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Purpose: Neoadjuvant hormonal therapy (HT) before radical prostatectomy (RP) is not recommended by current guidelines in terms
of oncological outcomes. Despite this, neoadjuvant HT is sometimes conducted before RP for a small proportion of patients in clinical
practice. This study evaluated the impacts of neoadjuvant HT on hormonal- and sexual-related quality of life (QOL) among patients
who underwent robot-assisted RP (RARP).
Materials and Methods: Participants comprised 470 patients divided into a non-neoadjuvant HT group (n = 408) and a neoadjuvant
HT group (n = 62). Hormonal- and sexual-related QOL were measured using the Expanded Prostate Cancer Index Composite (EPIC)
questionnaire.
Results: Hormonal summary scores at 6 and 9 months, function scores before and 3, 6, and 9 months and bother score at 6 months
after RARP were significantly lower in the neoadjuvant HT group than in the non-neoadjuvant HT group. Sexual function scores were
decreased in the neoadjuvant HT group compared to the non-neoadjuvant HT group before and 6 months after RARP. In the
neoadjuvant HT group, sexual function at 3 months after RARP was significantly worse in patients with >5 months of neoadjuvant
HT than in patients with ≤5 months of neoadjuvant HT. Conversely, sexual bother at 3 months after RARP was significantly worse in
patients with ≤5 months of neoadjuvant HT than in patients with >5 months of neoadjuvant HT.
Conclusion: Vintage neoadjuvant HT prior to RARP should not be recommended due to not only oncological outcomes, but also the
impacts on postoperative hormonal- and sexual-related QOL.
Keywords: androgen deprivation therapy, Expanded Prostate Cancer Index Composite, quality of life, hormonal therapy, neoadjuvant,
robot-assisted radical prostatectomy

Introduction
Radical prostatectomy (RP) has been performed for localized and locally advanced prostate cancer (PCa).1,2 Since long-
term survival is expected for patients who undergo RP, postoperative quality of life (QOL) represents a major issue in the
treatment of PCa.

Systemic neoadjuvant treatment prior to surgery has been performed for some kinds of malignancy, with the intention
of improving prognosis by decreasing positive margins, metastatic lymph nodes and disseminated microscopic metas-
tases. As for PCa, vintage hormonal therapy by agents such as anti-androgen drugs and luteinizing hormone-releasing
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hormone (LHRH) agonists before RP can achieve downstaging, but neither biochemical recurrence nor cancer-specific
survival appear related to neoadjuvant hormonal therapy (HT).3 As a result, neoadjuvant HT prior to RP is not
recommended in current guidelines except for in clinical trials.4–6 Despite this recommendation, vintage neoadjuvant
HT before RP has still been conducted for a small proportion of patients, even in recent years.7,8 Hormonal therapy is
known to cause a variety of adverse events (AEs), including hot flashes, gynecomastia, degenerated libido, and erectile
dysfunction,9 thereby decreasing QOL.10,11

To date, the effects of neoadjuvant HT on QOL after RP are not fully understood. Elucidating the influence of
neoadjuvant HT on postoperative QOL is significant, because patients require information about potential risks before
deciding on treatment.12 Therefore, this study examined postoperative hormonal- and sexual-related QOL using a patient-
reported questionnaire to reveal the impacts of neoadjuvant HT on QOL after robot-assisted RP (RARP).

Materials and Methods
Patients
A total of 542 consecutive patients who underwent RARP at Fukushima Medical University Hospital, Fukushima, Japan
between April 2013 and September 2019 participated in this observational clinical cohort study. All patients underwent
RARP using a four-arm Da Vinci Si surgical system (Intuitive Surgical Incorporation, Sunnyvale, CA, USA). Combined
posterior and anterior intraperitoneal approaches and early exposure of the seminal vesicles and vasa deferentia were
carried out. Nerve-sparing surgery was performed for D’Amico low-intermediate risk patients13 without suspicious
lesions on magnetic resonance imaging. The nerve-sparing techniques were inter- or intrafascial based on periprostatic
fascial anatomy.14

Neoadjuvant HT
Vintage neoadjuvant HT had already been started by urologists at the referring hospitals due to patient concerns
regarding disease progression during the preoperative waiting period, or as part of combination therapy with radiation
that was later canceled. Patients were given non-steroidal anti-androgen drugs, LHRH agonists, or LHRH agonists in
combination with anti-androgen drugs, as so-called combined androgen blockade (CAB). Dosing duration and types of
hormonal agents were selected by the previous urologists of each patient.

