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BACKGROUND
Ovarian failure is a common toxic effect of chemotherapy. Studies of the use of go-
nadotropin-releasing hormone (GnRH) agonists to protect ovarian function have 
shown mixed results and lack data on pregnancy outcomes.

METHODS
We randomly assigned 257 premenopausal women with operable hormone-recep-
tor–negative breast cancer to receive standard chemotherapy with the GnRH agonist 
goserelin (goserelin group) or standard chemotherapy without goserelin (chemo-
therapy-alone group). The primary study end point was the rate of ovarian failure 
at 2 years, with ovarian failure defined as the absence of menses in the preceding 
6 months and levels of follicle-stimulating hormone (FSH) in the postmenopausal 
range. Rates were compared with the use of conditional logistic regression. Second-
ary end points included pregnancy outcomes and disease-free and overall survival.

RESULTS
At baseline, 218 patients were eligible and could be evaluated. Among 135 with 
complete primary end-point data, the ovarian failure rate was 8% in the goserelin 
group and 22% in the chemotherapy-alone group (odds ratio, 0.30; 95% confidence 
interval, 0.09 to 0.97; two-sided P = 0.04). Owing to missing primary end-point 
data, sensitivity analyses were performed, and the results were consistent with the 
main findings. Missing data did not differ according to treatment group or accord-
ing to the stratification factors of age and planned chemotherapy regimen. Among 
the 218 patients who could be evaluated, pregnancy occurred in more women in the 
goserelin group than in the chemotherapy-alone group (21% vs. 11%, P = 0.03); women 
in the goserelin group also had improved disease-free survival (P = 0.04) and overall 
survival (P = 0.05).

CONCLUSIONS
Although missing data weaken interpretation of the findings, administration of 
goserelin with chemotherapy appeared to protect against ovarian failure, reducing 
the risk of early menopause and improving prospects for fertility. (Funded by the 
National Cancer Institute and others; POEMS/S0230 ClinicalTrials.gov number, 
NCT00068601.)
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Early ovarian failure is an impor-
tant and potentially devastating long-term 
toxic effect of chemotherapy. Manifestations 

include menopausal symptoms, osteoporosis, and 
infertility. Concerns about fertility may influence 
treatment choices for young women with breast 
cancer1,2 despite the known survival benefit of ad-
juvant chemotherapy.

Trials of the coadministration of a gonadotro-
pin-releasing hormone (GnRH) agonist with adju-
vant chemotherapy for the purpose of protecting 
ovarian function have shown mixed results.3 A 
large randomized trial addressing this issue sug-
gested that coadministration of a GnRH agonist 
with chemotherapy had an ovarian protective ef-
fect in a cohort of patients in which 86% had es-
trogen-receptor–positive breast cancer, with the 
return of menses within the first year used as the 
primary measure of ovarian function.4 The use 
of adjuvant endocrine therapy after chemotherapy 
complicates the assessment of longer-term ovar-
ian function after administration of a GnRH ago-
nist with chemotherapy. Furthermore, data on 
pregnancy outcomes after GnRH agonist treat-
ment with chemotherapy are lacking. It has even 
been suggested that this approach may impair 
fertility.5

The Prevention of Early Menopause Study 
(POEMS)/S0230 was an international, phase 3, 
randomized study that was performed to evaluate 
whether administration of the GnRH agonist go-
serelin (Zoladex, AstraZeneca) with chemotherapy 
would reduce the rate of ovarian failure after adju-
vant or neoadjuvant treatment of hormone-recep-
tor–negative early breast cancer. The study was 
designed to compare the rate of ovarian failure at 
2 years, the rate of ovarian dysfunction, and preg-
nancy outcomes between patients receiving che-
motherapy with goserelin and those receiving 
chemotherapy without goserelin.

Me thods

Study Oversight

The protocol of the study was approved by the 
institutional review board at each participating 
site. All patients provided written informed con-
sent for participation. The study was designed by 
the authors and monitored by an independent data 
and safety monitoring committee. The SWOG 
Cancer Research Group (SWOG) coordinated the 
study and was responsible for the design of the 

study and the collection, analysis, and reporting 
of the data. The authors vouch for the accuracy 
and completeness of the reported data and for the 
fidelity of the study to the protocol, which is avail-
able with the full text of this article at NEJM.org.

