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Abstract This multicenter phase II trial evaluated the

efficacy and tolerability of 4 months of neoadjuvant

exemestane in 44 postmenopausal patients with estro-

gen receptor (ER)-positive and/or progesterone

receptor-positive, stage II to IIIB breast cancer mea-

suring ‡3 cm. Pathological response was assessed by a

central review board using response criteria proposed

by the Japanese Breast Cancer Society. Clinical

response [complete or partial response (PR)] was

assessed by caliper, mammography, or ultrasound.

Rates of breast-conserving surgery (BCS) and adverse

events were also evaluated. A pathological response

was observed in 13 (43%) of 30 patients who under-

went surgery at 4 months. Fourteen patients were

excluded from the pathological analysis: eight contin-

ued exemestane because of PR or stable disease (SD)

at 4 months, three underwent chemotherapy because

of progressive disease, and three underwent surgery

within 2 months because of adverse events. A clinical

response was seen in 27 (66%) of 41 evaluable patients.

BCS was performed in 27 (90%) of 30 patients who

underwent surgery at 4 months. Of the ten patients

eligible for mastectomy at baseline, six chose to con-

tinue exemestane treatment without surgery because of

a PR or SD at 4 months. Adverse events, most of

which were grade 1, occurred in £10% of patients.

These results suggest that neoadjuvant exemestane

treatment is effective and well tolerated in postmeno-

pausal women with ER-positive breast cancer. Further

studies are required to determine the optimal duration

of neoadjuvant treatment and to identify response

criteria that can more accurately predict long-term

outcomes.
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Introduction

The aim of neoadjuvant treatment is to decrease

tumor volume through the delivery of drugs before
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surgery, thereby facilitating a more complete surgical

removal of the tumor and improved patient survival.

In locally advanced breast cancer, neoadjuvant treat-

ment can downstage the disease and increase the rate

of breast-conserving surgery (BCS), but survival

benefits over standard adjuvant treatment have not

yet been demonstrated [1, 2]. With recent advances in

hormone therapy and the routine assessment of hor-

mone receptor status in core needle biopsy samples,

neoadjuvant endocrine therapy has come to the

forefront of research investigations into chemotherapy

alternatives for the treatment of hormone receptor-

positive, large, operable, or locally advanced breast

cancer [2].

Two categories of third-generation aromatase

inhibitors are currently available for use in neoadju-

vant therapy: type I steroidal inhibitors, such as exe-

mestane, and type II nonsteroidal inhibitors, such as

anastrozole and letrozole [2, 3]. The efficacy of all

three of these aromatase inhibitors is superior to

tamoxifen as first-line therapy for patients with locally

advanced or metastatic breast cancer [4–6]. Anastroz-

ole and letrozole have also demonstrated superior

efficacy compared with tamoxifen when used as early

adjuvant therapy after surgery in postmenopausal

breast cancer [7–9], and switching to anastrozole and

exemestane after 2–3 years of tamoxifen use is supe-

rior to remaining on tamoxifen after surgery [10–12].

Furthermore, letrozole produced disease-free survival

benefits compared with placebo after 5 years of adju-

vant tamoxifen use in early postmenopausal breast

cancer [13]. In neoadjuvant settings, aromatase inhib-

itors have been shown to be effective in reducing

tumor volume and enabling BCS, rather than a mas-

tectomy, to be performed [14–21]. The findings from

clinical trials to date indicate that aromatase inhibitors

have a favorable toxicity profile with good treatment

compliance.

Tamoxifen has been reported to be less effective in

preventing relapse in patients with progesterone recep-

tor (PgR)-negative and/or human epidermal growth

factor receptor 2 (HER2)-positive tumors [22]. There-

fore, PgR and HER2 can be used as surrogate markers

for predicting the efficacy of adjuvant tamoxifen. On the

other hand, letrozole has been reported to be more

effective than tamoxifen as neoadjuvant therapy for

epidermal growth factor receptor-positive and/or HER2-

positive tumors [17]. In addition, adjuvant anastrozole

treatment has been shown to provide longer relapse-free

survival periods than tamoxifen for patients with PgR-

negative tumors [23].

