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Phase I study of nanoparticle albumin-bound paclitaxel,
carboplatin and trastuzumab in women with human epidermal
growth factor receptor 2-overexpressing breast cancer
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Abstract. Although the concurrent use of anthracy-
cline-containing chemotherapy and taxane with trastuzumab
are considered the treatment of choice for the primary
systemic therapy of human epidermal growth factor receptor
2 (HER2)-overexpressing early breast cancer, non-anthra-
cycline regimens, such as concurrent administration of
docetaxel and carboplatin with trastuzumab, exhibited
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similar efficacies in a previous study. In addition, tri-weekly
treatment with nanoparticle albumin-bound paclitaxel
(nab-paclitaxel) resulted in significantly higher response rates
and a favorable safety profile compared with standard pacli-
taxel for metastatic breast cancer patients in another phase
IIT study. Based on these results, a phase I study of combina-
tion therapy with nab-paclitaxel, carboplatin and trastuzumab
was planned, in order to estimate its efficacy and safety for
HER2-overexpressing locally advanced breast cancer. The
present study was designed to determine the dose-limiting
toxicity (DLT), maximum tolerated dose and recom-
mended dose of this combination treatment in women with
HER2-overexpressing locally advanced breast cancer. The
starting dose of nab-paclitaxel was 220 mg/m? (level 1), and
the dose was escalated to 260 mg/m? (level 2). Nab-paclitaxel
was administered with carboplatin (area under the curve,
6 mg/ml/min) and trastuzumab tri-weekly. A total of 6 patients
were enrolled. Although no DLT was observed during the
first cycle, 4 patients developed grade 4 thrombocytopenia,
2 had grade 4 neutropenia and 3 exhibited a grade 4 decrease
in hemoglobin levels. In the present phase I study, although
no patients experienced DLTs, this regimen was associated
with severe hematological toxicities and it was not well toler-
ated. However, considering the high efficacy and lower risk
of cardiotoxicity and secondary carcinogenesis with taxane,
platinum and trastuzumab combination therapy, further
evaluation of another regimen including weekly administra-
tion or a more accurate dose setting should be conducted.
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Introduction

Locally advanced breast cancer is defined as bulky T3 and T4
tumors of the breast, or breast cancer associated with matted
axillary (N2) or supraclavicular (N3) adenopathy. The overall
outcome and local control rates have improved markedly with
multimodal therapy, including the use of surgery after neoad-
juvant chemotherapy and locoregional irradiation. Additional
postoperative systemic treatments are determined by primary
tumor molecular markers. Breast conservation therapy may be
offered to selected patients after downstaging by neoadjuvant
chemotherapy. Treatment with induction chemotherapy may
improve the prognosis based on pathological response (1).

Although sequential use of anthracycline-containing
chemotherapy and taxane with trastuzumab may be consid-
ered as the treatment of choice for the primary systemic
therapy of human epidermal growth factor receptor 2
(HER?2)-overexpressing early breast cancer, non-anthracycline
regimens, such as concurrent administration of docetaxel and
carboplatin with trastuzumab (TCH regimen), exhibited similar
efficacies in a previous study (2). Furthermore, the addition of
carboplatin to paclitaxel and trastuzumab improved progres-
sion-free survival in HER2-overexpressing metastatic breast
cancer (MBC) patients in a randomized phase III study (3).
Tri-weekly treatment with nanoparticle albumin-bound pacli-
taxel (nab-paclitaxel) resulted in significantly higher response
rates and a favorable safety profile compared with standard
paclitaxel for MBC patients in another phase III study (4).
In addition, tri-weekly nab-paclitaxel as first-line therapy
for MBC achieved similar response rates compared with
tri-weekly docetaxel (100 mg/m?) in the phase II study (5).

Based on these results, a phase I/II study of the combina-
tion therapy with nab-paclitaxel, carboplatin and trastuzumab
was planned to estimate this regimen's efficacy and safety for
HER2-overexpressing locally advanced breast cancer. We
herein report the results of phase I of the study.

