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Background: This study aimed to assess the longitudinal health-related quality of life (HRQOL) using the
Expanded Prostate Cancer Index Composite (EPIC) and HRQOL change between the nerve-sparing
technique in Japanese men treated with robot-assisted radical prostatectomy (RARP).
Methods: A total of 573 patients who received RARP were included in this study. EPIC questionnaire was
administered before treatment and up to 36 months after RARP. Clinical recovery was defined as half of
the standard deviation of the baseline score for each domain. We divided all patients into recovery group
or nonrecovery group. The time from survey to each domain recovery was calculated using the Kaplan
eMeier method. We compared the sexual and urinary score change between groups using analysis of
variance to confirm the effect of nerve-sparing technique.
Results: The median age was 67 years (interquartile range, 62e71 years). The mean score of all urinary
domains worsened noticeably after 1 month. All postoperative urinary summary, function, and incon-
tinence scores were significantly lower than preoperative scores up to 3 years post-RARP. Postoperative
sexual summary and functional scores were significantly lower than preoperative score at all follow-up
times throughout the 36 months. The recovery rate for the urinary incontinence domain was the lowest
(44.5%), whereas the recovery rate for the urinary irritativeeobstructive domain was the highest (73.7%).
In the sexual domain, the bother domain had a higher recovery rate (73.0%) than the functional domain
(29.7%). Although the recovery of sexual domains was slower compared with other domains, by
36 months after RARP, almost all values had recovered. Compared with other technique groups, bilateral
intrafascial nerve-sparing group showed significantly decreased change in subscale scores before and
after RARP in several sexual and urinary domain.
Conclusion: The time course and extent of functional and bother domain recovery documented in this
study may prove useful for RARP patient selection in Japan.
© 2022 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In Japan, the prevalence of prostate cancer (CaP) is ranked third
after gastric cancer and lung cancer in 2017, whereas the number of
CaP patients has dramatically increased over the last five decades.1
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As the median life expectancy after treatment for CaP is 13.8 years2

and the relative survival rate for CaP is almost 100%, the most
important clinical outcomes are long-term functional outcomes of
treatment, complications, and satisfaction.

At present, the gold standard for localized CaP treatment is
robot-assisted radical prostatectomy (RARP). RARP is offered at
many centers in Japan because it is a minimally invasive procedure
and the less burdensome treatment option for patients. For
example, there are urinary incontinence and erectile dysfunction as
complications of RARP. These complications consequently decrease
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the quality of life (QOL).3e5 Therefore, urologists should place
importance on not only oncological cure control but also mainte-
nance of urinary and sexual function in patients after CaP
treatment.

Several existing CaP patient-reported-outcome instruments
such as the UCLA-Prostate Cancer Index6 and the Expanded
Prostate Cancer Index Composite (EPIC)7 can accurately evaluate
CaP health-related QOL (HRQOL) changes over time.8 The EPIC is
one of the most commonly used questionnaires in urological
research9, which measures the side effects and associated HRQOL
of CaP therapies.10 In EPIC, the questionnaire assesses four do-
mains, namely, urinary, bowel, sexual, and hormonal. Each
domain comprises two subscales: symptom severity (function
subscale) and the annoyance associated with these side effects
(bother subscale). The urinary domain is also separated into two
other subscales, combining both function and bother parameters,
namely, a urinary incontinence subscale and a urinary irritation/
obstruction subscale. A summary score is also generated for each
domain, corresponding to the mean of the function and bother
subscales.

