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Abstract

Background Previously, we conducted the 5-year open-label, randomized controlled trial (RCT) of leuprorelin adjuvant
therapy in post-operative premenopausal patients with endocrine-responsive breast cancer, which was a pilot study to inves-
tigate the optimal duration of leuprorelin treatment. Since, however, long-term outcomes became required for the adjuvant
endocrine therapy, we performed this follow-up observation study.

Methods Follow-up observation study was performed up to 10th year after randomization, continuing RCT to evaluate the
efficacy and safety of leuprorelin every 3 months for >3 versus 2 years, with daily tamoxifen for 5 years. Primary endpoints
were disease-free survival (DFS) and 2-year landmark DFS.

Results Eligible patients (N=222) were randomly assigned to receive leuprorelin for either 2 years (N=112) or >3 years
(N=110) with tamoxifen. Leuprorelin treatment for > 3 years versus 2 years provided no significant difference in DFS (HR
0.944, 95% CI 0.486-1.8392) or 2-year landmark DFS (N=99 and 102 in 2-year and > 3-year groups, HR 0.834, 0.397-
1.753). In small, higher-risk subgroup (n=17); however, 2-year landmark DFS in> 3-year group was significantly longer (HR
0.095, 0.011-0.850) than that in 2-year group. The incidence of bone-related adverse events was around 5% in both groups.
Conclusions Adjuvant leuprorelin treatment for > 3 years with tamoxifen only showed similar efficacy and safety profiles to
those for 2 years in analyses among all patients but suggested greater benefit in higher-risk patients. No new safety signal
was identified for long-term leuprorelin treatment.

Trial registration number Not applicable. This was an observational study.

Keywords LH-RH agonist - Ovarian function suppression - Adjuvant endocrine therapy - Premenopausal patient -
Endocrine-responsive breast cancer

Introduction

Adjuvant treatment with tamoxifen has been established as
a standard therapy for pre- and postmenopausal women with
estrogen-receptor (ER)-positive early breast cancer [1-4];
however, it can stimulate pituitary-ovarian function, accom-
panied by increased serum estradiol (E2) levels [5]. Lutein-
izing hormone-releasing hormone (LH-RH) agonists are an
effective adjuvant therapy for premenopausal women with
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endocrine-responsive breast cancer, which can downregu-
late follicle-stimulating hormone (FSH) and LH, resulting
in suppression of ovarian function and serum E2 level [6-9].
LH-RH agonist is considered an ideal combination partner
of tamoxifen. Based on the randomized clinical trials, which
showed a significant survival benefit of the combination of
tamoxifen plus LH-RH agonist [10—12], the combination has
been used as a postoperative adjuvant therapy for premeno-
pausal women with endocrine-responsive early breast can-
cer [13]. Several adverse effects related to ovarian function
suppression (OFS) are known, with a decrease in bone min-
eral density (BMD) most common [14]. Although sufficient
evidence concerning the duration of OFS with tamoxifen
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has not been accumulated, the combination of 5 years of
tamoxifen plus 2-5 years of OFS with an LH-RH agonist has
been used as a postoperative adjuvant therapy [15].

Recently, the results from two randomized trials, Suppres-
sion of Ovarian Function Trial (SOFT) and Tamoxifen and
Exemestane Trial (TEXT), were reported and clarified that
the addition of OFS to tamoxifen resulted in significantly
higher 8-year rates of both disease-free and overall survival
(OS) than tamoxifen alone in premenopausal women with
breast cancer [16]. On the other hand, the frequency of
adverse events (AEs) was higher in the OFS groups than
in the tamoxifen-alone group. The guidelines have recom-
mended 5 years of tamoxifen alone or combination with
5 years of OFS as a standard adjuvant therapy for higher-
risk premenopausal patients with early breast cancer [17,
18]. Although SOFT and TEXT showed the superior effi-
cacy of 5-year OFS and tamoxifen, the optimal duration of
LH-RH agonists has not been elucidated yet. Additionally,
Japanese patients were not involved in those studies. The
safety profile of endocrine therapy should also consider the
racial difference.

Leuprorelin acetate (leuprorelin), an LH-RH agonist, is
available as depot formulations for subcutaneous adminis-
tration every 1 or 3 months for the treatment of hormone-
responsive cancers, such as prostate cancer [19] and pre-
menopausal breast cancer [20-23].

To investigate efficacy, safety, and the appropriate treat-
ment duration for leuprorelin in Japanese patients, we con-
ducted an open-label, randomized-controlled pilot study
comparing leuprorelin treatment every 3 months for 2 years
versus 3 or more (> 3) years in combination with tamoxifen
given daily for 5 years in patients with endocrine-respon-
sive breast cancer [24]. However, the 5-year study period
became recognized as too short to evaluate the efficacy of
adjuvant endocrine therapy after the start of this randomized
controlled trial (RCT) [25-29]. We, therefore, performed
follow-up observation study (FOS), continuing the RCT up
to the 10th year after the randomization, considering 10-year
follow-up appropriate for a pilot study.

