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Purpose
Chemotherapy-induced amenorrhea is a serious concern for women undergoing cancer therapy.

This prospective randomized trial evaluated the use of gonadotropin-releasing hormone (GnRH)
analog triptorelin to preserve ovarian function in women treated with chemotherapy for early-stage
breast cancer.

Patients and Methods
Premenopausal women age 44 years or younger were randomly assigned to receive either

triptorelin or no triptorelin during (neo)adjuvant chemotherapy and were further stratified by age
(< 35, 35 to 39, > 39 years), estrogen receptor status, and chemotherapy regimen. Objectives
included the resumption of menses and serial monitoring of follicle-stimulating hormone (FSH) and
inhibin A and B levels.

Results

Targeted for 124 patients with a planned 5-year follow-up, the trial was stopped for futility after 49
patients were enrolled (median age, 39 years; range, 21 to 43 years); 47 patients were treated
according to assigned groups with four cycles of adriamycin plus cyclophosphamide alone or
followed by four cycles of paclitaxel or six cycles of fluorouracil, epirubicin, and cyclophosphamide.
Menstruation resumed in 19 (90%) of 21 patients in the control group and in 23 (88%) of 26 in the
triptorelin group (P = .36). Menses returned after a median of 5.8 months (range, 1 to 19 months)
after completion of chemotherapy in the triptorelin versus 5.0 months (range, 0 to 28 months) in
the control arm (P = .58). Two patients (age 26 and 35 years at random assignment) in the control
group had spontaneous pregnancies with term deliveries. FSH and inhibin B levels correlated with
menstrual status.

Conclusion
When stratified for age, estrogen receptor status, and treatment regimen, amenorrhea rates on

triptorelin were comparable to those seen in the control group.

J Clin Oncol 30:5633-538. © 2012 by American Society of Clinical Oncology

will develop breast cancer before the age of 40 years.'
In young women, chemotherapy is often considered

Breast cancer is the most common cancer among
women in the United States and still estimated to
affect more than 200,000 patients every year.' Major
advances in diagnosis and treatment of breast cancer
have reduced mortality, and a majority of patients
diagnosed with breast cancer will be long-term sur-
vivors. With more women surviving breast cancer,
avoidance of treatment-related long-term sequelae
has become essential in therapeutic decision mak-
ing. Incidence of breast cancer is more common
among older women; nonetheless, one in 200 women

even for smaller tumors without lymph node in-
volvement, which leaves an estimated 20,000 women
at risk from lasting effects from chemotherapy. Al-
though rare, serious long-term toxicities related to
chemotherapy include lasting myelosuppression,
neuropathy, heart failure, leukemia, and other sec-
ondary cancers.” Younger women of childbearing
age are confronted with the risk of compromising
their fertility by therapy-induced temporary or per-
manent amenorrhea. The amenorrhea risk is strongly
influenced by patient age and type and duration of
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chemotherapeutic regimen. Reported rates of amenorrhea have varied
significantly, ranging from 10% to over 90%.> The wide range in
reported amenorrhea rates result at least in part from variations in
experimental design and are correlated with duration of follow-up of
the studies. Studies often only assess amenorrhea for the first 12
months, which frequently only includes 6 months of follow-up after
completion of chemotherapy. More recent reports have suggested that
shorter duration of chemotherapy and use of less gonadotoxic agents
such as epirubicin or doxorubicin and fluorouracil result in lower
rates of amenorrhea.'” Women younger than age 40 years are more
likely to retain their menstrual cycles than those older than 40, with a
rapid rise in chemotherapy-induced amenorrhea with each year after
40.° Hence, the lack of age stratification in previous studies may have
further confounded the wide range of amenorrhea reported.

Temporary ovarian suppression using GnRH analogs during
adjuvant chemotherapy has been proposed to prevent premature
ovarian failure after cytotoxic therapy. Several phase II studies have
reported a high rate of preserved menstruation in treated patients.'''®
Other studies have suggested that the benefit may be less pronounced,
particularly when assessing effects of chemotherapy-induced amenor-
rhea in younger patients receiving contemporary therapy. Further-
more, use of tamoxifen was not routinely taken in consideration.

