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Abstract

Objectives To compare oncological outcomes of a con-
secutive retropubic radical prostatectomy (RRP) and robot-
assisted radical prostatectomy (RARP) series performed by
a single surgeon who had performed >750 prior RRPs and
was starting to perform RARPs.

Materials and methods Prospectively collected longitu-
dinal data of 277 RRP and 730 RARP cases over a 5-year
period were retrospectively analyzed. The RARP series
were divided into 3 subgroups (Ist, <250 cases; 2nd,
250-500; and 3rd, >500) according to the surgical period.
The positive surgical margin (PSM) and biochemical
recurrence-free survival (BCRFS) rates were compared at
each pathological stage.
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Results The pT2 PSM rates showed no significant dif-
ference between the RRP (7.8 %) and RARP series (1st,
9.5 %; 2nd, 14.1 %; and 3rd, 9.8 %) throughout the study
period (P = 0.689, 0.079, and 0.688, respectively).
Although the pT3 PSM rates of the 1st (50.6 %) and 2nd
RARP series (50.0 %) were higher than that of the RRP
series (36.0 %; P = 0.044 and P = 0.069, respectively),
the 3rd RARP series had a comparable pT3 PSM rate
(32.4 %, P = 0.641). The 3-year BCRFS rates of the RRP
and RARP series were similar at each pathological stage
(pT2, 92.1 vs. 96.8 %, P = 0.517; pT3, 60.0 vs. 67.3 %,
P = 0.265, respectively).

Conclusions The pT2 PSM and short-term BCRFS rates
were similar between RRP and RARP, and RARP showed
comparable pT3 PSM rate with RRP after >500 cases of
surgical experience. Our data suggest that an experienced
robotic surgeon at a high-volume center may achieve
comparable oncological outcomes with open prostatectomy
even in locally advanced disease.

Keywords Prostate cancer - Prostatectomy -
Retropubic prostatectomy - Robotics

Introduction

Retropubic radical prostatectomy (RRP), which is the most
common treatment option for clinically localized prostate
cancer, provides excellent long-term cancer control [1].
Regarding functional outcomes, such as continence and
potency recovery, robot-assisted radical prostatectomy
(RARP) is reported to be generally superior to RRP in
several studies including our previous report [2, 3],
although conflicting results have been reported [4]. The
main goal of RARP remains cancer control, though
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Table 1 Patient characteristics and pathological outcomes

RRP RARP P value
(n = 277) (n = 730)

Age (year)* 66.8 £ 5.7 642 + 74 <0.001

Body mass index* 25.1 +34 24.6 £ 2.7 0.017

Prostate size (cc)* 354+ 162 3454152 0.405

PSA (ng/dL)* 103 £11.0 92497 0.104

Clinical T stage % (n) 0.011
cTl 61.4 (170) 60.0 (438)
cT2 27.1 (75) 33.4 (244)
cT3 11.5 (32) 6.6 (48)

Biopsy Gleason score % (n) 0.054
<6 37.2 (103) 45.2 (330)

7 37.5 (104) 34.5 (252)
8-10 25.3 (70) 20.3 (148)

D’ Amico risk % (n) 0.060
Low 29.6 (82) 36.4 (266)
Intermediate 34.7 (96) 34.5 (252)

High 35.7 (99) 29.1 (212)

Nerve-sparing surgery, % (n) <0.001
None 47.3 (131) 23.9 (174)

Unilateral 16.2 (45) 21.2 (155)
Bilateral 36.5 (101) 54.9 (401)

Pathologic stage % (n) 0.002
pT2 55.2 (153) 65.9 (481)
pT3a 27.8 (77) 24.8 (181)
pT3b 13.4 (37) 7.4 (54)

Nodal metastasis 3.6 (10) 1.9 (14)

Pathologic Gleason score % 0.004
(n)
<6 19.5 (54) 22.9 (167)

7 57.4 (159) 62.7 (458)
8-10 23.1 (64) 14.4 (105)

PSM rate % (n)

Overall 20.9 (58/ 23.3 (170/ 0.426
277) 730)

pT2 7.8 (12/153) 11.2 (54/481) 0.233

pT3 36.5 41/ 44.7 (105/ 0.122
114) 235)

pT3a 28.6 (22/77) 38.1 (69/181) 0.142

pT3b 51.4 (19/37)  66.7 (36/54) 0.142

Nodal metastasis 50.0 (5/10) 78.6 (11/14) 0.204

Multiple PSMs % (n) 37.9 (22/58)  37.1 (63/170) 0.875

* Data were expressed as mean = SD

RRP retropubic radical prostatectomy, RARP robot-assisted radical pro-
statectomy, PSM positive surgical margin

excellent functional outcomes are also of key importance.
Several single-arm RARP studies [5, 6] and comparative
studies between RRP and RARP reported that the short-
term oncological outcomes are similar between the two
techniques [3, 7]. However, well-controlled prospective
studies comparing the outcomes based on concurrent RRP
and RARP series performed by a single surgeon are rare.

