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/ABSTRACT

Purpose. This study evaluated the proportion of
premenopausal women who experience persistent ovarian
escape (OE) while receiving ovarian suppression
(OS) therapy for estrogen receptor-positive (ER+) breast
cancer treatment. The study also examined clinical factors
that may predispose to higher risk of persistent OE.
Materials and Methods. This was a retrospective, “real-
world” study to evaluate premenopausal women receiv-
ing adjuvant endocrine OS therapy. The primary objective
was to measure the percentage of persistent OE within
the first 3 months of OS injections (using either
leuprolide or goserelin). The secondary objective was to
associate baseline clinical data (age, body mass index
[BMI], and previous chemotherapy) with the probabil-
ity of OE.

Results. Of the 46 patients included in this analysis,
11 (23.9%) women did not achieve OS within 3 months.
Three women (6.5%) remained in OE at 12 months. Older
age (odds ratio, 0.86; confidence interval, 0.76-0.98,
p = .024) was associated with lower chance of developing
OE. BMI, previous chemotherapy, and drug used (tamoxifen
versus aromatase inhibitor) did not correlate with the likeli-
hood of OE in this patient cohort.

Conclusion. Among the premenopausal women who did not
attain complete ovarian suppression, young age was a sig-
nificant risk factor for likelihood of OE. Although the clinical
relevance of this finding is not yet known, it should prompt
further studies to determine whether inadequate OS is
associated with higher recurrence risk for patients with ER+
breast cancer. The Oncologist 2021;26:€936—e942

Implications for Practice: Because up to a quarter of premenopausal women do not attain adequate ovarian suppression
within the first 3 months of gonadotropin-releasing hormone (GnRH) agonist therapy, bloodwork should be checked to
ascertain hormone levels prior to starting aromatase inhibitor therapy, and at regular intervals, for these women.

INTRODUCTION

Breast cancer is the most common malignancy in women
globally, with 276,480 estimated cases in the U.S. in 2020
[1]. Approximately 70% of these cases are hormone recep-
tor-positive (HR+) [2]. Patients younger than 45 years con-
tributed to 8.4% of new cases from 2012 to 2016 in the
U.S. SEER database, whereas patients younger than
35 years made up 1.9% of new breast cancer cases [1].
Although the premenopausal cohort composes a small pro-
portion of total annual breast cancer incidence, it must be

given special consideration because of a higher likelihood
of advanced disease at presentation [3]. Although systemic
chemotherapy has a proven benefit with an absolute reduc-
tion in recurrence among women younger than 50 years
[4], Aebi et al. reported that women younger than 35 years
with HR+ breast cancer who did not achieve chemotherapy-
induced amenorrhea had a higher rate of disease relapse
and death at 10 years compared with women older than
35 years, who also did not achieve amenorrhea with
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chemotherapy [5]. These findings suggest that younger
women may have differing host factors and/or disease biology
that distinguish them from older women, and lower estrogen
levels may play an even more important role in younger
women with HR+ breast cancer than in older women.

In 2007, a meta-analysis involving 11,906 premenopausal
patients with HR+ breast cancer indicated that luteinizing
hormone-releasing hormone (LHRH) agonists were more
effective in reducing disease recurrence in women younger
than 40 years, as compared with those over 40 years. Fur-
thermore, when an LHRH agonist was used in conjunction
with tamoxifen, chemotherapy, or both, there was a signifi-
cant reduction in disease recurrence and death after recur-
rence [6]. In 2013, two randomized trials were initiated by
the International Breast Cancer Study Group: The Suppres-
sion of Ovarian Function Trial (SOFT) and the Tamoxifen and
Exemestane Trial (TEXT). The results of the SOFT and TEXT
trials created a paradigm shift in the management of high
risk premenopausal women with estrogen receptor-positive
(ER+) and/or progesterone receptor-positive breast cancer.
At 8 years, the disease-free survival was superior for women
who received either tamoxifen or aromatase inhibitor (Al)
with ovarian suppression (0S), as compared with the women
who received tamoxifen alone [7]. With a proven benefit in
disease-free survival, the American Society of Clinical Oncol-
ogy recommended in 2016 that premenopausal women with
high risk of disease recurrence should receive OS with adju-
vant endocrine therapy [8].

Despite these promising findings, ancillary analysis of
the SOFT trial subpopulation (SOFT-EST) noted that one-
quarter of the patients did not achieve adequate OS at
3 months while on exemestane and triptorelin. Even at
12 months, 17% still did not attain adequate OS [9]. The
clinical significance of this remains unknown, but failure to
achieve maximally suppressed estradiol levels could theo-
retically contribute to poorer outcomes for ER+ breast can-
cer survivors. The aim of this study was to assess
premenopausal patients with ER+ breast cancer in a “real
world” clinical setting who did not achieve maximal estra-
diol (E2) suppression within 3 months and to evaluate
potential contributing risk factors.

