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Background: We previously reported a phase I trial of liposome-encapsulated doxorubicin citrate (LD), docetaxel

and trastuzumab as neoadjuvant in stages II and IIIA human epidermal growth factor receptor 2-overexpressing breast

cancer patients. This study evaluates the efficacy of this regimen in a phase II trial.

Patients and methods: Patients were treated with LD 50 mg/m2 and docetaxel 60 mg/m2 every 21days associated

with standard trastuzumab dose and pegfilgrastim support.

Results: Fifty-nine patients were enrolled; median age: 48 years (range 24–71 years); premenopausal patients:

36 (61%); 19 patients (32%) presented stage IIIA disease and 40 patients (67%) stage II; histological grades 2–3

tumors: 50 patients (84%) and estrogen receptor–progesterone receptor negative: 28 patients (47%). In all, 27%

achieved a pathological complete response in breast and axilla (grade 5—Miller and Payne classification); 15% of

patients achieved grade 4. Clinical and radiological response rates were 86% and 81%, respectively. Forty-two

patients (71%) underwent breast-conserving surgery. The main grades 3–4 toxic effects were non-febrile neutropenia

(29%) and fatigue (8%). Grade 2 left ventricular ejection fraction decline was observed in nine patients. No congestive

heart failure was observed.

Conclusions: LD plus docetaxel combination associated with trastuzumab as neoadjuvant is active in breast cancer

and entails a favorable cardiotoxicity profile. This regimen is a new treatment option in these patients.
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introduction

Neoadjuvant chemotherapy (NAC) has been the preferred
treatment of unresectable stage III (also known as locally
advanced) breast cancer patients. A multimodality approach,
including NAC, surgery and radiation, with or without
additional hormonal treatment, is necessary to treat these
patients [1]. This strategy has shown to be effective, improving
overall survival in this setting.

NAC has shown high clinical and pathologically documented
response (pathological response) rates and, in consequence, its

use is increasing in the treatment of large or borderline

resectable tumors. Biological advantages for a preoperative

strategy, even in smaller tumors, have been shown in preclinical

models [2]. Both in vivo chemosensitivity testing and

downstaging of primary tumor [thus allowing for an increased

rate of breast-conserving surgery (BCS)] are the main

advantages of using NAC in these patients. More importantly,

it can be stated that pathological complete response (pCR) is

a proper surrogate end point for disease-free survival and

overall survival [3, 4]. Thus, studying new regimens with the

aim of increasing pCR rates is becoming the main objective of
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the NAC strategy in operable tumors, in order to turn into
longer survival.
Up to 20% of breast tumors are human epidermal growth

receptor 2 (HER2) positive. Trastuzumab, a recombinant
humanized monoclonal antibody, directed against the
extracellular domain of the HER2 receptor, increases overall
survival in HER2-overexpressing breast cancer in both advanced
and early breast cancer patients. However, trastuzumab is
cardiotoxic and increases the anthracycline-associated
cardiotoxicity, when used in combination regimens [5].
Liposomal doxorubicin formulations have been developed in

an attempt to improve its cardiotoxicity profile [6]. Liposome-
encapsulated doxorubicin citrate (LD) (TLC D-99, Myocet�;
Cephalon Inc., Frazer, PA), a non-pegylated liposome
formulation, is less cardiotoxic than conventional doxorubicin,
while preserving its efficacy when used in metastatic breast
cancer patients [7–9].
We reported previously the results of a phase I clinical trial of

an LD, docetaxel and trastuzumab combination regimen used
as an NAC in stages II and IIIA HER2-overexpressing breast
cancer patients [10]. The recommended doses for phase II trials
with this combination, when administered with prophylactic
pegfilgrastim support and trastuzumab standard dose,
were LD 50 mg/m2 and docetaxel 60 mg/m2 every 21 days.
Cardiotoxicity results were promising; only 1 of 19 patients
experienced grade 2 left ventricular ejection fraction (LVEF)
decline and no clinical congestive heart failure (CHF) was
observed. Exploratory efficacy results were also interesting with
33% pCR rate, in both tumor and axilla.
The aforementioned phase I clinical trial laid the foundation

of the phase II clinical trial we are reporting now.

