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Abstract
Background We conducted an open-label, randomized con-
trolled trial evaluating the appropriate treatment duration of
leuprorelin acetate 3-month depot, TAP-144-SR (3M), admin-
istered postsurgically every 3 months for 2 years versus 3 or
more (up to 5) years, in combination with tamoxifen, for
5 years in premenopausal endocrine-responsive breast cancer
patients and reported similar survival benefit in the two treat-
ment groups. We hereby present patient-reported quality of
life (QOL) data obtained from this trial.

Methods Three self-administered QOL questionnaires (QOL-
ACD, QOL-ACD-B, FACT-ES subscale) were used, and the
difference in QOL score changes between the two groups was
analyzed using a mixed-effects model for repeated measures.
Results Eligible patients (N = 222) were randomly assigned to
a 2-year (2YG, N = 112) or 3-or-more-year treatment group
(3YG, N = 110). The time courses of the three QOL scores
during the trial period were similar in the two groups. The
mean changes in the QOL scores from week 96 were largely
stable through week 240 in the 3YG, but showed significantly
greater improvement in the score changes fromweek 96 in the
2YG than the 3YG. Symptoms associated with menopause
such as hot flashes and sweating contributed to these results.
Menstruation recovery was associated with significantly
greater improvement of these symptoms in the 2YG than the
3YG.
Conclusions Patient-reported menopause-associated symp-
toms and QOL improved after discontinuation of the LH-
RH agonist administration and menstruation recovery.
QOL information should be a consideration in long-term
treatment.

Keywords Premenopausal endocrine-responsive breast
cancer . Adjuvant endocrine therapy . Leuprorelin acetate .

Luteinizing hormone-releasing hormone agonist . Quality of
life

Introduction

Recently, it is well recognized that patients’ physical and psy-
chological well-being are as important as medical outcomes of
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cancer treatment, especially among young women with
breast cancer [1–7]. The assessment of quality of life
(QOL) using self-administered questionnaires provides
accurate insights into patients’ QOL status, such as phys-
ical and psychosocial well-being besides the impact of the
cancer treatment itself, and offers invaluable information
that is useful in decision-making processes concerning
treatment options both for patients and clinicians [3–7].
For postoperative, premenopausal women with endocrine-
responsive breast cancer, adjuvant endocrine therapy with
more acceptable safety profiles and tolerability than adju-
vant chemotherapy [8–10] is commonly used, indicating
the potential efficacy of endocrine therapy to treat patients
without compromising their QOL.

For the treatment of endocrine-responsive breast cancer
in premenopausal women, it is of prime importance to sup-
press ovarian estrogen production through ovarian function
suppression/ablation (OFS/OA). Currently, OFS with a lu-
teinizing hormone-releasing hormone (LH-RH) agonist is
widely used for 2 to 3 years as a postoperative adjuvant
therapy in combination with tamoxifen for 5 years or che-
motherapy in these patients [8–12]. A longer OFS with an
LH-RH agonist for 5 years or longer is recommended for
such patients at a high risk for recurrence [13]. At the St
Gallen International Expert Consensus meetings, consen-
sus was therefore reached on 5 years of tamoxifen alone or
in combination with 5 years of an LH-RH agonist as the
standard postoperative adjuvant therapy for premenopausal
breast cancer patients [13–15].

Leuprorelin acetate (leuprorelin), an LH-RH agonist, is
available as depot formulations (TAP-144-SR). It is common-
ly used worldwide for the treatment of hormone-responsive
cancers, such as prostate cancer and premenopausal breast
cancer. We recently conducted an open-label, randomized,
controlled trial to evaluate the safety and efficacy of adjuvant
therapy with TAP-144-SR (3M) administered every 3 months
for 2 years versus 3 or more (up to 5) years, in combination
with tamoxifen for 5 years in premenopausal women with
endocrine-responsive breast cancer [16]. Adjuvant leuprorelin
treatment for 3 ormore years showed a similar survival benefit
as treatment for 2 years, both in combination with tamoxifen,
in premenopausal endocrine-responsive breast cancer pa-
tients. TAP-144-SR (3M) for 3 or more years was as well
tolerated as TAP-144-SR (3M) for 2 years, and no new safety
signals were identified for long-term TAP-144-SR (3M)
treatment.

It is important to investigate patient-reported QOL in pre-
menopausal breast cancer women receiving adjuvant hormone
therapy, along with the acceptability of the treatment, which
will provide a useful way of elucidating the risks and benefits
of treatments [5, 6]. We therefore compared the effect of two
adjuvant treatment regimens on patient-reported QOL during
the 5-year treatment period in the above trial.

