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Abstract
Purpose: We examined whether there were differences in major depression outcomes and independent
risk factors associated with gonadotropin-releasing hormone agonists (GnRHa) and ovarian ablation
(OA) in premenopausal breast cancer patients.

Methods: Premenopausal breast cancer patients from seven hospitals who received OFS participated in
the study between June 2019 and June 2020. The independent variable was the type of ovarian
suppression, categorized as either OA (n = 174) or GnRHa (n = 389). Major depression was evaluated
using the Patient Health Questionnaire (PHQ-9), and the Female Sexual Function Index questionnaire was
used to assess sexual function.

Results: A total of 563 patients completed the surveys. The mean PHQ-9 sum score was slightly lower in
the GnRHa cohort than in the OA cohort (11.4 ± 5.7 vs. 12.8 ± 5.8, P = 0.079). There were signi�cantly
fewer patients with major depression (PHQ-9 ≥ 15) in the GnRHa cohort (31.1% vs. 40.2%, P = 0.025).
Further, the duration of OFS was closely correlated with major depression, indicating a time-dependent
trend [duration of OFS > 2 years vs. duration of OFS ≤ 2 years: Exp (B) = 1.651, P = 0.031]. Sexual
dysfunction was negatively correlated with major depression [sexual dysfunction vs. normal: Exp
(B) = 0.769, P = 0.046].

Conclusions: This is the �rst study to demonstrate that GnRHa results in more favorable depression
outcomes than OA. Moreover, most patients preferred alternatives to their OFS treatment. These �ndings
can contribute to improving and alleviating the adverse effects of OFS.

Backgroud
Breast cancer is the most commonly diagnosed cancer and the leading cause of cancer deaths among
women worldwide. In China, there has been a marked increase in the breast cancer incidence among
younger women [DeSantis CE et al 2019]. An increasing number of premenopausal Chinese patients aged
45–55 years are being diagnosed with breast cancer, and approximately 6% of patients diagnosed with
breast cancer are below 40 years of age [Fan L et al 2014]. In recent decades, extended adjuvant
endocrine therapy, entailing ovarian function suppression (OFS) has been administered to
premenopausal breast cancer patients, with bene�cial results for the hormone receptor (HR) -positive
population [Yeo W et al 2019]. However, few studies have compared the impacts of OFS on major
depression using either ovarian ablation (OA) or gonadotropin releasing-hormone agonists (GnRHa).

OFS, which can eliminate or reduce ovarian estrogen production, was the �rst endocrine therapy to be
investigated for use in premenopausal breast cancer patients. Initially, OFS was achieved through
surgical bilateral oophorectomy or ovarian irradiation [Metwally IH et al 2019,Nourmoussavi M et al
2017]. However, more recently, GnRHa (also known as luteinizing hormone-releasing hormone agonists)
has been used to achieve this outcome [Regan MM et al 2019,Sa-Nguanraksa D et al 2019]. Real-world
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use of ovarian irradiation for OFS has been limited in China. Consequently, only patients undergoing
surgical bilateral oophorectomy and/or receiving GnRHa were enlisted in this comparative study.

It is now well established that the effect of OFS in reducing the risk of breast cancer relapse or distant
metastases is similar to that of the older cyclophosphamide, methotrexate, and �uorouracil regimen
[Recchia F et al 2015]. The �ndings of the Suppression of Ovarian Function Trial (SOFT) indicated that
when combined with tamoxifen, OFS had greater bene�ts for premenopausal women aged <35 years with
a high risk of relapse and that a combination of OFS with exemestane increased this bene�t [Francis PA
et al 2015, 2018, Pagani O et al 2019]. There is an urgent need to explore the use of GnRHa for OFS for
protecting ovarian function and improving fertility outcomes following the adverse effects of
chemotherapy [Blumenfeld Z 2019]. Moreover, it is important for clinicians to help patients to understand
and protect their ovarian function prior to receiving chemotherapy [Senkus E et al 2014, Allaway H C M et
al 2017].

