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A CASE OF ECTOPIC ADENOMATOUS GOITER IN THE LATERAL CERVICAL REGION

Minami HATONOY, Tadahiko SHIENY, Takehiro TANAKA? and Hiroyoshi DOTHARAY

Department of Breast and Endocrinological Surgery?,
Department of Pathology?, Okayama University School of Medicine

A 41-year-old woman noticed a tumor on the left side of her neck. Cervical ultrasonography showed
a cystic mass in the left lateral neck region. The mass was further enlarged at follow—up, and hence, the

tient was referred to our hospital.

A cystic tumor with an internal anechoic area and clear boundary

was seen outside the thyroid gland. No abnormal cells were observed on aspiration cytology. The patient
underwent tumorectomy. The tumor was present on the outside of the left internal jugular vein. It could
be exfoliated easily. Pathologically, a follicular gland with poor dysplasia in the mural nodule and cyst wall
was observed, so a pathological diagnosis of ectopic adenomatous goiter was made. Lateral cervical cystic
tumors should be treated by surgical resection because of the possibility of malignancy as well as recur-
rence after aspiration.

Key words : ectopic adenomatous goiter,

lateral cervical cystic tumor

—201 —



Breast Cancer Res Treat (2014) 145:143-153
DOI 10.1007/s10549-014-2907-9

Survival of HER2-positive primary breast cancer patients treated
by neoadjuvant chemotherapy plus trastuzumab: a multicenter
retrospective observational study (JBCRG-C03 study)

M. Takada - H. Ishiguroe - S. Nagai - S. Ohtani - H. Kawabata - Y. Yanagita -
Y. Hozumi - C. Shimizu - S. Takao - N. Sato + Y. Kosaka - Y. Sagara -

H. Iwata - S. Ohno - K. Kuroi - N. Masuda - H. Yamashiro - M. Sugimoto -
M. Kondo - Y. Naito - H. Sasano - T. Inamoto - S. Morita - M. Toi

Received: 3 March 2014/ Accepted: 4 March 2014/ Published online: 30 March 2014

© Springer Science+Business Media New York 2014

Abstract We investigated the disease-free survival
(DFS) of HER2-positive primary breast cancer patients
treated with neoadjuvant chemotherapy plus trastuzumab,
as well as predictive factors for DFES and pathologic
response. Data from 829 female patients treated between
2001 and 2010 were collected from 38 institutions in Japan.
Predictive factors were evaluated using multivariate anal-
yses. The 3-year DFS rate was 87 % [95 % confidence
interval (CI) 85-90]. The pathologic complete response
(pCR: ypT0/is 4 ypNO) rate was 51 %. The pCR rate was
higher in the ER/PgR-negative patients than in the ER/
PgR-positive patients (64 vs. 36 %, P < 0.001). Patients
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with pCR showed a higher DES rate than patients without
pCR (93 vs. 82 %, P < 0.001). Multivariate analysis
revealed three independent predictors for poorer DFS:
advanced nodal stage [hazard ratio (HR) 2.63, 95 % CI
1.36-5.21, P = 0.004 for cN2-3 vs. cNOJ, histological/
nuclear grade 3 (HR 1.81, 95 % CI1 1.15-2.91, P = 0.011),
and non-pCR (HR 1.98, 95 % CI 1.22-3.24, P = 0.005). In
the ER/PgR-negative dataset, non-pCR (HR 2.63, 95 % CI
1.43-4.90, P = 0.002) and clinical tumor stage (HR 2.20,
95 % CI 1.16-4.20, P = 0.017 for ¢cT3-4 vs. ¢T1-2) were
independent predictors for DFS, and in the ER/PgR-posi-
tive dataset, histological grade of 3 (HR 3.09, 95 % CI
1.48-6.62, P = 0.003), clinical nodal stage (HR 4.26,
95 % CI 1.53-13.14, P = 0.005 for ¢cN2-3 vs. cNO), and
young age (HR 2.40, 95 % CI 1.12-4.94, P = 0.026 for
<40 vs. >40) were negative predictors for DFS. Strict pCR
(ypTO + ypNO) was an independent predictor for DFS in
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both the ER/PgR-negative and -positive datasets (HR 2.66,
95 % CI 1.31-5.97, P = 0.006 and HR 3.86, 95 % CI
1.13-24.21, P = 0.029, respectively). These results may
help assure a more accurate prognosis and personalized
treatment for HER2-positive breast cancer patients.

Keywords Breast cancer - HER2 - Neoadjuvant
chemotherapy - Pathologic complete response - Prognostic
factors - Trastuzumab

Introduction

Amplification or overexpression of human epidermal
growth factor receptor-2 (HER?2) is associated with a high
risk of breast cancer recurrence and metastasis [1]. Adju-
vant use of cytotoxic chemotherapy and trastuzumab, a
recombinant humanized monoclonal antibody that targets
HER?2, improves the overall survival (OS) and disease-free
survival (DFS) of patients with HER2-positive primary
breast cancer [2, 3].

