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A B S T R A C T

Purpose
To describe estradiol (E2), estrone (E1), and estrone sulfate (E1S) levels during the first year of
monthly triptorelin plus exemestane or tamoxifen and to assess possible suboptimal suppression
while receiving exemestane plus triptorelin.

Patients and Methods
Premenopausal patients with early breast cancer on the Suppression of Ovarian Function Trial who
selected triptorelin as the ovarian suppression method and were randomly assigned to exemestane
plus triptorelin or tamoxifen plus triptorelin were enrolled until the target population of 120 patients
was reached. Blood sampling time points were 0, 3, 6, 12, 18, 24, 36, and 48 months. Serum
estrogens were measured with a highly sensitive and specific assay. This preplanned 12-month
analysis evaluated E2, E1, E1S, follicle-stimulating hormone, and luteinizing hormone levels in all
patients and the proportion of patients with E2 levels greater than 2.72 pg/mL at any time point
during treatment with exemestane plus triptorelin.

Results
One hundred sixteen patients (exemestane, n = 86; tamoxifen, n = 30; median age, 44 years;
median E2, 51 pg/mL; 55% prior chemotherapy) started triptorelin and had one or more samples
drawn. With exemestane plus triptorelin, median reductions from baseline E2, E1, and E1S levels
were consistently$ 95%, resulting in significantly lower levels thanwith tamoxifen plus triptorelin at
all time points. Among patients on exemestane plus triptorelin, 25%, 24%, and 17% had an E2 level
greater than 2.72 pg/mL at 3, 6, and 12 months, respectively. Baseline factors related to on-
treatment E2 level greater than 2.72 pg/mLwere no prior chemotherapy (P = .06), higher bodymass
index (P = .05), and lower follicle-stimulating hormone and luteinizing hormone (each P , .01).

Conclusion
During the first year, most patients on exemestane plus triptorelin had E2 levels below the defined
threshold of 2.72 pg/mL, consistent with levels reported in postmenopausal patients on aromatase
inhibitors, but at each time point, at least 17% of patients had levels greater than the threshold.

J Clin Oncol 34:1584-1593. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Ovarian function suppression (OFS) has been a
therapeutic strategy for premenopausal womenwith
endocrine-responsive breast cancer for more than a
century.1 In advanced disease, two underpowered

phase III trials from the 1990s reported similar
efficacy between ovarian ablation (oophorectomy or
ovarian radiation) and the use of gonadotropin-
releasing hormone agonists (GnRHa).2,3 Studies
testing GnRHa alone4-6 or in combination with
tamoxifen7-10 or aromatase inhibitors (AIs)6,9-16

have shown clinical activity with effective estrogen
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suppression for most patients with breast cancer. The combined
efficacy analysis of the Suppression of Ovarian Function Trial
(SOFT) and Tamoxifen and Exemestane Trial (TEXT) adjuvant
trials17 demonstrated a significant benefit in disease-free survival for
exemestane plus OFS compared with tamoxifen plus OFS. Fur-
thermore, SOFT reported improved outcomes with the addition of
OFS to tamoxifen, and further improvement with OFS plus
exemestane, in women who remained premenopausal after prior
chemotherapy and in women younger than age 35 years, with
striking benefits in this latter group.18 Approximately 95% of patients
used GnRHa as an OFS method in these trials. However, studies
addressing estrogen levels while receiving GnRHa treatment in benign
(endometriosis17-20) or malignant (breast cancer4,5,8,21,22) diseases
have shown incomplete OFS for a minority of patients and/or higher
mean estrogen levels than those found in postmenopausal women.

Most reports describing endocrine effects of GnRHa, either
alone or combined with tamoxifen or AI,6,8,9,11-16,22,23 have short
follow-up (3 to 6 months on average), small sample size, or
inadequate quantification of estradiol (E2) levels. More informative
data regarding GnRHa-related estrogen suppression is needed in the
adjuvant setting, particularly for the combination of GnRHa plus
AIs, because AIs have a suboptimal effect and may even have
stimulatory activity in the presence of residual ovarian function.24,25

The SOFT Estrogen Substudy (SOFT-EST), a prospective
substudy of SOFT, aims to describe estrogen levels during the first
4 years of adjuvant treatment in patients receiving the GnRHa
triptorelin plus either tamoxifen or the AI exemestane and to
determine whether a subgroup experiencing suboptimal estrogen
suppression exists among patients on exemestane plus triptorelin. For
estrogen measurements, gas chromatography tandem mass spec-
trometry (GC/MS/MS), a benchmark assay,26,27 was used. We report
results of a preplanned analysis during first 12 months of treatment.

