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  To the Editor,  

 Neoadjuvant chemotherapy (NAC) plays an impor-
tant role in patients with locally advanced breast can-
cer (LABC). Achievement of pathologic complete 
response (pCR) at surgery is a surrogate measure of 
disease-free and overall survival (OS), both in LABC 
and operable breast cancer [1 – 3]. Unfortunately, 
achievement of pCR in patients with LABC is rare, 
and there is still a need to improve the outcome of 
the treatment. 

 Anthracycline-based and taxanes-based therapies 
are among the most active regimens in the treatment 
of breast cancer, also frequently used as NAC. 
Combination chemotherapy with anthracyclines and 
taxanes, given concurrently or sequentially for at 
least six cycles or six months, respectively, is cur-
rently considered to be the standard neoadjuvant 
treatment [4]. However, the best schedule for admin-
istrating of these drugs has not been identifi ed. 

 The clinical utility of anthracyclines is limited by 
their potential risk to cause cumulative cardiac dam-
age. Pegylated liposomal doxorubicin (PLD) has 
been developed in order to improve the therapeutic 
index of conventional anthracyclines and studies 
have shown a signifi cantly reduced risk of cardiotox-
icity compared with doxorubicin. O ’ Brien et   al. [5] 
conducted a phase III study with 509 metastatic 
breast cancer patients, comparing doxorubicin with 
PLD in fi rst-line treatment. The study demonstrated 
that the overall risk of cardiotoxicity was signifi cantly 
higher with doxorubicin than PLD [hazard ratio 
(HR)    �    3.16; 95% confi dence interval (CI) 1.58 – 6.31; 
p    �    0.001]. At the same time, both agents had com-
parable activity with similar OS of 22 and 21 months 
for doxorubicin and PLD, respectively, (HR    �    0.94, 
95% CI 0.74 – 1.19). 

 We decided in this phase II trial to replace 
classical anthracycline by PLD in an attempt to 
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increase the feasibility of the treatment and to offer 
a safe combination with trastuzumab for patients 
with HER2 positive LABC. The primary end-point 
of this study was the clinical response rate (RR) of 
neoadjuvant PLD (Caelyx  ®  ) and cyclophosphamide 
 �  trastuzumab followed by docetaxel in patients 
with LABC. Secondary end-points included deter-
mination of pCR rate and evaluation of the safety of 
the combination regimen.  

 Material and methods  

 Eligibility criteria 

 Patients with infl ammatory, LABC or large operable 
breast cancer (tumor  �    5 cm) were enrolled in a 
Danish phase II neoadjuvant trial PO050903. 

 Eligibility criteria were as follows: female, age 
18 – 75 years and Eastern Cooperative Oncology 
Group (ECOG) performance status  �    2; histologi-
cally proven primary breast cancer T 3-4 , N X , M 0  or 
T X , N 2-3 , M 0 ; adequate bone marrow, hepatic and 
renal function confi rmed by a prestudy examination; 
left ventricular ejection fraction (LVEF)  �    50% by 
MUGA scan for HER2 positive breast cancer; 
expected lifetime of more than three months; 
absence of signifi cant cardiac disease [ �    New York 
Heart Association (NYHA) class II]; measurable 
primary tumor or lymph nodes or non-measurable 
disease (infl ammatory breast cancer) according to 
Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1. 

 Patients were excluded if they had any other severe 
or uncontrolled systemic disease, if they received 
experimental treatment less than 30 days before the 
study entry, or if they had a previous history of another 
malignant disease (other than non-melanoma skin 
cancer or in situ cervix uteri) less than fi ve years 
before the study entry. Patients with psychological, 
familiar, social or geographic conditions that could 
infl uence on their compliance were also excluded. 

 Adequate contraception and a negative pregnancy 
test were required for women of child-bearing 
potential. Pregnant patients and those breast-feeding 
were excluded. 

 Signed informed consent was obtained from 
all patients prior to the study. 

 The study was approved by the local Ethical 
Committee and each institutional review board. 
The study was registered in clinicaltrials.gov 
(NCTO1206881) and was conducted in compliance 
with Good Clinical Practices.   

 Treatment 

 Patients received four cycles of PLD (Caelyx  ®  ) 35 
mg/m 2  and cyclophosphamide 600 mg/m 2 , both 

administered intravenously on day 1 every 21 days 
followed by four cycles of docetaxel 100 mg/m 2  
administered intravenously on day 1 every 21 days. 
Patients with HER2-positive tumors were concur-
rently treated with trastuzumab 8  →  6 mg/kg admin-
istered intravenously on day 1 every 21 days for eight 
cycles. All patients received granulocyte-colony stim-
ulation factor (G-CSF) after each cycle of docetaxel. 

