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have good long-term overall survival after RP.7,8 Taken together, 
healthy	older	men	aged	>70	or	>75	years	with	significant	disease	may	
derive oncological benefits from RP.

However, RP can be associated with some complications, including 
urinary incontinence (UI) and erectile dysfunction (ED). More than 
half of older men already have ED preoperatively and only 28% of men 
aged	>70	years	with	moderate-to-severe	ED	care	about	it.9 Therefore, 
ED may have less impact on quality of life in this age group than in 
younger patients.

UI after RP is a matter of significant concern for both physicians 
and their patients,10 and, given that age at surgery has consistently been 
found to be a predictor for recovery of urinary continence (UC),11 older 
men seem to be at relatively higher risk of UI after RP than younger 
men.12 Reported rates of UI within 12 months after surgery range 
from 8% to 37% in patients aged ≥70 years who undergo RP,4,12–17 and 
the reported odds ratios of age for recovery of UC are 0.92–0.99 as 
a continuous variable.13,18 While many studies have assessed various 
predictors of recovery of UC, including age, body mass index, 
comorbidity index, lower urinary tract symptoms, and prostate volume, 

INTRODUCTION
The world’s population is aging rapidly, and the proportion aged over 
60 years is expected to increase up to 20% by 2050.1 Furthermore, 
it	is	predicted	that	19.6%	of	the	US	population	will	be	>70	years	by	
2030.2 With increasing life expectancy and the widespread adoption 
of prostate-specific antigen (PSA) testing, the incidence of prostate 
cancer (PCa) has been increasing in almost all countries, except for a 
few high-income countries.3

Several guidelines have suggested that a life expectancy of 
>10	years	or	10–20	years,	or	simply	reasonable	life	expectancy	be	a	
prerequisite for offering curative surgical treatment, such as radical 
prostatectomy (RP), for PCa.4 In the past, RP may not have been 
recommended	to	men	with	PCa	aged	>70	years	because	of	uncertain	
survival benefits and unsatisfactory functional outcomes in this age 
group. However, the additional life expectancy of a 70–74-year-old 
man is currently reported to be around 15 years.4,5 A review of 
published reports found that older men may benefit from RP, especially 
when they have high-risk PCa.6 In addition, several studies have shown 
that	selected	healthy	patients	among	those	aged	>70	years	or	>75	years	
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for patients of all ages undergoing RP,4,13,19,20 specific predictors for older 
patients have rarely been identified.

To improve understanding about recovery of UC and facilitate 
counseling of older men undergoing RP in particular, we investigated 
contemporary	 trends	 in	RP	 in	men	aged	>70	years	 and	 compared	
associations of each predictor with recovery of UC with those for 
patients aged ≤70 years over time.

PATIENTS AND METHODS
The present retrospective study was carried out in Seoul National 
University Bundang Hospital (Seongnam, Korea) and was processed 
in accordance with the principles of the Declaration of Helsinki. 
The Institutional Review Board of Seoul National University 
Bundang Hospital approved the study protocol (approval number 
B-1808-484-120). The requirement for informed consent was waived 
due to the retrospective nature of the study.

Patient selection
Between January 2004 and December 2015, 2779 consecutive men 
underwent open retropubic, pure-laparoscopic, or robot-assisted RP for 
clinically localized or locally advanced PCa in our institution. Among 
these patients, we excluded those who were incontinent or who had a 
possible neurogenic bladder before RP (n = 50 patients), had received 
neoadjuvant therapy (n = 19), had received pelvic irradiation before 
achieving recovery of UC (n = 80), had been followed for <12 months 
after surgery (n = 124), for whom had no information regarding time 
to achieve UC was available (n = 159), and had developed a neurogenic 
abnormality that influenced micturition function within 12 months 
after surgery (n = 4). In addition, given that only 42 (1.5%) patients 
had undergone pure-laparoscopic RP during the study period, we 
excluded these cases. Thus, 2301 patients were enrolled for analysis.

