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Abstract Addition of carboplatin to neoadjuvant che-
motherapy in HER2-negative breast cancer may improve
pathological complete response (pCR) rates. We evaluated
the efficacy and safety of carboplatin and weekly paclitaxel
(WPTX) followed by cyclophosphamide, epirubicin, and
5-fluorouracil (CEF) as neoadjuvant chemotherapy for
HER2-negative breast cancer. Patients with stage II/IITA
HER2-negative breast cancer were randomly assigned to
preoperatively receive CP-CEF (four 3-week cycles of
carboplatin [area under the curve 5 mg/mL/min, day 1] and
wPTX [80 mg/mz, day 1, 8, 15] followed by four 3-week
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cycles of CEF [500/100/500 mg/m?] or P-CEF (four cycles
of wPTX followed by four cycles of CEF). The primary
objective was pCR rate. Of 181 eligible patients, 89 were
randomly assigned to the CP-CEF and 92 to the P-CEF.
Two patients in each arm refused to receive neoadjuvant
chemotherapy. Overall 88 patients in the CP-CEF and 91
patients in the P-CEF were assessable for efficacy and
safety. The pCR rate in the CP-CEF was significantly
higher than that in the P-CEF (31.8 vs. 17.6 %, one-sided
P = 0.01). Among patients with triple-negative breast
cancer, the pCR rate in the CP-CEF was significantly
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higher than that in the P-CEF [61.2 (23/37) vs. 26.3 % (10/
38), P = 0.003]. Grade 3-4 neutropenia was observed in
the CP-CEF more frequently than in the P-CEF (65.9 vs.
38.5 %). Adding carboplatin to neoadjuvant wPTX fol-
lowed by CEF for HER2-negative breast cancer improved
the pCR rate and exacerbated hematotoxicity.

Keywords Breast cancer - Carboplatin - HER2 negative -
Neoadjuvant chemotherapy

Introduction

Neoadjuvant chemotherapy is a widely accepted treatment
option for patients with operable breast cancer [1, 2].
Currently, anthracyclines and taxanes in sequence or in
combination are recommended for patients with HER2-
negative disease, and anthracyclines followed by combi-
nations of taxanes and trastuzumab are recommended for
patients with HER2-positive disease [3-5]. Pathological
complete response (pCR), which is defined as disappear-
ance of all invasive carcinomas in primary and axillary
nodes and is associated with long-term survival, occurs in
about 15-20 % of patients with HER2-negative disease
treated with anthracyclines and taxanes [3, 4].

Several new chemotherapeutic regimens have been
evaluated in patients with HER2-negative disease. Adding
capecitabine or gemcitabine to epirubicin and cyclophos-
phamide followed by taxane therapy did not improve pCR
rates in the neoadjuvant setting [6, 7]. Carboplatin, a
platinum compound, has yielded response rates of
20-35 % in phase II studies of previously untreated
patients with metastatic breast cancer (MBC) [8-10]. In
patients with HER2-positive disease, combinations of
carboplatin, taxanes, and trastuzumab are active in both the
adjuvant and metastatic settings [11, 12]. In a phase III
study of MBC patients who previously received anthracy-
cline-based adjuvant chemotherapy, ~70 % of whom had
HER2-negative disease, first-line therapy consisting of
triweekly carboplatin and paclitaxel resulted in similar
progression-free survival as gemcitabine plus docetaxel
[13]. Weekly paclitaxel (wPTX) followed by cyclophos-
phamide, epirubicin, and 5-fluorouracil (CEF) is a com-
monly used neoadjuvant chemotherapy regimen for
patients with HER2-negative breast cancer [14]. Recently,
triple-negative breast cancers (TNBC) were classified into
six subtypes depending on gene profiles, and basal-like 1-2
subtypes were suggested as highly sensitive to cisplatin in
the vitro study [15]. The previous randomized phase II
study suggested a potential benefit of platinum for meta-
static TNBC [16].

We hypothesized that carboplatin would enhance the
anti-tumor activity of wPTX and that this combination
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would improve pCR rates over the conventional regimens
of wPTX followed by CEF. We conducted this randomized
phase II trial to assess the efficacy and safety of adding
carboplatin to wPTX followed by CEF in the neoadjuvant
setting for patients with HER2-negative breast cancer.