Neoadjuvant chemotherapy (NAC) reduces tumor size,
which improves the rate of breast-conserving surgery, and
provides information about chemosensitivity that helps
with the design of postoperative therapy. Several meta-
analyses have revealed that patients with a pathologic
complete response (pCR) after NAC had higher survival
rates than those without pCR, indicating that pCR repre-
sents a surrogate prognostic indicator [4-6].
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Adding trastuzumab to NAC doubles the rate of pCR in
patients with HER2-positive primary breast cancer [7-9].
The NOAH trial showed better 3-year event-free survival
for chemotherapy plus trastuzumab versus chemotherapy
alone [8]. In the TECHNO trial, patients with pCR after
NAC plus trastuzumab showed better 3-year DFS than
patients without pCR [10]; however, predictors for pCR
and survival after treatment are unknown.

This multicenter retrospective study investigated the
survival after NAC with trastuzumab among patients with
HER2-positive primary breast cancer in efforts to identify
predictive factors.

Patients and methods
Patients

In this multicenter retrospective cohort study, the inclusion
criteria were female sex, histologically confirmed HER2-
positive invasive breast cancer diagnosed between 2001
and 2010, no distant metastasis, age 20-70 years, and
received NAC containing trastuzumab. Eligible patients
were identified from the institutional databases. Data were
managed by the data center of the Japan Breast Cancer
Research Group (JBCRG).

The study protocol was approved by the Institutional
Review Board at Kyoto University Hospital and partici-
pating institutions. All patient data were anonymized and
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allocated numbers according to Japanese ethics guidelines
for epidemiologic research.

Pathological assessment

Pathology specialists at each institution performed the
pathological investigation. HERZ2-positive status was
defined as 3+ overexpression by immunohistochemical
testing or HER2 amplification by fluorescent in situ
hybridization (HER2/CEP17 ratio >2.0). At each institu-
tion, surgical specimens obtained following NAC were
serially sectioned, stained with hematoxylin and eosin
(H&E), and diagnosed by experienced pathologists. pCR
was defined as the absence of residual invasive cancer cells
in the breast and axillary lymph nodes (ypT0/is + ypNO).
Strict pCR (spCR), another pCR definition, was defined as
no invasive and non-invasive residuals in the breast and
axillary nodes (ypTO -+ ypNO).

Statistical analysis

All survival outcomes were measured from the date of
starting NAC to the date of first event. The primary sur-
vival outcome was DFS defined as time to occurrence of
recurrence, secondary malignancy (including contralateral
breast cancer, hematological malignancy, and sarcoma), or
death as a result of any cause. Secondary survival outcomes
were OS defined as time to death as a result of any cause,
distant recurrence-free survival (DRFS) defined as time to
any recurrence except for ipsilateral breast or regional
lymph node, and death as a result of any cause.

The Kaplan—Meier method was used to estimate sur-
vival outcomes. ¥ tests for categorical data and log-rank
tests for time-to-event endpoints provided two-sided

P values, and P values < 0.05 were considered statistically
significant. Cox proportional hazards regression analysis
was used to estimate hazard ratios (HRs) and 95 % confi-
dence intervals (Cls). Logistic regression was used to
estimate odds ratios (ORs) and 95 % Cls. Covariates used
in the multivariate model were age, body mass index,
clinical tumor stage, clinical nodal stage, estrogen receptor
(ER)/progesterone receptor (PgR) status, histological/
nuclear grade, pCR/spCR, surgery type, radiation therapy,
adjuvant hormonal therapy, adjuvant chemotherapy, and
adjuvant trastuzumab. Menopausal status was not included
in the model because of collinearity with age. Patients with
missing data were excluded from the multivariate analysis
(e.g., patients whose adequate pathologic responses were
not confirmed due to insufficient local therapy or lack of
information regarding local therapy type). All statistical
analyses were performed using JMP® (ver. 10.0.2, SAS
Institute Inc. Cary, NC, USA). All analyses were super-
vised by a statistician (SM).

Results
Patient characteristics

Data of 829 patients from 38 institutions in Japan were
collected. Among them, 53 did not meet the inclusion
criteria and were excluded, leaving a total of 776 patients
for analysis (whole dataset). HER2-positive tumors could
be subdivided into ER/PgR positive and negative, and we
therefore divided the patients into an ER/PgR-positive
dataset (N =334) and ER/PgR-negative dataset
(N =439) and also performed the analyses for each
dataset (Fig. 1).

Fig. 1 Flowchart of data
collection and analysis

Collected
(W =1829)
Exclusion criterion =153)
cM1 W=1
Age > 70 (N=15)
HER2 unknown (N=8)
Out side the period (W=29)
Whole dataset
W="776)
ER/PgR unknown
W=3)
ER/PgR positive dataset ER/PgR negative dataset
W=334) I =439)
@ Springer
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Table 1 Patient, disease, and treatment characteristics

Table 1 continued

Factors n (%) Factors n (%)

All cases 776 (100) No 365 47

Age Unknown 12 (1.5)
Median (min-max) 53 (25-70) spCR (ypTO + ypNO)

BMI Yes 240 (30.9)
Median (min-max) 22.0 (15.0-47.3) No 525 (67.7)
Unknown 2 0.3) Unknown 11 (1.4)

Menopausal status Adjuvant hormonal therapy
Pre-menopausal 335 (43.2) Yes 281 (36.2)
Post-menopausal 422 (54.4) No 440 (56.7)
Unknown 19 2.4) Unknown 55 (7.1

Clinical tumor size Adjuvant trastuzumab therapy
T1b 9 (1.2) Yes 697 (89.8)

Tlc 77 9.9) No 65 (8.4)
T2 476 (61.3) Unknown 14 (1.8)
T3 122 (15.7) Adjuvant chemotherapy