In Japan, anastrozole was the first aromatase

inhibitor to be approved (in 2000) for use in women

with breast cancer. Exemestane approval in advanced

breast cancer followed in 2002, with subsequent

approval for use in early breast cancer in 2005. Finally,

letrozole was approved in 2006. Fewer studies have

been conducted with exemestane than anastrozole, and

the efficacy of neoadjuvant therapy with exemestane

has not yet been evaluated in Japan. Exemestane is a

steroidal aromatase inhibitor and may have less detri-

mental effects on bone formation and lipid metabolism

than the nonsteroidal aromatase inhibitors [24, 25].

Consequently, we designed a multicenter phase II trial

[Saitama Breast Cancer Clinical Study Group

(SBCCSG)-03] to evaluate the efficacy and safety of

exemestane as neoadjuvant therapy for 4 months in

postmenopausal women with estrogen receptor (ER)-

positive and/or PgR-positive breast cancer. Study end

points included pathological and clinical response rate,

conversion rate from anticipated mastectomy to BCS,

and toxicity.

Patients and methods

Study design

In this phase II multicenter trial, patients with histo-

logically confirmed ER-positive and/or PgR-positive

invasive breast cancer were assigned to receive

exemestane 25 mg/day for 16 weeks before surgery.

Patients underwent baseline caliper, ultrasound, and/or

mammography measurements, along with a core nee-

dle biopsy and blood sampling. Body weight and height

at baseline were also recorded. Clinical measurements

and blood sampling were repeated every 4 weeks after

the start of treatment. Final caliper, ultrasound, and/or

mammogram measurements, as well as body weight

measurements and blood sampling, were performed at

16 weeks, before surgical excision.

Patients

Eligible patients were postmenopausal women with

untreated, core needle biopsy-proven, invasive, ER-

positive and/or PgR-positive breast cancer lesions that

were 3 cm or larger and measurable using caliper,

ultrasound, or mammography. All patients were

operable or potentially operable and showed no evi-

dence of metastases. Women were defined as being

postmenopausal if they had a uterus and had been

amenorrheic for at least 12 months or if they did not

have a uterus and had circulating levels of follicle-

stimulating hormone and estradiol that were compati-

ble with a postmenopausal status.
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Exclusion criteria included inoperable disease con-

sidered to be irreversible with neoadjuvant endocrine

therapy, inflammatory breast cancer, concurrent severe

medical disease, concurrent use of hormone replace-

ment therapy, any previous malignancy, and any

medical or psychiatric condition making informed

consent impossible.

Study end points

The primary study end point was the pathological

response rate after 16 weeks of treatment. Pathological

response was assessed by a central review board

according to the ‘‘histopathological criteria for assess-

ment of therapeutic response in breast cancer’’ pro-

posed by the Japanese Breast Cancer Society [26].

These response criteria are classified as grade 0, 1a, 1b,

2, or 3 and represent no change and mild, moderate,

marked, and complete responses (CR), respectively:

grade 0 includes almost no change in cancer cells;

grade 1a includes slight changes in cancer cells, not

suggestive of the death of cancer cells regardless of the

area, or marked changes in cancer cells suggesting the

cancer cells could barely survive, which is seen in less

than one third of the area; grade 1b includes marked

changes in cancer cells in one third or more but less

than two thirds of the area; grade 2 includes marked

changes in cancer cells in two thirds or more of the

area; and grade 3 includes necrosis or disappearance of

all tumor cells.

The secondary study end points were clinical

response rate, conversion rate to BCS in patients

deemed by their surgeons to require a mastectomy at

baseline before starting treatment, and the occurrence

of adverse events. Clinical response was defined as a

CR or partial response (PR) and was assessed by cal-

iper, ultrasound, or mammography. CR was defined as

the clinical disappearance of the tumor at 4 months of

treatment, and PR was defined according to the Re-

sponse Evaluation Criteria in Solid Tumors (2000) [27]

as a 30% or more decrease from baseline in the

product of one maximum diameter. Stable disease

(SD) was defined as a decrease of less than 30% (minor

response) or an increase of less than 20% in the area of

the tumor from baseline. Progressive disease (PD) was

defined as an increase of 20% or more in the area of

the tumor from baseline.