Patients and methods
Patients

The eligibility criteria of the RCT have been described
previously [24]. Briefly, premenopausal patients with his-
tologically confirmed primary breast cancer who met the fol-
lowing criteria were eligible: age > 20 years; both or either
ER-positive or progesterone receptor (PgR)-positive primary
tumor; T1-T3, any N, and MO; any type of surgical proce-
dure prior to enrollment; performance status O or 1.

Major exclusion criteria included the following condi-
tions or situations: endocrine therapy prior to surgery; post-
operative adjuvant endocrine therapy before enrollment;
bilateral oophorectomy and irradiation to bilateral ovaries;
inflammatory breast cancer or bilateral breast cancer; multi-
ple cancers or history of carcinoma in other organs.

The eligible patients for the FOS were participants
in the RCT, available to continue the study from 2 years
(96 weeks) after their randomization, and who provided
written informed consent (IC) for the FOS.

Study design

The detailed study design of the RCT has been described
in the previous report [24]. Eligible patients were randomly
assigned at a 1:1 ratio to receive leuprorelin (11.25 mg)
subcutaneous administration every-3-month depot either
for 2 years or >3 years, up to 5 years, in combination with
tamoxifen (20 mg daily) given orally for 5 years. Random
assignment was performed using dynamic allocation with
the number of positive axillary lymphnodes, tumor diameter,
ER/PgR status, age, pre- and post-operative chemotherapy
(presence, absence), and study site.

For the 3-or-more-year treatment group (> 3-year group),
patients who completed the leuprorelin treatment for 3 years
(144 weeks) could extend that treatment for up to 5 years
(240 weeks in total) if they were considered appropriate
for continuing the extension study with written IC, while
tamoxifen was administered throughout the 5-year study
period of the RCT. Patients were also allowed to receive
anti-osteoporosis drugs as needed.

The FOS was started at the end of the 5-year study period
in the RCT for each patient who provided new written IC
during the RCT, and then follow-up activities were shifted
from the RCT to the FOS (Fig. 1). A survey on the patients
was conducted simultaneously in the all centers once every
year up to the 10th year (the 520th week) from the initial
administration. Matters for the survey were survival (or
cause and date of death), recurrence (region, date, and diag-
nostic methods), secondary malignancies (same as recur-
rence), and bone-related AEs (osteoporosis or osteopenia,
and bone fracture) including a confirmation date and way
or procedure.

The RCT and FOS were conducted in accordance with
the International Conference on Harmonisation of Good
Clinical Practice Guidelines, the principles of the Declara-
tion of Helsinki, and all applicable laws and regulations at
19 and 16 medical centers in Japan, respectively, between
June 2006 and March 2019. The protocols of the RCT and
FOS were reviewed and approved by the institutional review
boards of all participating study sites. All patients provided
written IC for participation before enrollment in both the
RCT and FOS.
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Primary and secondary endpoints

Primary endpoints were disease-free survival (DFS), defined
as the time from random assignment to disease event (recur-
rence, second primary cancer, or death), and 2-year (96-
week) landmark DFS (DFS_L2y), defined as the time from
the second year after randomization to disease event. The
secondary endpoints were OS, defined as the time from ran-
domization to death throughout the study period, and 2-year
(96-week) landmark OS (OS_L2y), defined as the time from
the second year after randomization to death. If the obser-
vation period ended before any disease event occurred, the
DFS time was censored. Other measures included menstrua-
tion status, quality of life, and levels of E2, LH, and FSH
throughout the 5-year RCT period.

Safety data were obtained throughout the 5-year RCT
period, but were not collected in FOS except for the survey
of bone-related events.

Statistical analysis

The original statistical analysis plans for the RCT have been
reported [24]. Since the RCT was a pilot study, the sam-
ple size was determined considering the feasibility, with a
planned enrollment of 220 patients (110 per group). The
patients were randomly assigned to two groups, and received
leuprorelin for either 2 years or >3 years per group. DFS and
OS were evaluated in the full analysis set (FAS), defined as
data from the patients receiving at least one dose of the study
drug after randomization throughout the study period of the
RCT and FOS. DFS_L2y and OS_L2y were evaluated in a
modified FAS (mFAS) containing data from all the patients
who could continue the RCT after the second year (96th
week) in the FAS.

Time-to-event methods (Kaplan—-Meier and Cox propor-
tional-hazards methods) were used to estimate the distribu-
tions of DFS, DFS_L2y, OS, and OS_L2y, and compare
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the 2-year and > 3-year groups. The point estimates for each
group, the differences between the groups, and their 2-sided
95% confidence intervals (CIs) were calculated at each time-
point according to Greenwood’s formula. To compare the
survival curves (2-year versus > 3-year groups), the log
rank test was applied to test the null hypothesis of no differ-
ence, and the hazard ratios (HR, 95% CI) were estimated by
applying the Cox proportional hazard regression model (Cox
model). For statistical testing, the significance level was set
at 0.05 (2-sided). Statistical multiplicity was not adjusted.
All statistical analyses mentioned above were performed
using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Exploratory survival analyses were performed using the
R statistical language (v3.5.3) and the R library (survival)
[30, 31]. The interaction effect of risk (higher versus low
risks) and treatment (> 3-year versus 2-year) on 2-year land-
mark DFS was analysed using multivariate Cox model in
mFAS. Wald test was applied to test null hypothesis of no
interaction. HR (95% CI) for DFS between two subgroups
was estimated using univariate Cox model to evaluate risk
factors. Odds ratios (OR, 95% CI) comparing incidence rates
of events (> 3-year versus 2-year treatment groups) were
calculated using the R library (Epi) [32].

