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Introduction: Sexual function following local treatment for prostate cancer is an

important quality of life concern. Relugolix is a novel oral GnRH receptor

antagonist used in combination with radiation therapy in the treatment of

unfavorable prostate cancer. It has been shown to achieve rapid and profound

testosterone suppression. As a result, these very low testosterone levels may

impact both sexual functioning and perceptions. This prospective study sought

to assess neoadjuvant relugolix-induced sexual dysfunction prior to stereotactic

body radiation therapy (SBRT).

Methods: Between March 2021 and September 2023, 87 patients with localized

prostate cancer were treated with neoadjuvant relugolix followed by SBRT per an

institutional protocol. Sexual function and bother were assessed via the sexual

domain of the validated Expanded Prostate Index Composite (EPIC-26) survey.

Responses were collected for each patient at pre-treatment baseline and after

several months of relugolix. A Utilization of Sexual Medications/Devices

questionnaire was administered at the same time points to assess erectile

aid usage.

Results: The median age was 72 years and 43% of patients were non-white. The

median baseline Sexual Health Inventory for Men (SHIM) score was 13 and 41.7%

of patients utilized sexual aids prior to relugolix. Patients initiated relugolix at a

median of 4.5 months (2-14 months) prior to SBRT. 95% and 87% of patients

achieved effective castration (≤ 50 ng/dL) and profound castration (< 20 ng/dl) at

SBRT initiation, respectively. Ability to have an erection, ability to reach orgasm,

quality of erections, frequency of erections, and overall sexual function

significantly declined following relugolix. There was a non- significant increase

in sexual bother.
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Discussion: In concordance with known side effects of androgen deprivation

therapy (ADT), neoadjuvant relugolix was associated with a significant decline in

self-reported sexual function. However, patients indicated only a minimal and

non-significant increase in bother. Future investigations should compare

outcomes whi le on relugol ix direct ly to GnRH agonist- induced

sexual dysfunction.
KEYWORDS

prostate cancer, stereotactic body radiation therapy (SBRT), relugolix, sexual function,
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1 Introduction

National guidelines currently recommend radiation therapy

(RT) and androgen deprivation therapy (ADT) as the standard of

care for unfavorable intermediate and high risk prostate cancer (1).

Multiple trials have demonstrated improved prostate-cancer

specific mortality with the addition of ADT to external beam

radiation therapy (EBRT) (2, 3). As with EBRT, early data

suggests that the addition of ADT to stereotactic body radiation

therapy (SBRT) for unfavorable prostate cancer may also reduce

local cancer persistence and biochemical recurrence (4, 5).

Unfortunately, ADT combined with RT remains underutilized as

a treatment modality, possibly due to bothersome side effects such

as sexual dysfunction (6).

Sexual function declines rapidly following ADT but generally

returns following testosterone recovery (7). The etiology of ADT-

induced sexual dysfunction involves decreased libido and penile

contractility impairment (8). Patients with ADT-induced sexual

dysfunction report a decrease in the reliability, quality and

frequency of erections, ability to reach orgasm and overall ability

to function sexually (9). More extended durations of ADT can lead

to increasingly severe and persistent side effects (10). Patient

characteristics such as advanced age, obesity, partner status,

baseline erectile dysfunction (ED), and pretreatment sexual aid

usage may increase the risk of sexual impairment (10). Treatment-

related factors, including castration level, may also contribute to the

incidence and severity of sexual dysfunction.

Injectable GnRH receptor agonists like leuprolide are

commonly utilized for testosterone suppression in prostate cancer

patients. Following initial administration, testosterone levels and

sexual function undergo a slow decline. Eventual testosterone

recovery and return of sexual function has been established as

unpredictable. The median testosterone recovery time after

discontinuing ADT is often prolonged, and a considerable

proportion of men may never achieve normal testosterone levels

(10–12). Several factors, such as older age, lower baseline

testosterone levels, and longer duration of ADT, have been

associated with slower testosterone recovery (11–13).
02
Relugolix is a new oral GnRH receptor antagonist that has

been shown to achieve rapid and profound testosterone

suppression (<20 ng/dL; 0.7 nmol/L) with quicker testosterone

recovery following discontinuation (14). The randomized phase 3

HERO trial, which compared leuprolide to relugolix, found that

relugolix was superior in achieving sustained castration (15).