T4 91 117 Yes 45 (5.8)
Unknown 1 0.1 No 720 (92.8)

Clinical nodal status Unknown 11 . (1.4)

NO 252 (32.5) BMI Body mass index, ER/PgR estrogen receptor/progesterone
N1 366 (47.2) receptor, NAC neoadjuvant chemotherapy, XRT radiation therapy,
N2 103 (13.3) BCS breast-conserving surgery, pCR pathologic complete response
N3 54 (@)

Unknown 1 ©.0 Baseline characteristics and treatment of the whole

ER/PgR status dataset are summarized in Table 1. Median age was 53
Positive 334 43) (range 25-70) years. Most patients had tumor stage T2
Negative 439 (56.6) (61 %) and were clinically node positive (67 %). ER and
Unknown 3 0.4 PgR were negative in 57 % of the patients. Most patients

Histological/nuclear grade received anthracycline- and taxane-containing chemother-
1 107 (13.8) apy (87 %), and trastuzumab was administered concur-
2 184 23.7) rently with taxane (80 %). Breast-conserving surgery was
3 350 45.1) performed in 64 % of the patients, most of whom (91 %)
Unknown 135 (17.4) received radiation therapy. Radiation therapy was per-

NAC regimen formed in 35 % of the patients who received mastectomy.
Anthracycline and taxane 676 (87.1) Adjuvant hormonal therapy was performed in 86 % of the
Taxane only 78 (10.1) ER/PgR-positive patients. Most patients received adjuvant
Anthracycline only 7 (0.9) trastuzumab (90 %).

Others 1 0.1
Unknown 14 (1.8) Clinical outcomes

Local therapy
Mastectomy + XRT 96 (12.4) The median follow-up period was 42 (interquartile range
Mastectomy alone 181 (23.3) 30-58) months. For the whole dataset, the 3-year DFES rate
BCS + XRT 449 (57.9) was 87 % (95 % CI 85-90) (Fig. 2a). 3-year OS and DRFS
BCS alone 44 57 were 97 % (95 % CI 96-98) and 91 % (95 % CI 89-93),
Needle biopsy + XRT 1 .1 respec?ively. pCR was acj‘hieved in 399 (51 %) patients and
Needle biopsy alone 1 1) spCR in 240 (31 %) patients. '
Unknown 4 ©.5) . The 3-year DFS‘r.ate was almost. the same among patients

pCR (ypTO0/is + ypNO) in the ER/Pgijosmve and -negative datasets (87 vs. 8.8 %,
Yes 399 (51.4) P = 0.888) (Fig. 2B). The pCR and spCR rates were higher
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Fig. 2 DFS curves of the a whole dataset and b ER/PgR-positive and
-negative datasets

patients (64 vs. 36 % for pCR, P < 0.001; 38 vs. 23 % for
spCR, P < 0.001, respectively).

Prognostic factors for survival outcomes

The results of Cox proportional hazard regression per-
formed to evaluate the prognostic effect of baseline char-
acteristics and pathologic tumor response to NAC with
trastuzumab are shown in Table 2. In the whole dataset,
independent predictors for poorer DFS were advanced
clinical nodal stage (adjusted HR 2.63, 95 % CI 1.36-5.21,
P = 0.004 for cN2-3 vs. cNO; adjusted HR 1.64, 95 % CI
0.91-3.09, P = 0.100 for cN1 vs. cNO), histological/
nuclear grade 3 (adjusted HR 1.81, 95 % CI 1.15-2.91,
P = 0.011), and failure to achieve pCR (adjusted HR 1.98,
95 % CI 1.22-3.24, P = 0.005). Neither age nor ER/PgR
status was an independent predictor for DFS. Multivariate
analysis including spCR yielded the same results. The DFS
rate was higher among patients with pCR than those
without pCR (93 vs. 82 %, P < 0.001) (Fig. 3a). Patients

who achieved spCR had a higher DFS rate than those who
did not (96 vs. 84 %, P < 0.001) (Fig. 3b).

In the ER/PgR-positive dataset, independent predictors for
poorer DFS were advanced clinical nodal stage, histological/
nuclear grade 3, young age (<40), and not achieving spCR.
pCR was not an independent predictor for DES on multivariate
analysis (Table 2; Fig. 3¢, d). For the ER/PgR-negative
dataset, clinical tumor stage and both pCR and spCR were
independent predictors for DES (Table 2; Fig. 3e, f).

Predictors for other survival outcomes are listed in
Supplementary Table S1. Predictors for OS were clinical
nodal stage, histological/nuclear grade, and spCR, but pCR
was not an independent predictor. Predictors for DRFS
were clinical nodal stage, histological/nuclear grade, young
age, pCR, and spCR.

Predictive factors for pCR

The association of baseline characteristics with pCR/spCR
following NAC plus trastuzumab was evaluated by multi-
variate logistic regression (Table 3). In the whole dataset,
independent predictors for pCR were negative ER/PgR
status (adjusted OR 3.42, 95 % CI 2.42-4.86, P < 0.001)
and clinical tumor stage T1-2 compared with T34
{adjusted OR 1.88, 95 % CI 1.27-2.79, P = 0.002). His-
tological/muclear grade 3 showed a statistically marginal
association with pCR (adjusted OR 1.39, 95 % CI
0.99-1.95, P = 0.060). The same factors were selected as
independent predictors in the multivariate model for spCR.

