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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 DFS 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
DFES using each dataset. About 3040 % 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 DFS 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 The clinical course and prognostic factors of
HER2-positive breast cancer patients with brain metastases
are not well known because of the relatively small popu-
lation. The aim of this study was to determine prognostic
factors associated with HER2-positive patients who
develop brain metastases. This retrospective study assessed
the largest dataset to date of 432 HER2-positive patients
who were diagnosed with brain metastases from 24 insti-
tutions of the Japan Clinical Oncology Group, Breast
Cancer Study Group. The median age of the 432 patients
was 54 years (range, 20-86 years). Of the patients, 162
patients  (37.5 %) had ER-positive/HER2-positive
(ER+HER2+) breast cancer, and 270 (62.5 %) had ER-
negative/HER2-positive (ER—HER2+) breast cancer. The
median brain metastasis-free survival period from primary
breast cancer was 33.5 months in both groups. The median
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survival after developing brain metastasis was 16.5 and
11.5 months in the ER+HER2+ and ER—HER2+ groups,
respectively, (p = 0.117). Patients with >3 brain metasta-
ses had significantly shorter overall survival in both
ER+HER2+ (p < 0.001) and ER—HER2+ (p = 0.018)
groups. Treatment with trastuzumab before developing
brain metastases was not associated with survival duration
after developing brain metastases (p = 0.571). However,
patients treated with both trastuzumab and lapatinib after
developing metastasis had significantly longer survival
than patients treated with trastuzumab alone, lapatinib
alone, or no HER2-targeting agent (p < 0.001). For HER2-
positive patients with brain metastases, regardless of the
use of trastuzumab before developing brain metastasis,
treatment with both trastuzumab and lapatinib might
improve survival.
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Introduction

Human epidermal growth factor receptor 2 (HER2) is
overexpressed and/or amplified in approximately 15-25 %
of breast cancers [1, 2]. Compared to chemotherapy alone,
the addition of trastuzumab, a monoclonal HER2-targeting
antibody, to chemotherapy prolongs progression-free sur-
vival and overall survival (OS) in patients with metastatic
disease [3, 4]. However, patients with HER2-positive breast
cancer have a high risk of developing brain metastasis
compared to other subtypes of breast cancer. In a retro-
spective analysis using the largest dataset to date of 1,256
patients with brain metastasis, we recently reported that the
prognosis and clinical course of patients with brain metas-
tasis from breast cancer before and after developing the
metastases vary according to subtype [5]. While surgery and
irradiation therapy should be considered the first approach
for local control of brain metastasis, a standard systemic
treatment including the HER2-targeting agents for brain
metastasis has not been established. In addition, the clinical
course and prognostic factors of HER2-positive breast can-
cer patients with brain metastases are not well known
because of the relatively small population of these patients.
The aim of this study, therefore, was to determine the clini-
copathologic factors associated with the prognosis of
patients with positive HER2 who develop brain metastasis.

Methods
Patients

This study was planned under the auspices of the Japan
Clinical Oncology Group, Breast Cancer Study Group,
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which includes 34 clinical institutions in Japan. The eli-
gibility criteria for this study were described in our previ-
ous study [5]. We retrospectively identified patients
diagnosed with brain metastasis as the first recurrence of
breast cancer during follow-up and those who developed
brain metastases during systemic treatment for metastatic
disease. The presence of brain metastases was defined on
the basis of magnetic resonance imaging and/or CT scans.
A large dataset of 432 HER2-positive breast cancer
patients who were diagnosed with brain metastases
between April 1, 2001 and December 31, 2012 was col-
lected from 24 institutions. This study was approved by the
institutional review board of each participating institute.
The need for written informed consent was waived because
of the retrospective nature of the study.

Pathologic assessment

The primary tumors were histologically classified using the
World Health Organization criteria [6]. Histological grad-
ing was assessed using the Nottingham grading system [7].
HER?2 positivity was defined as a receptor overexpression
staining score of 3+ on immunohistochemical analysis or
by gene amplification with fluorescence in situ hybridiza-
tion [8]. Samples from the primary tumors were considered
hormone receptor positive if >10 % of the cells had
nuclear staining for ER or progesterone receptor on
immunohistochemical analysis.

Statistical methods

We assessed OS for patients with brain metastases
according to ER status, histological grade, presence of
symptoms at the time of diagnosis of brain metastasis,
number of brain metastases, and treatment with HER2-
targeting agents. The definition of survival duration was the
same as the definition described in our previous study [5].
Brain metastasis-free survival (BMFES) was defined as the
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time interval from the diagnosis of primary breast cancer
until the diagnosis of brain metastasis or the last follow-up
date. Overall survival was defined as the length of time
from the diagnosis of brain metastases to death or to the
last follow-up date. BMFS and OS were estimated using
the Kaplan-Meier method. Cox proportional hazards
models were used to determine the association between
prognosis and clinicopathologic factors. All statistical
analyses were done using SPSS software, version 21 (SPSS
Inc., Chicago, IL, USA); p values less than 0.05 were
considered statistically significant.