Unfortunately, there are very few reports of QOL comparing
oncological, perioperative, functional outcomes before and after
RARP in Japanese patients.11 The primary aim of this study is to
assess recovery objectively in urinary and sexual function after
RARP using the EPIC questionnaire (which has been validated in
Japan) with respect to baseline preoperative function and to
explore the time course of postoperative HRQOL convalescence in a
series of patients who underwent RARP in a single Asian center.
Table 1
Baseline demographic and medical characteristics of study participants

Patients (n) 573
Median age (yr), (IQR) 67 (62e71)
Median preoperative PSA (ng/mL), (IQR) 7.3 (5.5e10.2)
Neoadjuvant ADT (%) 177 (30.9)
Median prostate volume (mL), (IQR) 27 (20.3e35.0)
Clinical T stage (%)
cT1 176 (30.7)
cT2 358 (62.5)
cT3 3 (6.1)
Unknown 4 (0.7)

Median number of positive cores/PBx cores, (IQR) 3 (2e5)/14 (12e16)
Median rate of positive biopsy cores (%), (IQR) 25.0 (12.5e41.7)
Gleason score (%)
�6 210 (36.7)
2. Materials and methods

2.1. Study populations

We retrospectively analyzed patients who underwent RARP for
CaP between April 2012 and August 2018 at Juntendo University
Hospital, Tokyo, Japan. Eligible men had clinically localized (clinical
TNM classification T1, T2, or limited T3), biopsy-proven adenocar-
cinoma of the prostate. Clinicopathological characteristics of pa-
tients, such as age, preoperative prostate-specific antigen (PSA), the
number of positive biopsy cores, the rate of positive biopsy cores,
prostate volume, Gleason score, clinical T stage, neoadjuvant
androgen deprivation therapy (ADT) or not, nerve-sparing status,
pathological T stage, and D'Amico risk classification12, were ob-
tained from medical records. Patients with previous prostate sur-
gery or the post-RARP ADT, chemotherapy, and radiation therapy
were excluded from this analysis. The decision to perform cav-
ernosal nerve-sparing was made by the patient and surgeon. The
patients were divided into five groups according to their respective
nerve-sparing technique: group 0, non-nerve-sparing; group 1,
unilateral intrafascial nerve-sparing (ITR-NS); group 2, unilateral
interfascial nerve-sparing (ITE-NS); group 3, bilateral ITR-NS; and
group 4, bilateral ITE-NS.
7 258 (45.0)
8 95 (16.6)
�9 10 (1.7)

Nerve-sparing status (%)
None 255 (44.5)
Unilateral 161 (28.1)
Bilateral 154 (26.9)
Unknown 3 (0.5)

Pathological T stage (%)
�pT2 458 (79.9)
pT3 115 (20.1)

Positive surgical margin (%) 140 (24.4)

ADT, androgen deprivation therapy; IQR, interquartile range; PBx, prostate biopsy;
PSA, prostate-specific antigen.
2.2. Instruments for HRQOL assessments

We used the Japanese-validated version of the EPIC question-
naire.13 EPIC was administered before RARP and at 1, 3, 6, 9, 12, 15,
18, 24, 30, and 36 months post-RARP. The calculated summary
scores and each subscale score post-RARP were compared with the
baseline (preoperative) scores. Any case with a score higher than
the value obtained by subtracting half of the standard deviation
(SD) of the baseline score from the baseline score after RARP was
categorized into the recovery group in each subscale.14
2.3. Statistical methods

We used paired t-tests to assess differences in subscale scores at
each time point after RARP compared with preoperative scores. We
analyzed clinical data differences between recovery group and
nonrecovery group by Pearson's chi-square. Time from survey to
each domain recovery was calculated using the KaplaneMeier
method. We compared the D score (prescorednadir score after
RARP) in each subscale according to the nerve-sparing technique
groups using analysis of variance (ANOVA). All statistical analysis
was conducted using statistical software package: R version 2.14.0.
Two-tailed P ˂ 0.05 were considered as a statistically significant
difference.

3. Results

3.1. Patient's characteristics

Table 1 shows the clinicopathological characteristics of the pa-
tients in this cohort (n ¼ 573). The median age was 67 years
(interquartile range [IQR], 62e71), and the median preoperative
PSA level was 7.3 ng/mL (IQR, 5.5e10.2). In this study, 177 patients
(30.9%) received neoadjuvant ADT.

