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A B S T R A C T

Purpose
We have reported previously that after 1-year follow up, gonadotropin-releasing hormone agonist
(GnRHa) did not prevent chemotherapy-induced premature ovarian failure (POF) in patients with
lymphoma, but may provide protection of the ovarian reserve. Here, we report the final analysis of
the cohort after 5 years of follow up.

Patients and Methods
A total of 129 patients with lymphoma were randomly assigned to receive either triptorelin plus
norethisterone (GnRHa group) or norethisterone alone (control group) during chemotherapy. Ovarian
function and fertilitywere reported after 2, 3, 4, and 5 to 7 years of follow up. The primary end pointwas
POF, defined as at least one follicle-stimulating hormone value of. 40 IU/L after 2 years of follow up.

Results
Sixty-seven patients 26.21 6 0.64 years of age had available data after a median follow-up time of
5.33 years in the GnRHa group and 5.58 years in the control group (P = .452). Multivariate logistic
regression analysis showed a significantly increased risk of POF in patients according to age (P= .047),
the conditioning regimen for hematopoietic stem cell transplant (P = .002), and the cumulative dose of
cyclophosphamide . 5 g/m2 (P = .019), but not to the coadministration of GnRHa during chemo-
therapy (odds ratio, 0.702; P = .651). The ovarian reserve, evaluated using anti-Müllerian hormone and
follicle-stimulating hormone levels, was similar in both groups. Fifty-three percent and 43% achieved
pregnancy in the GnRHa and control groups, respectively (P = .467).

Conclusion
To the best of our knowledge, this is the first long-term analysis confirming that GnRHa is not
efficient in preventing chemotherapy-induced POF in young patients with lymphoma and did not
influence future pregnancy rate. These results reopen the debate about the drug’s benefit in that it
should not be recommended as standard for fertility preservation in patients with lymphoma.

J Clin Oncol 34:2568-2574. © 2016 by American Society of Clinical Oncology

INTRODUCTION

The incidence of Hodgkin lymphoma shows a bi-
modal age distribution, with an initial peak in young
adults, whereas the incidence of non-Hodgkin
lymphoma increases with age. However, approxi-
mately one in seven (14%) non-Hodgkin lympho-
mas are diagnosed in the under-50-year age group
(UK cancer research statistics).1 A growing number
of hematologic cancer survivors of reproductive age

face infertility or permanent amenorrhea resulting
from cancer-related therapy. Pharmacologic pro-
tection of the ovary during chemotherapy seems to
be an attractive option to preserve fertility. Although
the administration of gonadotropin-releasing hor-
mone agonists (GnRHa) during chemotherapy
has been considered for this indication for at
least two decades, their efficiency in preventing
premature ovarian failure (POF) is still contro-
versial.2-5 The majority of the prospective trials
evaluating the efficiency of GnRHa in preventing
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chemotherapy-induced ovarian damage included few patients or the
patients in the trials were not randomly assigned, and results were
highly controversial. The largest randomized controlled trials (RCTs)
included patients with breast cancer, and the debate was recently
relaunched by the publication of the Prevention of Early Menopause
Study6 and long-term outcomes observed in the study Prevention of
Chemotherapy-inducing Menopause in Early Breast Cancer Patients
(PROMISE),7,8 which reported significant reduction of ovarian failure
rates in patients treated with GnRHa during chemotherapy. A recent
meta-analysis of RCTstudies suggested a benefit of GnRHa associated
with chemotherapy in a population with breast cancer,15 although
clinical evidence remains uncertain for others.3,9,10

Because hematologic diseases are often diagnosed in younger
patients treated with high gonadotoxic regimen, evidence of GnRHa
efficiency in this population is urgently needed to optimize decision
making in clinical practice. We previously reported the results of
a 1-year follow-up of the largest prospective randomized trial that
included 129 patients with lymphomawith a mean age of 26 years.11

We showed similar rates of POF, defined as a follicle-stimulating
hormone (FSH) level . 40 IU/L, in both groups (20% and 19% in
the GnRHa and control groups, respectively; P= 1.000). The trial did
not provide any evidence that GnRHa prevents POF. However, it
suggested that the ovarian reserve might be better preserved in the
GnRHa group. Hence, the study was prolonged to evaluate the long-
term benefit of GnRHa on the ovarian reserve and its impact on
fertility. The final analysis presented here reports on the median
5-year follow up of the cohort.

