10.

11.

13.

14.

17.

18.

. Morrow M, Krontiras H. Who should not receive chemotherapy? Data

from American databascs and trials. J Natl Cancer Inst Monogr
2001;30:109—~13.

. Fisher B, Bryant J, Wolmark N, Mamounas E, Brown A, Fisher ER,

ct al. Effect of preoperative chemotherapy on the outcome of women
with operable breast cancer. J Clin Oncol 1998;16:2672—85.

Ferriere JP, Assier I, Cure H, Charrier S, Kwiatkowski F, Achard JL,
ct al. Primary chemothcrapy in breast cancer: correlation between tumor
response and patient outcome. 4m J Clin Oncol 1998;21:117-20.
Machiavelli MR, Romero AO, Perez JE, Lacava JA, Dominguez ME,
Rodriguez R, et al. Prognostic significance of pathological response of
primary tumor and metastatic axillary lymph nodes after neoadjuvant
chemotherapy for locally advanced breast carcinoma. Cancer J Sci Am
1998;4:125-31.

. Buchholz TA, Hill BS, Tucker SL, Fryc DK, Kuercr HM, Buzdar AU,

et al, Factors predictive of outcome in patients with breast cancer
refractory to neoadjuvant chemotherapy. Cancer J 2001;7:413—20.
Chang JC, Wooten EC, Tsimelzon A, Hilsenbeck S8G, Gutierrez MC,
Elledge R, et al. Gene expression profiling for the prediction of
therapeutic responsc to docetaxcl in paticnts with breast cancer. Lancet
2003;362:362-9.

Chang JC, Wooten EC, Tsimelzon A, Hilsenbeck SG, Gutierrez MC,
Tham YL, ct al. Patterns of resistance and incomplete response to
docetaxel by gene expression profiling in breast cancer patients. J Clin
Oncol 2005;23:1169-77.

. Ayers M, Symmans WF, Stec J, Damokosh Al, Clark E, Hess K, ct al.

Gene cxpression profiles predict complete pathologic response to
neoadjuvant paclitaxel and fluorouracil, doxorubicin, and
cyclophosphamide chemotherapy in breast cancer. J Clin Oncol
2004;22:2284-93.

. Ahr A, Karn T, Solbach C, Seiter T, Strebhardt K, Holtrich U, et al.

Identification of high risk breast-cancer patients by gene expression
profiling. Lancet 2002;359:131--2.

Fisher B, Brown A, Mamounas E, Wieand S, Robidoux A,
Margolese RG, et al. Effect of preoperative chemotherapy on
local-regional disease in women with operable breast cancer: findings
from National Surgical Adjuvant Breast and Bowel Project B-18. J Clin
Oncol 1997;15:2483-93.

Bear HD, Anderson S, Brown A, Smith R, Mamounas EP, Fisher B,
ot al. The effect on tumor responsc of adding scquential preoperative
docetaxel to preoperative doxorubicin and cyclophosphamide:

25.

26.

29.

Jpn J Clin Oncol 2011;41(7) 875

preliminary results from National Surgical Adjuvant Breast and Bowel
Project Protocol B-27. J Clin Oncol 2003;21:4165—74.

. Toi M, Nakamura S, Kuroi K, Iwata H, Ohno S, Masuda N, et al. Phase

II study of preoperative sequential FEC and docetaxel predicts of
pathological response and disease free survival. Breast Cancer Res
Treat 2008;110:531-9.

. Japanese Breast Cancer Society. General Rules for Clinical and

Pathological Recording of Breast Cancer. 15th cdn. Tokyo, Japan:
Kanehara Shuppan, 2004; 7.

. Sakamoto G, Inaji H, Akiyama F, Haga S, Hiraoka M, Inai K, et al.

General rules for clinical and pathological recording of breast cancer
2005. Breast Cancer 2005;12(Suppl):S1-27.

. Wildiers H, Forceville K, Paridaens R, Joensuu H. Taxanes and

anthracyclines in carly breast cancer: which first?. Lancet Oncol
2010;11:219-20.

. Simon R, Norton L. The Norton—Simon hypothesis: designing more

effective and less toxic chemotherapeutic regimens. Nat Clin Pract
Oncol 2006;3:406—7.

. Buzdar AU, Valero V, Ibrahim NK, Francis D, Broglio KR,

Theriault RL, et al. Ncoadjuvant therapy with paclitaxel followed by
5-fluorouracil, epirubicin, and cyclophosphamide chemotherapy and
concurrent trastuzumab in human epidermal growth factor receptor
2-positive operable breast cancer: an update of the initial randomized
study population and data of additional patients treated with the same
regimen. Clin Cancer Res 2007;13:228-33.

Gradishar WJ. Docetaxel as neoadjuvant chemotherapy in patients with
stage I1I breast cancer. Oncology (Williston Park) 1997;11:15-8.

Amat S, Bougnoux P, Penault-Llorca F, Cure H, Charrier S, Praagh IV,
et al. Primary chemotherapy for operable breast cancer: high
pathological response rate induced by docetaxcl. Proc Am Soc Clin
Oncol 2000;19(Suppl):128a.[Abstract 500].

. Liedtke C, Mazouni C, Hess KR, Andre F, Tordai A, Mejia JA, et al.

Response to neoadjuvant therapy and long-term survival in paticnts
with triple-negative breast cancer. J Clin Oncol 2008;26:1275-81.

. Schneider BP, Winer EP, Foulkes WD, Garber J, Perou CM,

Richardson A, et al. Triple-negative breast cancer: risk factors to
potential targets. Clin Cancer Res 2008;14:3010—8.

Cheang MC, Voduc D, Bajdik C, Leung S, McKinney S, Chia SK,
ot al. Basal-like breast cancer defined by five biomarkers has superior
prognostic value than triple-ncgative phenotype. Clin Cancer Res
2008;14:1368-76.

7107 ‘01 ABJA WO AJISIOATUL) 0104 ‘OINsu] 10308 ([01eaSay JO A1eIqr 38 /810 s[eumolpiogxo 0ol dyy woly papeofumo(]



Cancer Chemother Pharmacol (2011) 67:1007-1015
DOI 10.1007/s00280-010-1390-1

The efficacy and safety of gemcitabine plus paclitaxel combination
first-line therapy for Japanese patients with metastatic breast
cancer including triple-negative phenotype

Kenjiro Aogi - Masayuki Yoshida - Yoshiaki Sagara - Shunji Kamigaki
Minoru Okazaki - Jumpei Funai - Toshio Fujimoto - Masakazu Toi - Toshiaki Saeki -

Shigemitsu Takashima

Received: 31 March 2010 / Accepted: 20 June 2010 / Published online: 14 July 2010

© Springer-Verlag 2010

Abstract

Purpose  Gemcitabine (GEM)-paclitaxel combination ther-
apy has been confirmed as a standard therapy for metastatic/
recurrent breast cancer (MBC) in Western countries. This
study was conducted to assess the efficacy and safety of
GEM-paclitaxel combination therapy in Japanese MBC
patients.

Methods Patients were administered paclitaxel 175 mg/m?
on day 1, and GEM 1,000 or 1,250 mg/m? on days 1 and 8
of 21-day cycle. The primary endpoint of this study was
overall response rate; secondary endpoints were duration of
response, time to progression, survival time and rate.
Results Paclitaxel 175 mg/m® plus GEM 1,250 mg/m>
was determined as the recommended dose. A total of 56
patients received 506 cycles of treatment (median: 7.5
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cycles) with a relative dose intensity of 79.6% for GEM
and 85.8% for paclitaxel. The response rate was 44.6%
(25/56 patients), median time to progression 8.6 months
and median survival time 27.1 months. In triple-negative
patients, the response rate was 35.7% (5/14 patients), and
the median time to progression was 6.0 months. The most
frequent grade > 3 toxicities were neutropenia (82.1%),
leukopenia (62.5%) and ALT increase (14.3%).
Conclusions This study confirmed the eflicacy and safety
of GEM—paclitaxel combination therapy in Japanese MBC
patients.
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Introduction

Since 1990, the age-standardized breast cancer death rate
has declined in many developed countries [1]; however, the
mortality rate is still increasing in Japan [2].

Metastatic breast cancer remains an incurable disease
despite progress in current treatment that has resulted in
improved survival rates and quality of life. Chemotherapy
is currently the treatment of choice for women with Her2/
neu negative, endocrine-resistant MBC, or for women with
extensive visceral localizations or life-threatening disease.
The most used drugs are anthracyclines, taxanes, alkylating
agents, anti-metabolites, and vinca-alkaloids. Anthracy-
cline-based combinations remain the standard first-line
treatment for MBC, but despite objective response rates in
50-60% of patients, median survival period does not
exceed 2-3 years [3-5].

