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Abstract

Background This retrospective multicenter cohort study investigated the association of hospital volume with perio-
perative and oncological outcomes in patients treated with robot-assisted radical prostatectomy (RARP).

Methods We collected the clinical data of patients who underwent RARP at eight institutions in Japan between Sep-
tember 2012 and August 2021. The patients were divided into two groups based on the treatment site—high- and
non-high-volume hospitals. We defined a high-volume hospital as one where RARP was performed for more than 100
cases per year.

Results After excluding patients who received neoadjuvant therapy, a total of 2753 patients were included in this
study. In the high-volume hospital group, console time and estimated blood loss were significantly (p <0.001) lower
than that of the non-high-volume hospital group. However, the continence rate at 3 months after RARP, positive surgi-
cal margins, and prostate-specific antigen (PSA)-relapse-free survival showed no significant differences between the
two groups. Furthermore, the console time was significantly shorter after 100 cases in the non-high-volume hospital
group but not in the high-volume hospital group.

Conclusions A higher hospital volume was significantly associated with shorter console time and less estimated
blood loss. However, oncological outcomes and early continence recovery appear to be comparable regardless of the
hospital volume in Japan.
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Background

Radical prostatectomy is one of the treatment options for
localized prostate cancer; robot-assisted radical prosta-
tectomy (RARP) has been widely used in Japan because
it is associated with better perioperative outcomes than
laparoscopic radical prostatectomy (LRP) and radical ret-
ropubic prostatectomy (RRP) [1, 2]. In Japan, there are
only a few high-volume centers in which more than 100
cases per year of RARP are performed. Although periop-
erative outcomes of open radical prostatectomy in high-
volume centers and the association between the hospital
volume and outcomes have been reported [3, 4], the rela-
tionships among hospital volume, biochemical recur-
rence, and urinary continence are poorly understood.
In this study, we investigated the association of hospital
volume with perioperative and oncological outcomes in
patients treated with RARP.

Methods

Patients

In this retrospective, multicenter cohort study, patients
with prostate cancer who underwent RARP at eight insti-
tutions in Japan between September 2012 and August
2021 were enrolled. The patients were divided into high-
(>100 RARPs per year) and non-high-volume hospi-
tal groups. Patient-related information was collected
including as age, body mass index (BMI), initial prostate-
specific antigen (PSA) level, clinical T stage, D’Amico
classification risk, console time, blood loss, pathological
stage, Gleason score, nerve-sparing, and pelvic lymph
node dissection (PLND). The presence or absence of
PLND, range of PLND, and nerve-sparing approach were
determined according to the policies of each institution.
Serum PSA levels of > 0.2 ng/mL were defined as the date
of PSA failure; when the PSA levels did not drop below
0.2 ng/mL; the date of RARP was defined as the date
of disease recurrence or PSA persistence. Further, uri-
nary continence was limited to the use of a single safety
pad. We performed perioperative treatment and follow-
up based on a protocol that was standardized across
institutions.

Statistical analysis

The univariate analysis was used to compare the high-
and non-high-volume hospital groups. Unpaired t-tests
and the chi-squared test were used to compare continu-
ous and categorical variables, respectively. Multiple lin-
ear regression analysis was used for the multivariate
analysis to identify factors associated with the periopera-
tive outcomes. Biochemical recurrence-free survival after
RARP was analyzed using the Kaplan—Meier method.
Cox regression analysis was used for the multivariate
analysis to identify factors associated with biochemical
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recurrence. Statistical significance was set at p <0.05. All
the statistical analyses were conducted using SPSS ver-
sion 20.

Results

Patient characteristics

Of the 3195 enrolled patients, those who received neo-
adjuvant therapy were excluded and 2753 patients were
finally included in this study. Table 1 shows the number
of RARPs performed per year at each hospital; among
the total hospitals analyzed, three were classified as high-
volume hospitals. Table 2 shows the patients’ characteris-
tics of both groups. Age, initial PSA level, clinical T stage,
and prostate volume differed significantly between the
two groups.