PATIENTS AND METHODS

The study design was as described previously.11 Participants were enrolled
from 15 oncologic centers in France, Belgium, and Italy. Ethical committee
approval was obtained for each of the participating centers according to
national obligation (ClinicalTrials.gov identifier: NCT01160315). Patients
between 18 and 45 years of age who were being treated for Hodgkin or
non-Hodgkin lymphoma with alkylating agents were eligible for the trial.
The main exclusion criteria were pelvic irradiation; history of amenorrhea
(. 3 months); thromboembolic processes; severe hypertension; severe
obesity; hepatic or renal insufficiency; contraindication of intramuscular
injection; prior chemotherapy treatment; presence of ovarian abnor-
malities (other than functional cysts); ovarian insufficiency defined as
FSH. 15 IU/L at the time of diagnosis; and the receipt of fewer than eight
cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine treatment
(ABVD; Data Supplement).

Eligible patients were randomly assigned to receive either chemo-
therapy and an intramuscular injection of 11.25 mg of triptorelin
(Decapeptyl LP 11.25 mg; Ipsen Pharma, Merelbeke, Belgium) every
12 weeks in addition to norethisterone acetate at 5 mg once per day
(Primolut-Nor 5 mg; Bayer Schering Pharma, Antwerp, Belgium; GnRHa
group) or 5 mg of norethisterone acetate alone once per day (control
group) during all chemotherapy.11 According to the protocol, hormonal
therapy (contraceptive pill or hormonal substitutive therapy) was inter-
rupted at least 10 days before the blood test. When feasible, a second
analysis was required in patients with an FSH level , 40 IU/L. Here, we
report hormonal values at random assignment, at the end of the treatment,
and during the follow-up (2, 3, 4, and$ 5 years). Anti-Müllerian hormone
(AMH) measurements were performed centrally at the Chemistry Lab-
oratory at Erasme Hospital (Elecsys AMH module; Roche Diagnostics,
Vilvoorde, Belgium). The results after 1-year follow-up have been pub-
lished.11 In this article, the analysis focuses on the long-term follow-up
time points (2 to 4 years and 5 to 7 years).

The primary end point measure of POF was defined as at least one
episode of FSH level $ 40 IU/L during long-term follow up.12 The sec-
ondary end points were the ovarian function recovery rate, defined as
FSH# 15 IU/L during all the follow up; the ovarian reserve (AMH levels);
the fertility rate; and the free-disease survival rate, defined as patients
without recurrence or death at the end of the follow up. Adverse events
during treatment have been reported previously.11

The original study design mandated the accrual of 157 patients to
ensure a power of 80% and a type error I probability of 5%, on the basis of
an assumed difference of a POF rate of 40%.13 After the first interim
analysis, enrolment was discontinued after the random assignment of
129 patients, because the study was unlikely to meet the primary end point
(similar POF rate in both groups).11

In this study, categorical variables are represented by proportions and
percentages, and they are compared between groups with Pearson’s exact
x2 and Fisher’s exact tests. Continuous variables are summed up by their
mean6 SEM. The mean FSH values were compared between groups using
t tests. The comparisons were performed at each of the time points without
using imputation methods (inclusion, end of treatment, and follow-up at
2, 3, 4, and 5 to 7 years).

The evolution of the AMH levels was compared between the start of
the treatment and at two follow-up periods (2 to 4 years and 4 to 7 years).
When two hormonal levels were available during the period of analysis,
the second one was considered. AMH values were compared using paired
t tests. Logistic regressions were performed using the enter method (ex-
planatory variables are all entered at the same time into the model).

The dependent variable was POF, FSH # 15 IU/L, or pregnancy,
whereas the explanatory variables were age, conditioning regimen for
hematopoietic stem cell transplant (HSCT), coadministration of GnRHa,
type of disease (Hodgkin or non-Hodgkin lymphoma), and cumulative
dose of cyclophosphamide. This last variable was categorized according to
two modalities: patients who had not received cyclophosphamide or had
received a cumulative dose , 5 g/m2, and patients who had received
a cumulative dose of cyclophosphamide$ 5 g/m2.14 All tests are two tailed
and were considered significant when P , .05. Statistical tests were per-
formed using IBM-SPSS forWindows version 22.0 (SPSS, Chicago, IL) and
MedCalc statistical software version 14.12.0 (MedCalc, Ostend, Belgium).

RESULTS

Study Population
Between July 2002 and April 2010, 129 patients were randomly

assigned to the study. The first triptorelin injection occurred 2 6
0.51 days before chemotherapy initiation in the GnRHa group
(range, 0 to 19). A total of 67 patients (48.8%) completed at least
2 years of follow up and were eligible for this analysis (Fig 1). The
median follow-up time was 5.33 years in the GnRHa group and 5.58
years in the control group (P = .452). The basal characteristics of the
population according to the study groups and the cumulative doses
of the most common alkylating agents are described in Table 1.

