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Abstract

Background: Although use of gonadotropin-releasing hormone agonist (GnRHa) during chemotherapy is an established strat-
egy to protect ovarian function in premenopausal breast cancer patients, no long-term safety data are available, raising some
concerns in women with hormone receptor–positive disease. There are controversial data on its fertility preservation poten-
tial. Methods: The Prevention of Menopause Induced by Chemotherapy: a Study in Early Breast Cancer Patients—Gruppo
Italiano Mammella 6 (PROMISE-GIM6) trial is a multicenter, randomized, open-label, phase III superiority trial conducted at 16
Italian centers from October 2003 to January 2008. Eligible patients were randomly assigned to (neo)adjuvant chemotherapy
alone (control arm) or combined with the GnRHa triptorelin (GnRHa arm). The primary planned endpoint was incidence of
chemotherapy-induced premature ovarian insufficiency. Post hoc endpoints were disease-free survival (DFS), overall survival
(OS), and post-treatment pregnancies. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. Results: Of 281
randomly assigned patients, 80.4% had hormone receptor–positive breast cancer. Median follow-up was 12.4 years (interquar-
tile range ¼ 11.3-13.2 years). No differences in 12-year DFS (65.7% [95% CI ¼ 57.0% to 73.1%] in the GnRHa arm vs 69.2% [95%
CI¼60.3% to 76.5%] in the control arm; HR ¼ 1.16, 95% CI ¼ 0.76 to 1.77) or in 12-year OS (81.2% [95% CI¼73.6% to 86.8%] in the
GnRHa arm vs 81.3% [95% CI¼73.1% to 87.2%] in the control arm; HR ¼ 1.17, 95% CI ¼ 0.67 to 2.03) were observed. In patients
with hormone receptor–positive disease, the hazard ratio was 1.02 (95% CI ¼ 0.63 to 1.63) for DFS and 1.12 (95% CI ¼ 0.59 to
2.11) for OS. In the GnRHa and control arms, 9 and 4 patients had a posttreatment pregnancy, respectively (HR ¼ 2.14, 95%
CI ¼ 0.66 to 6.92). Conclusions: Final analysis of the PROMISE-GIM6 trial provides reassuring results on the safety of GnRHa
use during chemotherapy as a strategy to preserve ovarian function in premenopausal patients with early breast cancer,
including those with hormone receptor–positive disease.

The majority of breast malignancies arising in premenopausal
women are hormone receptor–positive tumors (1). The negative
independent prognostic value of young age at diagnosis appears

to be specifically related to this breast cancer subtype (2).
Therefore, although the integration of genomic tests into the
treatment decision-making process is likely to reduce the
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indication for adjuvant chemotherapy among young patients
(3,4), many premenopausal women with hormone receptor–
positive early breast cancer remain candidates to receive both
chemotherapy and endocrine therapy (5). Among the side
effects of chemotherapy in these women, premature ovarian in-
sufficiency (POI) may negatively affect their global health
throughout their lives (6,7), leading to both infertility and the
short- and long-term consequences of early menopause (8). All
guidelines strongly recommend to inform premenopausal
patients before treatment initiation about chemotherapy-
induced POI risk and to offer the available strategies to counter-
act this side effect (6,7,9).

Oocyte and embryo cryopreservation are standard options
for fertility preservation in young patients wishing future con-
ception (6,7,9). Ovarian suppression obtained with the adminis-
tration of a gonadotropin-releasing hormone agonist (GnRHa)
during chemotherapy is currently recommended as a strategy
to preserve ovarian function in premenopausal breast cancer
patients but not as a stand-alone fertility preservation tech-
nique (6,7,9). Notably, preservation of ovarian function is highly
relevant to many premenopausal women irrespective of their
age and pregnancy desire (10).

Current guidelines strongly advise to conduct further re-
search efforts in order to collect long-term data from existing
trials investigating GnRHa use during chemotherapy (6,7).
Specifically, no long-term safety results are available, raising
some concerns about concurrent use of GnRHa during chemo-
therapy in patients with hormone receptor–positive disease
(11). Moreover, controversial data are available on its fertility
preservation potential, and no evidence exists on the role of
this strategy in patients with germline pathogenic variants in
the BRCA genes (6).