Patients and methods
Patient eligibility

Eligible patients had previously untreated, unilateral, his-
tologically confirmed, invasive, non-inflammatory, breast
carcinoma. Histologic confirmation of invasive cancer was
performed by core needle biopsy (CNB). HER2-negative
disease was defined as a score of 0 or 1 4+ by immuno-
histochemistry (IHC) or HER2 gene copy: chromosome 17
ratio of <2.0 by fluorescence in situ hybridization (FISH).
Patients with a tumor >2.0 cm at the largest dimension by
ultrasonography, or <2.0 cm with axillary lymph node
metastasis clinically diagnosed as positive, were eligible
(clinical stage II and IIIA). Patients with axillary nodes
enlarged by >1 cm at the largest dimension according to
ultrasonography were considered to be clinically node
positive. Patients with T4, N3, (supraclavicular lymph
node), or distant metastatic disease (M1) were excluded
from this study.

Other requirements included age 18-70 years, ECOG
performance status 0-2, adequate bone marrow function
(absolute granulocyte count >1,500/mm> and platelet
count leO,OOO/mmS), liver function (total bilirubin
<1.5 mg/dL and liver transaminase [aspartate amino-
transferase (AST) and alanine aminotransferase (ALT)]
<60 IU/L), and renal function (serum creatinine
<1.5 mg/dL), and written informed consent. Patients
with a history of ischemic cardiac disease were excluded.
Patients with clinically negative axillary lymph nodes
had the option of undergoing pretreatment sentinel lymph
node biopsy (SLNB).

Study design and neoadjuvant chemotherapy

This was a randomized, multicenter (10 institutions), non-
blinded phase II study. The study design is shown in Fig. 1.
Enrolled patients were randomly assigned to receive either
wPTX (P) followed by CEF (P-CEF arm) or combination
carboplatin and wPTX (CP) followed by CEF (CP-CEF
arm) by the minimization method, with balancing of the
treatment arms according to disease status (stage II vs.
IITA), hormone receptor (HR) status, and institution. Pac-
litaxel was administered at 80 mg/m” IV over 1 h on days
1, 8, and 15 every 3 weeks for four cycles. Carboplatin and
wPTX were administered at area under blood concentration
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Fig. 1 Study design. CPA CP-CEF
cyclophosphamide, EPI Paclitaxel
epirubicin, 5-FU 5-fluorouracil, 80 TQIT;
and HER2 human epidermal quiex
growth factor receptor-2 Carboplatin
AUC5
q3wks x 4
g
HER2 (-) 3
StagellorlllA | ©
18-70 years g
o
P-CEF
Paclitaxel
80 mg/m?
qwk x 12

time curve (AUC) 5 mg/mL/min IV over 1 h on day 1 and
at 80 mg/m” IV over 1 h on days 1, 8, and 15, respectively,
every 3 weeks for four cycles. CEF consisted of CEF (500/
100/500 mg/m?) IV on day 1 every 3 weeks for four
cycles. Carboplatin was provided by Bristol-Myers Squibb
K.K., Tokyo, Japan as an investigational drug.

If a patient developed grade >3 febrile neutropenia,
thrombocytopenia <25,000/mm3, or grade >3 non-hema-
tologic toxicity while receiving CP or CEF, the doses of
carboplatin and epirubicin were reduced by 20 and 25 %,
respectively, in subsequent cycles. The doses of paclitaxel
during CP and P were reduced by 25 % in subsequent
cycles if a patient developed grade 3 neurotoxicity. Before
administration of the following cycle of CP, P, or CEF,
patients were required to have a granulocyte count
>1,500/mm?>, platelet count >75,000/mm>, and no non-
hematologic toxicity of grade <2 (excluding alopecia).
Before administration of CP on day 8 and 15, patients were
required to have a granulocyte count >500/mm?>, platelet
count >75,000/mm”, and peripheral neuropathy of grade
<2. If toxicity did not improve within 2 weeks on the P or
CP regimen, chemotherapy was discontinued and initiation
of CEF was recommended. If toxicity did not improve
within 2 weeks on CEF, chemotherapy was discontinued
and surgery was recommended.