 After the completion of NAC, patients underwent 
surgery either mastectomy or breast conserving sur-
gery. Axillary lymph node dissection was performed 
in all patients, except patients with previous negative 
sentinel lymph node biopsy. 

 Postoperative, adjuvant treatment was given 
according to Danish Breast Cancer Cooperative 
(DBCG) guidelines.   

 Study assessments 

 Tumor assessments were performed by physical exam-
ination at baseline and day 1 of each chemotherapy 
cycle and by mammography with ultrasound or MR 
scan of the breast at baseline and every 2nd cycles. 
RECIST version 1.1. were applied to evaluate clini-
cal response. 

 pCR was defi ned as no histological evidence of 
invasive cancer in the breast. pCRT was defi ned as 
no histological evidence of invasive cancer in the 
breast and axillary lymph nodes. 

 Adverse events were obtained at baseline and 
after each chemotherapy cycle. Adverse events were 
graded according to the National Cancer Institute 
Common Toxicity Criteria version 2 (NCI-CTC, 
v2). Cardiac toxicity was assessed using MUGA scan 
at baseline and every second cycle of trastuzumab. 

 All tumors were examined for ER, PGR and 
HER2. ER and PGR were determined by immuno-
histochemistry (IHC) and HER2 by IHC or by fl uo-
rescence in situ hybridization (FISH). Tumors were 
considered as ER-positive if more than 10% of cancer 
cells demonstrated positive staining by IHC. Patients 
were classifi ed as having HER2-positive tumors when 
tumors were scored as 3    �    by IHC, or if gene ampli-
fi cation ( �    2.0) was identifi ed by FISH.   

 Statistical analysis 

 The sample size was calculated by the two-stage 
Simon ’ s optimal design for phase II studies [6].    

 Results  

 Patient population 

 From March 2009 to October 2010, 49 patients with 
infl ammatory, LABC or large operable breast cancer 
(tumor  �    5 cm) were enrolled. One patient was 
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excluded from the study as she turned out to have 
sarcoma. Thus, 48 patients were assessable. The 
characteristics of the eligible patients are shown in 
Table I.   

 Study treatments 

 All eight cycles of NAC were completed as planned 
in 40 patients (83%). Six patients (13%) discontin-
ued treatment due to toxicity after 5 – 7 cycles and 
two discontinued due to patient ’ s wish and clinical 
suspicion of progression, respectively. The patient, 
who was clinically suspected for progression, 
was operated after seven cycles of chemotherapy. 
However, the operation showed partial response. 

 One patient developed an anaphylactic 
reaction to the fi rst infusion of PLD and received 
afterwards eight cycles of cyclophosphamide and 
docetaxel. The patient was therefore excluded from 
response and safety evaluation.   

 Effi cacy 

 Totally, 47 patients were assessable for response evalu-
ation (Table II). Three of 47 patients (6%) showed no 
sign of residual tumor after NAC on preoperative clin-
ical examination and mammography with ultrasound 

(or MR scan of the breast). Overall, 39 patients 
(83%) demonstrated a clinical response. 

 Patients were operated 3 – 4 weeks after the last 
cycle of NAC. Breast conserving surgery was per-
formed in six patients (13%) and mastectomy in 
41 patients (87%). 

 Histological examination of surgical specimens 
demonstrated pCR in nine patients (19%, 95% CI 
9.2 – 33.3%) and pCRT in six patients (13%, 95% CI 
4.8 – 25.7%). Three of nine patients with pCR (33%) 
had triple negative tumor, three patients (33%) HER2 
negative, ER positive tumor, one patient (11%) HER2 
positive, ER positive tumor and two patients (22%) 
HER2 positive, ER negative tumor. In this small patient 
population of 47 patients, three of seven patients (43%) 
with triple negative tumors and three of 10 patients 
(30%) with HER2 positive tumors achieved pCR.   

 Safety 

 The incidence of grade 3 – 4 toxicity is reported 
in Supplementary Table I available online at http://
informahealthcare.com/doi/abs/10. 3109/0284186X.
2014.921727. The primary toxicity observed was 
skin toxicity, which was manageable. Palmar-plantar 
erythrodysesthesia (PPE) grade 3 was experienced 
in 10 patients (21%) and grade 4 in six patients 
(13%), respectively. As expected, PPE was observed 
during treatment with PLD. However, some of the 
patients experienced signifi cant worsening of symp-
toms after change of chemotherapy to docetaxel 
(Supplementary Figure I available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.921727). 