The randomized phase III Prevention of Menopause Induced
by Chemotherapy: a Study in Early Breast Cancer Patients—
Gruppo Italiano Mammella 6 (PROMISE-GIM6) study is the
largest trial that investigated ovarian suppression with GnRHa
use during chemotherapy in premenopausal women with early
breast cancer (12,13). The study met its primary endpoint,
showing a statistically significant reduction in the occurrence of
chemotherapy-induced POI 1 year after the completion of cyto-
toxic therapy (from 25.9% to 8.9%; odds ratio ¼ 0.28, 95% confi-
dence interval [CI] ¼ 0.14 to 0.59) (12). A subsequent study
update at a median follow-up of 7.3 years showed that GnRHa
use during chemotherapy was associated with higher 5-year
probability of ovarian function recovery (from 64.0% to 72.6%;
hazard ratio [HR] ¼ 1.28, 95% CI ¼ 0.98 to 1.68) (13). The present
analysis reports the final results of the PROMISE-GIM6 trial at a
median follow-up exceeding 12 years.

Methods

Study Design and Patients

Details of the PROMISE-GIM6 study were previously reported
(12,13). Briefly, this is a multicenter, randomized, open-label,
phase III superiority trial aiming to investigate the benefit of
ovarian suppression obtained by administering the GnRHa trip-
torelin before and during chemotherapy in reducing the risk of
treatment-induced POI in premenopausal women with early
breast cancer.

The main inclusion criteria were age 18-45 years and preme-
nopausal status at the time of diagnosis of hormone receptor–
positive or –negative early breast cancer. Hormone receptor

positivity evaluated locally was defined as at least 1% of positive
cells for estrogen and/or progesterone receptors.

The study was coordinated by the GIM study group. The
ethics committees of all 16 Italian participating institutions ap-
proved the study, and written informed consent was required
from all patients before inclusion.

The trial is registered on Clinicaltrial.gov (identifier:
NCT00311636).

Random Assignment

Eligible patients were randomly assigned to receive chemother-
apy plus concurrent triptorelin (GnRHa arm) or chemotherapy
alone (control arm). Random assignment in a 1:1 allocation ratio
was done centrally, with center being the only stratification fac-
tor (12). The Clinical Trials Unit of the IRCCS Policlinico San
Martino Hospital in Genova (Italy) was responsible for central
data collection and study management.

Study Procedures

In patients randomly assigned to the GnRHa arm, intramuscular
administration of triptorelin 3.75 mg was started at least 1 week
before chemotherapy initiation and was then given every
28 days for the whole duration of cytotoxic therapy. Following
chemotherapy completion, adjuvant endocrine therapy for at
least 5 years was recommended to patients with hormone re-
ceptor–positive disease. In both study arms, patients with hor-
mone–receptor positive disease who resumed their ovarian
function were allowed to receive ovarian suppression as part of
adjuvant endocrine therapy.

Study Endpoints

Primary endpoint was incidence of chemotherapy-induced POI
defined as no resumption of menstrual activity and postmeno-
pausal follicle-stimulating hormone and estradiol levels 1 year
after chemotherapy completion. A post hoc extension of the
original study design aimed to collect long-term follow-up data
(12,13). The current analysis focuses on disease-free survival
(DFS) and overall survival (OS). Updated data on post-treatment
pregnancies and a descriptive analysis in patients with germ-
line BRCA pathogenic variants were also reported.

Local recurrences, distant metastases, ipsilateral or contra-
lateral breast cancer, second primary malignancy, or death
from any cause were considered DFS events; death from any
cause was the definition of an OS event. Pregnancy event was
defined as any of the following: at term or preterm delivery,
miscarriage, and/or induced abortion. Pregnancy desire was not
an inclusion criteria, and this information was not collected as
part of the trial; patients were asked about post-treatment preg-
nancies during annual follow-up visits, and those without were
asked about the reasons (eg, no desire and/or no attempt). BRCA
genetic testing was conducted locally. These data were system-
atically collected during annual follow-up visits performed in
each center according to clinical practice.