Patients and methods

Study design

This was an open-label, randomized, controlled trial of adju-
vant therapy with TAP-144-SR (3M) administered every
3 months for 2 years versus 3 or more (up to 5) years in
combination with tamoxifen given daily for 5 years to evalu-
ate the optimal duration of treatment with TAP-144-SR (3M)
in postoperative, premenopausal women with endocrine-
responsive breast cancer [16]. We also compared the impact
of two treatment regimens on patients’ QOL measured using
three self-administered questionnaires during the 5-year treat-
ment period in the above trial.

Patients and methods have previously been described in
detail [16]. Briefly, eligible patients were randomly assigned
at a 1:1 ratio to receive TAP-144-SR (3M) (11.25 mg) subcu-
taneous administration every 3 months either for 2 years or 3
or more (up to 5) years, in combination with tamoxifen (20 mg
daily) given orally for 5 years. Random assignment was per-
formed using dynamic allocation with the number of positive
axillary lymph nodes (0, 1–3, ≥ 4), tumor diameter (≤ 2 cm,
> 2 cm), estrogen receptor (ER)/progesterone receptor (PgR)
status (ER+/PgR+, ER+/PgR−, ER−/PgR+), age (at the time
of enrollment; ≤ 39, 40–44, ≥ 45 years), pre- and postoperative
chemotherapy (presence, absence), and study site.

Patients assigned to the 2-year treatment group (2YG) re-
ceived TAP-144-SR (3M) for 2 years (96 weeks) and tamox-
ifen for 5 years (240 weeks). In the 3-or-more-year treatment
group (3YG), patients who completed 3-year (144 weeks)
TAP-144-SR (3M) treatment could extend that treatment for
up to 5 years (240 weeks in total) if it was considered appro-
priate, while tamoxifen was administered throughout the 5-
year trial period.

Patients

Patients were screened for eligibility according to the inclu-
sion and exclusion criteria, which are described in the previ-
ous report [16]. Premenopausal patients with histologically
confirmed primary breast cancer who met the following
criteria were eligible for this trial: age ≥ 20 years; ER+ and/
or PgR+ primary tumor; T1 to T3, any N, and M0, according
to the TNM classification (Union for International Cancer
Control, Sixth Edition, 2002); postoperative radiation of the
breast in case of breast-conserving surgery; capable of receiv-
ing the trial drug and tamoxifen within 12 weeks after surgery
or after postoperative adjuvant chemotherapy prior to enroll-
ment; history of regular menstruation within 12 weeks prior to
enrollment, or follicle-stimulating hormone (FSH) of
< 40 mIU/mL and estradiol (E2) of ≥ 10 pg/mL as measured
within 12 weeks prior to enrollment; not having a chemical
menopause within 12 weeks after completion of postoperative
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adjuvant chemotherapy; and performance status of grade 0 or
1.

Exclusion criteria included the following conditions or sit-
uations: endocrine therapy prior to surgery, postoperative ad-
juvant endocrine therapy before enrollment, bilateral oopho-
rectomy and irradiation to bilateral ovaries, inflammatory
breast cancer or bilateral breast cancer, and multiple cancers
or a history of carcinoma in other organs.

Endpoints

As for QOL assessment, all participants were asked to fill out
a self-administered QOL questionnaire form at randomization
(baseline, week 0) and weeks 24, 48, 96, 144, 192, and 240.
Changes in the QOL scores were measured using the follow-
ing three questionnaires: (1) QOL Questionnaire for Cancer
Patients Treated with Anticancer Drugs (QOL-ACD) com-
prising 22 items regarding daily activity, physical condition,
psychological condition, and social attitude [17]; (2) QOL-
ACD-Breast (QOL-ACD-B) comprising 18 items regarding
physical condition, pain, satisfaction with medical treatment,
coping with the disease, adverse reactions by treatment, and
others [18]; and (3) Functional Assessment of Cancer
Therapy-Endocrine Symptoms (FACT-ES) subscale compris-
ing 19 items related to endocrine therapy [19]. A 5-point scale
was used for each item.

Themenstruation status was investigated for 36weeks after
the completion of treatment with TAP-144-SR (3M), even
after the trial period.

Statistical analysis

Since this trial was a pilot trial, the sample size was deter-
mined considering feasibility; that is, we planned to enroll
220 patients (110 per group) [16].

The statistical analyses were performed on patients in the
full analysis set (FAS), which was defined as all patients re-
ceiving at least one dose of the trial drug after randomization
or those in the modified FAS (mFAS), which was defined as
patients included in the FAS who were examined at the end of
the second year of treatment (week 96) and then continued
treatment in the trial.

The time courses of QOL scores during the trial period
were summarized as mean and SD at each time point in
FAS. For analysis of the change in each QOL score and each
subordinate item score from week 96 in the mFAS, the two
groups were compared using a mixed-effects model for re-
peated measures at weeks 144, 192, and 240 using the score
at week 0 as the covariate. Cohen’s d was calculated for week
0 and also for each visit as a standardized mean effect size of
(2YG − 3YG)/(pooled SD) when the Bgroup × visit interac-
tion^ or Bdifference between 2 groups in the main effect mod-
el^ of repeated measures mixed model analysis was found to

be significant. The Kaplan–Meier method was used to esti-
mate the median menstruation recovery period from the last
TAP-144-SR (3M) dosing. In addition, multiple regression
analyses were applied to explore the relationships between
the QOL subordinate item score changes and the patients’
condition, including their menopausal status.