Combination first-line chemotherapy usually provides a
higher response rate and longer progression-free survival
compared with single-agent chemotherapy [6]. However,
due to the availability of very effective second-line, third-
line, or even fourth-line chemotherapy along with the
recent development of effective molecular targeted therapy,
very few trials show overall survival benefit for a combina-
tion strategy [7]. One of the exceptions is the combination
of an anti-metabolite such as capecitabine or gemcitabine
(GEM) with taxane.

Combination therapy with GEM (a nucleoside analog)
and taxane offers specific advantages because of their dis-
tinct mechanisms of action with no overlapping toxicity,
including lack of cardiotoxicity [8]. GEM has demonstrated
synergistic effects with taxanes in preclinical tumor models
[9, 101, and the two-drug combination of GEM-paclitaxel
was studied in various other malignant conditions including
non-small cell lung cancer [11], bladder [12], ovarian [13],
and breast cancer [14]. In recent years, two phase III ran-
domized clinical trials [15, 16] have shown the beneficial
effects of combined therapy with GEM and taxane for the
treatment of MBC. Further, an analysis of the global QoL
endpoint favored the GEM~paclitaxel combination therapy
over paclitaxel monotherapy despite an increase in myelo-
suppression [17]. Consequently, GEM in combination with
paclitaxel has been approved in several countries including
the United States and the European Union for the treatment
of unresectable, locally recurrent, or metastatic BC in
patients following anthracycline-based adjuvant/neoadju-
vant chemotherapy.

Japanese patients are known to suffer from more bone
marrow toxicity compared with patients from Westemn
countries when treated with a paclitaxel containing regimen
[18]. Although paclitaxel 175 mg/m? plus GEM 1,250 mg/
m? has been established as a standard regimen for MBC in
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Western countries, the optimal dose, schedule, and
sequence of administration still need to be determined in
Japanese MBC patients. The present phase III clinical
study was thus conducted using the same regimen to assess
the efficacy and safety of GEM-paclitaxel combination
therapy in Japanese MBC patients.

Patients and methods
Study design

This study was a multicenter, non-randomized, open-label,
phase /I study conducted in Japanese patients with meta-
static/recurrent breast cancer (MBC) to assess the efficacy
and safety of the GEM-paclitaxel combination therapy.
This study consisted of two steps. At Step 1, the officially
approved GEM dose for other cancers in Japan (GEM
1,000 mg/m?) was administered with paclitaxel 175 mg/m?>
to the first group of patients as the initial dose of the study
treatment. After confirmation of the safety at GEM
1,000 mg/m? plus paclitaxel 175 mg/m?, an escalated dose
of GEM 1,250 mg/m® plus paclitaxel 175 mg/m® was
administered to a second group of patients. This specific
dose was chosen because the combination of GEM
1,250 mg/m® and paclitaxel 175 mg/m® has been recom-
mended in countries other than Japan according to the
results from a phase III study [15].

Six patients were enrolled for each group in Step 1.
Paclitaxel 175 mg/m? was administered intravenously
over 3 h on day 1 and GEM 1,000 mg/m? was given intra-
venously over a 30-min infusion on days 1 and 8 in a
3-week cycle, 2 consecutive administration weeks followed
by a 1-week rest period. If dose-limiting toxicity (DLT)
occurred in less than 2 out of 6 patients at GEM 1,000 mg/
m?, the dose was increased to GEM 1,250 mg/m? and pac-
litaxel 175 mg/m?, and then administered to a second
group of patients. ‘

In Step 2, an additional 50 patients were enrolled and
evaluated for the efficacy and safety at the recommended
dose determined in Step 1. Treatment was repeated every
21 days until disease progression, intolerable toxicity or
patient withdrawal.

Patients

Female patients with histologically or cytologically con-
firmed MBC or inoperable locally advanced BC were
enrolled in the study. All MBC patients had relapsed after
receiving anthracycline-based chemotherapy regimen in a
neo-adjuvant/adjuvant setting, but no prior chemotherapy
for metastatic disease. Neo-adjuvant/adjuvant chemotherapy
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including taxanes must have been completed more than
12 months before registering in this study. Other inclusion
criteria were as follows: good performance status (ECOG)
0 or 1, at least one bidimensionally measurable lesion, ade-
quate function of major organs [hemoglobin > 9.0 g/dL,
neutrophils > 2,000/mm?, platelets > 100,000/mm?>, AST/
ALT < 2.5 times upper limit of normal (ULN), ALP < 2.5
times ULN, < 5.0 times ULN for patients with liver or
bone metastases] and an estimated life expectancy of at
least 12 weeks. Wiitten informed consent was obtained
from all patients enrolled in the study.

This study was conducted in compliance with the
guideline of good clinical practice and the Declaration of
Helsinki, and the study protocol was approved by the
local institutional review boards. The Efficacy and Safety
Evaluation Committee, an independent review board, was
consulted if any efficacy or safety issues arose in the
study.

Efficacy measures

The primary objective of this study was to confirm that
the lower limit of the 95% confidence interval (CI) of the
response rate at the recommended dose exceeded the
threshold response rate of 25%. Tumor response was evalu-
ated in accordance with the Response Evaluation Criteria in
Solid Tumors (RECIST 2000). Responder was defined as a
patient who met either the complete response (CR) or par-
tial response (PR) criteria for overall response assessment.
CR or PR was confirmed at least 4 weeks after first obser-
vation of the response.

Secondary objectives included the median duration of
response, time to progression, median survival time, and
1- and 2-year survival rates. The duration of response was the
period from the day when the patient first satisfied either
the CR or PR criteria to the day when the patient first met
the criteria of progressive disease (PD). Time to progres-
sion (TTP) was defined as the period from the registration
day to the time when any indication of disease progression
(including increased size of tumor, identification of a new
lesion, death, and aggravation of symptoms) was observed.
Survival time was defined as the period from the date of
registration to the date of death (regardless of the cause of
death). Patients alive at the end of the follow-up period
were treated as censored cases.

Safety measures

The safety evaluation included the type and incidence of
adverse events. All adverse events were coded using the
Medical Dictionary for Regulatory Activities (MedDRA)
version 10.0; toxicities were graded according to the Com-

mon Terminology Criteria for Adverse Events (CTCAE)
version 3.0.

DLT was defined as a toxicity occurring in cycle 1 that
met one of the following criteria: neutropenia of >grade 3
with a fever of >38.0°C, thrombocytopenia of <25,000/
mm® or thrombocytopenia with bleeding that required
platelet transfusion(s), non-hematotoxicity of >Grade 3
(excluding nausea, vomiting, anorexia). A delay in the start
of cycle 2 was also classified as a DLT if cycle 2 could not
be started within 42 days after the initiation of cycle 1 due
to study drug toxicity.

Statistics

All patients who received at least one dose of the study
drug were included in the efficacy and safety analysis. The
primary efficacy endpoint was response rate. A statistical
test against the null hypothesis of “the response rate is less
than 25%” was performed by obtaining an exact P-value
based on the binomial distribution with a significance level
of 2.5% (one-sided). The other efficacy endpoints of dura-
tion of response, time to progression (TTP), survival time
and 1- and 2-year survival rates were estimated using the
Kaplan—-Meier method. Two-sided 95% Cls for all end-
points were obtained.

The sample size was determined by reference to the
results of a global phase III study [15]. The expected
response rate of the GEM~paclitaxel combination treatment
and the threshold response rate were set at 45% and 25%
respectively. Assuming that the true response rate is 45%,
the number of 48 subjects is needed to achieve 80% power
when the statistical test is applied based on the binomial
distribution with a significance level of 2.5% (one-sided).
As this was the first time of the GEM-paclitaxel combina-
tion treatment to Japanese patients with MBC, given ade-
quate consideration for feasibility, it was necessary to treat
at least 55 patients with the recommended dose to evaluate
the safety profile.

Results
Patient disposition and characteristics

This study was carried out from June 2006 to August 2009
at 24 study centers in Japan. Sixty-two female patients
were enrolled into this study. At Step 1, 12 patients were
divided into two groups of 6 patients each and administered
paclitaxel 175 mg/m* plus GEM 1,000 mg/m®> or GEM
1,250 mg/m2 to determine the recommended dose for Step
2. At Step 2, an additional 50 patients were enrolled at the
recommended dose of GEM plus paclitaxel 175 mg/m?.
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The mean age was 58.2 years (range 51-63) in the GEM
1,000 mg/m?® dose group and 54.4 years (range 30-73) in
the GEM 1,250 mg/m? dose group. All 62 patients had a
history of prior chemotherapy; 27 were anthracycline and
taxane pretreated patients and 35 anthracycline pretreated
patients. Fifty-five patients had metastases: 32 lung, 25
bone, 22 liver and 20 lymph nodes (Table 1).