Therapy after neoadjuvant chemotherapy

Patients who were considered candidates for breast-con-
serving therapy (BCT) were offered lumpectomy. Axillary
lymph node dissection (AXLND) was mandatory, except in
patients diagnosed as having no metastases by SLNB
before neoadjuvant chemotherapy. Surgery was performed
within 8 weeks after completion of preoperative chemo-
therapy. All patients who underwent BCT received whole-
breast irradiation. After completion of neoadjuvant che-
motherapy and surgery, patients with HR-positive disease
received adjuvant endocrine therapy.

I TT T
T 1T e

AdH3IHODHENS

ST —dd i

CEF
500/100/500 mg/m?
q3wks x 4

Study evaluation and criteria

The HER2 status of CNB specimens was determined by
IHC and/or FISH performed at each institution before study
enrollment, and was not subject to central review. HR
status [estrogen receptor (ER) and progesterone receptor
(PgR)] of CNB specimens was assessed by IHC, for which
>10 % staining of cancer cell nuclei was diagnosed as
positive. HR positivity was defined as ER-positive and/or
PgR-positive disease. Histological grade was scored
according to the modified Scarff~Bloom—Richardson clas-
sification [17]. After completion of neoadjuvant chemo-
therapy, resected specimens and CNB specimens were
evaluated centrally by 3 breast pathologists. A pCR was
defined as the absence of viable invasive tumor in both the
breast and axillary nodes. Patients with residual ductal
carcinoma in situ (DCIS) in the breast and no viable
invasive tumor in the axillary nodes were also classified as
having a pCR. Clinical response was evaluated by palpa-
tion and caliper after each cycle according to the Response
Evaluation Criteria In Solid Tumors version 1.1. All
adverse events were evaluated according to the Common
Terminology Criteria for Adverse Events version 4.03.

Endpoints and statistical analysis

The primary endpoint was the pCR rate. Secondary end-
points included disease-free survival, clinical response rate,
breast conservation rate, and safety. Efficacy and safety
analysis were performed in the intent-to-treat (ITT) popu-
lation, which consisted of subjects fulfilling the study
inclusion criteria who had received at least one dose of
study chemotherapy. The per-protocol population consisted
of subjects who had completed chemotherapy and under-
went surgery in this study without serious violations of the
inclusion criteria.

Based on previous studies of neoadjuvant anthracyclines
and taxanes, patients with HER2-positive disease account
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Fig. 2 CONSORT flow diagram. Disposition of study participants. +
6 of the 61 patients who discontinued neoadjuvant chemotherapy or
showed disease progression after the completion of chemotherapy
were diagnosed as ineligible by pathological central review (3
patients in the CP-CEF and 3 patients in the P-CEF arm), 4+ patients

for 6-30 % of the treatment population, and pCR rates
(defined in the same manner as the present study) ranged
from 16 to 26 % [4, 6, 13]. The present study was designed
for patients with HER2-negative disease, and P-CEF was
expected to produce a pCR rate of 15 %. The study was
originally planned to enroll 110 patients in each treatment
arm in order to detect a 30 % increase in pCR in the CP-
CEF arm with 90 % power using the Pearson’s chi squared
test and one-sided 10 % significance level. Due to an
administrative reason (the termination of financial support
due to the end of a government-sponsored clinical trial
program), the revised sample size with 87 % power was a
total of 180 patients. Study accrual was not stopped on the
basis of an interim analysis. An exploratory logistic
regression analysis was conducted to examine the influence
of clinical stage (II, IITA), clinical nodal status (positive,
negative), histological grade (grade 1, 2, 3), HR status
(positive, negative), and age (<50, >50 years) on pCR.
The primary test of the pCR rate was reported as one-sided
and other reported P values were two-sided tests. Analyses
were conducted using JMP® software version 8.0.2 (SAS
Institute Inc., Cary, NC, USA).