A comprehensive analysis of the SOFT results revealed that OFS combined with GnRHa has a similar
effect to OA but with clear advantages for premenopausal women [Park YH et al 2019, Huerta-Reyes M et
al 2019, Silvestris E et al 2020]. First, GnRHa has reversible effects and can be discontinued if the patient
experiences intolerable symptoms. Thus, GnRHa may be preferred over permanent OA entailing bilateral
oophorectomy or ovarian irradiation. All OFS techniques contribute to premature ovarian failure, which
has signi�cant consequences, including infertility, sexual dysfunction, and vasomotor symptoms
[Stuursma A et al 2018, Hsieh AH et al 2016]. However, to date, there has been little discussion of
emotional disorders, such as major depression or sexual dysfunction, associated with the deployment of
different OFS strategies. This study examined whether GnRHa is superior to OA in terms of the incidence
of major depression in premenopausal patients with breast cancer.

Methods

Participants
We conducted an anonymous, cross-sectional study between July 2019 and June 2020 at seven
hospitals across China. Eligible patients had either undergone OA (bilateral oophorectomy) or were
undergoing medical OFS, treatment with GnRHa entailed monthly doses of 3.6 mg of goserelin acetate
(Zoladex, AstraZeneca) or leuprorelin acetate (Leuplin, Takeda) administered as a monthly dose of
3.75 mg or an intramuscular injection of 11.25 mg once every three months.

Included criteria and exclusion criteria

Patients were invited to complete the Breast Cancer Survivorship Ovarian Function Suppression Survey
(OFS-Q5), an online questionnaire that included the Patient Health Questionnaire 9 (PHQ-9), which is an
instrument for screening depression, and the Female Sexual Function Index (FSFI) questionnaire. The
validity and reliability of the Chinese versions of these questionnaires have been previously demonstrated
[Lan B et al 2020, Zhang C et al 2017, Xia J et al 2019]. The study was anonymized to improve the

http://libdb.csu.edu.cn/pubmed/?term=Lan%20B%5bAuthor%5d&cauthor=true&cauthor_uid=32067747
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participation rate and accuracy of the responses. Participants �tting the following criteria were included
in our study: (1) a clear diagnosis of breast cancer (tissue or cell diagnosis), (2) age >18 years, and (3)
recipient of OFS via surgical bilateral oophorectomy or GnRHa. The exclusion criteria were as follows: (1)
refusal to provide informed consent, (2) inability to understand the questionnaires, and (3) undergoing
ovarian irradiation. Written informed consent was obtained from each participant, and the study
protocols were reviewed and approved by the ethics committee of the Cancer Hospital of China Medical
University (protocol RB no. 20190545). The study was conducted in accordance with the principles of the
Declaration of Helsinki.

Questionnaire and data gathering
The questionnaire was divided into four sections. The �rst section comprised mostly items for obtaining
the respondents’ demographic and clinical characteristics, the second section recorded OFS information,
and the following two sections respectively evaluated major depression and sexual function in both
cohorts. Two assistants were trained to develop a knowledge base and communication skills related to
OFS and breast cancer. The �rst assistant explained and con�rmed the information, step by step, with the
patients, and the second assistant recon�rmed the responses via telephone 3–10 days after the survey’s
implementation. The questionnaire was in Chinese, which was the respondents’ native language.

Depression questionnaire
As previously noted, PHQ-9 questionnaire, each of the nine items was assigned a score of 0–3, and the
scores were then summed to obtain the �nal score. The following PHQ-9 score ranges have been
recommended for determining levels of depression: 0–7: none and/or mild, 8–14: moderate, 15–19:
moderate to severe, and 20–27: severe. Lower scores indicate better emotional functioning, whereas a
sum score of ≥15 indicates major depression.

Sexual function questionnaire
Sexual function was quanti�ed using the FSFI questionnaire, which is a 19-item survey instrument that
speci�cally assesses six sexual functioning domains (FSFI-1: desire, FSFI-2: arousal, FSFI-3: lubrication,
FSFI-4: orgasm, FSFI-5: satisfaction, and FSFI-6: pain).