PATIENTS AND METHODS

Study Design
The design of the parent SOFT trial has been described elsewhere.17,18

Briefly, 3,066 women remaining premenopausal after (neo)adjuvant
chemotherapy or for whom adjuvant tamoxifen alone was considered a
suitable treatment were randomly assigned to 5-year treatment with
exemestane plus OFS, tamoxifen plus OFS, or tamoxifen alone. OFS was
achieved by choice of triptorelin acetate (Decapeptyl Depot, Ipsen, Paris,
France; 3.75 mg intramuscularly every 28 6 3 days), bilateral oopho-
rectomy, or ovarian irradiation. In patients with prior chemotherapy,
eligibility was on the basis of local E2 level within premenopausal range,
with menses not required. Because chemotherapy can induce transient
ovarian suppression, random assignment was permitted up to 8 months
after completing chemotherapy, and tamoxifen was allowed until recovery
of premenopausal E2 level. Follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) measurements were not required because
tamoxifen may lower gonadotropin levels in some postmenopausal women
into premenopausal range. For patients without prior chemotherapy,
random assignment was permitted until 12 weeks from breast surgery, and
premenopausal status was defined by regular menses (prior 6 months) or
local E2 level in the premenopausal range. In the tamoxifen plus OFS
group, tamoxifen was started with triptorelin, whereas exemestane was
recommended to begin 6 to 8 weeks after triptorelin initiation.

All patients enrolled in SOFT at 24 selected sites who were randomly
assigned to tamoxifen plus OFS or exemestane plus OFS and who chose
triptorelin as the OFS method were offered participation in the SOFT-EST

substudy. An inclusion ratio of 1:3 was planned, to enroll 30 patients
receiving tamoxifen plus triptorelin and 90 patients receiving exemestane
plus triptorelin. The baseline sample was collected before trial treatment
initiation and thereafter at 3, 6, 12, 18, 24, 36, and 48 months, and samples
were taken while fasting and before triptorelin injection. Compliance was
assessed during visits by patient diaries. The SOLTI Group coordinated
sample collection, and the International Breast Cancer Study Group
Statistical Center performed the data analysis.

Study Objectives
After study activation, we planned an early analysis providing 12-

month results coinciding with first SOFT efficacy results and an analysis
providing 4-year results coinciding with a subsequent update of SOFT. The
objectives for the 4-year SOFT-EST study are available at ClinicalTrials.gov
(Data Supplement). The primary objectives for this 12-month analysis were
to describe E2, estrone (E1), and estrone sulfate (E1S) levels at different time
points (3, 6, and 12 months) and to assess the proportion of patients
receiving exemestane plus triptorelin with E2 levels greater than 2.72 pg/mL
(. 10 pmol/L24), a strict threshold to indicate E2 inconsistent with post-
menopausal levels on AI, at each postbaseline time point. The secondary
objectives were to assess the differential effects of exemestane plus triptorelin
versus tamoxifen plus triptorelin on estrogen, FSH, and LH levels; describe
estrogen dynamics in exemestane plus triptorelin–treated patients with E2
levels greater than 2.72 pg/mL at any time point; and explore the charac-
teristics of these patients. In patients treated with exemestane plus triptorelin,
exploratory thresholds of E2 greater than 10 pg/mL and greater than 20 pg/mL
were also summarized, representing less stringent thresholds above which
E2 was clearly inconsistent with postmenopausal levels on AI and incon-
sistent with GnRHa-induced postmenopausal status, respectively.

Sample Management and Hormone Assays
Serum aliquots were stored locally at220°C until shipment to inVentiv

Health Clinical Laboratory (Princeton, NJ) for estrogen analysis and to
Hospital Universitari Vall d’Hebron (Barcelona, Spain) for FSH and LH
analyses. GC/MS/MSwas used tomeasure E2, E1, and E1S, with a lower limit
of quantification (LLQ) of 0.625, 1.56, and 3.13 pg/mL, respectively.
Additional data regarding the GC/MS/MS assay and its validation have been
described elsewhere.26 No cross-reactivity with exemestane was observed in
an ad hoc experiment conducted before testing samples. All samples from
the first 12 months of protocol treatment were run consecutively without
knowledge of treatment assignment.

LH and FSH levels were determined by electrochemiluminescence with
a Cobas 6000 automated analyzer (Roche Diagnostics, Basel, Switzerland).
The measurement range was 0.100 to 200 mIU/mL (defined by the lower
detection limit and the maximum of the master curve) for both tests.

Statistical Methods
Longitudinal estrogen and FSH/LH levels were summarized

descriptively. Values less than the LLQ were imputed at the LLQ. Among
patients randomly assigned to exemestane plus triptorelin, the proportions
of patients with E2 greater than 2.72 pg/mL at each time point, along with
the 95% exact binomial CIs, were reported. Patient characteristics
potentially related to estrogen suppression (ie, age, body mass index
[BMI], and menstruation status at random assignment; prior chemo-
therapy and tamoxifen use; smoking history; and baseline estrogen, FSH,
and LH levels) were compared between patients who had on-treatment E2
levels greater than 2.72 pg/mL at any time point and patients who did not
using t tests, Wilcoxon rank sum tests, or Fisher’s exact tests.

Comparisons of estrogen and gonadotropin levels between treatment
groups at each time point were performed using exact Wilcoxon rank sum
tests that handled tied data induced by LLQ.28-30 Semiparametric longi-
tudinal modeling of levels over time that adjusted for patient character-
istics provided consistent results (Appendix Fig A1, online only).