Results
Clinical characteristics

Clinicopathologic characteristics of the 432 HER2-positive
patients who were diagnosed with brain metastases from
breast cancer are summarized in Table 1. The median age
of the 432 patients was 54 years (range, 20-86 years), and
the median follow-up time was 50.6 months. Of the

patients, 162 patients (37.5 %) had ER-positive/HER2-
positive (ER+HER2+) primary breast cancer, and 270
patients (62.5 %) had ER-negative/HER2-positive (ER—
HER2+) breast cancer. The median BMFS period from the
time of diagnosis of primary breast cancer was 33.5 month
in both groups. For 63.4 % of patients with ER+HER2+
breast cancer and 75.6 % of patients with ER—HER2+
breast cancer, brain metastases were detected within 2 years
after development of the first distant metastasis. Eighty-four
patients with ER+HER2+ breast cancer (52 %) and 133
patients with ER—HER?2+ breast cancer (49 %) had more
than three brain metastases at the time of diagnosis.

One hundred thirteen patients with ER+HER2+ (70 %)
and 187 patients with ER—HER2+ (69 %) were treated
with trastuzumab before the diagnosis of brain metastasis.
After the diagnosis of brain metastasis, 108 patients with
ER+HER2+ (63 %) and 175 patients with ER—HER2+
(64 %) were treated with HER2-targeting agents, including
trastuzumab and/or lapatinib. Nineteen of the 162 patients
with ER+HER2+ (12 %) and 53 of the 270 patients with
ER—HER2+ (20 %) underwent surgery for the brain
metastases.

Table 1 Patients characteristics

Total (n = 432)

ER+HER2+ (n = 162) ER—HER2+ (1 = 270)

ER
Positive 162 375 % 162 100.0 % 0 0.0 %
Negative 270 62.5 % 0 0.0 % 270 100 %
Symptoms
Symptomatic 325 752 % 121 74.7 % 204 75.6 %
Asymptomatic 89 20.6 % 36 222 % 53 19.6 %
Unknown 18 42 % 5 31 % 13 48 %
Number of brain metastases
3 or less 190 44.0 % 72 444 % 118 437 %
More than 3 217 502 % 84 519 % 133 49.3 %
Unknown 25 5.8 % 6 3.7 % 19 7.0 %
Treatment for brain metastases
Operation 72 16.7 % 19 11.7 % 53 19.6 %
STI 118 273 % 52 321 % 66 24.4 %
WBI 206 477 % 74 457 % 132 489 %
No treatment 5 12 % 3 19 % 2 0.7 %
Unknown 31 72 % 14 8.6 % 17 6.3 %
Time from relapse to development of brain metastases
Less than 6 months 130 30.1 % 45 27.8 % 85 315 %
More than 6 months 275 63.7 % 105 64.8 % 170 63.0 %
Unknown 27 6.2 % 12 7.4 % 15 5.6 %
Histological grade
Gl 29 6.7 % 15 93 % 14 52 %
G2 81 18.8 % 40 247 % 41 152 %
Revised from Niikura et al. [5] G3 137 317% 34 210 % 103 38.1 %
SI1 stereotactic radiotherapy, Unknown 185 428% 73 451 % 12 415 %
WBI whole brain radiotherapy
@ Springer
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Fig. 1 Overall survival after developing brain metastases in HER2-
positive breast cancer patients according to a treatment with/without
trastuzumab (p < 0.001), and b treatment with/without lapatinib
(p < 0.001). HR hazard ratio, CI confidence interval

Treatment outcomes

The median survival after developing brain metastasis was
16.5 months (95 % confidence interval [CI] 11.9-21.1
months) for patients with ER-+HER2+ and 11.5 months
(95 % CI 9.1-13.8 months) for patients with ER—HER2+-
(p = 0.117). Patients with more than three brain metastases
had a significantly shorter OS than patients with three or
fewer brain metastases in both the ER+HER2+ group
(p < 0.001) and the ER—HER2+ group (p = 0.018).
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Fig. 2 Overall survival after developing brain metastases according
to anti-HER2 agents in HER2-positive breast cancer patients
(p < 0.001)

Patients treated with trastuzumab (Fig. 1a) or lapatinib
(Fig. Ib) after developing brain metastasis had signifi-
cantly longer survival than patients who did not receive
these agents (p < 0.001). Furthermore, patients treated
with both trastuzumab and lapatinib had a significantly
longer survival than patients who were treated with trast-
uzumab alone, lapatinib alone, or no HER2-targeting agent
(p < 0.001) (Fig. 2).

Univariate and multivariate analysis of prognostic
factors

We assessed the prognostic impact of HER2-targeting
agents and other clinicopathologic factors for the 432
patients with brain metastasis (Table 2). In univariate
analysis of the clinicopathologic factors, we found that the
presence of <3 brain metastases (hazard ratio [HR] 0.62;
95 % CI 0.49-0.77; p <0.001), treatment with trast-
uzumab after the diagnosis of brain metastases (HR 0.39;
95 % CI 0.31-0.49; p < 0.001), and treatment with la-
patinib after the diagnosis of brain metastases (HR 0.46;
95 % CI 0.35-0.61; p < 0.001) were associated with a
decreased risk of death during the follow-up period.
Treatment with trastuzumab before developing brain
metastases was not associated with the duration of survival
after developing brain metastases (p = 0.571). In multi-
variate analysis, these three factors were the sole inde-
pendent favorable prognostic factors of OS (three or fewer
brain metastases, p = 0.006; trastuzumab, p < 0.001; and
lapatinib, p < 0.001).
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Table 2 Univariate and
multivariate analysis of factors
associated with survival after

Univariate analysis Multivariate analysis

developing brain metastasis
Symptom of brain metastases

(symptomatic/asymptomatic)

Number of brain metastases (3 or

less/more than 3)
ER (positive/negative)