In the ER/PgR-positive dataset, clinical tumor stage was
a predictor for pCR and spCR. In the ER/PgR-negative
dataset, clinical tumor stage was an independent predictor
for both pCR and spCR. Histological/nuclear grade was
marginally predictive of pCR and spCR.

Discussion

In this analysis, we assessed survival after NAC plus
trastuzumab among patients with HER2-positive breast
cancer. Although clinical nodal status, histological/nuclear
grade, and pCR/spCR were independent predictors for
DFS, the prognostic impact differed depending on ER/PgR
status. pCR was a predictor for DFS particularly in patients
with ER/PgR-negative tumor, and spCR—a stricter defi-
nition of pCR-—was an independent prognostic factor
regardless of ER/PgR status.

Our data included more patients with clinical tumor
stage T2 or higher (89 %) and clinically node positive
(67 %). In this population, a 3-year DFS rate of 87 % was
relatively good; however, a considerable number of
patients experienced disease relapse during the follow-up
period. Risk factors associated with disease relapse need to
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Table 2 Adjusted hazard ratios

Factor PCR (ypT0/is + ypNO) spCR (ypTO + ypNO)
of factors predicting DFS
HR 95 % CI P value HR 95 % CI P value
‘Whole dataset
Age
<40 vs. >40 1.67 (0.95-2.81) 0.074 1.63 (0.93-2.75) 0.088
BMI
25< vs. <22 1.31 (0.74-2.24) 0.351 1.31 (0.74-2.24) 0.348
22<, <25 vs. <22 0.96 (0.56-1.61) 0.891 1.00 (0.58-1.67) 0.993
Clinical tumor size
T34 vs. T1-2 1.53 (0.93-2.49) 0.093 1.42 (0.87-2.32) 0.160
Clinical nodal status
N2-3 vs. NO 2.63 (1.36-5.21) 0.004 2.58 (1.34-5.12) 0.004
N1 vs. NO 1.64 (0.91-3.09) 0.100 1.73 (0.96-3.26) 0.070
ER/PgR
Negative vs. positive 0.97 (0.47-2.08) 0.933 0.93 (0.46-1.96) 0.842
Histological/Nuclear grade
3 vs. 1&2 1.81 (1.15-2.91) 0.011 1.77 (1.12-2.84) 0.014
pCR/spCR
Non-pCR vs. pCR 1.98 (1.22-3.24) 0.005 2.90 (1.57-5.90) <0.001
ER/PgR-positive dataset
Age
<40 vs. >40 2.40 (1.12-4.94) 0.026 2.33 (1.08-4.80) 0.031
BMI
25< vs. <22 1.49 (0.63-3.38) 0354 1.54 (0.66-3.45) 0.313
22<, <25 vs. <22 0.69 (0.25-1.67) 0.419 0.69 (0.25-1.68) 0.433
Clinical tumor size
T3—4 vs. T1-2 0.83 (0.35-1.88) 0.653 0.69 (0.28-1.62) 0.399
Clinical nodal status
N2-3 vs. NO 4.26 (1.53-13.14) 0.005 4.54 (1.62-14.13) 0.004
N1 vs. NO 2.55 (0.99-7.43) 0.053 2.83 (1.08-8.39) 0.034
Histological/Nuclear grade
3 vs. 1&2 3.09 (1.48-6.62) 0.003 3.14 (1.49-6.85) 0.003
pCR/spCR
Non-pCR vs. pCR 1.20 (0.57-2.69) 0.634 3.86 (1.13-24.21) 0.029
ER/PgR-negative dataset
Age
<40 vs. >40 0.95 (0.35-2.18) 0.913 1.01 (0.38-2.28) 0.979
BMI
25< vs. <22 0.94 (0.39-2.05) 0.886 0.97 (0.40-2.11) 0.942
22<, <25 vs. <22 1.10 (0.56-2.08) 0.774 1.10 (0.56-2.08) 0.779
Clinical tumor size
T34 vs. T1-2 2.20 (1.16-4.20) 0.017 2.11 (1.11-4.04) 0.024
Clinical nodal status
N2-3 vs. NO 2.04 (0.85-5.07) 0.112 1.73 (0.73-4.27) 0.217
] N1 vs. NO 1.49 (0.70-3.38) 0.306 1.39 (0.66-3.13) 0.398
fﬁé;:fze?:;isﬁs;ﬁgfff Histological/Nuclear grade
receptor, pCR pathologic 3 vs. 1&2 1.33 (0.74-2.48) 0.354 1.29 (0.72-2.41) 0.393
complete response, spCR strict pCR/spCR
pathologic complete response, Non-pCR vs. pCR 263 (143-490)  0.002 266 (131-597)  0.006

HR hazard ratio
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(ypTO + ypNO) versus non-spCR in the b whole dataset, d ER/
PgR-positive dataset, and f ER/PgR-negative dataset

trastuzumab or NAC only, the addition of trastuzumab to
NAC resulted in a higher pCR rate and improved DFS [8,
11]. The pCR rate in our study (51 %) is comparable to
those reported in previous trials of NAC with trastuzumab
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Table 3 Adjusted odds ratios
of factors predicting pCR

pCR (ypT0/is + ypNO)

spCR (ypT0 + ypNO)