Given the conflicting data on the true incidence of amenor-
rhea induced by contemporary chemotherapy, we performed a
randomized control study evaluating the effects of temporary
ovarian suppression with triptorelin, a GnRH agonist, during
(neo)adjuvant chemotherapy in patients with breast cancer strati-
fied for age, type of regimen, and tamoxifen use.

Eligibility Criteria

This trial randomly assigned premenopausal patients with newly
diagnosed early-stage breast cancer (stages I to III) and planned adjuvant
or neoadjuvant chemotherapy in a one-to-one fashion by computerized
treatment assignment to receive or not receive triptorelin during chemo-
therapy. Eligible patients were younger than 45 years of age with a follicle-
stimulating hormone (FSH) level less than 40 mIU/mL and at least two
menstrual periods in the preceding 6 months. Patients were further strat-
ified by age (< 35, 35 to 39, or 40 to 44 years) and prespecified (neo)
adjuvant chemotherapy regimens (four cycles of doxorubicin plus cyclo-
phosphamide [AC], four cycles of doxorubicin plus cyclophosphamide
followed by four cycles of a taxane [AC—T], or six cycles with fluorouracil
plus epirubicin [FEC] or doxorubicin plus cyclophosphamide [FAC]).
Women with estrogen receptor (ER) —positive tumors were offered tamox-
ifen for 5 years. The trial was initiated after approval was granted by the
protocol review ccommittee and institutional review board at Moffitt
Cancer Center/University of South Florida and the National Cancer Insti-
tute. Patients were enrolled and treated from July 2003 to January 2007
according to federal and institutional guidelines and good clinical practice.

Notable exclusion criteria were as follows: pregnancy or lactation, prior
chemotherapy, or bilateral oophorectomy or ovarian irradiation before enroll-
ment; history of other cancers; personal or familial (first-degree relative)
premature ovarian failure; and plan to undergo an oophorectomy/hysterec-
tomy within 2 years. Oral contraceptives were not permitted.

Study Objectives

The primary objective of the study was to determine the protective effect
of chemical ovarian suppression achieved by short-term use of GnRH analog
on the preservation of ovarian function in women treated with chemotherapy
as measured by the number of patients with uninterrupted or restored menses
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during a follow-up period of at least 2 years after the last cycle of chemother-
apy. Menses were reported by cycle length and duration of bleeding in study-
specific patient diaries. Maintained or uninterrupted menses were defined as
the continuation of regular menses 21 to 35 days apart with at least 2 days of
bleeding. Resumed menses required resumptions of at least three menses in 6
months and FSH level of less than 40 mIU/mL. Secondary objectives included
the effects of triptorelin administered during chemotherapy on serial serum
FSH, inhibin A, and inhibin B. The reporting time of amenorrhea referred to
the interval from the completion of the last chemotherapy cycle. Patients with
disease progression requiring further chemotherapy/ovarian ablation were
censored for the return of menses or not at time of recurrence or removal from
study. Menstrual follow-up was also stopped for the two pregnant patients.

GnRH Agonist

Triptorelin (Trelstar Depot [3.75 mg], Debio Recherche Pharmaceu-
tique, Martigny, Switzerland; packaged and distributed by Pharmacia & Up-
john, Kalamazoo, MI) was administered every 28 to 30 days by intramuscular
injection starting no sooner than 4 weeks and at least 7 days before the first
cycle of chemotherapy and continued throughout chemotherapy duration.

Statistical Analysis

The sample size/power calculation was based on testing the primary
hypothesis: effect of chemical ovarian suppression achieved by short-term use
of GnRH analog on the preservation of ovarian function, with amenorrhea as
a surrogate marker. The trial was designed to enroll 124 evaluable patients to
detecta 20% difference in amenorrhea rate, from 10% in the triptorelin arm to
30% in the control arm, with 80% power and a two-sided 5% significance level.
Interim statistical review after 49 patients were enrolled demonstrated futility
in demonstrating a benefit of ovarian preservation with triptorelin over the
control arm. The amenorrhea rates at each time point were compared by a
Pearson ) test. Logistic regression was performed to study the effect of chem-
otherapy and age and possible interactions on the probability of ovarian
failure. Log-rank statistics was used to compare time to return of menses
between the treatment groups and among the age groups. All tests were two
sided. P values less than .05 were considered statistically significant. Analyses
were performed by using SAS version 9.2 software (SAS Institute, Cary, NC).