Profound castration may adversely alter sexual functioning and

perceptions. It is largely unknown whether prostate cancer

patients receiving RT are significantly troubled by short-term

relugolix-induced sexual dysfunction. Few studies have

elucidated the impact of relugolix on sexuality. While analysis

from the HERO trial showed that patients on relugolix

experienced decline in sexual function and activity, the

questionnaire utilized was limited in scope (16). We sought to

characterize the degree to which neoadjuvant relugolix affects

sexual function and bother prior to SBRT.
2 Materials and methods

We conducted a prospective investigation of patients diagnosed

with intermediate to high-risk prostate cancer at MedStar

Georgetown University Hospital (IRB 12-1775). Data was

extracted from medical records to obtain details on age, race,

partner status, body mass index (BMI), Gleason score, and

pretreatment Sexual Health Inventory for Men (SHIM) score.

Risk groups were established using the D’Amico classification.
2.1 Drug treatment

Neoadjuvant relugolix was initiated at least two months prior

to SBRT. A loading dose of 360 mg was given on the first day,

with a 120 mg oral dose taken daily at approximately the same

time each day. Patients were educated prior to treatment that

sexual dysfunction is a known side effect of relugolix but

should resolve after discontinuation in conjunction with

testosterone recovery.
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2.2 Sexual function and bother follow-up
and assessment

Potency was defined as firm enough for intercourse with or

without sexual aids, while sexual activity was defined as the ability to

have an erection firm enough for masturbation and foreplay. Sexual

function and bother were assessed for the prior month via the sexual

domain of the validated Expanded Prostate Index Composite (EPIC-

26) survey, which was collected for each patient at pre-treatment

baseline and one hour prior to SBRT initiation. The EPIC-26 sexual

domain includes five questions related to function (ability to have an

erection, ability to have an orgasm, erection quality, erection frequency

and overall sexual function) and one overall bother question. A

Utilization of Sexual Medications/Devices questionnaire was also

administered at the same time points to assess for the use of erectile

aids, including phosphodiesterase-5 (PDE-5) inhibitors, suppositories,

vacuum erection devices, penile injection therapy, and penile

prostheses. Serum total testosterone levels were obtained

concurrently with the administration of both EPIC-26 and

Utilization of Sexual Medications/Devices questionnaires.

Individual EPIC-26 responses were scored from 0 to 100, with

higher scores reflecting improved function/less bother. Responses to

individual questions were grouped into clinically relevant categories.

Overall sexual bother scores were organized into different categories,

ranging from no problem to big problem. Wilcoxon rank sum test was

used to examine changes before and after relugolix treatment. Statistical

significance was determined with theMcNemar test (p < 0.05). Clinical

significance was assessed via minimally important difference (MID),

calculated by 0.5 of the standard deviation at baseline.
3 Results

3.1 Patient demographics
and characteristics

Patient characteristics are outlined in Table 1. Between March

2021 and September 2023, 87 patients with localized prostate cancer

were treated with neoadjuvant relugolix followed by SBRT. The

median age of our cohort was 72 years (range: 49-87). 56% patients

were Caucasian, 32% patients were African American, and 11%

patients identified as another race. Most were married/partnered

(75%). 24% were obese with a BMI ≥30 kg/m (2). 80% of patients

had intermediate risk disease per D’Amico classification. 78% had

ED prior to treatment (baseline SHIM ≤ 21) with a median baseline

SHIM of 13 (range: 1-25). Patients initiated relugolix at a median of

4.4 months prior to SBRT (range: 2-14.4). 95% and 87% of patients

achieved effective castration (≤ 50 ng/dL) and profound castration

(≤ 20 ng/dL) at SBRT initiation, respectively (Table 2).
3.2 Sexual function changes

The EPIC-26 sexual summary domain demonstrates a

comprehensive and reliable assessment of a patient’s overall sexual

function. Patient responses to the EPIC-26 survey are summarized in
Frontiers in Oncology 03
Table 3. After several months of relugolix, we found that patients

experienced a decrease in sexual function in all EPIC-26 domains.