Results
Patients

The RCT with a 5-year study period was conducted at 19
sites in Japan, and 222 patients were enrolled between July
2006 and July 2008, randomly assigned to two groups, and
received leuprorelin for either 2 years (N=112) or >3 years
(N=110), respectively (Figs. 1 and 2). During the RCT, 186
patients (92 and 94 in 2-year and > 3-year groups, respec-
tively) were provided IC for the FOS and 175 patients
(86 and 89) among them were available to continue from
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2 years after the randomization. 36 patients (20 and 16)
did not provide the IC for the FOS and 26 patients (13
patients in each group) among them who could continue
the study after the 2nd year were handled as censored cases
at the end of the RCT. Overall, 139 patients (68 and 71)

completed the 10-year study period of the RCT and FOS,
and 36 patients (16 and 22) discontinued the study (Fig. 2).
All data from randomized patients (222) in the RCT were
included in the FAS. For the 2-year landmark analyses, the
mFAS comprised data of 201 patients (99 and 102 in 2-year
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and > 3-year groups, respectively) whose post-second-year
data were available for the analysis. There were 13 and 8
patients from the FAS who were ineligible for the mFAS,
due to early termination before 2 years after the randomiza-
tion for reasons as follows: adverse events, 4 and 4; lack
of efficacy, 2 and 4; withdrawal of consent, 6 and 0; major
protocol deviation, 1 and 0 in 2-year and > 3-year groups,
respectively.

Table 1 summarizes the baseline demographic and dis-
ease characteristics of patients in the mFAS. The baseline
characteristics in the FAS have been reported [24]. There
were no significant differences between the two groups
except for serum E2 levels.

The majority of patients in the mFAS had good medi-
cation compliance with the study treatment: 97 (98.0%)
patients in the 2-year group and 97 (95.1%) patients in
the > 3-year group received 8 and > 12 doses of leuprorelin
as specified in the protocol, respectively. Among the 102
patients in the > 3-year group, 16 patients (15.7%) received
12 doses, 5 patients (4.0%) received 13-19 doses, and 76
patients (74.5%) received 20 doses, the maximum dose in
the study. Each group had good compliance with tamox-
ifen treatment throughout the 5-year administration period.
These compliances were similar to those reported in the FAS
[24].

Primary outcome

DFS events (local-regional or distant recurrences and
secondary malignancies) are summarized in Fig. 3a, b.
Throughout the 10-year study period after randomization
in the FAS, there were 35 disease events (18 and 17 in the
2- and > 3-year groups, respectively). The fraction of recur-
rences, especially distant metastases showed lower trend
in the > 3-year group (1.8% and 1.0% in FAS and mFAS,
respectively) compared with that in the 2-year group (5.4%
and 4.0%), though not significant.

Figure 4a shows the Kaplan—Meier curves of DFS for
patients in the FAS. There were also no significant dif-
ferences between the two groups (HR 0.944 [95% CI
0.482-1.832]; log rank test, p=0.865). Figure 4b shows
the Kaplan—Meier analysis of DFS_L2y analyzed using
the mFAS. HR (> 3-year versus 2-year group) was 0.834
(95% C10.397-1.753) and the 10-year DFS rate was 83.6%
(95% CI 74.2-89.8%) and 81.6% (68.0-89.9%) in the 2-
and > 3-year groups, respectively. No significant differences
were detected between the two groups in FAS and mFAS.

Secondary outcomes
OS events are shown in Fig. 3a, b. One patient in the > 3-year

group of the FAS who died in a natural disaster (earthquake)
was censored at the time of death. There were 5 and 3 cases
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of death in the FAS and mFAS, respectively. The number of
events was too small to evaluate the difference of survival
probabilities between the two treatment groups. Figure 4c,
d shows the Kaplan—Meier analyses of OS for patients in
the FAS and mFAS, respectively. There were no significant
differences between the two groups.

Subgroup analysis of DFS in different risk groups

Additional survival analysis was performed in subgroups
classified into higher-risk and low-risk patients based on the
St.Gallen International Consensus Guidelines for the sys-
temic therapy of early breast cancer 2019 with some modi-
fications adapting the present study [18]. The guidelines
recommend the OFS with tamoxifen/Al for stage III and
node-positive stage II patients, and also for node-negative
stage II patients aged < 35 years, with large T or high grade
and/or adverse gene signatures as the higher risk patients.

