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Abstract Previous studies provided inconclusive evi-

dence for the effectiveness of gonadotropin-releasing hor-

mone analogue on ovarian function protection against

chemotherapy-induced genotoxicity in premenopausal

patients. This study was designed to examine the efficacy

of leuprolide acetate on ovarian function preservation in

patients with breast cancer. A total of 220 patients were

recruited in this prospective clinical trial and were assigned

randomly to receive cyclophosphamide–doxorubicin-based

chemotherapy only or chemotherapy plus leuprolide ace-

tate. Resumption of menses or premenopausal levels of

both follicle-stimulating hormone (FSH) and estradiol (E2)

within 12 months after the end of chemotherapy were

considered as effective ovarian preservation. A total of 183

patients were considered evaluable (94 in chemotherapy-

only group and 89 in chemotherapy plus leuprolide acetate

group). At the end of follow-up, 27 patients in chemo-

therapy group and 15 in chemotherapy plus leuprolide

acetate group resumed menses; seven patients in chemo-

therapy group and 14 in chemotherapy plus leuprolide

acetate group restored premenopausal levels of FSH and

E2. The median time to resume menses was 9.2 months for

patients in chemotherapy plus leuprolide acetate group and

was not reached in chemotherapy-only group. In addition,

our results demonstrated that age and chemotherapy doses

made no significant difference in the occurrence of pre-

mature menopause. The leuprolide acetate treatment

simultaneously with cyclophosphamide–doxorubicin-based

chemotherapy reduced the risk of developing premature

menopause in premenopausal patients with breast cancer.
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Introduction

Breast cancer is the most common invasive gynecological

malignancy. More than 1,000,000 cases are diagnosed each

year worldwide, and approximately 15 % are detected in

reproductive ages [1, 2]. Particularly, young patients with

breast cancer are associated with higher incidence of hor-

mone-insensitive, undifferentiated and human epidermal

growth factor receptor 2-overexpressing tumors [3].

Although adjuvant systemic chemotherapy treatment offers

significant clinical benefits to these young patients in terms

of survival, the majority of these patients eventually

develop premature ovarian failure (POF) [4]. The incidence

rate of POF highly correlates with patient ages and che-

motherapy regimen [5]. Commonly used cyclophospha-

mide-based chemotherapy, including cyclophosphamide,

methotrexate, 5-fluorouracil (CMF) and cyclophospha-

mide, epirubicin, 5-fluorouracil (CEF), causes early men-

opause in nearly 60 % of patients [6]. Cumulative dose of

chemotherapy has been reported to be a risk factor

for menopause; however, the incidence of iatrogenic
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menopause seems to be not dose-dependent in the patients

undergoing CEF regimen [6–8]. In contrast, increasing age

is associated with the occurrence of chemotherapy-induced

menopause with 22–61 % of incidence rate in women

under 40 years versus 61–79 % in those over 40 years [9].

POF can cause infertility, which is the major concern for

young patients. Apart from loss of fertility, POF is also

associated with vasomotor symptoms and sexual dysfunc-

tion [10]. Therefore, preventing chemotherapy-induced

POF could improve the quality of life of patients.

No standard method for preventing chemotherapy-

induced POF has been established yet [11]. Several

approaches have been attempted to preserve fertility in

young patients who must undergo chemotherapy. One of

the most effective strategies has been retrieval and fertil-

ization of oocytes before chemotherapy followed by

cryopreservation of embryos [12]. Other experimental

approaches include removal and cryopreservation of

unfertilized eggs [13], or whole tissues [14] have also been

used. However, all of these methods are complicated and

costly. Preclinical studies showed that ovarian suppression

by gonadotropin-releasing hormone (GnRH) analogue

could protect ovarian against chemotherapy-induced tox-

icity [2, 15]. Observational studies also demonstrated that

GnRH analogue protects the ovaries of patients with breast

cancer undergoing chemotherapy [16–18]. However, due to

the lack of randomized controlled trials, the role of GnRH

analogue in ovarian protection is under debate [19, 20].

This study is designed to evaluate the protective effect of

leuprolide acetate, a GnRH analogue, on the premeno-

pausal breast cancer patients undergoing chemotherapy.

This is the first trial on this subject in China, where inci-

dence of breast cancer in the past two decades has

increased by 80 % in young women [21].

