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ABSTRACT

Objective: To compare surgical complications, biochemical failure, and mortality rates between open
radical prostatectomy (ORP) and robot-assisted radical prostatectomy (RARP).

Material and methods: All men undergoing radical prostatectomy (1995-2023) at a single academic
hospital were included, and preoperative factors, surgical parameters, complications, biochemical failures,
and mortality were collected. Generalized linear models and cause-specific Cox regressions stratified by
surgical procedure were used. Cumulative incidences of biochemical failure were estimated with the Aalen-
Johansen estimator, accounting for death as a competing risk. Analyses of surgical complications were
adjusted for age and lymphadenectomy, while positive surgical margins, biochemical failure, and mortality
were adjusted for preoperative PSA, pathological lymph node stage, pT category, tumor percentage, ISUP
score, age, and year of surgery.

Results: A total of 3,477 men were included (ORP: 1,759; RARP: 1,718). RARP was associated with reduced
odds of in-hospital complications (adjusted odds ratio [aOR]: 0.28, 95% confidence interval [CI]: 0.11-0.74).
RARP was associated with a reduced risk of biochemical failure compared to ORP (unadjusted hazard ratio
[HR]: 0.52, 95% Cl: 0.29-0.93). No other outcomes or mortality rates differed significantly.

Conclusion: RARP was superior in terms of complications and non-inferior for oncological outcomes
compared to ORP at our center. Although the only randomized trial yet, has not proven any significant
improvement in long-term cancer control comparing the open versus robotic approach, RARP seems to
have replaced ORP as the gold standard for surgical treatment of localized prostate cancer. However, the
overall benefit of RARP in the surgical evolution remains elusive.
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within 90 days, biochemical failure, and mortality rates after ORP
compared to RARP at our institution. In addition, we analyze the
surgeon’s impact on surgical complications and biochemical
failure for the different techniques.

Introduction

Robot-assisted radical prostatectomy (RARP) was implemented
atthe beginning of the 215t century without evidence supporting
its superiority to open surgery for complications or cancer

outcomes [1-3]. Some observational and retrospective studies
have compared oncological outcomes and mortality rates of
open radical prostatectomy (ORP) to RARP, slightly favoring
RARP [2-10]. However, many of these studies are limited by
factors such as short follow-up, inclusion of cases only from
highly experienced surgeons, or exclusion of patient groups.
Robot-assisted surgery has appealing advantages such as 3D
visualization, improved field of view, and higher dexterity while
using a minimally invasive approach. Still, it comes with the
price of prolonged surgical times, and the expensive equipment
has raised concerns about its cost-effectiveness. We aimed to
describe postoperative surgical complications, readmissions

Materials and methods

We collected data on preoperative factors, surgical parame-
ters, pathological reports, length of hospital stay, in-hospital
complications, 90 days alive and out-of-hospital (90DAOH),
oncological outcomes, and mortality from all men who had a
prostatectomy performed between 1995 and 2023 at our
institution. Preoperative factors included age at surgery, clin-
ical tumor stage, prostate volume, prostate-specific antigen
(PSA), non-uniform biopsy grade group (International Society
of Urological Pathology [ISUP] category), and the D’Amico
Risk groups [11, 12]. The ISUP category was evaluated

CONTACT Rikke Groth Olsen 8 rikke.groth.olsen.01@regionh.dk @ Copenhagen Prostate Cancer Center, Ole Mallges Vej 24, 2200 Copenhagen N, Denmark
@ Supplemental data for this article can be accessed online at https://doi.org/10.2340/sju.v61.46750

© 2026 The Author(s). Published by MJS Publishing on behalf of Acta Chirurgica Scandinavica. This is an Open Access article distributed under the terms of the Creative Commons Attribution
4.0 International License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and
build upon the material, with the condition of proper attribution to the original work.


https://orcid.org/0000-0002-9587-4119
https://orcid.org/0000-0001-6562-6416
https://orcid.org/0000-0002-0019-5333
https://orcid.org/0000-0002-1258-5822
https://orcid.org/0000-0001-8617-7453
https://orcid.org/0000-0002-7293-9506
https://doi.org/10.2340/sju.v61.46750
mailto:rikke.groth.olsen.01@regionh.dk
https://doi.org/10.2340/sju.v61.46750
http://creativecommons.org/licenses/by/4.0/