Erection quality, an important element of sexual function, was

assessed in question 9 of the EPIC-26 survey. Following

neoadjuvant relugolix, potency declined from 46% to 10%, while
TABLE 1 Demographic and clinical characteristics of our patient cohort.

Characteristics No (%)
(n = 87)

Age (y), Median (IQR)
<60
60-69
70-79
>80

72 (66-76)
6 (7)
34 (39)
37 (43)
10 (11)

Race
White
Black
Other

49 (56)
28 (32)
10 (11)

Partner Status
Partnered
Non-Partnered

65 (75)
22 (25)

Gleason Score
3 + 3 = 6
3 + 4 = 7
4 + 3 = 7
4 + 4 = 8
4 + 5 = 9

6 (7)
20 (23)
46 (53)
14 (16)
1 (1)

Risk Group
Intermediate
High

69 (80)
17 (20)
(n = 86)

BMI (kg/m2), Median (IQR)
<18.5
18.5-24.9
25-29.9
30-34.9
35-39.9
40-44.9

27 (25-30)
0

23 (28)
39 (48)
15 (18)
4 (5)
1 (1)

(n = 82)

Prostate Volume (cc), Median (IQR) 37 (28-50)
(n = 86)

Pre-treatment SHIM, Median (IQR)
1-7 Severe ED
8-11 Moderate ED
12-16 Mild-to-moderate ED
17-21 Mild ED
22-25 No ED

13 (6-20)
26 (31)
12 (14)
11 (13)
17 (20)
18 (21)
(n = 84)
fro
TABLE 2 Testosterone levels at SBRT initiation.

Characteristics No (%)
n = 87

Effective Castration (Testosterone ≤50ng/dL)
Yes
No

Profound Castration (Testosterone ≤20ng/dL)
Yes
No

83 (95)
4 (5)

76 (87)
11 (13)
n

Effective castration was defined as testosterone levels < 50 ng/dL, while profound castration
was defined as testosterone levels < 20 ng/dL.
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sexual activity declined from 22% to 8%. There was a noticeable

increase in patients who could not have any erections from 18% at

baseline to 65% at SBRT initiation. The average score indicating

quality of erections decreased from 65 to 20.8 for a -44.2 change,

which was deemed statistically and clinically significant (Figure 1).
Frontiers in Oncology 04
The overall sexual function score declined from 48.1 at baseline

to 17.6 at the start of SBRT, with a -30.5 change from baseline

(Figure 2). This decline was both statistically (p <0.01) and clinically

significant (MID = 17.65). There was a -29.2 change for the ability

to have an erection from a 46.6 baseline score to 17.4 (Figure 3),

-37.2 change for ability to reach orgasm from a baseline score of
TABLE 3 Sexual functions and bother following neoadjuvant relugolix.

Characteristics
No. (%)

Change
Statistical

Significance (P valuea)
Clinical

Significance (MID)
Baseline SBRT Initiation

Erection quality
Mean Score

Firm enough for intercourse
Masturbation and foreplay only
Not firm for any sexual activity
None at all

65 ± 8.5
36 (46)
17 (22)
12 (15)
14 (18)

20.8 ± 3.3
8 (10)
6 (8)
14 (18)
51 (65)

44.2 <0.01 +

Ability to have an erection
Mean Score

Very good-good
Fair
Poor, very poor to none

(n = 82)
46.6 ± 3.5
27 (33)
25 (30)
30 (37)

(n = 82)
17.4 ± 6.6
9 (11)
7 (9)
66 (80)

29.2 <0.01 +

Ability to reach orgasm
Mean Score

Very good-good
Fair
Poor, very poor to none

(n = 82)
52.7.± 34
36 (44)
21 (26)
25 (30)

(n = 82)
15.5 ± 7.4
8 (10)
6 (7)
66 (83)

37.2 <0.01 +

Frequency of erections
Mean Score

More than half-half the time
Less than half the time

(n = 77)
55.1 ± 7.7
50 (65)
27 (35)

(n = 77)
19.6 ± 3.7
15 (19)
62 (81)

