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Summary Eribulin mesylate (Halaven®) is a novel inhibitor
of microtubule dynamics that has demonstrated a survival
benefit in patients with locally recurrent or metastatic breast
cancer who previously received at least two chemotherapeutic
regimens including an anthracycline and a taxane. Although
trastuzumab is indicated for patients with human epidermal
growth factor receptor 2 positive (HER2+) breast cancer, a
phase | study to evaluate tolerability/safety of eribulin mesy-
late with trastuzumab has not been conducted. Therefore, a
study of eribulin mesylate in combination with trastuzumab
was conducied to evaluate dose limiting toxicity (DLT), tol-
erability/safety, pharmacokinetics (PK), and efficacy and to
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estimate the recommended dose in Japanese patients with
advanced or recurrent HER2+ breast cancer. Eribulin mesylate
(1.4 mg/m?) was administered on days 1 and 8 of every
3 week cycle. Trastuzumab was administered with a 4 mg/kg
loading dose followed by 2 mg/kg weekly doses or with an
8 mg/kg loading dose followed by 6 mg/kg tri-weekly doses. A
total of 12 patients (six for cach regimen) received eribulin
mesylate and trastuzumab. No DLT was observed and the
recommended dose of ertbulin mesylate in combination with
irastuzumab was estimated as 1.4 mg/mEA Common adverse
events were neutropenia, leukopenia, anaemia and alopecia.
This combination therapy was well tolerated and the neutro-
penia observed was manageable. No PK drug-drug interaction
between eribulin and trastuzumab was observed. Since a tran-
sient ejection fraction decreased was observed in two patients,
cardiac function should be routinely assessed in patients re-
ceiving the combination therapy of eribulin mesylate with
trastuzumab (ClinicalTrials.gov Identifier: NCT01432886).

Keywords Eribulin mesylate - HER2 positive breast cancer -
Japanese patients - Phase 1 study - Trastuzumab

introduction

Overexpression of human epidermal growth factor receptor
2 (HER2) occurs in approximately 25 to 30 % of breast
cancers and is associated with a poor prognosis [1, 2]
Trastuzumab is a humanized 1gG1 kappa monoclonal anti-
body that selectively binds with high affinity to the extra-
cellular domain of the HER2 protein. The studies of week-
ly trastuzumab monotherapy (4 mg/kg loading dose follow-
ed by 2 mg/kg weekly) and combination with paclitaxel
was active, well tolerated and prolonged survival in patients
with HER2+ metastatic breast cancer [3-5]. Also,

@_ Springer



120

Invest New Drugs (2015) 33:119-127

comparison of tri-weekly trastuzumab (8 mg/kg loading
dose followed by 6 mg/kg tri-weekly dose) with weekly
trastuzumab has shown comparable results in both mono-
therapy and combination therapy with paclitaxel [6, 7]. The
combination therapy of a tubulin-targeted drug and
trastuzumab appeared to have a superior antitumor effect
and a well-tolerated safety profile in the treatment of HER2
+ breast cancer [5, 7-9].

Eribulin mesylate, a non-taxane microtubule dynamics in-
hibitor, is a structurally simplified synthetic analog of the
marine natural product halichondrin B. The inhibitory effects
of eribulin on microtubule dynamics lead to G,/M cell-cycle
blocks, disruption of normal mitotic spindle formation, and
prolonged mitotic blockage followed by apoptotic cell death
[10.11].

A phase | study has been completed in Japanese pa-
tients with solid tumors to evaluate the safety and pharma-
cokinetics (PK) of eribulin mesylate administration on days
I and 8 of a 21-day cycle. Dose-limiting toxicities (DLTs)
were neutropenia/febrile neutropenia, and the recommended
dose of eribulin mesylate was determined as 1.4 mg/m®
[12]. Based on the results of this phase 1 study in Japan, a
phase 2 study was conducted to evaluate the efficacy and
safety of eribulin mesylate in patients with locally advanced
or metastatic breast cancer previously treated with
anthracycline and taxane. Eribulin mesylate demonstrated
antitumor activity with an objective response rate (ORR) of
21.3 % (17/80 patients) and a manageable safety profile
[13]. This study supported the previous phase 2 study of
eribulin mesylate that demonstrated its antitumor activity
and safety profile in extensively pretreated breast cancer
patients [14, 15].

In a randomized phase 3 study of patients with locally
recurrent or metastatic breast cancer who previously re-
ceived at least two chemotherapeutic regimens including
an anthracycline and a taxane, the efficacy and safety of
eribulin mesylate (1.4 mg/m?, days | and 8 of a 21-day
cycle) were compared with the treatment of the physician’s
choice (TPC). Overall survival (OS) was statistically sig-
nificantly longer in the eribulin mesylate group than in the
TPC group (median OS: 13.1 months vs. 10.6 months,
hazard ratio [HR]: 0.81, p=0.041). Furthermore, an updated
analysis of OS confinned the significant increase in OS of
the eribulin mesylate group compared with the TPC group
(median OS: 13.2 months vs. 10.5 months, HR: 0.81, p=
0.014) [16].

Based on these results, the combination therapy of
eribulin mesylate and trastuzumab was also expected to
provide a superior antitumor effect and favorable safety
profile.

Therefore, a phase 1 study of eribulin mesylate in combi-
nation with trastuzumab in Japanese patients with advanced or
recurrent HER2+ breast cancer was carried out.
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Materials and methods
Study design and treatment

This was a multi-center, open-label phase | study of eribulin
mesylate with trastuzumab combination therapy in Japanese
patients with advanced or recurrent HER2+ breast cancer
(NCTO01432886). This study consisted of Part | (weekly dose
of trastuzumab) and Part 2 (tri-weekly dose of trastuzumab) to
evaluate DLT, tolerability/safety, efficacy and PK, and to
estimate the recommended dose of eribulin mesylate in this
combination therapy.

Eribulin mesylate was administered by 2- to 5-minute i.v.
injection on days | and 8 of a 21-day cycle. The initial dose
of eribulin mesylate was 1.4 mg/m™ (equivalent to 1.23 mg/
m" eribulin expressed as free base) in combination with
trastuzumab treatment. Eribulin mesylate was administered
on days | and 8, if all of the following criteria were met: (1)
neutrophil count 21.0% 10°/uL, (2) platelet count >7.5% 10%/
rL, and (3) non-hematologic toxicity <grade 2 (except grade
3 nausea, vomiting, and diarrhea controllable with anti-
emetic or anti-diarrheal medication and abnormal laboratory
parameters not requiring treatment). If the patient did not
meet the criteria, the administration of the next dose was
delayed. If the patient met the criteria within a [-week delay,
the 2nd administration of the cycle was implemented, and
the next cycle had to be initiated no sooner than 2 weeks
after the 2nd administration. If the patient did not meet the
criteria within a 1-week delay, the 2nd administration was
skipped. Dose reduction of eribulin mesylate could be
exercised at the discretion of the investigator if the 2nd
administration in a cycle was delayed or skipped. If dose
reduction was necessary, the 1.4 mg/m? dose of eribulin
mesylate was initially reduced to 1.1 mg/m* and then further
reduced to 0.7 mg/m”.

In Part 1, trastuzumab was administered by i.v. infusion at
4 mg/kg as a loading dose and at 2 mg/kg weekly. In Part 2,
trastuzumab was administered by i.v. infusion at 8 mg/kg as a
loading dose and at 6 mg/kg tri-weekly. The infusion time ol
trastuzumab was 90 min or longer at initial administration and
could be shortened to 30 min from the 2nd administration and
later. Trastuzumab was administered immediately after
eribulin mesylate administration when used in the same day.
Concomitant use of other medications or treatments was
allowed. However. other anti-cancer drugs. investigational
drugs and prophylactic administration of granulocyte-colony
stimulating factor (G-CSF) were not permitted during the
study.

DLT was evaluated in the first cycle. and if DLTs were
observed in none or one of the first three patients, an addi-
tional three patients were to be added at the same dose level. I
none or one of a total of six patients experienced a DLT, the
investigated dose level of eribulin mesylate was to be regarded

36



Invest New Drugs (2015) 33:119-127

121

as tolerable with the trastuzumab combination. In the event
that two of six patients reported a DLT, the investigators were
to obtain written or verbal advice from an lndependent Safety
Committee on whether to investigate a decreased dose level of
eribulin mesylate (1.1 mg/m?) as the initial dose. The initial
cribulin mesylate dose level was planned to decrease to
I.1 mg/m® il a DLT was reported in three or more patients.
Patients were to continue to receive eribulin mesylate until
they no longer received clinical benefit. had progressive dis-
ease (PD), or experienced unacceptable toxicity.

The protocol was approved by the Institutional Review
Board and conducted in accordance with the Declaration of
Helsinki.

Patient eligibility

Key inclusion criteria included: 20-74 years of age: histolog-
ically or cytologically confirmed advanced or recurrent breast
cancer; HER2+ tumor score of 3+ by immunohistochemistry
staining or gene amplification by fluorescence in situ hybrid-
ization (FISH): and any of the following, 1) evidence of
recurrence during adjuvant chemotherapy with trastuzumab
and taxane, 2) evidence of recurrence within 6 months afler
adjuvant chemotherapy with trastuzumab and taxane or 3)
prior chemotherapy including trastuzumab and taxance for
advanced or recurrent breast cancer; normal function in major
organs; left ventricular ejection fraction (LVEF) 260 % by
multigated acquisition scan or echocardiogram (B or M
mode); and Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1.