The protocol estimated, on the basis of a paired Wilcoxon signed rank
test (a= .05, two-sided), that the sample size of 120 patients total, and 90 and
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30 patients receiving exemestane plus triptorelin and tamoxifen plus trip-
torelin, respectively, provided 90% power to detect a mean difference
between time points of 1.2 pg/mL (and 1.4 and 2.5 pg/mL, respectively). A
Wilcoxon rank sum test (a = .05, two-sided) provided 80% power to detect a
mean difference between treatment groups of 2.5 pg/mL at any time point.

RESULTS

Study Population
FromMarch 2009 to January 2011, 123 patients were enrolled

(tamoxifen plus triptorelin, n = 32; exemestane plus triptorelin, n =
91), of whom 116 patients started triptorelin and had one or more
samples analyzed (Fig 1). This group (tamoxifen plus triptorelin,
n = 30; exemestane plus triptorelin, n = 86) constituted the analytic
cohort (Table 1). Despite meeting the protocol premenopausal
definition, 35% of patients in this cohort had baseline E2 levels by
GC/MS/MS consistent with postmenopause (# 20 pg/mL), which
was supported by higher centrally assessed mean FSH and LH

values (Appendix Table A1, online only). In the exemestane plus
triptorelin group, 56% and 8% of women with or without prior
chemotherapy, respectively, had central E2 levels at entry consistent
with postmenopausal status (Appendix Table A2, online only).

Estrogen Levels Over Time According to Treatment
After accounting for missing samples and early discontinua-

tions during the first year, 79 patients treated with exemestane plus
triptorelin with at least one postbaseline sample were analyzed. For
the three estrogen fractions, a median reduction from baseline of$
95% at all time points was observed in the exemestane plus trip-
torelin group after treatment initiation (Table 2). Median E2 and E1
levels were 0.625 and 1.56 pg/mL (ie, LLQ), respectively, at all
postbaseline time points, whereas median E1S levels were reduced to
11.7, 14.9, and 10.6 pg/mL at 3, 6, and 12months, respectively (Fig 2
and Appendix Table A3, online only).

The reductions in E2, E1, and E1S were greater in the
exemestane plus triptorelin group than in the tamoxifen plus

T + OFS
(n = 1024)

Patients randomly assigned
(December 2008 to January 2011)

(N = 3,066)

E + OFS
(n = 1021)

Analytic cohort
(n = 116)

Excluded
  No samples
  analyzed
  Triptorelin
  never started

T + OFS 

(n = 52)

T + Triptorelin (n = 32)

Enrolled in SOFT-EST

E + Triptorelin (n = 91)

Enrolled in SOFT-EST

Excluded
  No samples
  analyzed
  Triptorelin
  never started

(n = 5)

(n = 4)

(n = 1)

(n = 2)

(n = 1)

(n = 1)

T + Triptorelin (n = 30)E + Triptorelin (n = 86)

Sample availability
27 at least one postbaseline sample
     27 baseline and postbaseline
     Zero postbaseline only
Three baseline only
     Two stopped triptorelin
     One recurrence

 March 2009 to January 2011
 24 substudy centers
 Triptorelin intended OFS

E + OFS  

(n = 126)

 March 2009 to December 2009
 24 substudy centers
 Triptorelin intended OFS

Sample availability
79 at least one postbaseline sample
     76 baseline and postbaseline
     Three postbaseline only
Seven baseline only
     Three stopped triptorelin
     Four samples not taken

Fig 1. Consort diagram of patient flow
from random assignment on the parent
Suppression of Ovarian Function Trial (SOFT)
to inclusion in the analytic cohort for the
SOFT Estrogen substudy (SOFT-EST). E,
exemestane; OFS, ovarian function sup-
pression; T, tamoxifen.
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triptorelin group (P, .001 for each postbaseline time point; Fig 2).
Estrogen values over time according to treatment group are
summarized in Appendix Table A3.

Patients With E2 Greater Than 2.72 pg/mL in
Exemestane Plus Triptorelin Group

In total, 27 (34.2%; 95% CI, 23.9% to 45.7%) of 79 patients had
at least one postbaseline E2 value greater than 2.72 pg/mL. At 3, 6, and

12months, 25%, 24%, and 17% of patients, respectively, had E2 levels
greater than 2.72 pg/mL. These results, and those obtained by
exploring additional thresholds of 10 and 20 pg/mL, are summarized
in Fig 3 and are further summarized according to prior chemotherapy
use in Appendix Table A2. Two patients in the exemestane plus
triptorelin group experienced vaginal bleeding more than 3 months
after triptorelin initiation, but elevated E2 (41 pg/mL) was centrally
demonstrated in only one patient (Appendix Table A4, online only).