Trastuzumab before developing
brain metastases

Trastuzumab after developing brain

metastases

Lapatinib after developing brain
metastases
HR hazard ratio, CI confidence
interval

Histological grade (G1 and G2/G3)

HR 950%Cl p HR 950%Cl p
1.047 080 135  0.727

062 049 077 <0.0001 0725 0576 0912 0.006
083 067 104  0.117

1.074 084 1374 0.571

039 031 049 <0.0001 0445 0352 0563 <0.0001
046 035 061 <0.0001 0510 0383 0.679 <0.0001
1.065 0.804 1412  0.659

Discussion

Our results from the largest study to date that analyzed the
clinical data of HER2-positive breast cancer patients with
brain metastases clearly showed that patients who were
treated with both trastuzumab and lapatinib after devel-
oping brain metastases had significantly longer survival
than patients who were treated with trastuzumab alone,
lapatinib alone, or no HER2-targeting agent. Another novel
finding of this study was that the use of trastuzumab before
developing brain metastases did not affect the duration of
survival after developing brain metastases. Therefore, we
suggest treatment with both of these HER2-targeting
agents to control brain metastasis in addition to current
standard therapies, including surgery and irradiation ther-
apy. Finally, we showed that HER2-positive patients with
more than three brain metastases at the diagnosis had a
poor prognosis regardless of ER positivity, but treatment
with both HER2-targeting agents might improve their
survival.

Since the approval by the U.S. Food and Drug Admin-
istration of the use of trastuzumab for metastatic HER-2
positive breast cancer in 1998 and as an adjuvant therapy in
2006, the survival of patients with HER2-positive breast
cancer has been dramatically prolonged. In addition, we
have previously shown that for patients with ER+HER2+
primary breast cancer, hormonal therapy confers a survival
benefit when added to chemotherapy and trastuzumab [9].
Despite the improvement in survival, however, overex-
pression of HER?2 is an independent factor for the devel-
opment of brain metastasis [10, 11]. Brufsky et al. reported
CNS metastases in 377 (37.3 %) of 1,012 patients with
confirmed HER2-positive tumors [3]. While HER2 status
has been shown to be associated with the risk of brain
metastases, the association between the use of trastuzumab
and brain metastases is less clear. One meta-analysis
revealed that the use of trastuzumab in the adjuvant setting

was significantly associated with an increased risk of the
central nervous system (CNS), being the first site of
recurrence in HER2-positive breast cancer patients [12],
whereas the HERA trial did not show an increased risk of
CNS metastasis [13].

We recently reported that patients with different sub-
types of breast cancer with brain metastases showed dif-
ferent prognoses and time to development of brain
metastases. Regardless of ER positivity, HER2 status was
found to be a good prognostic factor for survival after the
diagnosis of brain metastasis [9]. Interestingly, the use of
trastuzumab in the adjuvant setting or metastatic setting
prior to the development of brain metastasis did not
affected prognosis once patients had developed brain
metastasis.

It has been thought that trastuzumab is unable to pene-
trate the blood—brain barrier (BBB) and can better control
extracranial metastases, which would lead to an increased
risk of brain metastases in patients with HER2-positive
breast cancer and a decreased risk of extracranial distant
metastases [12, 14-16]. However, Tamura analyzed the
PET scan images of patients with HER2-positive breast
cancer who were given 64Cu-DOTA-trastuzumab and
determined that the compound reached brain metastases
through the BBB [17]. This finding supported our results
that the use of trastuzumab improved survival in patients
who were treated with trastuzumab after developing brain
metastasis, even though it was not adequately effective for
complete remission of the brain metastasis.

Lapatinib, a dual HER1/HER2 tyrosine kinase inhibitor,
is another commercially available HER2-targeting agent.
The use of lapatinib in combination with capecitabine as a
second-line treatment for patients with HER2-positive
metastatic breast cancer previously treated with trast-
uzumab has been shown to prolong the time to progression
compared to capecitabine alone [18, 19]. In these phase
three randomized studies, the benefit in time to progression
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has been shown 12.7 weeks (31.3 vs 12.6 weeks) and
4 months (8.4 vs 4.4 months).Furthermore, the response
rate of CNS metastases, defined as at least more than 20 %
of volumetric reduction in MRI or CT scan findings, to this
combination therapy has been found to be up to approxi-
mately 40 % (21-50 %) [20-24]. For patients with previ-
ously untreated HER2-positive breast cancer and brain
metastases, the combination of lapatinib and capecitabine
was associated with an objective CNS response in 29 of 48
patients (65.9 %), and this combination therapy yielded a
5.5-month median time to progression and a 17-month
median OS time (range, 13.7-24.9 months) [25]. However,
49 % of treated patients had grade 3 or grade 4 treatment-
related adverse events, including diarrhea and hand—foot
syndrome. Lapatinib is a small molecule agent and can
theoretically penetrate the BBB. However, the CEREBEL
trial recently showed no advantage of lapatinib with
capecitabine compared to trastuzumab with capecitabine in
the development of CNS metastases, because of the small
number of CNS events (26]. In our study, patients who
were treated with both trastuzumab and lapatinib after
developing brain metastases had a significantly longer
survival period compared to those who received either a
single or no HER2-targeting agent. A similar effect was
demonstrated in a retrospective analysis of patients with
brain metastasis who had previously received lapatinib or
trastuzumab. Patients treated with a combination of these
anti-HER?2 agents had a longest OS than those treated with
lapatinib alone, trastuzumab alone, and no anti-HER2
agent (25.9, 21.4, 10.5, and 5.7 months, respectively,
p < 0.001) [27]. Further evaluation of the mechanism of
lapatinib against brain metastasis is needed.