Table 1 Baseline demographic and characteristics of patients

G 1250 group

G 1000 group

Patient number (%) 6 (100.0) 56 (100.0)
Age: mean (SD) 58.2(4.5) 54.4 (8.7)
Height (cm): mean (SD) 153.5 (8.0) 154.7 (6.2)
Body weight (kg): mean (SD) 57.2(15.3) 55.8(8.7)
PS (ECOG)
0 4 (66.7) 50 (89.3)
1 2 (33.3) 6 (10.7)
Metastatic sites
Patients without metastases 1(16.7) 6 (10.7)
Patients with metastases 5(83.3) 50 (89.3)
Lung 3 (50.0 29 (51.8)
Bone 1(16.7) 24 (42.9)
Liver 2(33.3) 20 (35.7)
Brain 0(0.0) 2(3.6)
Lymph node 2(33.3) 18 (32.1)
Skin 0(0.0) 4(7.1)
Other sites 1(16.7) 14 (5.0)
Estrogen receptor status
Positive 1(16.7) 35 (62.5)
Negative 5(83.3) 21 (37.5)
Progesterone receptor status
Positive 1(16.7) 26 (46.4)
Negative 5(83.3) 30 (53.6)
Her2/neu expression status
0 4(66.7) 19 (33.9)
1+ 2(33.3) 22 (39.3)
2+ 0(0.0) 1(1.8)
3+ 0(0.0) 9 (16.1)
Unknown 0(0.0) 5(8.9)
Prior therapy
Surgical therapy 3 (50.0) 42 (75.0)
Chemotherapy 6 (100.0) 56 (100.0)
Radiotherapy 2(33.3) 25 (44.6)
Hormonal therapy 1(16.7) 33 (58.9)
Other 2 (33.3) 16 (28.6)
Prior chemotherapy
Anthracycline plus taxane 2(33.3) 25 (44.6)
Anthracycline 4(66.7) 31 (55.4)

PS performance status, ECOG Eastern cooperative oncology group,
Her2 human epidermal growth factor receptor 2
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Triple-negative patients were defined as those with nega-
tive estrogen receptor (ER) and progesterone receptor (PR)
status and an Her2/neu status of 0 or 1+. Fourteen of the 56
patients in the GEM 1,250 mg/m? dose group met the tri-
ple-negative criteria.

Patients were also classified by hormone receptor sub-
type: 27 patients with ER+ or PR+ and HER2—, 7 patients
with ER+ or PR+ and HER2+, 2 patients with ER— and
PR~ and HER2+.

Dose-limiting toxicity (DLT)

Two DLTs were observed: grade 3 ALT increase
(1 patient at 1,000 mg/m?) and grade 3 fatigue (1 patient
at 1,250 mg/m?). Therefore, GEM 1,250 mg/m? plus paclit-
axel 175 mg/m? was determined as the recommended dose
of this study.

Drug exposure

A total of 506 cycles were administered (median 7.5 cycles,
range 1-37 cycles) at the GEM 1,250 mg/m? dose level.
Relative dose intensities were 79.6% for GEM and 85.8%
for paclitaxel.

Efficacy

The response rate was 44.6% at the GEM 1,250 mg/m2
dose level, median duration of response was 7.9 months
(95% CI: 5.6, 11.0), and the median TTP was 8.6 months
(95% CI: 6.5, 10.3) (Table 2). The 1-year survival rate was
78.6% (95% CI: 67.8, 89.3). The 2-year survival rate was
58.9% (95% CIL: 46.0, 71.8), with 30 out of 56 patients sur-
viving at the time of the 2-year survival analysis. The
median survival time was 27.1 months (95% CI: 22.9,
incalculable) at the median follow-up time period of
24.8 months (Figs. 1, 2).

Among the 14 triple-negative patients, the response rate
was 35.7% with 5 patients achieving PR. The median TTP
in the triple-negative patients was 6.0 months (95% CI: 1.4,
7.3) compared with 9.6 months (95% CI: 7.4, 13.6) in the
non-triple-negative patients (Table 2). The 27 patients with
ER+ or PR+ and HER2— hormonal receptor subtype
achieved a 59.3% response rate and a median TTP of
9.3 months (95% CI: 7.4, 15.4).

Safety

All 62 patients reported at least one adverse event, and
hematological toxicity was commonly observed at the
GEM 1,250 mg/m® dose level. The most common
grade > 3 drug-related adverse events were neutropenia
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Table 2 Tumor response and time-to-event (RECIST criteria)

N Tumor response n (%)

Time to event
median (months) (95% CI)

CR PR SD PD NE RR (95% CI) DOR TTP
G 1250 group 56 0(0.0%) 25(44.6%) 14(25.0%) 11(19.6%) 3 (5.4%) 44.6% (31.3,58.5) 7.9(5.6,11.0) 8.6(6.5, 10.3)
Triple negative 14 0 5 4 5 0 35.7% 45(2.8,93) 60(14,73)
Non-triple negative 42 0 20 13 6 3 47.6% 8.2(7.3,13.2) 9.6(7.4,13.6)

CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable, RR response rate, DOR duration of

response, TTP time to progression, 95% CI: 95% confidence interval

Fig. 1 Kaplan-Meier survival 1.0]
curve

0.8

206
.__g:
oz Survival time (median): 27.1 months (95% Cl: 22.9, -)
2-year survival rate: 58.9% (95% Cl: 46.0%, 71.8%)
* Censored : 30/56 patients
0.0
0 3 6 12 15 18 2 24 27 2 33
Time to Event (Month)

Fig. 2 Kaplan-Meier time to
progression (T7TP) curve

TTP (median): 8.6 months (95% CI: 6.5, 10.3)
* Censored : 10/56 patients

(82.1%), leukopenia (62.5%), lymphopenia and alanine
transaminase (ALT) increase (14.3% each). The incidence
of grade 3 non-hematological toxicity was low (Table 3).
Fourteen of 56 patients (25.0%) reported peripheral neurop-
athy, but with no grade 3 or 4 toxicities. The incidence of

Time to Event (Month)

neutropenia was 82.1%; however, no case of febrile neutro-
penia was reported. Prophylactic use of G-CSF was not
allowed in this study, and only 10 patients (10/56, 17.9%)
received G-CSF during the 2-year follow-up period. No
patients required platelet transfusions.
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Table 3 Adverse reactions (CTC grade 2, 3 or 4 toxicities)

Parameters Toxicity grade? (N = 56)
Grade2 Grade3 Grade4
n % n % n %

Hematologic
Neutrophil count decreased 7 125 18 321 28 50.0
White blood cell count decreased 12 214 30 536 5 89
Lymphocyte count decreased 18 321 4 71 3 54
ALT increased 24 429 7 125 0 0.0
Hemoglobin decreased 21 375 4 71 0 00
Platelet count decreased 8 143 5 89 0 00
AST increased 8 143 4 71 0 00
Red blood cell count decreased 13 232 3 54 0 00
GGT increased 3 54 2 36 0 00
Blood albumin decreased 4 71 0 00 0 00
Febrile neutropenia 0 00 O 00 0O 00

Non-hematologic
Alopecia 25 46 0 00 O 00
Malaise 9 161 1 18 0 00
Pain in extremity 9 161 1 18 0 00
Rash 9 161 0 00 0 00
Arthralgia 8 143 1 18 0 00
Peripheral neuropathy 7 125 0 00 O 00
Constipation 6 107 0 00 0O 0.0
Diarrhea 4 71 2 36 0 00
Myalgia 4 71 1 18 0 00
Fever 4 71 1 18 0 00
Vomiting 4 71 0 00 O 00
Nausea 3 54 0 00 0 00
Anorexia 2 36 1 1.8 0 00

ALT alanine aminotransferase, AST aspartate aminotransferase,
GGT gamma glutamyltransferase, ALP alkaline phosphatase

2 Toxicity was graded according to CTCAE v3.0

Discussion

This phase I/II, multicenter study was conducted to evalu-
ate the efficacy and safety of GEM plus paclitaxel combina-
tion therapy in Japanese MBC patients who had received
prior chemotherapy with anthracycline.

Selection of combination versus serial single chemo-
therapy in the metastatic setting has been debated. The
concepts of non-overlapping resistance mechanisms and
toxicity profile have been the guiding principle for modern
combination chemotherapy such as used in lymphoma, cer-
tain leukemia, and testicular germ cell cancers, but the
validity of this concept has not been consistently shown in
MBC. In randomized trials where single-agent and combi-
nation chemotherapy for MBC were compared, only a few
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multidrug therapies (capecitabine plus docetaxel or GEM
plus paclitaxel) were associated with improvement in over-
all survival [15, 19], possibly because effective first-line
chemotherapy can mask the true efficacy of second or later-
line chemotherapy. In a phase III study that compared the
GEM-paclitaxel combination with paclitaxel monotherapy,
randomized patients were required to have had a history of
anthracycline containing chemotherapy, and thus fewer
patients in the monotherapy arm responded to paclitaxel
monotherapy. In that study, more than 90% of the patients
had prior anthracycline therapy resulting in a lower
response rate for paclitaxel monotherapy [15].