Surgical procedure and follow-up
Most surgeries (96.2%) were performed by three experienced surgeons 
(SEL, SSB, and SKH) at our institution. Surgery was performed via 
an open retropubic or robot-assisted transperitoneal approach based 
on the physician’s and patient’s discretion. Some patients underwent 
posterior and anterior reconstruction21 or bladder neck preservation22 
during open retropubic RP during the study period. Robot-assisted 
RP was introduced in our institution in late 2007 and some patients 
undergoing this procedure underwent puboprostatic ligament 
sparing,23 restoration of the Denonvilliers’ musculofascial plate, or 
retropubic suspension stitching. The neurovascular bundle (NVB) was 
spared regardless of preoperative erectile function unless this procedure 
violated oncological principles. Postoperatively, all patients were taught 
to perform pelvic floor muscle exercises, but did not participate in an 
established rehabilitation program.

Follow-up consisted of physical examination including digital 
rectal examination, periodic PSA testing, completion of validated 
questionnaires concerning functional outcomes, patient-reported 
continence and erection status, number of pads used per day, and 
imaging studies at the physician’s discretion. Patients were followed up 
2 weeks, 1 month, 3 months, 6 months, and 12 months after surgery 
and yearly thereafter. Intraoperative and postoperative complications 
were documented.

Collected data and variable definitions
Clinical data with regard to relevant patient characteristics, surgical 
procedure, pathological findings, surgical complications, and results 
of follow-up tests were prospectively recorded in our computerized 
database. Age at surgery, body mass index, Charlson comorbidity index 

(CCI),24 type of surgical approach, PSA, prostate volume calculated in 
transrectal ultrasound, membranous urethral length (MUL) measured 
by magnetic resonance imaging,25 NVB-saving status (nonsaving vs 
unilateral/bilateral-saving), and pathological T stage and Gleason score 
sum were extracted from the database.

Functional outcomes, such as UC and erectile function, 
were assessed periodically by a physician or certificated research 
assistant and were documented in the database. Achievement of UC 
was defined as wearing no pads or an occasional security pad by 
patient-reported daily pad usage. Our definition was adapted from 
the fifth item (number of pads used per day) of the Expanded Prostate 
Cancer Index Composite – urinary assessment. “Using an occasional 
security pad” meant that patients did not actually have incontinence 
but used a security pad occasionally for protection because of 
concerns about possible incontinence. On the contrary, patients who 
used a security pad daily for slight urine leakage were classified as 
wearing one pad daily. Once an individual patient had recovered UC, 
he was regarded as being continent thereafter; recurrence of UI after 
achievement of UC was ignored in the current analyses. For patients 
who did not visit the hospital regularly, UI status was assessed with 
a telephone interview.

Patients were divided into four groups by year of surgery 
(2004–2006, 2007–2009, 2010–2012, and 2013–2015) to evaluate 
contemporary trends in RP in older men and were classified into two 
groups	on	the	basis	of	age	at	surgery	(>70	years	vs ≤70 years) to compare 
predictors of recovery of UC between the two age groups.

Statistical analyses
The	 proportion	 of	 patients	 aged	 >70	 years	was	 examined,	 and	
clinicosurgical characteristics were compared between patients aged 
>70	years	and	≤70	years	in	accordance	with	year	of	surgery.	In	addition,	
changes in clinicosurgical characteristics over the study period were 
assessed	within	patients	 aged	>70	years.	Comparisons	between	 the	
two age groups were analyzed by the Pearson’s Chi-square test or 
Student’s t-test depending on the type of variable, and a linear-by-linear 
association was used to assess changes in clinicosurgical characteristics 
over the study period.

The recovery rates of UC within 3 and 12 months after RP were 
compared between the two age groups in accordance with year of 
surgery. The clinical factors related to the recovery of UC within 3 and 
12 months were identified using univariate and multivariable logistic 
regression analyses and were compared between the two age groups. 
The significance level of two-tailed P < 0.05 in univariate analysis 
was a reference point for the candidate to enter into the multivariable 
logistic regression. Finally, the effect of each predictor on the recovery 
of UC within 12 months was compared between the two age groups. 
All statistical analyses were carried out with SPSS software package 
version 20.0 (IBM Corp., Chicago, IL, USA), and a two-tailed P < 0.05 
was set to indicate statistical significance.