Other novel HER2-targeting agents, including pert-
uzumab and T-DMI, have been found to be effective
against brain metastases. Pertuzumab is a HER2-targeting
agent that works as a HER-dimerization inhibitor. The
CLEOPATRA, a randomized double-blind placebo-con-
trolled phase III trial, demonstrated that a combination use
with pertuzumab, trastuzumab and docetaxel improved
PFS and OS even for HER2-positive metastatic breast
cancer patients with CNS metastases [28]. In that study, the
incidence of CNS metastases as the first site of disease
progression was similar in the placebo arm (12.6 %) and
the pertuzumab arm (13.7 %). However, the addition of
pertuzumab to trastuzumab therapy delayed the onset of
CNS disease [28]. Trastuzumab emtansine (T-DM1) is a
novel antibody-cytotoxin conjugate that was recently
approved for use in the treatment of patients with meta-
static HER2-positive breast cancer [22]. A retrospective
exploratory analysis of data from the EMILIA clinical trial
and primary results from the TH3RESA trial have shown
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the potential of T-DMI1 to improve survival in the subset
analysis of patients with CNS metastases at baseline [29,
30]. Results from these clinical trials indicate a potential of
these novel HER2-targeting agents for patients with brain
metastases. Further studies are warranted to reveal the
mechanism of BBB penetration and the effects of these
agents on brain metastasis.

Our study has some limitations. First, a retrospective data
collection was done for this multi-institutional study.
Therefore, the facts that a central laboratory evaluation of
histopathological findings was not performed and that the
treatment regimen was not standardized might have affected
the overall outcomes. Second, the processes of extracranial
metastases might have affected patient survival, despite the
fact that our previous study revealed that the cause of death in
atleast 74 % of the HER2-positive patients and 56.7 % of the
ER-positive/HER2-positive patients who developed brain
metastasis might be related to the brain metastasis itself [5].
Considering this, we believe our results from the largest
cohortto date of HER-2-positive breast cancer patients could
support the potential use of HER?2 targeting agents for brain
metastasis in these patients.

Conclusions

Our results showed that HER2-positive patients with more
than three brain metastases at the time of diagnosis had a
poor prognosis and that regardless of the use of trast-
uzumab before developing brain metastasis, treatment with
both trastuzumab and lapatinib after developing brain
metastasis might improve patients survival. Further studies
are needed to determine the best treatment strategy,
including these HER2-targeting agents, for this patient
population.
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Abstract Aromatase inhibitors are superior to tamoxifen
as adjuvant therapy in postmenopausal patients with hor-
mone-responsive breast cancer. We report the follow-up
efficacy results from the N-SAS BC 03 trial (UMIN CTRID:
C000000056) where anastrozole was compared with
tamoxifen as adjuvant therapy in postmenopausal Japanese
patients with hormone-responsive early breast cancer. The
full analysis set contained 696 patients (anastrozole arm,
n = 345; tamoxifen arm, n = 351). The log-rank test was
used to compare the two groups in terms of disease-free
survival (DFS) and relapse-free survival (RFS); Kaplan—
Meier estimates were calculated. The treatment effects were
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estimated by Cox’s proportional hazards model. To examine
time-varying effect of hazard ratios, we estimated time-
varying hazard ratios at time # [HR(#)] using data from time t
up to 12 months. After a median follow-up of 98.5 months,
hazard ratios (95 % Cls) were 0.90 (0.65-1.24; log-rank
p=0.526) for DFS and 0.83 (0.56-1.23; log-rank
p = 0.344) for RFS. Hazard ratios (95 % Cls) for DFS and
RFS up to 36 months were 0.69 (0.40-1.17) and 0.54
(0.27-1.06) and those after 36 months were 1.06 (0.70-1.59)
and 1.05 (0.64-1.73), respectively. Time-varying hazard
ratios for both DFS and RFS showed that hazard ratios were
initially in favor of anastrozole and approached 1.0 at around
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36 months. Superior efficacy of anastrozole to tamoxifen
suggested by the initial analysis was not confirmed in the
present analysis after a long-term follow-up period.
Advantage of anastrozole was the greatest immediately after
switching from tamoxifen and then decreased thereafter.

Keywords Breast cancer - Adjuvant therapy - Hormonal
therapy - Anastrozole - Tamoxifen

Background

Aromatase inhibitors are superior to tamoxifen as adjuvant
therapy in postmenopausal patients with hormone-respon-
sive breast cancer in terms of disease-free survival [1-7].
Most clinical trials have been conducted in western coun-
tries, and there has been concern regarding possible ethnic
differences in the efficacy as well as toxicity of these
hormonal agents. The cytochrome P450 (CYP) 2D6
genotype, which metabolizes tamoxifen into its more
potent metabolite, endoxifen, and the distribution of the
CYP19 gene (aromatase) polymorphisms differ among the
Caucasian and Asian population [8]; this may potentially
cause differences in the efficacy and safety of aromatase
inhibitors between the Caucasian and Japanese popula-
tions. Nevertheless, our previous analysis of the N-SAS
BCO03 study at a median follow-up of 42 months had shown
that switching from tamoxifen to anastrozole was probably
to decrease disease recurrence when compared with the use
of tamoxifen in postmenopausal Japanese patients with
breast cancer at a magnitude similar to that observed in the
western studies. Notably, we found ethnic differences in
major adverse events, which may be attributable to a low
baseline risk of such events in Japanese women [9].