Factor OR 95 % CI P value OR 95 % CI P value
Whole dataset
Age
>40 vs. <40 0.97 (0.60-1.58) 0.907 1.45 (0.84-2.63) 0.191
BMI
25< vs. <22 1.22 (0.78-1.91) 0.388 1.31 (0.80-2.11) 0.280
22<, <25 vs. <22 1.38 (0.94-2.04) 0.100 1.47 (0.98-2.21) 0.062
Clinical tumor size
T1-2 vs. T34 1.88 (1.27-2.79) 0.002 2.16 (1.39-3.41) 0.001
Clinical nodal status
NO vs. N2-3 0.65 (0.40-1.07) 0.093 0.98 (0.57-1.71) 0.942
N1 vs. N2-3 0.83 (0.53-1.31) 0.435 1.44 (0.88-2.39) 0.152
ER/PgR status
Negative vs. positive 342 (2.42-4.86) <0.001 227 (1.55-3.35) <0.001
Histological/Nuclear grade
3 vs. 1&2 1.39 (0.99-1.95) 0.060 1.29 (0.90-1.88) 0.169
ER/PgR-positive dataset
Age
>40 vs. <40 0.74 (0.40-1.39) 0.343 1.22 (0.56-2.89) 0.622
BMI
25< vs. <22 1.65 (0.85-3.20) 0.140 1.27 (0.56-2.81) 0.559
22<, <25 vs. <22 143 (0.77-2.61) 0.253 1.46 (0.71-2.97) 0.296
Clinical tumor size
T1-2 vs. T3-4 1.76 (0.94-3.43) 0.078 2.95 (1.28-7.72) 0.010
Clinical nodal status
NO vs. N2-3 0.98 (0.46-2.11) 0.954 0.89 (0.36-2.32) 0.810
NI vs. N2-3 0.80 (0.39-1.67) 0.547 0.93 (0.39-2.35) 0.869
Histological/Nuclear grade
3vs. 1&2 1.22 (0.73-2.05) 0.454 1.00 (0.54-1.86) 0.991
ER/PgR-negative dataset
Age
>40 vs. <40 1.43 (0.68-2.94) 0.344 1.73 (0.80-4.08) 0.170
BMI
25< vs. <22 0.95 (0.52-1.76) 0.871 1.29 (0.69-2.36) 0.422
22<, <25 vs. <22 1.35 (0.81-2.27) 0.248 1.47 (0.89-2.43) 0.132
Clinical tumor size
T1-2 vs. T3-4 1.93 (1.17-3.20) 0.010 1.89 (1.13-3.24) 0.016
) Clinical nodal status
fsjgi ;’::ge‘;ﬁi ;Ziz’;efg f ff NO vs. N2-3 048  (024-092)  0.027 098  (049-1.95)  0.943
receptor, pCR pathologic NI vs. N2-3 0.89 (0.48-1.61) 0.692 1.75 (0.97-3.26) 0.065
complete response, spCR strict Histological/Nuclear grade
pathologic complete response, 3 vs. 1&2 153 (0.97-242)  0.068 150  (0.94-2.40)  0.087

OR odds ratio

(30-67 %) [7-10, 12-15]. In our study, ER/PgR status was
the strongest predictor for pCR or spCR. Our results were
consistent with those of two meta-analyses in which the
PCR rate of NAC with trastuzumab was about 50 % for
patients with ER/PgR-negative disease and 30 % for those
with ER/PgR-positive disease [6, 16].
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In the TECHNO trial, a phase-1I trial of 217 patients

with HER2-positive disease who received NAC with
trastuzumab, failure to achieve pCR was a significant
predictor for DFS in the multivariate analysis [10]. Kim
et al. [12] retrospectively investigated the prognostic value
of pCR using data from 229 patients with HER2-positive
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tumor who were treated with NAC with trastuzumab. They
reported that pCR, clinical tumor stage, and lymphovas-
cular invasion were independent predictors for DFS. In our
study, pCR and spCR were predictors for DFS; in addition,
conventional prognostic factors such as nodal stage and
histological/nuclear grade were predictors for DFS.

In this study, the association of age with DES was not
statistically significant in the whole dataset, consistent with
the results of the TECHNO trial and Kim et al. Partridge
et al. [17] reported that young age was not associated with
worse DFS in patients with HER2-positive disease using
large cohort data from the HERA trial. When we divided
the patients into ER/PgR-positive and -negative groups,
multivariate analysis showed that young age (age <40) was
an independent predictor for poorer DFS in the ER/PgR-
positive dataset. Our result was consistent with earlier
studies showing that younger age is an independent pre-
dictor for worse DFS, especially in patients with ER/PgR-
positive disease [18, 19].

After dividing the patients into ER/PgR-positive and -
negative datasets, we performed multivariate analysis for
DFS using each dataset. About 30-40 % of HER2-enriched
subtype tumors are reported to be ER positive [20, 21].
Among clinically HER2-positive tumors, up to 60 % are
classified as the HER2-enriched subtype, with the rest
classified as luminal B, luminal A, or basal-like [22].
Adjuvant systemic therapy differs according to ER/PgR
status [23]. Therefore, it seemed reasonable to perform the
analysis based on ER/PgR status; however, the results
should be interpreted carefully because of the relatively
small event rate in each dataset.