Statistical analysis

Because the clinical response rate for neoadjuvant

tamoxifen use was expected to be 35% based on

previous study results [14–17], we calculated that

37 patients would be needed to detect an increase in

response to exemestane of 55% with 80% power and a

two-sided 5% significance level. To allow for missing

data, 40 patients were recruited. All end points, with

the exception of safety outcomes, were analyzed on an

intent-to-treat basis. All data were recorded on case

report forms designed for the study, and the study

database was compiled by the Saitama Cancer Center

(Saitama, Japan). Data validation was carried out by

the clinical study coordinator (K.I.).

ER, PgR, and HER2 analysis

Estrogen receptor and PgR status were initially

determined locally for entry into the trial and were

then confirmed at a central laboratory (Saitama Cancer

Center, Saitama, Japan) using immunohistochemistry.

Monoclonal anti-ERa antibody 1D5 (M7047, Dako-

Cytomation, Glostrup, Denmark) was used to detect

ER, and monoclonal anti-PgR antibody PgR 636

(M3569, DakoCytomation) was used to detect PgR.

Tumors with more than 10% staining nuclei were

described as ER positive or PgR positive. HER2 pos-

itivity was also assessed at the central laboratory

(Saitama Cancer Center) using the Hercep TestTM

(DakoCytomation); results were scored as 0, 1+, 2+,

and 3+, according to the manufacturer’s instructions.

Specimens scored as 2+ or 3+ were considered HER2

positive, and those 0 or 1+ were considered HER2

negative.

Tolerability assessment

Adverse events (defined as the development of a new

medical condition or the deterioration of a pre-existing

medical condition) were recorded every 4 weeks, and

they were graded according to the National Cancer

Institute, Common Toxicity Criteria, version 2 [28]. No

pre-specified checklists were used. Serious adverse

events (defined as fatal or life threatening, requiring

hospitalization, causing disability or incapacity, or

requiring medical intervention to prevent incapacity)

were recorded as they occurred.

Ethical considerations

The trial was conducted in accordance with the prin-

ciples of Good Clinical Practice as specified in the

Declaration of Helsinki (1996 revision). The study

protocol was approved by the Institutional Review

Boards of the institutions where the patients were

recruited and treated, and all patients gave written

informed consent before study enrollment.
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Results

Patients

Forty-four patients were enrolled from five institutes

between July 2003 and November 2004, all of whom

met the eligibility criteria. Baseline characteristics for

this population, including disease stage, tumor size, and

receptor status, are presented in Table 1. The median

age of patients was 60 years (range, 48–88 years).

Twenty-six patients (59%) had stage IIA disease, eight

(18%) had stage IIB disease, four (9%) had stage IIIA

disease, and six (14%) had stage IIIB disease. All pa-

tients had ER-positive tumors, of which 32 (73%) were

also PgR positive. HER2 testing was performed in 41

patients; only 6 of these patients were HER2 positive.

Most HER2-positive tumors were also PgR positive.

Pathological response

A pathological response was obtained in 13 (43%) of

the 30 patients who underwent surgery after 4 months

of neoadjuvant exemestane treatment. Grade 3 lesions

were not seen, but grade 1b and grade 2 lesions were

observed in nine and four patients, respectively

(Table 2). A pathological response was more fre-

quently obtained in invasive lesions than in situ lesions

(Table 2). Fourteen patients were excluded from the

pathological analysis; three of these patients underwent

surgery within 2 months because of adverse events. The

remaining 11 patients did not undergo surgery; 3 were

treated with chemotherapy because of PD within

4 months, and 8 continued exemestane therapy because

of a PR or SD at 4 months. The microscopic appear-

ances of the invasive and in situ lesions before and after

exemestane treatment are shown in Fig. 1.