Patients and methods

Study design. This was a phase I, open-label, dose-finding
multicenter trial conducted at eight sites in Japan. The study
protocol and all amendments were approved by the local
ethics committees or the Institutional Review Board at each
study site. This trial was conducted in accordance with the
Japanese Guidelines for Clinical Research of the Ministry of
Health, Labor, and Welfare, and the Declaration of Helsinki,
as well as other applicable regulatory requirements. All the
participants provided written informed consent prior to study
entry. The present trial has been registered with the University
Hospital Medical Information Network (UMIN) Center
(ID: UMINO000007600). This was an investigator-initiated
clinical trial that was not supported by any industry funding,
nor requested by any organization.

Eligibility criteria. In general, non-treated female patients
with primary breast cancer who satisfied the following
inclusion criteria were selected for enrollment in the study:
1) Histologically confirmed invasive ductal carcinoma, regard-
less of the hormonal status, ii) stage IIIB or IIIC disease,
iii) patient age 20-70 years, iv) patients with at least one
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measurable lesion, v) cancer tissue specimens were evaluated
for HER2 overexpression by immunohistochemistry (IHC;
Hercep Test®; Dako, Carpinteria, CA, USA) with an THC
score of 3+ or demonstrated fluorescence in situ hybridiza-
tion (FISH) positive (>2.2) for HER2 gene amplification, and
patients with tumors testing 2+ by IHC were required to have
a positive FISH test, vi) patients with a normal left ventricular
ejection fraction (=55% measured by echocardiography or
multiple-gated acquisition scan), vii) no abnormal findings
on electrocardiography, viii) Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0-1, ix) absence
of severe dysfunction of major organs (white blood cell count
>3,000/mm?; neutrophil count >2,000/mm?; platelet count
>100,000/mm?*; hemoglobin level 9.0 g/dl; aspartate amino-
transferase <100 1U/1; alanine aminotransferase <100 IU/I;
total bilirubin <1.5 mg/dl; serum creatinine <1.5 mg/dl;
serum albumin =3.0 mg/dl), and x) all patients provided
written informed consent. The exclusion criteria included
the following: i) History of severe drug hypersensitivity,
ii) inflammatory breast cancer (T4d), iii) active double cancer,
iv) infection, diarrhea, ileus, poorly controlled diabetes and
severe complications, v) uncontrollable pleural effusion or
ascites, vi) peripheral neuropathy, vii) gastrointestinal ulcer or
bleeding, viii) severe psychiatric disorder, ix) pregnancy or the
possibility of pregnancy, x) hepatitis B surface antigen posi-
tivity or patients who required nucleoside analogue treatment,
or xi) any other reason for which the investigator deemed the
patient to be unsuitable for inclusion in this study.

Treatment. The starting dose of nab-paclitaxel was
220 mg/m? (level 1); the dose was escalated to 260 mg/m?
(level 2). Nab-paclitaxel was administered with 6 area under
the curve (AUC) of carboplatin and trastuzumab. Trastuzumab
was initially administered at a dose of 8 mg/kg of body weight,
followed by 6 mg/kg. This treatment cycle was repeated every
3 weeks from four to six cycles, for as long as the treating
physicians considered the disease to be stable or unless a
severe adverse event was observed.

Dose-escalation scheme. Initially, 3 registered patients were
assigned to level 1. If a dose-limiting toxicity (DLT) mani-
fested in at least 1 of these patients during the first cycle, 3
more patients were added to the same level. If =2 of these
6 patients developed a DLT, that level was defined as the
maximum tolerated dose (MTD). Similarly, if 2 of the initial
3 patients developed a DLT, that level was defined as the MTD.

DLT is defined as the manifestation of any of the following:
i) Grade 4 thrombocytopenia, ii) grade 3 thrombocytopenia
requiring transfusion, iii) grade 4 neutropenia continuing
for >7 days, iv) grade 3 neutropenia with fever >38.5°C, and
v) grade 3 or 4 non-hematological toxicity, excluding nausea,
vomiting and diarrhea.

