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ABSTRACT

The combination of luteinizing hormone-releasing hormone analogs (LHRHa) with 
tamoxifen is used as a standard postoperative adjuvant therapy in patients with hormone 
receptor-positive/premenopausal breast cancer. Long-acting LHRHa formulations offer 
advantages in terms of patient convenience. However, data on the effectiveness of the 
3-month (3M) acting formulation are still insufficient. This study was performed on patients 
who received the 3M LHRHa after surgery. The serum estradiol (E2) and follicle-stimulating 
hormone levels were measured before surgery, and periodically after surgery. In total, 318 
patients were included in the study and analyzed. The mean E2 level before surgery was 63.7 
pg/mL, while the mean E2 level during the administration of 3M LHRHa was 4.9 pg/mL. 
None of the patients were menstruating and had E2 values above 30.0 pg/mL. It is thought 
that the 3M LHRHa formulation can suppress the ovarian function effectively and be safely 
used to improve compliance.

Keywords: Breast neoplasms; Premenopaus; Antineoplastic agents; Gonadotropin-releasing 
hormone

Approximately 70% of patients with breast cancer have hormone receptors (HRs), which 
promote the growth of the cancer cells by receiving signals from female hormones [1]. 
Endocrine treatment is a standard therapy used in patients with HR-positive breast cancer; 
several treatment regimens have been developed and are used as an adjuvant therapy 
[2-6]. Particularly, inhibition of estradiol (E2) production is the basis of treatment in 
premenopausal women, and various methods of suppressing the ovarian function, such 
as ovarian ablation, have been implemented [5]. In several clinical studies, luteinizing 
hormone-releasing hormone analogs (LHRHa) are used as an adjuvant therapy after surgery 
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in patients with HR(+), human epidermal growth factor receptor 2 negative (−), and lymph 
node (+/−) breast cancer, and they are considered a replacement for chemotherapy (CTx) by 
exerting the same effect as CTx, but with fewer side effects [7-11]. In clinical studies involving 
patients with breast cancer, LHRHa is mainly administered as a 1-month regimen (3.75 mg 
leuprolide, 3.6 mg goserelin, and 3.75 mg triptorelin); therefore, a 1-month formulation is 
recommended in the guidelines [2-4]. Visiting a breast cancer clinic once per month for 
LHRHa injections can cause discomfort and economic loss to patients and reduce their 
treatment compliance. In addition, more frequent injections may potentially increase the 
incidence of injection-related complications such as pain, hematoma, or infection. Despite 
studies on the safety and effectiveness of long-acting LHRHa in patients with breast cancer, 
only a few reports are available [12-14]. This study aimed to perform a retrospective analysis 
of E2 levels in premenopausal patients receiving a 3-month (3M) LHRHa formulation (11.25 
mg leuprolide) + tamoxifen (T) to confirm the effectiveness and safety of long-acting ovarian 
function suppression (OFS).

This study was a retrospective chart review and was conducted with the exemption of consent 
under Institutional Review Board (IRB) of the Asan Medical Center (IRB No. 2017-1341) 
deliberation using a platform for extracting unidentified clinical information for research 
purposes. We enrolled LHRHa-treated premenopausal women who were HR(+) from 
among patients who had undergone surgery for breast cancer at the Asan Medical Center 
between June 2017 and December 2019. Patients with previous bilateral oophorectomy, 
those who received neoadjuvant or adjuvant CTx, and those with metastatic disease were 
excluded from the study. Basic characteristics such as the patient's age and body mass index 
(BMI) were investigated, and the type of cancer, lymph node metastasis, and stage were 
determined based on the pathological results (Table 1). Patients underwent mastectomy or 
conserving surgery according to the size of the tumor, and adjuvant therapy was performed in 
accordance with the breast cancer guidelines and the treating physician's judgment (Table 1).  
Antihormonal therapy in premenopausal women was administered with T alone or T in 
combination with LHRHa. LHRHa administration was planned for 2–5 years, depending 
on the stage and the patient's age, and was defined as premenopausal if menstruation 
had occurred within 1 year or the patient had E2 levels > 30 pg/mL and follicle-stimulating 
hormone (FSH) levels < 30 mIU/mL at the preoperative examination [15]. Regarding 
the various LHRHa regimens, only patients who received 11.25 mg leuprolide as a 3M 
formulation, were included in the analysis. The effectiveness of treatment was measured 
based on menstruation and E2 level. FSH level was used to determine if menopause had 
occurred before surgery; however, as FSH level is altered by the administration of T [15,16], 
it cannot be used as an index to determine the effect of LHRHa. Menstrual status and 
E2 levels were checked at 3, 6, 12, 18, and 24 months after surgery during the patient's 
visit cycle. Clinical information and pathologic results of the patients were analyzed, and 
preoperative and intermediate E2 levels were examined to verify the effect of LHRHa. Drug 
discontinuation owing to side effects during administration of the 3M formulation was 
retrospectively investigated. Side effects such as hot flush, insomnia, arthralgia, myalgia 
etc. were charted; however, it was hard to statistically analyze the data because of the 
retrospective nature of the study.