Results
Patient characteristics

Between March 2010 and September 2011, 181 patients
entered into this study. Of these, 88 patients treated with

@ Springer

|

P-CEF
(N=92)
Patient’s refusal
| (N=1)
ITT+
(N=91)
Discontinuation of PCT
(N=24)
PD after the completion of PCT
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who were diagnosed as ineligible by pathological central review, and
+-++ patients who were determined to have Stage IIIC disease after
enrollment. /7T intent to treat, PCT preoperative chemotherapy by
study protocol, and PPP per-protocol population

CP-CEF and 91 treated with P-CEF were evaluable in the
ITT population. Two patients in each arm refused to
receive neoadjuvant chemotherapy. Furthermore 38
patients in the CP-CEF arm and 29 patients in the P-CEF
arm were excluded from the per-protocol population
(Fig. 2). According to central review, 9 patients were
considered ineligible [HER2 score 2 + by IHC and FISH
not done (n = 6), CNB specimen not evaluable for inva-
sive component (n = 1), and CNB specimen not evaluable
(n = 2)]. Two patients had proven stage IIIC disease after
enrollment.

Characteristics of the ITT population are shown in
Table 1. The median age was 47 years old. Distributions of
tumor size, nuclear grade, and clinical axillary node status
were similar; and more than 95 % of patients were diag-
nosed with invasive ductal carcinoma in the two arms. In
the both arms, 42 % of patients had HR-negative (and thus
triple-negative) tumors and 41 % had ER- and PgR-posi-
tive disease.

Treatment exposure

In the CP-CEF and P-CEF arms, 55 of 88 patients (62.5 %)
and 67 of 91 patients (73.6 %), respectively, received all of
the planned treatment cycles. In the CP-CEF arm, 64
patients (72.7 %) completed four cycles of CP; while in the
P-CEF arm, 82 patients (90.1 %) completed four cycles of
P (Table 2). In the CP-CEF arm, 33 patients did not
complete chemotherapy due to adverse events (n = 29) or
disease progression (n = 4). In the P-CEF arm, 24 patients
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Table 1 Characteristics of eligible patients treated with neoadjuvant
chemotherapy (n = 179)

Table 2 Treatment exposure, clinical response, breast surgery, and
adjuvant therapy

CP-CEF (n = 88) P-CEF (n = 91)

Age (range; years) 47 (30-69) 47 (30-70)

<50 52 (59.1 %) 51 (66.0 %)

>50 36 (40.9 %) 40 (44.0 %)
Menopausal status

Premenopausal 60 (68.8 %) 54 (59.3 %)

Postmenopausal 28 (31.2 %) 37 (40.7 %)
Performance status O 88 (100 %) 91 (100 %)
Clinical stage

I 71 (80.7 %) 75 (82.4 %)

1A 17 (19.3 %) 14 (15.4 %)

1c 0 (0 %) 2 (2.2 %)*
Clinical tumor size (cm)

<2.0 2 (2.3 %) 4 (4.4 %)

2.1-5.0 64 (72.7 %) 63 (69.2 %)

>5.1 22 (25.0 %) 24 (26.4 %)

Median, cm (range) 4.0 (1.0-11.0) 4.0 (1.5-8.0)
Clinical axillary nodal status

Negative 32 (36.4 %) 30 (33.0 %)

Positive 56 (63.6 %) 61 (67.0 %)
Pathology

Invasive ductal carcinoma 84 (95.5 %) 89 (97.8 %)

Invasive lobular carcinoma 3 (3.4 %) 0 (0 %)

Others 1 (1.1 %) 2 (2.2 %)
Histological grade

1 16 (18.2 %) 13 (14.3 %)

2 29 (33.0 %) 35 (38.5 %)

3 43 (48.9 %) 43 (47.3 %)
Hormone receptor status

ER—/PgR— 37 (42.0 %) 38 (41.8 %)

ER+/PgR+ 36 (40.9 %) 37 (40.7 %)

ER+/PgR— 13 (14.8 %) 14 (15.4 %)

ER—/PgR+ 2 (2.2 %) 2 (2.2 %)

CP-CEF carboplatin and weekly paclitaxel followed by cyclopho-
sphamide/epirubicin/5-fluorouracil, P-CEF weekly paclitaxel fol-
lowed by cyclophosphamide/epirubicin/5-fluorouracil, ER estrogen
receptor, PgR, progesterone receptor

4 These 2 patients were determined to have clinical stage ITIC disease
after enrollment

did not complete chemotherapy due to adverse events
(n = 6), refusal (n = 6), ineligibility (n = 2), or disease
progression (n = 10).