Statistical methods
Data analysis was performed using the IBM SPSS Statistics for Windows, version 23.0 software package
(IBM Corp., Armonk, N.Y., USA). Fisher’s exact test was used for categorical data. Differences in age and
OFS duration were analyzed using unpaired t-tests. The means of the PHQ-9 total scores, FSFI total
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scores, and FSFI sub-scores were subjected to nonparametric Mann–Whitney U tests to determine
whether the data were normally distributed. P values < 0.05 indicated statistical signi�cance.

Results

Patient characteristics
As shown in Figure 1, the �nal sample of patients with complete demographic characteristics and PHQ-
9/FSFI scores comprised 563 individuals. Of these patients, 174 had undergone OA and 389 were being
given GnRHa for OFA. Table 1 lists the main characteristics of the GnRHa and OA cohorts. The patients’
median ages in the OA and GnRHa cohorts were 46.0 and 43.0 years, respectively.

Table 1 shows that the time lapse from the commencement of ovarian suppression was signi�cantly
longer in the OA cohort than in the GnRHa cohort (30.3 ± 31.2 months vs. 22.8 ± 22.2 months, P = 0.009).
The majority of respondents had low annual incomes (77.0%), had estrogen receptor or progesterone
receptor positive breast cancers (97.2%), and were human epidermal growth factor receptor-2 (HER2)-
negative (76.1%). In addition, 59.2% of the patients in the GnRHa cohort were educated up to or above
college level, whereas the corresponding percentage for the OA cohort was only 42.4%. Strikingly, patients
receiving GnRHa favored breast-conserving surgery (26.0% vs. 16.7%, P = 0.015).

Major depression in the GnRHa and OA cohorts
The results shown in Table 2 reveal that the mean PHQ-9 sum score for the GnRHa cohort was lower than
that for the OA cohort (11.4 ± 5.7 vs. 12.8 ± 5.8, P = 0.079). According to the treatment algorithm for
depression, 36.2% (63/174), 28.2% (49/174), and 12.6% (22/174) of the patients in the OA cohort were
respectively categorized in the moderate, major, and severe depression groups. Notably, there were
signi�cantly fewer patients with major depression (PHQ-9 ≥ 15) in the GnRHa cohort than in the OA
cohort. A positive correlation was found between major depression and OA, and the absolute difference
was approximately 9.1 percentage points (31.1% vs. 40.2%, P = 0.025). Item-level responses indicated
that 15 of the 174 patients who underwent OA and 30 of the 389 patients taking GnRHa experienced
suicidal ideation, which is considered a symptom of major depression, but this difference was not
statistically signi�cant (8.6% vs. 7.7%, P = 0.713).

Sexual dysfunction in the GnRHa and OA cohorts
As shown in Table 3, patients receiving GnRHa had lower mean and median FSFI scores than patients
who had undergone OA (mean: 17.8 ± 8.7 vs. 19.3 ± 8.5, P = 0.205; median: 17.8 vs. 19.6). The results for
sexual dysfunction, which was de�ned as FSFI < 23, revealed that there was strong evidence of GnRHa-
induced sexual dysfunction; 61.5% of OA patients met the criteria for sexual dysfunction compared with
72.2% of patients receiving GnRHa (P = 0.011). According to the data shown in Fig. 2, patients receiving
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GnRHa had slightly lower scores for most of the FSFI sub-scores compared with the scores of patients
who had undergone OA. However, their scores for items in the pain section were signi�cantly lower (FSFI-
6 scores: mean ± SD: 3.3 ± 2.2 vs. 2.5 ± 2.2, P = 0.007), and there were also signi�cant differences in
scores for the item on lubrication (FSFI-3 scores: mean ± SD: 3.5 ± 2.5 vs. 2.9 ± 2.6, P = 0.048).