35.5 <0.01 +

Overall sexual function
Mean Score

Very good-good
Fair
Poor, very poor

(n = 77)
48.1.± 35.3
32 (42)
15 (19)
30 (39)

(n = 77)
17.6 ± 8.1
9 (12)
5 (6)
63 (82)

30.5 <0.01 +

Overall sexual bother
Mean Score

Big problem
Moderate problem
Small problem
Very small problem
No problem

(n = 78)
64.7± 36.1
31 (40)
15 (19)
10 (13)
13 (17)
9 (12)

(n = 78)
56.7 ± 41.4
28 (36)
11 (14)
10 (13)
9 (12)
20 (26)

8.0 0.06 −
aP values for each category were calculated using the McNemar test.
Each item represents a question from the EPIC-26 survey. Clinical significance is denoted by + (clinical significance present) or – (clinical significance absent).
FIGURE 1

Graph of average baseline and SBRT initiation scores for erection quality.
FIGURE 2

Graph of average baseline and SBRT initiation scores for the ability
to function sexually.
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52.7 to 15.5 (Figure 4), and a -35.5 change for erection frequency

from a 55.1 baseline score to 19.6 (Figure 5). Similarly, these

findings were all statistically and clinically significant.

Unlike the significant changes observed in sexual functioning,

there was no significant increase in sexual bother with relugolix. At

baseline, 59% of the cohort reported feeling that their sexual

dysfunction was a moderate to big problem. However, only 50%
Frontiers in Oncology 05
of patients felt similarly after relugolix. An average baseline EPIC-

26 sexual bother score of 64.7 decreased to 56.7 after several months

of relugolix (Figure 6). This reduction was neither statistically (p =

0.06) nor clinically significant (MID = 18.05).
3.3 Sexual aid use

Table 4 summarizes sexual aid usage. Out of 84 patients

surveyed, 30% utilized sexual aids prior to initiation of relugolix.

The most commonly utilized treatment included PDE-5 inhibitors.

Sexual aid usage declined to 13% while on relugolix. No patients

utilized Muse, penile injections or vacuum devices at the time of

SBRT initiation.
4 Discussion

It is well-established that ADT decreases libido and induces

sexual dysfunction secondary to testosterone suppression. In a 2021

meta-analysis of nine studies, Corona et al. found that ADT resulted

in an almost six-fold increased risk of reduced libido and three-fold

increased risk of ED in prostate cancer patients (17). Similarly, an

investigation within the Prostate Cancer Outcomes Study found

that over two-thirds of ADT patients experienced loss of potency

after treatment initiation (18). The same group demonstrated that

85.8% prostate cancer patients on ADT faced complete loss of

erectile function, which was significantly higher than patients who

received other treatments, such as prostatectomy and radiation

therapy (19).

ADT-induced sexual dysfunction remains a persistent obstacle

in treating patients with unfavorable prostate cancer. In this study,

we employed the EPIC-26 questionnaire’s sexual function domain

to assess changes in ED severity, orgasm quality, and subjective

sexual bother. Our study supports previously validated findings and

demonstrates a significant decline in all sexual function domains

with relugolix, adding to the current literature on the toxicity of

relugolix (16). This investigation is unique in the fact that all

patients were exclusively treated with relugolix, in contrast to

other studies that predominantly focus on GnRH agonists for ADT.

Sexual bother may be more imperative than sexual function in

assessment of quality of life. While the majority of men receiving

ADT will experience sexual impairment to some extent, there is

wide variance in degree of bother (20). Our results provide insight

into patient bother and interestingly show a non-significant

increase following several months of relugolix. Overall,

individuals did not express substantial distress about their sexual

dysfunction. There are various reasons why patients may experience

minimal bother, with previous studies revealing a weak correlation

between sexual function and bother (20). Bother has been found to

be more pronounced in cases of short-term ADT, particularly

among younger patients and individuals with higher baseline

sexual function (20, 9. 22). Given that older patients are more

likely to exhibit diminished sexual function at baseline, the effects of

ADT on intimacy may be less impactful, resulting in decreased

bother. It is pertinent to emphasize that the median age of our
FIGURE 3

Graph of average baseline and SBRT initiation scores for the ability
to have an erection.
FIGURE 4

Graph of average baseline and SBRT initiation scores for the ability
to reach orgasm.
FIGURE 5

Graph of average baseline and SBRT initiation scores for
erection frequency.
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patient cohort was 73 years, with only 5% of patients under 60.