Of 88 patients treated with CP, 65 (73.9 %) required
delayed administration or at least one dose reduction of
paclitaxel, 18 of whom required one dose reduction of
carboplatin. Of 91 patients treated with P, 28 (30.8 %)
required delayed administration or at least one dose
reduction of paclitaxel. Sixteen patients in each treatment
arm required at least one dose reduction of CEF.

CP-CEF P-CEF
(n = 88) (n=91)
Completion of each treatment cycle
CP or P 1st cycle 87 (98.9 %) 89 (97.8 %)
CP or P 2nd cycle 81 (92.0 %) 88 (96.7 %)
CP or P 3rd cycle 73 (83.0 %) 85 (93.4 %)
CP or P 4th cycle 64 (72.7 %) 82 (90.1 %)
CEF st cycle 59 (67.0 %) 76 (83.5 %)
CEF 2nd cycle 58 (65.9 %) 75 (82.4 %)
CEF 3rd cycle 58 (65.9 %) 69 (75.8 %)
CEF 4th cycle 55 (62.5 %) 67 (73.6 %)
Clinical response rate
CR 40 (45.5 %) 30 (33.0 %)
PR 34 (38.6 %) 34 (37.4 %)
SD 6 (6.8 %) 5(5.5 %)
PD 5 (5.7 %) 13 (14.3 %)
NE 3 (34 %) 9 (9.9 %)
Breast surgery 88 (100 %) 89 (98.9 %)
Breast-conserving surgery 54 (61.4 %) 59 (64.8 %)
Axillary lymph nodes 59 (67.0 %) 64 (70.3 %)
dissection
No. of nodes
Negative 21 27
1-3 nodes 20 27
4-9 nodes 11 9
>10 nodes 7 1
Adjuvant radiotherapy 50 (56.8 %) 56 (61.5 %)
Adjuvant endocrine therapy 37 (42.0 %) 33 (36.3 %)

CP carboplatin and weekly paclitaxel, CEF cyclophosphamide/epir-
ubicin/5-fluorouracil, P weekly paclitaxel, CR complete response, PR
partial response, SD stable disease, PD progressive disease

Efficacy

After chemotherapy, 88 patients in the CP-CEF arm and 89
patients in the P-CEF arm underwent breast surgery. Two
patients in the P-CEF arm did not undergo surgery due to
proven stage IIIC disease after enrollment (n = 1), and
patient refusal to continue treatment due to adverse events
experienced during CEF (n = 1). The breast conservation
rates were 61.4 % in the CP-CEF arm and 64.8 % in the
P-CEF arm. Fifty-nine patients (67.0 %) in the CP-CEF
arm and fifty-nine patients (67.0 %) in the P-CEF arm
underwent AXLND (Table 2).

The overall clinical response rate to CP-CEF was sig-
nificantly higher than that to P-CEF (84.1 vs. 70.3 %,
P = 0.03). Disease progression was observed in 4 patients
who received CP-CEF (3 during CP and 1 during CEF) and
10 patients who received P-CEF (8 during P and 2 during
CEF). After completion of neoadjuvant chemotherapy, 1
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Table 3 Odds ratios for pCR rates according to subgroups

Subgroup Non- pCR Univariative analysis
pCR*
No. No. (%) Odds ratio P value
95 % CI)
Arm
CP-CEF 60 28 (31.8)  2.19 (1.08-4.41) 0.04
P-CEF 75 16 (17.6)  1.00
Age (years)
<50 75 28 (27.2)  0.71 (0.35-1.44) 0.38
>50 60 16 (21.1) 1.00
Clinical T stage
T1-2 95 39 (29.1)  1.00 0.02
T3 40 5(11.1)  0.30 (0.11-0.83)
Clinical N status
Negative 43 19 (30.6) 1.00 0.20
Positive 92 25 (21.3) 0.61 (0.31-1.24)