Patients and methods

Eligibility criteria

Premenopausal patients between 18 and 45 years with pro-

ven histological stage I–III breast cancer were eligible for

this study. Premenopausal status was defined as a history of

normal ovarian function [basal follicle-stimulating hormone

(FSH) \ 10 mIU/ml] and regular menstrual cycle before

study entry [22]. All patients received primary surgical

therapy, including modified mastectomy or breast-conserv-

ing surgery plus ipsilateral node dissection or sentinel lymph

node biopsy before adjuvant chemotherapy. Other eligibility

criteria were as follows: no history of prior chemotherapy or

hormone therapy; no distant metastases or localized cancer

relapse; no prior or concomitant malignancy; no history of

primary or secondary ovarian insufficiency; and no pregnancy

or nursing. Written consent forms were obtained from all

participating patients.

Study design

This study is a single-center, prospective randomized phase

II study on leuprolide acetate in premenopausal patients

with breast cancer. FSH and estradiol (E2) levels were

recorded before treatment and at 3, 6, 9 and 12 months

after the end of chemotherapy. Menstrual activity was also

recorded during the chemotherapy and 12-month follow-up

after the end of chemotherapy. Early menopause was

defined as FSH level [ 40 mIU/ml and E2 \ 20 pg/ml in

the absence of resumption of menstrual activity within

12 months after the end of chemotherapy. Effective treat-

ment was defined as resumption of menstrual activity

(regardless of FSH level or E2 level) or occurrence of FSH

level \ 40mIU/ml and E2 level [ 20 pg/ml in the absence

of resumption of menstrual activity during the 12-month

follow-up after the end of chemotherapy.

This prospective randomized trial was approved by the

Medical Ethics Committee of Jiangyin Hospital Affiliated

to Nanjing University of Traditional Chinese Medicine.

Treatment regimen

Patients were randomly allocated to receive chemotherapy

only or chemotherapy plus leuprolide acetate. The patients

allocated to receive leuprolide acetate were given a sub-

cutaneous injection of leuprolide acetate (3.75 mg, Leu-

plin, Takeda Pharmaceutical Company Limited, Osaka,

Japan), and the serum E2 level was measured 2 weeks after

injection. If ovarian suppression was confirmed (E2

level \ 30 pg/ml), patients started to receive chemother-

apy; otherwise, chemotherapy was not started until ovarian

suppression was proved. During chemotherapy, patients

were given leuprolide acetate at same dosage every

4 weeks. All patients received cyclophosphamide–doxo-

rubicin-based chemotherapy as determined by oncologist

before randomization. The number of patients receiving

adjuvant chemotherapy including taxol was balanced

between two groups. For all the patients with hormone-

sensitive tumors, tamoxifen was administrated at the end of

chemotherapy. If a patient resumed menstrual activity

during follow-up, she restarted leuprolide acetate treatment

and continued for 24 months to induce therapeutic ovarian

suppression [16].

Toxicity evaluation

Clinical toxicity was evaluated every week during che-

motherapy by measuring hematological and biochemical
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marks. Adverse events were graded based on NCI-CTC

version 3.0.

Statistical methods

Assuming that 50 % of patients experienced early meno-

pause following chemotherapy, at least 62 patients were

required (31 in each group) to detect a 30 % absolute

reduction in early menopause rate with leuprolide treat-

ment [23], with a power of 80 % and a one-sided a error of

5 %. The sample size was determined using nQuery

Adviser (Saugus, MA, USA).

All analyses were performed according to the intention-

to-treat principle. Patients were considered as valuable if

they completed at least one cycle of chemotherapy and had

been followed up for 12 months after the end of chemo-

therapy. In the analyses for each time point, menses self-

reported as regular or irregular were considered resumption

of menstrual activity. The baseline characteristics, occur-

rence of menstrual activity resumption and early meno-

pause were performed by using Fisher’s exact test. Mean

values were compared using Student’s t test. A P value of

\0.05 was considered significant. Time to resume menses

was estimated by Kaplan–Meier survival analysis,

according to the methods previously described by Brook-

meyer and Crowley [24].

Results

Patients’ characteristics

Between 2010 February and 2012 March, 220 patients

were recruited for this study of efficacy of leuprolide

acetate on ovarian protection. Thirty-seven patients were

considered unevaluable: 16 in chemotherapy-alone group

(2 patients failed to complete at least one cycle of che-

motherapy and 14 patients were lost to follow-up) and 21

in chemotherapy plus leuprolide acetate group (4 patients

failed to complete at least one cycle of chemotherapy and

17 patients were lost to follow-up). The main patients’

characteristics at study entry were listed in Table 1. Che-

motherapy plus leuprolide acetate group tended to be

younger than those in chemotherapy-only group (mean age

40.3 vs. 42.1). However, the difference in age is not sta-

tistically significant (P [ 0.05).