Premature Ovarian Failure Rate
As expected, the mean FSH level was significantly lower in the

GnRHa group as compared with the control group at the end of
chemotherapy, but this difference was no longer observed during
the long-term follow up (Fig 2). Here, we identified patients as
having POF when at least one episode of FSH value$ 40 IU/L was
reported during the follow-up. A total of 63 out of 67 patients
(94%) were included in the analysis of the primary end point. For
the remaining four patients, FSH values were unavailable, but
spontaneous menstruation and pregnancies were reported during the

www.jco.org © 2016 by American Society of Clinical Oncology 2569

Demeestere et al

Information downloaded from jco.ascopubs.org and provided by at HUDERF on July 25, 2016 from 164.15.191.15
Copyright © 2016 American Society of Clinical Oncology. All rights reserved.

http://ClinicalTrials.gov
http://www.jco.org


follow-up period. Eighty-nine percent of the eligible patients had at
least two hormonal values during the long-term follow up. For 46% of
the eligible patients, the information about contraceptives was not
available at the time of the blood test. For these patients, hormonal
values were included in the analysis when they were interpretable
(POF values or ovulatory cycle with normal AMH level or pregnancy).

A total of six out of 31 patients (19.4%) in the GnRHa group
and eight out of 32 patients (25%) in the control group experi-
enced POF (P = .763). Multivariate logistic regression analysis
showed a significantly increased risk of POF in patients who re-
ceived a conditioning regimen for HSCT (P = .002) or a cumulative
dose of cyclophosphamide . 5 g/m2 (P = .019). An increased risk
of POF was also observed according to age (P = .047), but not
according to the type of disease (P = .281), nor to the co-
administration of GnRHa during chemotherapy (P = .651;
Table 2). Six out of 10 patients treated with an HSCT conditioning
regimen had postmenopausal FSH values during the follow-up
(two of three and four of seven patients in the GnRHa and control
groups, respectively). In contrast, by excluding the 12 patients who
received less gonadotoxic chemotherapy as ABVD (n = 9), Stanford
regimen (n = 2), or CHOP (cyclophosphamide, doxorubicin,
vincristine, prednisone) six cycles or less (n = 1), the POF rates rose
to 26% (six of 23) and 26.6% (eight of 30) in the GnRHa and
control groups, respectively (P = 1).

Ovarian Reserve
A total of 37 patients had AMH levels available at least

once during the follow-up period. Mean AMH values decreased

significantly after treatment (3.14 6 0.80 ng/mL at inclusion
v 1.26 6 0.3 ng/mL after 2 to 4 years, P = .039) and remained
at a similar level after 5 to 7 years (1.58 6 0.38 ng/mL, P = .520;
individual values: Fig 3). A higher rate of low AMH
(AMH, 0.5 ng/mL) was observed in both groups after 2 to 4 years
of follow up (Fig 4).

Thirty-one patients in the GnRHa group and 32 patients
in the control group were eligible for analysis of the ovarian
function restoration rate (low FSH values: FSH # 15 IU/L).
A total of 21 out of 31 patients and 16 out of 32 patients had FSH
values # 15 IU/L throughout the follow-up (P = .202). Mul-
tivariate logistic regression analysis showed a significantly de-
creased risk of low FSH values in patients who received the
conditioning regimen for HSCT (P = .043) or a cumulative
dose of cyclophosphamide . 5 g/m2 (P = .004). No difference
in the risk of low FSH values was observed according to age
(P = .081), type of disease (P = .393), or administration of
GnRHa (P = .434).

Pregnancy Outcomes
A total of 17 of 32 patients (53.1%) and 15 of 35 patients

(42.8%) achieved pregnancy in the GnRHa and control groups,
respectively (P = .467). One additional pregnancy was achieved
after egg donation in a patient from the GnRHa group, who was
treated with the HSCT conditioning regimen. Surprisingly, five
pregnancies (two in the GnRHa group and three in the control
group) were reported in patients with protocol-defined POF
during the follow-up. These data confirm the possibility of

Assessed for eligibility (until April 2010)
(N = 146) 

Randomly assigned 
(n = 129) 

Analyzed
(n = 32)

GnRHa group
(n = 65)

Death (n = 4)

(n = 1)

(n = 19)

(n = 2)

(n = 3)

(n = 4)

Chemotherapy > 9 months 

Lost to follow-up/no data available

SAE probably related to treatment

Relapse of disease

Noncompliant/protocol violation

Eligible but did not give consent

Advanced age

Previously started chemotherapy

Refused chemotherapy

Low-dose chemotherapy

(n = 11)