Statistical Analysis

The trial was designed to detect a 20% absolute reduction
(from 60% to 40%) in the incidence of chemotherapy-induced
POI in the experimental arm, with a 2-sided alpha error of 5%
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and a power of 90% (12). Results on DFS, OS, and post-treatment
pregnancies reported in this manuscript are to be considered
exploratory considering that long-term outcomes were not pre-
planned in the trial protocol and the power of the statistical
analyses for these endpoints was not prespecified.

All analyses were conducted based on the intention-to-treat
population. DFS and OS intervals were computed from the date
of random assignment to the date of the first occurrence of a
DFS or OS event, respectively. Time to pregnancy was defined
as the interval from random assignment to the start of the first
pregnancy, irrespective of its outcome. For all endpoints,
observation times of patients without the event were censored
on the date of their last contact. December 31, 2018, was the
cut-off date used to perform an administrative censoring to all
time-to-event analyses. Patients were considered to be lost to
follow-up if no information on long-term outcomes was avail-
able after the cut-off date.

The reverse Kaplan-Meier method was used to calculate me-
dian period of follow-up and its interquartile range (IQR). DFS
and OS probabilities were computed according to the Kaplan-
Meier method. The log-log method was used to calculate the
confidence interval of survival time probabilities. Cumulative
incidence of pregnancy was estimated accounting for DFS
events as competing risk events. The Cox proportional hazards
model, or the Fine and Gray model in the presence of competing
risks, was used to calculate unadjusted and adjusted hazard ra-
tios with 95% confidence interval as estimates of treatment ef-
fect. The multivariable model included the covariates with
known prognostic value (ie, tumor size, nodal status, hormone
receptor status). Multivariable analyses were conducted after
single imputation of missing values of tumor size, nodal status,
and hormone receptor status in 7 patients. Single imputation
was performed assuming monotone missing patterns and using

the logistic regression method. A second multivariable model
was used to investigate the adjustment for other covariates (in
addition to tumor size, nodal status, hormone receptor status),
such as timing of chemotherapy, type of chemotherapy, and
time to GnRHa reinstitution after the end of chemotherapy.
This latter covariate was included in the model as a time-de-
pendent variable. The Schoenfeld plot was assessed to check for
the proportional hazards assumption.

For subgroup analyses of survival outcomes, an interaction
test was used to determine the consistency of treatment effect
according to hormone receptor status (positive and negative).
Statistical significance of all coefficients was tested with the
likelihood ratio test. Adjustment for multiple testing was not
applied.

All statistical tests were 2-sided; statistical significance was
considered with P values of .05 or less. Statistical analyses were
conducted by L.B. and E.B. using SAS 9.2 (SAS Institute, Cary,
NC, USA).

Results

Patients

A total of 281 patients were enrolled between October 24, 2003,
and January 14, 2008 (Figure 1). At the study cutoff date, 38
patients (13.5%) were lost to follow-up, 21 of 148 (14.2%) in the
GnRHa arm and 17 of 133 (12.8%) in the control arm. Median
follow-up was 12.4 years (IQR ¼ 11.3-13.2 years).

Median age was 39 years (Table 1). Among the 226 (80.4%)
patients with hormone receptor–positive tumors, 69 of 117
(59.0%) and 70 of 109 (64.2%) in the GnRHa and control arms, re-
spectively, received adjuvant GnRHa at the time of ovarian
function resumption following chemotherapy completion.

Figure 1. The PROMISE-GIM6 trial profile.
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Disease-Free Survival

Of 87 DFS events, 48 (32.4%) were observed in the GnRHa arm
and 39 (29.3%) in the control arm (Table 2). Twelve-year DFS
was 65.7% (95% CI ¼ 57.0% to 73.1%) in the GnRHa arm and
69.2% (95% CI ¼ 60.3% to 76.5%) in the control arm (HR ¼ 1.16,
95% CI ¼ 0.76 to 1.77, P ¼ .50; Figure 2, A). Results from the mul-
tivariable Cox proportional hazard models are reported in
Supplementary Tables 1 and 2 (available online).