@ Springer

In our present study, we compared oncological outcomes
between the two operative methods and sought to identify a
learning curve of RARP that is comparable to RRP in terms
of the positive surgical margin (PSM) and short-term bio-
chemical recurrence-free survival (BCRFS) rates.

Materials and methods
Study population

After institutional review board approval, prospectively
collected longitudinal data of 1,128 concurrent RRP and
RARP series at a tertiary referral center between July 2007
and June 2012 were retrospectively analyzed. A total of
121 patients who received neoadjuvant therapy (n = 89),
adjuvant therapy (n = 12), or both (n = 20) were exclu-
ded, leaving 1,007 patients (277 RRP and 730 RARP) who
formed the cohort for the current study. The first few
RARP cases were included in the analysis.

All surgeries were performed by a single senior surgeon
(H.A.) who had performed >750 prior RRPs and was
starting to perform RARP. The choice of surgical method
was determined on a joint decision between the patient and
the surgeon. Key surgical procedures at prostatectomy
were performed in the same way except for the transperi-
toneal antegrade approach for RARP and extraperitoneal
retrograde approach for RRP. As described in our previous
study [2], nerve-sparing procedures were performed for all
preoperatively potent patients on sides where cancer
extension was not expected, and no electrocautery was
used. Pelvic lymph node dissection was performed in
intermediate and high-risk patients according to D’Ami-
co’s criteria [8], and involved 77.6 % (215/277) of RRP
patients and 59.9 % (437/730) of RARP patients.

Supersensitive prostate-specific antigen (PSA) levels
were measured at 3, 6, and 12 months after surgery, then
every 6 months up to 3 years, and then annually thereafter.
The median follow-up was 32.0 months (interquartile
range 15.6-45.9). Biochemical recurrence (BCR) follow-
ing prostatectomies was defined as a serum PSA level of
0.2 ng/mL or greater, with a second confirmatory level of
PSA of 0.2 ng/mL.

Pathological analysis

Both the prostate apex and base were examined by the cone
method. All pathology slides were reviewed by a single
uropathologist (Y.C.), and the PSM was defined as the
tumor extending to the inked surface of the specimen [9].
PSM was stratified into four groups by tumor location:
apex, posterolateral, base, and multifocal [10]. Pathological
staging was performed with the 2002 TNM classification.
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Table 2 Comparison of positive surgical margin (PSM) rates (A) and PSM location (B) between retropubic radical prostatectomy (RRP) and
robot-assisted radical prostatectomy (RARP)

Pathologic PSM rate % (n) P value
t.
stage RRP 1st RARP 2nd RARP 3rd RARP RRP versus RARP
(n = 277) (n = 250) (n = 250) (n = 230) Ist 2nd 3rd
A
Overall 20.9 (58/277) 25.6 (64/250) 26.4 (66/250) 17.4 (40/230) 0.216 0.151 0.366
pT2 7.8 (12/153) 9.5 (15/158) 14.1 (24/170) 9.8 (15/153) 0.689 0.079 0.688
pT3 36.0 (41/114) 50.6 (44/87) 50.0 (37/74) 32.4 (24/74) 0.044 0.069 0.641
pT3a 28.6 (22/77) 44.1 (30/68) 43.6 (24/55) 25.9 (15/58) 0.058 0.096 0.846
pT3b 51.4 (19/37) 73.7 (14/19) 68.4 (13/19) 56.3 (9/16) 0.153 0.264 0.774
NI 50.0 (5/10) 100.0 (5/5) 83.3 (5/6) 33.3 (1/3) 0.101 0.307 1.000
pT stage Surgical methods (1) PSM rate Local distribution of PSM % (n)
% (n
o m Apex Posterolateral Base Multiple
B
Overall RRP (277) 20.9 (58) 37.9 (22) 27.6 (16) 34 (2) 31.0 (18)
RARP (730) 23.3 (170) 34.1 (58) 28.2 (48) 7.1 (12) 30.6 (52)
P value 0.426 0.468
pT2 RRP (153) 7.8 (12) 75.0 (9) 16.7 (2) 0.0 (0) 8.3 (1)
RARP (481) 11.2 (54) 50.0 (27) 31.5 (17) 74 4) 11.1 (6)
P value 0.233 0.904
pT3 RRP (114) 36.0 (41) 19.5 (8) 4.9 (2) 34.1 (14) 41.5 (17)
RARP (235) 44.7 (105) 21.9 (23) 9.5 (10) 27.6 (29) 41.0 (43)
P value 0.122 0.472