Patient Characteristics

This trial enrolled 49 patients (median age, 39 years; range, 21 to
44 years) between July 2003 and January 2007. Because of computer-
ized randomization and stratification in age, treatment, and hormone
receptor status, there was an imbalance in patient number between the
triptorelin and control arms at closure of the trial (Fig 1). The demo-
graphics and characteristics of the 49 randomly assigned patients are
listed in Table 1. Two patients, one in each arm, were not evaluable.
One patient in the triptorelin arm withdrew consent before first treat-
ment. The second patient, in the control arm, was found to have
residual disease after neoadjuvant chemotherapy and was treated with
additional chemotherapy not permitted by protocol. The planned
follow-up time was 5 years but was stopped early because no difference
between the two groups was seen. Median follow-up time was 18
months (range, 5 to 43 months) from completion of last chemother-
apy and 22 months after initiation of chemotherapy. All five patients
who did not resume their menses underwent follow-up for at least
24 months.

Resumption of Menses

Menses were maintained throughout chemotherapy and study
follow-up in six patients, one in the triptorelin arm and five in the
control arm (Table 2). Menses did not resume in five patients, two in
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Fig 1. CONSORT diagram.

the control arm with 24 and 39 months of follow-up and three in the
triptorelin arm with 32, 32, and 34 months follow-up, respectively. All
five patients were receiving tamoxifen (Table 2). Menses returned
after a median of 5.8 months (range, 1 to 19 months) after completion
of chemotherapy in the triptorelin arm versus a median of 5.0 months
(range, 0 to 28 months) in the control arm (P = .58; Table 2; Figs 24,
2B), including the six patients with uninterrupted menses. Two spon-
taneous pregnancies occurred in patients in the control group, one in
a 26-year-old woman and one in a 35 year-old woman; both pregnan-
cies were unassisted and resulted in normal-term deliveries. Neither
pregnancies nor miscarriages were reported in the triptorelin group.

Correlative Studies

Serum inhibin A and B were collected in parallel with FSH levels
at each follow-up to determine whether circulating inhibins would be
an early indicator of amenorrhea. FSH levels corresponded to men-
struation status (Table 3) and did not differ between the intervention
groups. Mean baseline FSH levels were 4.3 mIU/mL in the control
group and 5.2 mIU/mL (P = .3) in the arm treated with triptorelin. At
least 18 months after completion of chemotherapy, mean FSH levels
were 19.0 mIU/mL in the control arm and 15.7 mIU/mL (P = .46) in
the triptorelin arm. Mean FSH levels 18 months after completion of
chemotherapy were significantly higher compared with baseline FSH
levels (all patients: 4.7 v 17.2 mIU/mL; P < .001; control: 4.4 v 19.1
mlIU/mL; P <.001; triptorelin: 5.2 v 15.7 mIU/mL; P < .001) in those
women who resumed or maintained menses. FSH levels remained less
than 10 mIU/mL in women younger than 35 years of age with re-
sumed or maintained menses in both groups. Both patients with
subsequent pregnancies had FSH levels less than 10 mIU/mL.