We evaluated the association of these clinical factors with
DFS risk retrospectively by the subgroup analysis in 2-year
group (n=112) using univariate Cox model. No significant
difference of DFS was seen between node-positive and nega-
tive stage II patients. On the other hand, it was significantly
shorter in N1 stage II patients, all of whom had T2N1 classi-
fied into stage IIb than that in NO stage II patients (stage I1a)
(Fig. 5a). The DFS was highly significantly shorter in stage
IIb and III patients compared with stage I and Ila patients.
No large T (T3) was seen in stage II. Gene signature data
were not available in this study. Although no significant dif-
ference was observed in DFS between NO stage II patients
aged <35 and > 35 years in small sample size, HR (age <35
versus > 35) was 3.0 (shorter DFS in younger patients). In
consequence, stage Ila aged > 35 and stage I patients were
classified into low-risk group, and stage Ila aged <35 and
stage IIb-III patients were defined as higher-risk group in
this study.

Kaplan—Meier analysis and Cox regression of DFS_L2y
was performed in the subgroups of higher- and low-risk
patients according to the criteria as mentioned above in the
mFAS (Fig. 5b). While no significant difference of DFS_L2y
was observed between the two treatment groups in low-risk
subgroup, DFS_L.2y in higher-risk subgroup was better in
the > 3-year group (HR 0.095 [95% CI 0.011-0.850]) than
that in the 2-year group, where interaction of the treat-
ment by risk subgroup was significant with p =0.0371.
10-year survival rates of DFS_L2y were 87.9, 81.1, and
88.9% in 2-year and > 3-year groups in low-risk subgroup,
and > 3-year group in higher-risk subgroup, respectively, but
33.3% in 2-year group in higher-risk subgroup. The effi-
cacy of 2-year treatment seems insufficient for higher-risk
patients.
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Table 1 .Patient demqgrgphics Baseline characteristics Overall 2 years >3 years
and clinical characteristics in
modified full analysis set (N=201) (N=99) (N=102)
Age (years)
Median 44.0 44.0 43.5
Range 25.0-56.0 25.0-52.0 27.0-56.0
<39 (%) 57 (28.4) 29 (29.3) 28 (27.5)
4044 (%) 54 (26.9) 25 (25.3) 29 (28.4)
>45 (%) 90 (44.8) 45 (45.5) 45 (44.1)
BMI (kg/m?)
Mean (SD) 21.83 (3.50) 21.93 (3.45) 21.74 (3.55)
Tumor stage (TNM classification)
1 135 (67.2) 68 (68.7) 67 (65.7)
ITA 56 (27.9) 26 (26.3) 30 (29.4)
1IB 9 (4.5) 4 (4.0) 5(4.9)
1IA 1(0.5) 1(1.0) 0(0.0)
1B 0(0.0) 0(0.0) 0(0.0)
Tumor size (cm)
<2 153 (76.1) 76 (76.8) 77 (75.5)
>2 48 (23.9) 23 (23.2) 25 (24.5)
Number of axillary lymph nodes
0 182 (90.5) 90 (90.9) 92 (90.2)
1-3 16 (8.0) 7(7.1) 9 (8.8)
>4 3(1.5) 2 (2.0) 1(1.0)
ER/PgR expression
ER+/PgR+ 188 (93.5) 90 (90.9) 98 (96.1)
ER+/PgR— 9 (4.5%) 5(5.1) 4 (3.9)
ER—/PgR+ 4(2.0%) 4 (4.0) 0 (0.0)
Performance status (%)
0 201 (100) 99 (100) 102 (100)
1-4 0(0) 0(0) 0(0)
Preoperative chemotherapy
Presence 1(0.5) 1(1.0) 0(0.0)
Absence 200 (99.5) 98 (99.0) 102 (100.0)
Postoperative chemotherapy
Presence 19 (9.5%) 10 (10.1) 9 (8.3)
Absence 182 (90.5) 89 (89.9) 93 (91.2)
Serum estradiol (pg/mL) at week O
Mean (SD) 129.1 (137.9) 104.6 (92.1) 152.9 (168.1)

Serum LH (mIU/mL) at week O
Mean (SD)

Serum FSH (mIU/mL) at week O
Mean (SD)

Tumor marker/CEA (ng/mL)
Number of patients
Median
Range

Tumor marker/CA15-3 (ng/mL)
Number of patients
Median
Range

7.402 (9.965)

10.797 (14.183)

195
1.200
0.00-10.40

195
7.80
0.00-44.4

7.115 (8.154)

11.270 (14.549)

97
1.200
0.00-10.40

97
7.60
0.00-34.0

7.680 (11.488)

10.338 (13.875

98
1.150
0.00-5.13

98
8.00
0.00-44.4

BMI body mass index, CA15-3 Cancer antigen15-3, CEA carcinoembryonic antigen, ER estrogen receptor,
FSH follicle-stimulating hormone, LH luteinizing hormone, PgR progesterone receptor, SD standard deviation
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Bone-related adverse events