In relation to the two aforementioned meta-analyses,
pooled analysis from the German study group [6] indicated
that pCR was a prognostic factor for the HER2-positive
non-luminal subgroup, but not for those in the HER2-
positive luminal subgroup. In the meta-analysis from the
Collaborative Trials in Neoadjuvant Breast Cancer
(CTNeoBC) [16], there was a stronger association of pCR
with event-free survival in the HER2-positive non-luminal
subgroup compared with those in the HER2-positive
luminal subgroup. In our study, pCR was an independent
predictor for DFS in the ER/PgR-negative dataset, but not
ER/PgR-positive dataset, and spCR was an independent
predictor for DFS regardless of ER/PgR status.

The limitations of this study include its retrospective
design. Adjustment using multivariate analysis is manda-
tory to minimize selection bias. The relatively short
observation period may also limit the interpretation of our
results. The median follow-up period of our study
(42 months) covered the time when recurrence risk is high
in HER2-positive disease [24]. Strength of our study was
the large number of patients, which allowed us to conduct

multivariate analysis separately according to ER/PgR
status.

In conclusion, pCR/spCR, nodal status, and grade were
predictors for DES in patients with HER2-positive disease
treated with NAC plus trastuzumab. Response to therapy
and prognostic impact of the factors differed according to
ER/PgR status. Our results may help identify patients who
are not likely to achieve pCR or whose outcome would
otherwise be unfavorable. New treatment approaches, such
as the incorporation of novel anti-HER2 drugs, are needed
for patients with high-risk disease.
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Abstract

Background The aim of this study was to investigate the
association between the results of the Recurrence Score
(RS) assay and the clinical response to neoadjuvant endo-
crine therapy in postmenopausal women with breast
cancer.

Methods Core biopsy samples at baseline and post-
treatment surgical samples were obtained from 80 and 77
of 116 patients, respectively, enrolled in the multicenter
prospective study of neoadjuvant exemestane therapy
(JFMC34-0601). The 21-gene assay was performed after
appropriate manual microdissection. The estrogen receptor
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(ER), progesterone receptor, HER2 and Ki-67 were
assayed by immunohistochemistry at a central laboratory.
Clinical response was assessed based on the RECIST
(Response Evaluation Criteria In Solid Tumors) guideline.
Results  Sixty-four core biopsy samples and 52 resection
samples met the RS quality requirements. The clinical
response rate in those patients with a low RS result (low RS
group; 19/32, 59.4 %) was significantly higher than that in
those patients with a high RS result (high RS group; 3/15,
20.0 %) (P = 0.015) and similar to that in patients with an
intermediate RS result (intermediate RS group; 10/17,
58.8 %). The rates of breast-conserving surgery (BCS)
were 90.6 % (29/32) in the low RS group, 76.5 % (13/17)
in the intermediate RS group and 46.7 % (7/15) in the high
RS group. The odds ratio for BCS adjusted for continuous
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baseline Ki-67 was 0.114 [95 % confidence interval (CI)
0.014-0.721; P = 0.028] between the high and low RS
groups. RS values in pre-treatment samples were highly
correlated with those in post-treatment samples (Spearman
correlation coefficient 0.745, 95 % CI 0.592-0.846).
Conclusion Our results demonstrate the predictive value
of the RS for clinical response to neoadjuvant exemestane
therapy in postmenopausal women with ER-positive breast
cancer.

Keywords Recurrence Score - Neoadjuvant
endocrine therapy - Ki-67 - Clinical response -
Breast-conserving surgery rate

Introduction

There are several potential advantages to neoadjuvant
therapy of breast cancer in terms of improving outcomes in
women with operable and inoperable early-stage disease
[1, 2]. Both neoadjuvant chemotherapy and endocrine
therapy have been shown to enable less extensive resection
and improve rates of breast-conserving surgery (BCS)
[3-6]. The ACOSOG Z1031 trial, which compared three
aromatase inhibitors (Als) in neoadjuvant settings, showed
that 51 % (81/159) of the patients who were designated
candidates for mastectomy experienced downstaging to
BCS [7]. Neoadjuvant endocrine therapy is now an
acceptable option for postmenopausal patients with endo-
crine-responsive disease [§].

Despite the use of standard biomarkers, the considerable
heterogeneity of response to therapy still represents a
challenge to clinicians in terms of choosing the most
suitable neoadjuvant therapy. As such, tools to improve the
identification of those patients who will respond to therapy
would represent a major clinical advance. Although the Ki-
67 labeling index (LI) shows some consistency in pre-
dicting response to chemotherapy, its ability to predict
response to neoadjuvant endocrine therapy is controversial
[9, 10].

We previously reported results from a neoadjuvant ex-
emestane study in postmenopausal women [11]. In that
study, the target response rate was 51 % (59/116), and 40
(77 %) of 59 patients who would have required mastec-
tomy were converted to BCS. Neither baseline Ki-67 LI
nor changes in Ki-67 LI were associated with clinical
response in the study.

The Oncotype DX® assay (Genomic Health, Redwood
City, CA) has been shown to be able assess recurrence risk
in women with hormone receptor-positive (HR+), lymph
node-negative or -positive, early stage breast cancer who
are treated with adjuvant endocrine therapy [12-15]. It has
also been shown to predict the likelihood of benefit from

@ Springer

adjuvant chemotherapy [12, 16]. Accordingly, the assay is
included in clinical guidelines for use in patients with HR+-
Iymph node-negative disease; however, its applicability to
HR+ postmenopausal women with lymph node positive
disease is considered controversial, pending results of the
RxPONDER trial [8, 17-19]. Additionally, studies in the
neoadjuvant setting have shown that the test can be used to
predict the response to chemotherapy [20, 21]. More
recently, a study suggested that the Recurrence Score (RS)
value may predict responses to neoadjuvant endocrine
therapy with either tamoxifen or anastrozole [22]. The
Oncotype DX assay may improve the clinician’s ability to
discriminate between clinically similar tumors based on the
tamor’s underlying biology. Consequently, the aim of this
study was to investigate the clinical usefulness of the RS
assay results in the prediction of response to neoadjuvant
endocrine therapy.