We performed bilateral nerve-sparing RARP in 154 patients
(26.9%) and unilateral nerve-sparing RARP in 161 patients (28.1%).

The most frequent pathological T stage was pT2c. Positive sur-
gical margin was observed in 24.4% of patients.

3.2. The changes in each subscale scores pre- and post-RARP

We showed the changes over time in each subscale scores up to
3 years after RARP (Fig.1). These figures showQOLmean± standard
error scores of each subscale over the follow-up period.

At baseline (before RARP), most men reported good urinary
function and incontinence (median 100) andminimal urinary bother
and urinary irritative obstruction (median 92.9). Urinary scores
exhibited a significant decline 1 month after treatment. These scores
improved and stabilized in the subsequent months but remained



Fig. 1. Longitudinal changes in urinary, bowel, sexual, hormonal, and satisfactory domain mean scores over time. Bars represent mean ± SE. (A) Urinary summary scores (US). (B)
Urinary function scores (UF). (C) Urinary bother scores (UB). (D) Urinary irritativeeobstructive scores (UIR). (E) Urinary incontinence scores (UI). (F) Bowel summary scores (BS). (G)
Bowel function scores (BF). (H) Bowel bother scores (BB). (I) Sexual summary scores (SS). (J) Sexual function scores (SF). (K) Sexual bother scores (SB). (L) Hormonal summary scores
(HS). (M) Hormonal function scores (HF). (N) Hormonal bother scores (HB). (O) Satisfactory scores (SAT).
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significantly lower than the baseline score at most follow-up times.
Almost all postoperative urinary scores, except the urinary irrita-
tiveeobstructive domain, were significantly lower than baseline
score according to t-test at each time point (Fig. 1). All postoperative
urinary summary (Fig. 1A), function (Fig. 1B), and incontinence
scores (Fig. 1E) over the entire follow-up period (3 years) were
significantly lower than preoperative scores. Although the post-
operative urinary bother scores (Fig. 1C) at certain time points were
not statistically different, most follow-up months showed signifi-
cantly lower scores compared with baseline. Postoperative 1-, 3-, 6-,
and 18-month urinary irritativeeobstructive scores (Fig. 1D) were
significantly lower than preoperative scores by using t-test.

Almost all bowel scores and the effect of bowel habits on QOL
were unchanged in this study (Fig. 1FeH). Although almost all
postoperative bowel summary scores (Fig. 1F), except 9 months
post-RARP, were significantly lower than preoperative scores, the
difference was slight. Unlike the bowel function scores (Fig. 1G),
which remained significantly below baseline at all follow-up times
after RARP, the postoperative bowel bother score (Fig. 1H) was
significantly lower than preoperative that score only at 1, 3, and
12 months after RARP.

At baseline, most men reported low sexual summary (Fig. 1I;
median 42.3) and function (Fig. 1J; median 25.9) scores but good
sexual bother scores (Fig. 1K; median 100). At all times after RARP
up to 36 months, postoperative sexual summary (Fig. 1I) and sexual
function (Fig. 1J) scores were significantly lower than preoperative
scores. The mean sexual functional and bother scores reached its
nadir at 1-month post-RARP. Although postoperative sexual bother
scores, up to 30 months, were significantly lower than preoperative
scores, there was no significant difference after 3 years.

Postoperative satisfactory scores (Fig. 1O), up to 2 years, were
significantly higher than preoperative scores according to the t-test.
3.3. Recovery group vs. nonrecovery group

There were no significant differences in neoadjuvant ADT,
nerve-sparing status, and D'Amico risk classification between the
recovery group and the nonrecovery group. To expand the infor-
mation represented by mean score changes, we showed the
distribution of patients in recovery group and nonrecovery group
post-PARP (Supplementary Fig. 1).