Inhibin B downregulates FSH biosynthesis, inhibits FSH secre-
tion, and has been proposed as an alternative marker of premature

Wwww.jco.org

Table 1. Patient Demographics and Clinical Characteristics
Triptorelin Control
Arm (n = 27) Arm (n = 22)
Characteristic No. % No. % P
Female sex 27 100 22 100
Age, years .99
Median 39 38
Range 21-44 26-44
<35 7 26 7 32
35-39 12 44 8 36
40-44 8 30 7 32
Race 19
White 25 93 19 86
Black 2 7 1 5
Asian 0 0 2 £
Ethnicity .76
Hispanic 24 89 20 91
Non-Hispanic 3 11 2 9
Estrogen receptor status .92
Positive 20 74 16 73
Negative 7 26 6 27
Progesterone receptor status 14
Positive 14 52 16 73
Negative 13 48 6 27
Chemotherapy regimen .86
AC (four cycles) 12 44 11 50
AC (four cycles) followed
by taxane (four cycles) 8 30 5 23
FEC/FAC (six cycles) 7 26 6 27
Tamoxifen .25
Yes 20 74 16 73
No 7 26 6 27
Abbreviations: AC, doxorubicin plus cyclophosphamide; FAC, fluorouracil
plus doxorubicin plus cyclophosphamide; FEC, fluorouracil plus epirubicin
plus cyclophosphamide.
*P value from Pearson x? or Fisher's exact test.

ovarian failure.'” Timed inhibin B levels are used in infertility assess-
ments to predict ovarian reserve. Levels less than 45 pg/mL are asso-
ciated with impaired ovulation and may correlate with decreased
success of in vitro fertilization, lower pregnancy rates, and increased
risk of miscarriage.'®'® The coefficient of variation for the inhibin B
assay used in this study ranges from 4.29% to 6.82%.>° Our data
showed varying levels of inhibin B (Table 4) and inverse correlation
with FSH levels.

This study tested the potential benefits of using a GnRH agonist to
prevent chemotherapy-induced amenorrhea. In addition, we sought
to define incidence of amenorrhea when patients were stratified for
age, chemotherapy regimen, and tamoxifen use. Previous reports have
suggested a considerable reduction in amenorrhea rates with tempo-
rary ovarian suppression using GnRH analogs during chemothera-
py.'""'® Our results show that amenorrhea rates between the control
and triptorelin groups did not differ when treating women age 44
years or younger with contemporary chemotherapeutic agents for
early-stage breast cancer. All patients received four to six cycles of
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Table 2. Effects of Triptorelin on Menstrual Cycle
Triptorelin
Arm Control Arm
(n=27) (n =22)
Effect No. % No. % P*
Evaluable patients 26 96 21 95 .51
Interval to resumption of menses,
monthst .68
Median 4.96 5.82
Range 0.43-28.0 1.15-19.0
Menses 16
Maintained throughout# 1 4 5 24
Resumed 22 85 14 67
Not resumed 3 12 2 10
Patient who have not resumed
menses
Age, years 39, 39, 42 38, 32
Regimen AC, AC, FEC  AC, AC—T
Tamoxifen Yes (3) Yes (2)
Menses at interval follow-up,
months
6 44 55 18
12 74 68 22
18 78 73 24
24 85 86 .32
30 88 90 .36
Pregnancies 0 2 (spontaneous) .20
Abbreviations: AC, doxorubicin plus cyclophosphamide; AC—T, doxorubicin
plus cyclophosphamide followed by taxane; FEC, fluorouracil plus epirubicin
plus cyclophosphamide.
“P value from Fisher's exact test.
tInterval from end of chemotherapy to start of first menses; includes six
patients who maintained menses.
FIn triptorelin arm, patient age 29 years; in control arm, patients ages 26, 32,
32, 38, and 41 years, respectively.

chemotherapy with an anthracycline-based regimen alone or followed
by a taxane.

Interim analysis after enrollment of 49 patients showed a 90%
resumption of menses in the control group and 88% in the triptorelin
group when observed for a median of 18 months after completion of
chemotherapy. Therefore, this study did not meet its primary end
point of a benefit of GnRH agonists over no intervention. The study
had originally planned to enroll a total of 124 patients with an expected
amenorrhea rate of 10% in the triptorelin arm, based on historical
data, and 30% in the control arm. However, the observed amenorrhea
rate in this randomized, age- and regimen-stratified study was com-
parable in both arms (10% and 12%). All but one of the patients
without resumption of menses were observed for at least 36 months
from the onset of chemotherapy.