MATERIALS AND METHODS

Study Design

This was an institutional review board-approved, single
institution, retrospective study that evaluated ovarian
escape (OE) in premenopausal women receiving adjuvant
endocrine therapy with pharmacologic OS (either leuprolide
or goserelin) over a 95-month period from February
1, 2010, to January 9, 2018. Patient information was initially
found by the use of the Vigilanz system (a clinical surveil-
lance platform). All patients receiving either leuprolide or
goserelin were isolated, and then screened for medication
indications. Patients who did not have ER+ breast cancer
were excluded. The rest of patient data was collected
through the electronic medical record EPIC and securely
stored in Microsoft Excel 2013 data files. Patients were
included if they were over 18 years of age; had stage I-lll
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ER+ breast cancer; were receiving OS with goserelin or
leuprolide in conjunction with either tamoxifen or an Al
including exemestane, letrozole, or anastrozole; and were
determined to be premenopausal by their treating oncolo-
gist, by appropriate laboratory or clinical parameters.
Patients were excluded from the analysis if they had meta-
static disease. For adjuvant endocrine therapy, patients
were prescribed either subcutaneous goserelin (3.6 mg
every 1 month or 10.8 mg every 3 months) or leuprolide
(3.6-7.5 mg every month or 11.25 mg every 3 months) with
dosing and administration frequency determined by the
prescribing clinician. E2 values, body mass index (BMI), age,
and receipt of previous chemotherapy were collected. For
all patients, estradiol level was measured via an
ultrasensitive assay, using quantitative high performance
liquid chromatography—tandem mass spectrometry, with a
lower limit of detection of 2.0 pg/mL. All testing was sent
out to Associated Regional and University Pathologists
(ARUP) laboratories in Salt Lake City, Utah. OE was defined
as an E2 level >2.7 pg/mL if on Al therapy. This definition
was based on the recommended guidelines by Smith et al.,
which were also employed in the SOFT-EST analysis [9, 10].
Although there is no guideline or universally accepted stan-
dard for determining adequate ovarian suppression while
on OS + tamoxifen, we defined this as having an estradiol
level <21 pg/mL because this is the cutoff used by ARUP
laboratories, and accepted by our institution, for pre- versus
postmenopausal estradiol level. When receiving adjuvant
endocrine suppression with an LHRH agonist, circulating
levels of E2 are equivalent to values seen in postmeno-
pausal women and women with surgical oophorectomy
[11]. The primary objective of this analysis was to deter-
mine the proportion of patients that failed to achieve ade-
quate OS in a “real-world” clinical setting within 3 months
of initiation of adjuvant endocrine therapy. E2 levels were
measured to delineate between OS and OE. E2 levels were
monitored for up 12 months in patients that continued to
receive OS after 3 months. If OE was documented within
the initial 3 months, a secondary analysis was conducted to
determine the proportion of these patients who had
sustained OE at 6 months and 12 months. Sustained OE
was defined as not having any estradiol values lower than
the cutoff by the end of that particular time period in ques-
tion. If patients did not have any estradiol values measured
during that time period, they would not be included in the
“sustained OE” group. The major secondary aim was to
assess baseline data that may potentially impact ovarian
reserve, which included age, receipt of previous chemother-
apy, and BMI.

Statistical Analysis

OE was defined as achieving an E2 level >2.7 pg/mL if on Al
or >21 pg/mL if on tamoxifen, as explained above. The pri-
mary endpoint was women who developed OE within
3 months after the initiation of leuprolide or goserelin.
Baseline characteristics were presented by OE or OS as
mean + SD for continuous variables and number (percent-
age) for categorical variables. The comparison between OE
and OS was assessed with Fisher’s exact test for categorical
variables and Mann-Whitney test for continuous variables.
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Table 1. Baseline characteristics by OE or OS

Characteristics Total (n = 46) OE (n = 11) OS (n = 35) p value
Age, mean £ SD, yr 419+6.8 38.5+6.7 43.0+ 6.6 .037
BMI, mean + SD 279+6.7 29.0+7.6 27.5+6.5 677
Previous chemotherapy, n (%) 27 (58.7) 6 (54.6) 21 (60.0) .999
Oral endocrine drug, n (%) .768

Anastrozole 14 (30.4) 3(27.3) 11 (31.4)

Exemestane 4 (8.7) 0 (0) 4 (11.4)