Statistical analysis

To evaluate the learning curve of RARP, consecutive
RARP series were divided into 3 subgroups (Ist, <250
cases; 2nd, 250-500 cases; and 3rd, >500 cases) according
to surgical period. Overall and stage-specific PSM and
3-year BCRFS rates were compared between the RRP and
RARP series. In addition, a cumulative summation graph
of the PSM for the RRP and RARP subgroups was drawn
to visualize the learning curve of RARP [11].

BCFRS was analyzed with the Kaplan—-Meier method
with a log-rank test. Predictive factors for PSM and BCRFS
were identified by multivariate logistic regression analysis
and a Cox proportional hazards regression model, respec-
tively. All tests were two sided, with P < 0.05 considered
significant. All statistical analyses were performed with
SAS software, version 9.2 (SAS institute, Cary, NC).

Results

Patient characteristics and pathological outcomes are sum-
marized in Table 1. The RARP group was significantly
associated with a younger age, lower body mass index, and

lower clinical stage than the RRP group. Similarly, the RARP
group was associated with a lower pathological stage and
pathological Gleason score than the RRP group. Nerve-spar-
ing surgeries were more frequently performed in the RARP
group than the RRP group (76.1 vs. 52.7 %, P < 0.001).
The overall, pT2, and pT3 PSM rates of RRP and RARP
were 20.9 and 23.3 %, 7.8 and 11.2 %, and 36.0 and
44.7 %, respectively (P = 0.426, 0.233, and 0.122,
respectively). Table 2A shows the PSM rates stratified by
RARP surgical period. The pT2 PSM rates showed no
significant difference between the RRP (7.8 %) and RARP
series (1st, 9.5 %; 2nd, 14.1 %; and 3rd, 9.8 %) throughout
the study period (P = 0.689, 0.079, and 0.688, respec-
tively). While the pT3 PSM rates of the 1st (50.6 %) and
2nd RARP series (50.0 %) were higher than that of the
RRP series (36.0 %; P = 0.044 and P = 0.069, respec-
tively), the 3rd RARP series had comparable pT3 PSM
rates (32.4 %, P = 0.641). Figure 1 shows the variation in
the PSM rates for the consecutive surgical series (Fig. 1a)
and the pT3 tumors (Fig. 1b) of each procedure. Overall,
PSM rates after 500 RARP cases significantly decreased
compared to those of less than 500 cases (17.4 vs. 26.0 %,
P = 0.011). Similarly, pT3 PSM rates also significantly
decreased after 500 cases RARP (50.3 vs. 324 %,
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Fig. 1 Cumulative summation graphs of PSMs for the consecutive
surgical series (a) and pT3 tumors (b) examined in this study. RRP*
retropubic radical prostatectomy, RARP robot-assisted radical prosta-
tectomy. *The surgeon had experience with over 750 RRPs at
baseline

P = 0.010). The PSM locations are summarized in
Table 2B. The most common site of PSM in the RRP group
was the apex (37.9 %) and followed by the posterolateral
side (27.6 %) and the base (3.4 %), and the apex was also
the most common site of PSM in the RARP group (34.1 %)
and followed by the posterolateral side (28.2 %) and the
base (7.1 %).

Three-year BCRFSs of the RRP and RARP were similar
in each pathological stage (pT2 92.1 vs. 96.8 %,
P = 0.517; pT3 60.0 vs. 67.3 %, P = 0.265, respectively).
In the multivariate analysis including various parameters,
PSA, pathologic stage, pathologic Gleason score, and
operative period of RARP were significant predictors for
PSM, while pathologic stage, pathologic Gleason score,
and PSM were significant predictors for BCRFS

@ Springer

(Table 3A). In pT3 tumors, operative period of RARP was
also significant predictors for PSM (Table 3B).

