N = 81). 

Characteristic N˚ % 

Age (years) 
<65 years 
≥65 years 

 
73 
8 

 
90.1 
9.9 

Mean 
SD 

43.9 
13.2 

Comorbidity 
Neither hypertension nor DM  
Hypertension 
DM 
Both hypertension and DM 

 
50 
21 
7 
3 

 
61.7 
25.9 
8.6 
3.7 
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Continued 

Obesity 
Not obese 
Obese 

 
48 
33 

 
59.3 
40.7 

ECOG PS 
0, I 
II 

 
5 

76 

 
6.2 
93.8 

Prior trastuzumab 
Yes 
No 

 
17 
64 

 
21.0 
79.0 

Prior locoregional radiotherapy to left breast 
Yes 
No 

 
21 
60 

 
25.9 
74.1 

Prior anthracycline-based regimen 
Doxorubicin-based 
Epirubicin-based 

 
32 
49 

 
39.5 
60.5 

Cumulative dose of priordoxorubicin 
Mean ± SD 

 
253.1 ± 25.2 

Cumulative dose of prior epirubicin 
Mean ± SD 

 
588.0 ± 97.3 

Number of PLD cycles 
Mean (Range) 

 
7.57 (2 - 24) 

Cumulative dose of PLD (mg/m2) 
Mean ± SD 
Range 

 
378.4 ± 250.2 

100 - 1200 

High PLD cumulative dose (≥400 mg/m2) 
Yes 
No 

 
31 
50 

 
38.3 
61.7 

Abbreviations: DM, diabetes mellitus; ECOG, Eastern Cooperative Oncology Group; SD, Standard deviation. 

3.3. Dose-Related Cardiotoxicity of PLD  

Table 2 shows that the decline in LVEF was relatively rare; and of low grade. 
Grade 2 decline in LVEF occurred in two patients who received HCD of PLD, 
and only one patient who did not reach HCD (p = 0.555). Grade 3 or 4 decline in 
LVEF did not occur in patients either with or without HCD. Also, there were no 
reported grade 3/4 congestive heart failure in both groups. 

3.4. Dose-Related Other Toxicities of PLD 

Regarding other non-hematological toxicities, there was a significant increase in 
incidence of all grades palmar plantar erythrodysesthesia (PPE) in patients re-
ceived HCD of PLD when compared to those did not reach the HCD (38.7% 
versus 16% respectively; p = 0.021). Also, the grades 3/4 PPE significantly in-
creased with HCD (16.1% for patients with HCD versus 2.0% for those without 
HCD; P = 0.028) (Table 2). In addition to previous findings, patients who re-
ceived HCD of PLD experienced higher incidences of grades 3/4 stomatitis (p = 
0.039), all grades constipation (p = 0.049), all grades anorexia (p = 0.004), grades 
3/4 anorexia (0.028), and all grades fatigue (p = 0.007) when compared to those 
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Table 2. Cardiac and other Toxicties of pegylated liposomal doxorubicin in the studied patients according to its cumulative dose. 

Event 

All grades Grade III/IV 

Cumulative  
dose < 400 mg/m2 

(n = 50) 

Cumulative  
dose ≥ 400 mg/m2 

(n = 31) P values 

Cumulative  
dose < 400 mg/m2 

(n = 50) 

Cumulative  
dose ≥ 400 mg/m2 

(n = 31) p values 

Number (%) Number (%) Number (%) Number (%) 