The significance level of statistical testing was set at 0.05
except for 0.10 for group by visit interaction (two-sided).
Statistical analyses were conducted using SAS (version 9.2).

Results

Patients

A total of 222 patients were enrolled and randomly assigned to
receive TAP-144-SR (3M) for either the two YG (N = 112) or
the three YG (N = 110). Of 222 patients in the FAS, 196
patients (99 and 97, in the 2YG and 3YG, respectively) com-
pleted the TAP-144-SR (3M) treatment, and 170 patients (81
and 89, respectively) completed the 5-year trial period. The
median duration of the trial period was similar in the two
treatment groups (1709 and 1711 days, respectively) [16].

Table 1 summarizes the baseline demographic and disease
characteristics of patients in the FAS. The majority of patients
had stage I (65.8%), lymph node-negative (89.2%), ER+/PR+
(93.2%) breast cancer and did not receive postoperative che-
motherapy (89.6%). There were no significant differences in
baseline characteristics between the groups except for serum
E2 levels (Wilcoxon test, p = 0.033) [16].

The majority of patients in both treatment groups had good
medication compliance with the trial treatment: 99 (88.4%)
patients in the 2YG and 97 (88.2%) patients in the 3YG re-
ceived 8 and 12 or more doses of TAP-144-SR (3M) specified
in the protocol, respectively. Most patients (69.1%) in the
3YG received 20 doses, the maximum number of doses in
the trial. Each group had good adherence to tamoxifen treat-
ment throughout the 5-year trial period [16].

Quality of life

The time courses of QOL scores measured using the three
questionnaires were similar between the two treatment groups
during the trial period (Fig. 1, QOL-ACD; data not shown).
The mean changes in the QOL scores from week 96 were
largely stable through week 240 in the 3YG. Significantly
greater improved score changes in the QOL-ACD-B score
(total score of items 1 to 18) from week 96, however, were
found in the 2YG than the 3YG (group × visit interaction,
p = 0.017), especially at week 192 [mean difference, 3.4
points; Cohen’s d (effect size), 0.43; visit-wise between-group
contrast test in repeated measures mixed-effects model,
p = 0.003] and week 240 (3.0 points; 0.36; p = 0.010) as
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shown in Fig. 2a. In addition, the mean changes in the FACT-
ES subscale scores [except for the joint pain score (BRM1)
based on the FACT-ES scoring guidelines version 4] from
week 96 were significantly greater in the 2YG than the 3YG
(group × visit interaction, p = 0.028), especially at week 192
(2.5 points; 0.35; p = 0.008) (Fig. 2b).

To identify a subordinate item that significantly affects
each QOL score, the mean changes in the QOL-ACD-B and
FACT-ES subordinate items scores from week 96 were ana-
lyzed using a repeated measures mixed-effects model. The
following subordinate items were found to be significantly
different between groups in mean score changes from week
96: the QOL-ACD-B subordinate item 1, BDid you have any
pain or numbness in your breast, armpit or arm on the side of
illness?^; item 2, BDid you have any bloating in your arm on
the side of the illness?^; item 8, BHave you been satisfied with
the facilities and staff, other than your doctor(s), at the hospital

where you were diagnosed and/or treated?^; and item 13,
BWere you bothered by hot flashes or sweating on your body
or forehead?^ (Table 2); FACT-ES subordinate item ES1, BI
have hot flashes^; ES8, BI have pain or discomfort with inter-
course^; and ES10, BI have gained weight^ (Table 2).
Especially, the subordinate items covering menopause-
associated symptoms such as hot flashes and sweating showed
a significant and relatively large effect size [QOL-ACD-B
subordinate item 13 (Cohen’s d, 0.34 at week 144, 0.71 at
week 192, and 0.58 at week 240); FACT-ES subordinate item
ES1 (0.92 at week 192 and 0.49 at week 240)]. As a result of
stratified analysis by age (≤ 44 years, ≥ 45 years) of these
items as well as serum E2 levels and menstruation recovery,
the effect size in the subpopulation aged ≤ 44 years was 0.33,
0.87, and 0.60 (QOL-ACD-B, item 13), and 0.38, 1.27, and
0.71 (FACT-ES, ES1) at weeks 144, 192, and 240, respective-
ly. However, in the subpopulation aged ≥ 45 years, it was 0.38,

Table 1 Baseline demographic
and disease characteristics of
patients

Variable Overall
(N = 222)

Treatment group

2 years (N = 112) n
(%)

3 or more years (N = 110) n
(%)