Treatment regimens

Two chemotherapy regimens were scheduled for patients

according to the recommendations of oncologists: 1)

600 mg/m2 cyclophosphamide and 60 mg/m2 doxorubicin

(CA) every 3 weeks for six cycles and 2) 600 mg/m2

cyclophosphamide, 60 mg/m2 doxorubicin and 175 mg/m2

paclitaxel (CA ? Taxol) every 3 weeks for four cycles. A

total of 12 patients did not complete scheduled chemother-

apy due to adverse effects: five in chemotherapy-only group

(1 stopped after 2 cycles and 4 patients stopped after 4

cycles) and seven in chemotherapy plus leuprolide acetate

group (2 patients stopped after 2 cycles, 2 patients stopped

after 4 cycles and 3 patients stopped after 5 cycles). The

mean dose of cyclophosphamide and doxorubicin between

two groups was not significantly different. Seven patients did

not complete scheduled leuprolide acetate treatment due to

chemotherapy interruption. Tamoxifen was given to all

patients with hormonal receptor-positive tumor. Data about

treatment adherence were summarized in Table 2.

Early menopause in patients

In our study, early menopause was defined as FSH level [
40mIU/ml and E2 \ 20 pg/ml in the absence of resumption

of menstrual activity within 12 months after the end of

chemotherapy. According to this definition, 27 patients

(28.7 %) in chemotherapy-only group and 15 patients

(16.9 %) in chemotherapy plus leuprolide acetate group had

early menopause (Table 3). This result showed that leupro-

lide acetate treatment was associated with significant

reduction in early menopause occurrence (P \ 0.01). Next,

we examined the effect of paclitaxel, dose of CA treatment,

age and tamoxifen treatment on early menopause occurrence

and found that only paclitaxel treatment significantly

affected the risk of developing early menopause (0.01 \
P \ 0.05). Further analysis showed that patients with

CA ? Taxol treatment had a significantly lower occurrence

of early menopause in chemotherapy plus leuprolide acetate

group (0.01 \ P \ 0.05), whereas no significant difference

in the occurrence of early menopause was observed between

patients treated with CA and CA ? Taxol regimens in

chemotherapy group.

Menstrual activity resumption, FSH and E2 levels

As shown in Table 4, resumption of menses was reported by

39 patients in chemotherapy-only group and 53 patients in

chemotherapy plus leuprolide acetate group (0.01 \ P \
0.05). Premenopausal level of FSH and E2 without resump-

tion of menses was observed in seven patients in chemo-

therapy-only group and 14 patients in chemotherapy plus

leuprolide acetate group (P [ 0.05). As per our definition of

effective treatment, ovarian suppression with leuprolide

acetate effectively preserved the ovarian function after

chemotherapy (P \ 0.01). Time to resumption of menses

was shown in Fig. 1. The median time to resume menstrua-

tion was 9.2 months in the patients treated with chemo-

therapy plus leuprolide acetate, whereas the median time to
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resume menstruation was not reached in chemotherapy-only

group. FSH and E2 levels were measured at 3, 6, 9 and

12 months after the end of chemotherapy (Fig. 2a, b). The

mean values of E2 level were significantly decreased in both

groups relative to the values at study entry. However, there

was no statically significant difference in the mean values of

E2 level between chemotherapy-only group and chemo-

therapy plus leuprolide acetate group at 12 months after the

Table 1 Patients’

characteristics at study entry
Characteristics Chemotherapy only

(n = 94)

Chemotherapy ?

leuprolide acetate

(n = 89)

n % n %

Age, mean ± SD range 42.1 ± 5.9 (26–44) 40.3 ± 6.5 (27–45)

B35 years 41 43.6 43 48.3

[35 years 53 56.4 46 51.7

Tumor size

pT1 52 55.3 54 60.7

pT2 32 34.1 30 33.7

pT3–4 10 10.6 5 5.6

Nodal status

pN0 47 50.0 36 40.4

pN1 31 33.0 44 49.4

pN2 16 17.0 9 10.2

Tumor grade

G1 4 4.3 11 12.4

G2 47 50.0 30 33.7

G3 43 45.7 48 53.9

Hormonal receptor status

ER (?), PR(?) or both 74 78.7 76 85.4

ER(-) and PR(-) 20 21.3 13 14.6

Previous pregnancies 78 83.0 70 78.7

Serum FSH, mean ± SD, mIU/ml

5.23 ± 1.23 5.67 ± 1.35

Serum E2, mean ± SD, pg/ml

74 ± 9.6 87 ± 11.3

Table 2 Treatment compliance

Chemotherapy only (n = 94) Chemotherapy ?