203 R.G.OLSENETAL.

according to contemporary grading criteria, acknowledging
that the distinction between Gleason patterns has evolved,
potentially influencing prognostication and predictive accu-
racy [13]. Surgical parameters included the date of surgery,
performing surgeon, type of procedure, and caseload per
year for each surgeon for each procedure. Pathological
reports included tumor percentage, pathological tumor
stage, ISUP category, and lymph node status (lymph nodes
not assessed [pNx], no disease found in the lymph nodes
[pNO], or disease spread to the lymph nodes [pN1]), and pos-
itive surgical margins (PSM). In-hospital surgical complica-
tions and 90DAOH were assessed only for patients having
surgery from 2009 until 2023 due to updates in the patient
record system. To ensure a comprehensive assessment of
readmissions, all hospital readmissions were recorded,
regardless of whether the patient was admitted to the origi-
nal surgical ward or another department, for example, the
emergency department. All complications were graded
according to the Clavien-Dindo (CD) Classification, with
major surgical complications being CD grade =2 [14].
Biochemical failure was defined as two consecutive PSA = 0.2
ng/mL a minimum of 3 months after surgery. Cause of death
was defined as either prostate cancer (PC)-specific death or
other. If the cause of death was not available in the patient
record system, the cause of death was retrieved from the
National Causes of Death registry (C619 as the primary cause
of death) [15]. Follow-up time for each patient was from the
time of surgery until the day of death, the last recorded visit
before lost-to-follow-up, or the day of data retrieval.

Patients were excluded if they had received neo-adjuvant
treatment before surgery, had a non-standard prostatectomy
(e.g. due to urothelial cancer or rectal cancer with invasion to
the prostate), migrated, or were lost to follow-up.

Statistical analysis

Patient demographics were analyzed descriptively for ORP
and RARP for preoperative factors, surgical parameters, and
pathological reports. Surgical outcomes were analyzed
descriptively over time and by using generalized linear mod-
els. Long-term oncological outcomes and mortality were
analyzed using cause-specific Cox regressions stratified by
the procedure. The Aalen-Johansen estimator defined the
cumulative incidence of biochemical failure with death as a
competing risk. Data were presented as odds ratio (OR) or
hazard ratio (HR) for ORP versus RARP with a 95% confidence
interval (95% Cl). The models were adjusted for the institu-
tion’s possible covariates and caseload per year across all sur-
geons. A sub-group analysis of the D’Amico Risk group and
surgeon learning curve was performed for all outcomes, and
a sub-group analysis stratified by lymphadenectomy was
performed on 90DAOH and biochemical failure. The sub-
group analysis addressing the surgeon learning curve was
conducted by excluding the first 50 cases of each surgeon for
both surgical procedures to account for the impact of the
learning curve.

The 5-year risk of biochemical failure was performed per
year (2009-2018) stratified for surgical procedures but
strictly performed for surgeons with >50 cases per year in
total across both surgical procedures. The period was
selected as the first robotic procedure was performed in
2009.

Statistical analysis was performed using R version 4.4.1 (R
Development Core Team, Vienna, Austria) running on RStudio
version 2024.074.02 (© 2009-2024 by Rstudio, Inc).

Ethics

The study was approved by the National Research Ethics
Committees (R-23065983) prior to data collection.

Results

Atotal of 3,477 men underwent radical prostatectomy from 1995
to 2023 and were included in this study. Of these, 1759 under-
went ORP and 1718 underwent RARP (Table 1).The characteristics
were similar between the patients undergoing the two proce-
dures; however, a higher proportion of patients undergoing ORP
had lymph node dissection (ORP: 1075 patients [61%] vs. RARP:
667 patients [39%)]), although a lower proportion of the patients
had positive lymph nodes for the ORP compared to RARP (ORP:
35 patients [2%] vs. RARP: 231 patients [31%]). Fewer patients
received either unilateral or bilateral nerve-sparing surgery for
the ORP compared to the RARP (ORP: 371 patients [21%] vs.
RARP: 1106 patients [65%)]). An increase in the use of RARP from
2009 is observed, followed by a decrease in ORP (Figure 1). The
median follow-up time was 13 years (interquartile range [IQR]:
11-16) for ORP and 7 years (IQR: 3-9) for RARP.