Although therapy with serial single agents is a reason-
able and often preferred alternative to combination
regimens, combination therapy may be a more appropriate
first-line choice, especially for symptomatic patients or those
with rapidly progressive visceral metastases because of the
greater likelihood of an objective response. Furthermore,
analysis of the global QoL endpoint from a phase III study
favored the GEM—paclitaxel combination therapy over pac-
litaxel monotherapy. The benefits of this combination as
shown by QoL differences and mean global QoL scores
rated by the Rotterdam Symptom Checklist (RSCL) indi-
cated significant improvement of patients in GEM—paclit-
axel combination arm versus paclitaxel monotherapy arm
[17]. Capecitabine and docetaxel share hand—foot syn-
drome as an overlapping toxicity. Retrospective analysis of
1,000 Japanese breast cancer patients showed that the
incidence of grade 2 or higher hand—foot syndrome with
docetaxel was 16%, which increased to 40% with the doce-
taxel-capecitabine combination [20]. Results from another
phase III study have also suggested that GEM may be a
better option than capecitabine in combination with
docetaxel for the treatment of advanced BC [16].

The present study also revealed that GEM-paclitaxel
therapy was well tolerated in Japanese patients with 19 of
56 patients able to continue the study treatment for more
than 10 cycles, adverse events that occurred in this study
were manageable with appropriate treatment. The most
common clinically significant adverse events encountered
with this combination therapy were related to myelosuppre-
sion such as neutropenia (82.1%), leukopenia (62.5%) and
lymphocytopenia (12.5%). However, patients were able to
continue the treatment over 506 cycles administered in 56
patients (median 7.5 treatment cycles, range 1-37). Grade 3
ALT increases were reported in 7 patients (12.5%); how-
ever, the study protocol allowed patients with liver
metastases to enroll. At study entry, 20 patients had liver
metastases and elevated liver enzymes associated with
symptomatic aggravation. Results obtained in the present
study were similar to those obtained in an earlier random-
ized phase III global trial [15] which demonstrated signifi-
cant benefit of the GEM—paclitaxel combination therapy
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over paclitaxel alone in the treatment of advanced breast
cancer. Indeed, RR (44.6%) as well as TTP (8.6 months)
observed in the present study were numerically better than
the results (41.4% and 6.1 months, respectively) reported in
the global trial. The 1- and 2-year survival rates observed in
the present Japanese study (78.6 and 58.9%, respectively)
were also greater than the survival rates (71 and 41%)
observed in the global trial. The median survival time in
this study was 27.1 months (95% CI: 22.9, incalculable)
with more than half the patients were surviving after the
2-year follow-up period. This clearly demonstrates the benefi-
cial effect of the GEM~paclitaxel combination on survival.

The response rate in the present study was similar to the
other GEM-paclitaxel combination phase II first-line study
[21]. Response rates for MBC in that study were 40-50%,
while Delfino etal. reported a higher response rate of
66.7% (30/45 patients, 10 CR and 20 PR) in their phase II
study [22]. This might be due to differences in patients’
background in that more than half of the patients (53.3%)
had no history of prior chemotherapy in the Delfino study.

Another important observation made in the present
study relates to the effects of the GEM~paclitaxel combina-
tion therapy on patients with triple-negative breast cancer
(TNBC). It is estimated that over 1 million women world-
wide will be diagnosed annually for breast cancer and that
15% of them are likely to be classified as patients with
TNBC [23, 24], with 30% of these patients developing meta-
static disease [25]. TNBC usually exhibits an aggressive clin-
ical course unlike hormone receptor-positive breast cancer
and previously had not been a candidate for target therapy
such as HER-2-positive breast cancer. Therefore, patients
with TNBC are more likely to develop distant metastasis in
locations like the brain earlier than non-TNBC patients, and
have shorter overall survival [26]. Lin et al. reported that
close to 50% of TNBC develop brain metastasis, and one-
third of which were at first site of recurrence [27].

Until recently, the subset of breast cancer patients with
triple-negative disease lacked a distinct therapeutic
approach, despite this accounting for 15% of breast cancer
patients. For patients with TNBC, anti-estrogen therapy and
HER?2 targeted agents are not useful options, and strategies
utilizing both standard cytotoxic agents and novel targeted
therapy have evolved [28]. A recent randomized phase II
study on the efficacy of a PARP (poly ADP ribose poly-
merase) inhibitor in combination with GEM and carbo-
platin in patients with TNBC has shown that the median
PFS was 6.9 months [29]. In comparison, combination
therapy with GEM-—paclitaxel at the recommended dose
level (GEM 1,250 mg/m?) resulted in a 7.9 month median
duration of response for the 25 responding patients in this
study. It was also found that TTP in triple-negative patients
was 6.0 months versus 9.6 months in non-triple-negative
patients.

Hormone receptor-positive patients have longer progres-
sion-free survival compared with triple-negative (TN) type
patients. In the E2100 trial, where paclitaxel was compared
with the paclitaxel plus bevacizumab, the PFS of TN
patients was shorter compared with hormone receptor-
positive patients in the paclitaxel arm (5.3 vs. 10.6 months)
[30]. Although cross-trial comparison is limited by many
biases and our study used tri-weekly paclitaxel, our results
also showed a similar trend (TN 6.0 vs. non-TN
9.6 months). Since weekly administration of paclitaxel has
an advantage over tri-weekly administration [31], the com-
bination of GEM with weekly paclitaxel, possibly incorpo-
rating bevacizumab might result in better tumor control.
This is being tested in ongoing clinical trial [32].

Even though the efficacy of combination therapy in the
treatment of TNBC needs to be further studied, the results
from the present study are in agreement with similar obser-
vations made in the earlier global trial [15] and indicate that
GEM-paclitaxel combination therapy would be effective
and well tolerated in Japanese patients with MBC.
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Komagome Hospital, St Luke’s International Hospital,
Tokai University Hospital, Seirei Hamamatsu General Hos-
pital, Aichi Cancer Center Hospital, Osaka National Hospi-
tal, Osaka Medical Center for Cancer and Vascular
Diseases, Osaka Breast Clinic, Kinki University Hospital,
Sakai Municipal Hospital, Kure Medical Center and Chug-
oku Cancer Center, Shikoku Cancer Center, Fukuoka Uni-
versity Hospital, Kyushu Cancer Center, Kumamoto
Municipal Hospital, Breastpia Namba Hospital, and Sagara
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Aromatase inhibitor shows efficacy for hormone receptor positive
postmenopausal breast cancer. We evaluated the activity of
24 weeks of aromatase inhibition with exemestane for primary
breast cancer in a neoadjuvant setting. Patients with stage H/HIA
invasive breast cancer with estrogen receptor (ER) and/or proges-
terone receptor (PgR)-positive status were eligible. Primary end-
points were objective response rate (ORR) and safety. A steroidal
aromatase inhibitor exemestane of 25 mg/day was administered
for 16 weeks with an 8-week extension. Secondary endpoints
were rates of breast-conserving surgery (BCS), and change of Ki67
index and ER/PgR expression in central laboratory analyses.
Between March 2006 and December 2007, 116 patients were
enrolled. Among those, 102 patients completed 24 weeks of
administration. The ORR was 47% (55/116) at Week 16 and 51%
(59/116) at Week 24, respectively. No serious toxicity was seen.
ORR was associated with ER Allred scores but not with PgR scores.
The significant reduction in Ki67 index was confirmed. No progres-
sion was experienced in tumors with less than 15% Ki67 index.
Pathological response was observed in 28 (30%) of 94 evaluated
cases. No statistical correlation between pre-treatment Ki67 index
and pathological response was detected; however, a trend of cor-
relation was found between the post-treatment preoperative
endocrine prognostic index (PEPI), a prognostic score and the path-
ological response. At diagnosis, 59 patients (51%) would have
required mastectomy but 40 patients were converted to BCS,
showing an increase in the rate of BCS (77%). The 24-week aroma-
tase inhibition provided preferable clinical benefits with signifi-
cant reduction in Ki67 index. More precise mechanisms of the
response need to be investigated. (Cancer Sci 2011; 102: 858-865)

M any studies of neoadjuvant chemotherapy for breast can-
cer have been conducted. These studies have revealed
that neoadjuvant chemotherapy allows more women to undergo
breast-conserving surgery (BCS) rather than total mastectomy,
and prolongs the survival of patients who achieved pathological
complete response (pCR).") However, it has been described
that neoadjuvant chemotherapy has a limited effect in hormone
receptor-positive patients in terms of pCR rates, and raises
safety concerns for elderly patients.“" Therefore, as a treat-
ment strategy, the efficacy and safety of neoadjuvant hormone
therapy using aromatase inhibitors (AI) is being assessed in
several trials in postmenopausal breast cancer patients.