Clinical response

A clinical response was seen in 27 (66%) of the 41

patients who were assessed either by caliper, ultra-

sound, or mammography. SD and PD were observed in

nine (22%) and five (12%) patients, respectively

(Table 3). Among the five patients diagnosed as having

PD, three were treated with chemotherapy without

surgery and two underwent surgery at 4 months.

Adverse events

Of the 44 patients who participated in the trial, 3 (7%)

discontinued exemestane treatment because of adverse

events: hematologic disorder (grade 3, 1 patient), diz-

ziness (grade 2, 1 patient), and genital bleeding (grade

1, 1 patient) (Table 4). All three of these patients

underwent surgery within 2 months of starting exe-

mestane treatment. Other adverse events, most of

which were grade 1, occurred in £10% of the patients

(Table 4).

Table 1 Baseline
characteristics (n = 44)

ER estrogen receptor, NA not
assessed, PgR progesterone
receptor, HER2 human
epidermal growth factor
receptor 2

Age, years
Median (range) 60 (48–88)

Tumor stage,
n (%)

T2 33 (75)
T3 5 (11)
T4b 6 (14)

Nodal status,
n (%)

N0 31 (70)
N1 10 (23)
N2 3 (7)

Clinical stage,
n (%)

Stage IIA 26 (59)
Stage IIB 8 (18)
Stage IIIA 4 (9)
Stage IIIB 6 (14)

Tumor diameter, mm
Caliper

Median
(range)

38 (21–65)

Ultrasound
Median

(range)
28 (5–53)

Mammography
Median

(range)
40 (10–80)

Receptor status,
n (%)

ER
Positive 44 (100)
Negative 0 (0)

PgR
Positive 32 (73)
Negative 12 (27)

HER2
0 20 (49)
1+ 15 (37)
2+ 5 (12)
3+ 1 (2)
NA 3

Table 2 Pathological response in invasive (n = 30) and in situ
(n = 26) lesions

Response criteriaa Invasive lesions,
n (%)

In situ lesions,
n (%)

0 0 (0) 2 (8)
1a 17 (57) 22 (84)
1b 9 (30) 2 (8)
2 4 (13) 0 (0)
3 0 (0) 0 (0)

a Pathological response was defined as a grade 1b, 2, or 3 lesion
according to the following criteria: 0 no response, 1a mild
response, 1b moderate response, 2 marked response, 3 complete
response
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Conversion from anticipated mastectomy

to breast-conserving surgery

At baseline, 10 patients were deemed to require a

mastectomy, and the other 34 were eligible for BCS. Of

the ten patients eligible for mastectomy, two under-

went a mastectomy despite having a PR at 4 months

and one underwent a mastectomy within 1 month of

the start of exemestane treatment because of a hema-

tologic disorder. Six patients chose to continue exe-

mestane therapy without surgery because of a PR or

SD at 4 months, and one underwent chemotherapy

because of PD. Of the 34 patients eligible for BCS, 30

underwent BCS, 2 underwent chemotherapy without

surgery because of PD, and 2 chose to continue

exemestane use because of a PR. As a result, the BCS

rate was 90% among the 30 patients who underwent

surgery at 4 months.

Tumor response and PgR or HER2 expression

Partial response was seen in 22 of 31 (71%) patients

with PgR-positive tumors; 17 of these tumors were also

HER2 negative (Table 5). In PgR-negative tumors,

five of ten (50%) patients had a PR. Three HER2-

positive patients had a PR or SD. No significant cor-

relation between pathological response and PgR or

HER2 expression was observed, although the small

numbers of PgR-negative and HER2-positive patients

makes it difficult to draw conclusions from these data.

Discussion

In this study, a pathological response rate of 43% was

achieved following 16 weeks of neoadjuvant exemes-

tane in postmenopausal women with stage II to IIIB

breast cancer measuring more than 3 cm in diameter.

However, this rate may not reflect the true pathological

response rate associated with neoadjuvant exemestane

because only 30 patients underwent surgery and 8

patients were maintained on treatment with exemes-

tane because of continued clinical benefit (PR or SD).