Throughout the study period, the incidence of patients with
bone-related AEs (osteoporosis or osteopenia, and bone
fracture) was 11.6% (13/112) and 16.4% (18/110) in the 2-
and > 3-year groups, respectively, in the FAS (Fig. 3c). How-
ever, they were decreased to 5.1% (5/99) and 4.9% (5/102)
in the mFAS after the second year (Fig. 3¢). This means that
the incidences of bone-related AEs were lower 2 years after
the randomization and they were not different between the
two groups, even though the administration of leuprorelin
was continued for another 1-3 years only in the > 3-year

group.
Metastasis and OS

There were only 5 and 3 cases of death (OS events)
reported in the FAS and mFAS, respectively (Fig. 3a,
b). Since DFS is considered as a surrogate endpoint of
OS, outcomes (death) of patients who developed dis-
eases (DFS events) are summarized in Table 2. Distant
metastases appeared to be associated with death; namely,
37.5% (3/8) of patients who developed metastases died
from the cancer. Although the number of cases was
small, this fraction of death cases seems higher compared
with death in 14.3% (1/7) of patients with local-regional
recurrences or death in 5.0% (1/20) of those who devel-
oped secondary malignancies. Three other patients were
reported to have developed metastases as a second dis-
ease after the first DFS events (local-regional recurrence
and secondary malignancy) and 2 of them died. In all,
11 patients developed metastases (first DFS events, 8§;
second diseases, 3) and 5 patients among them died from
cancer (45.5%). The most frequent metastatic site was
bone (8/11 patients), followed by liver (3/11) and lung
(2/11), allowing duplication of patients with multi-site
metastases.
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Discussion

This study could not demonstrate significant difference
between adjuvant leuprorelin treatments for >3 (up to 5)
years and 2 years concomitantly with tamoxifen in DFS and
OS throughout 10-year study period in either FAS or mFAS
(Fig. 4). This follow-up study was conducted continuing
the RCT planed as a pilot study without sufficient statisti-
cal power, where 5-year DFS rate was estimated at 70 and
75% in 2-year and > 3-year groups, respectively [24], and
total sample size required was 2500 for 80% power at two-
sided 5% significance level. If the DFS time simply follows
exponential distribution, 10-year DFS rate is anticipated at
49% and 56% in these groups and improvement of statistical
power is expected. In the results obtained from this study,
however, the 10-year DFS rate was 81.6% and 83.6% in
2-year and > 3-year treatment group, respectively. The high
DEFS rate in this study is thought to be due to an improve-
ment in total management of breast cancer and high fraction
of low-risk patients enrolled (95.1% of < stage Ila).

OS is the most reliable endpoint in breast-cancer studies
[33]. DFS is a kind of surrogate endpoint for OS, but DFS
events are not necessarily associated with death. Distant
metastases in DFS events are known to cause disability and
death in patients with breast cancer. Distant recurrence-free
survival is recommended as a surrogate endpoint to pro-
vide early indication of OS results [33]. Our results seem
consistent with these opinions, which suggests the asso-
ciation of distant metastasis with death (Table 2). DFS is
often used when expecting to obtain the results earlier and
with a smaller sample size compared to the OS study. For
the endocrine treatment, however, some of the DFS events,
particularly some kinds of secondary malignancies, are not
connected with the mode of action of leuprorelin, differ-
ent from cytotoxic chemotherapy. In our study, secondary
malignancies were identified in 20 out of 35 patients (57.1%)
with DFS events (Table 2 and Fig. 3a, b). The most fre-
quent disease was second primary contralateral breast cancer
(n=14); however, lymphoma and rectal, oesophageal, and
cervical cancers were reported as the DFS events of second
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a
(Evzants in FAS 2-year group OR with 95% Cl =3-yeargroup OR (95% ClI) p-value
n(%) N=112 n (%) N=110
OS events (Death) 2(1.8%) I——0—| 3(2.7%) 1.542(0.253-9.412) 0.6818
Whole DFS events 18 (16.1%) r—Q—| 17 (15.5%) 0.955(0.464-1.965) 1.0000
Recurrence 9(8.0%) |—.—| 6 (5.5%) 0.660(0.227-1.922) 0.5945
LRR 3(2.7%) I—0—| 4(3.6%) 1.371(0.3-6.273) 0.7203
Distant MTS 6 (5.4%) |—.——| 2(1.8%) 0.327(0.065-1.657) 0.2802
SMNs 9(8.0%) I—0—| 11(10.0%) 1.272(0.505-3.201) 0.6461
Contralateral BC 7 (6.3%) |—0—| 7(6.4%) 1.019(0.345-3.009) 1.0000
Endometrial Ca 1(0.9%) [ O | 1(0.9%) 1.018(0.063-16.487) 1.0000
Other SMNs 1(0.9%) [ @ | 3(2.7%) 3.112(0.319-30.387) 0.3671
00301 051 510 30
b) higherin 2-year group higherin 23-year group
(Events in MFAS 2-year group OR with 95% CI =3-yeargroup OR (95% CI) p-value
n(%) N=99 n(%)N=102
OS events (Death) 2(2.0%) [ @ ! 1(1.0%) 0.480(0.043-5.382) 0.6175
Whole DFS events 15 (15.2%) |—Q—| 13(12.7%) 0.818(0.367-1.821) 0.6863
Recurrence 6 (6.1%) I—.——| 2(2.0%) 0.310(0.061-1.574) 0.1657
LRR 2(2.0%) [ @ ! 1(1.0%) 0.480(0.043-5.382) 0.6175
Distant MTS 4(4.0%) | | 1(1.0%) 0.235(0.026-2.142) 0.2072
SMNs 9(9.1%) |—0—| 11 (10.8%) 1.209(0.478-3.057) 0.8148
Contralateral BC 7 (7.1%) I—0—| 7(6.9%) 0.968(0.327-2.869) 1.0000
Endometrial Ca 1 (1.0%) } 0 ! 1(1.0%) 0.970(0.06-15.73) 1.0000
Other SMNs 1(1.0%) [ @ | 3(2.9%) 2.970(0.304-29.045) 0.6214
00301 051 510 30
higherin 2-year group higherin 23-year group
(c)
Bone-related 2-year group OR with95% ClI =3-yeargroup OR (95% CI) p-value
adverse events n (%) n (%)
in FAS N=112 : N=110
Whole events 13(11.6%) |—.—| 18 (16.4%) 1.490(0.691-3.211) 0.3377
Osteopolosis 10 (8.9%) |—.—| 14 (12.7%) 1.488(0.631-3.508) 0.3943
Bone flacture 4 (3.6%) I—Q—| 5(4.5%) 1.286(0.336-4.92) 0.7471
in mMFAS N =99 N =102
Whole events 5(5.1%) |—0—| 5(4.9%) 0.969(0.272-3.456) 1.0000
Osteopolosis 4(4.0%) I—.—| 5(4.9%) 1.224(0.319-4.698) 1.0000
Bone flacture 1(1.0%) I 0 | 1(1.0%) 0.970(0.06-15.73) 1.0000