Key exclusion criteria included: brain metastasis accompa-
nied by clinical symptoms or requiring treatment: severe
active infection requiring treatment; pleural eftfusions, ascites
or pericardial effusions requiring drainage; pregnancy or
breastfeeding: and refusal of supportive therapy by blood
transfusion. All patients provided written informed consent
prior to any study procedure.

Assessments
DLTs

The following toxicities were to be regarded as DLTS if they
occurred in the first cycle and their causal relationship with the
study treatment could not be ruled out: grade 4 neutropenia
persistent for more than 7 days: grade 3 or above febrile
neutropenia: grade 4 thrombocytopenia or grade 3 thrombo-
cylopenia requiring blood transfusion: and non-hematologic
toxicity >grade 3 (unless grade 3 nausea, vomiting and diar-
rhea was controllable with an anti-emetic and anti-diarrheal
medication. or clinical laboratory abnormalities did not re-
quire treatment). It would also be regarded as a DLT if the
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2nd eribulin mesylate administration per cycle was delayed
and the study treatment could not be resumed from day 22 of
cycle 1.

Safety

The demographic and disease characteristics of breast cancer
were recorded at baseline and included HER?2 status, estro-
gen receptor status. progesterone receptor status, and prior
therapy complications. Safety assessments were made
throughout the study. The factors that were assessed include
adverse events (AEs), vital signs, bodyweight, 12-lead elec-
trocardiogram, multigated acquisition scan or echocardio-
gram, concomitant medications, and clinical laboratory
values (hematology, blood biochemistry and urinalysis).
AEs were assessed on days 1, 8 and 15 of each cycle. AE
severity was classified according to the Japanese version of
Common Terminology Criteria for Adverse Events v4.0. QT
interval corrected for heart rate using Fridericia’s formula
(QTcF) and LVEF assessment were conducted before the
treatment, on day 15 of cycle 1, on day 1 of every 4th cycle,
and if clinically indicated.

PK and biochemical methodology

Blood samples were taken for eribulin PK analysis on days
I and 8 of the first treatment cycle, pre-dose, end of infu-
sion, 30 min, and 1. 2, 4, 24, 72 and 168 h after drug
administration. Plasma concentrations of eribulin, measured
as the free-base (i.e. non-mesylate) equivalent, were deter-
mined by using the validated liquid chromatography- tan-
dem mass spectrometry method. The lower limit of quanti-
tation was 0.2 ng/mL.

In Part 1, blood samples were taken for trastuzumab PK
analysis on day | (pre-dose. end of infusion, and 3, 4, 24 and
72 h after drug administration) and day 8 and 15 (pre-dose) of
cycle 1, and on day | (pre-dose) of cycle 2 and later. In Part 2,
blood samples of day 1 (pre-dose and 3, 4, 24, 72, 168 and
336 h after drug administration) of cycle 1 and day 1 (pre-
dose) ol cycle 2 and later cycles were taken. Serum concen-
trations of trastuzumab were determined by using the validat-
ed enzyme-linked immunosorbent assay method. The lower
limit of quantitation was 10 pg/mL.

PK parameters for eribulin and trastuzumab were calculat-
ed by a non-compartmental approach by using WinNonlin
software version 6.2 (Pharsight Corporation, CA, USA). The
calculated parameters included: area under the curve extrapo-
lated to infinity (AUCgnp). terminal half-life (t;5), total
clearance (CL) and volume of distribution at steady state
(V). The maximum observed plasma concentration (Cpax)
and time to Cp,.x (tnax) were directly derived from the data.
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Tumor assessment

Tumor response was assessed by the investigators according
to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 [17]. Tumor assessments were per-
formed within 28 days prior to the start of treatiment, 6 weeks
afier the first dose and every 6 weeks thereafier, or sooner, i
there was clinical suspicion of disease progression.

Results

Results are based on data collected until an August 2, 2013,
cutoff date.

Patient characteristics

A total of 12 patients received eribulin mesylate and
trastuzumab, 6 in Part 1 and 6 in Part 2. These patients were
extensively pretreated with a median of 4.5 (range, 1-14) prior
chemotherapy regimens. Patient demographics and baseline
characteristics are shown in Table 1.

Treatment

For the overall population, eribulin mesylate and trastuzumab
were administered [or a median of 7 (range, 2-23) cycles, with
eight patients receiving five or more cycles. The numbers of
treatment cycles by patients are shown i Table 2. Treatment
was discontinued in seven patients (58.3 %) due to PD, and
two patients (16.7 %) withdrew due to AEs. Three patients
(25.0 %) continued to receive the study drug treatment at the
time ol the cutoff date. Dose adjustment (reduction. delay or
skip) of eribulin mesylate occurred in ten patients (83.3 %):
eight patients (66.7 %) had dose reduction. eight patients
(66.7 %) had dose delay. and five patients (41.7 %) had to
skip one dose per cycle. ‘

DLTs

DLTs were evaluated on the first cycle, and none of the 12
patients experienced DLT. In cycle 1, grade 3 or 4 neutropenia
that led to a dose delay of the day 8 administration of eribulin
mesylate occurred in two patients (16.7 %). and a dose was
skipped in two patients (16.7 %). Two patients (16.7 %)

Table 1 Patient demographics

. = .
and baseline characteristics Parameter

Part | (N=6) Part 2 (N=6) Totwal (N=12)

Age. median (range), years
Race. n (%)
Japanese
ECOG performance status, n (%)
0
|

ER + and/or PR + disease, n (%)

Number of prior anti-cancer drug treatment. n (%

I

w9

4
=5
Median (range)

Prior trastuzumab treatment. n (%)

Number of prior trastuzumab treatment, n (%)"

1
2
>3
Median (range)
Prior taxane treatment, n (%)

Number of prior taxane treatment, n (%)"

£COG Eastern Cooperative On-

cology Group, ER estrogen re- 1

ceplor, PR progesterone receptor 2

“Including the number of neoad- 3

juvant, adjuvant and therapeutic Prior anthracycline treatment. n (%)
therapy

64.5 (58-72) 47.0 (39-64) 60.0 (39 72)

6 6 12 (100.0)

3 2 5417

3 4 7(58.3)

2 3 5(41.7)

o’

0 | 1(8.3)

0 1 1(8.3)

2 0 2(16.7)

i | 2(16.7)

3 3 6 (50.0)

5.0(3-14) 45(1-6) 45(1-14)

6 6 12 (100.0)
| 3 (25.0)

| 3 4033.3)

3 2 5 41.7)

25(1-5) 2.0 (1-4) 2.0 (1-5)

6 6 12 (100.0)

3 4 7 (58.3)

2 2 4(33.3)

! 0 1(8.3)

3 3 6 (50.0)
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Table 2 Numbers of treatment cycles by patients

Number of cycles Part 1 (N=6) Part 2 (N=6) Total (N=12)
received, n (%)

-2 | 1(8.3)

34 2 | 3(25.0)

5.8 3 3(25.09
912 2 2(16.7)

13- 16 1" 1(8.3Y
1720

>21 2 - 2(16.7Y

* 3 patients in wtal were on treatment as of 2 August 2013

received concomitant treatment with G-CSF for grade 4 neu-
tropenia. The median time from day | of cycle 1 to the
nadir in neutrophil count was 15 days (95 % Cl:14. 23),
and the median time to recovery from the nadir to <grade 2
neutropenia was § days (95 % CI: 4, 9). One of six patients
(16.7 %) skipped a dose of trastuzumab due to an ejection

fraction decreased (grade 2) in Part | (weekly dose of

trastuzumab).
Adverse events

The AEs (all grades) experienced by >10 % ol patients and the
tolal grade 3 or4 AEs are shown in Table 3. The common AEs
were similar in Part | and 2. Frequently observed hematologic
AlLs were neutropenia | 100 % (grade 3/4: 100 %)), leukopenia
[100 % (grade 3/4: 83 %)) and anaemia [67 % (grade 3/4:
0 %)]. G-CSF was administered to three patients (25.0 %).
Frequently observed non-hematologic AEs, which were gen-
erally mild and manageable, included alopecia (67 %). pyrexia
(42 %). decreased appetite (42 %) and rash (42 %) (all grade |
or 2). Peripheral neuropathy occurred in four patients
(33.3 %). including onc patient (3.3 %) with grade 3 neurop-
athy. The AEs that led to study discontinuation were periph-
eral neuropathy in one patient (8.3 %) and tumour pain in one
patient (8.3 %). An ¢jection fraction decreased (grade 2)
occurred i two patients (16.7 %) (both patients on day 15
of cycle 1 with one patient also in cycle 19), but the patients
rccovered afler | week without treatment. The mean LVEF
wransition is shown in Fig. 1. The other cardiac disorders were
second degree atrioventricular block (grade 2) in one patient
(8.3 %) and palpitation (grade 1) in two patients (16.7 %); no
treatments were required [or these adverse advents. No grade
5 AEs or serious AEs were obscrved.

PK

Figurc 2 shows the mean plasma eribulin concentration time

profile up to 168 h and Table 4 shows the PK parameters of

. . . . . pi PR .
eribulin alier cribulin mesylate (1.4 mg/m”) administration

39

over 2 to 5 min with trastuzumab on day | of cycle 1 in Part
| and Part 2, as well as previously reported phase | study
results of eribulin mesylate monotherapy in Japanese patients
[12}.

