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pre-menopausal estrogen receptor-positive (ER+) breast
cancer and is licensed worldwide for the palliative treat-
ment of breast cancer in these patients [4-6]. Furthermore,
the large-scale Zoladex Early Breast Cancer Research
Association (ZEBRA) trial concluded that goserelin was
equivalent to cyclophosphamide, methotrexate, and
5-fluorouracil (CMF) chemotherapy in terms of disease-free
survival (DES) [7, 8].

Current guidelines indicate that tamoxifen alone or with
ovarian function suppression is now considered standard
treatment for pre-menopausal women with ER+ breast
cancer [9]. Clinical trials examining goserelin 3.6 mg in
combination with tamoxifen have shown that this combi-
nation was more efficacious than goserelin 3.6 mg alone
[10, 11], and has greater [12] or at least equivalent
efficacy to CMF [13]. Accordingly, an increasing number of
pre-menopausal women with ER-+ breast cancer have
recently been treated with goserelin 3.6 mg and concomitant
tamoxifen for 2-5 years in the adjuvant setting. Thus, it
seems to be very important to develop a longer-acting
goserelin formulation since such a formulation requires
fewer clinic visits and could potentially increase
convenience for the patient. In patients with prostate
cancer, a long-acting goserelin formulation given once
every 3 months (goserelin 10.8 mg) was shown to be
equivalent to the 3.6 mg depot in terms of tolerability and
pharmacodynamics [9, 14], and gained Food and Drug
Administration approval for the treatment of prostate
cancer in 1996 following Phase I trials which demonstrated
non-inferiority between the two dose regimens [15, 16].
However, goserelin 10.8 mg is not currently indicated for
use in breast cancer,

The purpose of this study was to compare the efficacy
and safety of goserelin 10.8 mg every 3 months with
monthly goserelin 3.6 mg in pre-menopausal women with
ER+ early breast cancer.

Methods
Study design

This was a multicenter, open-label, randomized, parallel-
group study (NCT00303524) in pre-menopausal Japanese
women with ER+ early breast cancer recruited from
29 centers across Japan. Eligible patients were randomized
1:1 to receive a subcutaneous depot injection of either
goserelin 10.8 mg once every 3 months (12 weeks) or
goserelin 3.6 mg once every month (4 weeks). All the
patients also received concomitant tamoxifen therapy
(20 mg daily) from day 0. Treatment continued until any of
the criteria for discontinuation were met [including recur-
rence or onset of secondary malignancy, death in the
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absence of recurrence, voluntary discontinuation, any
adverse event (AE) leading to discontinuation of treatment,
severe non-compliance, pregnancy, or the patient being lost
to follow-up], or until patients completed a 96-week
treatment period, whichever occurred first.

The primary objective of this study was to determine
whether 3-monthly goserelin 10.8 mg was non-inferior to
monthly goserelin 3.6 mg in terms of E, suppression from
baseline to week 24 in pre-menopausal patients with ER+ early
breast cancer. Secondary objectives were to compare goserelin
10.8 and 3.6 mg in terms of E, and follicle-stimulating
hormone (FSH) serum levels, suppression of menstruation, and
safety and tolerability. The pharmacokinetics (PK) of the
10.8 mg depot administration was also investigated.

The study was approved by the relevant ethics committees
and institutional review boards, and was conducted in
accordance with the Declaration of Helsinki and the
International Conference on Harmonization/Good Clinical
Practice, the applicable Japanese regulatory requirements
and the AstraZeneca policy on Bioethics. All the patients
gave written informed consent before entering the study.

Patients

The study population comprised pre-menopausal Japanese
women aged >20 years with histologically or cytologically
confirmed breast cancer and an ER+ primary tumor. All
the patients had to have undergone prior radical surgery
and have a World Health Organization performance status
<2. Women were considered pre-menopausal if they met
the following criteria: menses within 1 year, E; levels of
>10 pg/ml, and FSH levels of <30 mIU/ml within
3 weeks before randomization.