Letrozole 8(17.4) 3(27.3) 5(14.3)

Tamoxifen 20 (43.5) 5 (45.5) 15 (42.3)
Ovarian suppression, n (%) .655

Monthly goserelin 28 (60.9) 5 (45.5) 23 (65.7)

Q3 month goserelin 5(10.9) 2 (18.2) 3(8.6)

Monthly leuprolide 10 (21.7) 3 (27.3) 7 (20)

Q3 month leuprolide 3 (6.5) 1(9.1) 2 (5.7)

Data were presented as mean = SD for continuous variables and n (%) for categorical variables. Fisher’s exact test (categorical variables)
and Mann-Whitney test (continuous variables) were used to compare subjects between OE and OS.
Abbreviations: BMI, body mass index (kg/mz); OE, ovarian escape; OS, ovarian suppression; Q3, every 3.

Univariable and multivariable logistic regression models
were applied to examine the association between age, BMI,
or previous chemotherapy with OE. All analyses were per-
formed with STATA version 16 (StataCorp 2019 Stata Statis-
tical Software: Release 16. College Station, TX) Statistical
significance was defined as two-tailed p < .05 for all tests.

RESULTS

Between February 1, 2010, and January 9, 2018, a total of
46 women met inclusion criteria to be included in our retro-
spective analysis. The mean age of the total population was
41.9 + 6.8 years. The mean age of the 8 women less than
35 years was 30.9 + 3.1 years, and the mean age for the
38 women older than 35 years was 44.2 * 4.8 years. The
mean BMI for the entire cohort was 27.9 + 6.7, with 58.7%
of the women overweight or obese. Baseline characteristics
of the entire group, as well as those who developed ovarian
suppression versus ovarian escape, are summarized in
Table 1.

There were 11 (24.0%) patients with OE within the first
3 months. On average, the women who achieved ovarian
suppression were significantly older than the ones who
experienced ovarian escape. The mean age of women with
OE compared with OS was 38.5 years versus and 43.0 years,
respectively (p = .037; Table 1). The mean time from first
injection of goserelin or leuprolide to collection of E2 labs
was 2.5 + 1.45 months.

Of the 11 women with OE at 3 months, 10 continued
adjuvant endocrine therapy beyond 3 months. At 6 months,
4 of these 10 women had sustained OE. At 12 months,
three of three women who had not yet achieved ovarian
suppression remained in OE (Fig. 1; Table 2). Ultimately, of
the 46 women in our analysis, 11 (24%) did not attain OS at
3 months, and 3 women (6.5%) still had not attained OS
after 12 months of LHRH agonist therapy. Those with persis-
tent ovarian escape tended to be younger and overweight.
For those with ovarian escape at 3, 6 and 12 months, their

© 2021 AlphaMed Press.

median age was 38.5, 35.9, and 36.9 years, respectively
(Fig. 2). Mean BMI for these women ranged from
28.5-30 (Fig. 3).

On multivariable analysis of age, BMI, and receipt of
previous chemotherapy, age was the only variable with
retained statistical significance (odds ratio, 0.86; 95% confi-
dence interval, 0.76-0.98; p = .024; Table 3) for
achieving OE.

Although our study was not powered to look at the vari-
ous dosing frequencies of gonadotropin-releasing hormone
(GnRH) agonists, it is interesting to note that 38% (3/8) of
women who received every 3 months (g3 month) injections
(median age 43.4 years) experienced ovarian escape, com-
pared with only 21% (8/38) of those who received monthly
injections (median age 41.6 years). However, there was a
smaller difference for ovarian escape between those who
received goserelin versus leuprolide (21% vs. 30.8%). Rates
of ovarian escape were similar in women who were receiv-
ing aromatase inhibitor versus tamoxifen (23% vs. 25%).

DiscussioN
In this single institution, real-world evaluation of
premenopausal patients with ER+ breast cancer, 24% of
women in the first 3 months were not adequately
suppressed as defined by E2 parameters. Of those with OE
within the first 3 months, one-quarter of patients had per-
sistent inadequate OS as defined by E2 levels in the first
year. Younger age (38.5 + 6.7) was the only statistically sig-
nificant risk factor associated with higher likelihood of OE.
The use of adjuvant endocrine therapy to achieve OS
has become rather common in high risk premenopausal
women. As its use in conjunction with Al therapy or tamoxi-
fen becomes a mainstay of therapy in this patient popula-
tion, it is prudent to define potential associations or risk
factors that may predict or contribute to inadequate
OS. The proportion of women with OE at 3 months in the
present study and in the SOFT-EST trial were both
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Included in analysis (n =46 )