Study assessments. Information on patient baseline charac-
teristics was collected within 28 days prior to the initiation
of administration. Clinical response assessment was based on
the change in the tumor's longest diameter, as estimated by
ultrasonography or computed tomography. Tumor size was
measured by imaging studies prior to the first chemotherapy
treatment, after the fourth course (mid-treatment) and after the
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last course (final). All adverse events were graded according
to the Common Terminology Criteria for Adverse Events,
version 4.0 (6). Details of all adverse events and laboratory
abnormalities for the treatment were to be recorded on the
Case Report Form.

The mean values with 95% confidence interval (CIs)
for progression-free survival were estimated using the
Kaplan-Meier method.

Results

Patient characteristics. Between April, 2012 and September,
2015, 6 patients were enrolled in this study. The patient char-
acteristics are summarized in Table I. The median age was
53 years (range, 41-61 years) and the majority of patients had
an ECOG PS of 0. Of the 6 patients, 3 were premenopausal
and 3 were postmenopausal. In addition, 3 patients received
dose level 1 and 3 received dose level 2. The patients received
a mean of 4 cycles (range, 3-6 cycles).

MTD determination. No DLTs were observed during the first
cycle of treatment for any patient. Therefore, the MTD was not
determined.

Toxicity. All the adverse events occurring in >1 patient are
shown in Table II. Although no DLTs were observed during
the first cycle, grade 4 neutropenia occurred in 1 patient at
level 1 and 1 patient at level 2 after the second cycle. Similarly,
a grade 4 decrease in hemoglobin level occurred in 3 patients
at level 1, and grade 4 thrombocytopenia in 2 patients at
level 1. No febrile neutropenia was experienced. Transfusions
were performed in all the patients at level 1 and 1 patient at
leve 2. Grade 3 muscle pain and arthralgia occurred in the
same patient at level 2 during the second cycle.

Efficacy. Tumor shrinkage was observed in all 6 patients and
the overall response rate was 100%. The median reduction rate
was 61.9% (range, 39.0-69.9%). One patient at level 2 exhibited
a pathological complete response, including dissected axillary
lymph nodes in a postoperative specimen. No metastasis to the
axillary lymph nodes was pathologically detected in 4 of the
6 patients.

Although no DLTs were observed in the first cycle of this
combination treatment in this phase I study, there was diffi-
culty with safety with repeated administration; therefore, we
did not move on to a phase II study.

Clinical outcomes. Lung and supraclavicular lymph node
recurrence developed in 2 of the 3 patients at level 1 and in 1
patient at level 2. The mean disease-free survival at all levels
was 29 months (range, 8-42 months; 95% CI: 17-40 months).
As all 6 patients remain alive, the median overall survival was
not calculated.

Discussion

To the best of our knowledge, this multicenter phase I trial is the
first study to evaluate the addition of nab-paclitaxel to carbopl-
atin and trastuzumab as a primary systemic therapy for women
with HER2-overexpressing locally advanced breast cancer.
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Table 1. Patient characteristics (n=6).

Characteristics N
Age (years)

Median 53

Range 41-61
ECOG PS

0 5

1 1

Clinical tumor stage

T2 1

T3 0

T4 5
Clinical nodal status

N1 1

N2 3

N3 2
ER receptor status

Positive 3

Negative 3
PR receptor status

Positive 2

Negative 4
Menopausal status

Premenopausal 3

Postmenopausal 3
Treatment cycles

Median 4

Range 3-6
Reduction rate (%)

Median 61.9

Range 39.0-69.9

ECOG, Eastern Cooperative Oncology Group; PS, performance
status; ER, estrogen receptor; PR, progesterone receptor.

Currently, primary systemic chemotherapy with
trastuzumab is a standard treatment approach for
HER2-overexpressing locally advanced breast cancer.
Patients with HER2-positive breast cancer, particularly those
with lymph node metastasis, usually have a poor prognosis.
However, the introduction of trastuzumab, which was devel-
oped to specifically target HER2, has significantly improved
the prognosis of patients with this type of cancer (7). Patients
with locally advanced HER2-positive tumors at presenta-
tion should be treated with primary systemic chemotherapy
with trastuzumab, followed by multimodal treatment (8).
Preoperative systemic therapy may render surgically inoper-
able tumors operable due to downstaging and has several
potential benefits, including increased chance of survival.
Therefore, intensive primary systemic chemotherapy with
anti-HER?2 agents is important.