Discussion

In the present study, we assessed PSM and short-term
BCREFS of consecutive RARP series performed by a single
surgeon who was an expert of RRP and started to perform
RARPs. Stage-specific analysis showed comparable pT2
PSM and 3-year BCRFS rates between the two operative
methods. However, pT3 PSM rate on early phase of the
learning curve of the RARP series was significantly higher
than that of the RRP series, and with the accumulation of
RARP cases, the operative methods had little impact on the
pT3 PSM rates.

The PSM rates of RRP and RARP comparative studies
are well summarized in the study of Tewari et al. [12]. In
their meta-analysis, the weighted means of the overall PSM
rates were 24.2 % for RRP and 16.2 % for RARP; the pT2
rates were 16.6 % for RRP and 10.7 % for RARP; and the
pT3 rates were 42.6 % for RRP and 37.2 % for RARP. The
overall PSM rate of our RARP series (23.3 %) was slightly
higher than that of the meta-analysis (16.2 %). This finding
may be due to differences in the study population, i.e., our
study population included more high-risk patients.

When stratified by pathological stage, our pT2 PSM rate
for RARP was comparable to that of the meta-analysis
(11.2 vs. 10.7 %, respectively) and was even similar in our
initial 250 RARP series (9.5 vs. 10.7 % for the meta-ana-
lysis). These results indicate that the learning curve to
achieve a comparable pT2 PSM rate is not too steep for an
experienced, high-volume open surgeon. In another study
by Doumerc et al. [13], the learning curve started to plateau
for the overall PSM rate after 150 cases, and for the pT2
PSM rate, it started to flatten after 140 cases.

In current study, the pT3 PSM rate of RARP was
44.7 %, which was higher than the RRP rate of 36.0 %. In
other studies, pT3 PSM rates of RARP have been reported
as ranging from 37 to 57 % [2, 10, 14, 15]. For example,
Zorn et al. [14] reported that the PSM rate in pT3 disease
was 50 %, even after 200 RARP surgeries. The higher
PSM rate in the RARP group compared to RRP in our
series may be attributable to several factors. The learning
curve of RARP could be one cause. As shown in the
cumulative summation graph of PSM (Fig. 1), the PSM
rate for RRP was consistent during the entire study period,
whereas the overall PSM rate for RARP improved after
approximately 500 cases (17.4 vs. 26.0 % for the initial
500 cases, P = 0.011). In addition, our multivariate ana-
lysis for predictive factors of PSM also indicated that >500
cases of RARP were needed to achieve a comparable PSM
rate to RRP (OR = 1.155, P = 0.579). This finding
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Table 3 Predictive factors for positive surgical margin (PSM) and biochemical recurrence-free survival (BCRFS) by multivariate analysis:
(A) entire patients, (B) patients with pT3 tumor

Variables PSM BCREFS
OR (95 % CI) P value HR (95 % CI) P value
A
Age 1.002 (0.977-1.028) 0.872 0.987 (0.958-1.017) 0.393
Body mass index 1.032 (0.975-1.091) 0.280 0.966 (0.905-1.031) 0.397
Prostate size 0.993 (0.981-1.006) 0.285 1.011 (0.997-1.024) 0.124
PSA 1.031 (1.014-1.049) <0.001 0.999 (0.990-1.008) 0.819
Pathologic stage
pT2 Reference Reference
pT3a 3.687 (2.486-5.467) <0.001 3.820 (2.226-6.556) <0.001
pT3b 8.944 (5.163-15.492) <0.001 8.832 (4.814-16.206) <0.001
Nodal metastasis 9.754 (3.734-25.478) <0.001 16.961 (8.238-34.920) <0.001
Pathologic Gleason score
<6 Reference Reference
7 1.361 (0.793-2.335) 0.264 1.606 (0.708-3.643) 0.257
8-10 2.295 (1.216-4.331) 0.010 5.259 (2.271-12.178) <0.001
RRP versus RARP
RRP Reference Reference
RARP 1-250 1.976 (1.231-3.172) 0.005 0.878 (0.576-1.339) 0.546
RARP 251-500 2.284 (1.418-3.677) 0.001 0.978 (0.600-1.580) 0.913
RARP 501-730 1.155 (0.695-1.919) 0.579 0.354 (0.126-0.998) 0.050
PSM (vs. negative) - - 1.786 (1.191-2.677) 0.005
B
Age 0.983 (0.950-1.017) 0.324 0.986 (0.953-1.020) 0.414
Body mass index 1.057 (0.981-1.138) 0.148 0.964 (0.901-1.033) 0.298
Prostate size 1.006 (0.989-1.023) 0.500 1.012 (0.997-1.028) 0.113
PSA 1.032 (1.012-1.052) 0.002 1.008 (0.999-1.018) 0.077
Pathologic Gleason score
<6 Reference Reference
7 1.078 (0.377-3.080) 0.888 4.635 (0.637-33.725) 0.130
8-10 2.273 (0.764-6.763) 0.140 14.555 (2.000-105.93) 0.008
RRP versus RARP
RRP Reference Reference
RARP 1-250 2.251 (1.255-4.038) 0.007 0.752 (0.469-1.206) 0.237
RARP 251-500 2.112 (1.152-3.872) 0.016 1.130 (0.686—1.860) 0.632
RARP 501-730 0.940 (0.500-1.769) 0.848 0.398 (0.140-1.127) 0.083
PSM (vs. negative) - - 1.708 (1.125-2.593) 0.012