Data Collection
Figure 1 shows the flow chart for patient selection. Of the 542 patients, 21 patients who stopped visiting our outpatient
clinic within 12 months after RARP and 31 patients who received salvage and/or adjuvant therapies such as hormonal or
radiotherapy within the first 12 months were excluded. Another 19 patients who started neoadjuvant HT after preopera-
tive evaluation were also ruled out. In addition, a patient in whom RARP was converted to open surgery due to severe
adhesion to the rectum was also excluded. A final total of 470 patients was therefore analyzed in this study.

According to whether neoadjuvant HT was administered at least once, patients were divided into two groups: the
neoadjuvant HT group (n = 62); and the non-neoadjuvant HT group (n = 408) (Figure 1). The following data were
collected and analyzed for this study: patient age as of the time of surgery; initial prostate-specific antigen (PSA) values;
clinical T stage; biopsy grade group (GG) according to the International Society of Urological Pathology classification;15

biopsy Gleason score (GS); D’Amico risk classification;13 and the number of patients who underwent nerve-sparing
procedures. All study protocols were approved by the Ethics Committee of Fukushima Medical University (clinical
approval no. 2334) and performed in accordance with the principles of the Declaration of Helsinki. All patients provided
written informed consent prior to study commencement.

Evaluation of Hormonal- and Sexual-Related QOL Before and After RARP
To evaluate disease-specific QOL, patients were hand-delivered and asked to complete the Japanese version of EPIC
questionnaire by nurses or outpatient clinicians preoperatively, and at 1, 3, 6, 9, and 12 months postoperatively.16 The
Japanese version of EPIC has already been validated and used for large-scale studies in Japan.17,18 EPIC has 50 items
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regarding function, bother, and satisfaction. Function and bother compose the hormonal, sexual, urinary, and bowel
domains, consisting of three hormonal (summary, function, and bother), three sexual (summary, function, and bother) five
urinary (summary, function, bother, irritative/obstruction, and incontinence), and three bowel (summary, function, and
bother) scales, respectively. All EPIC items consist of 5-point Likert scales. Scores range from 0 to 100, with higher
scores indicating better health status. In this study, urinary, bowel, and satisfaction scales were excluded because the aim
of this study was to clarify the impacts of neoadjuvant HT prior to RARP on postoperative hormonal- and sexual-related
QOL, and hormonal therapy has been reported to have no effect on urinary, bowel or satisfaction QOL scores.11,19

Statistical Analysis
Statistical analyses were conducted using the Mann–Whitney U-test followed by preliminary Shapiro–Wilk test for
continuous variables. The chi-squared and Fisher’s exact test were performed to compare the distribution of categorical
outcome variables such as clinical T stage, biopsy GG (GS), D’Amico risk classification and use of nerve-sparing
procedures. Mann–Whitney’s U-test was applied to compare age at the time of surgery, initial PSA values and scores on
EPIC questionnaires at 1, 3, 6, 9, and 12 months postoperatively. Statistical analyses were performed using SPSS®

Statistics version 26 for Windows® (Statistical Package for Social Science, Chicago, IL) or STATCEL® version 3
software (add-in software for Microsoft Excel; OMS Publishing Inc., Saitama, Japan). Values of p < 0.05 were defined as
statistically significant.

Results
Patient Characteristics
Patient characteristics for each group are listed in Table 1. Median age at surgery and initial PSA values were similar
between groups. The numbers of patients with clinical T1c, T2, and T3 stage in the neoadjuvant HT group were 28
(45.2%), 34 (54.8%), and 0 (0%), respectively. On the other hand, the numbers of patients with clinical T1c, T2, and T3

Figure 1 Flow chart of patient selection. Of the 542 consecutive patients who underwent RARP, 470 patients were enrolled to this study and divided into a neoadjuvant HT
group and a non-neoadjuvant HT group.
Abbreviations: RARP, robot-assisted radical prostatectomy; HT, hormonal therapy.
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stage in the non-neoadjuvant HT group were 121 (29.7%), 260 (63.7%), and 26 (6.4%), respectively. This distribution
differed significantly between groups (p = 0.013). A significant difference in the distribution of biopsy GG (GS) was
apparent between groups (p = 0.0015). However, D’Amico risk classification did not differ significantly between groups
(p = 0.324). No difference was seen in the distribution of the numbers of patients who received nerve-sparing procedures
(p = 0.692).