Patients

Premenopausal women 18 to 49 years of age 
were eligible for enrollment if they had operable 
stage I to IIIA estrogen-receptor (ER)–negative and 
progesterone-receptor (PR)–negative breast cancer 
for which treatment with adjuvant or neoadjuvant 
cyclophosphamide-containing chemotherapy was 
planned. ER and PR negativity was defined accord-
ing to the treating institution’s standard. Partici-
pants were enrolled from SWOG, the International 
Breast Cancer Study Group (IBCSG), the ECOG–
ACRIN Cancer Research Group, and the Alliance 
for Clinical Trials in Oncology. Eligible partici-
pants had taken no estrogens, antiestrogens, 
selective estrogen-receptor modulators, aromatase 
inhibitors, or hormonal contraceptives within 
the month before enrollment. Exceptions were 
made for the use of hormonal contraception in 
women younger than 35 years of age that was 
discontinued before randomization and for hor-
monal treatment for up to 2 months for the 
purposes of in vitro fertilization and cryopreser-
vation of embryos or oocytes before randomiza-
tion. Interest in future fertility was not an eligi-
bility requirement.

Study Design

In this phase 3 trial, patients were randomly as-
signed, in a 1:1 ratio, to standard adjuvant or neo-
adjuvant chemotherapy with the GnRH agonist 
goserelin (goserelin group) or to chemotherapy 
without goserelin (chemotherapy-alone group). The 
choice of the standard cyclophosphamide-contain-
ing chemotherapy regimen was left to the discre-
tion of the investigator. For patients randomly as-
signed to the goserelin group, goserelin at a dose 
of 3.6 mg was administered subcutaneously ev-
ery 4 weeks beginning 1 week before the initial 
chemotherapy dose and was continued to within 
2 weeks before or after the final chemotherapy 
dose. Randomization was stratified according to 
age (<40 years vs. 40 to 49 years) and chemo-
therapy regimen (3 to 4 cycles [about 3 months] 
vs. 6 to 8 cycles [about 6 months], and anthracy-
cline-based vs. nonanthracycline-based). Use of 
trastuzumab was permitted in patients with hu-
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man epidermal growth factor receptor 2 (HER2)–
overexpressing tumors.

The primary objective was to compare the rate 
of ovarian failure between the two treatment 
groups. Ovarian failure was defined as amenor-
rhea for the preceding 6 months and follicle-
stimulating hormone (FSH) levels in the post-
menopausal range at 2 years. Patients who became 
pregnant were considered not to have had ovarian 
failure. Patients who underwent hysterectomy or 
bilateral oophorectomy were categorized as unable 
to be evaluated. Additional end points included 
pregnancy within 5 years, assessed annually, and 
ovarian dysfunction, defined as amenorrhea for 
the preceding 3 months and FSH, estradiol, or 
inhibin B levels in the postmenopausal range, 
assessed at both year 1 and year 2. Events in the 
analysis of overall survival included deaths due 
to any cause; events in the analysis of disease-
free survival also included breast-cancer recur-
rence but not contralateral breast or nonbreast 
primary cancers. Only adverse events related to 
hormonal effects and serious adverse events that 
occurred during chemotherapy with or without 
goserelin were routinely assessed, with assessment 
according to the Common Terminology Criteria 
for Adverse Events, version 3.0.6

Statistical Analysis

The original target enrollment was 416 eligible 
patients. We estimated that with this sample size, 
the study, based on a two-group binomial de-
sign, would have more than 80% power to detect 
an absolute reduction of 15 percentage points in 
the rate of ovarian failure, assuming rates of 
ovarian failure in the chemotherapy-alone group 
in the range of 20 to 95% and an expected mor-
tality by year 2 of 10%, at a one-sided significance 
level of 0.025. The study closed early owing to 
loss of funding for study-drug distribution. Post 
hoc power calculations that were based on actual 
enrollment indicated that the study had suffi-
cient power (≥80%) to detect an absolute reduc-
tion of 20 percentage points in the rate of ovar-
ian failure under the same design specifications.

The primary analysis was based on conditional 
logistic regression, with data from all eligible pa-
tients who could be evaluated and who had com-
plete 2-year data, stratified according to age and 
type of chemotherapy regimen. An assessment 
window within 6 months before or after the 2-year 
time point was allowed. Owing to missing end-

point data, sensitivity analyses were performed 
to incorporate partial information. These included 
adding death and, separately, death plus hyster-
ectomy or oophorectomy as treatment failures. 
In addition, given that amenorrhea and FSH levels 
are positively correlated and that these data were 
also available at year 1, we examined the risk of 
either amenorrhea or postmenopausal levels of 
FSH at year 2, as well as at year 1 or 2.