Table 1. Patient and Treatment Characteristics and Baseline (Pretreatment) Hormone Levels in the Analytic Cohort, Overall and According to Treatment Assignment

Characteristic

No. of Patients (%)*

Exemestane Plus Triptorelin
(n = 86)

Tamoxifen Plus Triptorelin
(n = 30)

All Patients
(N = 116)

Age at random assignment, years
Median (IQR) 44 (40-48) 44 (41-48) 44 (41-48)
, 35 8 (9.3) 0 (0.0) 8 (6.9)
35-39 10 (11.6) 6 (20.0) 16 (13.8)
40-44 27 (31.4) 9 (30.0) 36 (31.0)
45-49 31 (36.0) 12 (40.0) 43 (37.1)

Menstruation
Normal 39 (45.3) 18 (60.0) 57 (49.1)
Irregular 14 (16.3) 3 (10.0) 17 (14.7)
Amenorrhea 33 (38.4) 9 (30.0) 42 (36.2)

Hysterectomy, yes 2 (2.3) 0 (0.0) 2 (1.7)
BMI, kg/m2

Median (IQR) 24 (22-28) 23 (22-26) 24 (22-28)
Normal (, 25) 45 (52.3) 19 (63.3) 64 (55.2)
Overweight (25 to , 30) 26 (30.2) 5 (16.7) 31 (26.7)
Obese ($ 30) 13 (15.1) 4 (13.3) 17 (14.7)
Unknown 2 (2.3) 2 (6.7) 4 (3.4)

Smoking history
Currently smokes 25 (29.1) 3 (10.0) 28 (24.1)
Stopped smoking 11 (12.8) 9 (30.0) 20 (17.2)
Never smoked 48 (55.8) 18 (60.0) 66 (56.9)
Unknown 2 (2.3) 0 (0.0) 2 (1.7)

Prior chemotherapy
No 39 (45.3) 13 (43.3) 52 (44.8)
Yes 47 (54.7) 17 (56.7) 64 (55.2)

Chemotherapy regimen
Anthracycline plus taxane 34 (72.3) 10 (58.8) 44 (68.8)
Anthracycline based 11 (23.4) 4 (23.5) 15 (23.4)
Taxane based 2 (4.3) 3 (17.6) 5 (7.8)

Months from last chemotherapy dose to random
assignment, median (IQR)

4 (2-6) 4 (2-6) 4 (2-6)

Prior tamoxifen
No 58 (67.4) 22 (73.3) 80 (69.0)
Yes 28 (32.6) 8 (26.7) 36 (31.0)

Prior tamoxifen duration, weeks, median (IQR) 16 (9-20) 21 (10-23) 18 (9-21)
Hormone levels
Estradiol, pg/mL

Median (IQR) 49.9 (6.8-110.0) 72.5 (6.2-199.0) 50.6 (6.5-124.0)
No. of missing samples 3 0 3

Estrone, pg/mL
Median (IQR) 43.6 (24.0-70.0) 39.2 (24.8-102.2) 41.8 (24.1-71.3)
No. of missing samples 3 0 3

Estrone sulfate, pg/mL
Median (IQR) 784.0 (315.0-1,320.0) 1,000.0 (272.2-1,620.0) 894.0 (307.0-1,380.0)
No. of missing samples 3 0 3

FSH, IU/L
Median (IQR) 19.6 (7.6-47.9) 13.7 (6.4-41.8) 15.5 (6.9-46.8)
No. of missing samples 6 1 7

LH, IU/L
Median (IQR) 15.9 (5.9-26.8) 10.3 (6.9-30.4) 13.7 (6.0-27.7)
No. of missing samples 5 1 6

Abbreviations: BMI, body mass index; FSH, follicle-stimulating hormone; IQR, interquartile range; LH, luteinizing hormone.
*Values are numbers and percentages of patients, unless noted otherwise.
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The estrogen levels over time for the 27 patients who had at
least one postbaseline E2 level greater than 2.72 pg/mL are dis-
played in Fig 4. Among them, 14 and nine patients had E2 levels
greater than the threshold at one and two postbaseline time points,
respectively. Four patients (three of whom were younger than age
35 years and three of whom had not received prior chemotherapy)
had E2 levels greater than 2.72 pg/mL at all three postbaseline time
points, which corresponds to 8% of the women (four of 48
women) with all three postbaseline samples analyzed (Appendix
Table A5, online only).

These 27 patients had lower baseline FSH (P = .002) and LH
(P = .004), had higher BMI (P = .05), and were less likely to have
received prior chemotherapy (P = .06) than patients whose E2
levels remained less than 2.72 pg/mL (Table 3).

FSH and LH Levels Over Time
FSH and LH levels showed amarked reduction after treatment

initiation in both groups (Appendix Fig A2, online only). Median
FSH values were higher in the exemestane plus triptorelin group
compared with the tamoxifen plus triptorelin group (P , .001 at
each postbaseline time point). Conversely, LH values were per-
sistently lower (P # .01 at each postbaseline time point) in the
exemestane plus triptorelin group compared with the tamoxifen
plus triptorelin group.

DISCUSSION

In this study, 66% of premenopausal patients treated with
exemestane plus triptorelin showed a profound, persistent
reduction in E2 levels during the first 12 months of treatment. This
decrease was significantly greater than in the tamoxifen plus
triptorelin group at all time points. However, at least 17% of
patients had an E2 level greater than 2.72 pg/mL at each time point.
Overall, 34% of patients receiving exemestane plus triptorelin had
an E2 level greater than the predefined threshold at least once. This
finding was more frequent in chemotherapy-naı̈ve patients (46%)
and in patients younger than age 35 years (four of eight women;

Table 3). We now consider the methodology, prior studies, and the
chosen threshold in interpreting the clinical relevance of these
results.