In Part 1. the mean values for ty,,, CL and Vg after
administration of eribulin mesylate on day 1 (Table 4) and
Day 8 were 38.1+7.80 and 30.3%3.29 h, 2.47+0.774 and
2.44x0.967 L/h/m*. and 101%45.3.and 77.9£37.6 L/ m’,
respectively. In Part 2, the mean values for ty», CL and Vg
after admnistration of eribulin mesylate on day 1 (Table 4)
and Day & were 35.0+10.8 and 31.7+8.58 h, 2.12+0.754 and
1.95£0.721 L/h/m?, and 69.8+11.8 and 58.0+6.99 L/m?,
respectively.

After trastuzumab was administered intravenously in com-
bination with eribulin, trastuzumab was eliminated from the
serum biphasically after reaching the C ., in both Part | and
2. In Part 1, the mean values for t;, CL and V after
administration of trastuzumab (4 mg/kg) on day | were 115
+28.0 h, 0.369+0.0297 mL/h/kg and 62.4+17.9 mL/kg, re-
spectively. In Part 2, the mean values of t;», CL and V, after
administration of trastuzumab (8 mg/kg) on day 1 were 173
26.7h.0.271+0.0343 mL/h/kg and 62.0+4.04 mL/kg, respec-
tively (Table 5).

Antitumor activity

Tumor responses were evaluated by RECIST version 1.1 in all
12 patients. The ORR was 8.3 % (95 % Cl: 0.2, 38.5) and
tumor responses consisted ol a partial response (PR) in one
patient (8.3 %), stable disease (SD: including non-complete
response (CR)/non-PD) =5 weeks) in ten patients (83.3 %)
and PD in one patient (8.3 %). The disease control rate (CR +
PR+ SD =11 weeks) was 83.3 % (95 % C1: 51.6,97.9) and the
clinical benefit rate (CR + PR + SD >23 weeks) was 50.0 %
(95 % Cl: 21.1. 78.9) (Table 6).

Discussion

This phase 1 study established the recommended dose of
eribulin mesylate as 1.4 mg/m2 when administered on days
I and & of'a 21-day cycle with appropriate dose adjustment in
combination with either weekly trastuzumab (4 mg/kg loading
dose. 2 mg/kg/weekly) or tri-weekly trastuzumab (8 mg/kg
loading dose, 6 mg/kg/tri-weekly) in Japanese patients with
advanced or recurrent HER2+ breast cancer. Eribulin mesylate
was suggested o be safe and tolerable in combination with
trastuzumab with the same recommended dose as monother-
apy [12].

There were no DLTs. grade 5 AEs or serious AEs in this
study. The most common AEs of grade 3 or 4 reported in this
study were neutropenia and leukopenia, which were
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Table 3 Adverse events (All grades in 210 % of patients and grades 3/4 in total)

Part 1 ) Part 2 Total

All grades Grade 3/4 AEs All grades Grade 3/4 AEs All grades Grade 3/4 Als

AE preferred term N=6 N=6 N=6 N=6 N=12 N=12
Blood and lymphatic system disorders

Neutropenia 6 6 6 O 12 (100.0) 12 (100.0)

Leukopenia 6 4 6 6 12 (100.0) 10 (83.3)

Anaemia 4 0 4 0 8(66.7) 0

Lymphopenia 0 0 3 3 3(25.0) 3(25.0)

Febrile neutropenia 0 0 1 1 1(8.3) 1 (8.3)
Cardiac disorders

Palpitations 2 0 0 0 2(16.7) 0
Gastrointestinal disorders

Nausea 1 0 2 0 3(25.0) 0

Vomiting (4] 0 3 0 3(25.0) 0

Constipation 2 0 0 0 2(16.7) 0

Stomalitis | 0 ! 0 2(16.7) 0
General disorders and administration site conditions

Pyrexia 2 0 3 0 541.7) 0

Malaise 3 0 0 0 3(25.0) 0

Chest discomfort ! 0 | 0 2(16.7) 0

Injection site reaction 2 0 0 0 2(16.7) 0
Infections and infestations

Lung infection 0 0 2 0 2(16.7) 0

Tonsillitis 1 0 1 0 2(16.7) 0
Investigations

Alanine aminotransferase increased 2 0 1 0 3(25.0) 0

Aspartate aminotransferase increased 2 4 1 0 3(25.0) 0

Blood creatine phosphokinase increased 3 0 0 0 3(25.0) 0

Ejection fraction decreased 1 0 I 0 2(16.7) 0
Metabolism and nutrition disorders

Decreased appetite 4 0 | 0 5(41.7) 0

Hypertriglyceridaemia | ] 2 2 3(25.0 3(25.00

Hypophaosphataemia 0 0 | | 1 (8.3) 1(8.3)
Musculoskeletal and connective tissue disorders

Myalgia 4 0 0 0 4(33.3) 0

Muscle spasms 2 0 0 0 2(16.7 0
Nervous system disorders

Dysgeusia 2 0 2 0 4(33.3) 0

“Peripheral neuropathy 4 1 0 0 4(33.3) 1 (8.3)

Headache 0 0 2 0 2(16.7) 0
Skin and subcutaneous tissue disorders

Alopecia 5 - 3 - 8 (66.7)

Rash 4 0 | 0 S41.7 0

“ Peripheral neuropathy includes neuropathy peripheral and peripheral sensory neuropathy in preferred terms
hematologic toxicities also found in prior clinical studies of  or a skipped dose. The median time of 8 days required for
eribulin mesylate monotherapy in Japanese patients [12. 13].  resolution from nadir in neutrophil count to <grade 2 neuiro-

All 12 patients experienced neutropenia, but all events were  penia in cycle 1 and the low requirement for G-CSF use
reversible and easily managed with appropriate dose reduction (25 %) supported the safety of the defined eribulin mesylate
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(%)
804

75 1
70 4
65 1
60 1

LVEF

55 1

50 ~

45 A -8- Part 1 (with weekly trastuzumab)
40 ~A— Part 2 (with tri-weekly trastuzumab)

Baseline Cycle4 Day 1 Cycle 12Day 1 Cycle 20 Day 1
Cycle1Day15 Cycle8Dayt  Cycle16Day1 Discontinuation
Analysis Visit

Fig. I Mean LVEF transition assessed by echocardiogram: Assessment
by B mode echocardiogram at the indicated imes. Baseline LVEF was
Z60 % by B or M mode echocardiogram in all patients, as detined in the
inclusion criteria

administration procedure. The non-hematologic AEs were
consistent with the known safety profile of eribulin, with only
one grade 3 or higher AE with clinical symptoms (grade 3
peripheral neuropathy). The low incidence of neuropathy was
consistent with previous eribulin mesylate studies and the
incidence was also lower when compared with taxane studies
[12-16, 18].

A retrospective review of seven phase 2 and phase 3
trastuzumab clinical trials reported that the patients treated with
trastuzumab were at an increased risk of cardiac dysfunction.
The incidence of cardiac dysfunction was highest in patients
receiving concomitant trastuzumab and anthracycline/
cyclophosphamide (27 “4). The nisk was substantially fower

(ng/mL)
1000 -+ Part 1 Day 1 (with weekly trastuzumab)
—— Part 2 Day 1 (with tri-weekly trastuzumab)
100 ~O— Eribulin monotherapy .

0.1 i

Mean (£ SD) plasma concentration

0.01 T . r v y ' . .
0 24 48 72 96 120 144 168 192 (h)
Time

Fig. 2 PK analysis of the relationship between mean plasma eribulin
concentration versus time profiles for Parts | and 2 of the study and for a
previous phase | study [12] (cycle 1. day 1)

41

Table 4 Pharmacokinetic parameters of eribulin (cycle 1. day 1)

PK Parameter (unit)  Part | (n=6) Part 2 (n=6) Monotherapy (n=6)

Conax (ng/mL) 5474128 582461.0  519.4%1072
AUCqinp (ngrh/imL) 524137 6314271 672.7%113.7
tizz (B) 38.1£7.80 3504108 39.4+83
CL (L/h/m®) 247+0.774 21220754 1.89+0.33
V,, (L/m?) 101453 69.8+11.8 76341902

Mean+SD

AUC .y avea under the concentration-time curve from time zero to
infinity, CL total clearance. C,,,. maximum plasma concentration, /.
terminal half-life, I, steady-state volume of distribution

in patients receiving paclitaxel and trastuzumab (13 %),
trastuzumab alone (3 to 7 %), anthracycline/
cyclophosphamide alone (8 %), or paclitaxel alone (1 %)
[19]. To evaluate the risk of cardiac dysfunction in patients
recetving the combination therapy of eribulin mesylate and
trastuzumab, periodic assessments of QTcF and LVEF were
conducted. Although an ¢jection fraction decreased (grade 2)
was observed in two patients (16.7 %), these patients recovered
after | week without treatment. The mean LVEF transition was
>55 % in either part 1 or 2 of the study (Fig. 1). The other
cardiac disorders experienced by patients were second-degree
atrioventricular block and palpitation, which did not require
treatment. Therefore, a clear increased risk of severe cardiac
dysfunction resulting from the addition of eribulin mesylate to
trastuzumab was not suggested from this study. Since a few
cardiac events were observed, cardiac function should be
routinely assessed in patients receiving eribulin mesylate in
combination with trastuzumab. which is consistent with the
recommendation for patients receiving trastuzumab in other
combination therapies. The neutropenia observed was man-
ageable. and the non-hematologic AEs were generally mild.
Thus, treatment with eribulin mesylate (1.4 mg/m?) on days 1
and 8 of a 21-day cycle with appropriate dose adjustment was
regarded as tolerable in combination with trastuzumab (either
weekly or tri-weekly) in Japanese patients.