 Most of other side effects were due to the treatment 
with docetaxel. Beside PPE, no patients experienced 
other grade 4 toxicity during treatment with PLD and 
cyclophosphamide and only fi ve patients (11%) suf-
fered toxicity grade 3 related to this combination: 
fi ve patients (11%) grade 3 fatigue and one of those 
patients (2%) also grade 3 mucositis. As expected, 
pain (myalgia and arthralgia) and neurotoxicity was 
only described in connection with docetaxel. 

  Table I. Patient demographics and disease characteristics 
(48 patients).  

Characteristic Number (%)

Median age, years (range) 50 (31 – 69)
 ECOG performance status 

  0
  1

  47 (98)
  1 (2)

 Menopausal status 
  Premenopausal
  Postmenopausal

  26 (54)
  22 (46)

Median tumor size, cm (range) 7 (2 – 15)
 T-classifi cation 

  T2
  T3
  T4

  2 (4)
  32 (67)
  14 (29)

 N-classifi cation 
  N0
  N1
  N2
  N3

  14 (29)
  30 (63)
  3 (6)
  1 (2)

 Histology 
  Ductal carcinoma
  Lobular carcinoma
  Other

  29 (60)
  11 (23)
  8 (17)

Infl ammatory 9 (19)
 ER status 

  Positive
  Negative

  38 (79)
  10 (21)

 HER2 status 
  Positive
  Negative

  11 (23)
  37 (77)

Triple negative 7 (15)

  Table II. Investigator-assessed clinical and pathological response 
rate (47 patients).  

Response rate Number (%)

Complete response (CR) 3 (6)
Partial response (PR) 36 (77)
Objective response rate (CR �    PR) 39 (83)
Stable disease 7 (15)
Progressive disease 1 (2) ∗ 
Pathological complete response (pCR) 9 (19)
Total pathological complete response (pCRT) 6 (13)

     ∗ The patient was clinically suspected for progression but showed 
response at surgery.   
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 The main cause of hospitalization was febrile 
neutropenia in nine patients (19%). However, only 
one patient developed febrile neutropenia during 
treatment with PLD and cyclophosphamide. The 
remaining eight patients experienced this side effect 
in association with docetaxel. All patients recovered 
quickly after treatment with antibiotics. There were 
no treatment-related deaths. 

 Six patients (13%) discontinued treatment due to 
toxicity, but only two patients due to side effects, 
grade 4 PPE, to PLD. All six patients received a total 
of 5 – 7 cycles, and in all patients a clinical response 
was obtained. 

 One patient experienced an anaphylactic reaction 
to the fi rst infusion of PLD and received afterwards 
eight cycles of cyclophosphamide and docetaxel in 
combination with trastuzumab. Surgery after NAC 
demonstrated pCR. 

 Cardiac toxicity was assessed in patients with 
HER2 positive breast cancer using MUGA scan. 
Maintained normal LVEF was seen throughout the 
study in all patients.   

 ER and HER2 status before and after NAC 

 Nine of 47 patients had pCR at the time of operation. 
Thus, 38 tissue specimens were suffi cient for ER 
and HER2 evaluation both before and after NAC. 

 ER changed from positive to negative in one 
patient (2%). 

 HER2 expression changed in six patients (13%), 
from negative to positive in fi ve patients (11%) and 
from positive to negative in one patient (2%).    

 Discussion 

 Several previous studies have reported clinical RRs 
following NAC of between 58% and 91%, with a 
reported pCR of 3 – 41% [7 – 21] (Supplementary 
Table II available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2014.921727). 
These studies were mostly performed in patients 
with different tumor stages, operable breast cancer 
as well as locally advanced disease, making it diffi -
cult to compare tumor response for patients with 
LABC alone. In this phase II study, a combination 
of PLD and cyclophosphamide  �  trastuzumab fol-
lowed by docetaxel has shown an overall clinical 
response of 83% and pCR of 19%, respectively. The 
rate of pCR reached in the current study was rela-
tively high in view of large tumor size (median 7 cm) 
in most of the patients. Generally, the effi cacy 
reported was comparable with results of other trials 
in LABC [7 – 21]. 