Histological grade

1 26 3(10.3) 1.00 0.06
2-3 109 41 27.3) 3.26 (0.94-11.35)
Hormone receptor status

Negative 42 33 (44.0) 0.15 (0.07-0.33) <0.01
Positive 93 11 (10.6) 1.00

ER-+/PgR+ 68 5 (6.8)

ER+/PgR— 21 6 (22.2)

ER—/PgR+ 2 2 (50)

ER estrogen receptor, pCR pathological complete response, PgR
progesterone receptor, 7 tumor size, 71 (<2.0 cm), 72 (2.1-5.0 cm),
and 73 (>5.1 cm)

# Including 3 patients in the P-CEF arm (1 patient with stage IIIC
disease and 2 patients who did not undergo breast surgery)

patient in the CP-CEF arm and 3 patients in the P-CEF arm
experienced disease progression. All 3 patients in the CP-
CEF arm and 10 of 13 patients in the P-CEF arm who
experienced disease progression had HR-negative disease.

The pCR rate in the CP-CEF arm was significantly
higher than that in the P-CEF arm (31.8 vs. 17.6 %, one-
sided P = 0.01). Among these pCR patients, 9 of 28
patients in the CP-CEF arm and 4 of 16 patients in the
P-CEF arm had DCIS. In the per-protocol population, the
difference in pCR rates between the two arms was not
significant [28.0 % (14/50) in the CP-CEF arm vs. 24.2 %
(15/62) in the P-CEF arm, one-sided P = 0.179]. By uni-
variate analysis, treatment arm, clinical tumor size, and HR
status were significantly associated with pCR (Table 3),
and these were all shown to be independent factors by
multivariate analysis. Among HR-negative patients, 23 of
37 patients (61.2 %) in the CP-CEF arm achieved a pCR;
this rate was significantly higher than that in the P-CEF
arm [26.3 % (10/38), P = 0.003, Fig. 3]. Among patients
with HR-positive and histological grade 1 disease, O of 12
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patients in the CP-CEF arm and 1 of 11 patients in the
P-CEF arm experienced a pCR. In contrast, among patients
with HR-positive and histological grade 2-3 disease, 5 of
39 patients (12.8 %) in the CP-CEF arm and 5 of 42
patients (11.9 %) in the P-CEF arm experienced a pCR.
Other factors associated with significantly higher pCR rates
in the CP-CEF arm included age (=50 years), clinical
tumor size (T1-2), and histological grade (grade 2-3).
After a median follow-up of 12.0 months, 4 and three
patients experienced disease recurrence in the CP-CEF and
P-CEF arms, respectively.

Safety

Grade 3-4 hematologic toxicities were more common in
patients treated with CP than in those treated with P
(neutropenia 58.0 vs. 9.9 %, anemia 15.9 vs. 0 %, and
thrombocytopenia 1.1 vs. 0 %, respectively, Table 4).
Non-hematologic toxicities were similar between the two
treatment arms. In the CP-CEF arm, 26 patients discon-
tinued CP due to adverse events, which were predomi-
nantly hematologic toxicities [prolonged neutropenia
(n = 19), febrile neutropenia (n = 1), thrombocytopenia
(n = 2), peripheral sensory neuropathy (n = 2), infection
(n = 1), and elevation of liver transaminase (n = 1)], and
3 patients discontinued CEF due to adverse events. Five
and six patients in the P-CEF arm discontinued P and CEF,
respectively, due to adverse events. One patient in the CP-
CEF arm developed acute monocytic leukemia 1.5 years
after completion of neoadjuvant chemotherapy.

Discussion

The addition of carboplatin to wPTX followed by CEF
significantly improved the pCR rates in the ITT population
in the present study. No difference in pCR rates was
observed in the per-protocol population, although this
could be due to the high rate of discontinuation of neoad-
juvant chemotherapy in the CP-CEF arm (37.5 %) and the
small sample size.