Furthermore, bother may be influenced by patients’ pre-treatment

expectations, shaping their perception of symptoms, rather than

their actual severity of sexual dysfunction (19). In our investigation,

patients were educated before treatment about the temporary

nature of testosterone suppression and gradual sexual recovery

with relugolix.

Recent research findings point to a potential gap in patient

education regarding the side effects of ADT on sexual function.

Kinnaird et al. discovered that advanced prostate cancer patients are

less likely to receive counseling on sexual dysfunction and identified
Frontiers in Oncology 06
a lack of consensus over the responsibility of UK-based physicians

in managing sexual impairment (21). Nevertheless, there is

inconsistency in referring patients to sex therapists and

psychosexual counseling (22).

The assessment of sexual bother in prostate cancer patients is of

significant importance. Sexual bother has been found to positively

correlate with depressive symptoms (23). Men who report increased

sexual distress tend to experience greater difficulty with relationship

adjustment (19). Contrary to the common assumption that sexual

dysfunction and bother have a negative impact on the quality of

patients’ relationships, studies have shown that individuals with

greater sexual bother still report high relationship satisfaction (20,

21). Some plausible reasons for this include increased open

communication between partners, flexibility in exploring other

forms of intimacy, and shared efforts in overcoming barriers in

prostate cancer treatment together.

When counseling patients on the implications and side effects of

ADT, it is imperative to discuss sexual dysfunction and possible

management options. Treatment strategies include medical

management with PDE-5 inhibitors, inflatable penile prostheses,

vacuum erection devices, and psychological counseling and

education (17). One pilot ADT education program aimed to teach

both patients and their partners strategies for navigating ADT side

effects (24). Participants reported increased self-efficacy after

program attendance, and study findings proposed that this

improved self-sufficiency may reduce patients’ side effect burden

(24). However, it is worth noting that there is wide variation in

success rates with ED aids (25). It has also been reported that up to

half of prostate cancer patients discontinue erectile aids while

receiving ADT (26). While further research is needed to elucidate

these observations, erectile function is just one component of

overall sexual function, and ideal management of sexual side

effects is likely multimodal.

Limitations to our study include its small sample size and lack

of longitudinal follow-up. The constraints of our sample size made

it challenging to conduct sub-analyses and explore relevant

variables of interest such as age. As opposed to prior studies that

followed patients for an extended time period, our follow-up was

also relatively short. Despite these limiting factors, our investigation

remains one of the first to specifically examine the effects of

relugolix on sexual function.
5 Conclusions

In patients with intermediate to high-risk prostate cancer,

neoadjuvant relugolix was associated with a significant decline in

self-reported sexual function, including erection quality and

frequency, orgasm, and overall sexual function. Interestingly,

relugolix did not appear to significantly increase sexual bother.

Further investigations should compare relugolix to GnRH agonists

and evaluate for possible differences in sexual side effect profiles.

Another future direction for the study is to analyze changes in

sexual functioning and bother over a longer follow-up period to

examine how testosterone recovery impacts patients’ self-reported

sexual impairment.
FIGURE 6

Graph of average baseline and SBRT initiation scores for overall
bother of sexual function.
TABLE 4 Sexual aid utilization following neoadjuvant relugolix.

Characteristics No. (%) P valuea

Baseline
(n = 84)

SBRT
Initiation
(n = 84)

Viagra
Have not tried
Tried, but not helpful
Helped, but not using now
Helped, use sometimes
Helped, use always

51 (61)
5 (6)
7 (8)
10 (12)
11 (13)

58 (69)
7 (8)
8 (10)
5 (6)
6 (7)

<0.01

Muse suppository
Have not tried
Tried, but not helpful
Helped, but not using now
Helped, use sometimes
Helped, use always

84 (100)
0
0
0
0

84 (100)
0
0
0
0

–

Penile injection therapy
Have not tried
Tried, but not helpful
Helped, but not using now
Helped, use sometimes
Helped, use always