patients and methods

patient population
Females with histologically proven (breast core biopsy) stages II and IIIA

breast cancer and HER2 overexpression, confirmed by FISH carried out in a

central laboratory, were included in this study. Patients were required to

be >18 years; have a Karnofsky performance status (PS) ‡80;
hemoglobin ‡10 g/dl, absolute neutrophil count ‡2 · 109/l and platelet

count ‡100 · 109/l; adequate hepatic and renal functions; LVEF ‡50% and

no previous chemotherapy or radiotherapy for breast cancer. Patients with

either bilateral invasive breast cancer or preexisting neurotoxicity grade ‡2,
on the basis of the National Cancer Institute—Common Toxicity Criteria

version 2.0 (NCI–CTC v2.0) score system, were excluded. The study was

approved by the institutional review board of each participating institution

and was conducted according to the principles of the Declaration of

Helsinki and the guidelines for Good Clinical Practice. All patients provided

written informed consent before entering the study.

drugs administration
Both LD (50 mg/m2) and docetaxel (60 mg/m2) were administered as

a 60-min i.v. infusion on day 1 every 21 days. Trastuzumab, 4 mg/kg, was

administered on day 1 (loading dose), followed by 2 mg/kg weekly.

Pegfilgrastim was administered s.c. at a dose of 6 mg on day 2. These drugs

were administered for six cycles unless disease progression or unacceptable

toxicity occurs. Thereafter, patients without disease progression were

scheduled to undergo breast surgery (mastectomy or conservative

treatment) plus lymphadenectomy.

The main planned dose modifications were as follows: a reduction of

10 mg/m2 in LD and docetaxel doses in case of hematological toxicity

(platelets < 10 · 109/l lasting ‡3 days, absolute neutrophil count < 0.5 · 109/

l lasting ‡7 days or febrile neutropenia) or grade ‡3 diarrhea, stomatitis and

liver toxicity. Patient discontinuation was planned in the case of grade ‡2
cardiac toxicity.

study design
The primary end point of this study was to determine the pCR rate achieved

in these patients. Secondary objectives were safety, with a special focus on

cardiotoxicity, breast-conserving treatment rate, the determination of

clinical and radiological response rates and axillary disease after surgery.

patient assessments
Before study entry, all patients had a breast and axillary disease assessment

by physical examination (PE) and diagnostic breast imaging (mammogram

or magnetic resonance imaging), Karfnosky PS evaluation, core biopsy,

complete blood cell count, serum chemistry and LVEF measurement (by

echocardiography or multiple-gated acquisition scan).

Pathologic response was assessed at surgery following the Miller and

Payne classification (Figure 1), a five-point histological grading method,

which quantifies the reduction in tumor cellularity, as compared with the

pre-treatment tumor core biopsy [11].

Clinical response was evaluated after cycles 3 and 6, by PE and breast

imaging, according to RECIST.

Toxic effects were graded following the NCI–CTC v2.0 score system, and

the worst toxicity per cycle was recorded. Complete blood cell count was

carried out weekly and serum chemistry every 21 days. LVEF was evaluated

every two cycles. Relative dose intensity was defined as the percentage of the

planned dose intensity (mg/kg/week for trastuzumab; mg/m2/week for both

LD and docetaxel), which the patients actually received.

statistical considerations
Simon’s method was used to calculate the sample size with null hypothesis

(H0) of pCR rate equal to 11% against the alternative hypothesis (H1) that

pCR rate is not equal to 25%. Fifty-three assessable patients were required

to be recruited in this study; considering a 10% dropout, 59 patients were

needed.