Among patients with hormone receptor–positive disease, 12-
year DFS was 68.3% (95% CI¼ 58.4% to 76.3%) in the GnRHa arm
and 68.5% (95% CI¼ 58.6% to 76.6%) in the control arm (HR ¼
1.02, 95% CI¼ 0.63 to 1.63; Figure 2, B). Among patients with hor-
mone receptor–negative disease, 12-year DFS was 55.7% (95%
CI¼ 36.0% to 71.5%) in the GnRHa arm and 73.4% (95% CI¼ 50.1%
to 87.1%) in the control group (HR ¼ 1.93, 95% CI¼ 0.73 to 5.07;
Figure 2, C).

Overall Survival

Of 51 OS events, 28 (18.9%) occurred in the GnRHa arm and
23 (17.3%) in the control arm. Twelve-year OS was 81.2%
(95% CI¼ 73.6% to 86.8%) in the GnRHa arm and 81.3% (95%
CI¼ 73.1% to 87.2%) in the control arm (HR ¼ 1.17, 95% CI¼ 0.67
to 2.03, P ¼ .58; Figure 3, A). Results from the multivariable Cox
proportional hazard models are reported in Supplementary
Tables 3 and 4 (available online).

Among patients with hormone receptor–positive disease, 12-
year OS was 83.2% (95% CI¼ 74.7% to 89.1%) in the GnRHa arm
and 82.3% (95% CI¼ 73.2% to 88.5%) in the control arm (HR ¼
1.12, 95% CI¼ 0.59 to 2.11; Figure 3, B). Among patients with hor-
mone receptor–negative disease, 12-year OS was 73.0% (95%
CI¼ 53.2% to 85.5%) in the GnRHa arm and 77.6% (95% CI¼ 54.3%
to 90.0%) in the control arm (HR ¼ 1.24, 95% CI¼ 0.41 to 3.79;
Figure 3, C).

Table 1. Baseline patient and tumor characteristics

Characteristics Control arm (n¼ 133) GnRHa arm (n¼ 148)

Median age (range), y 39 (25-45) 39 (24-45)
Tumor size, No. (%)

pT1 75 (56.4) 90 (60.8)
pT2-4 54 (40.6) 56 (37.8)
Unknown 4 (3.0) 2 (1.4)

Axillary nodes, No. (%)
pN0 67 (50.4) 61 (41.2)
pN1-2 62 (46.6) 85 (57.4)
Unknown 4 (3.0) 2 (1.4)

Hormone receptor status, No. (%)
ER-negative and PR-negative 22 (16.5) 29 (19.6)
ER-positive, PR-positive, or both 109 (82.0) 117 (79.1)
Unknown 2 (1.5) 2 (1.4)

Timing of chemotherapy, No. (%)
Adjuvant therapy 117 (88.0) 133 (89.9)
Neoadjuvant therapy 10 (7.5) 13 (8.8)
Not begun 6 (4.5) 2 (1.4)

Type of chemotherapy, No. (%)
Anthracycline-based 57 (42.9) 56 (37.8)
Anthracycline- and taxane-based 62 (46.6) 86 (58.1)
CMF-based 8 (6.0) 4 (2.7)

Cumulative cyclophosphamide dose, median (IQR), mg/m2 4008 (3624-5550) 4080 (3697-5400)
Duration of chemotherapy, median (IQR), wk 16.9 (15.0-21.3) 17.8 (15.0-21.3)
Treatment completed as planned, No. (%)

Chemotherapy 121 (91.0) 143 (96.6)
GnRHa during chemotherapy NA 142 (95.9)

Type of adjuvant endocrine therapy in patients with
hormone receptor–positive diseasea, No. (%)
No treatment 5 (4.6) 5 (4.3)
GnRHa alone 3 (2.8) 6 (5.1)
GnRHa þ tamoxifen 65 (59.6) 61 (52.1)
GnRHa þ aromatase inhibitor 2 (1.8) 2 (1.7)
Tamoxifen 22 (20.2) 30 (25.6)
Tamoxifen followed by aromatase inhibitor 12 (11.0) 13 (11.1)