leuprolide acetate

(n = 89)

n % n %

Type of chemotherapy

CA 69 73.4 57 64.0

CA ? Taxol 25 26.6 32 36.0

Chemotherapy completed as scheduled

CA 65 69.1 52 56.2

CA ? Taxol 24 25.5 30 33.7

Cumulative chemotherapy dose, mean ± SD (range), mg/m2

Cyclophosphamide 3,217.0 ± 60.8 (600–3,600) 3,094.5 ± 67.7 (1,200–3,600)

Doxorubicin 321.7 ± 6.1 (60–360) 309.5 ± 6.8 (120–360)

Leuprolide acetate completed as scheduled NA 82 91.3

Tamoxifen treatment after chemotherapy 74 78.4 76 85.4
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end of chemotherapy. In contrast, the mean values of FSH

level were significantly elevated in both groups relative to

the values at study entry, whereas the mean values of FSH

level in patients of chemotherapy-only group were signifi-

cantly higher than that of chemotherapy plus leuprolide

acetate group at 12 months after the end of chemotherapy

(P \ 0.05).

Leuprolide-acetate-related toxicities

No treatment-related death occurred during this study. The

majority of adverse effects were considered to be related to

chemotherapy, including hematological adverse events

(leucopenia, neutropenia and anemia), nausea, alopecia and

fatigue. All patients reported leuprolide-acetate-related

adverse effects, including hot flush, mood swings and

urogenital symptoms, were Grade I and II cases.

Discussion

Long-term survival of breast cancer has been improved by

adjuvant chemotherapy. However, the cytotoxic chemo-

therapeutics may cause profound and lasting consequence

on gonadal function including ovarian function damage [6,

25, 26]. Apart from the essential role of ovarian function in

preserving fertility, premature ovarian failure is associated

with vasomotor symptoms, osteoporosis, urogenital

symptoms and heart disease [27–29]. Therefore, a few

approaches have been applied to preserve ovarian function

or fertility for patients undergoing chemotherapy, including

oophoropexy, ovarian suppression and cryopreservation of

ovarian tissue, oocytes and embryos. However, only the

Table 3 Early menopause in

patients
Chemotherapy only Chemotherapy ? leuprolide acetate

Total patient

(94)

Early menopause

(27)

Total patient

(89)

Early menopause

(15)

Age

B 35 years 41 10 43 5

[ 35 years 43 17 46 10

Chemotherapy type

CA 69 22 57 13

CA ? Taxol 25 5 32 2

CA chemotherapy duration

[ 4 cycles 65 18 55 11

B 4 cycles 29 9 34 4

Tamoxifen treatment 74 23 76 11

Table 4 Ovarian function

outcome at 12 month after the

end of chemotherapy

Chemotherapy

only (n = 94)

Chemotherapy ? leuprolide

acetate (n = 89)

Early menopause 27 15

Resumption of menses 39 53

Premenopausal FSH and E2 level without resumption of

menses

7 14

Premenopausal E2 level without resumption of menses 14 2

Premenopausal FSH without resumption of menses 7 5

Fig. 1 Time to resumption of menses in patients, regardless of

whether menses stopped during chemotherapy
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efficacy of embryo cryopreservation has been proved,

which is also not practical for patients without a partner

due to the requirement of a current sperm donor [30].

Gonadotropin-releasing hormone analogue treatment

has been proposed to be a less invasive and easier way to

prevent the cytotoxic effects of chemotherapeutics on

ovaries. A few mechanisms have been proposed on how

GnRH analogues may protect ovaries. Blumenfeld et al.

[31] suggested that GnRH analogues worked by suppress-

ing gonadotropin levels to stimulate prepubertal hormonal

milieu and subsequently preventing primordial follicles

from maturation and therefore decreasing the number of

follicles that are more vulnerable to chemotherapy. A later

study of the same group suggested that the protective effect

of GnRH analogues was associated with decrease in utero-

ovarian perfusion, which leads to decreased exposure of the

ovaries to the chemotherapeutic agents, upregulation of

intragonadal anti-apoptotic molecules such as sphingosine-

1-phosphate and protection of the undifferentiated germ-

line stem cells [32]. A study by Imai et al. [33] showed that

GnRH analogues protected ovarian function by directly

activating GnRH receptors on ovaries. Although these

studies formed the theoretical basis for the role of GnRH

analogue treatment in ovarian protection, clinical studies

have provided inconclusive evidences for its effectiveness

[19, 20].