 Published reports of neoadjuvant trials suggested 
that pCR is frequently observed in a subset of 

tumors, e.g. HER2-positive and ER negative tumors 
[22]. In our study pCR was achieved in nine patients 
(19%). The small sample size does not allow any 
conclusions. We observed, however, that 43% with 
triple negative tumors and 30% with HER2 positive 
tumors achieved pCR. 

 There is no consensus regarding the optimal 
schedule for treatment of LABC. However, there is 
agreement that anthracyclines and taxanes are the 
reference drugs, and different combinations of these 
drugs have been examined in a number of phases II 
and III trials [7 – 21]. PLD offers an alternative to 
conventional antracyclines for treatment of patients 
with breast cancer. To our knowledge there are 
only a few studies testing PLD in combination with 
other antineoplastic drugs in the neoadjuvant set-
ting in patients with LABC [14 – 17]. Different 
drug combinations used in these studies produced 
62 – 74% overall RR and 3 – 16% pCR rate. In all 
these studies, PLD was well tolerated and toxicity 
was generally mild. 

 PLD rarely produces nausea and vomiting or 
signifi cant alopecia. The most signifi cant side effect 
is skin toxicity. Although 16 patients (34%) devel-
oped grade 3 – 4 PPE in our study, this side effect 
was manageable and in all cases reversible. Changes 
were mostly seen after third or fourth cycle of PLD 
and cyclophosphamide, possibly due to a cumula-
tive effect of PLD. Some of the patients experi-
enced signifi cant worsening of symptoms after a 
change of chemotherapy to docetaxel, indicating 
overlapping effect of skin toxicities between PLD 
and docetaxel. 

 Mucositis is another well-known side effect to 
PLD. However, in our cohort of patients only one 
patient (2%) experienced grade 3 mucositis during 
treatment with PLD. PLD in combination with 
cyclophosphamide was generally well tolerated 
and other grade 3 toxicities were uncommon. 

 Nine patients (19%) required hospital admission 
due to febrile neutropenia, only one patient during 
treatment with PLD and eight during treatment 
with docetaxel. Overall, 87% of patients completed 
the full schedule in the present study, which dem-
onstrates the feasibility and safety of this drug 
combination. 

 HER2-positive breast cancer is associated with 
aggressive disease and poor prognosis. Trastuzumab 
given with chemotherapy improves the outcome of 
patients with metastatic [23] and early, operable 
breast cancer [24]. This therapeutic approach has 
also been evaluated in the neoadjuvant setting 
[21,25]. The addition of trastuzumab to NAC led 
to large increase in the pCR rate. Concomitant 
treatment of trastuzumab and anthracyclines is, 
however, associated with highly increased risk of 
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cardiotoxicity [26] and this regimen is still contro-
versial. The use of less cardiotoxic anthracyclines 
can minimize the risk of cardiac side effects. 
Previous trials using concurrent administration of 
PLD and trastuzumab showed a safe cardiac profi le 
of this combination [27]. In the current study, 
patients with HER2 positive disease received careful 
cardiac monitoring and no changes in cardiac func-
tion were seen. 

 Breast cancer is a heterogeneous disease and treat-
ment is based on the disease status and pathological 
features. Studies comparing samples from primary 
tumor with corresponding relapsed tumor have dem-
onstrated discordances in ER, PR and HER2 status 
[28 – 30]. The rate of discordance ranged between 
approximately 10% and 30% and included both  “ gains ”  
and  “ losses ”  of receptor expression. The knowledge 
about infl uence of NAC in LABC on expression of 
molecular markers is limited. In this study, ER decreased 
in one patient (2%). HER2 expression changed in six 
patients (13%), from negative to positive in fi ve patients 
(11%) and from positive to negative in one patient 
(2%), suggesting that HER2 status should be re-evalu-
ated on surgical tissue specimens after NAC in order 
to select optimal adjuvant treatment. 

 In conclusion, the present study is relatively 
small with the heterogeneous patient population 
and the results have to be interpreted with some cau-
tion. However, this study indicates that the combina-
tion of PLD and cyclophosphamide  �  trastuzumab 
followed by docetaxel is highly active in LABC with 
an acceptable safety profi le. The primary toxicity was 
cutaneous toxicity which was manageable. In addi-
tion, this study suggests that concurrent administra-
tion of PLD with trastuzumab in patients with HER2 
positive breast cancer might offer an effi cacious 
anthracycline-based regimen without the known 
associated cardiotoxicity of conventional anthracy-
clines plus trastuzumab .    
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