Histopathologic evaluations of the response to neoad-

juvant therapy have not yet been standardized [29];

however, the Japanese Breast Cancer Society has

proposed histopathological criteria for assessing ther-

apeutic response and has classified the responses into

Fig. 1 Microscopic appearance of invasive ductal carcinoma
(hematoxylin and eosin staining). Core needle biopsy specimen
of an invasive lesion before 4 months of exemestane treatment
(a) and grade 2 pathological response obtained in surgically

removed specimen after treatment (b). Core needle biopsy
specimen of an in situ lesion before 4 months of exemestane
treatment (c) and grade 1b pathological response obtained in
surgically removed specimen after treatment (d)

Table 3 Clinical response
(n = 41)

Measurement
method

Complete
response,
n (%)

Partial
response,
n (%)

Stable
disease,
n (%)

Minor
response,
n (%)

Progressive
disease,
n (%)

Not available,
n

Caliper 0 (0) 23 (58) 14 (35) 10 (25) 3 (8) 1
Ultrasound 0 (0) 10 (30) 19 (58) 14 (42) 4 (12) 8
Mammography 0 (0) 5 (19) 20 (77) 15 (58) 1 (4) 15
Combination 0 (0) 27 (66) 9 (22) 8 (20) 5 (12) 0
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grades 0 to 3 [26]. A pathological CR after neoadjuvant

chemotherapy is important because it improves prog-

nosis; however, the predictive values of response cri-

teria other than pathological CR, such as grade 1 and 2

responses according to the Japanese response criteria,

remain to be evaluated. Because a pathological CR is

rare for neoadjuvant hormone therapy, pathological

responses other than a pathological CR are likely to be

important. Whether such responses are capable of

predicting survival needs to be evaluated in long-term

follow-up studies.

The clinical response rate in this study was 66%,

which is comparable with previously reported response

rates ranging from 37 to 89% in trials of neoadjuvant

exemestane use (Table 6) [18–21]. This clinical re-

sponse rate was considered to be satisfactory because

more than 60% of the patients whose tumors were

clinically defined as being sensitive to exemestane were

able to receive further exemestane treatment after

surgery. Furthermore, clinical response rate may be

affected by duration of treatment. In a neoadjuvant

trial with letrozole, the median time to achieve a

maximum response was 4.2 months [30]. In the current

study, seven patients chose to continue exemestane

administration because of a PR or SD at 4 months,

suggesting that the optimal duration of neoadjuvant

treatment with aromatase inhibitors is probably longer

than 4 months. Further clinical trials are required to

resolve this question.

In previous neoadjuvant trials with exemestane, no

fatal adverse events have been reported. In this study,

adverse events occurred in £10% of the patients, most

of whom experienced grade 1 events with the exception

of one patient who experienced grade 3 liver dysfunc-

tion and leukocytopenia. In a trial of adjuvant exe-

mestane in which patients were switched to exemestane

after 2–3 years of tamoxifen treatment, adverse events

such as thromboembolic disease and gynecological

symptoms were more frequent among patients who

continued to receive tamoxifen, whereas visual distur-

bances, osteoporosis, arthralgia, and diarrhea were

more frequent among those switched to exemestane

[10]. The adverse event profile of exemestane is similar

to the nonsteroidal aromatase inhibitors.

Studies have shown that the conversion rate from an

anticipated mastectomy to BCS is higher after

Table 5 Clinical response by progesterone receptor and HER2
status

Receptor status Clinical response, n (%)

Partial
response

Stable
disease

Progressive
disease

PgR
Negative 5 (50) 1 (10) 4 (40)
Positive 22 (71) 8 (26) 1 (3)
HER2
0 15 (83) 1 (6) 2 (11)
1+ 7 (47) 7 (47) 1 (6)
2+ 2 (50) 1 (25) 1 (25)a

3+ 0 (0) 0 (0) 1 (100)
PgR-/HER2-b 5 (56) 1 (11) 3 (33)
PgR-/HER2+c 0 (0) 0 (0) 1 (100)
PgR+/HER2– 17 (71) 7 (29) 0 (0)
PgR+/HER2+ 2 (50) 1 (25) 1 (25)