Fig. 2 shows KaplaneMeier curves representing the achieve-
ment of recovery in each subscale. Although there were differences
in the recovery time in each urinary domain, more than 60% of
patients had recovered in each urinary subscale domain at 36-
months post-PARP (Fig. 2A, summary: 62.8%; Fig. 2B, function:
64.4%; Fig. 2C, bother: 76.5%; Fig. 2D, irritative obstructive: 87.2%;
Fig. 2E, incontinence: 62.0%). Urinary irritativeeobstructive scores
(Fig. 2D) indicated that 77.8% of patients recovered at 1-year post-
PARP, compared with 47.1% in urinary continence scores (Fig. 2E).
With regard to bowel domain, patients exhibited a high rate of
recovery in both function (Fig. 2G; 81.3%) and bother domains
(Fig. 2H; 94.0%) at 3 years after RARP. Although all sexual domains
were low before RARP and the recovery for this domain was
comparatively slower, by 36 months post-RARP (Fig. 2J, function:
98.6%; Fig. 2K, bother: 87.7%). The slowest recovery was the sexual
summary domain, for which the 6-,12-, 24-, and 36-month potency
recovery rates were 23.6%, 30.4%, 34.9%, and 39.7%, respectively.
Just like the bowel domain, many cases recovered early, and almost
all cases recovered after 3 years in the hormonal functional
(Fig. 2M; 96.7%) and bother domain (Fig. 2H; 96.9%).
3.4. The effect of different nerve-sparing techniques on urinary and
sexual scores

We compared the D score (prescorednadir score after RARP) in
each subscale score between groups using ANOVA analysis to
confirm the effect of nerve-sparing technique. D score in sexual
summary subscale (P ¼ 0.006) and sexual bother scores (P < 0.001)
were significantly different, and it tended to be lower in group 3
(bilateral ITR-NS; Fig. 3A and C). For all subscales in the urinary
domain, D score were significantly different, and it tended to be
lower in group 3 (bilateral ITR-NS; Fig. 3DeH).
4. Discussion

Radical prostatectomy was previously associated with worse
urinary control in the immediate postoperative period. Regarding



Fig. 2. KaplaneMeier analysis of the proportion of subjects returning to recovery urinary, bowel, sexual, hormonal, and satisfactory scorea) over time. (A) Urinary summary scores
(US). (B) Urinary function scores (UF). (C) Urinary bother scores (UB). (D) Urinary irritativeeobstructive scores (UIR). (E) Urinary incontinence scores (UI). (F) Bowel summary scores
(BS). (G) Bowel function scores (BF). (H) Bowel bother scores (BB). (I) Sexual summary scores (SS). (J) Sexual function scores (SF). (K) Sexual bother scores (SB). (L) Hormonal
summary scores (HS). (M) Hormonal function scores (HF). (N) Hormonal bother scores (HB). (O) Satisfactory scores (SAT).
a)Recovery group defined as change score that was greater than (preoperative value � ½ SD preoperative value) for respective subscales.