Patients were excluded from the trial if they had
any evidence of metastatic disease, if they had received prior
bilateral oophorectomy or radiotherapy to the ovaries,
or if breast surgery had been completed >12 weeks before
starting randomized treatment. Further exclusion criteria
were: prior chemotherapy (including neo-adjuvant
chemotherapy) or hormone therapy for breast cancer; a
history of systemic malignancy other than breast cancer
within the last 3 years; laboratory values indicating impaired
liver or renal function; or any other clinically relevant
abnormal laboratory test result. Patients requiring
anti-coagulant or anti-platelet therapy while receiving
study treatments were treated at the discretion of the
study investigator; concomitant hormone replacement
therapy or oral contraceptives were not permitted.

Assessments

The primary endpoint was the area under the concentra-
tion—time curve (AUC) of E, serum concentration for the
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first 24 weeks of treatment. Secondary endpoints included
E, and FSH serum concentration, percentage of the patients
with a mean E, concentration <30 pg/ml, menstruation,
DFS and tolerability (AEs and clinical laboratory test
values). In addition, PK assessment of goserelin was also
conducted on a subset of evaluable patients who provided
written informed consent for additional blood sample
collection and received goserelin 10.8 mg every 3 months.

Patient visits took place at screening; on day 0; at
weeks 4, 8, 10, 12, 16, 20, 22, 24, 48, 72, 96, and at time
of withdrawal. An additional safety follow-up was also
performed, if possible, at week 100.

The E, and FSH concentrations were evaluated from
blood samples taken at each visit, before the administration
of the study treatment. E, concentration was determined
using a double antibody radioimmunoassay procedure
(Covance Central Laboratory Services). FSH concentration
was determined by chemiluminescent enzyme immuno-
assay (Mitsubishi Kagaku Bio-clinical Laboratories
Incorporation). For patients in the 10.8 mg group, goserelin
plasma concentrations were also assessed from blood
samples taken at each visit using protein precipitation
extraction followed by detection with high-performance
liquid chromatography with tandem mass spectrometric
detection. In addition, for a subgroup of 20 evaluable
patients in the 10.8 mg group, plasma concentrations of
goserelin were assessed 1, 2, 24, and 48 h post dose.
Clinical chemistry and hematology tests were also
conducted on blood samples taken at day 0, week 12 and
24 for all the patients.

The DFS, defined as the number of days from random-
ization to date of recurrence, second malignancy or death
from any cause, was determined by clinical evaluation at
baseline and weeks 4, 8, 12, 16, 20, 24, 48, 72, and 96. If
signs of recurrence or second malignancy were noted, they
were confirmed by imaging techniques (chest X-ray, liver
echo, computed tomography scan, or bone scan). AEs and
serious AEs (SAEs) were recorded throughout the study
and the relationship between the AEs/SAEs and treatment
was determined by the study investigator. AEs were
classified by the Medical Dictionary for Regulatory Activities
(Version 10.1) preferred terms and graded according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events v3.0 (CTC). All AEs/SAEs were
followed-up to resolution or until the condition stabilized.

Statistical analysis

The primary objective of this study was to establish
whether the goserelin 10.8 mg depot was non-inferior to the
goserelin 3.6 mg depot in terms of E, suppression. With
76 patients per group, this study had 80% power to establish
non-inferiority at the 2.5% (one-sided) significance level,

with the limit of non-inferiority defined as 1.25 (assuming
AUC ratio of 1.06 and common standard deviation on log
scale of 0.36). A sample size of 168 randomized patients
was planned to recruit 152 evaluable patients.

For the primary endpoint, data cut-off was performed
when evaluation of all patients’ data from the first
24 weeks of study was completed. Non-inferiority was
assessed using AUC 4 24 week) Of the E; concentration—time
curve with AUC of E, values log-transformed before
analysis and the results exponentiated. B, data were
analyzed using analysis of covariance. Values below the
limit of quantification (LOQ) (1.4 pg/ml) were recorded as
0.7 pg/ml. The 95% confidence interval (CI) was con-
structed around the AUCs with goserelin 3.6 mg as the
reference treatment. Non-inferiority was demonstrated if
the upper 95% CI limit of the E, AUC ratio (10.8/3.6 mg)
was <1.25.