Table 5 Pharmacokinetic parameters of trastuzumab (cycle 1. day 1)

PK parameter (unit)  Part | (4 mg/kg) (n=6)  Part 2 (8 mg/kg) (n=6)

Crnes (Hg/mL) 74.9+25.9 194331
AUC (ng-h/mL) 10900868 29800£3740
L () 115+28.0 173+26.7
CL (mL/h/kg) 0.369+0.0297 0.271+0.0343
Vg (mLrskg) 62.4+17.9 62.0+4.04

Mean+SD

AUC iy area under the concentration-time curve from time zero (o
infinity, CL total clearance. C,,,. maximum plasma concentration, (s
terminal half-life, V,, steady-state volume of distribution
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Table 6 Best tumor responses

Part | Part 2 Total
Response category. n (%) N=6 N=6 N=1|2
Best tumor response, n (o)
CR 0 0 0
PR 1 (16.7) 0 1(8.3)
SD (including non-CR/non-PD) 4.(66.7) 6 (100.0) 10 (83.3)
PD 1 (16.7) 0 1(8.3)
Not evaluable 0 0 0
Objective response rate 1(16.7) 0 1 (8.3)
95 % Cl 0.4. 64.1 0.0,459 0.2.38.5
Disease Control Rate 5(83.3) 5(83.3) 10(83.3)
(I confidence interval, CR com- 95 % C1 35.9.99.6 35.9.99.6 516,979
plete response, PR partial re- Clinical Benefit Rate 4(66.7) 2(33.3) 6 (50.00
sponse. SD stable disease, PD 95 % C] 22.3.95.7 43 777 21.1. 789

progressive disease

The PK profile of eribulin in combination with trastuzumab
was similar between the present study and the previously
reported phase 1 study of eribulin mesylate monotherapy in
Japanese patients [12], including the mean t;,, volume of
distribution, and renal and systemic clearance (Fig. 2, Table 4),
and as in those studies, the parameters were consistent be-
tween days 1 and 8 of the first cycle. The PK profile of
trastuzumab (Table 5) was also similar to that in the previous
reported phase | study of trastuzumab [20]. Combination
therapy of trastuzumab with eribulin mesylate did not appear
to change the PK profile of either eribulin or trastuzumab.
Therefore, no pharmacokinetic drug-drug interaction between
eribulin and trastuzumab was indicated.

Although efficacy was not a primary objective, 8 of 12
patients completed more than 5 cycles of treatment and the
chinical benefit rate (CBR) was 50.0 % (95 % C1: 21.1, 78.9),
which also supports the long-term efficacy and safety of this
combination therapy. Recently, the final results of a phase 2
study of eribulin mesylate (1.4 mgjmz) in combination with
trastuzumab (8 mg/kg as a loading dose followed by a 6 mg/kg
tri-weekly dose) as a first-line therapy for locally recurrent or
metastatic HER2+ breast cancer was reported. Those results
showed: ORR of 71.2 % (37/52 patients), CBR of 84.6 %
(95 % CI: 71.9, 93.1), median progression free survival of
11.6 months (95 % CI: 9.1, 13.9) and an acceptable safety
profile. The most common AEs of grade 3 or 4 were neutro-
penia (38.5 %) with clinical laboratory hematologic abnor-
malities of neutrophils (55.8 %) and peripheral neuropathy
(26.9 %) [21]. The low incidence of severe neutropenia com-
pared with that of the present study (100 %) was considered to
be due to the difference of prior chemotherapy regimen num-
bers. The high incidence of severe peripheral neuropathy
compared with that of the present study (8.3 %) was likely
due to the prolonged duration of treatment in a first-line
setting.
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In conclusion, 1.4 mg/m2 eribulin mesylate administered
on days | and 8 of'a 21-day cycle in combination with either
weekly or in-weekly trastuzumab was well tolerated in exten-
sively pre-treated Japanese patients with advanced or recur-
rent HER2+ breast cancer. The safety profile shown in the
present study and the reported phase 2 study [21] indicates
that [urther evaluation of eribulin mesylate and trastuzumab
combination therapy is warranted.
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ABSTRACT

Objective: For patients with HER2-positive breast cancer, the prognostic impact of pathologic complete
response (pCR) after neoadjuvant chemotherapy (NAC) is unclear when stratified by hormonal receptor
(HR) status; however, the impact of pCR on survival when stratified by hormonal receptor (HR) status is
uncertain.
Patients and methods: This multicenter retrospective study investigated the predictors of pCR and its
prognostic value in Japanese patients 366 HER2-positive breast cancer who received NAC. pCR was
defined as no invasive residual tumor in the breast or axilla.
Results: Median follow-up was 55 months. Multivariate analysis revealed that HR status (OR, 0.37;
p < 0.001) was one of the independent predictors of pCR. Five-year recurrence-free survival was higher
in HR-negative patients with pCR (93%) than in those without pCR (68%), and pCR was independently
prognostic (hazard ratio, 0.32; p = 0.005). However, 5-year recurrence-free survival was not different
between HR-positive patients with pCR (94%) and those without pCR (84%), and pCR was not signifi-
cantly prognostic (hazard ratio, 0.53; p = 0.39). In addition, 5-year overall survivals were high and similar
(97% in pCR, 94% in non-pCR). Among 204 patients treated with neoadjuvant trastuzumab, pCR was not
significantly prognostic in the HR-positive group (hazard ratio, 0.63; p = 0.56).
Conclusion: Our study suggested that the HER2-positive HR-positive patients had a good prognosis
despite the lower achievement rate of pCR, whose prognostic impact was smaller than that in the HER2-
positive HR-negative patients. The treatment strategy for HER2-positive breast cancer can be stratified by
HR status.
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Introduction

Neoadjuvant chemotherapy (NAC) has been shown to be as
effective as adjuvant chemotherapy [1] and now represents an
option for patients with operable breast cancer in order to down-
stage surgical requirement, to evaluate chemosensitivity and to
facilitate translational research [2]. Pathologic complete response
(pCR) after NAC predicted long-term outcome in several neo-
adjuvant studies [3-6] and is therefore a potentially valuable sur-
rogate endpoint for survival. The Food and Drug Administration
(FDA) may grant accelerated approval of new drugs for neoadjuvant
breast-cancer treatment on the basis of the rate of pCR as a sur-
rogate endpoint that is reasonably likely to predict clinical benefit
[71.

However, pCR rates in NAC studies have varied widely and some
studies failed to show an association between pCR rate and
improved outcome [8]. One of the reasons for these discrepancies
is the variation of pCR in the incidence and its association with
survival among various breast cancer—intrinsic subtypes [4]. Pa-
tients with luminal A—like hormonal receptor (HR)-positive breast
cancer show a low pCR rate, and their overall prognosis is favor-
able, whereas patients with triple-negative breast cancer show a
high pCR rate but have an unfavorable outcome [9]. The type of
NAC agent also might affect pCR rate. In human epidermal growth
factor receptor 2 (HER2)-overexpressing patients, the addition of
trastuzumab to chemotherapy demonstrated a more than doubled
PCR rate compared to chemotherapy alone [10]. In addition, the
different definitions of pCR among trial groups have also caused
different pCR rates. Some trials have applied the definition of pCR
to the breast tumor only [5.6], while others have included the
axillary nodes [11,12]. Furthermore, some studies have included
the presence of noninvasive cancer residuals in their definition of
pCR |11}.

As for HER2-positive breast cancer, a recent meta-analysis [13]
reported that the pCR rate among HER2-positive HR-positive tu-
mors was higher than that among HER2-negative HR-positive tu-
mors and lower than that among HER2-positive HR-negative
tumors. However, this result was not adjusted with other important
variables such as age and stage. Moreover, although some studies
demonstrated a correlation between achievement of pCR and
recurrence-free survival (RFS) [14,15|, another meta-analysis [13]
showed that when stratified by HR status, pCR among HER2-
positive HR-positive breast cancer patients did not predict sur-
vival although pCR in HER2-positive HR-negative patients signifi-
cantly correlated with survival. Therefore, in order to clarify the
predictive value of HR on pCR and the prognostic impact of pCR on
survival in patients with HER2-positive HR-positive breast cancer
subtype, we investigated Japanese HER2-positive patients who
received neoadjuvant chemotherapy.

Patients and methods

This retrospective study was conducted in accordance with the
Declaration of Helsinki. This study was approved by the local
institutional review board of each participating institution.

Patients

This multicenter retrospective study included 366 evaluable
patients with HER2-positive stage 1-IIl breast cancer receiving
neoadjuvant chemotherapy at six institutions between 2003 and
2010. The numbers of eligible patients at each institution were 163
at Hyogo Cancer Center, 77 at National Cancer Center Hospital East,
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53 at Toranomon Hospital, 37 at Kinki University School of Medi-
cine, 18 at Hiroshima Prefectural Hospital, and 18 at Saitama
Medical University. The follow-up period was completed in October
2012. Individual patient data regarding baseline characteristics,
histopathologic results at surgery, and follow-up were extracted for
this analysis from the medical charts at each institution.