. 3 months v

Attained ovarian suppression within 3 months
(n=235)
+ No longer followed in this analysis

Did not achieve ovarian suppression within 3

months (n = 11)

+ Stopped endocrine therapy after 3 months
(n=1)

6 months ¢

12 months

Analysed (n = 10)

+ Achieved ovarian suppression (n = 6)
+ Discontinued endocrine therapy beyond 6
months (n = 1)

Figure 1. CONSORT diagram.

approximately 25%, suggesting a consistent and significant
ratio of early OE [9]. In the final SOFT-EST 4-year prospec-
tive analysis presented at the 2018 San Antonio Breast Can-
cer Symposium, Bellet et al. noted that up to 25% of
women monitored with triptorelin and exemestane had
suboptimal E2 suppression in two or more readings, and
early suboptimal suppression within the first year predicted
additional OE over the 4 years these patients were followed
[12]. In the current study, only women who continued to
experience OE were monitored for a longer period of time.
Those who developed OS were no longer followed,
although some of them may have developed later OE, espe-
cially if they received chemotherapy prior to OS therapy.
Results from this study suggest one in four younger
women are more likely to have suboptimal suppression

Analysed (n=3)
+ Didnot achieve ovarian suppression within
12 months (n = 3)

during the first 3 months of GnRH agonist therapy, and
some women will continue to produce extra estrogen, espe-
cially those who are younger. Although the clinical implica-
tions of OE in this cohort can only be theorized, it is
possible that women with either persistent OE or recurrent
episodes of suboptimal suppression are at a greater risk for
disease recurrence. In the meta-analysis conducted by Key
et al. of nine prospective trials, there was a statistically sig-
nificant twofold increased risk of breast cancer with increas-
ing concentrations of sex hormones, including E2 in
postmenopausal women [13]. However, it is uncertain if this
risk can be extrapolated to premenopausal patients with
regard to breast cancer recurrence. Furthermore, it is
unknown if premenopausal patients with OE despite OS
therapy have an inherently higher risk of breast cancer

Table 2. Characteristics of patients with persistent OE at 3, 6, and 12 months

Characteristits

3 mo, n (%)

6 mo, n (%) 12 mo, n (%)

Patients on adjuvant endocrine therapy 46
Patients with sustained OE 11 (23.9)
Age, yr 38.5%+6.7
BMI 29.0+7.6
Previous chemotherapy 6 (54.5)
Number on leuprolide 4 (36.4)
Number on goserelin 7 (63.6)
Tamoxifen 3(27.3)
Anastrozole 3(27.3)
Exemestane 2 (18.2)
Letrozole 3(27.3)

10 3

4 (40.0) 3 (100)
35.9+4.5 36.9+2.4
28.5+7.9 30.6 £ 8.3
3 (75.0) 2 (66.7)

3 (75.0) 2 (66.7)
1(25.0) 1(33.3)
1(10.0) 1(33.3)

0 0

0 0

3 (75.0) 2 (66.7)

Abbreviations: BMI, body mass index (kg/mz); OE, ovarian escape.
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Figure 2. Association between age and ovarian escape at vari-
ous time points during GnRH agonist therapy.

recurrence due to greater ovarian reserve. Therefore, an
understanding of additional contributory risk factors is nec-
essary. Pertinent factors reported in the initial SOFT-EST
analysis that predicted the odds of OE included a lower
follicle-stimulating hormone (FSH) and LH (p < .01), higher
BMI (p = .05), and patients who were chemotherapy naive
(p = .06) [9]. In the final analysis reported, baseline high E2
and lower FSH and LH were associated with higher risk of
escape [12]. These were not found to be statistically signifi-
cant factors in the present study, which is likely related to
the smaller sample size and overall younger age of patients
in our analysis. It also should be noted that we did not ana-
lyze FSH and LH because of lack of consistently available
data in this regard. However, it is important to note that in
women with sustained OE at 6 months and 12 months, a
higher proportion of women had a receipt of previous che-
motherapy (a similarity shared with the SOFT-EST study)
and were overweight (Fig. 1). Although underpowered for
statistical assessment in the current study, these factors
should be assessed in future studies.

Although baseline younger age (38.5 years) was deter-
mined to be a significant risk factor for initial OE in our
patient cohort, it was not in the SOFT-EST trial [9]. The
median overall age of the women studied in the SOFT-EST
trial was 45 years, and the median age of having at least
one lab value signifying OE was 44 years [9]. By comparison,
the women in the present study had an average age of
42 years, and the mean age of the OE group in our study
was 38.5 years. When examining OE in younger women,
who tend to have stronger ovarian reserve, it should be

Figure 3. Association between Body Mass Index and ovarian
escape at various time points during GnRH agonist therapy.
Abbreviation: BMI, body mass index.

considered that their likelihood of achieving OS may not be
as affected by other factors such as BMI, as compared with
slightly older premenopausal women.