Cancer Sci | April 2011 | vol. 102 | no.4 | 858-865

In a phase II randomized study in which neoadjuvant hor-
mone therapy and neoadjuvant chemotherapy were compared in
hormone receptor-positive patients, no significant difference in
the clinical response rate was observed between these two
groups. Notably, the rate of BCS tended to be higher, and the
incidence of adverse events was generally lower in the neoadju-
vant hormone therapy group than in the neoadjuvant chemother-
apy group.”'® These results suggest the benefit of neoadjuvant
hormone therapy in hormone-sensitive postmenopausal breast
cancer patients.*® Therefore, it seems that neoadjuvant
hormone therapy offers an alternative to neoadjuvant chemo-
therapy.

However, there are some concerns surrounding the use of
neoadjuvant hormone therapy that need to be addressed. First,
tumor regression is slower with neoadjuvant hormone therapy
than with chemotherapy. In fact, a study investigating the
response rate to 6-month neoadjuvant hormone therapy using
exemestane reported that the objective response rate (ORR:
complete response [CR] + partial response LPR]) continued to
increase even after 4 months of treatment.™* Another concern
is that there is no established index for evaluating the efficacy of
neoadjuvant hormone therapy. In neoadjuvant chemotherapy,
the pCR rate can be used as a surrogate marker for the prognosis
of patients.” However, it has been reported that, in estrogen
receptor (ER)-positive patients, the proportion of patients who
achieved a pCR was not significantly correlated with overall sur-
vival (OS) or disease-free survival (DFS).""® In addition, several
Phase II studies of neoadjuvant hormone therapy reported that
pCR rates were from O to about 3%, which were remarkably
lower than those expected from the benefit observed in adjuvant
hormone therapy.®'"'? Therefore, in hormone receptor-posi-
tive breast cancer patients, pCR is unlikely to be a useful marker
for assessing efficacy or prognosis. A possible alternative mar-
ker for neoadjuvant hormone therapy is the percentage of
MIB1/Ki67-positive cells (MIB-1/Ki67 labeling index), a cell
proliferative index. The Ki67 index after neoadjuvant hormone
therapy was shown to correlate with the recusrence rate.*%!7
However, the usefulness of the Ki67 index has not been fully
evaluated.
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Table 1. Patient characteristics Table 2. Clinical response after 16 weeks and 24 weeks of treatment

Factor n (%) After 16 weeks evaluation After 24 weeks evaluation

number of patients, number of patients

Age, years (median, range) 64 (55-79) ¢ P ) ( P )

Prior treatment None PR 45 PR 59

Tumor stage SD 14
T2 ’ 110 (95)

T3 6 (5) gg 32 sb 41

Nodal status
NO 91(78) PR 1 PD 4
N1 23 (20) <D 3
Unknown 3(2)

Clinical stage PR 2 Not evaluated 12
A 89 (77) SD 3
1B 23 (20) PD 4
A 4 (3) Not evaluated 3

Tumor diameter, mm (median, range)

Caliper 32 (12-74) Total 116
Ultrasound 27.3 (15-102)  pR, partial response; SD, stable disease; PD, progressive disease.

ER status
ER+ 116 (100) Patients and Methods
ER- [}

PgR status Patients. Postmenopausal women aged 55-75 years with
PgR+ 80 (69) operable, Stage II or IIIA, histologically confirmed invasive
PgR- 36 (31) breast cancers were enrolled. Patients were confirmed positive

HER2 status for ER or progesterone receptor (PgR) by immunohistochemical
HER2+ 3(3) staining (=10% nuclear staining was defined as positive).
HER2— 101 (87) Expression of human epidermal growth factor receptor 2
Not evaluated 12 (10) (HER2) was determined immunohistologically with the Hercep-

ER, estrogen receptor; PgR, progesterone receptor; HER2, human
epidermal growth factor receptor 2.

Registration
(116 pts)

After 16 weeks ‘

l

Continuation Discontinuation
(106 pts) (10 pts)
PD; 4 cases

Adverse events; 2 cases
Patient's decision; 3 cases
Investigator's decision; 1 case

Discontinuation
(4 pts)

After 24 weeks

\
End of treatment
(102 pts)

PR; 59 cases PD; 3 cases
SD; 41 cases Investigator's decision; 1 case
PD; 2 cases

Fig. 1. Patient registration and the treatment flow of 24 weeks. PD,
progressive disease; pts, patients; PR, partial response; SD, stable
disease. .

From these circumstances, we conducted the present study in
Japanese patients with hormone receptor-positive postmeno-
pausal breast cancer who received neoadjuvant hormone therapy
using exemestane for 24 weeks to assess tumor response and
safety of the treatment. We also evaluated the Ki67 index and
expression of hormone receptors to determine its potential use
as a marker to predict clinical and histopathological response in
a central laboratory. Preoperative endocrine prognostic index
(PEPD),"® a prognostic index, was determined in each individ-
uat and the relationship with clinical and pathological responses
was investigated.

Toi et al.

Test (Dako, Glostrup, Denmark). Positive in HER2 status was
defined as either 3+ or 2+ with confirmed c-erbB2 gene amplifi-
cation by the FISH test. All patients were judged by their pri-
mary physicians as having a good performance status (PS; 0-1)
and an indication for neoadjuvant hormone therapy after consid-
eration of other treatment options such as surgical therapy and
neoadjuvant chemotherapy.

This study was performed in accordance with the Declaration
of Helsinki and the Ethical Guidelines for Clinical Research of
the Ministry of Health, Labour and Welfare of Japan. Approval
was obtained from the institutional review board at each study
center. Written informed consent was obtained from all patients
before enrolment.

Treatment scheme. The patients’ lesions were measured by
palpation, ultrasound and computed tomography or magnetic
resonance imaging. Surgical procedures were determined based
on the initial examination; axillary lymph node metastasis was
also assessed.

Patients were initially treated with 25 mg of exemestane
(Aromasin®; Pfizer Inc. Tokyo, Japan) once daily, orally, for
16 weeks. Clinical response was assessed by comparing the lon-
gest diameter of the target lesions with the baseline measure-
ment based on Response Evaluation Criteria in Solid Tumors
(RECIST) criteria. Patients with progressive disease (PD) were
withdrawn from the study and the remainder continued to
receive exemestane for a further 8§ weeks, for a total treatment
period of 24 weeks. At Week 24, the clinical response was re-
evaluated using the same criteria as at Week 16. Patients classi-
fied as showing CR, PR or stable disease (SD) at Week 24
underwent surgery as appropriate; patients classified as PD
either underwent surgery or commenced another treatment.
After surgery, patients classified as CR, PR or SD continued to
receive exemestane for postoperative adjuvant hormone therapy
for =5 years, including the neoadjuvant treatment period. Radio-
therapy and drug therapy other than hormone therapy could be
given concomitantly at the investigator’s discretion. Postopera-
tive treatment was not pre-specified for patients with PD.

Study end points. The primary end points were objective
response rates (ORR) and safety after 16 and 24 weeks of

Cancer Sci | Aprit2011 | vol.102 | no.4 | 859
© 2011 Japanese Cancer Association
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Table 3. Rates of breast conserving surgery
estimation and surgery undergone after treatment

in pre-treatment

Post treatment (underwent)

- Total
Mastectomy BCS Without
surgery
Estimation Mastectomy 14 40 5 59 (50.9%)
pre-treatment BCS 5 49 3 57 (49.1%)
Total 19 (16.4%) 89 (76.7%) 8 (6.9%) 116

BCS, breast conserving surgery.

treatment in intent to treatment analysis. Secondary end points
were rates of breast-conserving surgery and mastectomy, nodal
status, biomarker changes, pathological response and Allred
score. Correlations between the pre-treatment Ki67 labeling
index and its changes by treatment and therapeutic effects were
also investigated.

Safety assessments. Adverse events (defined as the develop-
ment of a new medical condition or the deterioration of a
pre-existing medical condition) were recorded every 4 weeks,
and were graded according to the National Cancer Institute,
Common Toxicity Criteria version 3.0. Pre-specified adverse
events were hot flushes, sweating, headache, dizziness, fatigue,
nausea/vomiting, appetite loss, weight gain, hypertension,
vaginal bleeding, joint pain and bone fracture.