Median duration of endocrine therapy (IQR), yb 5.00 (4.75-5.04) 5.00 (4.94-5.08)
Median duration of adjuvant GnRHa (IQR), yc 4.10 (2.08-5.04) 4.08 (2.06-4.92)
Median interval between chemotherapy completion and adjuvant GnRHa initiation (IQR), moc 1.28 (0.46-5.16) 4.51 (2.96-8.16)

aCalculated on the total number of patients with hormone receptor–positive disease (117 in the GnRHa group and 109 in the control group). CMF ¼ cyclophosphamide,

methotrexate, fluorouracil; ER ¼ estrogen receptor; GnRHa ¼ gonadotropin–releasing hormone agonist; IQR ¼ interquartile range; NA ¼ not applicable; PR ¼ progester-

one receptor.
bCalculated on the total number of patients with hormone receptor–positive disease receiving adjuvant endocrine therapy (112 in the GnRHa group and 104 in the con-

trol group).
cCalculated on the total number of patients with hormone receptor–positive disease receiving adjuvant GnRHa (69 in the GnRHa group and 70 in the control group).
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Pregnancies

A total of 9 patients in the GnRHa arm and 4 in the control arm
had a post-treatment pregnancy (Supplementary Table 5, avail-
able online), with a 12-year cumulative incidence estimate of
pregnancy of 6.5% (95% CI¼ 3.5% to 12.3%) and 3.2% (95%
CI¼ 1.2% to 8.3%), respectively (HR ¼ 2.14, 95% CI¼ 0.66 to 6.92,
P ¼ .20; Supplementary Figure 1, available online). The age-ad-
justed estimate of the hazard ratio was 2.00 (95% CI¼ 0.63 to
6.40, P ¼ .24). When the analysis was performed by excluding
patients who declared no pregnancy attempts (44 patients

[29.7%] in the GnRHa arm and 45 patients [33.8%] in the
control arm), the hazard ratio was 2.41 (95% CI¼ 0.64 to 9.03,
P ¼ .19).

Of 13 pregnancies, 6 occurred in women with hormone re-
ceptor–positive tumors (5 [4.3%] among the 117 patients in the
GnRHa arm and 1 [0.9%] among the 109 women in the control
arm) and 7 in those with hormone receptor–negative tumors (4
[13.8%] among the 29 patients in the GnRHa arm and 3 [13.6%]
among the 22 women in the control arm). The interval from ran-
dom assignment to first pregnancy ranged between 1.0 and
10.2 years, being 6.2 to 10.2 years and 1.0 to 6.5 years among

Table 2. Long-term outcomes according to treatment arma

Outcomes
Control arm (n¼ 133)

No. (%)
GnRHa arm (n¼ 148)

No. (%)

No event 94 (70.7) 100 (67.6)
Distant recurrence 19 (14.3) 21 (14.2)
Locoregional recurrence 9 (6.8) 10 (6.8)
Distant and locoregional recurrence 0 (0) 4 (2.7)
Contralateral recurrence 5 (3.8) 6 (4.1)
Second malignancy 2 (1.5) 1 (0.7)
Death 4 (3.0) 6 (4.1)

aGnRHa ¼ gonadotropin–releasing hormone agonist.
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Figure 2. Kaplan-Meier curves for disease-free survival according to treatment arm among (A) all randomly assigned patients, (B) patients with hormone receptor–posi-

tive breast cancer, and (C) patients with hormone receptor–negative breast cancer. All statistical tests were 2-sided. GnRHa ¼ gonadotropin-releasing hormone agonist.
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women with hormone receptor–positive and –negative disease,
respectively.

BRCA

Of 43 patients tested for BRCA, 10 harbored germline BRCA path-
ogenic variants, of whom 5 were in BRCA1 (3 in the GnRHa
arm and 2 in the control arm) and 5 in BRCA2 (1 in the GnRHa
arm and 4 in the control arm). Supplementary Table 6
(available online) reports baseline characteristics between
patients with or without germline BRCA pathogenic variants
and those not tested. Among BRCA-mutated patients, incidence

of chemotherapy-induced POI was 0% (0 of 4) and 33% (2 of 6) in
the GnRHa and control arms, respectively. One post-treatment
pregnancy was described in a patient with the BRCA1 patho-
genic variant in the control arm.