The reliable measurement of estrogen levels is challenging
given the low levels expected in this study.29 The use of GC/MS/
MS, a benchmark assay26,27,31 with high specificity and sensitivity,
ensures accuracy. GC/MS/MS has one of the lowest limits of
quantification for each estrogen component and has been shown to
lack exemestane cross-reactivity,6,32 as we verified. In comparison
with other direct and indirect assay results, mean E2 values
measured by GC/MS/MS are lower in postmenopausal women (4.0
to 7.3 pg/mL26,27,32) and, importantly, in postmenopausal patients
on AI (, 0.65 pg/mL in all samples from letrozole-treated
patients26). Furthermore, the complete estrogen profile obtained,
which is a unique feature in an international study, provides insight
into the estrogen pharmacodynamic effect because E1 is the main
product of the aromatase enzyme and E1S is the most abundant
estrogen fraction in plasma and, therefore, relevant to the degree of
estrogen suppression.

As a result of the high sensitivity of GC/MS/MS and the lower
estrogen levels observed, we prospectively selected the E2 threshold
of 2.72 pg/mL24 to define suboptimal suppression in patients
receiving triptorelin plus exemestane. Using ultrasensitive assays,
similar thresholds (2.18 or 2.72 pg/mL) have previously been
suggested to determine E2 levels not consistent with post-
menopausal status on AIs.33,34 Nevertheless, the clinical implica-
tion of these ultra-low E2 thresholds is still uncertain. In the
postmenopausal setting, small differences in the degree of aro-
matase inhibition and estrogen suppression between the third-
generation AIs35-38 have not translated into clinically meaningful
differences in efficacy in head-to-head comparisons in early or
advanced disease.39,40 Therefore, and as in other studies,33,34 we
explored two additional less stringent E2 cutoff values, finding that
18% and 13% of patients had E2 levels greater than 10 and greater
than 20 pg/mL, respectively, at least once during the 12-month
period. However, these were mostly nonpersistent E2 increases,
because only six women (8%) and one woman (1%) had E2 values
greater than these two thresholds, respectively, at more than one
postbaseline time point (Appendix Table A2).

Similar results have been reported in the adjuvant Hormonal
Bone Effects (HOBOE) trial,9 in which patients were randomly
assigned to receive triptorelin plus either letrozole or tamoxifen,
and hormone levels were evaluated at baseline and after 6 months.
Consistent with our findings, median E2 levels were lower in the
AI group than in the tamoxifen group. The median on-treatment
FSH and LH levels showed a decline in both treatment groups,
with LH levels significantly lower and FSH significantly higher in
the AI group compared with the tamoxifen group. These complex
gonadotropin dynamics probably result from the direct sup-
pressive effect of the GnRHa, together with the decrease in E2 that
removes E2 physiologic feedback on gonadotropins (FSH is more
sensitive to this than LH) and the direct effect of tamoxifen on the
pituitary.

Aside from the AI used, the HOBOE trial differs from SOFT-
EST in several respects. The HOBOE trial was a single-institution
study in which premenopausal status was determined before
chemotherapy, and only one postbaseline time point was assessed
for 81 patients (letrozole plus triptorelin, n = 51; tamoxifen plus

Table 2. Percent Change in Estrogen Levels From Baseline to Each Time Point
Among Patients Randomly Assigned to Exemestane Plus Triptorelin

Estrogen Level

Percentage of Change From Baseline

3 Months 6 Months 12 Months

No. of patients* 64 66 63
Estradiol, pg/mL
Mean (SD) 276 (76) 282 (62) 285 (46)
Geometric mean 288 290 283
Median (IQR) 296 (299 to 283) 296 (299 to 285) 297 (299 to 287)

Estrone, pg/mL
Mean (SD) 290 (18) 287 (27) 282 (61)
Geometric mean 278 279 291
Median (IQR) 295 (298 to 291) 295 (298 to 291) 295 (298 to 290)

Estrone sulfate, pg/mL
Mean (SD) 289 (27) 286 (36) 293 (13)
Geometric mean 290 289 292
Median (IQR) 298 (299 to 293) 297 (299 to 292) 298 (299 to 294)

Abbreviations: IQR, interquartile range; SD, standard deviation;.
*Denotes the number of patients with two samples, at baseline and at specified
time point, to calculate change.
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triptorelin, n = 30). The main objective was to compare endocrine
effects between treatments, including adrenal function, but not to
explore suboptimal estrogen suppression in the letrozole plus
triptorelin group. A much less sensitive electrochemiluminescence
immunoassay (LLQ, 5 pg/mL) was used for E2 measurements, and
E1 and E1S were not studied.9

Other studies have addressed estrogen suppression with
GnRHa plus AI in the neoadjuvant and metastatic settings. Many
are flawed by the use of low-sensitivity assays,4,8,9,13,15,16 short
follow-up duration,6,9,11,12,14,15,22,23 and small numbers of
patients.6,11,12,22,23 In addition to the accurate estrogen measure-
ments, the SOFT-EST substudy constitutes, to our knowledge, the
largest series addressing estrogen levels in premenopausal women
on GnRHa plus AI, with the longest sampling duration (until
48 months), and uniquely conducted in the context of an inter-
national phase III trial.