Central biomarker analysis. In order to determine the suit-
ability for further immunohistochemical (IHC) analyses and
then for the evaluation of pathological response, initially, one
4-pm section of each submitted paraffin blocks of pre- and
post-treatment specimens of 107 patients who underwent sur-
gery were stained with H&E to verify an adequate number of
invasive breast carcinoma cells and the quality of fixation for

860

progression.

this study. Serial tissue sections were then prepared from
selected blocks and immunohistochemistry was performed to
immunolocalize ER, PgR, HER2 and Ki67 as described pre-
viously."*? In brief, THC staining was performed by strep-
tavidin—biotin amplification method using a Histofine Kit
(Nichirei, Tokyo, Japan). The Ki67 was stained after over-
night preparation using the following antibody dilution:
1:100 (Dako). The ER, PgR and HER2 were stained auto-
matically (Ventana, Tucson, Arizona, USA). The immuno-
stained slides were independently evaluated by three of the
authors (NC, TS, HS) who were blinded to clinical outcome
of individual patients. The immunoreactivity of ER and PgR
was scored by assigning proportion and intensity scores
according to Allred’s procedure.'® The membrane staining
pattern was estimated in HER2 immunostaining and scored
on a scale of 0-3."% Evaluation of Ki67 was performed by
counting 1000 carcinoma cells or more from each patient and
the percentage of immunoreactivity was subsequently deter-
mined by a labeling index.C

Pre-operative endocrine prognostic index (PEPI). According to
an algorithm proposed by Ellis’s group, we calculated the total
PEPI score for each patient. Briefly, the PEPI score is the sum
of the risk points derived from the pathological T stage, patho-
logical nodal stage, Ki67 level and ER Allred score status of the
surgical specimen.ém) High PEPI scores correlate with high risk
of relapse.

Statistical analysis. The target sample size of this study (110
patients) was calculated based on clinical data obtained in previ-
ous studies of aromatase inhibitors and assumptions regarding
the expected number of dropouts. Tumor response was evaluated
by summary statistics and calculated together with 95%
confidence intervals. The distribution of adverse events was
summarized and their incidence rates calculated for each grade
of severity (grades 1-4). Univariate and multivariate analyses
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Fig. 3. (a) Clinical response rates and centrally evaluated ER and PgR Allred scores. Numbers above the graph indicate total patient counts in
each Allred score group. (b) Pathological response rates and centrally evaluated ER and PgR Allred scores. Numbers above the graph indicate

total patient counts in each Allred score group.

were performed with a logistic regression model, Pearson’s
chi-squared test and multiple logistic regression models, respec-
tively.

Results

Patients. Between March 2006 and December 2007, 116
patients were enrolled; their baseline characteristics are dis-
played in Table 1. All patients were defined as ER-positive; 80
(68.9%) were PgR-positive and 3(2.5%) were HER2-positive by
investigator evaluation. During the first 16 weeks, ten patients
discontinued neoadjuvant exemestane treatment because of PD
(four patients), investigator decision (one patient), adverse
events (two patients, one of whom was not evaluable at
Week 16), or the patient’s decision (three patients, two of whom
were not evaluable at Week 16) (Fig. 1). A total of 106 patients
were included in the 8-week extension and 102 patients com-
pleted 24 weeks of exemestane neoadjuvant treatment. Of 102
patients who completed the extension study, 99 underwent sur-
gery.

Clinical response. The clinical response was determined by
the investigators evaluation based on the combination of caliper
measurement and other image modalities such as ultrasound
(US), computed tomography (CT) and MRI as defined by proto-
col. In intent to treat (ITT) analysis with 116 patients, at
Week 16, 55 patients (47.4%) achieved PR and 54 patients
(46.6%) showed SD. Four patients (3.4%) were considered to
have PD (Table 2). The ORR at Week 24 analysis was 50.9%.
In detail, no patient achieved CR, 59 (50.9%) achieved PR, 41
(35.3%) had SD and PD was noted in eight patients (6.9%),
including four PD cases at Week 16. There was no significant
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difference in ORR between Weeks 16 and 24 (P = 0.54, McNe-
mar’s test). As a reference, ORR in patients who could complete
the 24-week exemestane course was 57.8% (59/102). Although
ORR at 24 weeks treatment was about 50%, most patients expe-
rienced shrinkage of the tumor with no regard to the evaluation
with caliper or ultrasound as shown in the Waterfall plot ana-
lysis (Fig. 2).

Rate of conversion to breast conserving surgery (BCS). Based
on assessments before neoadjuvant hormone therapy, 59
(50.9%) and 57 (49.1%) of 116 patients were indicated for total
mastectomy and BCS, respectively (Table 3). At Week 24, 19
(16.4%) and 89 (76.7%) patients underwent total mastectomy
and BCS, showing an increase in the rate of BCS. Of the 59
patients originally indicated for total mastectomy, 14 underwent
total mastectomy, 40 were converted to BCS and five received
no surgical treatment because of multiple reasons as already
described. Of the 57 patients originally indicated for BCS, 49
underwent BCS, five underwent total mastectomy and three
received no surgical treatment, respectively. Among five
patients whose surgery were converted from BCS to mastectomy
after neoadjuvant treatment, four were due to the patient’s pref-
erence for mastectomy rather than BCS, and one patient showed
progression of the primary tumor.

Safety. The most frequently seen adverse events were an
abnormal increase in liver enzyme levels (SGOT, SGPT, ALP),
hot flushes, joint pain, hypoalbuminuria and elevated creatinine
and bilirubin levels. None of these adverse events was deemed
to be severe in intensity. The only Grade 3 adverse events were
elevated liver enzymes in four cases. No other adverse events of
Grade 3 or 4 were noted in this study. Overall, two patients
discontinued the study during the initial 16-week phase because
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Fig. 4. (a) Correlation between pre- and post-treatment Ki67 index
and clinical response. PD, progressive disease; PR, partial response; SD,
stable disease (n=93). (b) Correlation between pre-and post-
treatment Ki67 index and pathological response. NR, non-response;
PR, Partial response (n = 90).

of adverse events. One patient had Grade 3 AST and ALT
elevations, and the other patient had Grade 2 AST and Grade 3
ALT elevations. No patient discontinued the study during the 8-
week extension because of adverse events. Details are described
in a Data S1.

Centrally evaluated pathological response. Tissue sections
from 94 patients among 107 surgical specimens, from pretreat-
ment core needle biopsies and final surgical specimens, were
available to be assessed for changes in cellularity and degree
of fibrosis in H&E stained slides. Pathological response was
categorized uging the modified criteria previously described by
Miller ez al.,*" and assessed as follows: complete when there
was no evidence of malignant cell at the original tumor site,
partial response when histological decrement in cellularity
and/or increment in fibrosis was detected, or no change/
non-response. All of the pathological responders were partial
response 28 cases (29.8%) while non-responders comprised 66
cases (70.2%).

862

Centrally evaluated ER/PgR Allred scores and Ki67 labeling
index. Paraffin embedded slides for biomarker studies were
submitted to the Department of Pathology, Tohoku University
School of Medicine, which served as the central laboratory as
described in Patients and Methods. Allred scores of ER and
PgR staining before treatment (102 samples and 83 samples,
respectively, were available from 116 enrolled patients) were
analyzed for evaluating the correlation to clinical response.
Clinical objective response was observed in patients with score
5 or greater in ER expression, and had a tendency to increase
in higher score group (Fig. 3a). However, it was shown that in
any PgR score patients could have a favorable clinical
response.

Allred scores of ER and PgR staining of the same population
were also assessed for correlation to pathological response
(Fig. 3b). For ER, there was the same tendency that pathological
responses were observed in higher Allred score group such as 6
or more. In PgR evaluation, there was no obvious correlation of
pathological response to PgR score. Ninety-three pairs of core
needle biopsies before treatment and tumor tissues after surgery
were applied to Ki67 index evaluation.

Figure 4a shows the scatter plot of pre-treatment and post-
treatment Ki67 indices with information of clinical response.
Plots located under the curve of y = x indicate the tumors that
Ki67 decreased by neo-adjuvant exemestane treatment. At first,
there was no correlation between the pre-treatment Ki67 index
and clinical responses (PR versus others, P = 0.52). Overall, sig-
nificant reduction in the Ki67 index was observed at Week 24
compared to the baseline (Median [range]: pre, 11 [0-68]; post,
3 [0-51], P <0.0001, paired Student’s t-test). Analysis of the
Ki67 index according to clinical response revealed that the Ki67
index was significantly decreased in patients with both PR and
SD (P <0.0001 for both). In patients who achieved PR, the
median Ki67 index decreased from 9 (range 0-47) to 2 (range
0-37) after neoadjuvant treatment with exemestane, while that
in patients with SD decreased from 8 (range 1-68) to 3 (range
0-51). No association was observed between changes in Ki67
index and clinical responses. A noteworthy observation in Fig-
ure 4a was that there were no PD patients during the 24-week
treatment period, if pretreatment tumor expressed a Ki67 index
of 15% or less.

Correlation of Ki67 index to pathological response was also
evaluated in the same manner (Fig. 4b). In patients who
achieved pathological partial response (PR), the median Ki67
index decreased from 10 (range 0-55) to 2 (range 0-34) after
neoadjuvant treatment, while that in patients with NR decreased
from 12 (range 1-68) to 4 (range 0-51). Statistically, the Ki67
index dropped significantly in both pathological responders and
non-responders (P < 0.0001). There was no statistical correla-
tion between pre-treatment Ki67 index and pathological
response. Nevertheless, all cases that showed increases of Ki67
index after the treatment were evaluated as pathological non-
responders.