ORP had an extended hospital stay (ORP: median 2 days [IQR:
2-3 days] vs. RARP: median 1 day [IQR: 1 day]) with a slightly
higher proportion of Clavien-Dindo > 2 (ORP: 29 patients [4.0%]
vs. RARP: 43 patients [2.6%)]) (Table 1, Supplementary Table 1).
This trend did not change over time (Figure 2). The ORP had a
higher risk of in-hospital surgical complications than RARP, but
only for men with intermediate-risk PC (adjusted OR for
intermediate-risk PC [aOR]: 0.44; 95% Cl: 0.26-0.75) (Figure 3,
Supplementary Tables 2 and 3).

The two procedures had a similar median number of days
alive and out of hospital (ORP: median 87 days [IQR: 87-88
days] vs. RARP: 89 days [IQR: 88-89 days]) and readmissions
(ORP: 73 patients [10%] vs. RARP: 188 patients [11%]) within
90DAOH (Supplementary Table 2). Of those being readmitted,
fewer with Clavien-Dindo > 2 were found for the ORP (ORP: 51
patients [70%] vs. RARP: 154 patients [82%]). We observed an
increase in these numbers over the years, as the proportion of
people being readmitted was trending upward. (ORP: increase
from 8% in 2010 to 21% in 2016 vs. RARP: increase from 7% in
2010 to 16% 2021) (Figure 2). If the procedures were stratified
for performed lymphadenectomy, we found a slight advantage
to ORP if lymphadenectomy was performed (%
lymphadenectomy OR: 0.92 [95% CI: 0.55-1.54] vs. +
lymphadenectomy OR: 1.54 [1.08-2.19]).
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Table 1. Patient demographics for men undergoing open radical prostatectomy (ORP) or robot-assisted radical prostatectomy (RARP) at Copenhagen
University Hospital - Rigshospitalet, Denmark from 1995 to 2023.

Variables ORP RARP
(n=1,759) (n=1,718)

Preoperative factors

Age at prostatectomy, median (IQR) 64 (60-67) 64 (59-68)

PSA at diagnosis ng/mL, median (IQR) 8.9 (6.1-13) 7.7 (5.6-12)
Missing, n (%) 8(0.5) 17 (1)

Clinical T stage, n (%)
cTx 12(0.7) 138(8.1)
cT 797 (45) 865 (50)
cT2a-cT2b 633 (36) 495 (29)
cT2c 224 (13) 135(7.9)
cT3-cT4 86 (4.9) 58 (3.4)
Missing, n (%) 1(0.1)

Prostate volume in mL, median (IQR) 39 (30-52) 40 (30-54)
Missing, n (%) 308 (18) 59 (3.4)
Percentage positive biopsies before RP, median (IQR) 33 (17-50) 33 (20-50)
Missing, n (%) 36 (2) 15(0.9)

Biopsy grade group before prostatectomy, n (%)
ISUP 1 669 (38) 473 (28)
ISUP 2 649 (37) 785 (46)
ISUP 2-3 1(0.1) -
ISUP 3 195(11) 225(13)
ISUP 4 91(5.2) 101 (5.9)
ISUP 5 65 (3.7) 93(5.4)
Missing, n (%) 89 (5.1) 38(2.2)
D’amico Risk score
Low 285 (16) 321(19)
Intermediate 942 (54) 999 (58)
High 532(30) 398 (23)
Surgical parameters
Lymph node dissection, n (%)
Yes 1075 (61) 667 (39)
No 684 (39) 1051 (61)
Missing, n (%) - -
Nerve-sparing approach, n (%)
No 1388 (79) 610 (36)
Unilateral 283 (16) 524 (31)
Bilateral 88 (5) 582 (34)
Missing, n (%) - 2(0.1)
Pathological reports
Pathological tumor stage, n (%)
<pT2b 176 (10) 226 (13)
pT2c 1039 (59) 1057 (62)
pT3a 316 (18) 274 (16)
> pT3b 228 (13) 157 (9.1)
Missing, n (%) - _
Pathological lymph node stage, n (%)
pNx 869 (49) 852 (50)
pNO 855 (49) 625 (37)
pN1 35(2) 231(13)
Surgical margins, n (%)
Positive 636 (36) 445 (26)
Negative 1123 (64) 1268 (74)
Missing, n (%) - 5(0.3)

(Continued)
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Table 1. (Continued) Patient demographics for men undergoing open radical prostatectomy (ORP) or robot-assisted radical prostatectomy (RARP) at

Copenhagen University Hospital - Rigshospitalet, Denmark from 1995 to 2023.