Defining chemotherapy-induced amenorrhea is complicated by
the fact that natural menopause also occurs in this patient population
over the time of follow-up, and treatment-induced amenorrhea is not
distinguishable from natural menopause unless menses are observed
to resume after treatment completion. Szwarc et al*' discuss a para-
metric model for time to amenorrhea and time to recovery of menses,
which accounts for the presence of censoring and possibility that
treatment may induce natural menopause. To limit bias of our obser-
vation, we performed a proportional hazards model to test if the
treatment (triptorelin) had any impact on time to menses. In compar-

536 © 2012 by American Society of Clinical Oncology
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Fig 2. Resumption of menses by (A) treatment and (B) age.

ing the triptorelin with the control group, a hazard ratio of 0.76 (95%
CI, 0.40 to 1.46) demonstrates that no impact was observed.

Four nonrandomized studies have shown 67% to 90% of pre-
menopausal patients resumed menstruation if given a GnRH analog
during chemotherapy.''"'*'® Median age was 37 years; in our study, it
was 39 years. In those studies, the chemotherapy regimens included

Table 3. Mean Serum FSH Levels (mIU/mL) in Women With Resumed or
Maintained Menses

Interval From
Chemotherapy (months)

Age

(years) Baseline 0-6 6-18 > 18 Pregnancy
Control

<35 3.9 14.2 7.8 1.8 1

35-39 4.8 56.7 13.4 15.4 1

> 39 4.5 49.5 24.7 23.5
Treatment

<35 3.9 19 5.5 7

35-39 4.9 22.5 11.3 15.2

> 39 6.4 35.7 13.3 20.3

Abbreviation: FSH, follicle-stimulating hormone.
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Table 4. Mean Inhibin B Levels (pg/mL) in Women With Resumed or
Maintained Menses
Interval From End of
Chemotherapy (months)
Age
(years) Baseline 0-6 6-18 > 18 Pregnancy
Control
<35 111 19.9 39.3 6.5 1
35-39 67.0 6.5 16.6 11.8 1
> 39 71.8 8.6 14.7 94
Treatment
<35 66.2 71 42.8 9.9
35-39 63.5 22.2 23.3 19.8
> 39 23.8 25.2 13.2 12.9

were primarily FEC; cyclophosphamide, methotrexate, and fluorou-
racil (CMF); cyclophosphamide, epirubicin, and fluorouracil (CEF);
and AC. Using similar anthracycline-based treatments, our data are
consistent with these findings; 88% of women receiving triptorelin
resumed menstruation. However, in contrast to our study, these early
trials were nonrandomized phase II studies and did not assess inci-
dence of amenorrhea stratified by contemporary chemotherapy, age,
or tamoxifen use in a control arm. Two studies with a randomized
control arm have recently been presented but have not yet been
published. In addition, a large, multi-institutional study SWOG
(Southwest Oncology Group) 0230 (POEMS [Prevention of Early
Menopause]) in women with hormone receptor—negative breast can-
cer is ongoing. Results of the multicenter Italian trial by GIM (Gruppo
Italiano Mammella) were presented at the 46th Annual Meeting of the
American Society of Clinical Oncology (ASCO) in 2010; 281 patients
younger than age 45 years undergoing chemotherapy were randomly
assigned to receive triptorelin or not. Patients were treated with CEF or
EC, AC, FEC or EC followed by taxane, an anthracycline followed by
CMEF, or CMF alone. The primary end point was early menopause,
defined as postmenopausal levels of both FSH and estradiol and no
menstrual activity 1 year after end of chemotherapy. With a median
age of 39 years and median number of chemotherapy cycles of six,
menses resumption and/or premenopausal estradiol levels were ob-
served in 77 (58%) of 133 patients in the control arm versus 114 (77%)
of 148 patients in the triptorelin arm (P = .006).”* This study had
a shorter follow-up time (ie, 12 months) than our study, with
18 months.