Age (years)

Median (range) 43.0 (25–56) 43.5 (25–52) 43.0 (27–56)

BMI (kg/m2)

Mean (SD) 21.8 (3.44) 21.8 (3.29) 21.8 (3.59)

Tumor stage (TNM classification)

I 146 (65.8) 74 (66.1) 72 (65.5)

IIA 60 (27.0) 29 (25.9) 31 (28.2)

IIB–IIIB 16 (7.2) 9 (8.0) 7 (6.4)

Tumor size (cm)

≤ 2 165 (74.3) 84 (75.0) 81 (73.6)

> 2 57 (25.7) 28 (25.0) 29 (26.4)

Number of axillary lymph nodes

0 198 (89.2) 100 (89.3) 98 (89.1)

1–max 24 (10.8) 12 (10.7) 12 (10.9)

ER/PgR status

ER+/PgR+ 207 (93.2) 103 (92.0) 104 (94.5)

ER+/PgR− 9 (4.1) 5 (4.5) 4 (3.6)

ER−/PgR+ 6 (2.7) 4 (3.6) 2 (1.8)

Preoperative chemotherapy

Presence 4 (1.8) 2 (1.8) 2 (1.8)

Absence 218 (98.2) 110 (98.2) 108 (98.2)

Postoperative chemotherapy

Presence 23 (10.4) 12 (10.7) 11 (10.0)

Absence 199 (89.6) 100 (89.3) 99 (90.0)

Serum E2 (pg/mL) at week 0

Median (interquartile
range)

90.5 (50.0–170.0) 88.0 (37.0–144.0) 101.5 (59.0–204.0)

Values represent the number (%) of patients unless otherwise indicated

BMI body mass index, ER estrogen receptor, PgR progesterone receptor, E2 estradiol
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0.51, and 0.58 (QOL-ACD-B, item 13), and 0.16, 0.62, and
0.25 (FACT-ES, ES1), respectively (Table 2). The effect size
was mostly greater in the subpopulation aged ≤ 44 years than
in that aged ≥ 45 years at these time points.

Serum E2 level and menstruation recovery

Serum E2 levels significantly declined to menopausal
levels (< 30 pg/mL) after 12 weeks of TAP-144-SR
(3M) treatment and remained suppressed through the
completion of administration in both groups. In the
2YG, serum E2 levels gradually increased after the com-
pletion of TAP-144-SR (3M) treatment and recovered to
almost the same levels as the pretreatment values by week
132 [16]. By stratifying the patient population by age of
B≤ 44 years^ and B≥ 45 years^ at the randomization point,
for the subpopulation aged ≤ 44 years in the 2YG, the

proportion of patients with menstruation recovery was
51% (25/49), 85% (39/46), and 74% (32/43) at weeks
144, 192, and 240, respectively. In contrast, in the 3YG,
the proportion of patients with menstruation recovery was
much smaller: 0% (0/55), 6% (3/49), and 15% (7/47) at
the respective time points. Although the proportion of
patients with menstruation recovery among those aged
≥ 45 years in the 2YG was 24% (10/41), 33% (13/39),
and 37% (14/38) at weeks 144, 192, and 240, respective-
ly, no patients aged ≥ 45 years in the 3YG had menstru-
ation recovery at any time points (Fig. 3a). The rate of
menstruation recovery was higher in the subpopulation
aged ≤ 44 years than ≥ 45 years at these time points.
The median time from last TAP-144-SR (3M) dosing to
first menstruation recovery by the Kaplan–Meier estima-
tion was 430 and 1078 days for the subpopulations aged
≤ 44 and ≥ 45 years, respectively, in the 2YG, and

2 years 

3 or more years 

150 

120

90 

60 

30

0 
0 24 48 96 144 192 240 

2 years 

3 or more years

0 24 48 96 144 192 240 

Number of patients 
2 years 97 98 92 88 81 75 74 
3 or more years 96 96 95 93 84 78 76 

100 

80 

60 

40 

20 

0 

Number of patients 
2 years 112 112 104 100 94 86 83 
3 or more years 110 110 109 107 96 90 88 

a

b

Fig. 1 Time courses of a the
Quality of Life Questionnaire for
Cancer Patients Treated with
Anticancer Drugs-Breast (QOL-
ACD-B) score (total score of
items 1 to 18) and b the
Functional Assessment of Cancer
Therapy-Endocrine Symptoms
(FACT-ES) subscale score
(except for BRM1) from week 0
to 240 (full analysis set). The
FACT-ES subscale score is
inverted according to the QOL-
ACD-B score. Data indicate the
mean + SD. SD, standard
deviation
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427 days and undeterminable for those aged ≤ 44 and
≥ 45 years, respectively, in the 3YG (Fig. 3b). The distri-
bution of the recovery period was similar between the two
groups for the subpopulation aged ≤ 44 years, although
the number of patients with menses recovery was much
smaller in the 3YG due to the shorter duration of the total
menstruation follow-up period (trial period after the last
dosing and follow-up observation period) than the 2YG.