Fig. 3. The D score (prescore e nadir score after RARP) for each nerve-sparing technique groups in sexual and urinary scores. Group 0, non-nerve-sparing; group 1, unilateral ITR-
NS; group 2, unilateral ITE-NS; group 3, bilateral ITR-NS; 4, bilateral ITE-NS. (A) Sexual summary scores (SS; mean ± SD). Group 0, 21.9 ± 17.5; group 1, 26.8 ± 19.9; group 2,
19.7 ± 16.2; group 3, 15.8 ± 19.4; group 4, 20.9 ± 19.9. ANOVA demonstrated significant differences between groups (P ¼ 0.006). (B) Sexual function scores (SF; mean ± SD). Group 0,
23.5 ± 19.0; group 1, 26.9 ± 21.4; group 2, 23.4 ± 19.4; group 3, 20.4 ± 18.4; group 4, 22.2 ± 20.7. There were no significant differences between groups (P ¼ 0.345). (C) Sexual bother
scores (SB; mean ± SD). Group 0, 22.4 ± 29.9; group 1, 29.7 ± 31.4; group 2, 16.8 ± 31.2; group 3, 4.1 ± 31.4; group 4, 21.7 ± 33.2. ANOVA demonstrated significant differences
between groups (P < 0.001). (D) Urinary summary scores (US; mean ± SD). Group 0, 27.4 ± 18.6; group 1, 29.9 ± 18.9; group 2, 29.1 ± 19.7; group 3, 13.9 ± 13.3; group 4, 23.0 ± 18.9.
There are significant differences between groups (P < 0.001). (E) Urinary function scores (UF; mean ± SD). Group 0, 37.8 ± 23.4; group 1, 39.0 ± 23.2; group 2, 37.9 ± 24.5; group 3,
19.9 ± 16.4; group 4, 37.0 ± 22.6. There are significant differences between groups (P < 0.001). (F) Urinary bother scores (UB; mean ± SD). Group 0, 21.4 ± 18.4; group 1, 22.5 ± 19.3;
group 2, 22.8 ± 19.5; group 3, 8.7 ± 14.3, group 4, 14.2 ± 17.9. There are significant differences between groups (P < 0.001). (G) Urinary irritativeeobstructive scores (UIR;
mean ± SD). Group 0, 14.2 ± 16.4; group 1, 15.8 ± 18.7; group 2, 14.8 ± 18.4; group 3, 3.25 ± 9.8; group 4, 9.8 ± 17.3. There are significant differences between groups (P < 0.001). (H)
Urinary incontinence scores (UI; mean ± SD). Group 0, 52.8 ± 32.2; group 1, 55.2 ± 30.9; group 2, 52.1 ± 31.8; group 3, 30.7 ± 24.2; group 4, 47.7 ± 30.6. There are significant
differences between groups (P < 0.001).
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urinary treatmenterelated effects, the prostatectomy group
showedworse adverse effects for incontinence but better results on
urinary irritativeeobstructive symptoms compared with brachy-
therapy 3 years after treatment.15 These findings were consistent
with the results reported in the present study. Continual
improvement of urinary control beyond 2 years after open radical
prostatectomy (ORP) has also been reported.16 Yaxley and col-
leagues previously showed that surgical technique was not asso-
ciated with either urinary or sexual functional outcomes.17 In
our study, among patients with urinary obstructive-irritative
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symptoms after RARP, improvement was observed in 73.7% of pa-
tients up to three years post-RARP. Our results confirm previously
reported early improvement in urinary obstruction-irritation in
patients treated with radical prostatectomy (RP).10,11,18 However,
Litwin reported that in the group without CaP (n ¼ 598, median
age, 73 years), 31% reported incontinence.19 Therefore, it is very
difficult to evaluate the effect of RP on urinary incontinence.

In general, RP was not associated with a change in bowel
function. Bowel dysfunction was more common after radiation
therapy than RP.20 The patients in the RARP group had better QOL
with regard to bowel function compared with brachytherapy
group.21 In our study, 80% of RP subjects returned to baseline bowel
function within six months of surgery. Our data corroborate out-
comes fromWei et al6, and from CaPSURE22, all of which showed a
minimal effect on bowel symptoms after RP.

Donovan et al20 reported that there was a notable decline in the
sexual scores after RP, with subsequent partial recovery. Erectile
function remained worse in the prostatectomy group at all time
points, and although there was limited recovery to 21% with erec-
tions firm enough for intercourse at 36 months. However, this rate
declined again to 17% at 6 years post-RP.20 Although the functional
domain clearly had a lower recovery rate (29.7%) than the bother
domain (73.0%) in this study, it was of a similar degree to previous
reports. Previous studies showed that a greater return to baseline
function for patients receiving RARP compared with laparoscopic
radical prostatectomy (LRP)23 and sexual function scores did not
differ significantly between RARP and ORP group at 6 and 12 weeks
after operation.17 In our study, a higher proportion of cases recov-
ered preoperative value in the sexual burden domain (73.0%) than
the functional domain (29.7%). Parker et al reported that mean
sexual bother did not return to the baseline mean; only 44% of
patients achieved their individual baseline by 36 months,18 which
is markedly lower than that reported in our study. This may be
attributed to characteristics specific to Japanese patients. However,
further evaluation would be required to clarify any long-term
changes.