The Oxford overview meta-analysis found that approxi-
mately 15 % of breast cancer recurrences occurred within
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the first 5 years after starting tamoxifen, with an incidence of
approximately 17 % over the next 10 years, and approxi-
mately 9 % of breast cancer mortality occurred within the
first 5 years after starting tamoxifen, with an incidence of
approximately 18 % over the next 10 years. Thus, most
breast cancer recurrences and deaths occurred after 5 years
of tamoxifen administration during 15 years of follow-up
since diagnosis [10]. Therefore, itis of clinical importance to
investigate the long-term follow-up data from a randomized
controlled trial of aromatase inhibitors in postmenopausal
patients with early breast cancer in Japan.

Hence, here we report the efficacy results from the long-
term follow-up data from the N-SAS BC 03 trial (UMIN
CTRID: C000000056), in which anastrozole was compared
with tamoxifen in postmenopausal patients with hormone-
responsive early breast cancer who had taken tamoxifen as
adjuvant therapy for 1-4 years during the 5 years of
treatment.

Patients and methods
Stady design

The details of the original study design as well as statistical
considerations have been described elsewhere [9]. In brief,
this was a multi-institutional, open-label, randomized control
trial designed to compare the efficacy and safety of tamoxifen
with those of tamoxifen followed by anastrozole in post-
menopausal women with hormone-responsive breast cancer
who remained disease-free after having received tamoxifen
for 1-4 years as adjuvant therapy. The subjects were ran-
domly assigned to continue receiving tamoxifen (20 mg/day)
or to switch to anastrozole (1 mg/day). The total duration of
treatment was 5 years. The primary endpoints were disease-
free survival (DFS) and adverse events. The secondary end-
points were relapse-free survival (RFS), OS, and the health-
related quality of life (HRQOL.). At the time of randomization,
treatment assignments were adjusted according to the fol-
lowing factors: clinical stage (I, 1IA, IIB/OIA/IIB), the
number of metastases to axillary lymph nodes (0/1-3/>3),
HER?2 status (unknown/0, 1+, 2+/3+), tumor size (<3/
>3 cm), estrogen receptor (ER) and progesterone receptor
(PR) status [ER(+), PR(+)/ER(+), PR(=)/ER(-), PR(-H)],
type of surgery (breast-conserving surgery/mastectomy),
duration of tamoxifen administration (1.0 to <2.0 years/
2.0-4.0 years), age (<60 years/>60 years), chemotherapy
(performed/not performed), and institution. Menopause in this
study was defined as follows: an age of >60 years, an age of
>45 years with amenorrhea for 1 year or longer without
hysterectomy, or bilateral ovariectomy.

Out of a total of 706 recruited patients, 696 patients
(anastrozole arm, n = 345; tamoxifen arm, n = 351) were
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Table 1 Patients’ characteristics of full analysis set

ANA TAM
n =345 n = 351 p value
Age [median 60 (45-77) 60 (44-82) 0.241"
(min—max)]
Stage 0.960°
1 142 (41.2) 147 (41.9)
IIA 126 (36.5) 125 (35.6)
1IB 52 (15.1) 57 (16.2)
IIA 11 (3.2) 11 (3.1)
1B 14 (4.1) 11 3.1
Pathological tumor 0.943%
size
<3 cm 274 (79.4) 278 (79.2)
>3 cm 71 (20.6) 73 (20.8)
Nodal status 0.370°
0 203 (58.8) 211 (60.1)
1-3 102 (29.6) 99 (28.2)
4-9 23 (6.7) 31 (8.8)
10- 17 (4.9) 10 (2.8)
ER 0.9327
Positive 321 (93.0) 326 (92.9)
Negative 24 (7.0) 25 (1.1
PR 0.9487
Positive 271 (78.6) 275 (78.3)
Negative 74 (21.4) 76 (21.7)
Type of surgery 0.872%
Breast-conserving 181 (52.5) 182 (51.9)
surgery
Mastectomy 164 (47.5) 169 (48.1)
HER?2 0.988"
0, 1+, 2+ 165 (47.8) 168 (47.9)
34 13 (3.8) 14 (4.0
Unknown 167 (48.4) 169 (48.1)
Chemotherapy 0.660"
+ 164 (47.5) 161 (45.9)
- 181 (52.5) 190 (54.1)

" Mann-Whitney U test
T Mantel test

# (%) was shown in all items except for age

used as a full analysis set for the present report. Patients’
characteristics for the full analysis set are shown in
Table 1. One patient in the anastrozole arm was excluded
from the protocol because she experienced recurrence
before her allocated protocol treatment was initiated. The
consort diagram is shown in Fig. 1.

In the present report, we intended to investigate the effi-
cacy data (DFS and RFS) of the long-term follow-up data as
well as the time-varying effect of hazard ratios by the
described statistical methods. All of the following were

events considered for DFS: locoregional relapse, distant
metastasis, asynchronous cancer or secondary cancer
(except skin basal cell cancer/spinocellular cancer and
uterine intraepithelial cancer), and death from any cause. The
data were censored on the day when the above events were
last confirmed to be absent or on the day when survival was
last confirmed for survivors. Events for RFS were locore-
gional relapse and distant metastasis. The data were censored
on the day when the above events were last confirmed to be
absent, on the day of occurrence of asynchronous or sec-
ondary cancer, or on the day when none of the above events
was confirmed. For patients who died with none of the above
events confirmed, data were censored on the date of death.