Discussion

After a median follow-up of 12.4 years, final analysis of the
PROMISE-GIM6 study provides reassuring results on the safety
of administering GnRHa during chemotherapy as a strategy to
preserve ovarian function in premenopausal women with early
breast cancer, particularly among women with hormone recep-
tor–positive disease. No statistically significant difference in

DFS and OS was observed between treatment arms. Nine
patients had a post-treatment pregnancy in the GnRHa arm and
4 in the control arm.

To elucidate the gonadal protective effect of administering
GnRHa during chemotherapy, several randomized trials were
conducted (14). Among them, the PROMISE-GIM6 study has
some unique features (12,13): this is the trial with the largest
sample size, the majority of included patients (80%) had hor-
mone receptor–positive disease, and the median follow-up
exceeds 12 years.

Despite being a standard approach for ovarian function pres-
ervation in premenopausal women with early breast cancer,
many physicians offer this strategy only to patients with hor-
mone receptor–negative disease (15). This attitude is a conse-
quence of the safety concerns related to both avoiding
chemotherapy-induced amenorrhea and giving antiestrogen
therapy during chemotherapy in patients with hormone recep-
tor–positive breast cancer (16). For these reasons, many trials
that investigated GnRHa use during chemotherapy, including
the POEMS-SWOG S0230 study (17), enrolled only women with
hormone receptor–negative breast cancer (14).

Chemotherapy-induced amenorrhea has a positive prognos-
tic value in patients with hormone receptor–positive breast can-
cer (18-21), and ovarian suppression given as adjuvant
endocrine therapy is now recommended in high-risk patients
(eg, those previously exposed to chemotherapy) (5,22). To
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Figure 3. Kaplan-Meier curves for overall survival according to treatment arm among (A) all randomly assigned patients, (B) patients with hormone receptor–positive

breast cancer, and (C) patients with hormone receptor–negative breast cancer. All statistical tests were 2-sided. GnRHa ¼ gonadotropin-releasing hormone agonist.

A
R

T
IC

LE

M. Lambertini et al. | 405

https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djab213#supplementary-data


counteract potential concerns in this regard, the PROMISE-GIM6
trials allowed ovarian suppression as adjuvant endocrine ther-
apy in patients with hormone receptor–positive disease that re-
sumed ovarian function after chemotherapy completion.
Although this approach was followed by more than 60% of
patients, no alarming safety signals arose, with similar results
observed in the 2 multivariable models including or not GnRHa
reinstitution after the end of chemotherapy. Current evidence
supports ovarian function suppression use for 2 to 5 years in
high-risk patients (23,24). There is no evidence of any potential
beneficial role of prolonging ovarian function suppression be-
yond 5 years; on the contrary, the possible harmful long-term
consequences of early menopause should not be neglected (25).

Preclinical and clinical data suggest a possible antagonism
between chemotherapy and tamoxifen (26-28). However, there
are no preclinical data to support the same concern with GnRHa
use. Moreover, existing clinical data, now supported by our
results, are reassuring in this regard (29-32). Considering the
risk of relapse beyond 10 years after diagnosis in women with
hormone receptor–positive breast cancer (33), final results of
the PROMISE-GIM6 trials showing similar DFS and OS are partic-
ularly relevant to support the safety of administering GnRHa
concurrently with chemotherapy in these patients. On the con-
trary, a signal of worse outcomes with GnRHa use was observed
in women with hormone receptor–negative breast cancer.
However, these results should be considered with caution con-
sidering the small sample size (n¼ 51) of this cohort. Reassuring
results in these patients are reported in the POEMS-SWOG
S0230 trial showing a non-statistically significant improvement
in DFS (HR ¼ 0.55, 95% CI¼ 0.27 to 1.10) and OS (HR ¼ 0.45, 95%
CI¼ 0.19 to 1.04) for the whole trial population of 218 patients
with hormone receptor–negative breast cancer (17).