EPIC Questionnaire Collection Rates
Collection rates for the EPIC questionnaire in the neoadjuvant HT group before and 1, 3, 6, 9, and 12 months after RARP
were 82.3%, 90.3%, 95.2%, 96.8%, 95.2%, and 98.4%, respectively. Collection rates in the non-neoadjuvant HT group at
each time point were 78.9%, 89.5%, 93.0%, 92.6%, 91.9%, 93.9%, and 97.1%, respectively. Collection rates at each time
point did not differ significantly between groups. Overall collection rates at each time point were 79.4%, 89.6%, 93.0%,
92.6%, 94.0% and 97.2%, respectively.

Comparison of Hormonal- and Sexual-Related QOL Between Neoadjuvant HT and
Non-Neoadjuvant HT Groups
Hormonal summary scores at 6 and 9 months after RARP were significantly lower in the neoadjuvant HT group than in
the non-neoadjuvant HT group (p = 0.002 and 0.017, respectively) (Figure 2). Hormonal function scores before and at 3,
6, and 9 months after RARP were significantly lower in the neoadjuvant HT group than in the non-neoadjuvant HT group
(p = 0.005, 0.031, 0.0009, and 0.008, respectively). Similarly, hormonal bother score at 6 months after RARP was
significantly lower in the neoadjuvant HT group than in the non-neoadjuvant HT group (p = 0.025).

Table 1 Background Characteristics and Pre- and Intraoperative Parameters of Patients

Neoadjuvant HT Group
(n = 62)

Non-Neoadjuvant HT Group
(n = 408)

p
value

Age at surgery
(years)

68 (52–77) 67.5 (49–77) 0.394

Initial PSA (ng/mL) 7.45 (4.2–49.3) 7.3 (0.97–93) 0.200
Clinical T stage 0.013

T1c 28 (45.2%) 121 (29.7%)

T2 34 (54.8%) 260 (63.7%)
T3 0 (0%) 26 (6.4%)

Unknown 0 (0%) 1 (0.2%)
Biopsy GG (GS) 0.0015

GG 1 (GS 6) 13 (21.0%) 122 (29.9%)

GG 2 (GS 3+4 = 7) 16 (25.8%) 104 (25.5%)
GG 3 (GS 4+3 = 7) 6 (9.7%) 69 (16.9%)

GG 4 (GS 8) 12 (19.4%) 84 (20.6%)

GG 5 (GS 9–10) 14 (22.6%) 29 (7.1%)
Unknown 1 (1.6%) 0 (0%)

D’Amico risk
classification

0.324

Low 9 (14.5%) 84 (20.6%)

Intermediate 23 (37.1%) 164 (40.2%)

High 30 (48.4%) 160 (39.2%)
Nerve-sparing 0.692

Uni- or bilateral 14 (22.6%) 105 (25.7%)

None 48 (77.4%) 301 (73.8%)
Unknown 0 (0%) 2 (0.5%)

Abbreviations: HT, hormonal therapy; PSA, prostate-specific antigen; GG, grade group; GS, Gleason score.
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Figure 2 Comparison of EPIC questionnaire scores between neoadjuvant HT and non-neoadjuvant HT groups. Vertical axes range from 0 to 100, with higher scores
representing better outcome. (A) Hormonal summary score. (B) Hormonal function subdomain. (C) Hormonal bother subdomain. (D) Sexual summary score. (E) Sexual
function score. (F) Sexual bother score. *Significantly different compared with the non-neoadjuvant HT group.
Abbreviations: EPIC, Expanded Prostate Index Composite; HT, hormonal therapy; RARP, robot-assisted radical prostatectomy.
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Sexual function scores were significantly lower in the neoadjuvant HT group than in the non-neoadjuvant HT group
throughout the entire observation period. Significant differences in sexual function score between neoadjuvant HT and
non-neoadjuvant HT groups were seen before and at 6 months after RARP (p = 0.027 and 0.021, respectively). No
significant difference in sexual summary or bother scores were seen between neoadjuvant HT and non-neoadjuvant HT
groups during the observational period. We examined hormonal summary, hormonal function, hormonal bother, and
sexual function scores, as those scores had shown statistical differences between non-neoadjuvant HT and neoadjuvant
HT groups (Figure 2).