Statistical methods

For each treatment group, backgrounds were summarized
and compared with the Mantel test. The log-rank test was
used to compare the two groups in terms of DFS and RFS,
and Kaplan—Meier estimates were calculated. The treatment
effects were estimated by Cox’s proportional hazards model
and were expressed as hazard ratios with associated 95 %
confidence intervals (CIs). To examine the time-varying
effect of hazard ratios [11], we estimated time-varying
hazard ratios at time ¢ [HR(#)] using data from time t up to
12 months later. If the proportional hazards’ assumption was
admissible, these ratios took a nearly constant value.

Results

After a median follow-up of 98.5 months (range,
2.8-134 months), the number of the events related to DFS
was 71 in the ANA arm as compared with 77 in the TAM
arm; the number of events related to RFS was 46 in the ANA
arm as compared with 54 in the TAM arm. The unadjusted
hazard ratio was 0.90 (95 % CI 0.65-1.24; log-rank
p = 0.526) for DFS and 0.83 (95 % CI 0.56-1.23; log-rank
p = 0.344) for RFS. Kaplan—Meier prevalence curves for
DFS and RFS are shown in Figs. 2 and 3, respectively. The
distribution of the events is shown in Table 2.

The estimated hazard ratio (95 % CIs) for DFS and RES
until each time point (administrative right censored data)
was as follows: until 24 months, 0.46 (0.23-0.91) and 0.47
(0.21-1.05); until 36 months, 0.69 (0.40-1.17) and 0.54
(0.27-1.06); until 48 months, 0.75 (0.48-1.19) and 0.60
(0.34-1.04); until 60 months, 0.82 (0.55-1.24) and 0.69
(0.42-1.14); until 72 months, 0.87 (0.59-1.28) and 0.78
(0.49-1.24); until 84 months, 0.96 (0.68-1.36) and 0.93
(0.61-1.42); until 96 months, 0.89 (0.64-1.25) and 0.87
(0.58-1.31); until 108 months, 0.87 (0.63-1.21) and 0.84
(0.56-1.25); and until 120 months: 0.89 (0.64-1.23) and
0.83 (0.56-1.23), respectively. Hazard ratios (95 % ClIs)
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Assessed for eligibility (n = 706)

Excluded (n = 0)

$ ¢ Not meeting inclusion criteria (n = 0)

¢ Declined to participate (n = 0)

Randomized (n = 706)

Allocated to ANA group (n = 354)

h'd

J

Lost during follow-up (n = 0)
Discontinued intervention (n = 4)

¢ Consent withdrawal (n = 4)

Lost during follow-up (n=0)

Discontinued intervention (n = 0)

N

Vs

Analyzed (FAS) (n = 345)
¢ Excluded from analysis (n = 5)
- Ineligible subjects confirmed after
randomization (n = 5)
Analyzed (PPS) (n = 344)
¢ Excluded from analysis (n = 1)

- Relapse before intervention (n = 1)

Analyzed (FAS, PPS) (n = 351)
¢ Excluded from analysis (n = 1)
- Ineligible subject confirmed after

randomization (n = 1)

Fig. 1 Consort diagram. ANA anastrozole arm, TAM tamoxifen arm, FAS full analysis set (Patients randomly assigned and started protocol
treatment), PPS per protocol set (Patient fulfilled the protocol in terms of the eligibility, interventions, and outcome assessment)

for DFS and RFS until 36 months were 0.69 (95 % CI
0.40-1.17) and 0.54 (95 % CI 0.27-1.06), and those after
36 months were 1.06 (95 % CI 0.70-1.59) and 1.05 (95 %
CI 0.64-1.73), respectively. Time-varying hazard ratios for
DFS and RFS for anastrozole versus tamoxifen that were
described in Figs. 4 and 5, respectively, showed that both
of hazard ratios were initially in favor of anastrozole and
then approached 1.0 at around 36 months.

No significant difference in the total number of the
patients who died of any cause (15 in ANA arm and 22 in
TAM arm) was observed between the groups (log-rank
p = 0.210).

Discussion
The superior efficacy of anastrozole over tamoxifen in

Japanese postmenopausal patients with hormone-respon-
sive early breast cancer was suggested by the N-SAS BC03

@ Springer

trial at a median follow-up of 42 months [9]. The number
of events included in the previous report was small;
therefore, we attempted to investigate if the superior effi-
cacy of anastrozole in the Japanese population could be
confirmed by long-term follow-up data, which could
accumulate a larger number of events. Although the
number of the total events increased from 63 to 148 after a
median follow-up of 98.5 months, the hazard ratio of an-
astrozole over tamoxifen for DFS and RFS increased.
When we looked at the data closely, both hazard ratios for
DFS and RFS were in favor of anastrozole before 3 years,
but they increased to 1.0 after around 3 years; this corre-
sponded to the median treatment period of the protocol
therapy. A similar number of events occurred in both arms
after cessation of the protocol treatment, and this may have
canceled the superior efficacy of anastrozole, which had
been suggested during the protocol treatment.