RRP retropubic radical prostatectomy, RARP robot-assisted radical prostatectomy

indicates that differences in pT3 PSM rates between RRP
and RARP decrease with accumulating experience with
RARP.

It is not clear how many cases are needed to overcome
the learning curve of RARP, specifically in locally
advanced tumors. Our results suggest that more than 500
cases are required to achieve comparable pT3 PSM rates
between RARP and RRP. In one study published by the
Vanderbilt University group [16], it was reported that even

for an experienced open surgeon, a minimum of 150 RARP
cases was needed to achieve comparable outcomes to RRP,
although it was not specific for pT3 tumors. However,
some other studies have reported that much more cases are
needed to overcome the learning curve [17-19]. For
example, in a multi-institutes’ study from 3 high-volume
centers (UPenn, Karolinska, Cornell) specifically focusing
on pT3 tumors [19], the learning curve of pT3 tumors
started to plateau after 1,000-1,500 cases. From our results
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and prior studies, we believe that the learning curve for
RALP, specifically in pT3 tumors, is not as short as that
reported previously [20, 21], even for an experienced open
surgeon.

With regards to BCR, our present stage-specific ana-
lysis showed similar 3-year BCRFS rates between RRP
and RARP. In the multivariate analysis for BCRFS, the
surgical experience with RARP was not significant,
which was similar to finding in other studies [7, 22, 23].
However, given that the PSM was a significant predictor
for BCR in our multivariate analysis (HR = 1.786,
P = 0.005) and that our BCRFS results were based on a
short follow-up period, a further long-term follow-up is
needed to confirm whether PSM following RARP trans-
lates into BCR, specifically in pT3 tumors of the early
RARP series.

The treatment of high-risk prostate cancer is still chal-
lenging, but good long-term cancer-specific survival data
have been reported after radical surgery for these patients
[24-27]. In addition, there are growing evidences that
RARP is a feasible option for men with high-risk prostate
cancer, as reported by several studies demonstrating
equivalent oncological outcomes of RARP and RRP [28,
29]. Our present finding that an experienced robotic sur-
geon could achieve PSM and short-term BCRFS rates
comparable with those of RRP, even in pT3 tumors, may
be a additional evidence that supports a role for RARP as
one of the treatment options for high-risk prostate cancer.

We acknowledge that our results are non-equal group
comparison due to lack of randomization, and further,
long-term follow-up is needed to confirm comparable
BCREFS between groups. In addition, given that lower rate
of nerve sparing in the RRP group may predispose that
group to having a lower PSM rate, this bias should be
considered. Despite possible limitations, our results were
based on a single surgeon’s concurrent RRP and RARP
series and a pathological review under the same protocol
by a single uropathologist.

Conclusion

In our stage-specific analysis, the pT2 PSM and short-term
BCRES rates of RARP were similar between RRP and
RARP, whereas RARPs were associated with higher pT3
PSM rate than RRP. Meanwhile, pT3 PSM rate of RARP
showed a trend for similar outcomes to that of RRP after
>500 cases of RARP surgical experience. Although RRP
is still gold standard for locally advanced prostatic cancer,
our data suggest that an experienced robotic surgeon of a
high-volume center may achieve comparable oncological
outcomes with open prostatectomy, even in locally
advanced disease.
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