Surgical outcomes
Table 3 shows the surgical outcomes of both groups. The
console time and estimated blood loss in the patients
of the high-volume hospital group were significantly
less than that of the patients in the non-high-volume
hospital group (p<0.001). Patients in the high-volume
hospital group underwent less expanded lymph node
dissection (with a smaller number of lymph nodes) rela-
tive to those in the non-high-volume hospital group.
PSA persistence rate in the high-volume hospital group
was lower than that in the non-high-volume hospital
group. However, no significant differences in biochemi-
cal recurrence-free survival were found (Fig. 1). No sig-
nificant difference was noticed between the two groups
in terms of the continence rate at 3 months after RARP,
complication rates, and rate of positive surgical margins
(Table 3). More details on these complications are shown
in the Additional file 1: Table S1. On multivariable analy-
sis, preoperative PSA values, pathological Gleason score,
pathological T stage, pathological lymph nodal status,
and surgical margin status were independently associated
with biochemical recurrence (Table 4). However, the hos-
pital volume did not show a prognostic significance.
Multivariate analysis showed that the hospital volume,
BMI, and prostate volume were independent signifi-
cant (p<0.001) factors associated with both the console
time and estimated blood loss (Table 5). Further, in the
high-volume hospital group, no significant difference
in console time was noticed before and after 100 cases.
However, the console time was significantly shorter after
100 cases in the non-high-volume hospital group com-
pared to the first 100 cases (Table 6).

Discussion

In this study, through the analysis of long-term data
including the biochemical recurrence failure in patients
who underwent RARP, we analyzed the clinical outcomes
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Table 1 The proportion of robot-assisted radical prostatectomies (RARPs) performed per year at each hospital (A) and the surgeon’s

experience of RARP in each group (B)

Cases/year Number of surgeons

(A)
High-volume hospitals

Hospital A 102.2 10

Hospital B 110.0 8

Hospital C 1170 13
Non-high-volume hospitals

Hospital D 409 4

Hospital E 458 4

Hospital F 61.5 6

Hospital G 66.1 10

Hospital H 69.0 3

High-volume hospitals Non-high-volume hospitals P value
(B)
<40 cases 16 (51.6%) 11 (42.3%) 0.59
40-99 8 (25.8%) 10 (38.5%)
>100 7 (22.6%) 5(19.2%)
Table 2 Patients'characteristics
High-volume hospital (n=1842) Non-high-volume hospital P value
(n=911)

Age, years (median £ SD) 69+6.0 68+6.1 0.001
BMI (median &= SD) 236429 236430 0.68
Initial PSA ng/mL (median 4= SD) 79+78 70+6.0 <0.001
Clinical T stage (number, %)

T1 406 (22.0%) 137 (15.0%) <0.001

T2 1303 (70.7%) 696 (76.4%)

T3 131 (7.1%) 78 (8.6%)
Biopsy Gleason score (number, %)

6 403 (21.9%) 188 (20.6%) 0.80

7 958 (52.0%) 481 (52.8%)

8-10 480 (26.1%) 242 (26.6%)
D’Amico risk classification (number, %)

Low 249 (13.5%) 101 (11.1%) 0.054

Intermediate 824 (44.7%) 391 (42.9%)

High 769 (41.7%) 419 (46.0%)
Prostate volume, mL (median =4 SD) 3024157 2804172 0.02
Observation period, months (median 4= SD) 304+£26.7 176£16.5 <0.001

of patients treated at high- and non-high-volume hospi-
tals. Although the non-high-volume hospitals showed a
longer console time and more blood loss, the oncological
and short-term incontinence outcomes were comparable
to that of the high-volume hospitals.