LR | T ll|||||i LN R | T T

0.03 0.1 0.5 1 510 30
higherin 2-year group higher in 23-year group
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«Fig.3 OR comparing incidence rates of OS, DFS and bone-related
adverse events in 3-or-more-year treatment group with those in
2-year treatment group. OR of incidences of death and DFS events
in patients treated with leuprorelin for 3 or more years versus those
treated with it for 2 years a in FAS and b in mFAS. ¢ OR of inci-
dences of bone-related adverse events between these two groups. P
value was calculated using 2-sided Fisher’s exact test. Other SMNs
esophageal carcinoma (n=1 in 2-year treatment group), and rectal
carcinoma, cervical carcinoma and cutaneous lymphoma (each n=1
in > 3-year treatment group), modified FAS dataset from patients who
were available to continue the study from 2 years (96 weeks) after
the randomization. CI confidence interval, DF'S disease-free survival,
FAS full analysis set, LRR local-regional recurrence, mFAS modified
FAS, MTS metastasis, OR odds ratio, OS overall survival, SMNs Sec-
ondary malignant neoplasms

(a) 1.0
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0.8 1
E 0.7 1
2
2 061
®
i 0.5 —— 2-yeargroup: 10-year DFS rate = 82.0% (95% Cl, 72.9 to 88.3%)
e 04 23-year group: 10-year DFS rate = 86.6% (95% CI, 78.3t0 91.8%)
9 HR (23-year vs 2-year group) = 0.944 (95% C1:0.486 to 1.832)
© 0.3 p=0.8650 (log rank test)

0.2 7

| | represent censoring a patient
0.1
0.0 T T T T T T T T T T T T T T

=)
N
X
~

5 6 7 8 9 10 1 12
Years from randomization

Number of patients at risk

Years 0 2 4 6 8 10 12
2-yeargroup 112 105 99 82 9 69 2
23-yeargroup 110 101 96 88 85 68 6

(€) 1o - oo
0.9 7
0.8
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©
>
S 067
2
5 057 —— 2-yeargroup: 10-year OS rate = 98.9% (95% Cl, 92.2 to 99.8%)
[ 04 23-year group: 10-year OS rate = 96.9% (95% Cl, 90.8 t0 99.0%)
°© HR (23-year vs 2-year group) = 1.514 (95% Cl, 0.253 to 9.064)
0.3 p=0.6475 (log rank test)
0.2 7
| | represent censoring a patient
0.1
0.0 T T T T T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10 11 12
Years from randomization

Number of patients at risk

Years 0 2 4 6 8 10 12
2-year group 112 106 104 90 90 83 4
>3-yeargroup 110 108 104 2 92 80 9

Fig.4 DFS and OS compared between 2-year and 3-or-more-year
treatment groups in FAS and mFAS. a DFS in FAS. b 2-year land-
mark DFS in mFAS. ¢ OS in FAS. d 2-year landmark OS in mFAS.
2-year landmark DFS/OS, defined as the time from the second year
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malignancies (Fig. 3a, b). It is probable that LH-RH agonists
could not suppress their development. Additionally, second-
ary malignancies were less associated with death in this
study (Table 2). DFS might not necessarily be appropriate
as the endpoint to evaluate the efficacy of leuprorelin in this
long-term study in which participants had a risk of develop-
ing secondary cancers spontaneously and independently of
study drugs, though this risk was expected to be compen-
sated by the same events occurring in the comparator arm.
The subgroup analysis showed that higher-risk patients
treated with leuprorelin for >3 years had significantly longer
DFS compared with those treated for 2 years, while no dif-
ference was seen between the treatments in patients with
low risk (Fig. 5b). Although the sample size of higher-risk
subgroup was as small as 17 patients, the result is consistent
with recent guidelines, which recommend combination with