(n = 1)

(n = 2)

(n = 1)

(n = 2)

Analyzed
(n = 35)

Control group
(n = 64) 

Death (n = 2)

(n = 3)

(n = 13)

(n = 6)

(n = 5)

Chemotherapy > 9 months       

Lost to follow-up/no data available

Relapse of disease

Noncompliant/protocol violation

Fig 1. CONSORTdiagram.GnRHa,gonadotropin-
releasing hormone agonist; SAE, severe adverse
event.
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incidental ovarian cycle recovery, leading to fertility restoration
several years after treatment in this young population. On the
basis of logistic regression analysis, the occurrence of preg-
nancies was not associated with age (P = .895), type of disease
(P = .399), or cotreatment with GnRHa (P = .355).

Overall Survival
There were four and two deaths reported in patients in the

GnRHa and control groups, respectively. The overall disease-free
survival rates were 87.5% and 82% for patients in the control and
GnRHa groups, respectively.

DISCUSSION

This report extends the results of the previously pub-
lished analysis of a 1-year follow-up.11 Here, we report hor-
monal profiles and fertility at longer time points in a randomly
assigned cohort of patients with lymphoma, who had either
received or did not receive GnRHa during chemotherapy to
prevent POF. To the best of our knowledge, this is the first RCT
providing accurate information on ovarian function and fer-
tility after a median 5 years of follow up. The trial confirmed
our previous data, showing the inefficiency of GnRHa for
reducing chemotherapy-induced POF in young patients with
lymphoma.

Recently, the Prevention of Early Menopause Study has re-
opened the debate on the use of GnRHa to counter chemotherapy-
induced ovarian damage.6 After 2 years of follow up, this RCT
suggested that the administration of GnRHa during the course of
chemotherapy protects ovarian function in patients with breast
cancer. In the study, 135 of the 218 randomly assigned patients met
the primary end point, defined as amenorrhea for the preceding
6months and postmenopausal FSH values at 2 years of follow up. The
investigators showed that 22% of the patients in the chemotherapy-
alone group and 8% of the patients in the GnRHa group had
protocol-defined ovarian failure (odds ratio, 0.30; 95% CI, 0.09 to
0.97; P = .04).6 Updated analysis of the PROMISE-GIM6 trial
evaluating the 5-year cumulative incidence of menstrual resump-
tion in patients with breast cancer also reported data in favor
of the administration of GnRHa during chemotherapy (age-
adjusted hazard ratio, 1.48; P = .006).8 These recent results led
to the updating of the guidelines of the 2015 St Gallen In-
ternational Expert Consensus Panel and the National Com-
prehensive Cancer Network to acknowledge GnRHa as a fertility
preservation option, whereas ASCO did not change its
recommendation.

This study strongly suggests caution with this new recom-
mendation. Most of the studies reported ovarian function or
menstruation after short follow-up periods (12 to 36 months).
Here, long-term analysis did not show any benefit from GnRHa
during high-risk chemotherapy administration in patients with
lymphoma. Despite the recent reports of RCTs in patients with
breast cancer, the efficiency of GnRHa in reducing ovarian
damage during chemotherapy is still controversial. A meta-
analysis of 12 RCTs that included 1,231 patients with breast
cancer recently confirmed a reduction of POF in patients who

Table 1. Patient Demographic and Clinical Characteristics

Characteristic

Eligible Patients for Primary Objective

GnRHa Group
(n = 32)

Control Group
(n = 35)

Age, years
Mean 6 SEM 25.84 6 1.00 26.55 6 0.82
Range 18-38 18-38

BMI, kg/m2, mean 6 SEM 20.39 6 0.39 21.57 6 0.40
Race or ethnic group, No. (%)
White 32 (100.0) 31 (88.6)
North African 0 1 (2.85)
Asian 0 1 (2.85)
Others 0 1 (2.85)
Unknown 0 1 (2.85)

Smoking habits, No. (%)
No 22 (68.8) 26 (74.3)
Yes 7 (21.9) 6 (17.1)
Unknown 3 (9.3) 3 (8.6)

Fertility history, No. (%)
Previous infertility 0 0
No conception 19 (59.4) 26 (74.3)
Conception 10 (31.25) 8 (22.8)
Live birth 9 (28.1) 7 (20.0)
Pregnancy lost 1 (3.1) 1 (2.85)
Abortion 3 (9.4) 4 (11.4)
Unknown 3 (9.4) 1 (2.85)

Contraception at random
assignment, No. (%)

None 13 (40.6) 18 (51.4)
Oral contraceptive 16 (50) 15 (42.9)
IUD 2 (6.3) 1 (2.85)
Other 1 (3.1) 1 (2.85)