Similar frends in the hazard ratio during the follow-up
period have been observed in other clinical trials, which
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o 03 T Table 2 Distribution of the events
=
T___:; Event ANA TAM
§ (n=347) (n=349)
o 0.2
a Local recurrence 13 20
Q
g Distant recurrence 28 31
'g o1 Primary cancer in the contralateral breast 4 4
= ’ Intercurrent death 6 3
<21 .
-§ Second primary non-breast cancer 20 19
& 00 log-rank p = 0.526 Total 7 7

0 12 24 36 48 60 72 84 96 108 120
Time from randomization { month )
Fatrsk

ANA 344 338 327 32 288 283 274 242 204 144 64

TAM 351 335 313 308 286 274 261 237 188 135 75
Log-rank test: p = 0.526
HR (93% Ch) p-value
Allocation (ANA/TAM) 0.90 {0.65-1.24) 0.526
Allocation (ANA/TAM) before 36 months 0.69 (0.40-1.17) 0.169
Allocation (ANA/TAM) after 36 months 1.06 (0.70-1.39) 0.784

ANA = anastrozole, TAM = tamoxifen

Fig. 2 Kaplan-Meier prevalence curves for disease-free survival

o
w

weemsee ANA - mseme TAK

o
o

e
e

Probability of reccurence occurring

fog-rank p = 0.343

e
=3

0 12 24 35 48 60 72 84 96 108 120
Time from randomization { month )

#atrisk
ANA 344 338 330 320 307 292 283 254 216 152 70
TAM 391 338 323 314 291 278 267 244 197 142 78

Log-rank test: p = 0.343

HR (95% CI) p-value
Allocation (ANA/TAM) 0.83 (0.56~1.23) 0.344
Allocation (ANA/TAM) before 36 months 0.54 (0.27~1.06) 0.072
Allocation (ANA/TAM) after 36 months 1.05 (0.64-1.73) 0.835

ANA = anastrozole, TAM = tamoxifcn

Fig. 3 Kaplan-Meier prevalence curves for relapse-free survival

compared sequential aromatase inhibitors versus tamoxifen
for 5 years. For instance, the hazard ratio of exemestane over
tamoxifen in the IES trial at the 30.6-month report was 0.68
[12], at the 55.7-month report was 0.76 [13], and at the 91.0-
month report was 0.81 [7]. This trend for the hazard ratio
over time does not simply mean that the efficacy of aroma-
tase inhibitors is negated after cessation of treatment.

ANA anastrozole, TAM tamoxifen

50

20
]

05

Time-varying HR for DFS
1.0

0.2

0.1

T T T T T T
0 12 24 36 48 60 72

Time from randomization ( month )

Fig. 4 Time-varying hazard ratios for disease-free survival for
anastrozole versus tamoxifen. Gray lines show hazard ratio and
95 % confidence interval of each 12 months period and a curve shows
cubic-smoothed point estimation of the hazard ratio

Because tamoxifen has retained superior efficacy over no
treatment or placebo even after the completion of the 5-year
treatment period, which is the so-called “carry-over effect”
[10], anastrozole may also have a similar effect as tamoxifen.
Some clinical trials have shown that 10 years of hormonal
treatment has superior efficacy to 5 years of treatment [14,
15]. Therefore, anastrozole treatment for longer than 5 years
could result in better outcomes. Clinical trials evaluating this
are ongoing including N-SAS BC 05, which our group
conducted (UMIN CTRID: 000000818).

As for overall survival, the total number of the patients
who died of any cause was 15 in the ANA arm and 22 in
the TAM arm, which did not reach a statistically significant
level (log-rank p = 0.210). Similar to most other clinical
trials that have compared aromatase inhibitors with
tamoxifen, even after long-term follow-up, the number of
events in this study was so low that we could not conclude
whether anastrozole was more efficacious than tamoxifen
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Fig. 5 Time-varying hazard ratios for relapse-free survival for
anastrozole versus tamoxifen. Gray lines show the hazard ratio and
95 % confidence interval of each 12 months period; a curve shows
cubic-smoothed point estimation of the hazard ratio

in terms of overall survival. A meta-analysis of clinical
trials would bring conclusive results.

In summary, the efficacy of sequencing from tamoxifen
to anastrozole over tamoxifen alone in the Japanese pop-
ulation was investigated over a long-term follow-up period
through the N-SAS BCO03 trial. The efficacy was the
greatest immediately after switching from tamoxifen and
then decreased thereafter.
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Abstract

Purpose A prospective randomized clinical trial was con-
ducted to evaluate the efficacy of tamoxifen plus doxoru-
bicin and cyclophosphamide compared to tamoxifen plus
tegafur-uracil as an adjuvant therapy to treat node-positive
premenopausal breast cancer (PreMBC).

Methods  Eligibility criteria included pathologically node-
positive (n = 1-9) preMBC with curative resection, in
stages I-111A. Patients were randomized to receive either
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tamoxifen 20 mg/day plus tegafur-uracil 400 mg/day (TU)
for 2 years or six courses of a 28-day cycle of doxorubicin
40 mg/m? plus cyclophosphamide 500 mg/m? on day 1
along with tamoxifen (ACT) given for 2 years as adjuvant
therapy. Primary endpoint was overall survival (OS), and
secondary endpoint was recurrence-free survival (RFS).
Resulis In total, 169 patients were recruited (TU arm 87,
ACT arm 82) between October 1994 and September 1999.
The HR for OS was 0.76 (95 % Cl 0.35, 1.66, log-rank
p = 0.49) and that for RES was 0.77 (95 % C1 0.44, 1.36,
log-rank p = 0.37), with ACT resulting in a better HR. The
5-year OS was 79.7 % for patients in the TU arm and 83 %
for those in the ACT arm. The 5-year RES was 66.1 % for
patients in the TU arm and 70.6 % for those in the ACT arm.
A higher proportion of patients in the ACT arm experienced
grade 3 leucopenia (0 % in the TU arm, 4 % in the ACT arm).
Conclusions There were no significant differences in the
efficacy of TU and ACT as adjuvant therapy.
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Introduction