Our study is limited by early discontinuations, missing
samples, and the uncertain clinical value associated with isolated
E2 increases. Overall, 48 patients in the exemestane plus triptorelin
group had all three postbaseline samples analyzed within the first
year of treatment. However, 8% of patients (four of 48 patients)
had E2 levels greater than 2.72 pg/mL at all three time points,
which would most likely have an unfavorable impact on the
prognosis of these patients.

A high proportion of E2 and E1 values less than the LLQ were
observed (. 81% and . 83% at any time point, respectively;
Appendix Table A3), demonstrating that a profound estrogen
reduction is possible in premenopausal women receiving
exemestane plus triptorelin. Conversely, to understand why a
minority of women and samples showed E2 values greater than
2.72 pg/mL is complex, and the SOFT-EST study was not designed
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to assess all possible reasons. Compliance is particularly relevant
for a compound with a 24-hour half-life such as exemestane,
although because of the irreversible nature of its aromatase
inhibition, estrogen levels remain suppressed for 4 days after a 25-
mg single-dose administration.41 Other variables that can influ-
ence pharmacodynamic effects of AIs, such as polymorphisms in
the CYP19 aromatase gene,42,43 were not studied. In addition,
compliance with the every-28-day triptorelin injections is relevant,
but there was no evidence of missed injections or overt delays
between injections (Appendix Tables A6-A8, online only). Vari-
ability of the interval between the blood draw and the last trip-
torelin injection could lead to variability in E2 levels, but no pattern
was evident (Appendix Fig A3, online only).

The analysis of potential predictive factors for suboptimal
suppression, albeit exploratory, reinforces the additional role of
FSH and LH levels to better define a truly premenopausal status,
particularly after chemotherapy, which is superior to that provided
by locally assessed E2 levels that defined eligibility for the SOFT
trial. Even with serial estrogen and gonadotropin assessments,
establishing a definitive menopausal status remains elusive, and the

possibility of a later recovery still exists, as illustrated by E2 levels
greater than 2.72 pg/mL observed during triptorelin plus
exemestane among women with baseline postmenopausal levels
(Figs 4A and 4B). Of note, higher BMI was marginally associated
with increases in E2 greater than 2.72 pg/mL. The relationship of
obesity with higher E2 and E1S has been recently reported in
postmenopausal patients with advanced breast cancer on non-
steroidal AIs.44 However, its impact on clinical resistance to AIs in
premenopausal plus ovarian suppression and postmenopausal
populations is not clear.44-47

The findings of this substudy should be viewed in light of the
results of SOFT and TEXT trials. The SOFT and TEXT combined
analysis17 showed improved disease-free survival with exemestane
plus OFS compared with tamoxifen plus OFS, whereas the SOFT
trial showed benefits in freedom from breast cancer with tamoxifen
plus OFS compared with tamoxifen alone, which were further
improved with exemestane plus OFS in patient who received prior
chemotherapy and in the youngest patients. Therefore, exemestane
plus OFS has emerged as a new option in adjuvant endocrine
therapy for premenopausal women. Considering that treatment

Table 3. Characteristics of Patients Randomly Assigned to Exemestane Plus Triptorelin Who Had at Least One Postbaseline Sample Analyzed, According to
Occurrence of E2 Level Greater Than 2.72 pg/mL During at Least One Time Point

Characteristic

No. of Patients (%)*

P

Postbaseline E2

All Patients
(N = 79)

All Assay Values
, 2.72 pg/mL (n = 52)

At Least One Assay
Value . 2.72 pg/mL (n = 27)

Age at random assignment, years
Median (IQR) 44 (40-48) 45 (40-48) 44 (40-48) .792
, 35 4 (7.7) 4 (14.8) 8 (10.1)

Menstruation
Normal 12 (23.1) 2 (7.4) 14 (17.7) .162
Irregular 20 (38.5) 10 (37.0) 30 (38.0)
Amenorrhea 20 (38.5) 15 (55.6) 35 (44.3)

BMI, kg/m2, median (IQR) 24 (22-27) 27 (23-29) 24 (22-28) .054
Smoking history .926
Currently smokes 15 (28.8) 9 (33.3) 24 (30.4)
Stopped smoking 7 (13.5) 3 (11.1) 10 (12.7)
Never smoked 29 (55.8) 14 (51.9) 43 (54.4)
Unknown 1 (1.9) 1 (3.7) 2 (2.5)

Prior chemotherapy .061
No 19 (36.5) 16 (59.3) 35 (44.3)
Yes 33 (63.5) 11 (40.7) 44 (55.7)

Chemotherapy regimen .788
Anthracycline plus taxane 25 (75.8) 8 (72.7) 33 (75.0)
Anthracycline-based 7 (21.2) 3 (27.3) 10 (22.7)
Taxane-based 1 (3.0) 0 (0.0) 1 (2.3)

Prior chemotherapy duration,
weeks, median (IQR)

21 (18-24) 20 (18-24) 20 (18-24) ND

Prior tamoxifen .207
No 32 (61.5) 21 (77.8) 53 (67.1)
Yes 20 (38.5) 6 (22.2) 26 (32.9)

Prior tamoxifen duration, weeks,
median (IQR)