Effects of Neoadjuvant HT Duration and Hormonal Agent Type on QOL
Median duration of neoadjuvant HT was 5 months. Associations between neoadjuvant HT duration and QOL scores in
patients who received neoadjuvant HT are shown in Figure 3. Scores for hormonal summary, function and bother did not
differ significantly between groups. Sexual function at 3 months were significantly worse in patients with > 5-month
neoadjuvant HT than in those with ≤ 5-month neoadjuvant HT (p = 0.047).

The number of patients treated by anti-androgen monotherapy, LHRH agonists monotherapy, and CAB were 14, 24,
and 24, respectively. Median durations of neoadjuvant HT were 5.5 months (range, 0.5–24 months), 3 months (1–12

Figure 3 Comparison of hormonal and sexual scores from the EPIC questionnaire between patients in the neoadjuvant HT group with neoadjuvant HT duration ≤ 5 and > 5
months. Vertical axes range from 0 to 100, with higher scores representing better outcome. (A) Hormonal summary score. (B) Hormonal function subdomain. (C)
Hormonal bother subdomain. (D) Sexual function score. *Significantly different compared with the group given neoadjuvant HT for ≤ 5 months.
Abbreviations: EPIC, Expanded Prostate Index Composite; HT, hormonal therapy; RARP, robot-assisted radical prostatectomy.
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months), and 5.5 months (range, 1–10 months), respectively. Associations between hormonal agent types and QOL
scores in patients who received neoadjuvant HT are shown in Figure 4. No significant differences in hormonal or sexual
function scores were seen between patients treated with anti-androgen monotherapy (n = 14) and those who received
LHRH agonists with/without anti-androgen drugs (n = 48).

Discussion
We assessed the impacts of neoadjuvant HT on postoperative hormonal- and sexual-related QOL in patients who
underwent RARP. We demonstrated that neoadjuvant HT could affect hormonal- and sexual-related QOL after RARP.
Furthermore, sexual function and bother in those patients who received neoadjuvant HT could be affected by the duration
of neoadjuvant HT prior to RARP.

The distribution of clinical T stage and biopsy GG differed significantly between groups. On this point, PCa before
treatment has not been confirmed as a risk factor for sexual dysfunction.20 Clinical T stage and biopsy GG that show
significant differences in distributions between groups thus would not influence postoperative sexual-related QOL.

Figure 4 Comparison of hormonal and sexual scores from the EPIC questionnaire between patients in the neoadjuvant HT group treated with anti-androgen monotherapy
and LHRH agonists with/without anti-androgen drugs. Vertical axes range from 0 to 100, with higher scores representing better outcome. (A) Hormonal summary score.
(B) Hormonal function subdomain. (C) Hormonal bother subdomain. (D) Sexual function score.
Abbreviations: EPIC, Expanded Prostate Index Composite; HT, hormonal therapy; LHRH, luteinizing hormone-releasing hormone; RARP, robot-assisted radical
prostatectomy.
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The first possible cause of declines in hormonal- and sexual-related QOL is a low serum concentration of testoster-
one. A previous study reported that serum testosterone concentration after cessation of LHRH agonist therapy did not
always recover to baseline levels.21 Furthermore, prolonged castration levels of testosterone have been more likely to be
observed in elderly patients, even after completion of hormonal therapy.22 Low serum testosterone levels have been
associated with mood changes and depression.23,24 In addition, some studies revealed that hot flashes might be related to
low testosterone concentration, even though no precise pathogenesis has been elucidated.12,25 With respect to sexual
QOL issues, erectile dysfunction and decreased libido in PCa patients treated with hormonal therapy are directly related
to low serum testosterone levels.12,26,27 These results indicate that the decreases in serum testosterone caused by
neoadjuvant HT might induce declines in hormonal- and sexual-related QOL, which would continue for at least 12
months after RARP.