The E, and FSH concentrations observed throughout the
study were summarized for each treatment group using
descriptive statistics. The proportion of patients whose E,
concentration was <30 pg/ml at any study visit was also
calculated. The goserelin plasma concentration data were
derived from the subgroup of 20 patients in the 10.8 mg
group. Maximum plasma concentration (Cp,y), time to
maximum plasma concentration (Tp,«), area under the
curve at time ¢ (AUC,), and trough drug concentrations
were determined. Median follow-up data are reported for
DFS. The patients who discontinued due to an AE were
treated as censored observations.

Statistical analysis sets included: full analysis set (FAS;
all the patients randomized to study treatment regardless of
actual treatment(s) received, with data available for any
endpoint post randomization); safety analysis set (all the
randomized patients who received at least one dose of
study treatment); PK analysis set (20 patients randomized
to goserelin 10.8 mg whose blood samples were collected
for assessment of goserelin plasma concentrations).

Results
Patients

In total, 170 patients were randomly assigned to treatment;
86 to goserelin 10.8 mg and 84 to goserelin 3.6 mg
(Fig. 1). The first patient entered the study in January 2006
and the last patient entered in February 2007. For evalua-
tion of the primary endpoint of E, AUC for the first
24 weeks of treatment, the data cut-off was performed on
August 31, 2007. For evaluation of safety and DFS, the last
patient completed the 2-year study treatment in February
2009. All 170 randomized patients were included in the
FAS. One patient randomized to receive goserelin 10.8 mg
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Fig. 1 Patient disposition

Recruited
n=170

analysis
set n=284

Full Randomized
(goserelin 3.6 mg)

Randomized
(goserelin 10.8 mg)
n=_86

Goserelin 3.6 mg

administered by mistake
n=1

Safety
analysis
set

n=285

Received goserelin 3.6 mg

Received goserelin 10.8 mg
n=85

Discontinued study
Adverse event n= 1
Multiple lung metastases n=1
Voluntary discontinuation n=2
Lost to follow-up n=1

| | Discontinued study

Bone metastasis n=1

Local recurrence n= 1
Contralateral breast cancer n=2
Protocol non-compliance n =1

Completed study n=79

Completed study n =81

The number of patients who completed the study equals the number of randomized patients minus the number

of patients who discontinued

received goserelin 3.6 mg by mistake and so was included in
the 10.8 mg group in the FAS and the 3.6 mg group in the
safety analysis set (Fig. 1). Baseline and disease characteristics
were generally similar for each treatment group. Most patients
had invasive breast cancer that was progesterone-receptor
positive; most tumors were classified as T1 or T2, with no
regional lymph-node involvement (Table 1).

Efficacy

AUC of E; serum concentration during
the first 24 weeks of treatment

The geometric mean E, AUC from weeks 4-24 of treatment
was similar in both treatment groups, i.e., 18.32 and
18.95 pg/ml-week for the patients receiving goserelin 10.8
and 3.6 mg, respectively. The goserelin AUC ratio
(10.8/3.6 mg), adjusted by baseline E, value, was 0.974
(95% CI, 0.80, 1.19). The 95% CI upper limit (1.188) was
below the predefined non-inferiority margin of 1.25, indi-
cating the non-inferiority of depot goserelin 10.8 mg versus
goserelin 3.6 mg.

E, and FSH serum concentrations

Baseline mean E, serum concentrations were 69.87 and
60.19 pg/ml for the goserelin 10.8 and 3.6 mg group,
respectively. After week 4, the mean E, serum concen-
trations in both groups had decreased to a range between
0.71 and 4.69 pg/ml (Fig. 2a), and >98.8% of the patients
in both groups maintained E, serum concentrations of
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below 30 pg/ml, i.e., within a range regarded as the post-
menopausal status. E, serum concentrations >30 pg/ml
were only observed in one patient at week 22 in the
10.8 mg group and in four patients (once each) at weeks 4,
8, 12, and 20 in the goserelin 3.6 mg group.