RESULTS
Changes of clinicosurgical characteristics over the study period in 
patients aged >70 years
Patients	aged	>70	years	accounted	for	26.5%	(610/2301)	of	the	cohort	
during the whole study period. Overall, compared with patients 
≤70	years,	those	aged	>70	years	had	significantly	more	comorbidities	
(P < 0.001), higher PSA (P = 0.004), larger prostate volume (P = 0.002), 
higher pathologic Gleason score (P < 0.001), and more extensive 
disease (P = 0.002). NVB-saving was performed more in patients aged 
≤70 years (P < 0.001).
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The	proportion	of	patients	 aged	>70	years	 gradually	 increased	
from 17.5% in 2004–2006 to 30.0% in 2013–2015 (Figure 1, P < 0.001). 
Table 1 shows comparisons of clinicosurgical characteristics between 
the two age groups according to year of surgery. For most of the study 
period,	patients	 aged	>70	years	had	 lower	body	mass	 index,	more	
comorbidities, larger prostate volume, and lower rate of NVB-saving 
than those aged ≤70 years. In addition, pathologic stage was more 
advanced and Gleason score sum was higher in patients aged 
>70	years,	at	least	during	some	periods.	The	mean	MUL	was	almost	
identical in the two age groups over the study period. While the use 
of robot-assisted RP increased over time in both age groups, the older 
age group underwent robot-assisted RP significantly less frequently 
than the younger age group in the last quarter of the study period. 
Figure 2 depicts changes in clinicosurgical characteristics over the 
study	period	in	patients	aged	>70	years.	The	rates	of	robot-assisted	RP	
and NVB-saving increased, and pathologic Gleason score sum became 
increasingly higher over the study period (all P < 0.001). On the other 

hand, prostate volume and MUL decreased over the study period in 
this age group (P = 0.035 and P < 0.001, respectively).

Comparison of the rate of recovery of UC between both age groups
The median duration of follow-up was 58 months (range: 
12–148 months). Overall, 60.9% and 88.6% of patients aged ≤70 years 
and	52.6%	and	81.5%	of	those	aged	>70	years	recovered	UC	within	
3 and 12 months after surgery, respectively (P < 0.001; between both 
groups). Figure 3 depicts changes in the rates of recovery of UC within 
3 and 12 months over the study period in both age groups. Patients 
aged	>70	years	had	a	significantly	lower	recovery	rate	than	those	aged	
≤70 years during most of the study period, whereas the recovery 
rate improved in accordance with year of surgery in both age groups 
(P < 0.001). From the second quarter of the study period, the gap 
between the two age groups in the recovery rate within 12 months 
narrowed significantly (P < 0.001), whereas the gap within 3 months 
remained constant over time (P = 0.347).

Comparisons of the predictors for the recovery of UC between both 
age groups
Table 2 shows associations of each predictor with recovery of UC 
according to multivariable logistic regression analysis. Among patients 
aged ≤70 years, age at surgery, robot-assisted RP, prostate volume, and 
MUL were predictors of recovery of UC within both 3 and 12 months 
after RP. In addition, CCI and NVB-saving were identified as affecting 
only recovery of UC within 12 months. In contrast, only age at surgery 
and MUL were found to be predictors of recovery within both 3 and 
12	months	among	patients	aged	>70	years.	CCI	also	had	an	effect	on	
recovery within 3 months in this age group.

Figure 4 shows comparisons of the effects of each predictor 
on recovery of UC within 12 months between both age groups in 

Figure 1: Change of the proportion of patients aged >70 years over the 
study period among all the patients who underwent radical prostatectomy 
(P < 0.001; linear-by-linear association).

Table 1: Clinicosurgical characteristics of patients aged >70 and <– 70 years according to year of surgery

Variable 2004–2006 P 2007–2009 P 2010–2012 P 2013–2015 P

≤70 years >70 years ≤70 years >70 years ≤70 years >70 years ≤70 years >70 years

Patient, n (%) 245 (82.5) 52 (17.5) 418 (74.8) 141 (25.2) 491 (72.4) 187 (27.6) 537 (70.0) 230 (30.0)

Age (year), mean±s.d. 62.7±6.3 72.8±1.8 <0.001 63.1±5.7 73.4±2.0 <0.001 63.6±5.5 73.3±2.0 <0.001 62.6±5.7 73.4±2.0 <0.001

BMI (kg m−2) 24.6±2.9 23.4±2.4 0.011 24.2±2.5 24.1±2.7 0.699 24.6±2.8 23.7±2.7 <0.001 24.6±2.9 23.8±3.0 0.001