Independent risk factors for major depression in patients
with OFS
Strikingly, the data in Table 4 show that type of ovarian suppression was an independent risk factor for
major depression in the univariate and multivariate analyses (OA vs. GnRHa: Exp (B) = 2.483 [95% CI:
1.056–6.450], P = 0.026). As noted above, patients receiving GnRHa favored breast-conserving surgery
(26.0% vs. 16.7%, P = 0.015). However, an examination of the data presented in Table 3 showed that the
type of surgery was not an independent risk factor for major depression in the multivariate analysis.
Further analysis revealed that the duration of OFS was closely correlated with major depression, and
there was a marked time-dependent trend (a duration of OFS > 2 years vs. a duration of OFS ≤ 2 years:
Exp (B) = 1.651 [95% CI: 1.071–2.518], P = 0.031). Sexual dysfunction was negatively correlated with
major depression (sexual dysfunction vs. normal: Exp (B) = 0.769 [95% CI: 0.523–0.996], P = 0.046).
Large-sample studies are required for further investigations of the correlation between sexual dysfunction
and major depression.

Alternative to OFS treatment
In the �nal part of the questionnaire, respondents were asked, “Would you choose to change to another
kind of OFS; for example, would you choose OA instead of GnRHa or vice versa?” Surprisingly, the
majority of the respondents in both cohorts viewed this change positively. Approximately both more than
half of the patients opted to change the type of OFS (GnRHa: 62.7% vs. OA: 60.8%). Because concerns
regarding costs could affect the �nal choice, we included the following item: “If cost was not a
consideration, would you choose to change to another kind of OFS” In response to this question, the ratio
of substitution showed a marked increase to 70.3% for the OA cohort, whereas the increase was not
marked for the GnRHa cohort (67.1%). The majority of respondents in both cohorts may have been
dissatis�ed with their current OFS solution because of depression, sexual dysfunction, or an overall
decreased quality of life, and the majority of participants were reluctant to receive OA because of its cost.

Discussion
We conducted a cross-sectional investigation to explore the association between depression and the type
of OFS (OA or GnRHa) administered to breast cancer patients in seven hospitals. Our results
demonstrated that the GnRHa cohort presented with clinically meaningful lower levels of major
depression compared with the OA cohort. This is the �rst cross-sectional study to provide a direct
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comparison of levels of serious major depression in breast cancer patients undergoing OA and GnRHa.
Differing from other studies that used Common Terminology Criteria for Adverse Events (CTCAE) grades
to assess the negative effects of OFS, we used PHQ-9 scores in our study. For instance, Moore et al.
[2015] found that adverse effects identi�ed in early breast cancer patients included eight cases of grade-2
emotional disorders and one case of a grade-3 emotional disorder in their OFS cohort compared with
three cases of grade-2 emotional disorders in the non-OFS cohort. Major depression evaluated using the
PHQ-9 questionnaire, as in our study, may offer a multidimensional perspective on emotional disorders.

Our results for major depression con�rmed our hypotheses and endorsed previous �ndings [Lan B et al
2020, Alshehre Sallwa M et al 2020]. Young breast cancer survivors are at the greatest risk of
experiencing major depression because of the potential for abrupt menopause and breast disease to
occur, and the incidence of major depression among them is considerably higher than would be expected
in a general cohort of the same age range. One meta-analysis of four studies covering 3,373 patients
revealed that the difference in depression levels between those undergoing OFS and those not
undergoing OFS was insigni�cant (RR: 1.28, 95% CI: 0.94–1.74, P = 0.12), with no signi�cant
heterogeneity among the studies (P = 0.46, I2 = 0%) [25]. In our investigation, we focused on major
depression and its independent risk factors in women with early and metastatic breast cancer.
Depression, which is linked to both the psychological aspects of social relationships and the physical
effects of chemotherapy, can be overwhelming during treatment of metastatic breast cancer [Park EM et
al 2018].