PSA persistence rate in high-volume hospitals was
lower than that in non-high-volume hospitals. Bianchi

et al. [5] showed that PSA persistence (PSA>0.1 ng/
ml) 6 weeks after radical prostatectomy and PLND were
independent predictors of both clinical recurrence and
cancer-specific mortality in patients with lymph node
invasion. Although we did not find a correlation between
PSA persistence and long-term prognosis, PSA persis-
tence may be related to surgical quality.
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Table 3 Surgical and pathological outcomes
High volume hospital (n =1842) Non-high-volume hospital P value
(n=911)
Console time, min (median &£ SD) 14657 203474 <0.001
Estimated blood loss, mL (median £ SD) 30£182 1694271 <0.001
Nerve spare (number, %) <0.001
Unilateral 396 (21.5%) 240 (26.3%)
Bilateral 53 (2.9%) 138 (15.1%)
Not performed 1391 (75.5%) 533 (58.5%)
Lymph node dissection <0.001
Limited dissection 1085 (58.9%) 464 (50.9%)
Extended dissection 169 (9.2%) 153 (16.8%)
Not performed 584 (31.7%) 288 (31.6%)
Number of lymph nodes (extended dissection) 14+£78 18482 <0.001
Pathological T stage (number, %) 0.11
T2 1273 (69.1%) 656 (72.0%)
T3 or more 566 (30.7%) 253 (27.8%)
Pathological nodal status (number, %) 0.28
NO 1187 (94.6%) 591 (95.6%)
N1 67 (5.3%) 26 (4.2%)
Surgical margins status (number, %) 0.29
Negative 1259 (68.3%) 615 (67.5%)
Positive 560 (30.4%) 249 (27.3%)
Surgical Gleason score (number, %) 0.16
6 131 (7.1%) 74 (8.1%)
7 1339 (72.7%) 627 (68.8%)
8-10 368 (20.0%) 203 (22.3%)
Complication (number, %) 0.9
Grade 3 46 (2.5%) 21 (2.3%)
Grade 4 3(0.2%) 2(0.2%)
PSA persistence 77 (4.2%) 59 (6.5%) 0.003
Continence rate at 3 months after RARP 686 (37.4%) 189 (37.0%) 093

Previously, only a few studies have analyzed the rela-
tionship between hospital volume and RARP outcomes.
Budaus et al. [6] reported the relationship between sur-
geon volume and minimally invasive surgery, including
RARP, for the first time. Hirasawa et al. [7] showed that
hospital volume is a significant risk factor for periopera-
tive complications. Further, in a study by Xia et al. [8] a
higher hospital volume was associated with lower odds
of conversion to open surgery, prolonged length of stay,
30-day readmission, and positive surgical margins. All
reports suggest that high-volume hospitals have better
perioperative outcomes relative to low-volume hospitals.
However, these reports have often been analyzed using
a national database. Therefore, the observation period
was relatively short, and there was little information
about recurrence and postoperative complications, such
as urinary incontinence. There were some reports about
the relationships between hospital volume, oncological

outcomes, and urinary complications for open radical
prostatectomy. Ellison et al. [9] reported an increased
risk of adjuvant therapy with medium- and low- versus
high-volume hospitals about RRP. Furthermore, Begg
et al. [10] reported that an increased hospital volume
was related to reduced rates of postoperative and late
urinary complications but not to reduced rates of long-
term incontinence about RRP. However, the relationships
among hospital volume, biochemical recurrence, and uri-
nary continence of RARP are poorly understood. There-
fore, the current study is a valuable report showing these
outcomes.

Conventionally, RARP is considered to have a short
learning curve. Patel et al. [11] reported a learning
curve of approximately 20-25 cases. However, we found
that the learning curve is individual-dependent, and
the RARP requires more experience to achieve desir-
able results in practice. Slusarenco et al. [12] reported
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Fig. 1 Kaplan—-Meier curve for estimated biochemical recurrence-free
survival according to hospital volume. No significant differences
between high- and non-high-volume hospitals were found

Table 4 Multivariate regression analysis associated — with
biochemical recurrence