Charlson comorbidity 
index, n (%)

0.916 0.003 0.006 0.010

0 181 (73.9) 37 (71.2) 282 (67.5) 89 (63.1) 376 (76.6) 121 (64.7) 424 (79.0) 158 (68.7)

1 52 (21.2) 12 (23.1) 107 (25.6) 29 (20.6) 93 (18.9) 51 (27.3) 100 (18.6) 63 (27.4)

≥2 12 (4.9) 3 (5.8) 29 (6.9) 23 (16.3) 22 (4.5) 15 (8.0) 13 (2.4) 9 (3.9)

Surgical approach, 
robot-assisteda, n (%)

NA NA NA 252 (60.3) 90 (63.8) 0.455 396 (80.7) 139 (74.3) 0.071 474 (88.3) 184 (80.0) 0.003

PSA (ng ml−1), mean±s.d. 9.6±8.5 13.2±12.9 0.061 11.8±15.4 12.3±14.0 0.745 12.2±13.2 13.5±16.6 0.272 11.7±13.0 14.1±22.9 0.130

Prostate volume (ml), 
mean±s.d.

40.3±16.3 43.4±17.8 0.220 37.5±13.9 41.0±16.9 0.027 35.4±16.4 38.5±16.6 0.028 35.5±14.8 37.3±15.3 0.117

Membranous urethra 
length (mm), mean±s.d.

13.2±2.4 13.0±2.2 0.699 13.0±2.6 12.7±2.6 0.398 11.8±3.1 12.2±2.9 0.116 11.5±3.1 11.4±3.0 0.699

NVB-savingb, n (%) 180 (73.5) 30 (57.7) 0.023 249 (59.6) 42 (29.8) <0.001 362 (73.7) 115 (61.5) 0.002 398 (74.1) 155 (67.4) 0.040

Pathologic stage, n (%) 0.043 0.342 0.016 0.419

≤T2 204 (83.3) 37 (71.2) 285 (68.2) 90 (63.8) 366 (74.5) 122 (65.2) 389 (72.4) 160 (69.6)

≥T3 41 (16.7) 15 (28.8) 133 (31.8) 51 (36.2) 125 (25.5) 65 (34.8) 148 (27.6) 70 (30.4)

Pathologic Gleason score 
sum, n (%)

0.099 0.012 0.297 0.290

≤6 93 (38.0) 13 (25.0) 85 (20.3) 17 (12.1) 34 (6.9) 7 (3.7) 24 (4.5) 9 (3.9)

7 144 (58.8) 35 (67.3) 301 (72.0) 104 (73.8) 402 (81.9) 159 (85.0) 453 (84.4) 186 (80.9)

≥8 8 (3.3) 4 (7.7) 32 (7.7) 20 (14.2) 55 (11.2) 21 (11.2) 60 (11.2) 35 (15.2)
aRobot-assisted RP has been introduced at our institution since late 2007; bNVB-saving is classified into nonsaving and unilateral/bilateral saving. NA: non-applicable; BMI: body mass index; 
PSA: prostate-specific antigen; NVB: neurovascular bundle
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accordance with year of surgery. Robot-assisted RP, NVB-saving, 
lower CCI, and smaller prostate volume had a positive effect on 
recovery during some study periods in the younger age group; however, 
recovery	in	patients	aged	>70	years	was	not	affected	by	these	predictors	
throughout the study period. In the younger age group, robot-assisted 
RP had a positive impact on recovery during the recent period, whereas 
NVB-saving, CCI, and prostate volume did not affect the recovery rate 
during that period. Age at surgery was significantly lower in patients 
who recovered UC within 12 months during the first two quarters 
of the study period in the younger age group and also significantly 
lower in patients who recovered UC during the third quarter of the 
study period in the older age group. MUL was significantly longer in 
patients who recovered UC over the study period, except for the first 
quarter in both age groups.

DISCUSSION
Decision-making about treatment for localized PCa may be complicated, 
especially in older individuals. In the past, many clinicians were hesitant 
about	offering	RP	as	curative	treatment	for	PCa	to	men	aged	>70	years	
because of their relatively short life expectancy, lack of proven benefit 
of curative surgery, and fear of troublesome complications such as UI; 
men in this age group were also reluctant to undergo RP. However, the 
increased life expectancy after age 70 years4,5 and advances in surgical 
techniques and modalities is now challenging previous age limits for RP.