All eligible patients were confirmed to have HER2-over-
expressing invasive carcinoma histologically by core needle biopsy.
The histologic type of the primary tumor was classified according to
the General Rules for Clinical and Pathological Recording of Breast
Cancer, The Japanese Breast Cancer Society (2004). HER2-over-
expression status was defined as a 3 + staining intensity, that is,
more than 30% of cancer cells were markedly positive by immu-
nohistochemistry (IHC) using the DAKO HerceptTest (DAKO,
Glostrup, Denmark), HER2 kit (Nichirei, Tokyo, Japan), CB11
(Novocastra, Newcastle Upon Tyne, UK) or 4B5 (Roche, Basel,
Switzerland), or a 2 + staining intensity for HER2 gene amplifica-
tion, that is, a HER2/CEP17 signal ratio of 2.0 by fluorescent in situ
hybridization (FISH; PathVision Abbott, Chicago, IL). The levels of
estrogen receptor (ER; 6F11, Novocastra, Newcastle Upon Tyne, UK,
or SP1, Roche, Basel, Switzerland) and progesterone receptor (PgR;
1A6, Novocastra, Newcastle Upon Tyne, UK, or 1E2, Roche, Basel,
Switzerland) were measured by IHC analysis of paraffin-embedded
tissue specimens. ER and PgR were classified as positive if more
than 1% of cancer cell nuclei were stained by the respective anti-
body, regardless of the staining intensity. All [HC and FISH analyses
were performed at each institution. Primary tumors were either
>1 cm based on clinical or ultrasound assessment or were diag-
nosed clinically as inflammatory breast cancer or occult breast
cancer. Patients did not have distant metastases, as confirmed by
chest x-ray, sonography or computed tomography of the upper
abdomen, and a bone scan. Eastern Cooperative Oncology Group
(ECOG) performance status had to be lower than 2.

Small central review of immunohistochemical ER and HER2 stains

Several antibodies were used for immunohistochemical analysis
of ER and HER2. Therefore, we conducted a mini-review using 82
ER and 61 HER2 immunohistochemistry stains from 84 patients of
five institutions and compared clinically significant discordance. All
the specimens were reviewed by a single pathologist (Dr. Sakuma)
at Hyogo Cancer Center. The 84 patients comprised 23 at Tor-
anomon Hospital, 21 at Kinki University School of Medicine, 18 at
Hiroshima Prefectural Hospital, 13 at Hyogo Cancer Center and 9 at
Saitama Medical University.

Treatinent

All of the patients received neoadjuvant anthracycline andjor
taxane. Trastuzumab was administered concomitantly with taxanes.
Trastuzumab was also administered post-operatively after approval
for its use in an adjuvant setting in Japan in 2007. Treatment after
surgery, including chemotherapy and hormonal therapy, was at the
physician’s discretion. Patients with ER-and/or PgR-positive tumors
should receive adjuvant endocrine treatment for at least 5 years.
Adjuvant radiotherapy was recommended for patients who under-
went breast-conserving surgery as well as for patients who under-
went mastectomy but had initial stage cT4 or cN3 disease.

Endpoints

A wide range of criteria have been used to define pCR and a
consensus has yet to be reached. In this study, pCR at surgery was
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Table 1
Patient characteristics.
Characteristics All HR-negative HR-positive Trastuzumab
n = 366 (%) n =190 (%) n=176 (%) n =204 (%)
Median follow-up, months 55 (9—-104) 52 (9-113) 60 (10—115) 45 (10-115)
Median age, years 54 (25-84) 56 (31—-84) 50 (25~75) 55 (28—84)
<50 years 130 (36) 46 (24) 84 (48) 74 (36)
Histology
Invasive ductal carcinoma 352 (96) 184 (97) 168 (95) 196 (96)
Invasive lobular carcinoma 4(1) 2(1) 2(1) 2(1)
Other 10(3) 4(2) 6(3) 6(3)
Primary tumor !
T1-2 90 (25) 54 (28) 36 (20) 68 (33)
T34 276 (75) 136 (72) 140 (80) 136 (67)
Axillary node
No 128 (35) 55(15) 73 (41) 55 (27)
N1-3 238 (65) 135(85) 103 (59) 149 (73)
Stage
I 16 (4) 10 (5) 6(3) 12 (6)
1 226 (62) 105 (55) 121 (69) 100 (49)
m 124 (34) 75 (39) 49 (28) 92 (45)
Hormonal receptor status
ER positive 169 (46) 0 169 (96) 84 (41)
PgR positive 123 (34) 0 123 (70) 69 (34)
ER or PgR positive 176 (48) 0 176 (100) 91 (45)
Neoadjuvant regimens
Anthracycline 271 (74) 147 (77) 124 (72) 145 (71)
Taxane 327 (89) 178 (94) 149 (85) 204 (100)
Trastuzumab 204 (56) 113 (59) 91 (52) 204 (100)
pCR
ypTO ypNO 88 (24) 65 (34) 23(13) 60 (29)
ypTO/is ypNO 130 (36) 93 (49) 37 (21) 88 (43)
ypTO/is ypNO/+ 137 (37) 97 (51) 40 (23) 92 (45)
Trastuzumab (1 yr)" 219 (60) 121 (64) 98 (56) 162 (79)
Adjuvant hormonal therapy 173 (47) 9(5) 164 (45) 86 (42)
Adjuvant chemotherapy 82 (22) 29 (12) 53 (30) 20(11)

Abbreviations: HR, hormonal receptor: ER, estrogen receptor; PgR, progesterone receptor.
2 Nine patients with HER2+HR-tumor received adjuvant hormonal therapy according to the HR of the operative tissue.
" Ppatients who received trastuzumab before and after surgery for a total of one year.

defined as no evidence of invasive or noninvasive residual cells in
the breast or axillary nodes (ypTO ypNO), no evidence of invasive
residual cells in the breast or axillary nodes; noninvasive breast
residuals allowed (ypT0/is ypNO), and no evidence of invasive re-
sidual cells in the breast; noninvasive breast residuals and infil-
trated lymph nodes allowed (ypT0/is ypNO/-+). In the main analyses
of this study, pCR was defined as ypT0/is ypNO in line with the MD
Anderson Cancer Center criteria [ 11] which were recommended by
the Breast International Group and the National Cancer Institute-
sponsored North American Breast Cancer Group [16]. Because the
presence of residual ductal carcinoma in situ (DCIS) after preop-
erative therapy does not influence the long-term rate of local
recurrence or overall survival [17], we included patients with re-
sidual DCIS in the category of pCR. Additional analyses using
different pCR definitions were performed for better comparison
with the literature.

RFS was measured from the date of initial diagnosis to the date
of recurrence (including locoregional recurrence) or the last follow-
up visit. Overall survival (OS) was measured from the starting date
of neoadjuvant chemotherapy to the date of last contact or death
from any cause. For the survival analysis, data on surviving patients
were censored on the date of their last follow-up examination. The
locoregional or distant recurrences were evaluated on physical
examination or by radiological imaging.

Statistical analysis

Analysis of the predictive factors for pCR among the baseline
parameters was performed by logistic regression analysis. Variables

with p-value <0.10 on univariate analysis and a clinically important
variable (age) were included in the multivariate analysis.

RFS and OS according to pCR status were plotted as Kaplan—
Meier curves. The log-rank test was used to identify predictive
factors associated with pCR. Multivariate analysis with a Cox
proportional-hazards model including all clinically important pa-
rameters was used to identify independent prognostic factors

Table 2
Logistic regression analysis of predictors of pCR (ypT0/is ypNO).

n =366 Univariate Multivariate Odds ratio

p value p value (85% €1

Age (yr) >50 241 0.55 0.063 0.70

<50 125 (0.42-1.17)
Primary tumor T1-2 80 0.81

T3—4 276
Nodal status NO 126 0.73

N1-3 240
Stage -1 242 035

1l 124
Hormonal Negative 190 <0.001 <0.001 034

receptor status Positive 176 (0.21-0.55)

Anthracycline No 92 0.008 0.006 222

Yes 274 (1.26—3.90)
Taxane No 42 0.001 0.011 5.15

Yes 324 (1.46—18.2)
Trastuzumab No 162 0.001 0.027 1.76

Yes 204 (1.07-2.90)

Variables tested for inclusion in the multivariate logistic regression model were age
<50 years, hormonal receptor status, anthracycline, taxane, and trastuzumab. Cl,
confidence interval.
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according to HR status. p-values <0.05 were considered statistically
significant.

Among the 204 patients receiving neoadjuvant trastuzumab,
the same analyses on predictive factors of pCR and prognostic
impact of pCR on survival were performed. All statistical analyses
were performed using IBM SPSS Statistics 20 (Armonk, NY, USA).

Results
Baseline patient characteristics

Table 1 shows the patients and tumor characteristics. In the
current pooled analysis, the 366 patients with HER2-
overexpressing tumor were composed of 176 HR-positive and 190
HR-negative patients. During a median follow-up of 55 months
(range, 9—115 months), 65 relapses (18%) and 32 deaths (9%) were
observed. Tumors stained positive for ER in 169 (46%) and for PgR in
123 patients (34%), then 176 (48%) were regarded as HR-positive.
Ninety-three percent of the patients with HR-positive tumor
received adjuvant hormonal therapies. A total of 219 (60%) patients
received trastuzumab for one year during neoadjuvant and adju-
vant therapies. The number of the patients who achieved pCR as
defined by ypTO ypNO, ypTO/is ypNO, or ypTO/is ypNO/+ were 88
(24%), 130 (36%), or 137 (37%), respectively. The small central re-
view of immunohistochemical ER and HER2 stains showed 6.1% (5/
82) and 1.6% (1/61) discordance when examining ER and HER2
slides, respectively. In one case, ER-negative PgR-positive status
changed to ER-positive, and in one case, HER2 2+ (FISH-positive)
status changed to HER2 3+. Excluding these two cases, clinically
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significant discordance rates were 4.9% (4/81) in ER stains and 0%
(0/60) in HER2 stains.