83 (99)
0
0

1 (1)
0

83 (99)
1 (1)
0
0
0

>0.99

Vacuum erection device
Have not tried
Tried, but not helpful
Helped, but not using now
Helped, use sometimes
Helped, use always

83 (99)
1 (1)
0
0
0

83 (99)
1 (1)
0
0
0

–

a P values for each category were calculated using the McNemar test.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1377103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Hsueh et al. 10.3389/fonc.2024.1377103
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by MedStar

Georgetown University Hospital IRB. The studies were conducted

in accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

JH: Conceptualization, Data curation, Formal analysis,

Investigation, Writing – original draft, Writing – review & editing.

LG: Conceptualization, Data curation, Formal analysis, Investigation,

Writing – original draft, Writing – review & editing. MK: Data

curation, Formal analysis, Writing – review & editing. SE: Data

curation, Formal analysis, Writing – review & editing. SaS: Writing –

review & editing. MW: Writing – review & editing. MD: Writing –

review & editing. AZ: Writing – review & editing. MA: Writing –

review & editing. DK:Writing – review & editing. PL:Writing – review

& editing. ND: Writing – review & editing. SiS: Writing – review &

editing. RR: Writing – review & editing. SC: Conceptualization, Data

curation, Formal analysis, Funding acquisition, Investigation,

Methodology, Project administration, Resources, Supervision,

Validation, Writing – review & editing.
Frontiers in Oncology 07
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. The

Department of Radiation Medicine at Georgetown University

Hospital receives a grant from Accuray to support a research

coordinator. This work was supported by The James and

Theodore Pedas Family Foundation. SC and DK acknowledge the

grant R01MD012767 from the National Institute on Minority

Health and Health Disparities.
Conflict of interest

SC serves as a clinical consultant to Sumitomo Pharma/Pfizer

Inc. ND is on the Speaker Bureau for Sumitovant Biopharma.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. National Comprehensive Cancer Network. NCCN clinical practice guidelines in
oncology (NCCN Guideline): prostate cancer . Available online at: https://www.nccn.
org/professionals/physician_gls/pdf/prostate.pdf (Accessed 9 Oct 2023).

2. D'Amico AV, Chen MH, Renshaw AA, Loffredo M, Kantoff PW. Androgen
suppression and radiation vs radiation alone for prostate cancer: a randomized trial.
JAMA. (2008) 299:289–95. doi: 10.1001/jama.299.3.289

3. Jones CU, Hunt D, McGowan DG, Amin MB, Chetner MP, Bruner DW, et al.
Radiotherapy and short-term androgen deprivation for localized prostate cancer. N
Engl J Med. (2011) 365:107–18. doi: 10.1056/NEJMoa1012348

4. Zelefsky MJ, Goldman DA, Hopkins M, Pinitpatcharalert A, McBride S, Gorovets
D, et al. Predictors for post-treatment biopsy outcomes after prostate stereotactic body
radiotherapy. Radiother Oncol. (2021) 159:33–8. doi: 10.1016/j.radonc.2021.02.008

5. van Dams R, Jiang NY, Fuller DB, Loblaw A, Jiang T, Katz AJ, et al. Stereotactic
body radiotherapy for high-risk localized carcinoma of the prostate (SHARP)
consortium: analysis of 344 prospectively treated patients. Int J Radiat Oncol Biol
Phys. (2021) 110:731–7. doi: 10.1016/j.ijrobp.2021.01.016

6. Royce TJ, Switchenko JM, Zhang C, Spratt DE, Chen RC, Jani AB, et al. Utilization
of androgen deprivation therapy (ADT) and stereotactic body radiation therapy
(SBRT) for localized prostate cancer (PC) in the United States (US). J Clin Oncol.
(2020) 38. doi: 10.1200/JCO.2020.38.6_suppl.370

7. Shah S, Pepin A, Forsthoefel M, Burlile J, Collins BT, Suy S, et al. Testosterone as a
biomarker for quality of life (QOL) following androgen deprivation therapy (ADT) and
stereotactic body radiotherapy (SBRT). Cureus. (2023) 15:e44440. doi: 10.7759/
cureus.44440