UI remains the most distressing complication after RP, having a critical 
impact on postoperative quality of life, especially in older individuals. 
Although some studies with a reference point of 70 years found that age had 

no significant effect on recovery of UC,14,15,20 most such studies have found 
that older age has a negative influence on recovery of UC.4,6,13 Furthermore, 
with increasing life expectancy, UI following RP may receive more attention 
when deciding on treatment, especially among older patients.

To improve understanding about recovery of UC and facilitate 
counseling of older men scheduled for RP, we focused on the 
predictors	 of	 recovery	 of	UC	 after	 RP	 in	men	 aged	 >70	 years,	
evaluated contemporary trends in RP in this age group, and compared 
associations of each predictor with recovery of UC with those for 
younger patients over time. We found that the proportion of patients 
aged	>70	years	gradually	increased	up	to	30.0%	in	2013–2015	and	that	
the use of robot-assisted RP and NVB-saving increased continuously 
in this age group. Similar to our findings, Kim et al.26 investigated 
SEER data and found that about 40% of 16 348 men treated with RP 
in 2000 to 2007 were older than 70 years. In addition, Adejoro et al.27 
reported an increasing trend toward a minimally invasive approach to 
RP in all patients regardless of age. Therefore, considering these trends 
in patients with RP, urologists are more likely to be confronted with the 
challenge of deciding on the management of PCa with curative surgery 
in older men. In addition, robot-assisted approaches may be used more 
frequently in older patients in future; however, more long-term studies 
on this trend are needed.

Figure 3: Changes in the rates of recovery of urinary continence over the study 
period in both age groups. (a) Within 3 months after RP and (b) within 12 
months after RP. Patients aged >70 years had a significantly lower recovery 
rate than those aged ≤70 years during most of the study period, whereas the 
recovery rate improved in accordance with year of surgery in both age groups 
(both P < 0.001). From the second quarter of the study period, the gap 
between the two age groups in the recovery rate within 12 months narrowed 
significantly, whereas the gap within 3 months remained constant over time. 
*P < 0.05 between patients aged >70 and ≤70 years at the same study period. 
UC: urinary continence; RP: radical prostatectomy.

b

a

Figure 2: Changes in clinicosurgical characteristics over the study 
per iod in  pat ients  aged >70 years .  (a )  Robot -ass is ted RP 
(P < 0.001; linear-by-linear association). (b) Neurovascular bundle-saving 
(P < 0.001; linear-by-linear association). (c) Pathologic Gleason score sum 
(P < 0.001; linear-by-linear association). (d) Prostate volume (P = 0.035; 
one-way analysis of variance). (e) Membranous urethral length (P < 0.001; 
one-way analysis of variance). RP: radical prostatectomy.
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As for the rate of recovery of UC in the present cohort, 60.9% and 
88.6%	of	patients	aged	≤70	years	and	52.6%	and	81.5%	of	those	aged	>70	
years achieved UC within 3 and 12 months after RP, respectively, over 
the whole study period. More specifically, the rates of recovery of UC 

within 3 and 12 months increased significantly from 44.2% to 78.8% in 
2004–2006, to 62.6% and 89.6% in 2013–2015, respectively, in the older 
age group, despite being lower than those in the younger age group 
during most of the study period. In addition, the gap in the recovery rate 

Figure 4: Comparisons of the effects of each predictor on recovery of UC within 12 months between patients aged ≤70 and >70 years in accordance with 
year of surgery. (a) Robot-assisted RP, (b) NVB-saving, (c) CCI, (d) prostate volume, (e) patient age at surgery, and (f) MUL. Robot-assisted RP, NVB-saving, 
lower CCI, and smaller prostate volume had a positive effect on recovery during some study periods in the younger age group; however, recovery in patients 
aged >70 years was not affected by these predictors throughout the study period. Patient age and MUL were significantly related with the recovery during 
some study periods in both age groups. *P < 0.05 according to the presence of the predictor. #P < 0.05 between patients with and without recovery within 12 
months. UC: urinary continence; RP: radical prostatectomy; NVB: neurovascular bundle; CCI: Charlson comorbidity index; MUL: membranous urethral length.