The results of univariate and multivariate analysis with
respect to clinical and pathological response are summarized in
Table 4. Young age, small tumor size and high ER score were
associated with clinical response: PR + SD versus PD.

The relationship between the PEPI score and responses is
described in Table 5. There was no correlation between PEPI
score and clinical response (P = 0.99, chi-squared test). Never-
theless, a trend was found that that patients with PEPI score of
4 or more unlikely to have pathological response (P = 0.053,
chi-squared test).

Discussion

The objectives of neoadjuvant hormone therapy for breast
cancer are to increase the likelihood for patients to undergo
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Table 4. Univariate and multivariate analysis with respect to dinical and pathological response

(a) Outcome = clinical response (PR versus SD + PD)

Univariate analysis

Multivariate analysis (full model) Multivariate analysis (stepwise)

Variables pvalue  Odds 95%Cl pvalue  Odds 95%Cl Pvalue Odds 95%Cl
Age 0233 0963 0904 1024  0.295 0959 0884 1037 0233 0963 0904 1.024
T 0516 0550 0088 3428 0.726 0.683 0071 6507

N (N2-3 vs NO) 0.892 0944 0413 2159  0.308 1726 0609  5.166

ER (score) 0356 1253 0777 2071  0.269 1360 0790 2422

PR (score) 0760 1.030 0842 1261  0.901 0986 0783  1.232

HER?2 (positive versus negative)*  0.189 0.200 5553.597 0.000  0.000

Ki67 index 0254 0984 0956 1011 0358 0.983 0.000  0.000

Model P-value 0.617 0.233

Model R2 0.050 0.009

{b) Outcome = clinical response (PR + SD versus PD)

Univariate analysis

Multivariate analysis (full model) Muitivariate analysis (stepwise)

Variables

P-value Odds 95%Cl P-value Odds 95%Cl P-value Odds 95%Cl1
Age 0.067 0.800 0.794 1.007 0.227 0.903 0.741 1.063 0.072 0.867 0.717 1.012
T 0.008 0.108 0.015 0.758 0.023 0.032 0.001 0.608 0.006 0.019 0.001 0.306
N (N2-3 vs NO) 0.010 0.176  0.041 0.754 0.389 0.436 0.056 2.935
ER (score) 0.024 2227 1117 4.558 0.009 3.318 1.339 11.136 0.002 4,046 1.674 12.841
PR (score) 0.161 1.225 0915 1.603 0.649 1.095 0.708 1.579
HER2 (positive versus negative)*  0.668 0.699 2242634 0.000  0.000
Ki67 index 0.050 0.959 0.920 1.000 0.085 0.952 0.000 0.000 0.102 0.958 0.905 1.009
Model P-value 0.008 0.001
Model R2 0.367 0.353

(c) Outcome = pathological response

Univariate analysis

Multivariate analysis (full model) Multivariate analysis (stepwise)

Variables
P-value Odds 95%Cl P-value Odds 95%Cl P-value Odds 95%Cl
Age 0.337 0.965 0.893 1.038 0.498 0.969 0.879 1.062
T 0.252  0.000 0.206 0.000 0.000 3.280
N (N2-3 vs NO) 0.058 0.297 0.080 1.101 0.274 0.466 0.000 0.000 0.046 0.297 0.065 0.979
ER (score) 0.329 1.325 0.767 2.545 0.282 1.453 0.000 0.000
PR (score) 0.510 1.081 0.864 1.409 0.771 1.040 0.000 0.000
HER2 (positive versus negative) 0.156 5.000 0434 57.547 0.581 2.447  0.000 0.000
Ki67 index 0.555 0.991 0.957 1.021 0.428 0.982 0.000 0.000
Model P-value 0.379 0.046
Model R2 0.087 0.035

PR, partial response; SD, stable disease; PD, progressive disease. *All HER2 positive cases (n = 2) were PR, so that odds calculation could be

unstable.

Table 5. Association between tumor response and preoperative
endocrine prognostic index

PEPI P value
Response 0 1-3 4 (chi-squared test)
Pathological responder 9 11 3 P=0.112
Pathological non-responder 14 26 21 (0-3 vs 4-:0.053)
Clinical PR 13 22 12 P =0.988
Clinical SD 10 17 10 (0-3 vs 4~: 0.88)

PEPI, preoperative endocrine prognostic index; PR, partial response;
SD, stable disease.

BCS rather than mastectomy, and to expect benefits from a
drug that is used in adjuvant therapy. With the introduction of
third-generation Al such as anastrozole, exemestane and letroz-
ole, the response rate in hormone-sensitive breast cancer patients
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has increased. In addition, several clinical studies have reported
that neoadjuvant hormone therapy using Al improves the rate of
BCS. For example, in the P024 study,” 4 months of neoadju-
vant hormone therapy using letrozole was compared with
tamoxifen in 337 postmenopausal patients with hormone recep-
tor-positive early breast cancer. The ORR and the rate of BCS
were significantly higher in the letrozole group (55% and 45%,
respectively) than in the tamoxifen group (36% and 35%,
respectively). Similarly, in the large-scale PROACT study, 314
patients received only neoadjuvant hormone therapy with anas-
trozole or tamoxifen for 3 months, and the ORR and rate of
BCS were significantly higher in the anastrozole group (49.7%
and 43.0%, respectively) than in the tamoxifen group (39.7%
and 30.8%, respectively).!® In the ABCSG-17 study, which
used exemestane,® the ORR was 34% in hormone receptor-
positive breast cancer patients who received 4 months of neo-
adjuvant treatment with exemestane, and the rate of BCS was
76%.
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In the present study, the ORR for exemestane was 47.4% at
Week 16 and 50.9% at Week 24 in ITT analysis, which were
comparable with the results of the previous studies. Although
the response rate at Week 24 was slightly higher than that at
Week 16, this difference was not significant. Notably, of the 55
patients with PR at Week 16, 45 patients maintained PR at
Week 24 and, of the 54 patients with SD at Week 16, 14 had PR
at Week 24 and 35 had SD. These results suggest that 24 weeks
of continuous treatment with exemestane induces sustained
tumor regression. The response rate in patients who could
complete 24 weeks of exemestane was 57.8%.

The proportion of patients suitable for BCS was 49.1% in the
evaluation performed before treatment, but improved to 76.7%
after 24 weeks of neoadjuvant hormone therapy. Notably,
among 59 patients who are initially candidates for mastectomy,
40 patients (67.8%) could undergo BCS. This observation is
almost identical to the recent phase II study in which 30 (65%)
of 46 patients who were initially marginal for BCS underwent
BCS after 16-24 weeks of treatment with letrozole.®® These
improvements seem to be due to universal tumor shrinkage in
the majority of the patients, as shown in the Waterfall plot anal-
ysis. Toxicity was acceptable. Therefore, treatment with exe-
mestane for 24 weeks was effective in promoting tumor
regression and improving BCS rates, with an acceptable tolera-
bility. It has also been reported that continuing letrozole in
responding patients beyond 3-4 months achieves further clinical
reduction in tumor size.””® A treatment period of 24 weeks is
considered to achieve the efficacy and safety levels required for
neoadjuvant therapy.

The ER status is an established predictive factor for the
response to endocrine therapy. In the central laboratory evalua-
tion of ER IHC, there was a tendency for higher ER Allred
scores in a tumor to correlate with preferable response both for
clinical and pathological outcomes. Limitation of this finding
was all patients enrolled to this study were above score 4 in the
ER evaluation and 65.7% were at score 8. Progesterone receptor
expression before treatment predicted neither clinical response
nor pathological response. Although further studies are required
with a central laboratory determination, this result indicates that
tumors with lower or absent expression of PgR should not be
excluded from neoadjuvant Al treatment.

The percentage of MIB1/Ki67-positive cells (Ki67 index) is
considered to be a prognostic factor for breast cancer patients.
In the P024 study, although no correlation was observed
between the Ki67 index before neoadjuvant hormone therapy
and the recurrence rate, the Ki67 index after neoadjuvant hor-
mone therapy (at surgery) was correlated with the recurrence
rate.1® The Ki67 index and progression free survival (PFS) has
also been studied in patients receiving neoadjuvant hormone
therapy with anastrozole, with reported similar findings.*”
Miller er al.®" evaluated 63 postmenopausal breast cancer
patients after 3 months of neoadjuvant hormone therapy with
letrozole and reported that the clinical response rate was 85%
(41 of 48) in patients with a 240% decrease in the Ki67
index, and that a 240% decrease in Ki67 index was observed
in 11 (70%) of 15 patients with SD.