Variables ORP RARP
(n=1,759) (n=1,718)
Grade group for specimen, n (%)
ISUP 1 432 (25) 326 (19)
ISUP 2 816 (46) 899 (52)
ISUP 3 318(18) 293 (17)
ISUP 4 66 (3.8) 63 (3.7)
ISUP 5 88 (5) 130(7.6)
Missing, n (%) 39(2.2) 7 (0.4)
Prostate weight in grams, median (/QR) 46 (36-60) 42 (34-56)
Missing, n (%) 57 (3.2) 22(1.3)
Tumor percentage, median (IQR) 15 (5-25) 10 (5-20)
Missing, n (%) 344 (20) 8(0.5)

IQR: interquartile range; PSA: prostate-specific antigen; ISUP: International Society of Urological Pathology.
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Figure 1. Number of radical prostatectomies performed from 1995 to 2023.

More patients had PSM in ORP (ORP: 636 patients [36%)] vs.
RARP: 445 patients [26%]), but there was no increased odds of
having PSM between the two procedures (aOR: 1.17, 95% Cl:
0.91-1.50) (Table 1, Figure 2). The proportion of patients having
PSM decreased over time for ORP and increased slightly for
RARP (ORP decreased from 58% in 2001 to 29% in 2018 vs.
RARP increased from 21% in 2010 to 35% in 2022) (Figure 2).

A) Length of Hospital Stay - Overall

B) Readmissions within 90 days - Overall

The 5-year cumulative incidence of biochemical failure was
higher for ORP (ORP: cumulative incidence 0.25, 95% CI: 0.23-
0.28 vs. RARP: cumulative incidence 0.18, 95% Cl: 0.11-0.20)
(Supplementary Tables 2, 3). In a subgroup analysis stratified for
lymphadenectomy, we found no difference between the two
procedures (% lymphadenectomy HR: 1.15 [95% Cl: 0.79-1.69]
vs. + lymphadenectomy HR: 1.12 [0.92-1.38]).

Overall mortality was 22% (ORP: 39% vs. RARP: 8%). There
was no difference in the risk of PC-specific death between the
two procedures (adjusted hazard ratio [aHR]:0.64; 95% Cl: 0.31-
1.32) (Figure 3, Supplementary Table 2).

In-hospital surgical complications for intermediate-risk PC
were the only outcome affected by the number of ORP and RARP
performed at the institution per year (Supplementary Table 2).
Looking at the patient outcomes based on each surgeon, there
was an inter-surgeon difference for in-hospital complications
(1.4% to 7.7%), patients readmitted within 90 days (4.8% to 15%),
PSM (21% to 54%), and biochemical failure (20% to 46%)
(Supplementary Table 4). We also saw an intra-surgeon difference
benefiting RARP in all categories except patients readmitted and
the number of severe complications (CD > 2) within the
readmissions within 90 days for the three surgeons, who have all
performed both procedures (Supplementary Table 4).

We adjusted for the surgeons’ learning curves by excluding
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Figure 2.

Changes in short-term patient outcomes over time for ORP and RARP.
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Outcome ORP RARP Effect size

In-Hospital Complications NA : OR (95% CI)
Unadjusted 723 1679 —— 0.53 (0.36 o 0.77)
Adjusted (a) 723 1679 —— 0.58 (0.39 1o 0.86)
Adjusted (a) + Caseload/year 723 1679 ——i | 060 (0.40 10 0.90)

NA ;

Readmissions within 90 days NA : OR (85% CI)
Unadjusted 723 1679 h:'—'—i 1.12 (0.84 to 1.49)
Adjusted (a) 723 1679 ——e———  1.32(098101.77)
Adjusted (a) + Caseloadiyear 723 1679 e 136(101t0184)