18 (12-20) 12 (10-12) 16 (10-20) ND

Baseline hormone levels
E2, pg/mL, median (IQR) 41 (5-110) 65 (27-115) 50 (6-110) .183
Estrone, pg/mL, median (IQR) 41 (24-72) 47 (22-61) 42 (24-70) .780
Estrone sulfate, pg/mL

Median (IQR) 637 (303-1,278) 854 (490-1,282) 712 (306-1,288) .669
FSH, IU/L, median (IQR) 34 (12-58) 8 (5-34) 21 (8-51) .002
LH, IU/L, median (IQR) 21 (7-32) 7 (4-20) 16 (6-28) .004

Abbreviations: BMI, body mass index; E2, estradiol; FSH, follicle-stimulating hormone; IQR, interquartile range; LH, luteinizing hormone; ND, not done.
*Values are numbers and percentages of patients, unless noted otherwise.
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with a GnRHa plus AI will be increasingly adopted, knowing
whether a patient has suboptimal estrogen suppression in real time
will become clinically important. Of note, although age was not
related to isolated suboptimal suppression in our substudy, the
population younger than age 35 years was small (eight women, all
in the exemestane plus triptorelin group), and we observed that
sustained suboptimal suppression was mainly seen in these
youngest women (three patients, two of whomwere chemotherapy
naı̈ve). In contrast to SOFT results (greatest benefit from OFS in
population younger than age 35 years), this finding might be
explained by the lower proportion of patients younger than age 35
in SOFT-EST who received prior chemotherapy (50% v 94% in
SOFT). Additionally, our substudy revealed that 56% of women
who received prior chemotherapy may actually have been post-
menopausal at random assignment, which raises the possibility of a
diluted effect of OFS in SOFT.

In conclusion, in our study, the majority of premenopausal
patients with breast cancer treated with exemestane plus triptorelin
had a profound reduction in estrogen levels during the first
12 months of treatment, which was similar to that reported in
postmenopausal patients on AI. One-third of patients had an E2
level inconsistent with that expected for a postmenopausal level on
AI (, 2.72 pg/mL) at least once. Further analysis of the 4-year data

will better establish the dynamics of estrogen levels over time at the
individual patient level.
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Treatment adherence and timing of sampling relative to triptorelin injections
Among all 106 patients with at least one postbaseline sample in this 1-year analysis, the median duration receiving triptorelin

injections was 12 months. Triptorelin injections were stopped early by eight patients before 12 months; these patients were included in
the analysis until the time of early discontinuation and were adherent with injections before early discontinuation. For all other patients,
there was no indication of missed injections during the 12-month period. The same eight patients also stopped the assigned oral
endocrine therapy early. Seven additional patients stopped exemestane but remained on triptorelin; early discontinuation of exemestane
may have led to some values of estradiol (E2) greater than 2.72 pg/mL after stopping, but these few values were unlikely to substantially
affect the results. For all other patients, there was no indication of nonadherence with assigned oral endocrine therapy. Postbaseline E2
values for 15 patients who stopped protocol treatment early are listed in Tables A6 and A7 according to treatment assignment.

The interval of time between the blood draw sample and the last triptorelin injection could potentially account for variability in
E2 levels. For approximately 75% of patients we had complete, accurate data in the database for dates of triptorelin injections and
blood samples. We calculated the duration of the interval (in days) for each blood draw. Table A8 shows the number of patients with
complete date information for dates of triptorelin injections and blood samples, grouped by the interval between blood sampling
and the last injection of triptorelin, at each scheduled blood draw time point. Approximately 15% of patients had samples 30 or
more days since their last injection, which also indicates that the triptorelin injections were not always given within the 286 3–day
window. Figures A3A and A3B plot the estrogen and follicle-stimulating hormone and luteinizing hormone levels according to the
interval between blood sampling and the last triptorelin injection, by treatment assignment. There is no clear pattern in the
relationship of the sampling interval with E2 level; there is variability in E2 levels even within the 1- to 26-day interval from the last
injection and remarkably small variability when the sample was obtained 30 or more days from last injection.
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Table A1. Patient Characteristics According to Groups Defined by Baseline E2 20 pg/mL or Less Versus E2 Greater Than 20 pg/mL

Baseline E2 # 20 pg/mL (n = 39) Baseline E2 . 20 pg/mL (n = 74) Total (N = 113)*

Treatment assignment
Exemestane plus triptorelin 28 (71.8) 55 (74.3) 83 (73.5)
Tamoxifen plus triptorelin 11 (28.2) 19 (25.7) 30 (26.5)

Age at random assignment, years
Median (IQR) 45 (42, 48) 44 (39, 48) 44 (40, 48)
, 35 2 (5.1) 6 (8.1) 8 (7.1)
$ 35 37 (94.9) 68 (91.9) 105 (92.9)

Menstruation before random assignment
Normal 8 (20.5) 49 (66.2) 57 (50.4)
Irregular 5 (12.8) 11 (14.9) 16 (14.2)
Persistent amenorrhea 26 (66.7) 14 (18.9) 40 (35.4)

BMI, kg/m2

Median (IQR) 26 (24, 28) 23 (22, 27) 24 (22, 28)
Smoking history
Currently smokes 8 (20.5) 19 (25.7) 27 (23.9)
Stopped smoking 10 (25.6) 10 (13.5) 20 (17.7)
Never smoked 21 (53.8) 43 (58.1) 64 (56.6)
Unknown 0 (0.0) 2 (2.7) 2 (1.8)