We analyzed patient characteristics according 
to randomization group. To assess whether miss-
ing data influenced the results for the primary 
analysis, we also evaluated the association between 
treatment and stratification variables according 
to status with respect to follow-up data (availabil-
ity vs. nonavailability of data for the 2-year end 
point). We analyzed the number of patients report-
ing pregnancy and attempting pregnancy accord-
ing to the randomization group over the course of 
5 years. Finally, exploratory Kaplan–Meier curves 
for disease-free and overall survival were calculated 
and 4-year rates were estimated. Hazard ratios, 
95% confidence intervals, and P values for dif-
ferences in overall and disease-free survival were 
derived with the use of multivariable Cox regres-
sion, with adjustment for stratification factors 
and cancer stage. Pregnancy and survival rates 
were assessed in all patients who were eligible 
and could be evaluated.

According to the study-design specifications, 
a one-sided alpha level of 0.025 was used to 
indicate statistical significance for the primary 
end-point analysis of ovarian failure; for all other 
P values, a two-sided alpha level of 0.05 was used 
to indicate statistical significance. The cutoff date 
for all analyses was January 22, 2014.

R esult s

Patients

A total of 257 patients (14 from CALGB, 86 from 
ECOG, 104 from IBCSG, and 53 from SWOG) un-
derwent randomization between February 2004 
and May 2011. A total of 24 patients were ineli-
gible, and 15 were considered unable to be evalu-
ated for the study end points, leaving 218 patients 
who could be evaluated (113 in the chemother-
apy-alone group and 105 in the goserelin group) 
(Fig. 1).

The median follow-up time among patients 
still alive at the time of the end-point analysis was 
4.1 years. Patient characteristics according to 
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study-group assignment are shown in Table 1. The 
median age of the patients was 38 years. A total 
of 91% of the patients received anthracycline-
based therapy. The characteristics of the patients 
were well balanced between the two groups.

Toxic Effects

Two patients in the goserelin group could not be 
evaluated for adverse events because they received 
no intervention, and data on toxic effects were 
never collected for two patients in the chemo-

therapy-alone group. Of the 111 patients who 
could be evaluated for adverse events in the che-
motherapy-alone group, 6 had grade 3 toxic ef-
fects; none of the patients in the group had 
grade 4 toxic effects. Of the 103 patients who 
could be evaluated for adverse events in the go-
serelin group, 1 had a grade 4 toxic effect (throm-
boembolism) and 6 had grade 3 toxic effects. 
Thus, 5% of the patients in the chemotherapy-
alone group and 7% in the goserelin group had 
grade 3 or higher toxic effects (P = 0.89), and 

Figure 1. Randomization, Eligibility, and Follow-up.

FSH denotes follicle‑stimulating hormone.

257 Patients underwent randomization

131 Were assigned to chemotherapy
alone

11 Were ineligible
1 Was in incorrect stage
1 Had no plans for protocol-

prescribed therapy
2 Had baseline pathological tests

or reports with insufficient 
information 

4 Did not submit baseline patho-
logical test results or reports

3 Did not submit prestudy forms

13 Were ineligible
6 Had baseline pathological tests

or reports with insufficient 
information 

2 Did not submit baseline patho-
logical test results or reports

5 Did not submit prestudy forms

126 Were assigned to chemotherapy
plus goserelin

120 (92%) Were eligible 113 (90%) Were eligible

105 (83%) Could be evaluated

7 Could not be evaluated
2 Underwent hysterectomy
5 Withdrew consent

113 (86%) Could be evaluated

8 Could not be evaluated
3 Underwent hysterectomy
1 Underwent oophorectomy
4 Withdrew consent

44 Could not be evaluated for
ovarian failure

11 Died
3 Were lost to follow-up

17 Were missing 2-yr data on
FSH levels

13 Were missing 2-yr data on 
FSH levels and menstrual
status

39 Could not be evaluated for
ovarian failure

3 Died
2 Were lost to follow-up

27 Were missing 2-yr data on
FSH levels

7 Were missing 2-yr data on 
FSH levels and menstrual
status

69 Were included in analysis 
of primary end point of the
rate of ovarian failure at 2 yr

66 Were included in analysis 
of primary end point of the
rate of ovarian failure at 2 yr
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24% and 48%, respectively, had grade 2 or higher 
toxic effects (P<0.001) (Table 2).