The analyses have been carried out with the Statistical Package for Social

Sciences (SPSS) 11.0 software. All hypotheses have been tested at an alpha

level of 0.05.

results

patient characteristics

A total of 53 patients were enrolled in this trial in 12 centers in
Spain. We report here the efficacy and safety results of these 53
patients, together with 6 additional patients from the phase I,
treated with the final recommended phase II doses.
All 59 patients were assessable for safety and efficacy (in an

intention-to-treat analysis). Median age was 48 years (range
24–71 years), 36 patients (61%) were premenopausal, 19
patients (32%) presented with stage IIIA disease and 40 patients
(67%) with stage II, median tumor size was 3.4 cm (range 1–12
cm), 50 patients (84%) had histological grades 2–3 tumors and
28 patients (47%) were estrogen receptor–progesterone
receptor negative. Baseline demographic and disease
characteristics are listed in Table 1.
Four patients discontinued the trial due to adverse events:

grade 3 fatigue plus febrile neutropenia on cycle 2, grade 2
allergy to LD on cycle 5, decrease in LVEF <50% on cycle 4 and
grade 4 pulmonary thromboembolism on cycle 4.
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efficacy

Seventeen patients [29%, 95% confidence interval (CI) 17.2–
40.4] achieved a pCR in the breast (grade 5 according to Miller
and Payne classification); all of them, but one (27%, 95%
CI 15.8–38.4), were also free of invasive tumor in the axilla

(Table 2). Major pathological response (Miller and Payne
grades 4 + 5) without nodal involvement was seen in 25
patients (42%, 95% CI 29.4–54.6).
The clinical response rates, evaluated by PE and breast

imaging, were 86% and 81%, respectively (Table 3); no patients
progressed during treatment.
All patients underwent surgery; breast conservation was

possible in 42 patients. Axillary lymphadenectomy was carried
out in all but one patient, in which sentinel node procedure was
done resulting in a tumor-free axilla. The median number of
nodes retrieved at surgery was 16 (1–29).

toxicity

The most frequent grades 3–4 toxicity was neutropenia, which
was observed in 17 patients (29%); 3 of them suffered febrile
neutropenia. Grade 3 non-hematologic toxicity was infrequent
with fatigue in five patients, nausea in three, diarrhea in three
and stomatitis in one. Table 4 summarizes grades 3–4 adverse
events.
Symptomatic congestive cardiac failure (NCI–CTC v2.0

grades 3–4 LVEF decline) was not observed. Median LVEF was
64% (range 51%–79%) at baseline and 61% (range 46%–86%)
at the end of treatment. Five patients had grade 2 LVEF decline
during treatment, only one of them discontinued due to this
reason (LVEF = 46% after cycle 4). In the post-treatment final
evaluation, four patients had an LVEF decline >20%, three of
them with a final LVEF ‡50% and one with 49%. Table 5
summarizes LVEF.

dose administration

Docetaxel dose was reduced in two patients because of febrile
neutropenia and grade 3 diarrhea. LD dose was only reduced
in one patient due to febrile neutropenia. Eight patients
suffered dose delays due to several minor non-hematologic
toxic effects.
Median relative dose intensities were 98.88%, 99.14% and

99.36% for LD, docetaxel and trastuzumab, respectively.

Table 1. Patient baseline demographic and disease characteristics

Median age (range), years 48 (24–71)

Menopausal status, n (%)

Premenopausal 36 (61)

Postmenopausal 23 (39)

Karnofsky performance status, n (%)

80 1 (2)

90 10 (17)

100 48 (81)

Stage, n (%)

IIA 15 (25)

IIB 25 (42)

IIIA 19 (32)

Hormone receptor statusa, n (%)

Negative 28 (47)

Positive 31 (52)

Histological type, n (%)

Ductal 42 (71)

Lobular 16 (27)

Carcinoma NOS 1 (2)

Histological grade, n (%)

1 1 (2)

2 25 (42)

3 25 (42)

Unknown 8 (13)

Median radiological size (range), cm 3.4 (1–12)

Median baseline LVEF (range), % 64 (51–79)

aHormone receptor status is a combined evaluation of estrogen and

progesterone; only considered negative if both are negative.