Mean baseline FSH concentrations were 8.18 and
7.72 mIU/ml for the goserelin 10.8 and 3.6 mg group,
respectively. After week 4, mean FSH concentrations were
lower in both groups (range 1.28-1.89 mIU/ml) (Fig. 2b).

Goserelin concentrations

For the PK analysis set, the mean plasma concentration—time
profile for goserelin 10.8 mg from baseline up to week 12 is
shown in Fig. 3. Plasma concentrations of goserelin
increased rapidly following administration, with Cpax
(geometric mean Cy,,, of 4.5 ng/ml) occurring at a median
Tmax Of 2.4 h. The goserelin plasma concentrations
subsequently decreased rapidly up to 48 h and more steadily
thereafter, with values approaching the LOQ. (0.1 ng/ml) by
weeks 10-12. Trough plasma concentrations of goserelin
fell below the LOQ in most patients by week 12.

Menstruation

The proportion of patients experiencing menses fell from
67.4% (week 4) to 2.3% (week 8) and 72.6% (week 4) to
1.2% (week 8) for the 10.8 and 3.6 mg treatment groups,
respectively. All the patients experienced amenorrhea by
week 12 in the 10.8 mg group and by week 16 in the
3.6 mg group.
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Table 1 Baseline patient
demographics and disease

Goserelin 10.8 mg
(n = 86) n(%)

Goserelin 3.6 mg
(n = 84) n(%)

characteristics (full analysis set)

Age (years)

Mean 43.2 43.8

Range 26-51 30-53
Weight (kg)

Mean 54.3 539

Range 39-78 39-93
Body mass index (kg/mz)

Mean 214 21.9

Range 16.3-30.5 17.1-40.3
Histology

Invasive 83 (96.5) 79 (94.0)

Non-invasive 3 (3.3) 5 (6.0)
TNM classification—primary tumor

T1 49 (57.0) 54 (64.3)

T2 33 (38.4) 25 (29.8)

T3 1(1.2) 224

Not applicable® 3 (3.5) 3 (3.6)
TNM classification—regional lymph nodes

0 81 (94.2) 78 (92.9)

N1 5(5.8) 6 (7.1)
TNM classification—distant metastases

MO 86 (100) 84 (100)
PgR status

Negative 5(.8) 4 (4.8)

Positive 81 (94.2) 80 (95.2)

Baseline E, concentration (pg/ml)

# Carcinoma in situ, Mean (SD)
E estradiol; PgR progesterone Median
receptor; SD standard deviation;

Range
TNM tumor, node, metastases

69.87 (60.26)
49.70
0.7-275.4

60.19 (55.36)
53.50
0.7-327.0

DFS

The median follow-up period for DFS was 675.0 days (range
142-687) and 675.5 days (range 160-685) for the 10.8 and
3.6 mg group, respectively. A total of five events were
observed during the study: four in the 10.8 mg group (bone
metastasis, local recurrence, and two contralateral breast can-
cers) and one in the 3.6 mg group (multiple lung metastases).

Safety

Overall, 97.6% of the patients in each group experienced
an AE. Four CTC grade 3/4 AEs were observed in four
patients in the 10.8 mg group and six grade 3/4 AEs were
observed in four patients in the 3.6 mg group (Table 2). A
total of seven patients had a SAE [four patients in the
10.8 mg group (breast cancer, contralateral breast cancer,
dermoid cyst, and radiation pneumonitis) and three patients
in the 3.6 mg group (cervix carcinoma, headache, and

calculus ureteric)]; however, no SAE was considered
related to study treatment and none led to death. Most
drug-related AEs (as determined by the investigator) were
CTC grade 1 or 2, with the most common being hot flash
(69.4 and 63.5%), headache (16.5 and 15.3%), arthralgia
(14.1 and 16.5%), and hyperhidrosis (11.8 and 17.6%) in
the 10.8 and 3.6 mg groups, respectively (Table 3). One
patient in the 3.6 mg group discontinued treatment due to a
non-drug-related AE (cervix carcinoma). Overall, there
was no apparent difference in the safety and tolerability
profile for goserelin 10.8 mg compared with 3.6 mg.