Recently, the results of several randomized clinical trials

on the efficacy of ovarian function preservation with GnRH

analogue in patients with breast cancer were published. The

results of GBG37 ZORO study, which was conducted in 60

patients with hormonal-insensitive breast cancer, demon-

strated that premenopausal patients with breast cancer

receiving goserelin simultaneously with modern neoadju-

vant chemotherapy did not experience statistically signifi-

cantly less amenorrhea 6 months after the end of

chemotherapy compared with those receiving chemotherapy

alone [23]. Khan et al. [34] randomized 49 patients and found

that triptorelin did not make significant difference in menses

resumption between patients treated with chemotherapy

alone and combined with triptorelin. In contrast, a phase III

trial conducted in 78 patients with early-stage breast cancer

showed an absolute reduction of 56 % in the occurrence of

premature ovarian failure when goserelin was given simul-

taneously with chemotherapy compared to chemotherapy

only [22]. Furthermore, the results of PROMISE-GIM6

study, which was so far the largest phase III trial, revealed

that the use of triptorelin during chemotherapy in premeno-

pausal patients with early-stage breast cancer reduced the

occurrence of chemotherapy-induced early menopause [35].

In consistent with the results of PROMISE-GIM6 study, our

present study suggested that leuprolide acetate, before and

continuing every 4 weeks during cyclophosphamide–doxo-

rubicin-based chemotherapy, resulted in decreased occur-

rence of premature menopause in patients with breast cancer.

Early menopause was observed in 28.7 % of patients treated

with chemotherapeutics only and 16.9 % of patients treated

with chemotherapeutics simultaneously with leuprolide

acetate.

The previous study suggested that younger patients are

less susceptible to chemotherapy-induced premature ovar-

ian failure [9]. However, our study showed that patient age

did not significantly affect the risk of developing premature

ovarian failure. We also examined whether higher cumu-

lative dose of chemotherapy would increase the occurrence

of premature ovarian failure. No significant difference was

observed between patients receiving more than four cycles

of chemotherapy and those receiving four cycles or less

than four cycles, which agree with the observation from the

previous study with patients receiving CEF regimen.

Interestingly, we found that patients receiving CA ? Taxol

regimen were associated with lower occurrence of pre-

mature menopause relative to those receiving CA regimen

(0.01 \ P \ 0.05). We further analyzed the effect of pac-

litaxel in each group and found that CA ? taxol regimen

was associated with lower risk only in chemotherapy plus

leuprolide acetate group. Although the gonadal toxicity of

paclitaxel has not been extensively investigated, several

studies have demonstrated that paclitaxel might cause

Fig. 2 E2 (a) and FSH

(b) levels at different time

points: before chemotherapy

and 3, 6, 9 and 12 months after

chemotherapy ended
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ovarian damage [36–39]. In addition, a couple of studies

with rat model have demonstrated that the GnRH agonists

could act as ovarian protection against paclitaxel-induced

gonadotoxicity [36, 40]. Therefore, the less premature

menopause in patients received chemotherapy plus leu-

prolide acetate group that received CA ? Taxol regimen

might be explained by the ovarian protective effect of

leuprolide acetate. However, since CA ? Taxol regimen

compromised only four cycles of chemotherapy whereas

CA regimen comprised six cycles of chemotherapy, the

influence of low cumulative chemotherapy dose could not

be ruled out. Further studies are needed to determine

whether paclitaxel acts as an independent factor affecting

the efficacy of leuprolide acetate.

During 12-month follow-up, 39 patients in chemother-

apy-only group and 53 patients in chemotherapy plus leu-

prolide acetate group resume menses (0.01 \ P \ 0.05). In

addition, a total of 21 patients have restored premenopausal

level of FSH and E2 (7 in chemotherapy-only group and 14

in chemotherapy plus leuprolide acetate group). However,

since tamoxifen treatment given to patients with hormonal-

sensitive breast cancer might affect the FSH and E2 levels

[16, 35, 41], FSH and E2 levels are of less value to assess

the decrease in ovarian reserve and predict future menstrual

activity resumption.

In our study, leuprolide acetate did not cause any severe

toxicity. In addition, previously randomized studies

showed that concurrent ovarian suppression during che-

motherapy had no significant effect on patients’ outcomes

[42, 43]. However, the chance of negative interaction

between leuprolide acetate and chemotherapy cannot be

ruled out, especially in patients with hormonal-sensitive

tumors, because the occult tumor cells in these patients

might be stimulated by ovarian function resumption [23,

44]. In conclusion, this study provided clinical evidence

that leuprolide acetate treatment before and during adju-

vant chemotherapy reduced the risk of developing pre-

mature ovarian failure in premenopausal patients with

breast cancer. Further clinical trials are warranted to assess

the appropriate patient group that will benefit most from

the ovarian suppression treatment.
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