A meta-analysis of 12 randomized neoadjuvant trials for
breast cancer (12,993 patients total) suggested that pCR
rates differed by tumor subtype [18]. In patients with
HER2-negative and HR-positive disease, the pCR rates of
patients with grade 1-2 and 3 were 7 and 16 %, respec-
tively. The pCR rate of patients with TNBC was 34 %.
Furthermore, the association between pCR and event-free
survival in patients with HR-positive and grade 3 disease or
TNBC was significant. In the present study, the difference
in pCR rates between the two arms was not significant in
patients with HR-positive disease. However, in patients
with TNBC, the pCR rate in the CP-CEF arm was
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Fig. 3 Odds ratios for pCR Subgroup
rates between the two treatment P-CEF* CP-CEF 0dds Ratio (95% Cl)
arms by subgroup. pCR Age (years)
pathological complete response, <50 16/55 28/48 L 1.44(0.60 - 3.46)
T tumor size, T1 (<2.0 cm), 72 250 12/36  4/40 B> 4.50 (1.30 - 15.61)
(2.1-5.0 cm), and T3 -
L. . Clinical T
(=5.1 cm). Asterisk including 3 T1-2 14/68 25/66 B— 2.35 (1.09 - 5.08)
patients in the P-CEF arm (1 13 223 13/22 ] 1.66 (0.25 — 11.01)
patient with stage IIIC disease o
and 2 patients who did not Clinical N
P Negative  7/30 28/32 B 1.97 (0.65 — 5.97)
undergo breast surgery) Positive  9/61 16/56 L 231(093-5.77)
Histological grade
G1 113 2/16 . 1.71 (0.14 - 21.33)
G2:3  15/78 26/72 F 2.37(1.13-4.98)
HR status
Negative 10/38 23/37 > 4.60(1.72-12.27)
Positive  6/53 5/51 . 0.85 (0.24 — 2.99)
Total

16/91 28/88

2.19 (1.08 - 4.41)

[

I I I

02 04 06 08 1.0 2.0 3.0

Higher pCR with P-CEF

Higher pCR with CP-CEF

Table 4 Grade 3—4 adverse

events (NCI-CTCAE version
4.03)

ALT alanine aminotransferase,
AST aspartate aminotransferase,
CP-CEF carboplatin and
weekly paclitaxel followed by
cyclophosphamide/epirubicin/5-
fluorouracil, P-CEF weekly
paclitaxel followed by
cyclophosphamide/epirubicin/5-
fluorouracil, GGT gamma-
glutamyl transpeptidase, CP
carboplatin and weekly
paclitaxel, and P weekly
paclitaxel

Treatment arm CP-CEF P-CEF
Adverse events All CP phase All P phase
G3% G4% G3% G4% G3% G4% G3% G4%
Anemia 18.2 1.1 14.8 1.1 1.1 0 0 0
Neutropenia 46.6 19.3 52.3 5.7 17.6 20.9 8.8 1.1
Thrombocytopenia 1.1 0 1.1 0 0 0 0 0
Febrile neutropenia 20.5 0 23 0 15.4 0 0 0
Abdominal pain 1.1 0 1.1 0 0 0 0 0
Oral mucositis 1.1 0 0 0 1.1 0 0 0
Nausea 3.4 0 2.3 0 22 0 0 0
Vomiting 2.3 0 1.1 0 0 0 0 0
Fatigue 2.3 0 23 0 1.1 0 0 0
Infection 44 0 22 0 1.1 0 0 0
Elevation of ALT 2.3 0 23 0 22 0 1.1 0
Elevation of AST 1.1 0 1.1 0 1.1 0 1.1 0
Elevation of GGT 1.1 0 1.1 0 0 0 0 0
Anorexia 23 0 2.3 0 0 0 0 0
Dehydration 1.1 0 1.1 0 0 0 0 0
Hypertriglyceridemia 1.1 0 1.1 0 0 0 0 0
Hypokalemia 1.1 0 0 0 0 0 0 0
Arthritis 1.1 0 1.1 0 0 0 0 0
Peripheral motor neuropathy 1.1 0 1.1 0 0 0 0 0
Peripheral sensory neuropathy 1.1 0 1.1 0 1.1 0 1.1 0
Syncope 1.1 0 1.1 0 0 0 0 0

significantly higher than that in the P-CEF arm (Fig. 3). In
the randomized studies of the addition of carboplatin to
anthracycline and taxane for TNBC in neoadjuvant set-
tings, one study showed no improvement of the pCR rate
by addition of carboplatin (GEICAM/2006-03: n = 93,