Discussion
The primary objective of this study was to determine
whether goserelin 10.8 mg was non-inferior to goserelin

3.6 mg in terms of E, suppression in pre-menopausal
patients with ER+ early breast cancer. The AUC E, serum
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concentrations reported here were similar between treat-
ment groups. Moreover, the AUC ratio (10.8/3.6 mg) was
0.974 and the 95% CI upper limit of 1.188 was below the
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Fig. 2 Mean estradiol serum concentrations (a) and mean FSH serum
concentrations (b) following administration of goserelin 10.8 or
3.6 mg depot (full analysis set)

Fig. 3 Goserelin plasma 5
concentrations following
administration of 10.8 mg depot
injection (pharmacokinetic
analysis set)

Goserelin plasma concentration (ng/mL)

predefined non-inferiority margin of 1.25, thus demon-
strating that goserelin 10.8 mg once every 3 months was
indeed non-inferior to monthly administration of goserelin
3.6 mg in these patients.

The secondary variables, E, and FSH serum concen-
trations, were also suppressed in both treatment groups
following an injection of goserelin, and this suppression
was maintained throughout the study, suggesting no
apparent difference between monthly and 3-monthly
goserelin administration. Indeed, from week 4 onwards, E,
serum concentrations were suppressed to postmenopausal
levels (<30 pg/ml) in 98.8% of the patients across both
treatment groups. In addition, after week 4, FSH serum
concentrations were well suppressed in both treatment
groups. Suppression of hormone levels was accompanied
by a rapid decrease in the number of patients experiencing
menstruation, with most patients experiencing amenorrhea
by week 8. These findings show that goserelin 10.8 mg
once every 3 months induces effective ovarian suppression
that is maintained between doses.

Both goserelin 10.8 and 3.6 mg depots are sustained-release
formulations containing a lactide/glycolide co-polymer.
However, the lactide/glycolide ratios differ between the two
formulations, with the 95:5 ratio of the 10.8 mg depot
enabling a more gradual release of goserelin compared with
the monthly formulation (1:1 ratio), leading to maintenance
of drug levels associated with therapeutic efficacy for
3 months. Following administration of the 10.8 mg depot,
maximum goserelin plasma concentrations were seen at
around 2.4 h post injection, before decreasing rapidly up to
48 h, and more steadily to 12 weeks. Goserelin plasma
concentrations then approached the LOQ by weeks 10-12
and actually fell below this limit in about half of the patients.

In females with breast cancer or benign gynecological
conditions, the AUC values for goserelin after the first
10.8 mg depot were approximately 20% lower than those

* Goserelin 10.8 mg

0 T
0 24

Time (hours)
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Table 2 Summary of individual grade 3/4 adverse events

Treatment group Adverse event (MedDRA Grade Time from administration Discontinued ~ Treatment-related®
preferred term) to onset of adverse event (days)  study goserelin/tamoxifen/procedure

Goserelin 3.6 mg Osteoarthritis 3 141 No Yes/Yes/No
Cervix carcinoma 4 224 Yes No/No/No
Hepatic function abnormal 3 86 No No/Yes/No
Calculus ureteric 3 397 No No/No/No
Leukopenia 3 673 No No/No/No
Neutropenia 4 673 No No/No/No

Goserelin 10.8 mg  Breast cancer 3 590 No No/No/No
Labile blood pressure 3 153 No No/No/No
Hypertension 3 103 No No/No/No
Contralateral breast cancer 4 668 No No/No/No