Even though this is a standard strategy for ovarian function
preservation in premenopausal women with early breast can-
cer, the fertility preservation potential of GnRHa use during che-
motherapy remains debated (6,7,9). Notably, this strategy has
not been studied as a method to preserve fertility: pregnancy
desire was not an inclusion criteria in the trials, premenopausal
status and not aged younger than 40 years was considered for
eligibility, and post-treatment pregnancies were a pre-planned
endpoint only in the POEMS-SWOG S0230 study (14). Moreover,
most of the trials reported results of their primary endpoint (POI
rates) at short-term follow-up (14). Final analysis of the POEMS-
SWOG S0230 trial at a median follow-up of 5 years showed a sta-
tistically significant higher 5-year cumulative incidence of preg-
nancy in the GnRHa arm (23.1% vs 12.2%, P ¼ .04) (17). Similar
results were observed in our trial but without reaching statisti-
cal significance (12-year cumulative incidence of pregnancy
6.5% vs 3.2%). The lower rates reported in our study compared
with the POEMS-SWOG S0230 trial can be explained by the fact
that the majority of patients in the PROMISE-GIM6 trial had hor-
mone receptor–positive disease. Both the need of 5-10 years of
adjuvant endocrine therapy and physicians’ concerns regarding
safety of pregnancy in these patients may have discouraged
many of them from trying to conceive (15). These data reinforce
the current recommendation that GnRHa use during chemo-
therapy is not an alternative to cryopreservation strategies as a
fertility preservation option (6,7,9).

Because young age at diagnosis is a criteria to refer breast
cancer patients to genetic testing (34), increasing attention
should be paid to the oncofertility counseling of women with
hereditary cancer syndromes (6). Many studies showed a poten-
tial negative effect of germline BRCA pathogenic variants on fe-
male reproductive function (35). However, there is no evidence

on the efficacy of GnRHa use during chemotherapy in this set-
ting (6). Similar findings to those in the overall trial population
favoring GnRHa use were observed in the PROMISE-GIM6 study
for women with or without germline BRCA pathogenic variants.
Considering the limited number of patients tested for BRCA, this
analysis should be regarded as descriptive only. However, we
believe these data can raise awareness regarding the impor-
tance to counsel young BRCA-mutated patients on the possibil-
ity to preserve ovarian function when breast cancer diagnosis is
made several years before the recommended age of risk-
reducing gynecological surgery.

In terms of study limitations, it should be highlighted that
long-term outcomes were not prespecified in the study proto-
col. However, the steering committee of the PROMISE-GIM6
study decided to collect long-term outcomes with annual sys-
tematic follow-up at the time of primary endpoint analysis
(12,13). Evaluating differences in long-term safety outcomes be-
tween the 2 study arms should have been based on noninferior-
ity testing. We can hypothesize that more than a 20% increase
in the hazard ratio estimate could be considered as clinically
relevant. Thus, an upper limit of the 95% confidence interval of
the observed hazard ratio estimates lower than 1.20 would have
confirmed the noninferiority. In our results, the point estimate
of the hazard ratio for DFS and OS were 1.16 and 1.17, respec-
tively, but their upper limit of the 95% confidence interval
exceeds 1.20 in both the endpoints. The wide 95% confidence in-
terval of the computed hazard ratio estimate is due to the low
number of events. Thus, we cannot formally reject the null hy-
pothesis of noninferiority. However, the trial was not powered
to investigate differences in DFS or OS, and a higher number of
patients would have been needed to demonstrate the noninfer-
iority in these outcomes. Despite that no formal conclusions
can be drawn, our results suggest no differences in long-term
survival outcomes for patients receiving concomitant GnRHa
during chemotherapy compared with controls. In addition,
patients’ pregnancy desire and information on genetic testing
were not routinely collected in the trial. Therefore, taking into
account the above-mentioned limitations these results should
be regarded as exploratory and those in BRCA-mutated patients
merely descriptive.

Notwithstanding these limitations, these data are highly rel-
evant to improve the oncofertility counseling of premenopausal
women with early breast cancer when offering the administra-
tion of GnRHa during chemotherapy to preserve ovarian func-
tion. Particularly, these findings are important to reassure
physicians regarding the safety of this strategy in premeno-
pausal patients with hormone receptor–positive breast cancer.

In conclusion, final analysis of the PROMISE-GIM6 trial pro-
vides reassuring results on the safety of GnRHa use during che-
motherapy as a strategy to preserve ovarian function in
premenopausal women with early breast cancer, including
those with hormone receptor–positive disease.
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