d

cb

f

a

e

Table 2: Associations of clinicosurgical variables with recovery of urinary continence within 3 and 12 months in each age group according to 
multivariable logistic regression analysis

Variable Recovery of continence within 3 months Recovery of continence within 12 months

Odds ratio (95% CI) P Odds ratio (95% CI) P

Patients aged ≤70 years

Age 0.96 (0.94–0.97) <0.001 0.94 (0.90–0.97) <0.001

Charlson comorbidity index (1 vs 0) 0.82 (0.64–1.05) 0.267a 0.70 (0.49–1.01) 0.017a

Charlson comorbidity index (≥2 vs 0) 0.88 (0.54–1.44) 0.47 (0.25–0.86)

Surgical approach (robot-assisted) 1.64 (1.31–2.04) <0.001 1.67 (1.21–2.32) 0.002

Prostate volume 0.99 (0.98–1.00) 0.039 0.99 (0.98–0.99) 0.009

Membranous urethral length 1.08 (1.05–1.12) <0.001 1.08 (1.03–1.14) 0.003

NVB-saving 1.20 (0.95–1.51) 0.123 1.41 (1.01–1.98) 0.044

Patients aged >70 years

Age 0.92 (0.84–0.99) 0.041 0.89 (0.80–0.99) 0.026

Charlson comorbidity index (1 vs 0) 0.64 (0.43–0.94) 0.034a NA NA

Charlson comorbidity index (≥2 vs 0) 0.59 (0.32–1.10) NA NA

Surgical approach (robot-assisted) 0.99 (0.68–1.44) 0.967 1.33 (0.84–2.12) 0.224

Membranous urethral length 1.17 (1.10–1.24) <0.001 1.18 (1.10–1.28) <0.001

NVB-saving 1.10 (0.77–1.56) 0.607 1.27 (0.82–1.98) 0.286
aP compared between Charlson comorbidity index (1 vs 0) and (≥2 vs 0). The significance level of two-tailed P<0.05 in univariate analysis is a reference point for the candidate to enter 
into the multivariable logistic regression. NA: non-applicable; CI: confidence interval; NVB: neurovascular bundle
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within 12 months between the two age groups decreased significantly 
over the study period, whereas the gap within 3 months remained 
constant. Our findings are similar to most of previous studies, which 
have reported rates of recovery of UC at 12 months of 81%–87% and 
lower rates in patients aged ≥70 years.4,12,16,17 However, a few other studies 
have reported insignificant differences in the rates of recovery between 
patients	aged	>70	years	and	≤70	years.14,15,20,28 Mandel et al.4 suggested that 
the small sample size for older men or the use of dichotomous dividing 
of patient age in previous studies may have resulted in advanced age not 
being significantly associated with worse continence rates. Moreover, 
biological age might not be similar to calendar age. Taken together with 
our findings, there is strong evidence that older age is a risk factor for 
UI	after	RP;	however,	net	continence	rates	in	patients	aged	>70	years	are	
within a reasonable range (81%–87%).

The rate of recovery of UC in our cohort showed an increasing 
trend in both age groups and the gap between them in the recovery 
rate within 12 months gradually decreased (Figure 3; from 12.0% in 
2007–2009 to 5.4% in 2013–2015). While continence rate following RP 
may improve with more surgical volume, we cautiously postulate that 
the introduction of robot-assisted RP may have a positive effect on the 
rates of recovery of UC over time. As noted by Tewari et al.,29 robot-
assisted procedures have the advantages of providing more details of 
the pelvic anatomy with magnification, three-dimensional imaging, and 
improved hemostasis. We are unsure why there was a gradual decrease 
in the gap between age groups in the recovery rate within 12 months. 
One possible explanation for this may be that the increasing use of 
robot-assisted RP and NVB-saving over time affected the continence 
rate more in the older age group; however, robot-assisted RP and NVB-
saving were not statistically significant predictors in that group and the 
implementation of these procedures has also increased over time in the 
younger age group. More research is needed to explain this finding.