In the present study, the Ki67 index decreased significantly
between baseline and endpoint but the change ratio showed no
significant correlation with clinical objective response. As in
previous reports, the pretreatment Ki67 index had no predictive
value for the probability of clinical objective response and
pathological response, indicating that patients who have higher
Ki67 tumors still may achieve clinical and/or pathological
responses with neoadjuvant exemestane treatment. On the other
hand, there were no clinical PD patients during the 24-week
treatment period (patients withdraw due to PD and PD,
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Fig. 4a), if a primary tumor expressed a Ki67 index of 15% or
less. In addition, an increase of Ki67 index after treatment,
even among tumors with of Ki67 index less than 15%, meant
no chance of pathological response. The prognostic impact of
clinical non-responders and of pathological non-responders is
not fully understood yet, and these are crucial issues to be
investigated with a long-term follow-up.?** In this study, a
PEPI score’® was used as a prognostic indicator, and correla-
tion to clinical and pathological responses was investigated.
The results implied that pathological non-response might corre-
late to the poor prognosis, which was shown as a PEPI score of
4 or higher. In future studies, the relationship between patho-
logical response and biomarker changes will be assessed on
survival outcomes.

From our investigation of the Ki67 index, monitoring of
changes in Ki67 index during treatment, as well as primary
treatment stratification with the initial Ki67 index, is essentially
important to identify a more appropriate combination of neoad-
juvant hormone therapy and chemotherapy, and also to realize
the selection of an optimal regimen for each individual patient.
For the future, it is warranted to analyze hormone receptor asso-
ciations and crosstalks with other growth axes such as the HER
family in further depth.

In conclusion, this study revealed that 24 weeks of neoadju-
vant treatment with exemestane is safe and effective in patients
with postmenopausal, hormone receptor-positive breast cancer,
achieving ORR values of 50.9%. Furthermore, the number of
patients considered candidates for BCS was increased by neo-
adjuvant treatment. The Ki67 index decreased significantly in
patients with PR and SD after treatment. The treatment of hor-
mone responsive breast cancer patients will be personalized with
clinical and/or pathological response and biomarker determina-
tions for greater efficacy.
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Abstract The 70-gene prognosis-signature is validated as
a good predictor of recurrence for hormone receptor-
positive (ER), lymph node-negative (LN—), human epi-
dermal growth factor receptor type 2-negative (HER2—)
early stage breast cancer (ESBC) in Japanese patient pop-
ulation. Its high cost and potential in avoiding unnecessary
adjuvant chemotherapy arouse interest in its economic
impact. This study evaluates the cost-effectiveness of
including the assay into Japan’s social health insurance
benefit package. An economic decision tree and Markov
model under Japan’s health system from the societal per-
spective is constructed with clinical evidence from the pool
analysis of validation studies. One-way sensitivity analyses
are also performed. Incremental cost-effectiveness ratio is
estimated as ¥3,873,922/quality adjusted life year (QALY)
(US$43,044/QALY), which is not more than the suggested
social willingness-to-pay for one QALY gain from an
innovative medical intervention in Japan, ¥5,000,000/
QALY (US$55,556/QALY). However, sensitivity analyses
show the instability of this estimation. The introduction of
the assay into Japanese practice of ER+, LN—, HER2—
ESBC treatment by including it to Japan’s social health
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insurance benefit package has a reasonable chance to be
judged as cost-effective and may be justified as an efficient
deployment of finite health care resources.
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70-gene prognosis-signature

Introduction

Oestrogen receptor-positive (ER+) diseases have a large
share in breast cancer, which amount to 76.9% in Japan [1].
And among those, 61.0% of them are node-negative (LN—)
and human epidermal growth factor receptor type 2-nega-
tive (HER2~) diseases [1]. After the primary surgery on
these cases, a difficult clinical decision must be made about
whether to add systemic chemotherapy to standard adju-
vant endocrine therapy. Whereas the effectiveness of
adjuvant endocrine therapy has been established [2], the
use of adjuvant chemotherapy in ER+, LN-—, HER2—
diseases is still under debate [3].

The 70-gene prognosis-signature (MammaPrint®) is a
prognostic tool, which was developed to predict the
recurrence in LN~ diseases [4] and individualise adjuvant
therapy for early stage breast cancer (ESBC) patients. The
usefulness of the tool has been validated in several studies
of retrospective patients [5-7] including Japanese patients
[8]. Patients classified as at low risk of recurrence by the
assay may need adjuvant endocrine therapy only, while
those at high risk may require additional treatment with
chemotherapy. The assay was cleared for younger patients
by the US Food and Drug Administration in 2007, of which
age indication has been later extended to older patients [9].
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And it has been included in St Gallen consensus statement
since 2009 [3].

One of the notable attributes of the assay is its high cost:
¥380,000 (US$4,222; US$1 = ¥90). Coupled with its
potential cost-saving effect by avoiding expensive and
highly toxic chemotherapy, the economic evaluation of the
assay has aroused great interests among health managers
and oncologists. A cost-effectiveness analysis regarding
ER+, LN— diseases among younger and older patients was
reported from The Netherlands [10], which found the use of
the assay cost-effective to guide adjuvant treatment deci-
sion compared to both St Gallen consensus and Adjuvant!
Online software (http://www.adjuvantonline.com). Another
cost-effectiveness analysis regarding ER+, LN— diseases
among younger patients was reported from the US [11],
which also found the use of the assay cost-effective com-
pared to Adjuvant! Online software. However, no cost-
effectiveness study has been reported from Japan or Asian
countries, although the clinical utility of the assay has been
validated in corresponding population [8].

In this study, we analyse the cost-effectiveness of
introducing the assay into Japanese practice of ER+, LN—,
HER2— ESBC treatment. In the current Japanese context,
an introduction with limited indication such as ER+ and
HER2— diseases is an agendum for health managers and
oncologists, since ER— and HER2+ diseases may have
clearer indication for adjuvant chemotherapy and anti-
HER2 therapy, respectively, without the use of 70-gene
prognosis-signature. The results would be of help in con-
sidering the inclusion of the assay in the benefit package of
Japan’s social health insurance, as well as interesting to
health managers and oncologists in Asian countries.

Methods

We conduct a cost-effectiveness analysis of introducing the
70-gene prognosis-signature into the current Japanese
practice of ER+, LN—, HER2— ESBC treatment with
decision tree and Markov modelling including sensitivity
analysis from the societal perspective. Since we have
already developed an economic model depicting the
courses followed by the target patients elsewhere [12, 13],
which are economic evaluations of the 21-gene signature
(Oncotype DX®), we combine this model with clinical
evidence depicting treatment decision changes among tar-
get patients. We also carry out a deliberate literature survey
to find out the best available clinical evidence. The Pub-
Med database and Igaku Chuo Zasshi (Japana Centra
Revuo Medicina), a Japanese medical literature database,
are accessed with combinations of relevant terms such as
70-gene prognosis-signature, MammaPrint, etc.
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We assume that the current Japanese practice of ESBC
treatment is according to St Gallen 2009 criteria without the
use of multigene assays based on a survey of Japanese
experts practice [14] and current consensus guidelines [15],
in which the use of Adjuvant! Online software is not rec-
ommended. Then we search for reports on clinical outcomes
of target patients to make a comparison between St Gallen
criteria-guided treatment without multigene assays and the
70-gene prognosis-signature-guided treatment. We assume
100% usage of the gene signature when it is included into the
Japanese social health insurance benefit package. However,
data of such comparison is not available in the Japanese
validation study [8]. It reports the distant metastasis-free
survival rates according to the 70-gene prognosis-signature,
but not according to St Gallen 2009 criteria. And we have no
access to the data to implement further analysis for our
economic modelling. However, Retél et al. [10] is a unique
report of the comparison, which presents the results of a
pooled prognosis analysis of three validation studies [5-7,
10]. Table 1 shows the 5-year distant recurrence rates by St
Gallen criteria-guided treatment and the 70-gene prognosis-
signature-guided treatment. In St Gallen criteria-guided
treatment, 89.84% of the patients are classified as at high risk
of distant recurrence and are given adjuvant chemotherapy,
while 10.16% are classified as at low risk and are treated with
adjuvant endocrine therapy only. Their 5-year incidence
rates of distant recurrence for the first 5 years and the second
5 years are 10.95 and 7.79% in patients at high risk and 3.23
and 10.0% in patients at low risk, respectively. In the 70-gene
prognosis-signature-guided treatment, 46.23% of the
patients are classified as at high risk and are given adjuvant
chemotherapy, while 53.77% are classified as at low risk and
are treated with adjuvant endocrine therapy only. Their
5-year incidence rates of distant recurrence for the first
5 years and the second 5 years are 17.73 and 10.35% in
patients at high risk and 3.66 and 6.33% in patients at low
risk, respectively. The reduction of the use of chemotherapy
using the 70-gene prognosis-signature instead of St Gallen
criteria is 43.61%.

Patient cohort

ER+, LN—, HER2— ESBC patient cohort at the age of 55 is
targeted for our base-case analysis. The age, 55 years old, is
chosen according to the average age of equivalent patient
population in a Japanese nationwide cancer registry [1].

Decision tree and Markov model

Our economic model shown in Fig. 1 incorporates clinical
courses followed by ER+, LN—, HER2— ESBC patients,