Methods
Study design

This was a prospectively designed study using archived
tumor tissues from the previously conducted JFMC34-0601
study. The primary objective was to assess the association
between the results of the RS assay at baseline and clinical
response, by comparing the response rates between patients
with a low RS result (<18; low RS group) and those with a
high RS result (=31; high RS group). Secondary objectives
included assessment of the associations of continuous
baseline RS, quantitative estrogen receptor (ER) by reverse
transcriptase (RT)-PCR and Ki-67 with clinical response
and with BCS, as well as associations of changes from
baseline to post-treatment values of these markers with
clinical response. The study protocol was approved by the
Ethics Committee of each participating institution.
Informed consent was obtained from all patients. The study
was performed in accordance with the Helsinki Declaration.

Patient cohort and tumor samples

Eligibility criteria for the parent JFMC34-0601 study
included age 55-75 years, ER+ and stage II or IIla inva-
sive breast cancer (T2-3, NO-2, MO). Patients were con-
firmed positive for ER or progesterone receptor (PgR) by
immunohistochemistry (>10 % nuclear staining). The
study treatment was 25 mg/day exemestane for 16 weeks,
with a possible §-week extension based on the assessment
of clinical response. Patients with progressive disease (PD)
were withdrawn from the study. At week 24, patients
underwent surgery, except those with PD, who had the
option of selecting another treatment approach.
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Clinical outcomes measures

Clinical response was assessed by comparing the longest
diameter of the target lesions with the baseline measure-
ment, based on the Response Evaluation Criteria in Solid
Tumors (RECIST) guideline version 1.0, by caliper mea-
surement of palpable lesions and ultrasound as previously
described [11]. Briefly, complete response (CR) was
defined by the disappearance of all target lesions; partial
response (PR) by at least a 30 % decrease in the sum of
diameters of the target lesions; PD by at least a 20 %
increase in the sum of diameters of the target lesions; stable
disease (SD) by neither sufficient shrinkage to qualify for
PR nor sufficient increase to qualify for PD.

Biomarker assessments

The Oncorype DX® 21-gene assay was performed on core
biopsy and resection samples by Genomic Health [14].

Immunohistochemistry assays of Ki-67, ER and PgR
were performed at one central location and the results
assessed by three independent pathologists as described
previously [11]. In brief, immunohistochemistry staining
was performed using a Histofine kit (Nichirei, Tokyo,
Japan). Ki-67 was stained using the following antibody
dilution: 1:100 (Dako, Glostrup, Denmark), and the Ki-67
LI was obtained by counting 500-1,000 tumor cells at the
sites of hot spots. Ki-67 groups were defined post hoc as
<10, 10-30 and >30 %, respectively. ER and PgR
immunoreactivity were scored according to Allred’s
procedure.

Expression of HER2 was determined by the HercepTest
(Dako, Glostrup, Denmark). Positive HER2 status was
defined as either 3+ or 2+ with confirmed c-erbB2 gene
amplification by the fluorescence in situ hybridization
(FISH) test.

Statistical analyses

Analyses of baseline markers included all patients with an
evaluable RT-PCR result from core biopsies. Analyses of
changes from baseline to post-treatment markers included
the subset of patients with results from both core biopsies
and surgical resections. Changes in continuous markers
were defined as ‘“post-treatment value—pre-treatment
value”. In the primary analysis, the rates of clinical
response were compared between the high and low base-
line RS groups using Fisher’s exact test. Logistic regres-
sion models were fit to both clinical response and surgery
type. Odds ratio (OR) estimates are presented with Wald
p values and 95 % confidence intervals (CIs). All P values
are two-sided. In exploratory analyses, the Spearman rank
correlation coefficient (and associated 95 % CI) was

calculated for the baseline continuous RS and either the
post-treatment RS or baseline continuous Ki-67 as deter-
mined by immunohistochemistry. A paired ¢ test was
applied to compare the baseline and post-treatment RS
values. A two-sample t test was used to compare the per-
centage reduction in tumor size between the high and low
RS groups. Fisher’s exact test was used to compare the
conversion rate from mastectomy to BCS among risk
groups.

Results

A total of 116 patients were enrolled in JFMC34-0601
between March 2006 and December 2007, of whom 102
completed 24 weeks of neoadjuvant exemestane treatment
[11]. Core biopsy and resection samples were obtained for
80 (69 %) and 77 (66 %) patients, respectively. Of the 157
samples sent for Oncotype DX testing, two were deemed
ineligible based on the blinded Genomic Health pathology
review, insufficient RNA (<375 ng) was extracted from 18
samples (15 core biopsy and 3 resection samples), and
standard quality metrics were not met for eight samples (all
resections). This left 64 core biopsy samples, of which 52
had matching resection samples with evaluable RT-PCR
results.

Baseline characteristics and clinical outcomes for the 64
patients are shown in Table 1. Forty-nine (76.6 %) patients
had BCS, and 32 patients (50 %) had been candidates for
BCS before the treatment. Four patients refused surgery
after exemestane therapy and are treated as not BCS
patients.