Ovarian Failure

Data on both menstrual status and FSH levels at 
2 years, which together composed the end point 
of ovarian failure, were available for 135 of the 
218 patients who could be evaluated (62%). Among 

the 83 patients for whom data were unavailable, 
14 (17%) died within the 2-year time window and 
5 (6%) were lost to follow-up. The remaining 64 
patients lacked data on FSH levels, with 20 of those 
also missing menstrual data (Fig. 1). There was 
no evidence that missing data changed the main 
findings of the study: 69 of 113 patients (61%) in 
the chemotherapy-alone group and 66 of 105 (63%) 

Characteristic All Eligible Patients Patients with 2-Yr Data on Ovarian Failure

Overall 
(N = 218)

Chemotherapy 
Alone 

(N = 113)

Chemotherapy 
plus Goserelin 

(N = 105)
Overall 

(N = 135)

Chemotherapy 
Alone 

(N = 69)

Chemotherapy 
plus Goserelin 

(N = 66)

Age

Median (range) 37.7 
(25.1–49.9)

38.7 
(25.1–49.9)

37.6 
(26.1–48.6)

36.9 
(25.1–49.9)

37.5 
(25.1–49.9)

36.1 
(26.1–48.6)

<40 yr — no. (%) 138 (63) 70 (62) 68 (65) 94 (70) 45 (65) 49 (74)

≥40 yr — no. (%) 80 (37) 43 (38) 37 (35) 41 (30) 24 (35) 17 (26)

Race or ethnic group — no./total no. 
(%)†

White 122/136 (90) 57/66 (86) 65/70 (93) 69/79 (87) 33/39 (85) 36/40 (90)

Black 11/136 (8) 6/66 (9) 5/70 (7) 7/79 (9) 3/39 (8) 4/40 (10)

Asian 2/136 (1) 2/66 (3) 0 2/79 (3) 2/39 (5) 0

Native American 1/136 (1) 1/66 (2) 0 1/79 (1) 1/39 (3) 0

Unknown 82/218 (38) 47/113 (42) 35/105 (33) 56/135 (41) 30/69 (43) 26/66 (39)

Hispanic or non‑Hispanic ethnic group 
— no./total no. (%)†

Hispanic 67/126 (53) 26/60 (43) 33/66 (50) 39/71 (55) 18/35 (51) 14/36 (39)

Non‑Hispanic 59/126 (47) 34/60 (57) 33/66 (50) 32/71 (45) 17/35 (49) 22/36 (61)

Unknown 92/218 (42) 53/113 (47) 39/105 (37) 64/135 (47) 34/69 (49) 30/66 (45)

Planned chemotherapy — no. (%)

3–4 cycles of anthracycline‑based 
therapy

46 (21) 22 (19) 24 (23) 27 (20) 15 (22) 12 (18)

3–4 cycles of nonanthracycline‑
based therapy

12 (6) 7 (6) 5 (5) 8 (6) 5 (7) 3 (5)

6–8 cycles of anthracycline‑based 
therapy

152 (70) 80 (71) 72 (69) 96 (71) 47 (68) 49 (74)

6–8 cycles of nonanthracycline‑
based therapy

8 (4) 4 (4) 4 (4) 4 (3) 2 (3) 2 (3)

Stage of cancer — no. (%)

I 55 (25) 32 (28) 23 (22) 34 (25) 18 (26) 16 (24)

II 107 (49) 52 (46) 55 (52) 70 (52) 34 (49) 36 (55)

IIIA 54 (25) 29 (26) 25 (24) 31 (23) 17 (25) 14 (21)

Unknown 2 (1)  0 2 (2)     0 0 0

HER2 status — no./total no. (%)

Positive 32/215 (15) 19/112 (17) 13/103 (13) 23/132 (17) 11/68 (16) 12/64 (19)

Negative 183/215 (85) 93/112 (83) 90/103 (87) 109/132 (83) 57/68 (84) 52/64 (81)

Unknown 3/218 (1) 1/113 (1) 2/105 (2) 3/135 (2) 1/69 (1) 2/66 (3)

*  Among patients with 2‑year end‑point data, there were no significant differences between the groups in any of the characteristics listed in 
this table. Percentages may not sum to 100% for a given characteristic owing to rounding. HER2 denotes human epidermal growth factor 
receptor 2.