NOS, not otherwise specified; LVEF, left ventricular ejection fraction.

Figure 1. Miller and Payne classification system.
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postoperative systemic treatment

All patients continued treatment with trastuzumab after
surgery. Hormonal therapy was administered in 30 patients
(50.8%).

discussion

This phase II trial shows that a regimen containing docetaxel
(60 mg/m2), LD (50 mg/m2) and trastuzumab, with
pegfilgrastim support, offers a 27% pCR rate in both breast and
axilla. We would like to emphasize that almost half of the
patients had grades 5 + 4 Miller and Payne pathological
response. Several trials have shown good long-term outcomes
in patients achieving grade 4 pathological response (residual
T1a or minimal residual disease) [12–14]. Based on that, grades
4 + 5 Miller and Payne pathological response has been used as
a main end point in other studies like the XENA trial with
capecitabine, docetaxel and trastuzumab [15]. pCR assessment
is far from being homogeneous when looking through the
literature; in fact, almost 10 different pCR evaluation systems
are used [16]. The most important discrepancy is the
consideration of pCR in breast only, like the NSABP-B27 [17],
or in both breast and axilla, like the trial of Buzdar et al. [18].
Another important efficacy measure of an NAC strategy in

breast cancer is the rate of BCS. As a matter of fact, the
possibility of BCS is one of the most important theoretic
justifications for NAC. In our trial, the majority of patients
could be treated with a BCS procedure. This is especially
remarkable in this group of patients with a median tumor size
of 3.4 cm and high proportion of stage IIIA patients (32%).
However, longer follow-up is necessary to study the local
relapse rate in this group of patients.
Focusing on regimens containing anthracycline and

trastuzumab, our trial is one of the largest phase II studies
published until now. Most published phase II clinical trials
reported pCR rates <20%. Wenzel et al. [19] reported 7% pCR
rate in 14 patients and Kelly et al. [20] reported 19% pCR rate
in 52 patients. The most important trial in this setting is the

Table 3. Clinical and radiological response

After three cycles After six cycles

Clinical,

n (%)

Radiological,

n (%)

Clinical,

n (%)

Radiological,

n (%)

CR 15 (25) 6 (10) 31 (52) 20 (34)

PR 31 (52) 32 (54) 20 (34) 28 (47)

ORR 46 (78) 38 (64) 51 (86) 48 (81)

SD 8 (14) 12 (20) 2 (3) 6 (10)

ND 4 (7) 8 (13) 3 (5) 2 (3)

NA 1 (2)a 1 (2)a 3 (5)a 3 (5)a

aThree patients did not complete treatment due to adverse events (one of

them before cycle 3).

CR, complete response; PR, partial response; ORR, overall response rate;

SD, stable disease; ND, not done; NA, not applicable.

Table 4. Grades 3–4 NCI–CTC v2.0 adverse events (N = 59)

Adverse event n (%)

Hematologic

Anemia 0 (0)

Neutropenia 17 (29)

Thrombocytopenia 3 (5)

Febrile neutropenia 3 (5)

Non-hematologic

Allergy/hypersensitivity reaction 1 (2)

Alopeciaa 40 (68)

Constipation 1 (2)

Diarrhea 3 (5)

Dyspnea 1 (2)

Fatigue 5 (8)

Hypertension 1 (2)

Nausea + vomiting 4 (7)

Stomatitis 1 (2)

Syncope 1 (2)

Thrombosis/embolism 1 (2)

aGrade 2.

NCI–CTC v2.0, National Cancer Institute—Common Toxicity Criteria

version 2.0.