Hazard ratio (95% ClI) P value
Preoperative PSA (> 7.4 ng/ml) 5(1.22-1.98) <0.001
Nerve sparing (performed) 0.81(0.62-1.05) 0.1
Lymph node dissection (performed) 22 (0.45-3. 31) 0.68
Pathological Gleason score (8-10) 2.55(2.02-3.21) <0.001
Pathological T stage (pT3 or T4) 92 (1.48-2 48) <0.001
Pathological lymph nodal status 381 (2.8 16) <0.001
(positive)
Surgical margin status (positive) 1.93 (1.52-2.46) <0.001
Hospital volume (high-volume) 1.00 (0.77-1.31) 0.95

that the median operative time decreased after the 88th
case. Similarly, Doumerc et al. [13] reported that 110
cases would be required to achieve an operative time
of 180 min. We investigated the console time in the
first 100 and after 100 cases in both the study groups,
and found no significant difference in the high-volume
hospitals. Hence, the console time in high-volume hos-
pitals is stable from the early stages of introduction,
suggesting that the learning curve of high-volume hos-
pitals may be shorter than that of non-high-volume
hospitals. Wang et al. [14] reported that the periopera-
tive outcomes, after adding a newly trained surgeon to
a high-volume hospital, were not compromised by the
learning curve. We investigated the number of sur-
geons per hospital and the surgeon’s experience with
RARP as shown in Table 1. This analysis suggested that
non-high-volume hospitals also had experienced sur-
geons, comparable to those in high-volume hospitals.
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Table 5 Multiple linear regression analysis examining the
console time (A) and the estimated blood loss (B)

Beta (95% CI) P value
(A
Age —0.70 (= 1.09 to —0.31) <0.001
BMI 2.28(1.48-3.09) <0.001
Risk classification 11.3(7.71-15.0) <0.001
Nerve spare 3.27 (—=0.82t07.39) 0.11
Prostate volume 0.65 (0.50-0.80) <0.001
Lymph node dissection 454 (—0.921t010.02) 0.10
Hospital volume 61.4 (56.2-66.6) <0.001
(B)
Age —165( 299‘[0—031) 0.015
BMI 911 <0.001
Risk classification 509 (—7471t0176) 042
Nerve spare 39.6 (25.5-53.6) <0.001
Prostate volume 2.28(1.78-2.78) <0.001
Lymph node dissection 2 (—6421030.9) 0.19
Hospital volume 167 (149-185) <0.001

However, the number of cases that each surgeon per-
formed and experienced with LRP was not included in
this study. We must consider the presence of an expert
in a high-volume hospital. For surgeons trained in 200—
300 LRP procedures, the median operative time for
RARP rapidly reduced, and the learning curve was 20
cases [15]. Therefore, further studies are required with
consideration of the surgeon’s volume and experience
in such analysis.

This study had some limitations. First, the data
were collected from only eight institutions and may
have caused a selection bias. Therefore, further stud-
ies with data from a large number of institutions need
to be conducted. Second, this study alone could not
determine whether the RARP should be centralized.
For example, the initiation of a quality assurance pro-
gram in London could improve urinary continence
3 months post-surgery [16]. In Japan, Hirasawa et al. [7]
reported that surgeon volume was a significant risk fac-
tor for perioperative complications. Here, the authors
conducted the study using data of RARP performed
between 2012 and 2013. Subsequently, the RARP has
been frequently implemented in Japan. Additionally,
according to the guidelines to start RARP in Japan, the
first few operations at each hospital must be proctored
by certified experienced surgeons. The proctoring sys-
tem in Japan may be attributed, in part, to comparable
outcomes relevant to the quality measurement of RARP
(e.g., oncological outcomes, early continence recovery,
and complication rates) between high-volume and non-
high-volume hospitals in our study.
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Table 6 Comparison of console time and estimated blood loss in the first 100 cases and beyond the first100 cases
First 100 cases After 100 cases P value

High-volume hospitals

Console time, min (median 4= SD) 142472 146 4+ 54 0.10

Estimated blood loss, mL (median £ SD) 30+ 165 30£185 0.86
Non-high-volume hospitals

Console time, min (median 4= SD) 225482 192 +64 <0.001

Estimated blood loss, mL (median 4=SD) 1504272 2004269 0.23

Conclusions

The present study demonstrated that a higher hospital
volume was significantly associated with shorter con-
sole time and less estimated blood loss, suggesting an
association between the hospital volume and learning
curves. However, surgical quality appears to be compa-
rable between the high- and non-high-volume hospitals
in terms of surgical complications, oncological out-
comes, and early continence recovery.
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