E&%

—— 2-yeargroup: 10-year DFS rate = 83.6% (95% Cl, 74.2 to 89.8%)
23-year group: 10-year DFS rate = 81.6% (95% Cl, 68.0 t0 89.9%)
HR (23-year vs 2-year group) = 0.834 (95% C1:0.397 to 1.753)

(b)

0.9 7
0.8 1
0.7 7
0.6 7

0.5

0.4 7

2-year landmark disease-free survival

0.3 -{ p=0.6306 (log rank test)
0.2 7
| | represent censoring a patient
0.1
0.0 = T T T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10 11 12
Years from the second year

Number of patients at risk

Years 0 2 4 6 8 10 12
2-yeargroup 99 92 77 74 68 6 0
>3-yeargroup 102 93 85 83 71 8 0

(d)

0.5 —— 2-year group: 10-year OS rate = 97.4% (95% Cl, 90.1 to 99.4%)

23-year group: 10-year OS rate = 98.9% (95% Cl, 92.3 t0 99.8%)

HR (23-year vs 2-year group) = 0.497 (95% Cl, 0.045 to 5.486)
p=0.5605 (log rank test)

0.4 7

0.3 7

2-year landmark overall survival

0.2 7
| | represent censoring a patient
0.1

0.0 =T T T T T T T T T T T T T
4 5 6 7 8 9 10 1 12

Years from the second year

o
N
©

Number of patients at risk
Years 0 2 4 6 8 10 12
2-year group 99 97

23-yeargroup 102 99 88 88 80 14 0

after randomization to DFS or OS events, modified FAS dataset
from patients who were available to continue the study from 2 years
(96 weeks) after the randomization. DFS disease-free survival, FAS
full analysis set, mFAS modified FAS, OS overall survival
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(a)
Factor CategoryA(N) HRwith95% ClI Category B (N) HR (95% ClI) p-value

All patientsin 2-year group in FAS

Stage 1(74) H—o— I1-111(38) 3.786(1.464-9.785) 0.0031

Stage I-1la(103) —e— Ilb-111(9) 8.848(3.304-23.69) <0.0001

Risk?® low (100) —e— higher(12) 8.173(3.146-21.232) <0.0001
Stage |l Patients in 2-year group

Node negative (29) I—.—! positive (6) 2.886(0.734-11.344) 0.1120

N of TNM NO (29) H——e— N1(6) 7.532(2.144-26.46) 0.0002

Risk?® low (26) ——e&—— higher(9) 6.535(1.816-23.52) 0.0010
NO Stage Il patients in 2-year group

Age =235 (26) f @ | <35(3) 3.012(0.329-27.570) 0.3053

0.1 05 1 510 3
Shorter DFS/higherrisk in left category  Shorter DFS/higher risk in right category
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] [ 1 .

3 ] lowrisk:  HR 1.213(95% C1:0.524 10 2.807)
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@ 0.67 I interaction: p =0.0371
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5 0.57 _————n

x |
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£ 0.4 Il
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@ 0.37 10-year DFS rate

@ low risk patients in 2-year group: 87.9% (95% CI, 81.1 to 95.3%)
°|>’, 0.2 low risk patients in =3-year group:  81.1% (95% Cl, 70.5 to 93.3%)
N

— — = higher risk patients in 2-year group: 33.3% (95% ClI, 11.6 to 96.1%)
0.1 — — — higher risk patients in 23-year group: 88.9% (95% Cl, 70.6 to 100%)
I represent censoring a patient

0.0 T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Years from the second year

Number of patients at risk
low risk patients in 2-year group 91 87 74 72 66 5 0
low risk patients in 23-year group 93 84 76 74 63 8 0
higher risk patients in 2-year group 8 5 3 1 0
higher risk patients in 23-year group 9 9 9 9 8 0 0
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«Fig.5 2-year landmark DFS compared between 2-year and 3-or-
more-year treatment groups in higher- and low-risk patient sub-
groups. a DFS subgroup analysis to verify clinical risk factors in
2-year treatment groups using univariate Cox regression analysis. P
value was determined by a two-sided log-rank test. “Risk was clas-
sified into low- and higher-risk based on the breast cancer stage con-
sidering lymph node status and patient age as shown below. b 2-year
landmark DFS, defined as the time from the second year after ran-
domization to DFS events. The interaction between treatment (3-or-
more versus 2-year treatment) and risk level (higher and low) was
analysed using the multivariate Cox proportional-hazard model.
Interaction p-value was determined using a 2-sided Wald test. Higher-
risk patients patients who had >stage IIb or who were aged under
35 years in stage Ila, low-risk patients patients who had stage I or
who were aged > 35 in stage Ila, modified FAS dataset from patients
who were available to continue the study from 2 years (96 weeks)
after the randomization. DFS disease-free survival, mFAS modified
full analysis set

5-year OFS and tamoxifen or aromatase inhibitor (Al) for
higher-risk premenopausal patients as an endocrine adjuvant
therapy for resected early stage breast cancer [18]. However,
the guidelines recommend tamoxifen or AI monotherapy
without OFS for low-risk patients [18]. The recommenda-
tions are based on the data reported from an 8-year update
of the SOFT trial of OFS for premenopausal women with
resected breast cancer [16]. The report concluded that the
addition of OFS to tamoxifen for 5 years resulted in sig-
nificantly higher 8-year rates of both DFS and OS than
tamoxifen alone, but the frequency of AEs was higher in
the combination groups with OFS than in the tamoxifen-
alone group. Our results can be interpreted as showing that
addition of 5-year tamoxifen to 2-year treatment with leu-
prorelin was sufficient for low-risk patients but not sufficient
for higher-risk patients, in which the combination effect of
longer treatment with leuprorelin was demonstrated.