A total of 5,881 patients underwent surgery for breast cancer from June 2017 to December 
2019; of these, 514 patients received 3M LHRHa as adjuvant therapy. Totally, data of 318 
patients, except for 191 patients who received CTx including neoadjuvant treatment and 
other OFS treatments, were finally analyzed (Figure 1). The mean age of the patients was 
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45 years, with a range of 25–52 years, and 307 (96.5%) patients were under 50 years of age. 
The BMI was below 24 in 254 (79.9%) patients. The cancer type was invasive ductal cancer 
in 259 (81.5%) patients, invasive lobular cancer in 31 (9.7%) patients, and other classified 
cancers in 28 (8.8%) patients. There were 165 (51.9%) patients with a stage I cancer, 150 
(47.2%) patients with a stage II cancer, and 3 patients with a stage III cancer (Table 1). Breast-
conserving surgery was performed in 248 (78.0%) patients and mastectomy was performed 
in 70 (22.0%) patients. There were 218 (68.6%) patients with sentinel lymph node biopsy 
and 100 (31.5%) patients with axillary lymph node dissection (Table 1). In the preoperative 
examination, the mean (range) serum E2 level was 63.7 pg/mL (0–752 pg/mL) and the mean 
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Table 1. Patient and tumor characteristics, type of surgery and adjuvant treatment
Total patients (n = 318) Values
Age (yr)

≤ 50 307 (96.5)
> 50 11 (3.5)

Body mass index (kg/m2)
≤ 24 254 (79.9)
> 24 64 (20.1)

Pathology
Invasive ductal carcinoma 259 (81.5)
Invasive lobular carcinoma 31 (9.7)
Other 28 (8.8)

Stage
I 165 (51.9)
II 150 (47.2)
III 3 (0.9)

T stage
T1 207 (65.1)
T2 104 (32.7)
T3 7 (2.2)

N stage
N0 239 (75.2)
N1 79 (24.8)
N2 0 (0)
N3 0 (0)

Tumor grade
I 24 (7.5)
II 275 (86.5)
III 19 (6.0)

Multifocality
Yes 96 (30.2)
No 222 (69.8)

Subtype
HR(+), HER2(−) 312 (98.1)
HR(+), HER2(+) 5 (1.6)
HR(−), HER2(+) 1 (0.3)
HR(−), HER2(−) 0 (0)

Surgery
Mastectomy 70 (22.0)
BCS 248 (78.0)

Axillary surgery
SNB 218 (68.5)
ALND 100 (31.5)

Radiation therapy
Yes 249 (78.3)
No 69 (21.7)

Values are presented as number (%).
HR = hormone receptor; HER2 = human epidermal growth factor receptor 2; BCS = breast-conserving surgery; 
SNB = sentinel lymph node biopsy; ALND = axillary lymph node dissection.
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serum FSH level was 6.33 mIU/mL (0.13–55.8). The mean E2 level at the follow-up visit 3 
months after surgery was 4.14 pg/mL (4–6.3), at 6 months was 4.84 pg/mL (4–12.9), and at 12 
months was 4.79 pg/mL (4–10.4); the mean E2 level over the entire dosing period was 4.9 pg/
mL (4.0–28.9) (Figure 2). Kim at al. [9] who conducted their study in our center reported that 
the pretreatment E2 level of 317 patients who received monthly LHRHa was 88.7 ± 0.1 pg/mL 
and was maintained at < 30 pg/mL until the end of the LHRHa therapy. In the retrospective 
chart record, although some vaginal bleeding was recorded in 4 patients, it was judged to 
be not of menstrual origin based on the laboratory data and the trace amount of bleeding 
compared to that during the existing menstruation. Since no patients had E2 values above 
30.0 pg/mL during the OFS, the serial analysis of E2 and FSH levels was not performed in this 
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No systemic treatment:
569 patients

Systemic treatment:
5,312 patients

Breast surgery: 5,881 patients

Only HT 
2,861 patients

CTx +/− HT
2,451 patients

AI
877 patients

3M LHRHa + T
318 patients

T +/− 1M LHRHa
1,666 patients

2017.6–2019.12

Figure 1. Summary of enrolled patients. 
HT = hormonal therapy; CTx = chemotherapy; AI = aromatase inhibitors; 3M = 3-month; LHRHa = luteinizing 
hormone-releasing hormone analogs; T = tamoxifen; 1M = 1-month.
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Figure 2. E2 level change before and after administration of LHRHa agonist (total). 
E2 = estradiol; 3M = 3-month; SD = standard deviation; LHRHa = luteinizing hormone-releasing hormone analogs.
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study. No serious side effects, such as discontinuation of OFS or change in treatment, were 
recorded during the observation period.