Predictors of pCR

The pCR rate in patients with HR-positive tumors was signifi~
cantly lower than that in patients with HR-negative tumors [21%
(37/176) vs. 49% (93/190); p < 0.001]. HR status [OR, 0.32 (0.19—
0.54); p < 0.001] was one of the independent predictors for pCR
(ypTO/is ypNO) in multivariate analysis (Table 2). HR status was also
the independent predictor by the same analysis using other defi~
nitions of pCR [ypTO ypNO; OR, 0.37 (0.21-0.64), p < 0.001 and
ypT0/is ypNO/+; OR, 0.35 (0.22—0.56), p < 0.001].

Correlation between pCR and outcome

Among patients with HR-negative tumors, the hazard ratio for
RFS comparing patients with or without pCR defined as ypTOisNO
was 0.30 (95% Cl, 0.14 to 0.63; p = 0.002), and the five-year RFS was
significantly higher in patients with pCR (93%) than in patients with
non-pCR (68%) (Fig. 1A). The five-year OS were also significantly
different between patients with pCR and non-pCR (Fig. 1C). On the
other hand, among patients with HER2-positive HR-positive tumor,
the hazard ratio for RFS comparing patients with or without pCR
was 0.57 (95% Cl, 0.17 to 1.90; p = 0.36), the five-year RFS rates were
not significantly different between patients with pCR (94%) and
those without pCR (84%) (Fig. 1B) and the five-year OS rates were
high and similar (97% in patients with pCR, 94% in patients without
pCR; Fig. 1D).
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Fig. 1. Prognostic impact of pathologic complete response (pCR) on survival in 366 patients according to hormonal receptor (HR) status. A: Recurrence-free survival in patients with
HER2-positive HR-negative tumor. B: Recurrence-free survival in patients with HER2-positive HR-positive tumor. C: Overall survival in patients with HER2-positive HR-negative

tumor. D: Overall survival in patients with HER2-positive HR-positive tumor.
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Table 3
Multivariate analysis of prognostic factors on RFS according to HR status.

HER2-positive/HR-negative

HER2-positive/HR-positive

n =190 p value Harzard ratio (95% CI) n=176 p value Harzard ratio (95% Cl)

Age (yr) >50 154 0.84 1.09 (0.49—-2.42) 92 0.72 1.15 (0.52—2.54)
<50 36 84

Stage 111 115 0.02 2.24(1.13—4.44) 127 0.008 3.10(1.34-7.18)
il 75 49

Anthracycline No 43 0.62 0.84 (0.41—-1.72) 52 0.95 0.74 (0.30-3.06)
Yes 147 124

Taxane No 12 0.19 0.46 (0.14—1.48) 25 0.39 2.21(0.36—13.8)
Yes 178 149

Trastuzumab (1 yr)’ No 69 0.91 0.96 (0.48—1.93) 78 0.46 1.47 (0.53—4.11)
Yes 121 98

Adjuvant HT No 181 0.10 2.53 (0.85—-7.51) 12 <0.001 0.12 (0.05—0.30)
Yes 9 164

Adjuvant chemotherapy No 161 0.51 0.72 (0.27-1.94) 123 0472 1.29 (0.33-5.09)
Yes 29 53

pCR No 97 0.005 032 (0.15~0.71) 139 0.38 0.53 (0.15—-1.96)
Yes 93 37

Abbreviations: HR, hazard ratio; Cl, confidence interval; HT, hormonal therapy; pCR, pathologic complete response (ypTO/is ypNO).

A patients who received trastuzumab before and after surgery for a total of one year.

Multivariate analysis of prognostic factors on DFS

In HER2-positive HR-negative patients, the independent prog-
nostic factors by multivariate analysis were pCR (Hazard ratio, 0.32;
p = 0.005) and stage lIl (Hazard ratio, 2.24; p = 0.023). However,
when confined to patients with HER2-positive HR-positive tumors,
multivariate analysis demonstrated that stage Il and adjuvant
hormonal therapy were independently correlated with RFS and
PCR (HR, 0.53; p = 0.39) was not (Table 3).

Among HER2-positive HR-positive patients, 11% (4/37) of pCR
patients received adjuvant cytotoxic chemotherapy, while 35% (49/
139) of non-pCR patients received it. This result might influence the
prognostic impact of pCR; therefore, excluding 82 patients (53 with
HR-positive tumor, 29 with HR-negative tumor) who received
adjuvant cytotoxic chemotherapy, we analyzed the data of 284 pa-
tients. The only independent prognostic factor was pCR (Hazard
ratio, 0.39; 95% (I, 0.17 to 0.88: p = 0.023) in HER2-positive HR~
negative patients. However, in HER2-positive HR-positive patients,
only adjuvant hormonal therapy was independently correlated with
RFS, and pCR (HR, 0.63; 95% (1, 0.15 to 2.70; p = 0.53) was not.

Table 4

Analyses among patients who received neoadjuvant trastuzumab

Among 204 patients treated with neoadjuvant trastuzumab,
all received taxane concomitantly. One hundred sixty-two (79%)
received trastuzumab for a total of one year. During a median
follow-up of 45 months (range, 10—115 months), 36 relapses
(18%) and 15 deaths (7%) were observed. HR status {OR, 0.36; 95%
Cl, 0.18 to 0.71; p < 0.001) was one of the independent predictors
of pCR as defined by ypTO/is ypNO. Among patients with HER2-
positive HR-negative tumors, the hazard ratio for RFS
comparing patients with or without pCR as defined by ypTO0/is
ypNO was 0.31 (95%Cl, 0.14 to 0.66; p = 0.003) (Table 4), and the
five-year RFS was significantly higher in patients with pCR than
in patients without pCR (91% vs. 66%) (Fig. 2A). On the other
hand, among patients with HER2-positive HR-positive tumors,
again, the hazard ratio for RFS comparing patients with or
without pCR as defined by ypTO/is ypNO was 0.63 (95%Cl, 0.14 to
2.92; p = 0.56) (Table 4), and 5-year RFS did not significantly
differ between patients with pCR (90%) and those without pCR
(73%) (Fig. 2B).

Multivariate analysis of prognostic factors for RFS according to HR status among patients who received neoadjuvant trastuzumab.

HER2-positive/HR-negative

HER2-positive/HR-positive

n=113 p value Harzard ratio (95% CI) n=91 p value Harzard ratio (95% CI)

Age (yr) >50 85 0.91 0.96 (0.44-2.10) 45 0.80 1.14 (0.40-3.25)
<50 28 46

Stage -1 59 0.033 2.05(1.06-3.97) 53 0.013 4.07 (1.34-124)
m 54 38

Anthracycline No 31 0.81 0.92 (0.45-1.88) 28 0.67 0.75 (0.20—2.79)
Yes 82 63

Taxane No 0 - 0 - -
Yes 113 91

Trastuzumab (1 yr)’ No 21 0.96 0.98 (0.49-1.99) 21 0.25 0.49 (0.15—-1.65)
Yes 92 70

Adjuvant HT No 107 0.13 2.32(0.79-6.83) 11 <0.001 0.10 (0.03-0.32)
Yes 6 80

Adjuvant chemotherapy No 104 0.88 0.93 (0.38—2.32) 80 0.62 0.64 (0.11-3.71)
Yes 9 11

pCR No 45 0.003 0.31 (0.14-0.66) 69 0.56 0.63 (0.14—2.92)
Yes 66 22

Abbreviations: HR, hormonal receptor; Cl, confidence interval; HT, hormonal therapy; pCR, pathologic complete response (ypTO/is ypNO).

2 patients who received trastuzumab before and after surgery for a total of one year.
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Fig. 2. Prognostic impact of pathologic complete response (pCR) on recurrence-free survival in 204 patients who received neoadjuvant trastuzumab according to hormonal receptor
(HR) status, A: Patients with HER2-positive HR-negative tumor. B: Patients with HER2-positive HR-positive tumor.

Discussion

Our study suggested that the prognostic impact of pCR after NAC
in patients with HER2-positive HR-positive breast cancer was
smaller than that in HER2-positive HR-negative cancer. Although
the hazard ratio of 0.53 (Table 3) for RFS among HR-positive sub-
group may be apparently meaningful, the absolute differences in 5-
year RFS and OS rates between the HR-positive and HR-negative
subgroups were only 10% and 3%, respectively. Therefore, the
observed lower pCR rate might not predict an unfavorable prog-
nosis of HR-positive subgroup. At the 35th Annual San Antonio
Breast Cancer Symposium (SABCS, 2012), Cortazar, et al. presented
results of a meta-analysis results of 12,993 breast cancer patients
[18]. Among 1989 HER2-positive patients in this meta-analysis, the
hazard ratios for event-free survival comparing patients with or
without pCR as defined by ypT0isNO were 0.25 (p < 0.001) and 0.58
(p=0.001) in HR-negative and HR-positive subgroups, respectively,
which were similar to our results [0.30 in HR-negative (Fig. 1A) and
0.57 in HR-positive (Fig. 1B)]. The hazard ratio in HR-positive pa-
tients was again much higher than that in HR-negative patients,
and the impact of pCR on overall survival had not been shown in
HER2-positive subtype. Therefore, the prognostic impact of pCR in
HER2-positive HR-positive patients has not been confirmed yet.
Moreover, this meta-analysis failed to demonstrate the magnitude
of improvement in pCR rate, which is needed to predict the
improvement of recurrence-free or overall survival and the supe-
riority of one regimen over another. Minckwitz |19} stated that
confirmation of a quantitative correlation between increments in
PCR and gains in survival on large data sets is needed to use the
neoadjuvant model for accelerated drug approval. It might be
difficult to achieve accelerated drug approval using neoadjuvant
models especially in HER2-positive HR-positive breast cancer
patients.