In contrast, results of the multicenter German study ZORO (Zo-
ladex Rescue of Ovarian Function) were recently published in Journal
of Clinical Oncology. Sixty evaluable patients younger than age 46 years
with hormone receptor—negative breast cancer treated with AC with
or without a taxane were randomly assigned to receive goserelin or
not. The primary objective was reappearance of ovarian function,
defined as two consecutive menstrual periods within 21 to 35 days at 6
months after end of chemotherapy. Return of menses occurred after a
median of 6.1 months in the control arm versus 6.8 months in the
goserelin arm (P = .3). By 6 months, 21 women (70%) in the goserelin
arm and 17 (56.7%) in the control arm had resumed their menses
(P = .42). Two women, one in each arm, became pregnant.”’24
Preliminary data from the OPTION (Ovarian Protection Trial In
Estrogen Negative) trial were presented at the 46th Annual Meeting of
ASCO. This trial tested the effects of goserelin during chemotherapy
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in 227 premenopausal patients with breast cancer. At the time of
presentation, 140 had adequate data on menstruation and 1 year of
follow-up. The primary end point was cessation or no resumption
of menses within 12 months of chemotherapy initiation. Women were
stratified into two age groups: younger than 40 years (n = 87) and
older than 40 years (n = 53) at diagnosis. In the group age younger
than 40 years at 12-month follow-up, 34.7% of women treated with
goserelin continued to have no resumption of menses compared with
15.8% in the chemotherapy-only group (P =< .05).>

Results of ZORO and OPTION were similar to those of our study
and support our findings that GnRH agonists do not preserve ovarian
function as measured by resumption of menses. These data are also
comparable to those reported by Fornier et al” and Sukumvanich et
al.’ Fornier et al reported that 141 (85%) of 166 patients treated with
contemporary chemotherapy (AC plus paclitaxel) maintained or re-
sumed menstruation. Sukumvanich et al pointed to the importance of
age and chemotherapy regimen in assessing chemotherapy-induced
amenorrhea. In that study, less than 5% of women age 20 to 34 years
had prolonged chemotherapy-induced amenorrhea compared with
11% of women age 35 to 39 and 40% of women age older than 39
years. Women receiving AC or AC plus paclitaxel were more likely to
resume menses than those treated with AC plus docetaxel or CMF.

Our data show that in patients with a median age of 39 years,
triptorelin does not prevent chemotherapy-induced amenorrhea.
In this study, amenorrhea was an indirect measure of fertility.
Although preservation of ovarian function is important to retain
fecundity, emerging data suggest that chemotherapy-induced amenor-
rhea in premenopausal women may actually convey a survival advan-
tage and that prolonged amenorrhea improves overall survival from
breast cancer.

A large adjuvant study (NSABP [National Surgical Adjuvant
Breast and Bowel Project] B-30) designed to compare differences in
adjuvant chemotherapy (AC—T, AT, ATC) in node-positive breast
cancer showed that in 2,343 premenopausal women, those with pro-
longed amenorrhea had better disease-free survival (relative risk, 0.70;
P <.001) and overall survival (relative risk, 0.76; P = .04). Adjustment
for treatment, ER status, age, lymph nodes, tumor size, and hormonal
therapy showed consistent results among all subgroups.”® In other
studies, ovarian ablation or suppression has also been correlated with
better overall outcome in premenopausal women with breast can-
cer.>?” On the basis of these data, it seems that ovarian preservation
may adversely affect survival.

In summary, the observed incidence of chemotherapy-induced
amenorrhea in our study was 10% in the control arm and 12% in the
arm treated with triptorelin, with no statistical difference. These re-
sults suggest that use of GnRH agonists in premenopausal patients
treated with contemporary (neo)adjuvant chemotherapy does not
offer a benefit in preserving ovarian function compared with patients
not treated with GnRH agonists, and it should not be recommended.
The rate of amenorrhea in these patients was lower than expected
based on historical, nonrandomized, non—age- or —regimen-stratified
studies, with often shorter follow-up. With recent data suggesting a
survival benefit in patients who become amenorrheic for at least 6
months or longer, means to preserve ovarian function in the early
period after breast cancer diagnosis should be reevaluated. Instead, a
number of alternative techniques for fertility preservation could be
considered in these patients before administration of chemotherapy,
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such as in vitro fertilization with embryo cryopreservation or oocyte or

ovarian cryopreservation,'®*%3*
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