Progression-free survival and overall survival have been
improved according to the development of postoperative
adjuvant therapy using drugs based on clinical trials. Prior
to the 1980s, cyclophosphamide, methotrexate, and fluoro-
uracil (CMF) therapy was the standard therapy, but devel-
opment of Adriamycin in the 1990s indicated that Adriamy-
cin might surpass CMF in terms of prolonging prognosis.
Prior to the 1990s, oral anticancer agents became the stand-
ard therapy since they were thought to cause fewer adverse
events in Japan.
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Combined administration of oral fluoropyrimidine plus
tamoxifen for 2 years postoperatively was reported to
result in a high 5-year survival of 91 % for patients with
Stage 1l breast cancer and 78 % for those with Stage 111
breast cancer [I, 2], and combined administration of oral
fluoropyrimidine plus tamoxifen was reported to diminish
QOL less [1]. The criteria for determination of estrogen
receptor (ER) status at the time differed from the current
criteria, and tamoxifen was supposed to be less effica-
cious in ER-negative patients. However, tamoxifen was
administered regardless of the patient’s ER status in gen-
eral. Moreover, the form of administration was typically
in combination with an anticancer agent including chem-
otherapy and hormone therapy. This study was planned
within this context.

Current postoperative drug therapy to treat breast can-
cer is often chosen depending on the breast cancer subtype,
which is determined based on panels for markers such as
ER, HER2, and Ki67 [2]. This selection is based on pre-
dicted drug efficacy. The fact that lymph node metastasis
is a prognostic factor was true when this trial began and
it remains true today. When numerous lymph node metas-
tases are noted, standard therapy is the administration of
anthracycline and taxane, regardless of the cancer subtype.
This study sought to assess the superiority of Adriamycin
and cyclophosphamide (AC) -+ tamoxifen (ACT regimen)
over oral tegafur-uracil (UFT) + tamoxifen (TU regimen),
which was the standard therapy in Japan when the trial
began, as a postoperative adjuvant therapy to treat premen-
opausal breast cancer in patients who were histopathologi-
cally confirmed to have lymph node metastasis. This trial
also sought to determine whether all patients with node-
positive breast cancer needed to be administered anthra-
cycline or whether administration of oral fluoropyrimidine
was sufficient.

Patients and methods
Eligibility and excluding criteria

Premenopausal female patients over the age of 15 with
Stage 1-1lla breast cancer were eligible for this study.
All patients had to have undergone curative mastectomy
with axillary node dissection, and a histological exami-
nation had to reveal involvement of 1-9 axillary nodes.
Other eligibility criteria were a World Health Organiza-
tion (WHO) performance status of 0-1, adequate bone
marrow and liver and kidney function, and no evidence
of metastasis. Patients who received previous systemic
treatment for breast cancer were excluded. The informed
consent of each patient was obtained before study
participation.
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Planned treatment schedules

All patients randomized to TU or ACT regimen. For
patients in the TU arm, tamoxifen (20 mg/day) and
UFT (400 mg/day) were administered for a maximum
of 2 years in all patients. For patients in the ACT arm,
Adriamycin (40 mg/m?® intravenously) and cyclophospha-
mide (500 mg/m® intravenously) were administered on
day 1 every 28 days. This cycle was repeated six times.
Tamoxifen (20 mg/day) was administered for a maximum
of 2 years in all patients, regardless of hormonal receptor
status.

Randomization was done using the minimization
method, and the arms were balanced with regard to ER
and progesterone receptor (PR) status (either one positive
(>10 %) versus both negative and unknown), HER2 status
(positive versus negative or unknown), number of meta-
static nodes (1-3 versus 4-9), and institution.

Patient assessment

Initial workup included medical history, tumor assessment,
physical examination, routine hematology and chemistry
test, chest radiography, liver ultrasonography, and a bone
scan. Hematology and chemistry tests, tumor marker meas-
urements, and urinalysis were repeated monthly. To check
for distant metastasis, a chest radiography and liver ultra-
sonography were performed every 6 months, a bone scan
was performed every year, and bilateral mammography was
performed every 2 years. Hematological disorders and tox-
icity were evaluated according to the Toxicity Grading Cri-
teria of the Japan Clinical Oncology Group (JCOG) [3] and
were recorded on case report forms.

Study endpoint

The primary endpoint of this study was overall survival
(OS), and the secondary endpoint was recurrence-free sur-
vival (RFS). OS was defined as the time from randomiza-
tion to death from any cause, and it was censored as of the
date of final follow-up. RFS was defined as the time from
randomization to either the first incidence of recurrence or
death from any cause, and it was censored as of the date
of final follow-up. OS and RFS were evaluated accord-
ing to hormone receptor status (either ER- or PR-positive
versus both ER- and PR-negative or unknown) in sub-
group analyses. In addition, the safety of treatment was
evaluated.

Statistical analysis plan

If patients treated with ACT had a significantly longer
OS than patients treated with TU, then ACT would be
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