The administration of GnRHa to premenopausal women to reduce estrogen levels can increase vaginal
dryness and dyspareunia [Maciejewska-Jeske M et al 2018]. Whereas aromatase inhibitors have similar
sexual dysfunction effects, they are rarely administered to premenopausal women without OFS. Unlike
OA-related sexual dysfunction issues, those associated with GnRHa may be reversible after treatment
cessation. However, ovarian failure caused by OA or chemotherapy is permanent [Kuehn R et al 2019].
Our results indicated that sexual dysfunction was more common and serious among women in the
GnRHa cohort than those in the OA cohort regardless of the duration of the OFS. Notably, the
respondents’ mean age within the GnRHa cohort was lower than that of respondents in the OA cohort.
(47.4 years), indicating that more women in the OA cohort than in the GnRHa may have reached
menopause. Studies on cancer care have reported low sexual desire in young survivors, who are more
likely to be distressed by alterations to their appearance than are older women [Robinson PJ et al 2017].
The observed inconsistencies may therefore be attributed to the unequal age distribution within our
cohorts and, speci�cally, spontaneous age-related decline in sexual desire. Previous studies have
suggested that the association between tamoxifen and sexual dysfunction remains controversial in
premenopausal patients [Gandhi C et al 2019, Stabile C et al 2017Hummel SB et al 2017, Soldera SV et al
2018].

Limitations of the study We found signi�cant associations between GnRHa treatment and a lower
incidence of major depression as well as a higher degree of sexual dysfunction in breast cancer patients.
However, there were inherent limitations in the cross-sectional design of the study, as indicated below.
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First, because the survey was anonymized, all treatment information was based on patient recall and
could not be re-checked for accuracy using medical records. Therefore, the reporting may not have been
su�ciently accurate for making reliable evaluations based on the patients’ responses to the
questionnaires alone. A fully prospective evaluation may provide additional information and limit recall
bias.

Second, the cross-sectional design constrains us from drawing cause-and-effect conclusions regarding
major depression and sexual dysfunction. While the reliability and validity of the Chinese versions of the
three questionnaires have previously been con�rmed [Lan B et al 2020, Zhang C et al 2017, Xia J et al
2019, Tong J et al 2020, Li L et al 2019], we cannot ignore the possibility of social bias given the methods
used to deliver the questionnaire and retrieve the responses. Two assistants con�rmed the responses
with the patients face to face and by telephone in an attempt to reduce the possibility of bias.
Additionally, we were unable to evaluate the presence or absence of su�cient ovarian suppression in the
GnRHa cohort in our study. Whether or not insu�cient ovarian suppression affects major depression,
sexual dysfunction, and the quality of life of patients thus remains unclear. Nevertheless, in spite of its
exploratory nature, this study offers some insights into the management of the individual adverse effects
of OFS.

Conclusion
We highlight a greater incidence of major depression in patients who had undergone OA than in those
receiving medically administered GnRHa. This �nding indicates that medical GnRHa is a simple,
reversible, and preferable therapy for OFS in patients with breast cancer. Further research that examines
the links between major depression and OFS more closely is evidently needed. Moreover, studies should
highlight the adverse effects of OFS in premenopausal breast cancer patients. Further, the routine
application of a personalized approach seems to be warranted.
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Table 1 Baseline social demographics and clinical characteristics in breast cancer patients with ovarian
function suppression
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 Characteristics Total Ovarian Ablation

OA

GnRH agonist

GnRHa

P Value

N 563 174 389  

Age, years        

Median 44 46 43  

Range 22-63 31-61 22-63  

Mean (SD) 42.7 ± 7.8 45.2 ± 7.0 41.6 ± 7.8 0.013

Duration of OFS

Mean (SD), months

 

25.1 ± 25.4

 

30.3 ± 31.2

 

22.8 ± 22.2

 

0.009

 

Educational level       0.0002

High school or below 268 103 165  

College or above 295 71 224  

Annual income (RMB)       0.360

≤ 50,000 398 126 272  

> 50,000 165 48 117  

Smoking habit       0.439

Never or little 548 168 380

Mostly 15 6 9

Alcohol drinking habit       0.271

Never or little 556 170 386  

Mostly 7 4 3  

Co-morbidity       0.077

Diabetes/Hypertension 51 22 29  

None 522 162 360  

Type of Surgery        

0.015

 