Prior chemotherapy
No 4 (10.3) 47 (63.5) 51 (45.1)
Yes 35 (89.7) 27 (36.5) 62 (54.9)

Chemotherapy regimen
Anthracycline-based 11 (31.4) 3 (11.1) 14 (22.6)
Anthracycline + taxane 21 (60.0) 22 (81.5) 43 (69.4)
Taxane-based 3 (8.6) 2 (7.4) 5 (8.1)

Prior chemotherapy duration, weeks
Median (IQR) 18 (18, 24) 24 (18, 24) 20 (18, 24)

Prior tamoxifen
No 26 (66.7) 52 (70.3) 78 (69.0)
Yes 13 (33.3) 22 (29.7) 35 (31.0)

Prior tamoxifen duration, weeks
Median (IQR) 18 (14, 20) 16 (8, 22) 18 (8, 21)

Baseline hormone levels
E2, pg/mL
Median (IQR) 4 (3, 7) 110 (54, 170) 51 (6,124)

E1, pg/mL
Median (IQR) 19 (15, 28) 60 (41, 106) 42 (24, 71)

E1S, pg/mL
Median (IQR) 265 (146, 396) 1205 (890, 2,342) 894 (307, 1,380)

FSH (IU/L)
Median (IQR) 60 (30, 73) 8 (6, 20) 15 (7, 47)

LH (IU/L)
Median (IQR) 25 (17, 44) 8 (5, 21) 14 (6, 28)

Abbreviations: BMI, body mass index; E1, estrone; E1S, estrone sulfate; E2, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; IQR, interquartile
range.
*Excludes three patients without baseline samples.
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Table A6. Exemestane Plus Triptorelin: Patients With Treatment Nonadherence (n = 10) and Sampling Time From Last Triptorelin Injection

Patient ID
Visit Time

Point, Months
Blood Draw,

Months
Blood Sample Since
Last Injection, Days E2 (pg/mL)

Duration of
Exemestane, Months

Duration of
Triptorelin, Months

A1 3 3 6 41.9 4.4 12
6 6 4.4 12
9 4.4 12

12 12* 28 3.55* 4.4 12
A2 3 3 28 0.625 4.2 12

6 6 4.2 12
9 4.2 12

12 4.2 12
A3 3 3 28 32.1 8.5 9.2

6 6 28 0.625 8.5 9.2
9 9 7 0.625 8.5 9.2

A4 3 3 11.8 12
6 6 4 1.03 11.8 12
9 11.8 12

12 12 16 0.715 11.8 12
A5 3 3 38 0.625 9 12

6 6 25 0.625 9 12
9 9 12

A6 3 3* 23 2.33* 1.2 12
6 6* 19 2.47* 1.2 12
9 1.2 12

12 12* 28 3.57* 1.2 12
A7 3 3 7.48 0.3 4.3

6 6 0.3 4.3
12 12 7.38 0.3 4.3

A8 3 3 31 0.625 7.8 12
6 6 29 0.625 7.8 12
9 7.8 12

12 7.8 12
A9 3 3 6 0.625 3.5 3.7

6 3.5 3.7
A10 3 3 21 3.95 12 12

6 6 14 1.6 12 12
9 12 12

12 12 28 0.625 12 12

Abbreviations: E2, estradiol.
*The patient was on tamoxifen at this blood draw.
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Table A7. Tamoxifen Plus Triptorelin: Patients With Treatment Nonadherence (n = 5) and Sampling Time From Last Triptorelin Injection

Patient ID
Visit Time

Point, Months
Blood Draw,

Months
Blood Sample Since
Last Injection, Days E2 (pg/mL)

Duration of
Tamoxifen, Months

Duration of
Triptorelin, Months

B1 3 3 26 37.7 11.4 2.8
B2 3 3 29 1.21 10.6 11.5

6 6 35 2.03 10.6 11.5
9 10.6 11.5

12 12 47 1.57 10.6 11.5
B3 3 3 10 6.78 10.1 11.2

6 6 19 6.33 10.1 11.2
9 10.1 11.2

12 12 10.1 11.2
B4 3 3 6 2.68 4 12

6 6 13 2.92 4 12
9 4 12

12 12* 108* 0.625* 4 12
B5 3 3 (ED) 5.35 3 1

Abbreviations: E2, estradiol; ED, early discontinuation
*The patient was on aromatase inhibitor plus triptorelin at this blood draw; there is uncertainty about the value of 108 days since last injection.

Table A8. Number of Patients Grouped by Sampling Days from Last Triptorelin Injection at Each Scheduled Blood Draw Time Point

Time Point, Months

Exemestane Plus Triptorelin Tamoxifen Plus Triptorelin

1-26 Days 27-29 Days 30 Days or More 1-26 Days 27-29 Days 30 Days or More

3 42 8 9 17 5 2
6 43 11 8 19 2 2

12 37 8 11 13 1 5

NOTE. Data are restricted to those patients for whomwe have complete date information. Data are presented as the No. of patients having a blood sample drawnwithin
the indicated number of days from their last triptorelin injection.
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