# Investigator opinion determined whether there was a reasonable possibility that the event may have been caused by either goserelin, tamoxifen,

or the procedure, MedDRA medical dictionary for regulatory activities

Table 3 Incidence of drug-
related adverse events occurring
in more than 2% of patients in

Adverse event
(MedDRA preferred term)

Goserelin 10.8 mg
(n = 85) n(%)

Goserelin 3.6 mg
(n = 85) (%)

either treatment group (safety
analysis set)

Hot flash
Headache
Arthralgia
Hyperhidrosis
Musculoskeletal stiffness
Dizziness
Hepatic steatosis
Insomnia

Head discomfort
Edema peripheral
Back pain
Hypertension
Nausea

. . Anxiet
Any patient with more than one Y

event was counted separately
for each event, MedDRA
medical dictionary for

Constipation
Rash
Palpitations

59 (69.4) 54 (63.5)
14 (16.5) 13 (15.3)
12 (14.1) 14 (16.5)
10 (11.8) 15 (17.6)
7(8.2) 10 (11.8)
6 (7.1) 8 (9.4)
5(5.9) 447
447 3 (3.5)
33.5) 3 (3.5)
5(5.9) 1(1.2)
224 3(3.5)
3(3.5) 2(2.4)

0 5(5.9)

4 (4.7) 0

3(3.5) 1(1.2)

2 (2.4) 2024
224 204

regulatory activities

predicted from the 3.6 mg depot data [17]. Overall, these
studies confirm that, as one might expect, goserelin serum
concentrations rise sharply immediately after a 10.8 mg
injection, and decrease gradually over time [16, 17].
The speed and extent to which blood goserelin levels
decrease reflects inter-patient variability. However, the low
goserelin plasma concentration seen in some patients
10-12 weeks post injection was not associated with
increased E, or FSH concentrations.

The efficacy of goserelin 10.8 or 3.6 mg in controlling
disease was measured by DFS, but with only five pro-
gression events, no formal comparison was conducted.
Although these are not long-term survival data, the 2-year

DFS data reported here are similar to those reported in
other clinical studies of goserelin 3.6 mg. For example,
similar survival data were reported in the Zoladex® in
Premenopausal Patients (ZIPP) trial, which used goserelin
3.6 mg in combination with standard adjuvant therapy [18],
and the Austrian Breast and Colorectal Cancer Study Group
(ABCSGQG) Trial 5, which compared goserelin 3.6 mg plus
tamoxifen versus CMF in pre-menopausal women [7, &].
In addition, a recent 15-year follow-up of data from the
ZIPP trial has reported that 2 years of goserelin treatment
is equivalent to 2 years of tamoxifen treatment, and also a
large benefit for goserelin was observed on survival and
recurrence [19].
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There were no clinically important differences in the
safety and tolerability profiles between the two dosing
regimens of goserelin, suggesting that a 3-monthly dosing
regimen is feasible. Indeed, consistent with previous
reports of monthly goserelin 3.6 mg in ER+ early breast
cancer, the most frequently observed AEs following
treatment with 10.8 mg goserelin every 3 months were hot
flash, headache, and hyperhidrosis [7, 20]. The current
treatment recommendations for pre-menopausal women
with ER+ early breast cancer are tamoxifen or tamoxifen
plus ovarian suppression for 5 years [9]. As most patients
will likely receive treatment for several years, a 3-monthly
dosing regimen of goserelin 10.8 mg offers an alternative
dosing schedule that may be more convenient for some
patients, thus helping to improve compliance. Moreover, a
3-monthly dosing regimen with fewer clinic visits could
help to reduce associated healthcare costs.

Possible limitations to this study include a lack of PK
data for the goserelin 3.6 mg/month treatment group. In
addition, a longer follow-up period would be required to
fully determine the effect of the monthly versus 3-monthly
dosing regimen on DFS. The results must also be consid-
ered within the limits of an open-label trial.