In addition, our study also demonstrated that the HR-positive
subgroup had a much lower achievement rate of pCR (21%) than
HR-negative subgroup (49%). Because of the low achievement rate
of pCR and its small prognostic impact, the treatment strategies for
HER2-positive HR-positive breast cancer might be reconsidered. By
using anti-HER2 and hormonal agents, cytotoxic drugs with strong
adverse effects can be omitted without damaging overall survival.
Indeed, the TBCRCO6 trial demonstrated that neoadjuvant therapy
with trastuzumab, lapatinib, and letrozole for HER2-positive HR-
positive breast cancer yielded a pCR rate of 21% {20}, which was
comparable with that of 24% among 91 HER2-positive HR-positive
patients who received neoadjuvant trastuzumab in our study. At
the 35th SABCS, Giuliano, et al. presented that Bcl-2 increased after

50

neoadjuvant lapatinib in HER2-positive HR-positive patients, but
not in HER2-positive HR-negative patients. In addition, inhibition
of Bcl-2 by ABT-737 reduced the lapatinib-resistant cell growth
[21]. The identification of surrogate endpoint biomarkers such as
Bcl-2 for HER2-positive HR-positive tumors is warranted to stratify
treatments for HER2-positive patients with HR status.

This study was a retrospective analysis without a central
assessment of surgical specimens or HER2 status and lacked a
sufficient number of patients. However, our small central review
using 82 ER specimens and 61 HER2 specimens from 84 patients
showed that clinically significant discordance rates were 4.9% and
0% in ER and HERR stains, respectively. Therefore, we still believe
our results are robust. The follow-up period of 4.6 years was rela-
tively short although events in about four-fifths of the patients have
occurred within five years in the HERA tiral [22]. Only 56% of the
patients were treated with neoadjuvant trastuzumab, however, the
analyses among these 204 patients yielded the same results as
those among all 366 patients. Although these limitations do not
allow us to make firm recommendations for the clinical significance
of pCR in HER2-positive HR-positive breast cancer, some tentative
conclusions can be drawn. In patients with HER2-positive breast
cancer, the HR-positive subgroup had a good prognosis despite the
lower achievement rate of pCR, whose prognostic impact was
smaller than that in the HR-negative group. The treatment strategy
for HER2-positive breast cancer can be stratified by HR status.
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Abstract The research question of this investigation is
whether the reduction rate of Ki-67 after neoadjuvant che-
motherapy (NAC) could indicate a survival in patients with
non-pCR. A total of 455 patients had received NAC, and
subsequent surgery was analyzed retrospectively. Patients
with non-pCR were divided into three subgroups according
to Ki-67 change: High-reduction (the absolute value of Ki-67
was reduced by >80 % compared with that prior to NAC),
Low-reduction (the absolute value of Ki-67 was reduced by
0-80 % compared with that prior to NAC), and Increase
group (the absolute value of Ki-67 was increased compared
with that prior to NAC). The relapse-free survival (RFS)
rates were compared among subgroups. pCR was achieved
in 93 patients (20.4 %). In patients with non-pCR, the median
reduction rate of Ki-67 was 60 %. A total of 15 % of patients
were in the High-reduction, 63 % in the Low-reduction, and
22 % inthe Increase group. The median follow-up period was
64.5 months. The 5-year RFS rates among the three groups
were significantly different (p < 0.0001), and the differences
were also observed in the HER2 (p = 0.033), triple-negative
(p = 0.034), and luminal-like subtypes (p = 0.001). Patients
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in the High-reduction group showed comparable RFS to that
of patients with pCR (p = 0.363). In patients with non-pCR,
the reduction rate of Ki-67 after NAC significantly predicted
RFS regardless of cancer subtypes. Therefore, patients who
are non-pCR but who achieve a high reduction of Ki-67 can
be expected to have a favorable prognosis similar to that of
patients with pCR.

Keywords Breast cancer - Neoadjuvant chemotherapy -
Ki-67 - Pathological complete response - Prognostic factor

Introduction

Neoadjuvant chemotherapy (NAC) is now well established
as the standard treatment for patients with operable and
locally advanced breast cancer [I, 2]. NAC followed by
surgery has several clinical benefits compared with surgery
alone, for example, higher rate of breast-conservation due
to tumor shrinkage and favorable long-term survival out-
comes, such as recurrence-free survival (RFS) and overall
survival (OS) [3]. In addition, a useful advantage of NAC
related to future treatment decisions could be a confirma-
tion of in vivo chemo-sensitivity in individual patients.
Biological and pathological analysis differences between
biopsy samples before NAC and surgical specimens after
NAC could provide new information on predictive and
prognostic markers.

A pathological complete response (pCR) after NAC is
established as a powerful surrogate marker for long-term
oncological outcomes [4, 5]. The achievement of pCR was
selected as the primary endpoint of many NAC trials.
However, the achievement rate of pCR is usually small,
generally reported in only 10-30 % of patients, with
standard NAC regimens [3, 6, 7]. For residual patients with
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non-pCR, a surrogate marker for survival has not yet been
well established. Thus, development of a useful marker for
prognosis in patients with non-pCR is highly desirable.

Ki-67 is a nuclear protein with nuclear function that is
expressed in all phases of the cell cycle, except GO [8]. Ki-
67 is one of the major markers of tumor proliferation,
assessed by immunohistochemistry (IHC) with the anti-Ki-
67 antibody called MIB-1 [9]. Many investigations have
reported that Ki-67 is an independent predictive and
prognostic marker in patients with operable breast cancer
[10, 11]. Thus, assessment of Ki-67 is already introduced
into daily practice in order to discriminate breast cancer
subtypes, predict oncological outcomes, or decide on
indications for adjuvant treatment [12].

In the NAC setting, changes of the absolute values of
Ki-67 between pre- and post-NAC are often observed [13—
15]. Reduction of the absolute value of Ki-67 after NAC
compared with the value prior to NAC has been reported to
be associated with a favorable prognosis [15-17]. In
addition, we previously reported that the significance of
this association was dependent on breast cancer subtypes
[18]. However, almost all previous investigations, includ-
ing ours, simply divided patients into two subgroups
according to Ki-67 changes, such as Ki-67 increase or Ki-
67 decrease. Also, a reduction of the absolute value of Ki-
67 after NAC was commonly observed in patients with
non-pCR, reported in 60—80 % of patients [18-20].

It is speculated that in patients with non-pCR, the
reduction rate of Ki-67, such as High reduction or Low
reduction, would affect their long-term oncological out-
come. However, to the best of our knowledge, no published
investigation has reported an association between the
reduction rate of Ki-67 and the oncological outcome in
detail. We hypothesized that the reduction rate of Ki-67 has
a prognostic significance and has a potential to become a
useful biomarker for oncological outcomes in patients with
non-pCR. Therefore, we retrospectively analyzed whether
the reduction rate of Ki-67 could discriminate oncological
outcomes in patients with non-pCR after NAC and predict
whether a prognostic significance of the reduction rate of
Ki-67 was dependent on breast cancer subtypes.

Materials and methods
Patients and treatment

We retrospectively reviewed the clinical and pathological
records of patients who received neoadjuvant anthracycline
with or without taxane chemotherapy followed by curative
surgery at the National Cancer Center Hospital East
(Kashiwa, Japan) between January 2000 and December
2011. Written informed consent for treatment was obtained
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from all patients before treatment initiation. For inclusion
in this analysis, the patients had to be in clinical stage I A
to stage III C with histological confirmation of breast
cancer by core needle biopsy, according to the American
Joint Committee on Cancer staging (7th edition). All
chemotherapy regimens were allowed for this analysis, if
the chemotherapy was administered as anthracycline with
or without taxane. Basically, NAC was administered in
four to eight cycles. If HER2 positivity was confirmed by
three plus of IHC scoring or c-erbB2 gene amplification by
fluorescence in situ hybridization (FISH), then trast-
uzumab was administered as neoadjuvant treatment for
3 months after 2008. On the other hand, none of the
patients with. HER2-positive disease received neoadjuvant
trastuzumab treatment from 2000 to 2008, because trast-
uzumab was not approved in Japan as neoadjuvant treat-
ment until 2008.

Patients whose clinical or pathological parameters were
not available were excluded from this analysis. Patients
who received neoadjuvant hormonal therapy or a combi-
nation of chemo-hormonal therapy and who had not
undergone curative surgery were also excluded from this
analysis.

The indications for the composition of post-surgical
treatment (adjuvant treatment) were based on the St. Gallen
Consensus Recommendation at that time. In brief, none of
the patients received additional chemotherapy after surgery
(adjuvant chemotherapy). All patients who underwent
breast-conserving surgery had routinely received adjuvant
radiotherapy. Adjuvant radiotherapy was also administered
to patients with mastectomy who had axillary lymph node
metastasis. Patients whose hormonal status was ER and/or
PgR positive by IHC underwent adjuvant hormonal therapy
for at least 5 years. If HER2 positivity was confirmed by
IHC or FISH, trastuzumab was administered as adjuvant
treatment for 1 year after 2005. On the other hand, none of
the patients with HER2-positive disease received adjuvant
trastuzumab treatment between 2000 and 2005, because
trastuzumab was not approved in Japan as adjuvant treat-
ment until 2005.