29.8 vs. 3.48 %, P = 0.606) and the other two studies
suggested any improvement of the pCR rates (GeparSixto:
n =315, 58.7 vs. 379 %, P < 0.05; CALGB40603:
n = 233, 60 vs. 46 %, P < 0.0018) [19-21]. The present
results combined with those of previous studies suggested
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an advantage associated with the addition of platinum
compounds to anthracyclines and taxanes as neoadjuvant
therapy for TNBC.

The dosage and schedule of carboplatin and wPTX in
the experimental arm of our study were chosen on the basis
of the results of a previous study in advanced ovarian
cancer, in which improved survival was observed in
patients who received wPTX compared with the conven-
tional triweekly schedule. In that study, 312 patients were
treated with carboplatin (AUC of 6 on day 1) plus wPTX
(80 mg/m? on day 1, 8, and 15) every 3 weeks, and car-
boplatin doses were reduced for hematologic toxicities in
48 % of patients. Therefore, the AUC of carboplatin in the
present study was reduced to 5 [22]. In the present study,
hematologic toxicities were more common in the CP-CEF
arm, and they resulted in delayed administration or at least
one dose reduction of paclitaxel (73.9 %) and dose
reduction of carboplatin (20.5 %). In the CALGB 40603
trial, 4 cycles of triweekly administration of carboplatin
(AUC6) with wPTX increased grade 3/4 neutropenia and
thrombocytopenia [21]. In the 18 weekly administrations of
liposomal doxorubicin, paclitaxel, and carboplatin (AUC2)
of the GeparSixto study, all treatments were completed by
52.2 % and discontinuations due to adverse events occur-
red in 37.7 % [20]. The optimum dosage and schedule of
carboplatin and wPTX have not yet been established. The
frequency of neutropenia in patients who received paclit-
axel and carboplatin, which were given every week, was
lower than that reported in the present study. A weekly
carboplatin and paclitaxel may be an alternative regimen
with mild hematologic toxicities. A randomized trial of
sequential taxane and anthracycline neoadjuvant regimens
showed no significant difference in pCR rates between the
two sequences, although the regimen of a taxane followed
by an anthracycline was associated with milder hemato-
logic toxicity [23]. In the present study, due to concerns
about hematologic toxicities associated with the combina-
tion of carboplatin and wPTX, a sequence of a taxane
followed by an anthracycline was chosen.

The present study has a number of limitations, and was
stopped early before full accrual keeping with 87 % power
and one-sided 10 % significance level. In the present study,
the definition of HR negativity was <10 % staining of
cancer cell nuclei by IHC. Out of concerns about false
negative or positive, The ER- and PgR-negativities are
recommended <1 % staining of cancer nuclei irrespective
of staining intensity with the objectives of clinical trial
eligibility for TNBC [24]. In the vitro study, basal-like
subtypes of TNBC depending on gene profiles were sug-
gested a highly sensitive to cisplatin, and pragmatic
selection method of basal-like subtypes is an issue in the
future [15]. The primary endpoint was a pCR rate rather
than indicative of long-term outcome. A meta-analysis of
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neoadjuvant breast cancer trials showed that the magnitude
of improvement in pCR did not predict long-term out-
comes. However, in patients with TNBC, improvement of
pCR was significantly associated with improvement of
event-free and overall survival [18]. Therefore, the
improvement of pCR associated with the addition of car-
boplatin in patients with TNBC in the present study may
contribute to improved long-term outcomes.

In conclusion, the addition of carboplatin to wPTX
followed by CEF for HER2-negative breast cancer
improved the pCR rate but resulted in more hematologic
toxicity.
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