8. Mazzola CR, Mulhall JP. Impact of androgen deprivation therapy on sexual
function. Asian J Androl. (2012) 14:198–203. doi: 10.1038/aja.2011.106

9. Donovan KA, Gonzalez BD, Nelson AM, FishmanMN, Zachariah B, Jacobsen PB.
Effect of androgen deprivation therapy on sexual function and bother in men with
prostate cancer: A controlled comparison. Psychooncology. (2018) 27:316–24.
doi: 10.1002/pon.4463

10. Alemozaffar M, Regan MM, Cooperberg MR, Wei JT, Michalski JM, Sandler
HM, et al. Prediction of erectile function following treatment for prostate cancer.
JAMA. (2011) 306:1205–14. doi: 10.1001/jama.2011.1333

11. Nascimento B, Miranda EP, Jenkins LC, Benfante N, Schofield EA, Mulhall JP.
Testosterone recovery profiles after cessation of androgen deprivation therapy for
prostate cancer. J Sex Med. (2019) 16:872–9. doi: 10.1016/j.jsxm.2019.03.273

12. Kaku H, Saika T, Tsushima T, Ebara S, Senoh T, Yamato T, et al. Time course of
serum testosterone and luteinizing hormone levels after cessation of long-term
luteinizing hormone-releasing hormone agonist treatment in patients with prostate
cancer. Prostate. (2006) 66:439–44. doi: 10.1002/pros.20341

13. Tsumura H, Satoh T, Ishiyama H, Hirano S, Tabata K, Kurosaka S, et al.
Recovery of serum testosterone following neoadjuvant and adjuvant androgen
deprivation therapy in men treated with prostate brachytherapy. World J Radiol.
(2015) 7:494–500. doi: 10.4329/wjr.v7.i12.494

14. Dearnaley DP, Saltzstein DR, Sylvester JE, Karsh L,Mehlhaff BA, Pieczonka C, et al.
The oral gonadotropin-releasing hormone receptor antagonist relugolix as neoadjuvant/
adjuvant androgen deprivation therapy to external beam radiotherapy in patients with
localised intermediate-risk prostate cancer: A randomised, open-label, parallel-group
phase 2 trial. Eur Urol. (2020) 78:184–92. doi: 10.1016/j.eururo.2020.03.001

15. Shore ND, Saad F, Cookson MS, George DJ, Saltzstein DR, Tutrone R, et al. Oral
relugolix for androgen-deprivation therapy in advanced prostate cancer. N Engl J Med.
(2020) 382:2187–96. doi: 10.1056/NEJMoa2004325

16. Tombal B, Collins S, Morgans AK, Hunsche E, Brown B, Zhu E, et al. Impact of
relugolix versus leuprolide on the quality of life of men with advanced prostate cancer:
results from the phase 3 HERO study. Eur Urol. (2023) 84:579–87. doi: 10.1016/
j.eururo.2023.09.007
frontiersin.org

https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://doi.org/10.1001/jama.299.3.289
https://doi.org/10.1056/NEJMoa1012348
https://doi.org/10.1016/j.radonc.2021.02.008
https://doi.org/10.1016/j.ijrobp.2021.01.016
https://doi.org/10.1200/JCO.2020.38.6_suppl.370
https://doi.org/10.7759/cureus.44440
https://doi.org/10.7759/cureus.44440
https://doi.org/10.1038/aja.2011.106
https://doi.org/10.1002/pon.4463
https://doi.org/10.1001/jama.2011.1333
https://doi.org/10.1016/j.jsxm.2019.03.273
https://doi.org/10.1002/pros.20341
https://doi.org/10.4329/wjr.v7.i12.494
https://doi.org/10.1016/j.eururo.2020.03.001
https://doi.org/10.1056/NEJMoa2004325
https://doi.org/10.1016/j.eururo.2023.09.007
https://doi.org/10.1016/j.eururo.2023.09.007
https://doi.org/10.3389/fonc.2024.1377103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Hsueh et al. 10.3389/fonc.2024.1377103
17. Corona G, Filippi S, Comelio P, Bianchi N, Frizza F, Dicuio M, et al. Sexual
function in men undergoing androgen deprivation therapy. Int J Impot Res. (2021)
33:439–47. doi: 10.1038/s41443-021-00418-7