NA [

Pasitive Surgical Margins NA : OR (95% ClI)
Unadjusted 1750 1713 o 0.62 (0.54 t0 0.72)
Adjusted (b) 1403 1663 - 1.17 (0.91 to 1.50)
Adjusted (b) + Caseload/year 1403 1683 —— 1.17 (0.91 to 1.49)

NA

Biochemical Failure NA : HR (95% CI)
Unadjusted 1758 1718 e 0.82 (0.72 10 0.93)
Adjusted (c) 1403 1688 Poms 0.93 (0.76 10 1.33)
Adjusted (c) + Caseload/year 1403 1688 r—-—| 0.96 (0.79 to 1.19)

= ;

Prostate Cancer-Specific death  NA HR (85% CI)
Unadjusted 1750 1718 i 0.52 (0.29 to 0.93)
Adjusted (c) 1403 1688 r—-—-—| 0.64 (0.31 10 1.32)
Adjusted (c) + Caseload/year 1403 1688 ' : i 0.70 (0.34 10 1.45)

NA

Other Cause Mortality NA ; HR (95% CI)
Unadjusted 1759 1718 | 1.09 (0.86 to 1.37)
Adjusted (c) 1403 1668 ;—n—c 0.95 (0.71 10 1.29)
Adjusled (c) + Caseloadyear 1403 1688 - 0.96 (0.70 to 1.31)
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Figure 3. Forest plots comparing outcomes between ORP and RARP.

each surgeon’s first 50 cases performed on either procedure.
This resulted in a slight advantage for ORP in 90DAOH (aOR:
1.37; 95% Cl: 1.01-1.87) but no differences in the odds of in-
hospital complications, PSM, or biochemical failure, were found
(Supplementary Table 2).

Discussion

In this comparative study, we found RARP was superior in terms
of reducing in-hospital complications and reduced 5-year cumu-
lative incidence of biochemical failure; however, no other out-
comes or mortality rates differed significantly between the two
procedures. We demonstrated that patients undergoing RARP
had lower in-hospital complications, confirming previous
studies on the same topic [5, 7, 9]. Whether these outcomes are
solely attributable to the robotic approach should be interpreted
with caution, as numerous subtle modifications to pre-, peri-,
and postoperative care have been introduced over the years,

Favours RARP Favours ORP

making it challenging to isolate the impact of the robot alone.
The introduction of RARP also sparked a broader interest in opti-
mizing patient care, with many considering the feasibility of
making RARP an outpatient procedure [16, 17]. However, many
of these advancements might not have been possible without
the minimally invasive nature of laparoscopic surgery, which
facilitates an accelerated recovery program.

There seems to be an advantage for ORP in 90DACH if a
lymphadenectomy was performed. This result aligns with
previous literature, confirming that performing a
lymphadenectomy increases the risk of post-operative
complications [18-20]. Historically, surgeons limited lymph
node dissection to the obturator fossa, but later studies showed
that an extended lymphadenectomy would find more positive
lymph nodes. However, this extended approach also brings a
higher risk of complications than a limited lymph node
dissection or no lymph node dissection at all, tapping into the
ongoing discussion about the actual patient benefit of the
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lymphadenectomy [18, 19, 21, 22]. We found no difference
between ORP and RARP in terms of PSM, although the PSM rate
varied over time [3, 5-10, 23, 24]. This likely reflects changes in
patient selection, with increasing use of active surveillance
resulting in surgery being reserved for patients with more
advanced disease. At the same time, greater use of nerve-
sparing techniques may have contributed to the slight increase
in PSM observed during the RARP era. These findings are
consistent with national and international trends in PC
management [25]. Although PSM rates remain relatively high at
our institution, they have remained stable throughout the study
period, and our use of a strict pathological definition should be
considered when interpreting these results [26, 27].