Although the clinical ramifications of age on OE in
patients with ER+ breast cancer remain unknown, clinicians
should be aware of potential ovarian escape when adminis-
tering ovarian suppression to young women. Use of an Al in
the SOFT/TEXT trials demonstrated better disease-free sur-
vival compared with tamoxifen [7], and both the SOFT-EST
and single institution phase Il HOBOE trials studies have
demonstrated Al therapy to have a greater degree of
sustained E2 suppression compared with tamoxifen [9, 14].
However, a total of 34% of patients on Al in the SOFT-EST
trial had OE documented during at least one point in time,
and 46% of these patients were chemotherapy naive [9]. In
addition, there have been prospective and retrospective
studies that indicate patients with chemotherapy-induced
0OS and concomitant Al therapy may be at risk of OE over
time, including women who were switched from tamoxifen
to an Al [10, 15, 16]. As with the present study demonstrat-
ing greater risk of OE with younger age (38 years), these tri-
als suggest patients at a younger age ranging from a
median of 43—49 years may be at risk of recovery of ovarian
function over the course of their treatment [10, 15, 16].
Age appears to have a significant impact on ovarian func-
tion via a greater degree of ovarian resistance leading to
difficulty with initial and sustained OS in a subgroup of
women with ER+ breast cancer. Although the pivotal trials
have demonstrated improved outcomes of Al therapy over

Table 3. Odds ratio for achieving ovarian escape within 3 months from univariable and multivariable logistic regression

models
Univariable Multivariable
OR (95% ClI) p value OR (95% Cl) p value
Age 0.90 (0.81-1.01) .063 0.86 (0.76—0.98) .024
BMI 1.03 (0.94-1.14) 533 1.08 (0.97-1.22) 17
Previous chemotherapy 0.8 (0.20-3.14) .749 0.61 (0.13-2.78) .523

Abbreviations: BMI, body mass index (kg/mz); Cl, confidence interval; OR, odds ratio.

© 2021 AlphaMed Press.
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tamoxifen with concomitant OS, it may be reasonable to
consider tamoxifen as the initial therapy in younger women
who are chemotherapy naive on OS, until true ovarian sup-
pression is achieved and confirmed through laboratory
testing.

There are several limitations in the present study. First,
this is a retrospective, real-world review. As a result, and
because of the limited population of premenopausal
women that meet inclusion criteria at a single institution,
standardizing the patient population in a uniform pattern is
a significant challenge, as it is with many retrospective real
world experiences. For example, this analysis included all
patients who were receiving ovarian suppression, but it
only continued to follow those patients who did not achieve
ovarian suppression. Because of the variability in which E2
levels were collected in the “real world” setting, there was no
uniform or regularly scheduled monitoring of estradiol levels.
Although the order sets did have an estradiol lab “built in” to
the orders every time a patient received a GnRH agonist shot,
these values were not necessarily available every month for
every single patient. Second, the definition for adequate ovar-
ian suppression while on a GnRH agonist and tamoxifen is not
clearly delineated. In the absence of a widely accepted defini-
tion, we chose to use the estradiol cutoff levels used for natu-
rally postmenopausal women. Additionally, our sample size
was rather small and, thus, underpowered to adequately
examine other factors thata may contribute to OE, such as
dosing frequency of leuprolide and goserelin, BMI, and receipt
of previous chemotherapy. Another limitation of this study
was patients were not followed if OS was achieved within
3 months. It is possible that some patients that initially
achieved OS had OE as the length of time from their chemo-
therapy increased, or for those switched from tamoxifen to an
Al which is a documented risk in younger patients [10, 15, 16].
The goal of this study was to assess persistence of inadequate
suppression rather than assess OE after suppression has been
documented.

Furthermore, because of the “real world,” retrospective
nature of this study, some of the women who did not attain
complete ovarian suppression initially were changed from
g3 month to monthly GnRH agonists, but this was not done
routinely. Any changes to the treatment plan were executed
per the discretion of each treating patient’s oncologist. Specifi-
cally, of the 11 women who did not achieve OS in the first
3 months, three of them were on g3 month GnRH agonist
injections. Two of these patients switched to monthly injec-
tions, and one of them achieved OS within 2 months of
starting the monthly injections. The other patient who was
switched to monthly injections remained unsuppressed
throughout the trial. The third patient, who remained on
g3 month injections, achieved ovarian suppression within
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