Diagnosis, No. (%)
Hodgkin lymphoma 19 (59.4) 23 (65.7)
Non-Hodgkin lymphoma 13 (40.6) 12 (34.3)

Chemotherapy regimen,No. (%)
HSCT conditioning regimen
(BEAM)

3 (9.4) 7 (20)

ACVBP (or modified) 6
consolidation

5 (15.6) 5 (14.3)

(Escalated) BEACOPP 4 (12.5) 8 (22.8)
Rituximab with or without
cyclophosphamide,
doxorubicin, vincristine,
and prednisone

7 (21.9) 2 (5.7)

ABVD ($ 8 cycles) 6 (18.75) 3 (8.6)
CHLVVP/ABVVP 6 (18.75) 9 (25.75)
Stanford V 1 (3.1) 1 (2.85)

Total doses of chemotherapy,*
mg/m2, mean6 SEM (No.)

Cyclophosphamide 5,088.7 6 351.5 (19) 5,536.4 6 477.9 (22)
Ifosfamide 5,250 6 750 (2) 5,000 6 689.2 (5)
Dacarbazine 5,475 6 1,281.7 (9) 3,820 6 855.8 (5)
Doxorubicin 306.8 6 27.6 (32) 2,48.5 6 14.8 (34)
Procarbazine 2,820 6 510.9 (9) 2,856.2 6 333.8 (16)
Chlorambucil 207.3 6 4.1 (6) 220.3 6 11.9 (10)
Melphalan 140 (3) 140 (7)

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; ACVBP,
doxorubicin, cyclophosphamide, vincristine, bleomycin, prednisolone; BEACOPP,
bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
prednisolone; BEAM, carmustine, etoposide, cytarabine, melphalan; BMI, body mass
index; CHLVVP/ABVVP, chlorambucil, vinblastine, procarbazine, prednisolone, doxo-
rubicin, bleomycin, vincristine, etoposide; Consolidation: methotrexate, etoposide,
ifosfamide and cytarabine; GnRHa, gonadotropin-releasing hormone agonist; HSCT,
hematopoietic stem cell transplant; IUD, intrauterine contraceptive device; Stanford V,
doxorubicin, vinblastine, chlormethine, prednisolone, vincristine, bleomycin, etoposide.
*Main gonadotoxic agents are described.
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received GnRHa during chemotherapy (odds ratio, 0.36; 95% CI,
0.23 to 0.57; P , .001),15 whereas another, which included 10
selected RCTs that enrolled patients with breast cancer and
lymphoma, did not report any difference in the overall resumption
of ovarian function after chemotherapy with GnRH analog
cotreatment (risk ratio, 1.12; 95%CI, 0.99 to 1.27; P= .7).9 However,
only six studies were selected in common, and the main outcomes
also differed. The difference in the conclusions also emphasized the
variation in the definition of POF according to the trials, the het-
erogeneity of the RCTs, and the difference in the follow-up durations
and in the median age of the patients.

In a recent paper, Oktay and Turan3 emphasized that men-
struation or amenorrhea should not be considered surrogate
markers of evidence of GnRHa efficacy in preserving the ovarian
reserve. In the current trial, we showed that patients with POF
might occasionally recover temporary ovarian function several
years after treatment. Previous pregnancies have been reported in
young patients with POF, showing that it could not have been
considered as menopause.16 These results highlight the need for
studies with long-term follow-up reporting fertility and FSH levels
at different time points before recommending GnRHa as an
evidence-based option to preserve fertility. Occurrence of preg-
nancy is the most accurate hallmark for evaluating the efficiency of

fertility preservation therapy. In our cohort, a large proportion of
patients conceived, irrespective of GnRHa administration during
chemotherapy.
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Fig 2. Ovarian function follow-up. Data
are presented as mean6 SEM. (A) FSH and
(B) estradiol values at the following time
points: at inclusion; at the end of chemo-
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Table 2. Odds Ratio of Age, Type of Disease, Allocation Arm, Total Dose of
Cyclophosphamide, and HSCT Conditioning Regimen on Premature Ovarian
Failure Risk After Logistic Multiple Regression Entering All Variables Into the

Model (N = 63)

Variable OR (95% CI) P

Patient’s age 1.16 (1-1.34) .047
Type of disease: Non-Hodgkin v Hodgkin 0.36 (0.06-2.29) .281
Protocol: control v GnRHa group 0.70 (0.15-3.24) .651
Cyclophosphamide doses: $ 5 v , 5 g/m2 10.18 (1.46-70.97 .019
HSCT conditioning regimen: Yes v No 67.68 (4.65-985.70) .002