Relationship between QOL subordinate item score
changes and patients’ status

In order to explore the relationships between the QOL subor-
dinate item score changes (QOL-ACD-B subordinate item 13
and FACT-ES subordinate item ES1) and patients’ status, in-
cluding menopausal status, multiple regression analysis was
performed using the mean score changes from week 96 in
these subordinate items at weeks 144, 192, and 240 as depen-
dent variables, and four factors [the treatment group, the age at
the time of randomization (week 0), the corresponding QOL
subordinate item scores at week 96, and the menstruation
(presence/absence) at each assessment point] as independent
variables. The results strongly suggested that in both QOL-
ACD-B (item 13) and FACT-ES (ES 1), the QOL subordinate
item at week 96 and the presence of menstruation at each
assessment point had large standardized partial regression co-
efficients with change of corresponding QOL subordinate
item scores at weeks 144, 192, and 240 (p < 0.001 for each)
(Fig. 4).

Discussion

The primary objective of this open-label, randomized, con-
trolled trial of TAP-144-SR (3M) administered every 3 months
for 2 years versus 3 or more (up to 5) years, in combination
with tamoxifen given daily for 5 years, was to investigate the
appropriate treatment duration of LH-RH agonists in premen-
opausal women with endocrine-responsive breast cancer. In
this trial, we also compared the effect of two treatment regi-
mens on patient-reported QOL. The time courses of QOL
scores measured using the three QOL questionnaires (QOL-
ACD, QOL-ACD-B, FACT-ES subscale) were similar be-
tween the two treatment groups (Fig. 1). The mean changes
in the QOL scores from week 96 were largely stable through
week 240 in the 3YG. However, significantly greater im-
provement in the score changes from week 96 was found in
the 2YG than the 3YG: QOL-ACD-B score (total score of
items 1 to 18) at weeks 192 and 240 (Fig. 2a), and FACT-ES
subscale score (except the joint pain score) at week 192 (Fig.
2b).

The subordinate items indicating menopause-associated
symptom burden such as hot flashes and sweating (i.e.,
QOL-ACD-B subordinate item 13 and FACT-ES subordinate
item ES1) were shown to significantly improve in the 2YG
compared to the 3YG in the mixed-effects model of repeated
measures (Table 2). On the other hand, the exploratory multi-
ple regression analysis indicated the great contribution of
menstruation (presence/absence) at each time point and the
corresponding QOL subordinate item scores at week 96 to

Repeated measures mixed model analyses 

Group × Visit interaction model 
Main effect 

model Group × 
Visit 
interaction 

Between-group comparison  
per visit 

144 w 192 w 240 w 
Between 

group 

p = 0.017 p = 0.577 p = 0.003 p = 0.010 p = 0.073 

Repeated measures mixed model analyses 

Group × Visit interaction model 
Main effect 

model Group × 
Visit 
interaction 

Between-group comparison 
per visit 

144 w 192 w 240 w 
Between 

group 

p = 0.028 p = 0.612 p = 0.008 p = 0.496 p = 0.060 

a b

Fig. 2 The change of the Quality of Life (QOL) Questionnaire for
Cancer Patients Treated with Anticancer Drugs-Breast (QOL-ACD-B)
score and the Functional Assessment of Cancer Therapy-Endocrine
Symptoms (FACT-ES) subscale score from week 96. a QOL-ACD-B

score (total score of items 1 to 18). b FACT-ES subscale score (except
for BRM1). N number of patients evaluated, 144 w week 144, 192 w
week 192, 240 w week 240, SD standard deviation
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Table 2 QOL-ACD-B and
FACT-ES subordinate items in
repeated measures mixed model
analyses and the stratification
analyses

Itema Baseline Repeated measures mixed model analysisb

Group × visit interaction model Main
effect
modelGroup × visit

interaction
Between-group comparison per visitd

Week 0c Week 144 Week 192 Week 240 Between
the
groups

QOL-ACD-B

1. Did you have any
pain or numbness in
your breast, armpit
or arm on the side of
illness?

p = 0.567

(− 0.08)

p = 0.040 p = 0.703

(0.07)

p = 0.007

(0.39)

p = 0.195

(0.17)

p = 0.096

2. Did you have any
bloating in your arm
on the side of the
illness?

p = 0.250

(− 0.16)

p = 0.076 p = 0.187

(0.19)

p = 0.237

(0.19)

p = 0.003

(0.49)

p = 0.032

3. Were you able to
raise your arm
completely on the
side of the illness?

p = 0.095

(− 0.24)

p = 0.581 p = 0.933 p = 0.457 p = 0.978 p = 0.848

4. Did you worry
about skin problems
(redness, swelling,
hot flashes,
itchiness, etc.) at the
area of your breast
on the side of the
illness?

p = 0.886

(0.02)

p = 0.189 p = 0.705 p = 0.106 p = 0.040 p = 0.164

5. Did you have any
pain associated with
your illness or
treatment?

p = 0.938

(− 0.01)

p = 0.151 p = 0.376 p = 0.014 p = 0.245 p = 0.078

6. (Answer this
question only if you
have had
operations.)