The overall biochemical failure rate was consistent with
previous reports. Although RARP was associated with a lower
cumulative incidence of biochemical failure, the absolute
difference was small and did not translate into reduced PC
mortality. We believe this finding primarily reflects changes in
patient selection and evolving treatment strategies, including
broader use of extended lymphadenectomy and more effective
salvage therapies, rather than an intrinsic advantage of the
robotic technique. Over the years, a gradual shift towards
extended lymphadenectomy and integration of nomograms
predicting the risk of lymph node invasion prior to surgery have
changed the group of patients undergoing lymphadenectomy
[18-20]. This shift could explain why we found a higher
proportion of positive nodes in the RARP group, as extended
lymphadenectomy could find more patients with positive
nodes. However, it is still up for debate whether extended
lymphadenectomy benefits the oncological outcomes for
patients [18, 21, 22, 28]. As expected, we did not find that this
observation translated into a difference in PC mortality.

We expected an increased risk of complications at the
beginning of the RARP implementation and anticipated it would
stabilize or decline as surgeons gained proficiency with the
robotic system. However, we found that in-hospital
complications, 90DAOH, and PSM rates increased over the years
for RARP. Most likely, it is the technological advancements that
have made it possible to treat patients initially deemed ineligible
for any prostatectomy or specifically for robotic surgery. This
could be due to the cancer stage, patient comorbidities, or body
mass index (BMI). However, due to changes in the patient health
record system in Denmark, the influence of these factors on
patient outcomes was not possible to investigate further. At the
same time, ongoing inclusion in clinical trials creates new non-
surgical opportunities for patients. This could have skewed the
results as the surgical interventions offered to the patients have
evolved over the years [29]. With the introduction of the new
robotic system, we hypothesized that accounting for surgeon
experience would reveal differences between the two
procedures. We had three surgeons performing both ORP and
RARP, three surgeons only performing ORP, and one surgeon
only performing RARP. Still, our analysis showed no significant
differences in short-term, oncological, or long-term outcomes
after adjusting for the learning curve. These results could be
influenced by the residents’ training. Trainees often begin by

performing smaller steps in the procedures before advancing to
full surgeries, but these cases were attributed to senior surgeons
in our records. This may have masked the impact of the trainees’
learning curve in our data, possibly explaining the little variation
between the beginning and the plateau of the surgeons’
learning curves. However, this will reflect the reality in teaching
hospitals when new surgeons gain experience.

One limitation of this study was the single-institution
retrospective design. We could not control for potential selection
bias regarding patient candidacy for each procedure or for
patients involved in concurrent clinical trials that might have
affected outcomes. As clinical practice evolved throughout the
study period, patients treated later may not be directly
comparable with those treated earlier.

The cost of robotic surgery is higher compared to open
surgery, as robotic surgery has an increased expense in surgical
equipment (e.g. purchase and service of the robotic systems) and
a longer operating time [30, 31]. However, one study found a
slight effect of RARP being cost-effective if adjusted for quality of
life and biochemical failure [32]. A Danish study found that RARP
generates a factor 1.3 additional cost compared to ORP, including
follow-up in primary care and hospitals [33]. This study evaluates
patients who underwent surgery more than a decade ago. Since
then, clinical practice has evolved significantly with the
introduction of advanced equipment, revised follow-up protocols,
and updates to preoperative, perioperative, and postoperative
parameters in both surgical and anesthesiologic management.
Updated analyses on today'’s clinical practice would be beneficial
to determine whether this additional cost persists. Surgical
techniques are constantly evolving, often with the assumption
that each new approach improves upon earlier methods.
Demographic shifts and a rising cancer incidence will presumably
increase the pressure on healthcare resources, making it more
important than ever to critically evaluate these innovations to
ensure they provide meaningful benefits, evaluate their feasibility
and morbidity, and thoroughly assess their long-term outcomes
[34, 35]. Our long-term comparative data remain relevant as next-
generation robotic platforms enter the market; understanding
surgical outcomes provides a benchmark against which future
improvements can be measured.

Conclusion

In alarge series with long-term follow-up, RARP had a lower risk
of complications but was non-inferior for oncological outcomes
compared to ORP. Although the only randomized trial yet has
not proven any significant improvement in long-term cancer
control comparing open versus robotic approach, RARP seems
to have replaced ORP as the gold standard for surgical treat-
ment of localized PC. On the other hand, nothing suggests that
RARP is non-inferior, and with future technological advance-
ments within the robotic field, we may see further improve-
ments in patient outcomes following surgery. Our findings
support the continued need for careful evaluation of surgical
innovation, even when a technique has become dominant in
practice.
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