Immunchistochemistry

IHC was routinely performed in our institution using for-
malin-fixed, paraffin-embedded tissue blocks with both
pre-treatment core needle biopsy samples and post-treat-
ment surgical excision specimens. Immunohistochemical
staining of tumors for ER (Confirm anti-ER (SP1), rabbit
monoclonal antibody, Ventana Medical Systems), PgR
(Confirm anti-PGR (1E2), rabbit monoclonal antibody,
Ventana Medical Systems), and HER2 (Pathway anti-
HER?2 (4B5), rabbit monoclonal antibody, Ventana Medi-
cal Systems) were performed using the automated
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Benchmark XT platform (Ventana Medical Systems) and
according to the manufacturer’s recommendations. For Ki-
67 (Clone MIB1, Dako, Glostrup, Denmark; dilution 1:50),
tumors were stained in accordance with the manufacturer’s
recommendation. All tamor samples were evaluated by two
experienced and certificated pathologists belonging to our
institution. A cutoff value of >1 % of positively stained
nuclei was used as the definition of ER- and PgR-positive
disease. HER2 protein positivity was defined as a score of 3
by IHC or as positive by FISH. The methods and proce-
dures of IHC were unchanged through the study period.

Ki-67 expression was quantified using a visual grading
system. Cells stained for Ki-67 were counted and expressed
as a percentage. If the staining was homogenous, then the
percentage of Ki-67 positive cells among the total number
of carcinoma cells counted was determined at a magnifi-
cation of 400x using an eye-piece graticule and counting
10 randomly selected fields. When hot spots, defined as
areas in which Ki-67 staining was particularly prevalent,
were present, pathologists assessed the whole section and
recorded the overall average score. Each Immunohisto-
chemical staining included an external control to validate
the Ki-67 protein expression status of each case. Therefore,
the same section was used for the external control.

The subtypes were defined by IHC of core needle biopsy
samples as follows. A luminal-like subtype was defined as
negative HER? status, ER positive, and/or PgR positive. The
triple-negative subtype was defined as negative HER2 status,
ER negative, and PgR negative. The HER2 subtype was defined
as positive HER? status regardless of ER and PgR status.

A pathological complete response (pCR) was defined by
the absence of invasive carcinoma in the primary breast
tumor regardless of pathological axillary node status. And
then, only the presence of residual ductal carcinoma in situ
was included in the pCR.

Subgroup assignment according to Ki-67 change
in patients with non-PCR

Patients with non-pCR were subdivided into three subgroups
according to Ki-67 change after neoadjuvant chemotherapy
as follows: High-reduction group (the absolute value of Ki-
67 was reduced by >80 % compared with that prior to neo-
adjuvant chemotherapy), low-reduction group (the absolute
value of Ki-67 was reduced by 0—80 % compared with that
prior to neoadjuvant chemotherapy ), and increase group (the
absolute value of Ki-67 was increased compared with that
prior to neoadjuvant chemotherapy).

Statistical analysis

The definition of relapse excluded local breast relapse.
axillary lymph node relapse. and newly diagnosed

95

contralateral breast cancer. The relapse-free survival (RFS)
period was defined as the interval from the date of surgery
to that of the first diagnosis of relapse or the last follow-up
date without relapse.

Associations between prognostic factors and RFS were
analyzed using Chi-square test or Fisher’s exact test, where
appropriate. The Cox proportional hazards model was used
for the estimation of multivariate analysis. Survival dis-
tributions were estimated using the Kaplan-Meier method
for RFS, and the Log-rank test was used to compare sur-
vival in different strata. All statistical tests were two sided
and had a 95 % confidence interval (CI), with the level of
significance established at p < 0.05. Statistical analyses
were performed using PASW (Predictive Analysis Soft-
ware) 18.0 for Windows (SPSS, IBM, Chicago, Iil., USA).
This study was carried out in accordance with Declaration
of Helsinki and Japanese ethical guidelines for epidemio-
logical research. We obtained the National Cancer Center
institutional review board (NCC-IRB) waiver from the
NCC-IRB chairperson to conduct this study.

Results
Patient characteristics

A total of 455 patients were eligible and analyzed in this
investigation. Table | shows the baseline characteristics of
all patients. The median and mean numbers of NAC cycles
were 8.0 and 6.2 (range 2-8 cycles), respectively. Over
80 % of patients received NAC with anthracycline fol-
lowed by taxane, and the residual patients received only the
anthracycline-containing regimen. The median Ki-67 value
before NAC was 20.0 % (range 1.0-80.0 %). The patients
were subdivided into three subtypes according to IHC
pattern. A total of 195 patients (42.8 %) were classified as
Luminal-like, 126 (27.7 %) were Triple-negative, and 134
(29.5 %) were HER2 subtype. Baseline characteristics
between subtypes showed no significant differences, except
for the median Ki-67 value before NAC (p < 0.001). More
details of baseline characteristics are shown in Table 1.

Response and pathological outcome after neoadjuvant
chemotherapy

pCR was observed in 20.4 % of all patients. The pCR rate
was highest for HER2 (35.8 %) followed by Triple-nega-
tive (25.8 %) and Luminal-like subtypes (6.7 %), and the
differences in pCR rates were significantly different
between subtypes (p < 0.001). The residual 362 patients
having non-pCR were subdivided into three subgroups
according to their Ki-67 change status after NAC. Of 362
patients, 53 (14.6 %), 179 (49.5 %), and 130 patients
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Table 1 Baseline Total (%) Luminal (%) TN (%)  HER2 (%) p
characteristics
No. of patients (%) 455 (100) 195 (42.8) 126 (27.7) 134 (29.5)
Median age (range) 53 (25-71) 52 (25-70) 53 (28-71) 53 (31-71)  0.69
Menstrual status 0.74
Premenopausal 209 (45.9) 86 (44.1) 55 (43.7) 47 (35.1)
Postmenopausal 246 (54.1). 109 (55.9) 71 (56.3) 87 (64.9)
Clinical tumor status 0.16
cTl 16 (3.5) 8 (4.1) 4 (3.2) 4 (3.0
cT2 254 (55.8) 112 (57.4) 74 (58.7) 68 (50.7)
cT3 96 (21.1) 35 (18.0) 23 (18.3) 38 (28.4)
cT4 89 (19.6) 40 (20.5) 25(19.8) 24 (17.9)
Clinical nodal status 0.084
cN positive 308 (67.7) 125 (64.1) 87 (69.0) 96 (71.6)
cN negative 147 (32.3) 70 (35.9) 39 (31.0) 38 (28.4)
ER status
Positive 235 (51.6) 193 (98.9) 0 42 (31.3)
Negative 220 (484) 2 (L.1) 0 92 (68.7)
PgR status
Positive 194 (42.6) 165 (84.6) 0 29 (21.6)
Negative 261 (57.4) 30 (15.4) 0 105 (78.4)
HER?2 status
Positive 134 (295) O 0 134 (100)
Negative 321 (70.5) 195 (100) 126 (100) O
Median Ki-67 Pre-chemotherapy (range) <0.001
20.0 9.0 30.0 20.0
(1-80) (1-14) (2-80) (4-70)
Neoadjuvant chemotherapy regimen 0.45
Anthracycline — Taxane 380 (83.5) 164 (84.1) 101 (80.2) 115 (85.8)
Anthracycline only 75 (16.5) 31 (15.9) 25 (19.8) 19 (14.2)

(35.9 %) were in High-reduction, Low-reduction, and
Increase groups, respectively. The proportions of the dif-
ferent subtypes in these subgroups were not significantly
different (p = 0.794), but the median Ki-67 values after
NAC were significantly different among the subtypes
(p < 0.001). The details of response and pathological
outcome after NAC are shown in Table 2.

Survival according to Ki-67 change

The median follow-up period was 64.5 months and ranged
from 7 to 160 months. In the non-pCR population, disease
relapse was observed in 114 patients (31.5 %) during the
follow-up period. Figure | shows the RFS curves according
to Ki-67 change in all non-pCR patients. The 5-years RFS
rate was 86.2 % in the High-reduction group, 75.5 % in the
Low-reduction group, and 46.9 % in the Increase group. The
difference in S-year RFS among the three subgroups was
statistically significant (Log-rank p < 0.001). We re-
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analyzed the 5-year RFS separately in relation to subtypes
(Luminal-like, Triple negative, and HER2). The significant
RFS differences shown above were also observed for all
subtypes, such as .Luminal-like (Log-rank p = 0.003,
Fig. 2), Triple-negative (Log-rank p = 0.040, Fig. 3), and
HER?2 subtype (Log-rank p = 0.034, Fig. 4).

Figure 5 shows the RFS curves for the pCR group and
the High-reduction group of non-pCR patients. There was
no significant difference in the 5-year RFS between the two
groups (Log-rank p = 0.363).

Multivariate analysis

The prognostic factors that have been well established by
previous investigations and Ki-67 change status were
analyzed for association with unfavorable RFS by multi-
variate analysis as shown in Table 3. The multivariate
analysis identified several independent prognostic factors,
such as pT status (Hazard ratio (HR) 2.24, 95 % CI



	201438041A0003