The SOFT study demonstrated that 5-year combination
of tamoxifen and OFS is superior to tamoxifen alone, but
treatment duration of OFS has not been established yet [16].
SOFT also recommended tamoxifen or Al alone rather than
their combination with OFS for the low-risk patients from
the viewpoint of risk and benefit, but risk and benefit of the
combination with 2-year OFS and tamoxifen has not been
fully evaluated in comparison with that of tamoxifen alone,
particularly in Japanese patients. The present study can pro-
vide useful information to answer these questions.

In the previous RCT, the incidence of treatment-related
AEs was significantly higher in the > 3-year group than in
the 2-year group, but the most treatment-related AEs were of
grades 1 and 2 during 5 years after the randomization [24].
The increase in the treatment duration of leuprorelin led to
a decrease in the BMD, but there were neither increases
in the severity of AEs nor occurrences of any new types
of AEs [24]. Our present follow-up study demonstrated the
safety after the long-term administration of leuprorelin plus
tamoxifen up to 5 years with 10-year follow-up period. No
difference was seen in bone-related AEs between 2-year
and > 3-year groups (70% treated for 5 years). This suggested
that most bone-related AEs that develop during leuprorelin
treatment can be recovered after its cessation. This safety
profile may help in the decision on the indication for 5-year
administration of leuprorelin plus tamoxifen to treat Japa-
nese breast cancer. Recently, the long-term treatment with
OFS has not been recommended for low-risk breast cancer
patients from the viewpoint of risk and benefit [18]. Com-
bining our studies, the risks of long-term leuprorelin are not
so high, and similar to those of previous standard treatment
for 2 years in Japanese patients. More investigation is needed
in consideration of racial or ethnic differences.

Table 2 Outcomes (death) of

. Events
patients who developed DFS

Number of patients with dis-
ease events

Outcomes (death)
n (%) [95% CI]

events in FAS population

Total death events in FAS (N=222)

First diseases (DFS events)
Recurrences
Local-regional recurrence
Distant metastasis
Secondary malignancy
Second diseases reported®
Distant metastases

After the 1st distant metastasis
After local-regional recurrence

After secondary malignancy

All patients with distant metastases

5

35 5 (14.3%) [4.8-30.3%]
15 4 (26.7%) [7.8-55.1%]
7 1 (14.3%) [0.4-57.9%]
8 3 (37.5%) [8.5-75.5%]
20 1 (5.0%) [0.1-24.9%]

4 3(75.0%) [19.4-99.4%]
4 3(75.0%) [19.4-99.4%]
1 1 (100%) [2.5%-NE]

1 1 (100%) [2.5%-NE]

2 1 (50.0%) [1.3-98.7%]
11 5(45.5%) [16.7-76.6%]

4Second diseases among all available data reported in patients who experienced the first diseases (DFS

events)

CI confidence interval, DFS disease-free survival, FAS full analysis set, NE not estimable
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This study had some limitations. First, a difference in
primary endpoint of DFS was not detected between 2-year
and > 3-year groups, but this does not mean that 2 years is
the appropriate treatment duration of leuprorelin. This null
result is due to the low statistical power caused by small
sample size, which arose from overestimation of number of
events and/or higher fraction of low-risk patients enrolled
than our expectation. We could not clarify the primary objec-
tive of appropriate treatment duration. However, exploratory
subgroup analysis suggested that > 3-year treatment (mostly
5-year) is appropriate for the higher-risk patients, though
the sample size was small. Second, 6 and 13 patients with-
drew their consent and terminated the study early in 2-year
group, while 0 and 4 terminated the study early in > 3-year
group before 2 years after randomization and throughout
the study, respectively (Fig. 2). Some reasons were reported
in the 2-year group; 1 patient required more treatment with
leuprorelin at the end of planned 2-year treatment, and 3
patients desired retreatment after the menses resumed. Some
bias was inevitable in this comparison study between differ-
ent treatment durations of leuprorelin.

Although this study did not have sufficient statistical
power to clarify the difference between the DFS in the
two groups, adjuvant leuprorelin treatment for > 3 years
with tamoxifen did not show significant difference in DFS
with that for 2 years among all patients with premenopau-
sal endocrine-responsive breast cancer in FAS and mFAS
up to the 10th year after the randomization, but suggested
greater benefit in higher-risk patients. Leuprorelin treat-
ment for >3 years showed similar safety profiles to those
for 2 years without new safety signals.
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