Non-hematological 

Decline in LVEF 1 (2.0) 2 (6.5) 0.555 0 (0.0) 0 (0.0) NA 

Congestive heart failure 1 (2.0) 2 (6.5) 0.555 0 (0.0) 0 (0.0) NA 

PPE 8 (16.0) 12 (38.7) 0.021 1 (2.0) 5 (16.1) 0.028 

Stomatitis 8 (16.0) 10 (32.3) 0.087 3 (6.0) 7 (22.6) 0.039 

Mucositis 6 (12.0) 7 (22.6) 0.207 2 (4.0) 3 (9.7) 0.366 

Diarrhea 6 (12.0) 7 (22.6) 0.207 3 (6.0) 2 (6.5) 1.000 

Constipation 2 (4.0) 6 (19.4) 0.049 0 (0.0) 0 (0.0) NA 

Anorexia 3 (6.0) 10 (32.3) 0.004 1 (2.0) 5 (16.1) 0.028 

Nausea 10 (20.0) 11 (35.5) 0.122 4 (8.0) 5 (16.1) 0.293 

Vomiting 5 (10.0) 8 (25.8) 0.060 1 (2.0) 4 (12.9) 0.068 

Fatigue 4 (8.0) 10 (32.3) 0.007 2 (4.0) 5 (16.1) 0.100 

Hematological     

Anemia 8 (16.0) 8 (25.8) 0.281 2 (4.0) 4 (12.9) 0.196 

Leukopenia 4 (8.0) 9 (29.0) 0.026 3 (6.0) 4 (12.9) 0.419 

Neutropenia 3 (6.0) 5 (16.1) 0.249 0 (0.0) 4 (12.9) 0.019 

Thrombocytopenia 6 (12.0) 6 (19.4) 0.365 2 (4.0) 2 (6.5) 0.635 

Abbreviation: PPE, palmar plantar erythrodysesthesia; LVEF, left ventricular ejection fraction. 

 
who not reaching the HCD. From data about hematological toxicities, HCD was 
associated with a significant increase in the incidence of allgrades leukopenia (p 
= 0.026) and grades 3/4 neutropenia (p = 0.019) (Table 2). Regarding the other 
toxicities, there was no statistical difference between patients who received HCD 
of PLD and those who did not (Table 2). There was no treatment-related death. 

4. Discussion 

This study on a group of MBC patients who were pretreated with an anthracyc-
line to evaluates the toxicity of anthracycline rechallenge using PLD. All patients 
had received conventional anthracyclines. Therefore, most patients in this study 
were in an advanced and palliative course of their disease when they received 
PLD. 

Our data suggest safety profile of PLD. Results from this study showed the de-
cline in LVEF was relatively rare. Grade 2 decline in LVEF occurred in two pa-
tients who received HCD of PLD, and only one patient who did not reach HCD 
(p = 0.555). Grade 3 or 4 decline in LVEF did not occur in patients either with or 
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without HCD. Also, there were no reported grade 3/4 congestive heart failure in 
both groups. 

Similar to our results, a Phase III study [15] was proposed in which 301 pa-
tients with metastatic breast cancer progressing on taxanes (<6 months) were 
randomized to receive one of the following three alternatives: PLD 50 mg/m2 
every 4 weeks; vinorelbine 30 mg/m2 every week; or mitomycin-C 10 mg/m2, on 
days, on 1 and 28 plus vinblastine 5 mg/m2 on days 1, 14, 28, and 42 every 6 - 8 
weeks. 83% of patients had received prior anthracyclines. No patient treated with 
PLD showed clinical symptoms of cardiotoxicity. 

In another study [16], 129 patients with metastatic breast cancer treated with 
PLD were analyzed. Seventy percent of patients had 2 or more cardiovascular 
risk factors. Despite this, only 4% of patients had some degree of cardiotoxicity 
and only 2 cases of clinical heart failure were reported. 

Results from this study showed increase in incidence of PPE in patients re-
ceived PLD, the grades 3/4 PPE significantly increased with HCD (16.1% for pa-
tients with HCD versus 2.0% for those without HCD; p = 0.028). Our finding 
appears to be keeping with results published by Fiegl et al. [16], which demon-
strated that PPE was significantly more prevalent in patients who received > 3 
cycles PLD compared to patients receiving only 1 - 3 cycles (22% vs 8%, p = 
0.043). 

In our study, in spite of thirty-one patients received HCD of PLD, the fre-
quencies of other toxicities induced by PLD were within the range of previously 
published studies [17] [18] [19] [20] [21]. The typical side effects of PLD therapy 
(Table 2) appeared to be of minor relevance, probably due to the intensified 
management of these toxicities according to the manufacturer’s recommenda-
tions and published guidelines [22]. 

The main limitation of this study is the retrospective nature of study. Also, 
there is lack of measurement of cardiac biomarker i.e. troponin. We would to 
conduct this trial prospectively with large sample size and biomarker measure-
ment.  

5. Conclusion 

Our study concluded that the use of PLD even with HCD seems to be a justified 
agent in the treatment of MBC who previously treated by conventional anthra-
cyclines in the adjuvant, metastatic or both settings, even in patients reaching 
the cumulative dose of conventional anthracycline. 
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Abbreviations 

MBC: metastatic breast cancer 
BMI: body mass index 
CHF: congestive heart failure  
CTCAE: Common Terminology Criteria for Adverse Events  
DM: diabetes mellitus  
ECOG: Eastern Cooperative Oncology Group 
HCD: high cumulative dose 
LVEF: left ventricular ejection fraction 
PLD: pegylated liposomal doxorubicin  
PPE: palmar-plantar erythrodysesthesia  
SD: standard deviation 
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