In conclusion, the findings reported here show that
goserelin 10.8 mg given every 3 months is as effective as
monthly goserelin 3.6 mg in achieving and maintaining
ovarian suppression in pre-menopausal women with ER+
early-stage breast cancer. Goserelin 10.8 mg also has a
similar tolerability profile to the monthly dosing regimen
and, therefore, could offer these patients an alternative
dosing regimen that could increase convenience and
improve compliance.
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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 neocadjuvant setting. Patients with stage lI/llIA
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 gatients 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 Il 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‘(z) 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)‘“S) In addition, several
Phase 11 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 recurrence rate. 1617
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 (%)
Age, years (median, range) 64 (55-79)
Prior treatment None
Tumor stage

T2 110 (95)

T3 6 (5)
Nodal status

NO 91 (78)

N1 23 (20)

Unknown 3(2)
Clinical stage

A 89 (77)

1B 23 (20)

A 4 (3)
Tumor diameter, mm (median, range)

Caliper 32 (12-74)

Ultrasound 27.3 (15-102)
ER status

ER+ ) 116 (100)

ER- 0
PgR status

PgR+ 80 (69)

PgR~ 36 (31)
HER2 status

HER2+ 33

HER2- 101 (87)

Not evaluated 12 (10)

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

Registration
(116 pts)

After 16 weeks

Continuation Discontinuation
(106 pts) (10 pts)
PD; 4 cases
Adverse events; 2 cases
After 24 weeks Patient's decision; 3 cases
Investigator's decision; 1 case
. .
End of treatment Discontinuation
(102 pts) (4 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-
ual and the relationship with clinical and pathological responses
was investigated.

Toi et al.

After 24 weeks evaluation
(number of patients)

After 16 weeks evaluation
(number of patients)

PR 45 PR 59
SD 14
PR 7 SD 41
SD 34
PR 1 PD 4
SD 3
PR 2 Not evaluated 12
sD 3
PD 4
Not evaluated 3

Total 116

PR, partial response; SD, stable disease; PD, progressive disease.
Patients and Methods

Patients. Postmenopausal women aged 55-75 years with
operable, Stage II or IIIA, histologically confirmed invasive
breast cancers were enrolled. Patients were confirmed positive
for ER or progesterone receptor (PgR) by immunohistochemical
staining (210% nuclear staining was defined as positive).
Expression of human epidermal growth factor receptor 2
(HER2) was determined immunohistologically with the Hercep-
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 25 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
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Table 3. Rates of breast conserving surgery in pre-treatment
estimation and surgery undergone after treatment

Post treatment (underwent)

] Total
Mastectomy ~ BCs  “Vithout
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-pum 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."®2? In brief, IHC 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.®®

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.(’m) 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

doi: 10.1111/].1349-7006.2011.01867.x
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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

Toi et al.

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

Cancer Sci | April 2011 | vol. 102 | no.4 | 861
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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 using the modified criteria previously described by
Miller et 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 r-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 clinical and pathological response

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

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 0.233 0.963 0.904 1.024  0.295 0.959 0.884 1.037 0.233 0.963 0.904 1.024
T 0.516 0.550 0.088 3.428 0.726 0.683 0.071 6.507
N (N2-3 vs NO) 0.892 0.944 0.413 2.159 0.308 1.726  0.609 5.166
ER (score) 0.356 1.253  0.777 2.071 0.269 1.360  0.790 2.422
PR (score) 0.769 1.030 0.842 1.261 0.901 0.986 0.783 1.232
HER2 (positive versus negative)* 0.189 0.200 5553.597  0.000 0.000
Ki67 index 0.254 0.984 0.956 1.011 0.358 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

Muiltivariate analysis (full model)

Multivariate analysis (stepwise)

Variables

P-value  Odds 95%Cl P-value Odds 95%CI P-value Odds 95%Cl
Age 0.067 0.900 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 2.227  1.117 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 2242.634  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 1" 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

Toi et al.

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.'® The Ki67 index and progression free survival (PES) has
also been studied in patients receiving neoadjuvant hormone
therapy with anastrozole, with reported similar findings."'”
Miller et 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 >40% 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,

864

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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