Have you been satisfied
with the appearance
of your breast (and/or
scar)?

p = 0.990

(0.00)

p = 0.438 p = 0.852 p = 0.243 p = 0.711 p = 0.669

7. Have you been
satisfied with the
explanation you
have received from
your doctor(s)
about your
condition and/or
treatment?

p = 0.632

(0.07)

p = 0.883 p = 0.429 p = 0.480 p = 0.764 p = 0.442

8. Have you been
satisfied with the
facilities and staff,
other than your
doctor(s), at the
hospital where you
were diagnosed
and/or treated?

p = 0.216

(0.18)

p = 0.058 p = 0.216

(0.21)

p = 0.213

(− 0.19)

p = 0.593

(0.07)

p = 0.691

9. Do you feel that
you have
adequately accepted
your illness?

p = 0.988

(0.00)

p = 0.405 p = 0.445 p = 0.224 p = 0.997 p = 0.547
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Table 2 (continued)
Itema Baseline Repeated measures mixed model analysisb

Group × visit interaction model Main
effect
modelGroup × visit

interaction
Between-group comparison per visitd

Week 0c Week 144 Week 192 Week 240 Between
the
groups

10. Have you been
determined to fight
your illness?

p = 0.540

(− 0.09)

p = 0.929 p = 0.637 p = 0.581 p = 0.451 p = 0.488

12. Have you suffered
from fatigue?

p = 0.549

(0.08)

p = 0.364 p = 0.654 p = 0.590 p = 0.320 p = 0.894

13. Were you
bothered by hot
flashes or sweating
on your body or
forehead?

p = 0.154

(− 0.20)

p = 0.047 p = 0.018

(0.34)

p < 0.001

(0.71)

p = 0.001

(0.58)

p = 0.001

Age ≤ 44 years p = 0.068

(− 0.35)

p = 0.013 p = 0.093

(0.33)

p < 0.001

(0.87)

p = 0.016

(0.60)

p = 0.015

Age ≥ 45 years p = 1.000

(0.00)

p = 0.484 p = 0.075

(0.38)

p = 0.030

(0.51)

p = 0.011

(0.58)

p = 0.017

18. Were you
concerned that
other members of
your family would
suffer from the
same illness?

p = 0.933

(− 0.01)

p = 0.380 p = 0.465 p = 0.589 p = 0.037 p = 0.094

FACT-ES

ES1. I have hot
flashes.

p = 0.137

(− 0.23)

p < 0.001 p = 0.118

(0.27)

p < 0.001

(0.92)

p = 0.001

(0.49)

p < 0.001

Age ≤ 44 years p = 0.036

(− 0.44)

p < 0.001 p = 0.134

(0.38)

p < 0.001

(1.27)

p = 0.001

(0.71)

p < 0.001

Age ≥ 45 years p = 0.809

(0.05)

p = 0.039 p = 0.488

(0.16)

p = 0.009

(0.62)

p = 0.243

(0.25)

p = 0.158

ES2. I have sweats. p = 0.842

(− 0.03)

p = 0.196 p = 0.222 p = 0.017 p = 0.092 p = 0.089

ES3. I have night
sweats.

p = 0.234

(0.18)

p = 0.391 p = 0.886 p = 0.302 p = 0.324 p = 0.568

ES4. I have vaginal
discharge.

p = 0.284

(0.16)

p = 0.425 p = 0.893 p = 0.775 p = 0.421 p = 0.755

ES5. I have vaginal
itching/irritation.

p = 0.834

(− 0.03)

p = 0.119 p = 0.077 p = 0.918 p = 0.675 p = 0.317

ES6. I have vaginal
bleeding or
spotting.

p = 0.179

(0.21)

p = 0.632 p = 0.387 p = 0.547 p = 0.169 p = 0.291

ES7. I have vaginal
dryness.

p = 0.099

(− 0.25)

p = 0.988 p = 0.654 p = 0.582 p = 0.647 p = 0.574

ES8. I have pain or
discomfort with
intercourse.

p = 0.537

(− 0.10)

p = 0.919 p = 0.051

(0.31)

p = 0.048

(0.37)

p = 0.033

(0.38)

p = 0.016

Age ≤ 44 years p = 0.675

(− 0.09)

p = 0.744 p = 0.190 p = 0.129 p = 0.061 p = 0.068

Age ≥ 45 years p = 0.660

(− 0.11)

p = 0.992 p = 0.118 p = 0.190 p = 0.211 p = 0.088

ES9. I have lost
interest in sex.

p = 0.524

(0.10)

p = 0.633 p = 0.942 p = 0.363 p = 0.743 p = 0.577
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the QOL improvement, and that there was no significant
group difference after adjustment for these two factors (Fig.
4). The results could be interpreted as that the significant
group difference of QOL improvement is almost explained
by the recovery of menstruation after the completion of
TAP-144-SR (3M) and some severity of hot flashes and
sweating burden at week 96, and that the treatment group
difference shows no significant additional impact on QOL
improvement associated with any other unexplained factors.