18. PotoskyAL,KnopfK,CleggLX,AlbertsenPC, Stanford JL,HamiltonAS, et al.Quality-
of-life outcomes after primary androgen deprivation therapy: results from the Prostate Cancer
Outcomes Study. J Clin Oncol. (2001) 19:3750–7. doi: 10.1200/JCO.2001.19.17.3750

19. HoffmanRM,HuntWC,GillilandFD, StephensonRA,PotoskyAL.Patient satisfaction
with treatment decisions for clinically localized prostate carcinoma. Results from the Prostate
Cancer Outcomes Study. Cancer. (2003) 97:1653–62. doi: 10.1002/cncr.11233

20. Benedict C, Traeger L, Dahn JR, Antoni M, Zhou ES, Bustillo N, et al. Sexual
bother in men with advanced prostate cancer undergoing androgen deprivation
therapy. J Sex Med. (2014) 11:2571–80. doi: 10.1111/jsm.12645

21. Kinnaird W, Kirby MG, Mitra A, Davda R, Jenkins V, Payne H. The management of
sexual dysfunction resulting from radiotherapy and androgen deprivation therapy to treat
prostate cancer: A comparison of uro-oncology practice according to disease stage. Int J Clin
Pract. (2021) 75:e13873. doi: 10.1111/ijcp.13873

22. Rot I, Wassersug RJ, Walker LM. What do urologists think patients need to
know when starting on androgen deprivation therapy? The perspective from Canada
Frontiers in Oncology 08
versus countries with lower gross domestic product. Transl Androl Urol. (2016) 5:235–
47. doi: 10.21037/tau.2016.03.06

23. Hamilton LD, Van Dam D, Wassersug RJ. The perspective of prostate cancer
patients and patients' partners on the psychological burden of androgen deprivation
and the dyadic adjustment of prostate cancer couples. Psychooncology. (2016) 25:823–
31. doi: 10.1002/pon.3930

24. Wibowo E, Wassersug RJ, Robinson JW, Santos-Iglesias P, Matthew A, McLeod
DL, et al. An educational program to help patients manage androgen deprivation
therapy side effects: feasibility, acceptability, and preliminary outcomes. Am J Mens
Health. (2020) 14:1557988319898991. doi: 10.1177/1557988319898991

25. DiBlasio CJ, Malcolm JB, Derweesh IH,Womack JH, KincadeMC, Mancini JG, et al.
Patterns of sexual and erectile dysfunction and response to treatment in patients receiving
androgen deprivation therapy for prostate cancer. BJU Int. (2008) 102:39–43. doi: 10.1111/
j.1464-410X.2008.07505.x

26. Elliott S, Latini DM, Walker LM, Wassersug R, Robinson JWADT Survivorship
Working Group. Androgen deprivation therapy for prostate cancer: recommendations
to improve patient and partner quality of life. J Sex Med. (2010) 7:2996–3010.
doi: 10.1111/j.1743-6109.2010.01902.x
frontiersin.org

https://doi.org/10.1038/s41443-021-00418-7
https://doi.org/10.1200/JCO.2001.19.17.3750
https://doi.org/10.1002/cncr.11233
https://doi.org/10.1111/jsm.12645
https://doi.org/10.1111/ijcp.13873
https://doi.org/10.21037/tau.2016.03.06
https://doi.org/10.1002/pon.3930
https://doi.org/10.1177/1557988319898991
https://doi.org/10.1111/j.1464-410X.2008.07505.x
https://doi.org/10.1111/j.1464-410X.2008.07505.x
https://doi.org/10.1111/j.1743-6109.2010.01902.x
https://doi.org/10.3389/fonc.2024.1377103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Impact of neoadjuvant relugolix on patient-reported sexual function and bother
	1 Introduction
	2 Materials and methods
	2.1 Drug treatment
	2.2 Sexual function and bother follow-up and assessment

	3 Results
	3.1 Patient demographics and characteristics
	3.2 Sexual function changes
	3.3 Sexual aid use

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