†  Data on race and ethnic group were self‑reported or were reported by the investigator. Data on race and ethnic group were not collected at 
many of the sites outside the United States; for patients at those sites, data were recorded as unknown.

Table 1. Baseline Characteristics of the Patients, According to Study Group.*
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in the goserelin group had complete primary 
end-point data, and the association between treat-
ment and stratification variables (age and che-
motherapy category) did not differ significantly 
according to whether patients had missing data 
for the primary end point.

A total of 15 of 69 patients (22%) in the 
chemotherapy-alone group and 5 of 66 patients 
(8%) in the goserelin group had protocol-defined 
ovarian failure. In the protocol-specified strati-
fied logistic-regression analysis, this difference 
was significant (odds ratio, 0.30; 95% confidence 
interval [CI], 0.09 to 0.97; one-sided P = 0.02, 
two-sided P = 0.04). The results were similar in 
the univariate regression analysis (odds ratio, 0.30; 
95% CI, 0.10 to 0.87; one-sided P = 0.01, two-sided 
P = 0.03) and the multivariate regression analysis 
(odds ratio, 0.36; 95% CI, 0.11 to 1.14; one-sided 
P = 0.04, two-sided P = 0.08).

Secondary and sensitivity analyses related to 
the primary end point showed consistent results 
(additional details are provided in the Supplemen-
tary Appendix, available at NEJM.org). A benefit 
with goserelin therapy was observed when deaths 
were included as treatment failure (odds ratio, 0.25; 
95% CI, 0.11 to 0.60; P = 0.002) and when deaths 
plus hysterectomy or oophorectomy were count-

ed as treatment failure (odds ratio, 0.29; 95% CI, 
0.16 to 0.75; P = 0.007). Similarly, a benefit with 
goserelin was observed when treatment failure 
was defined as amenorrhea or postmenopausal 
FSH levels at year 2 (odds ratio, 0.29; 95% CI, 0.12 
to 0.70; P = 0.006) and when treatment failure 
was defined as amenorrhea or postmenopausal 
FSH levels at year 1 or 2 (with inclusion of year 
1 data if year 2 data were missing) (odds ratio, 
0.43; 95% CI, 0.22 to 0.85; P = 0.01).

Ovarian Dysfunction

Ovarian dysfunction was evaluated at years 1 and 
2. Included in the analyses were patients with 
both menstrual-status data and at least two avail-
able laboratory values (i.e., two or more mea-
surements of FSH, inhibin B, or estradiol levels). 
At year 1, data were available for 153 patients 
(70%). Ovarian dysfunction was present in 28 of 
75 patients (37%) in the chemotherapy-alone group 
and in 18 of 78 patients (23%) in the goserelin 
group (odds ratio, 0.64; 95% CI, 0.30 to 1.37; 
P = 0.25). At year 2, data were available for 130 pa-
tients (60%). Ovarian dysfunction was present in 
22 of 67 patients (33%) in the chemotherapy-alone 
group and in 9 of 63 (14%) in the goserelin group 
(odds ratio, 0.35; 95% CI, 0.13 to 0.93; P = 0.03).

Adverse Event Chemotherapy Alone (N = 111) Chemotherapy plus Goserelin (N = 103)

Grade 2 Grade 3 Grade 4 Grade 2 Grade 3 Grade 4

Diarrhea 2 0 0 0 0 0

Fatigue 1 0 0 2 0 0

Hot flashes 14 3 0 29 4 0

Irregular menses 2 0 0 5 2 0

Decrease in libido 6 0 0 9 0 0

Agitation 4 1 0 6 0 0

Anxiety 4 0 0 9 0 0

Depression 3 0 0 8 1 0

Joint pain 1 1 0 0 0 0

Muscle pain 2 0 0 1 0 0

Headache 1 1 0 12 0 0

Sweating 7 0 0 10 0 0

Thromboembolism 0 0 0 0 0 1

Vaginal dryness 9 0 0 12 0 0

*  Included are grade 2 or higher toxic effects that were reported in more than 1% of the patients in either study group. 
Patients may have had more than one toxic event for a given grade.