The preferred regimens for HER2-positive disease include
doxorubicin plus cyclophosphamide followed by paclitaxel
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Table II. Adverse events occurring in =1 patients.
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Level 1 (n=3)

Level 2 (n=3)

Grade Grade

Adverse events 1 2 3 4 1 2 3 4
Hematological

Leukopenia 2 2

Neutropenia 1 1 1 1 1

Decreased hemoglobin 3 1 2

Thrombocytopenia 1 2 1 2

AST/ALT elevation 1 1 2

Increased creatinine 1
Nonhematological

Fatigue 1 2

Fever 1

Nausea 2

Vomiting 1

Anorexia 1 1

Malaise

Diarrhea 1

Constipation 1 2

Peripheral sensory neuropathy 3 2 1

Muscle pain 1 1 1

Arthralgia 1 1 1

Alopecia 1 1 1 1

Rash 1

Stomatitis 1 1

Dysgeusia 1

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

plus trastuzumab, or TCH. A previous study (2) demonstrated
that a non-anthracycline regimen, TCH, demonstrated a
similar efficacy as the anthracycline-based regimens and
had a lower risk of cardiotoxicity and leukemia. In addition,
another study (4) demonstrated that tri-weekly nab-paclitaxel
(260 mg/m?) produced significantly higher response rates and
had a favorable safety profile compared with standard pacli-
taxel (175 mg/m?) for MBC patients.

Therefore, the combination of nab-paclitaxel, carboplatin
and trastuzumab was found to be highly effective and was
associated with less cardiotoxicity. As a result, the MTD
could not be determined in this study, since no severe adverse
events occurred in the first treatment cycle. However, a grade
% decrease in hemoglobin occurred in 5 of the 6 patients and
grade 3/4 thrombocytopenia in 4 of the 6 patients after the
second cycle. A similar regimen, the combination of taxane
plus carboplatin and trastuzumab in the BCIRG-006 trial was
associated with only 6.1% grade 3/4 thrombocytopenia and
5.8% grade 3/4 anemia (2). Similarly, grade 3/4 decrease in
the hemoglobin level and thrombocytopenia occurred in only
2% of the patients in a previous study by using a combina-
tion therapy with docetaxel, carboplatin and trastuzumab (9).
In both studies, docetaxel was administered at 75 mg/m?* and

carboplatin at 6 AUC. In the CA 024 study (5) comparing
docetaxel and nab-paclitaxel as first-line chemotherapy for
MBC patients, severe hematological events were significantly
frequent in patients who received docetaxel 100 mg/m?
tri-weekly compared with those who received nab-paclitaxel
300 mg/m? tri-weekly.

The phase II trial that evaluated the efficacy and safety of
weekly nab-paclitaxel with carboplatin and trastuzumab (10)
reported 6% grade 3/4 anemia and 3% grade 3 thrombocy-
topenia. In that study, nab-paclitaxel was administered at
100 mg/m? and carboplatin at 2 AUC on days 1, 8 and 15 of
a 28-day cycle. Therefore, the dose intensity in that study was
lower compared with the present study. As no severe anemia
or thrombocytopenia were observed in other previous studies
evaluating monotherapy with nab-paclitaxel (4,5), the concur-
rent administration of nab-paclitaxel and carboplatin may
induce severe anemia or thrombocytopenia.

However, considering the high efficacy and lower risk
of cardiotoxicity and secondary carcinogenesis with the
combination therapy with taxane, platinum and trastuzumab,
further evaluation of another regimen including weekly
administration or a more accurate dose setting should be
conducted.
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In conclusion, although no DLTs were observed in the first
cycle of this combination treatment, there were difficulties with
continuity due to hematological toxicity, particularly anemia.
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