After Walsh's anatomic nerve-sparing technique in 1982,24

several anatomical studies have provided deeper insight into the
neuroanatomy of the prostate and adjacent tissue, which formed
the basis for ensuring good oncologic and functional outcomes after
radical prostatectomy. The nerve-sparing technique remains the
target anatomical approach to achieve better functional outcomes
related to potency and continence. Depending on the dissection
plane chosen during the procedure, ITR-NR and ITE-NS technical
variations have been identified.25 Interfascial dissection of neuro-
vascular bundles (NVBs) involves a dissection lateral to the pros-
tatic fascia at the anterolateral and posterolateral aspects of the
prostate.26 The NVB may be more prone to partial resection with
interfascial dissection because this dissection does not allow for the
preservation of more fascial layers at the anterolateral surface of
the prostate, presumably resulting in an oncologically safer
approach.27 In a systematic review, Weng et al reported that
although there were no differences in perioperative parameters
between both nerve-sparing radical prostatectomy, ITR-NS had
advantages in terms of both continence and potency recovery
compared with ITE-NS.28 Our study outlines the important finding
that men undergoing bilateral ITR-NS exhibited significantly lower
in each subscale scores of sexual and urinary domains after RARP
compared with non-nerve-sparing and ITE-NS. It is unclear about
the rationale why ITR-NS technique has a better effect on the uri-
nary irritativeeobstructive scores than the bilateral ITE-NS.

Some limitations of this study should be taken into account.
First, not all changes in HRQOL scores had clinical significance.
However, the subscale score thresholds that should be considered
clinically relevant have not been defined. So, there exists a
longstanding challenge in its interpretation. In some reports on
HRQOL, authors recommend that a clinically meaningful change in
function is defined as a change of greater than half the SD in HRQOL
score.29,30 Previous studies have found that half the SD or one-third
the SD are appropriate choices for a distribution-based minimally
important difference (MID) cut point, with half the SD representing
a medium-sized effect and one-third the SD representing a small
effect.31 In contrast, Skolarus et al found the variety of domains,
such as the bowel and vitality/hormonal domains, to have the
lowest MID range (4- to 6-point change should be considered
clinically relevant), whereas the sexual domain had the greatest
MID values (10e12).32 Willis et al defined the recovery of each case
using the preoperative value in each domain.23 Unfortunately, the
Japanese-validated EPIC questionnaire has not defined the range of
MID. Therefore, we defined the recovery in each case as obtaining a
value greater than the value obtained by subtracting half the SD
from the preoperative value in each subscale. Second, the primary
limitation of our study is the relatively short follow-up of 3 years.
Follow-up for an additional 5e10 years 5,33 is required to fully
inform decisions involving the tradeoff between the shorter-term
effects of the management strategies shown here and the longer
course of progression and treatment of CaP in the context of the
onset of other life-threatening conditions. Third, one important
limitation in this study was the small number of patients that were
included.

Observational patient registry research including HRQOL for CaP
has begun at multicenter in Asia, and it is expected to accumulate
the large and long-term QOL data.34

5. Conclusion

Despite these limitations, the present study offers a comparative
longitudinal analysis of HRQOL outcomes after RARP for Japanese
CaP patients. Compared with urinary incontinence domain, urinary
irritative and obstructive domain had less postoperative decline,
and recovery was quick. The recovery of sexual bother occurred
faster than sexual function. In step with the aging population, the
total number of patients with CaP in Japan is expected to increase
dramatically. Therefore, we should consider not only the effec-
tiveness of treatments but also the impact on patients’ QOL.
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