Another possible cause of declines in hormonal- and sexual-related QOL by neoadjuvant HT is low androgenic
activity. Of the 62 patients in the neoadjuvant HT group, 14 received monotherapy with an anti-androgen drug. Anti-
androgen drugs allow the maintenance of serum testosterone concentration since they bind to their receptors, blocking
negative feedback of testosterone actions at the hypothalamus and pituitary gland. Nonetheless, monotherapy with anti-
androgen drugs is known to result in AEs like gynecomastia and erectile dysfunction.11,28,29 Based on those previous
studies, low levels of serum testosterone and/or androgenic activities caused by neoadjuvant HT might have affected
hormonal- and sexual-related QOL after RARP in our cohort.

This study demonstrated that sexual function in patients receiving neoadjuvant HT for > 5 months at 3 months after
RARP was worse than that in patients who received neoadjuvant HT for ≤ 5 months. Serum testosterone concentration
theoretically plays a key role in sexual responses like penile erection and libido. Serum testosterone concentration
decreases with hormonal therapy, causing erectile dysfunction and reduced libido.12 However, hormonal therapy-induced
decreases in serum testosterone concentration are generally reported to recover with time after the completion of
hormonal therapy, although this depends on the duration of hormonal therapy. The longer the duration of hormone
administration, the longer serum testosterone take to recover.30 Previous studies support the notion that significant
differences in sexual function at 6, 9, and 12 months after RARP are derived from the recovery of serum testosterone in
both ≤ 5-month and > 5-month neoadjuvant HT groups. On the other hand, no difference in sexual function score was
observed at 1 month after RARP. This cause could be attributed to the characteristics of the EPIC questionnaire, which
includes questions about the frequency of sexual activities over the past 4 weeks. In other words, in our study, surveys at
1 month after RARP still reflected perioperative conditions. This may be why sexual function scores at 1 month after
RARP did not differ significantly between groups with ≤ 5 months and > 5 months of neoadjuvant HT, aside from
testosterone concentration.

Our study showed that hormonal-related QOL did not differ significantly according to the kinds of hormonal drugs.
LHRH agonists are well known to induce a flare-up phenomenon and hot flashes.19 On the other hand, anti-androgen
drugs directly inhibit androgen activity in breast tissues and indirectly increase estrogen concentrations, causing breast
pain and gynecomastia.31 These hormone-related AEs caused by both LHRH agonists and anti-androgen agents are
known to be associated with decreased QOL.10,11 This is probably why no significant difference was observed in
hormonal-related EPIC scores due to differences in drugs. As for sexual-related QOL, sexual dysfunction induced by
anti-androgen monotherapy is generally less severe than that associated with medical castration.11 However, our study
found no difference in sexual function scores based on evaluation by hormonal agent types. Anatomical structures related
to sexual function are generally damaged by RP, resulting in protracted sexual dysfunction regardless of the type of
hormonal agent.32,33 In recent years, the application of various neoadjuvant regimens before RP based on new anti-
androgen drugs such as apalutamide have been under investigation. Although the mechanisms of action of these new
drugs differ from those of vintage anti-androgens, our results indicate the potential impact of neoadjuvant HT with new
hormonal drugs on hormonal- and sexual-related QOL after RARP.34

Few studies appear to have addressed the impact of neoadjuvant HT prior to RARP on postoperative QOL.35 Another
strength of this investigation was the higher collection rates of patient-reported questionnaires compared with a previous
study.35 Our findings provide information that should help patients and clinicians in decision-making and subsequent
treatment. Several limitations to this study need to be considered. First, QOL was not evaluated before neoadjuvant HT.
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Postoperative QOL is known to be affected by pretreatment QOL.36,37 Therefore, QOL needs to be assessed before
neoadjuvant HT. In our study, patients in the neoadjuvant HT group had already been given hormonal drugs as part of
radiohormonal therapy or based on the judgment of previous urologists. This is why no data were available to evaluate
QOL before hormonal therapy. Second, serum testosterone concentration was not measured, because this was a
questionnaire-based study. Third, the duration of follow-up was relatively short. A study with longer follow-up is desired
to elucidate the effects of neoadjuvant HT on postoperative QOL.

Conclusion
Neoadjuvant HT prior to RARP would affect postoperative hormonal- and sexual-related QOL. Neoadjuvant HT duration
also has impacts on sexual QOL. We believe that neoadjuvant HT prior to RARP should not be recommended from the
perspective of not only oncological outcomes, but also the effects on postoperative hormonal- and sexual-related QOL.
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