Abbreviations: GnRHa, gonadotropin-releasing hormone agonist; HSCT, he-
matopoietic stem cell transplant; OR, odds ratio.
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releasing hormone agonist.
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Patients treated for advanced-stage lymphoma are youn-
ger than those with breast cancer, but are usually treated with
more gonadotoxic chemotherapy regimens. Unfortunately, RCTs
addressing the potential ovarian-protective effect of GnRHa
against chemotherapy in patients with lymphoma are rare, de-
spite the high concern over future fertility issues. First, Waxman
et al17 failed to demonstrate any effect of GnRHa in a small cohort
of patients with lymphoma. The German Hodgkin Study Group
previously reported no protective effect of GnRHa in this high-
risk population after 1-year follow up, leading to the premature
closure of the trial.18 The same group also retrospectively ana-
lyzed the ovarian function in patients with Hodgkin lymphoma
enrolled onto the HD13 to HD15 trials. They showed that 82% of
women with advanced-stage Hodgkin lymphoma who were
younger than 30 years old displayed a regular menstrual cycle
after a mean follow-up of 43 to 51 months, regardless of whether
or not the women had received GnRHa during chemotherapy.19

However, the administration of GnRHa during chemotherapy
positively influenced the subsequent pregnancy rate in patients
with favorable-stage diseases.20 Although these results suggested
that GnRHa might be more efficient in preserving fertility in
patients treated with a less gonadotoxic regimen, the researchers
highlighted that an important bias might be the patient’s strong
wish to preserve fertility, resulting in more frequent use of
GnRHa in nonrandomized trials. In our cohort, POF was not
observed in patients who received a low-risk chemotherapy
regimen in both groups. Evidence of a benefit of the adminis-
tration of GnRHa during low-risk chemotherapy is still lacking.
Moreover, there is still no proven biologic rationale for the benefit
of GnRHa.21-23

This study presents some limitations. The drop-out rate
reached 50%, and almost 25% was related to loss of follow-up
or data unavailability. Others researchers have already em-
phasized the challenges involved in randomly assigning pa-
tients in such a trial and in obtaining valuable data during

long-term follow up. In the PROMISE-GIM6 study, almost
30% of the evaluable patients with breast cancer had no
hormonal assessment within the first year of follow up.7,8 To
our knowledge, our study is the only RCT reporting the hor-
monal profile and pregnancy rate during long-term follow up.
Moreover, there is no evidence that the missing data would have
changed the main finding of the study, because the drop-out
population’s characteristics were similar to those of the eligible
population (data not shown). Finally, logistic regression ana-
lyses showed an association between POF risk and age and type
of treatment, but there was no association with the GnRHa
treatment, and no difference was observed between pregnancy
rates.

AMH levels were assessed only in part of the cohort.
Therefore, our analysis was not able to provide strong evidence for
the effect on the ovarian reserve. However, the trial also failed to
demonstrate any effect of GnRHa on low FSH levels (FSH# 15 IU/L),
whereas the type of treatment (HSCT and high cumulative dose
of cyclophosphamide) significantly interacted with this variable.
These results suggest that GnRHa does not protect the ovarian
function in young patients with lymphoma but the study was not
sufficiently powered to reach strong conclusions regarding the
effect of GnRHa on the ovarian reserve.

Despite its statistical limitations, this is the largest ran-
domized clinical trial to show that concurrent administra-
tion of triptorelin and chemotherapy is not associated with
a lower long-term probability of POF in patients with lym-
phoma. Furthermore, the high pregnancy rate observed in both
groups did not suggest that triptorelin is effective in improving
fertility. Triptorelin might be administered to prevent men-
orrhagia induced by thrombocytopenia associated with lym-
phoma,11 but alternative fertility preservation options, such as
ovarian tissue cryopreservation or oocyte and embryo vitrifi-
cation, should always be offered to all young patients with
a moderate or high risk of chemotherapy-induced ovarian
damage.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at
www.jco.org.

AUTHOR CONTRIBUTIONS

Conception and design: Isabelle Demeestere, Yvon Englert
Administrative support: Julie Dechene
Provision of study materials or patients: Pauline Brice, Fedro A.
Peccatori, Alain Kentos, Jehan Dupuis, Pierre Zachee, Olivier Casasnovas,
Eric Van Den Neste, Dominique Bron
Collection and assembly of data: Isabelle Demeestere, Pauline Brice,
Fedro A. Peccatori, Alain Kentos, Jehan Dupuis, Pierre Zachee, Olivier
Casasnovas, Eric Van Den Neste, Julie Dechene, Dominique Bron
Data analysis and interpretation: Isabelle Demeestere, Julie Dechene,
Viviane De Maertelaer, Yvon Englert
Manuscript writing: All authors
Final approval of manuscript: All authors

0%

10%

Inclusion 2–4 years 5–7 years

20%

30%

40%

50%

60%

70%

AM
H 

< 
0.