In the primary analysis, the clinical response rate in the
low RS group (19/32, 59.4 %) was significantly higher
than that in the high RS group (3/15, 20.0 %) (P = 0.015)
(Table 2). The clinical response rate in the intermediate
risk group (10/17, 58.8 %) was similar to that in the low
risk group. Logistic regression revealed that the OR for
clinical response between the intermediate and low RS
groups was 0.977 (95 % CI 0.296-3.233, P = 0.970) and
that the OR between the high and low RS groups was 0.171
(95 % CI 0.040-0.728, P = 0.017). In an exploratory
analysis, the percentage reduction in tumor size determined
by ultrasound was compared between the low and high RS
groups. Patients in the low RS group showed an average
reduction in tumor size of 31.8 % while those in the high
RS group showed an average reduction of 12.5 %; this
difference was significant between the groups (P = 0.045).
The average reduction (27.6 %) in patients in the inter-
mediate risk group was similar to that in the low risk group.

When treated as a continuous variable, the baseline RS
Score was significantly associated with clinical response in
a logistic regression analysis (P = 0.042; Table 3). There
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Table 1 Baseline patient characteristics and clinical outcomes

(n = 64)

Feature n (%)

Age (years)
55-64 34 (53.1)
65-74 25 (39.1H)
75-77 5(7.8)

Tumor stage at baseline
T2
T3
Stage
IIA
1IB
A
ER by IHC (Allred score)

ER status by RT-PCR
ER— (<6.5Cy)
ER+ (>6.5Cy)

PgR by IHC (Allred score)
0

4
5
6
8

NE

PgR status by RT-PCR
PgR— (=5.5 Cyp)
PgR+ (>5.5 Cy)

HER?2 by IHC/FISH
Negative
Positive
Unknown

RS risk group
Low (<18)
Intermediate (18-30)
High (=31)

Ki-67 by IHC (%)
<10
10-30
>30

Clinical response
Complete response (CR)
Partial response (PR)
Stable disease (SD)
Progressive disease (PD)
NE

62 (96.9)
23.D

47 (73.4)
15 (23.4)
231

1(1.6)
3 (4.7)
5(7.8)

14 (21.9)

41 (64.1)

1(1.5)
63 (98.4)

4 (6.25)
7 (10.94)
4 (6.25)
8 (12.5)

12 (18.75)

10 (15.63)

14 (21.9)
50 (78.1)

50 (78.1)
231
12 (18.8)

32 (50.0)
17 (26.6)
15 (23.4)

28 (43.8)
23 (35.9)
13 (20.3)

0

32 (50.0)

24 (37.5)
5(1.8)
3 4.7)

@ Springer

Table 1 continued

Feature n (%)

Surgery type

Breast-conserving 49 (76.6)
Mastectomy 11 (17.2)
No surgery 4(6.3)

ER estrogen receptor, JHC immunohistochemistry, RT reverse trans-
criptase, PgR progesterone receptor, NE not evaluable, FISH fluo-
rescence in situ hybridization, Cy cycling threshold score, RS
recurrence Score

was a trend between continuous baseline ER as determined
by RT-PCR and clinical response (P = 0.076). Continuous
baseline Ki-67 by IHC was not associated with clinical
response (P = 0.273).

The associations between changes from baseline to post-
treatment values of continuous markers and clinical
response were examined in logistic regression analyses.
Changes in the RS, ER as determined by RT-PCR, and Ki-
67 as determined by IHC were not associated with clinical
response (P = 0.240, 0.343 and 0.629, respectively).

Analysis of the RS categories and BCS is shown in
Table 2. The OR for BCS between the intermediate and
low RS groups was 0336 (95 % CI 0.066-1.722,
P = 0.19) and that between the high and low RS groups
was 0.091 (95 % C10.019-0.432, P = 0.003). The logistic
regression analyses of continuous baseline RS, ER by RT-
PCR and Ki-67 by IHC with BCS are shown in Table 3.
The continuous baseline RS was significantly associated
with BCS in both the unadjusted (p = 0.001) and covari-
ate-adjusted (for tumor size and PgR) (P = 0.004) analy-
ses. The continuous baseline ER by RT-PCR was also
significantly associated with BCS in both the unadjusted
(P = 0.001) and covariate-adjusted (P = 0.023) analyses.
Continuous baseline Ki-67 by IHC was significantly asso-
ciated with BCS in the unadjusted analysis (P = 0.024) but
lost its significance when adjusted for tumor size and PgR
(P = 0.060). When both the continuous RS values and
continuous Ki-67 were included in the logistic regression
model for BCS, the RS retained its statistical significance
(P = 0.012) whereas Ki-67 did not (P = 0.868). The
conversion rate from mastectomy planned at baseline to
BCS performed after the treatment was 88 % (15/17) in the
low RS group, 70 % (7/10) in the intermediate RS group
and 20 % (1/5) in the high RS group. The rate was sig-
nificantly different among groups (P = 0.010).

The associations between RS and Ki-67, and their
respective and joint associations with BCS were examined
in exploratory analyses. Figure la shows a scatterplot of
baseline Ki-67 as determined by IHC versus the baseline
RS results. The Spearman correlation coefficient was 0.672
(95 % CI 0.506-0.785). All patients with PD had a high RS
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