  Mastectomy 433 145 288

  Breast-conserving 130 29 101
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TNM staging        

0.006  I-III 400 110 290

  IV 163 64 99

Hormone Receptor Status       0.0004

  ER or PR Positive 526 153 373

  ER and PR Negative 37 21 16

HER2 Status       0.262

  Positive 130 35 95

  Negative 433 139 294

 

Table 2 Depression (PHQ-9) by the type of ovarian function suppression in patients with breast cancer
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  Ovarian function suppression

Ovarian Ablation (OA)

n, (%)

GnRH agonist (GnRHa)

n, (%)

P value

Total 174 389  

PHQ-9 scores Median

(IQR)

13

(8.0-17.0)

 

11

(7.0-16.0)

 

 

 

PHQ-9 scores Range 1-24 0-25  

PHQ-9 scores Mean (SD) 12.8 ± 5.8 11.4 ± 5.7 0.079

PHQ-9 scores subgroups      

None or mild (0-7), n(%) 40 (23.0) 101 (26.0)  

Moderate (8-14), n(%) 63 (36.2) 167 (42.9)  

Major (15-19), n(%) 49 (28.2) 87 (22.4)  

Severe (20-27), n(%) 22 (12.6) 34 (8.7)  

Major Depression

(PHQ≥15), n(%)

71

(40.2)

 

121

(31.1)

0.025

 

Suicidal ideation, n(%) 15 (8.6) 30 (7.7) 0.713

PHQ-9, Patient Health Questionnaire - 9 items; SE, standard errors; IQR, interquartile range (25th, 75th

percentiles).

Table 3 Sexual function by the type of ovarian function suppression in patients with breast cancer
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  Ovarian function suppression

Ovarian Ablation (OA)

N=174

GnRH agonist (GnRHa)

N=389

P value

FSFI total scores      

Mean (SD) 19.3 ± 8.5 17.8 ± 8.7 0.205

Median (IQR) 19.6(13.0-26.7) 17.8(12.2-24.3)  

Range 2-34 2-34  

Sexual dysfunction (FSFI<23), n(%) 107 (61.5) 281 (72.2) 0.011

FSFI, female sexual function index; SE, standard errors; IQR, interquartile range (25th, 75th percentiles).

Table 4 The associated factors on major depression (PHQ-9, scores <15 vs ≥15) by logistic regression in
patients with breast cancer
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Characteristics Univariate Multivariate

  OR 95%CI P value OR 95%CI P value

Age, years            

≤ 45

> 45

1

1.392

 

0.924-2.095

 

0.113

     

Educational level            

High school or below

 College or above

1

0.773

 

0.522-1.145

 

0.199

     

Annual income (RMB)            

≤ 50,000

> 50,000

1

0.883

 

0.577-1.351

 

0.565

     

TNM staging            

I- III

  IV

1

1.233

 

0.641-2.373

 

0.530

     

Type of Surgery            

  Breast-conserving

Mastectomy

1

2.079

 

1.338-3.230

 

0.001

 

1.459

 

0.951-3.630

 

0.058

HER2 Status            

  Negative

Positive

1

0.734

 

0.420-1.283

 

0.278

     

Endocrine Therapy            

  AI

TAM

1

1.030

 

0.655-1.619

 

0.898

     

Type of OFS            

  GnRH agonist

Ovarian Ablation

1

1.910

 

1.006-2.518

 

0.043

 

2.483

 

1.056-6.450

 

0.026

OFS Time            

  ≤ 2 years

> 2 years

1

1.555

 

1.010-1.568

 

0.037

 

1.651

 

1.071-2.518

 

0.031
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Sexual dysfunction            

  No

Yes

1

0.689

 

0.516-0.916

 

0.029

 

0.769

 

0.523-0.996

 

0.046

 

Figures

Figure 1

Patients disposition in our study
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Figure 2

Sexual function sub-items between medicine GnRHa and ovarian ablation.
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