5 
ng

/m
L 

(%
)

Time on Study

GnRHa group 

Control group 

Fig 4. Percentage of women with AMH values of , 0.5 ng/mL in the GnRHa
group and the control group at different time points. AMH, anti-Müllerian hormone;
GnRHa, gonadotropin-releasing hormone agonist.

www.jco.org © 2016 by American Society of Clinical Oncology 2573

Demeestere et al

Information downloaded from jco.ascopubs.org and provided by at HUDERF on July 25, 2016 from 164.15.191.15
Copyright © 2016 American Society of Clinical Oncology. All rights reserved.

http://www.jco.org
http://www.jco.org


REFERENCES

1. Cancer Research UK: http://www.cancer
researchuk.org

2. Turner NH, Partridge A, Sanna G, et al: Utility
of gonadotropin-releasing hormone agonists for fer-
tility preservation in young breast cancer patients:
The benefit remains uncertain. Ann Oncol 24:
2224-2235, 2013

3. Oktay K, Turan V: Failure of ovarian suppres-
sionwith gonadotropin-releasing hormone analogs to
preserve fertility: An assessment based on the
quality of evidence. JAMA Oncol 2:74-75, 2016

4. Del Mastro L, Lambertini M: Temporary
ovarian suppression with gonadotropin-releasing hor-
mone agonist during chemotherapy for fertility pres-
ervation: Toward the end of the debate?Oncologist 20:
1233-1235, 2015

5. Peccatori F, Demeestere I: GnRH analogue for
chemotherapy-induced ovarian damage: Too early to
say? Fertil Steril 92:e33; author reply e34, 2009

6. Moore HC, Unger JM, Phillips KA, et al:
Goserelin for ovarian protection during breast-cancer
adjuvant chemotherapy. N Engl J Med 372:923-932,
2015

7. Del Mastro L, Boni L, Michelotti A, et al: Effect
of the gonadotropin-releasing hormone analogue trip-
torelin on the occurrence of chemotherapy-induced
early menopause in premenopausal women with
breast cancer: A randomized trial. JAMA 306:269-276,
2011

8. Lambertini M, Boni L, Michelotti A, et al:
Ovarian suppression with triptorelin during adjuvant
breast cancer chemotherapy and long-term ovarian

function, pregnancies, and disease-free survival: A
randomized clinical trial. JAMA 314:2632-2640, 2015

9. Elgindy E, Sibai H, Abdelghani A, et al: Pro-
tecting ovaries during chemotherapy through gonad
suppression: A systematic review andmeta-analysis.
Obstet Gynecol 126:187-195, 2015

10. Gerber B, Ortmann O: Prevention of Early
Menopause Study (POEMS): Is it possible to pre-
serve ovarian function by gonadotropin releasing
hormone analogs (GnRHa)? Arch Gynecol Obstet
290:1051-1053, 2014

11. Demeestere I, Brice P, Peccatori FA, et al:
Gonadotropin-releasing hormone agonist for the pre-
vention of chemotherapy-induced ovarian failure in pa-
tients with lymphoma: 1-year follow-up of a prospective
randomized trial. J Clin Oncol 31:903-909, 2013

12. Knauff EA, Eijkemans MJ, Lambalk CB, et al:
Anti-Mullerian hormone, inhibin B, and antral follicle
count in young women with ovarian failure. J Clin
Endocrinol Metab 94:786-792, 2009

13. Meirow D: Reproduction post-chemotherapy
in young cancer patients. Mol Cell Endocrinol 169:
123-131, 2000

14. Levine JM, Kelvin JF, Quinn GP, et al: Infertility
in reproductive-age female cancer survivors. Cancer
121:1532-1539, 2015

15. Lambertini M, Ceppi M, Poggio F, et al: Ovarian
suppression using luteinizing hormone-releasing hor-
mone agonists during chemotherapy to preserve ovarian
function and fertility of breast cancer patients: A meta-
analysis of randomized studies. AnnOncol 26:2408-2419,
2015

16. Kalantaridou SN,Nelson LM: Premature ovarian
failure is not premature menopause. Ann N Y Acad Sci
900:393-402, 2000

17. Waxman JH, AhmedR, SmithD, et al: Failure to
preserve fertility in patients with Hodgkin’s disease.
Cancer Chemother Pharmacol 19:159-162, 1987