HER2 human epidermal growth factor receptor 2, PgR
progesterone receptor
a Fluorescent in situ hybridization showed a greater than two
fold amplification in HER2 gene expression
b HER2 negative includes HER2 0 and 1+
c HER2 positive includes HER2 2+ and 3+

Table 6 Previously reported neoadjuvant exemestane trials

Study Patients,
n

Duration of
treatment,
months

Clinical
response,
%

BCS,
%

Tubiana-Hulin
et al. 2003 [19]

38 4–5 71 (CR, 6;
PR, 65)

45

Krainick et al.
2003 [20]

27 4 37 52

Gil et al. 2004 [18] 50 6 50 42
Semiglazov et al.

2003 [21]
36 3 89 39

Present study 44 4 66 90

BCS breast-conserving surgery, CR complete response, PR
partial response

Table 4 Adverse events (n = 44)

Adverse event Grade,a n

Grade 1 Grade 2 Grade 3

Leukopenia 2 – 1b

Neutropenia – 1 1b

Anemia 1 – –
SGOT increased 4 – 1b

SGPT increased 4 – 1b

ALP increased 2 – –
Creatinine increased 3 – –
Appetite loss 1 – –
Nausea 1 – –
Hot flushes 2 – –
Constipation – 1 –
Sweating 2 – –
Fatigue 3 – –
Dizziness – 1 –
Genital bleeding 1 – –

ALP alkaline phosphatase, SGOT serum glucose-oxaloacetic
transaminase, SGPT serum glutamic-pyruvic transaminase
a Severity graded according to National Cancer Institute
Common Toxicity Criteria version 2
b These adverse events were observed in the same patient
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neoadjuvant therapy with aromatase inhibitors than

with tamoxifen [15–17, 21]. In this study, none of the

ten patients who were deemed to need a mastectomy at

baseline underwent BCS at 4 months; however, six

patients chose to continue exemestane use without

surgery. Thus, the conversion rate from anticipated

mastectomy to BCS after 4 months of exemestane use

could not be determined. This finding suggests that

once tumors begin to shrink, patients prefer to con-

tinue exemestane treatment rather than undergo

surgery. The eight patients in this study who continued

exemestane use without surgery will require careful

follow-up, and such monitoring should help to deter-

mine the appropriate duration of neoadjuvant

exemestane treatment.

Recent reports have suggested that ER-positive/

PgR-negative tumors are more likely to be HER2

positive than tumors that are ER positive/PgR positive,

and that HER2 signaling decreases the transcription of

ER and PgR genes [31, 32]; PgR loss may therefore be

a surrogate marker for HER2 activity. Although aro-

matase inhibitors are no less effective than tamoxifen,

regardless of their PgR or HER2 status, they are likely

to be more effective than tamoxifen in PgR-positive or

HER2-negative tumors. In fact, letrozole administered

after 5 years of tamoxifen use was no more effective

than placebo for patients with PgR-negative tumors

[33]. In this study, however, no correlation was

observed between PgR and HER2 expression or in

clinical or pathological response by PgR or HER2

status. This may be due, in part, to the small study size

and the small number of HER2-positive breast cancers

(6 of 44; 14%).

The potential survival advantage of neoadjuvant

therapy with aromatase inhibitors in postmenopausal

breast cancer remains unknown. However, clinical

response and pathological response may be surrogate

markers for predicting prognosis because the same

aromatase inhibitor that is effective in neoadjuvant

therapy can also be used for adjuvant therapy in the

same patient. In contrast, for patients who require

chemotherapy or surgery for PD after neoadjuvant

aromatase inhibitor therapy, an aromatase inhibitor

may not be the adjuvant treatment of choice. There-

fore, the neoadjuvant use of aromatase inhibitors

provides important information for selecting further

optimal treatments based on tumor response.

The results of this study indicate that neoadjuvant

exemestane treatment is effective and well tolerated in

postmenopausal women with ER-positive breast can-

cer. Further studies are required to determine the

optimal duration of neoadjuvant treatment with aro-

matase inhibitors in this setting and to identify study

end points that can more accurately predict long-term

clinical outcomes
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