Table 5. Left ventricular ejection fraction (N = 59)

Maximum NCI–CTC

v2.0 grade

During

treatment

(n = 58)

End of

treatment

(n = 54)

Grade 1 (asymptomatic decline

of resting ejection fraction of

‡10% but <20% of baseline value;

shortening fraction ‡24% but

<30%)

18 (31%)a 14 (26%)

Grade 2 (asymptomatic but resting

ejection fraction below LLN for

laboratory or decline of resting

ejection fraction ‡20% of baseline

value; <24% shortening fraction)

5 (9%)b 4 (7%)

Grade 3 (CHF responsive to

treatment)

0 (0.0%) 0 (0.0%)

Grade 4 (severe or refractory

CHF or requiring intubation)

0 (0.0%) 0 (0.0%)

aSix of them were also grade 1 and two became grade 2 by the end of

treatment.
bFour of them recovered to grade 1 by the end of treatment.

CHF, congestive heart failure, NCI–CTC v2.0, National Cancer

Institute—Common Toxicity Criteria version 2.0.

LLN, lower limit of normal.

Table 2. Pathological response (Miller and Payne classification)

Axilla Tumor

G1 G2 G3 G4 G5

N-A 1 6 6 3 6

N-B 0 3 0 1 1

N-C 1 4 2 5 0

N-D 1 1 2 6 10

Total 3 14 10 15 17

G, grade; N, node.
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randomized one by Buzdar et al. [18]. This trial compared the
addition of trastuzumab to sequential paclitaxel followed by 5-
fluorouracil-epirubicin-cyclophosfamide versus the same
regimen without trastuzumab. The trastuzumab arm resulted
in an impressive 60% pCR rate, after the addition of a cohort of
22 non-randomized patients. The randomized part of the trial
was stopped early after a non-planned analysis of only 42
patients. This decision raised a huge controversy about the early
stopping rules in clinical trials [21].
We used an anthracycline plus trastuzumab regimen, with

which we had initially a toxicity concern. However, except from
non-febrile neutropenia, the other grades 3–4 toxic effects were
rare, with <10% for all toxic effects. In fact, excluding emesis
and fatigue, the yielded toxicity rates were <5%. These results
are a reflection of a proper design of the previous phase I trial
[1] with a correct choice of the recommended phase II dose.
The use of less cardiotoxic anthracyclines, instead of

doxorubicin, is a particular good option, especially when
associated with other cardiotoxic drugs such as trastuzumab. In
fact, the worst cardiotoxicity grade, symptomatic CHF, is not
rarely observed in trials exploring anthracyclines and
trastuzumab in combination [20–23]. Moreover, significant
cardiotoxicity was described with trastuzumab in trials using
a non-anthracycline-containing NAC regimen. Cisplatin–
docetaxel–trastuzumab was used in one trial [24] in which one
case of CHF was observed and 55% of patients experienced grade
1 or 2 cardiotoxicity. Carboplatin–docetaxel–trastuzumab was
used in another trial and 2 of 70 patients were prematurely
withdrawn due to LVEF decline [25]. The use of epirubicin has
resulted in mixed results. A phase II trial of epirubicin–
docetaxel–trastuzumab [22] in metastatic breast cancer patients
was prematurely stopped due to a high cardiotoxicity rate. On
the contrary, in the aforementioned trial of Buzdar et al., the
cardiotoxic profile was considered excellent by the authors,
though 1 of 45 patients developed CHF. The results of the
present study, conducted in 59 patients treated with a regimen
containing anthracycline–trastuzumab, showed only
asymptomatic cardiotoxicity. Therefore, we can state that the
cardiotoxic profile observed in our study is remarkable. These
results are in agreement with the previous studies of LD and
trastuzumab combinations for locally advanced or metastatic
breast cancer patients [26, 27]. In these trials, including heavily
pretreated patients, also with anthracyclines, only asymptomatic
decline of LVEF was observed without symptomatic CHF.
In conclusion, a regimen of LD 50 mg/m2 and docetaxel 60

mg/m2, every 21 days, with standard dose of trastuzumab and
pegfilgrastim support offers a high response rate with a good
cardiotoxicity profile, when used as an NAC for stages II and
IIIA HER2-overexpressing breast cancer patients. Therefore,
this regimen should be considered as a new option in the
treatment of these patients.
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