18. Behringer K, Wildt L, Mueller H, et al: No
protection of the ovarian follicle pool with the use of
GnRH-analogues or oral contraceptives in young
women treatedwith escalated BEACOPP for advanced-
stage Hodgkin lymphoma. Final results of a phase II trial
from the German Hodgkin Study Group. Ann Oncol 21:
2052-2060, 2010

19. Behringer K, Mueller H, Goergen H, et al:
Gonadal function and fertility in survivors after Hodgkin
lymphoma treatment within the German Hodgkin
Study Group HD13 to HD15 trials. J Clin Oncol 31:
231-239, 2013

20. Behringer K, Thielen I, Mueller H, et al: Fertility
and gonadal function in female survivors after
treatment of early unfavorable Hodgkin lymphoma
(HL) within the German Hodgkin Study Group HD14
trial. Ann Oncol 23:1818-1825, 2012

21. Oktay K, Sönmezer M: Gonadotropin-releasing
hormone analogs in fertility preservation-lack of bi-
ological basis? Nat Clin Pract Endocrinol Metab 4:
488-489, 2008

22. Horicks F, Van Den Steen G, Houben S, et al:
Folliculogenesis is not fully inhibited during GnRH
analogues treatment in mice challenging their effi-
ciency to preserve the ovarian reserve during che-
motherapy in this model. PLoS One 10:e0137164,
2015

23. Bildik G, Akin N, Senbabaoglu F, et al: GnRH
agonist leuprolide acetate does not confer any pro-
tection against ovarian damage induced by chemo-
therapy and radiation in vitro. Hum Reprod 30:
2912-2925, 2015

n n n

2574 © 2016 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

GnRHa for Chemotherapy-Induced Ovarian Failure Prevention

Information downloaded from jco.ascopubs.org and provided by at HUDERF on July 25, 2016 from 164.15.191.15
Copyright © 2016 American Society of Clinical Oncology. All rights reserved.

http://www.cancerresearchuk.org
http://www.cancerresearchuk.org


AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

No Evidence for the Benefit of Gonadotropin-Releasing Hormone Agonist in Preserving Ovarian Function and Fertility in Lymphoma Survivors
Treated With Chemotherapy: Final Long-Term Report of a Prospective Randomized Trial

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are
self-held unless noted. I = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript. For more
information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or jco.ascopubs.org/site/ifc.

Isabelle Demeestere
No relationship to disclose

Pauline Brice
No relationship to disclose

Fedro A. Peccatori
No relationship to disclose

Alain Kentos
Consulting or Advisory Role: Novartis, Roche, Bristol-Myers Squibb,
Celgene, Amgen, Janssen-Cilag

Jehan Dupuis
Consulting or Advisory Role: Abbvie
Travel, Accommodations, Expenses: Celgene

Pierre Zachee
No relationship to disclose

Olivier Casasnovas
Honoraria: Genentech, Takeda, Gilead Sciences, Sanofi
Consulting or Advisory Role:Genentech, Takeda Pharmaceuticals, Gilead
Sciences
Research Funding: Genentech (Inst)
Travel, Accommodations, Expenses:Genentech, Takeda Pharmaceuticals,
Gilead Sciences

Eric Van Den Neste
No relationship to disclose

Julie Dechene
No relationship to disclose

Viviane De Maertelaer
No relationship to disclose

Dominique Bron
Research Funding: Celgene, Janssen Pharmaceuticals, Gilead Sciences

Yvon Englert
Research Funding: Merck Serono (Inst), Ferring Pharmaceuticals (Inst)
Expert Testimony: Erasme Hospital, Colvir

www.jco.org © 2016 by American Society of Clinical Oncology

Demeestere et al

Information downloaded from jco.ascopubs.org and provided by at HUDERF on July 25, 2016 from 164.15.191.15
Copyright © 2016 American Society of Clinical Oncology. All rights reserved.

http://www.asco.org/rwc
http://jco.ascopubs.org/site/ifc
http://www.jco.org


Acknowledgment

We thank the following investigators, who contributed to the random assignment of the patients: P. Brice (Haematological Department,
St Louis Hospital, Paris, France), G. Martinelli, E. Cocorocchio, F.A. Peccatori (Haematological Department, Instituto Europeo di
Oncologia, Milano, Italy), F. Walter, A. Kentos (Haematological Department, Erasme Hospital, Brussels, Belgium), D. Bron (Haematological
Department, J. Bordet Institute, Brussels, Belgium), I Gaillard, J. Dupuis, C. Haioun, M. Diviné (Haematological Department, Hôpital Henri
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