In the present study, age and MUL were the only predictors of 
recovery	of	UC	within	3	and	12	months	 in	patients	aged	>70	years,	
whereas we could identify other clinicosurgical predictors of UC 
besides age and MUL in the younger age group. Previous studies that 
did not investigate older patients separately have identified patient age, 
body mass index, comorbidity index, lower urinary tract symptoms, 
MUL, and prostate volume as predictors of UC.4,13,19,20,30 However, in 
the present study, we found that predictors of continence after RP may 
differ between younger and older men. We found that CCI, robot-assisted 
RP, prostate volume, and NVB-saving predicted recovery more strongly 
in patients aged ≤70 years. In contrast, age and MUL were identified 
as	predictors	both	 in	patients	aged	>70	years	and	 in	 those	aged	≤70	
years. These findings suggest that, in older men undergoing RP, few 
clinicosurgical factors are associated with recovery of UC and the 
inherent function of the urinary sphincter complex may be the main 
factor. A longer MUL is associated with a greater amount of smooth 
muscle fibers and rhabdosphincter, potentially increasing the length 
of the urethral pressure profile. Pre- and postoperative conditioning 
of the rhabdosphincter may have optimal effects in individuals with a 
greater MUL and therefore, incorporating a greater volume of muscle 
for training further improves postoperative continence outcomes.30 As 
for the surgical approach, we found that robot-assisted RP significantly 
improves the rate of recovery of UC in the younger age group. Therefore, 
younger patients had as good undergo robotic assisted instead of open RP.

The	 rate	 of	 recovery	 of	UC	 in	 patients	 aged	 >70	 years	 has	
significantly increased over time, reaching almost 90% in the last quarter 
of our study period, which may be considered acceptable as the recovery 
rate. Therefore, surgical management of PCa with curative purpose 
should not be rejected purely on the basis of patient age, provided a 

patient	has	a	life	expectancy	of	>10	years	and	tolerable	health	status.	
However,	given	that	the	recovery	rate	in	patients	aged	>70	years	is	still	
lower than that in those aged ≤70 years, during preoperative counseling 
of older patients, we should inform them that they may have a higher 
risk of postoperative UI than younger men. Similarly, other researchers 
recommend that older patients be clearly informed that they are at 
higher risk of UI after RP than younger men; however, it is considered 
that the rate of recovery of UC in older patients is reasonable.6

Our study has several limitations that deserve discussion. First, an 
inevitable selection bias for the older patients may exist because most 
men in the older age group might be different to general older cohort 
with PCa, with regard to general health and willingness to be actively 
treated. In addition, the risk profile of the cohort or surgical experience 
of the surgeons might have been changed over the period studied and 
these might inadvertently affect our results. Second, we categorized 
patient’s continence status based on the number of pads used, not pad 
weight per day. However, measurement of pad weight per day has been 
reported to be the most accurate estimation,31 although the recovery of 
UC is the lack of a universally accepted definition. We applied a method 
for pad weight assessment to some outpatients, but the response rate 
was too low to perform sufficient analysis. Third, we did not include 
relevant questionnaires such as the International Consultation on 
Incontinence Questionnaire-Short Form (ICIQ-SF) into the analyses. 
A couple of questionnaires were used to assess the changes of symptoms 
and bothersomeness after surgery; however, these were not mentioned 
in the results due to the amount of the missing data. Fianlly, we tried 
to identify the predictors for the recovery of UC in older patients aged 
>70	years.	Even	so,	older	age	group	just	had	a	mean	age	of	73.3	years;	
thus, additional studies of the cohort with the more advanced age are 
needed to prove more definite association of age with the recovery of UC 
after RP. Despite these limitations, the present study may add further 
information to our knowledge on the recovery and predictor of UC 
following	RP,	particularly	in	patients	aged	>70	years.

CONCLUSIONS
In our contemporary RP series, the proportion of patients aged 
>70	years	gradually	increased	to	30.0%	over	12	years,	and	robot-assisted	
RP and NVB-saving were increasingly frequently implemented in this 
age group. Although the rate of recovery of UC within 3 and 12 months 
improved	 significantly	 over	 time	 in	 patients	 aged	 >70	 years,	 it	
still remained lower than that in younger patients. While several 
clinicosurgical characteristics, such as NVB-saving and robot-assisted 
RP, were associated with the recovery of UC in younger patients, only 
age and MUL, possibly reflecting the inherent function of the urinary 
sphincter,	were	 significant	predictors	 in	 those	aged	>70	years.	This	
information about contemporary trends in the recovery of UC and its 
predictors in older patients may be helpful in counseling individuals 
of this age group who are considering undergoing RP.
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