Table 2. Grade 2 or Higher Toxic Effects.*
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Pregnancy Outcomes

Among the 218 patients who could be evaluated, 
34 (16%) had at least one pregnancy: 12 of 113 
(11%) in the chemotherapy-alone group and 22 
of 105 (21%) in the goserelin group (odds ratio, 
2.45; 95% CI, 1.09 to 5.51; P = 0.03). Women who 
became pregnant were younger than those who 
did not (median age, 32.9 years vs. 39.6 years; 
P<0.001) but were similar with respect to planned 
chemotherapy regimen. The analysis of the cumu-
lative incidence of pregnancy at 5 years is shown 
in the Supplementary Appendix. A total of 18 pa-
tients in the chemotherapy-alone group (16%) and 
25 in the goserelin group (24%) reported attempt-
ing pregnancy (odds ratio, 1.78; 95% CI, 0.85 to 
3.72; P = 0.12). The number of reported miscar-
riages, elective terminations, and pregnancy com-
plications were similar in the two groups. More 
patients in the goserelin group than in the che-
motherapy-alone group successfully delivered 1 or 
more babies (P = 0.05). A total of 12 babies were 
born to women in the chemotherapy-alone group 
and 18 were born to women in the goserelin 
group. At the time of data submission, there were 
an additional 3 ongoing pregnancies reported in 
the chemotherapy-alone group and 5 ongoing 
pregnancies in the goserelin group (Table 3).

Disease-free and Overall Survival

Among the 218 patients who could be evaluated, 
24 in the chemotherapy-alone group and 12 in 

the goserelin group had a recurrence of disease 
or died. The 4-year Kaplan–Meier estimate of the 
rate of disease-free survival was 78% in the che-
motherapy-alone group and 89% in the goserelin 
group (adjusted hazard ratio, 0.49; 95% CI, 0.24 
to 0.97; P = 0.04) (Fig. 2A). A total of 17 patients 
in the chemotherapy-alone group and 8 in the 
goserelin group died. The 4-year Kaplan–Meier 
estimate of the rate of overall survival was 82% 
in the chemotherapy-alone group and 92% in the 
goserelin group (adjusted hazard ratio, 0.43; 
95% CI, 0.18 to 1.00; P = 0.05) (Fig.2B). Among 
all 257 patients who underwent randomization, 
the trend toward a higher rate of disease-free 
survival with goserelin was not significant (haz-
ard ratio, 0.64; 95% CI, 0.35 to 1.17; P = 0.15), but 
the rate of overall survival was significantly 
higher in the goserelin group (hazard ratio, 0.45; 
95% CI, 0.21 to 0.97; P = 0.04). There were three 
second primary cancer events in each study group: 
two contralateral breast cancers in each group, one 
melanoma in the goserelin group, and one anal 
cancer in the chemotherapy-alone group.

Discussion

The study findings confirm and extend the re-
sults of several previous randomized studies that 
suggested that administration of a GnRH agonist 
during the course of chemotherapy protects ovar-
ian function.4,7,8 Other randomized studies that 

Outcome

Chemotherapy 
Alone 

(N = 113)

Chemotherapy 
plus Goserelin 

(N = 105)

Odds Ratio 
with 

Goserelin P Value*

Attempted pregnancy — no. of patients (%) 18 (16) 25 (24) 1.78 0.12

Achieved pregnancy — no. of patients (%) 12 (11) 22 (21) 2.45 0.03

≥1 delivery — no. of patients (%) 8 (7) 16 (15) 2.51 0.05

Delivery or ongoing pregnancy — no. of patients (%) 10 (9) 19 (18) 2.45 0.04

Babies born — no.† 12 18

Ongoing pregnancies at last report — no. 3 5

Adverse pregnancy event — no. of events

Miscarriage 5 4

Elective termination 3 2

Delivery complication 2 2

*  P values were adjusted for the stratification factors of age and type of planned chemotherapy. The cutoff date for data 
analysis was January 22, 2014; data up to that date are included.

†  This category may include more than one baby born to a woman.

Table 3. Pregnancy Outcomes.
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did not show ovarian protection with the use of 
GnRH agonists during chemotherapy were smaller 
and had relatively short follow-up times for the 
assessment of ovarian function.9-11 A recent meta-
analysis of randomized trials of the use of GnRH 
analogues for protection of ovarian function dur-
ing chemotherapy showed a 57% reduction in the 
risk of ovarian failure, a finding that is consis-
tent with our results, although the definition of 
ovarian failure varied among the trials.12

Interpretation of the main findings is compli-
cated by incomplete enrollment and missing data. 