In this trial, approximately 90% of patients in each group
did not receive postoperative chemotherapy, which makes re-
covery of menstruation more likely. Menstruation recovery
after completion of treatment was seen in more patients in
the 2YG than the 3YG, particularly in the patient population
aged ≤ 44 years in the 2YG at weeks 192 and 240 (Fig. 3a).
Since the results of stratification by age of the above QOL
subordinate items associated with hot flashes and sweating
indicated greater improvement in the subpopulation aged

Table 2 (continued)
Itema Baseline Repeated measures mixed model analysisb

Group × visit interaction model Main
effect
modelGroup × visit

interaction
Between-group comparison per visitd

Week 0c Week 144 Week 192 Week 240 Between
the
groups

ES10. I have gained
weight.

p = 0.564

(0.09)

p = 0.025 p = 0.646

(−0.08)
p = 0.074

(0.19)

p = 0.791

(0.01)

p = 0.873

An9. I feel
lightheaded (dizzy).

p = 0.874

(0.02)

p = 0.179 p = 0.861 p = 0.164 p = 0.672 p = 0.695

O2. I have been
vomiting.

p = 0.186

(0.20)

p = 0.189 p = 0.988 p = 0.776 p = 0.178 p = 0.796

C5. I have diarrhea. p = 0.432

(0.12)

p = 0.723 p = 0.855 p = 0.825 p = 0.444 p = 0.583

An10. I get
headaches.

p = 0.307

(0.16)

p = 0.211 p = 0.600 p = 0.138 p = 0.643 p = 0.392

Tax1. I feel bloated. p = 0.328

(0.15)

p = 0.239 p = 0.167 p = 0.825 p = 0.813 p = 0.553

ES11. I have breast
sensitivity/-
tenderness.

p = 0.065

(0.28)

p = 0.772 p = 0.682 p = 0.257 p = 0.236 p = 0.271

ES12. I have mood
swings.

p = 0.136

(0.23)

p = 0.561 p = 0.343 p = 0.988 p = 0.851 p = 0.672

ES13. I am irritable. p = 0.953

(− 0.01)

p = 0.828 p = 0.516 p = 0.319 p = 0.581 p = 0.416

BM1. I have pain in my
joints.

p = 0.571

(− 0.09)

p = 0.145 p = 0.482 p = 0.386 p = 0.384 p = 0.767

Bold p ≤ 0.05 except for p ≤ 0.10 for group by visit interaction (2-sides)
a Individual analysis was not separately performed for items 11 and 14 to 17 of QOL-ACD-B due to the lower
response rate to the items

– item11: Have you experienced hair loss?

– item14: Were you bothered by any change (trouble) in ways you taste foods?

– item15: Did you feel any inconvenience because you were unable to choose clothes that you wanted to wear?

– item16: Do you feel reluctant to disrobe in the presence of other people, such as at a spa?

– item17: Are you satisfied with your sex life?
b Repeated measures mixed-effects model analysis: the model analysis was applied to the change in each QOL
score at weeks 144, 192, and 240 from week 96 using the baseline (week 0) as the covariate in the mFAS
c The two-sample t test p value and Cohen’s d statistics in the parenthesis were for Bbetween-group difference in
the week 0 QOL score^
dModel analysis p value and Cohen’s d statistics: Cohen’s d was estimated for Bbetween-group differences in
QOL changes at weeks 144, 192, and 240 fromweek 96,^ only when the Bgroup × visit interaction^ or Bdifference
between 2 groups in the main effect model^ was found to be significant
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a

b

Fig. 3 Menstruation and serum estradiol (E2) levels at weeks 144, 192,
and 240 in the 2-year and 3-or-more-year groups. a Menstruation and
serum E2 levels and b cumulative recovery rate. Period from last