In premenopausal patients, the 8-year DFS and OS rates were better in the group with OFS 
added to T after CTx than in the T-only group [17]. Noh et al. [18] reported that ovarian 
function was monitored for 2 years after CTx termination, and that DFS was improved when 
OFS was added to T in patients determined to be premenopausal. According to the recently 
updated breast cancer guidelines, high-risk patients with premenopausal HR-positive 
breast cancers are recommended to receive OFS after adjuvant CTx [2-4]. LHRHa have 
lower side effects than surgical oophorectomy or ovarian irradiation and they enable the 
temporary suppression of the ovarian function [5,17]. de Haes et al. [8] concluded that in 
estrogen receptor-positive and node-positive early breast cancer, LHRHa showed an efficacy 
equivalent to CTx and resulted in a better quality of life, suggesting that it could replace 
CTx. In 2 retrospective studies that compared LHRHa and adriamycin/cyclophosphamide 
(AC) therapy, there was no difference in DFS between the 2 groups. Kim et al. [9] reported 
that LHRHa + T treatment could be an option for premenopausal women with endocrine-
responsive, node-negative breast cancer. Sohn et al. [10] showed no difference in recurrence-
free, cancer-specific, and overall survival rate after a median follow-up of 5 years. As a result, 
hormone therapy + LHRHa can replace CTx in certain patients with low tumor burden, such 
as node-negative tumors, despite the insufficiency of evidence. Schmid et al. [12] compared 
the 3-monthly depot LHRHa and CMF in pre- or perimenopausal patients with ER-positive 
and node-positive breast cancer. During the median follow-up period of 5.8 years, recurrence-
free survival was similar in both groups, and overall survival was favorable in the OFS group. 
Noguchi at al. [13] reported in their phase 3, open-label, multicenter trial that serum E2 
level at 24 weeks from administration was not different in the 2 groups, which were treated 
with monthly (3.6 mg) and 3-monthly (10.8 mg) goserelin, and the DFS was similar. Masuda 
et al. [14] compared a 3.6-mg monthly goserelin dose with a 10.8-mg 3-monthly goserelin 
depot and showed that the safety and efficacy of the 3M formulation was not inferior to that 
of the 1-month formulation. According to their study, the frequency of showing an E2 level 
above 30 pg/mL was higher in the 1-month formulation group [14]. Sa-Nguanraksa et al. [11] 
reported that there was no difference in disease-free survival and mortality when comparing 
40 patients who received T and 10.8 mg goserelin at 3M intervals and 130 patients who were 
administered an AC regimen.

As OFS itself does not have a direct cytotoxic effect, the effectiveness of OFS should be 
evaluated by how well it suppresses the ovaries. To evaluate the effect of 3M LHRHa in this 
study, menstruation and E2 levels were measured during the treatment. Because of the 
retrospective nature of the study, the FSH level was not measured in most of the patients 
in this study. We are planning to conduct further studies on the change in FSH level in the 
following study. In this study, a small number of patients had E2 levels slightly higher than the 
average levels. In the SOFT study, ovarian function of 116 patients who received exemestane 
plus triptorelin was periodically checked, and E2 levels exceeded the threshold in 17% of 
patients [19]. In the present study, OFS and T were used in all the patients, and it is believed 
that T administration may affect E2 levels by increasing the plasma estrogen concentrations 
through interference with the normal pituitary negative feedback mechanism [20].

This study has several limitations. First, it was a single-institution, retrospective study. 
Second, E2 level was measured during treatment in a small number of patients, because the 
prescriptions vary depending on the physician, and the E2 level was not checked monthly 
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because of the outpatient visit schedule. Since the E2-level of all the tested patients was 
maintained at less than 30 pg/mL, further analysis on the change process of the E2-level was 
not performed in this study. The correlation between serial change of E2 level and patient 
characteristics (i.e., age, BMI) are expected to be analyzed in the follow-up study. Third, no 
systematic evaluation of patient side effects or satisfaction during treatment was performed.

In summary, analysis of ovarian function in premenopausal women with HR(+) breast cancer 
who were administered a 3M formulation of LHRHa with T showed that the ovarian function 
was successfully suppressed in all the patients and that no serious side effects occurred. 
Given the improved patient convenience and long-term treatment compliance, long-acting 
LHRHa are considered a good treatment option.
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