We found no evidence of an imbalance in the 
primary end-point data according to study group, 
nor did we find evidence that the association be-
tween treatment assignment and stratification 
factors differed according to whether patients had 
primary end-point data. Therefore, although the 
missing data may affect the overall level of ob-
served ovarian failure, there was no evidence that 
missing data influenced the relative comparison 
between randomized groups. Furthermore, the 
results of sensitivity analyses that incorporated 
partial information from patients with missing 

Figure 2. Disease-free and Overall Survival.

The 4‑year estimates of disease‑free survival (Panel A) and overall survival (Panel B) are Kaplan–Meier estimates. 
With respect to disease‑free survival, there were 12 relapses or deaths in the chemotherapy‑plus‑goserelin group 
and 24 in the chemotherapy‑alone group; with respect to overall survival, there were 8 deaths in the chemotherapy‑
plus‑goserelin group and 17 in the chemotherapy‑alone group.
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data were consistent with the main findings. 
Thus, the available data indicate a consistent ben-
efit of goserelin in preserving ovarian function.

Current guidelines from the American Soci-
ety of Clinical Oncology encourage early referral 
of female cancer patients who are interested in 
fertility preservation to reproductive specialists 
for consideration of embryo cryopreservation.13 
Cost, timing issues, and the need for a partner, 
however, limit assisted reproduction options for 
many young women who are receiving chemo-
therapy. Coadministration of a GnRH agonist with 
chemotherapy may be a more accessible option 
for patients and can be used in conjunction with 
traditional fertility-preservation techniques. Side 
effects of GnRH agonists include vasomotor symp-
toms and loss of bone density; however, it is 
anticipated that long-term preservation of ovar-
ian function may help avoid unwanted menopausal 
symptoms and loss of bone density even in women 
who are not interested in fertility preservation.

The improved rates of disease-free and overall 
survival in the goserelin group in this study were 
unexpected in this population of patients with 
ER-negative breast cancer. Luteinizing hormone–
releasing hormone receptors are frequently pres-
ent in triple-negative breast cancers, and preclini-
cal studies have shown that the use of GnRH 
analogues is associated with growth inhibition, 
reduction in metastasis, and apoptotic cell death 
in xenograft models of triple-negative breast can-
cer.14-16 Disease risk factors were not stratified in 
the study, making it difficult to draw conclu-
sions about any therapeutic effect of the GnRH 
agonist. However, adjustment for breast-cancer 
stage did not alter the disease-free or overall sur-
vival findings. The favorable disease-related out-
comes confirm the safety of concurrent adminis-
tration of a GnRH agonist with chemotherapy in 
patients with ER-negative breast cancer.

Since our study included only patients with 
ER-negative disease, it cannot address the safety 
of GnRH agonist therapy with chemotherapy in 
patients with ER-positive breast cancer. Concur-
rent use of endocrine therapy and chemotherapy 

fell out of favor after publication of the results 
of the SWOG-led INT-0100 randomized trial in-
volving postmenopausal women with endocrine-
responsive breast cancer, which suggested a dis-
ease-free survival advantage with sequential, as 
compared with concurrent, chemotherapy and 
tamoxifen.17,18 The mechanism of action of GnRH 
agonists, however, is different from that of 
tamoxifen. Multiple studies suggesting favorable 
effects of chemotherapy-induced amenorrhea on 
breast-cancer outcomes19-21 and the recently re-
ported excellent survival results with triptorelin 
administered concurrently with chemotherapy in 
the Tamoxifen and Exemestane Trial22 indicate 
that ovarian suppression during chemotherapy is 
probably safe in women with hormone-sensitive 
breast cancer; however, caution is recommended 
in this population, for whom longer-term ovari-
an suppression may be desirable. Ovarian pro-
tection would also be anticipated with the use of 
GnRH analogues in young women with non-
breast cancer who are receiving treatment with 
similar cyclophosphamide-based chemotherapy.

The results of a randomized study addressing 
the therapeutic role of GnRH agonists in ER-posi-
tive breast cancer have recently been reported23; 
however, any potential therapeutic role for GnRH 
agonists in hormone-receptor–negative breast can-
cer requires further investigation. Although miss-
ing data limit interpretation of the findings, the 
administration of a GnRH agonist with chemo-
therapy appears to protect against ovarian failure, 
reducing the risk of early menopause and improv-
ing prospects for fertility.
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