leuprorelin dosing to the first menstruation recovery was estimated by
Kaplan–Meier method.N number of patients evaluated, 144 wweek 144,
192 w week 192, 240 w week 240
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≤ 44 years in the 2YG at the same visits (Table 2), it also
indicated that recovered menstruation after completion of
treatment resulted in improvement of QOL concerning
menopause-associated symptoms. The median time from last
TAP-144-SR (3M) dosing to the first menstruation recovery
by Kaplan–Meier estimation in the subpopulation aged
≤ 44 years was 430 days in the 2YG and 427 days in the
3YG (Fig. 3b), indicating that it took a similar number of days
to recover menstruation in both groups. The above menstrua-
tion recovery results indicated that there were fewer patients
with menstruation recovery in the 3YG than the 2YG during
the 5 years (240 weeks). Such difference appears to be caused
by the fact that a high proportion of patients in the 3YG re-
ceived 20 doses of TAP-144-SR (3M), which is the maximum
number of doses as specified in the protocol. Thus, the time to
recover menstruation in the patient population aged ≤ 44 years
was similar irrespective of the treatment duration. On the other
hand, in the 3YG, there was only one patient with menstruat-
ion recovery during the follow-up observation in the patient
population aged ≥ 45 years, and other patients with menstru-
ation recovery in this patient population were in the 2YG. The
median time from last TAP-144-SR (3M) dosing to the first

menstruation recovery in the subpopulation aged ≥ 45 years
by Kaplan–Meier estimation was 1078 days in the 2YG, in-
dicating that it took a longer time to recover menstruation in
comparison with the patient population aged ≤ 44 years (Fig.
3b).

Evaluation of menstruation recovery is thought to be more
appropriate to interpret the time from last TAP-144-SR (3M)
dosing to the first menstruation recovery than the proportion
of patients with recovered menstruation at each visit because
the treatment duration of TAP-144-SR (3M) was different
among patients in the 3YG due to the trial design. In addition,
unlike other study endpoints, the recovery of menstruation
was continuously monitored for an additional 36 weeks after
the completion of the last dosing. However, the length of the
total menstruation follow-up period (trial period after the last
dosing and follow-up observation period) in the 2YG was
longer than that in the 3YG. Although the timing of recovery
of menstruation after 5-year treatment in the patient pop-
ulation aged ≥ 45 years in the 3YG is presumed to coin-
cide with the timing of natural menopause in some patients, it
could be evaluated better by conducting further follow-up
investigations.

Fig. 4 Multiple regression
analyses for factor–quality of life
(QOL) change relationship.
Higher values mean better QOL
[ES1 scale is inverted according
to the QOL Questionnaire for
Cancer Patients Treated with
Anticancer Drugs-Breast (QOL-
ACD-B) score]. Treatment
groups (1 = 2 years; 0 = 3 or more
years). Age at week 0 multiplied
by (− 1). QOL at week 96: QOL-
ACD-B (item 13) or Functional
Assessment of Cancer Therapy-
Endocrine Symptoms (FACT-ES)
(ES1) at week 96 multiplied by
(−1). Menstruation (1, yes; 0, no).
144 w week 144, 192 w week
192, 240 w week 240
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Little is known about the impact of treatment on QOL in
premenopausal breast cancer women receiving adjuvant hor-
mone therapy; however, it is a major interest both for patients
and clinicians [4]. Awide range of disease management based
on QOL as well as other clinical presentation factors and in-
dividual patient conditions are necessary. In this study, the
presence of menstruation contributed to provide significantly
greater improvement in menopause-associated hot flashes and
sweating burden in the 2YG than the 3YG. 3YG showed a
little, but not statistically significant, survival benefit (regard-
ing DFS and OS), and comparable safety profiles and tolera-
bility compared with 2YG in premenopausal endocrine-
responsive breast cancer patients, and no new safety signals
were identified [16]. Recently, the TEXT and SOFT trials
demonstrated that 5-year adjuvant treatment with an aroma-
tase inhibitor, exemestane, plus OFS significantly reduced re-
currence compared to tamoxifen plus OFS [20]. The results of
the SOFT trial further showed that adding 5-year OFS with an
LH-RH agonist to 5-year tamoxifen did not provide a signif-
icant overall DFS benefit in the study population, but it was
beneficial in patients, especiallyyoungpatients aged<35years
at a high risk for recurrence who needed adjuvant chemother-
apy and remained premenopausal despite chemotherapy [21].
In view of the coverage of health insurance in Japan, we had
no choice but to select the concomitant use of tamoxifen with
OFS to evaluate the optimal treatment durationwith TAP-144-
SR (3M) in this trial. Given the results of the TEXTand SOFT
trials, the addition of 5-year OFS with an LH-RH agonist to 5-
year tamoxifen should be similarly recommended to premen-
opausal patients at a high risk for recurrence in Japan. This
trial was a pilot trial and the sample size was not sufficient to
fully understand patients’QOL. Therefore, it should be further
investigated in a larger population, but the use of TAP-144-SR
(3M) for more than 2 years should be considered taking into
account its potential impact on each patient’s QOL as well as
the risk for recurrence.

This trial provides clinicians with beneficial information
regarding QOL effects and menstruation recovery with long-
term treatment of TAP-144-SR in premenopausal patients
with endocrine-responsive breast cancer. This information is
widely applicable to premenopausal patients administered
TAP-144-SR.
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