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Abstract

Background: Reports on possible benefits for continence with nerve-sparing (NS)
radical prostatectomy have expanded the indications beyond preservation of
erectile function. It is unclear whether NS surgery affects oncological outcomes.
Objective: To determine whether the degree of NS during radical prostatectomy
influences oncological outcomes.
Design, setting, and participants: Of 4003 patients enrolled in a prospective,
controlled trial comparing open and robotic radical prostatectomy during 2008–
2011, we evaluated 2401 patients who received robotic radical prostatectomy at
seven Swedish centres. Patients were followed for 8 yr.
Outcome measurements and statistical analysis: Data for recurrence and positive
surgical margin status were assessed using validated patient questionnaires,
patient interviews, and clinical record forms before and at 3, 12, and 24 mo and
6 and 8 yr after surgery. Cox and logistic regressions were used to model the effect
on recurrence and positive surgical margins (PSM), respectively.
Results and limitations: A total of 481 men had PSM and 467 experienced recur-
rence during follow-up. Median follow-up for men without recurrence was 6.6 yr.
There were no statistically significant differences in recurrence rate between
degrees of NS. The PSM rate was significantly higher with a higher degree of
NS: interfascial NS, odds ratio (OR) 2.32 (95% confidence interval [CI] 1.69–3.16);
intrafascial NS, OR 3.23 (95% CI 2.17–4.80). Recurrence rates were higher for
patients with pT2 disease and PSM (hazard ratio [HR] 3.32, 95% CI 2.43–4.53)
than for patients with pT3 disease without PSM (HR 2.08, 95% CI 1.66–2.62). The
w 

. De
bu
n@
lack of central revie

* Corresponding author
my, University of Gothen
E-mail address: elin.axe
http://dx.doi.org/10.1016/j.euros.2021.06.005
2666-1683/© 2021 The Authors. Published by Elsevier B.V. on behalf of Euro
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
of pathological specimens is a limitation.
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Conclusions: A higher degree of NS significantly increased the risk of PSM but did
not significantly increase the risk of cancer recurrence. Combined with the known
functional benefits of NS surgery, these results underscore the need to identify an
individualised balance.
Patient summary: In this report we looked at the effect of a nerve-sparing approach
during removal of the prostate on cancer outcomes for patients having robot-assisted
surgery at seven Swedish hospitals. We found that a high degree of nerve-sparing
increased the rate of cancer positivity at the margins of surgical specimens and that
positive surgical margins increased the risk of recurrence of prostate cancer.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association of

Urology. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).
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1. Introduction

Nerve-sparing (NS) radical prostatectomy was first intro-
duced as a means to preserve erectile function after radical
prostatectomy, but in recent years it has been shown that an
NS technique is associated with better continence rates as
well, regardless of erectile function [1,2]. As incontinence is a
common side effect of radical prostatectomy with a severe
impact on quality of life, this has widened the indication for
NS surgery, making more patients potential NS candidates
[3]. In NS surgery the dissection planes are closer to the
prostate than in the non–nerve-sparing technique, which
poses a potential risk of leaving tumour tissue behind and not
achieving radical resection.

The primary aim of radical prostatectomy is cure.
Established predictors of recurrent disease include factors
related to tumour biology, such as preoperative prostate-
specific antigen (PSA), pathological stage, differentiation, and
lymph node involvement, as well as procedure-related
factors such as the rate of positive surgical margins (PSM)
[4–6]. In previous analyses of the LAPPRO study, we observed
differences in PSM patterns between robot-assisted laparo-
scopic prostatectomy (RALP) and open surgery [7]. The
literature includes a number of reports on association
between the NS degree and the rate of recurrent disease.
Most studies did not find that a higher NS degree increases
the risk of recurrence, but the state of the evidence is unclear
as most studies are single-centre retrospective studies and
are either small and/or have crude categories regarding the
NS degree [8–14]. To the best of our knowledge, the only large
multicentre study is a retrospective register-based study [15].

In this large, prospective cohort, we studied the influence
of the NS degree during radical prostatectomy on oncol-
ogical outcomes, adjusted for tumour characteristics and
surgeon variability, with up to 8 yr of follow-up. The
primary endpoint is recurrence, defined as biochemical
recurrence (BCR) and/or a need for secondary treatment,
while PSM is a secondary outcome.

2. Patients and methods

2.1. Overview

LAPPRO is a prospective, controlled, multicentre study that was
originally designed to evaluate differences in continence at 12 mo after
surgery between open prostatectomy and RALP. Patients were included
between 2008 and 2011 at 14 Swedish urological centres; seven centres
performed robotic and seven performed open surgery. The inclusion
criteria at baseline were age at surgery <75 yr, PSA <20 ng/ml, clinical
tumour stage <T4, and no clinical signs of distant metastasis. The study
was approved by the regional ethical review board in Gothenburg
(approval number 277-07) and registered in the Current Controlled Trials
database (ISRCTN06393679) [16].

2.2. Patients

The present study is restricted to patients in LAPPRO who underwent
RALP. In previous studies, we observed differences in the patterns of PSM
and BCR between RALP and open surgery, with more homogeneous
results for the RALP group [7]. The distribution of the NS degree differs
considerably between the two techniques [17], posing potential
statistical difficulties. To avoid this, we chose to analyse the most
common technique. The exclusion criteria were measurable PSA at first
postoperative measurement and adjuvant radiotherapy, defined as
radiotherapy within 6 mo of surgery in the absence of elevated PSA or
protocol violations.

2.3. Data collection

Preoperative characteristics and details of the surgery and PSA values
and subsequent treatments were collected in case record forms at
inclusion, time of surgery, and 3, 12, and 24 mo after surgery. In addition,
patient questionnaires at baseline and 12 and 24 mo and 8 yr after
surgery were collected by a neutral third-party secretarial service. At
6 yr, a telephone interview was conducted by research nurses. The study
design is described in detail in a previous publication [18]. The NS degree
was recorded separately for each lobe by the surgeon in one of four
categories (intrafascial NS, interfascial NS, semi-NS, non-NS), with semi-
NS defined as a dissection plane between interfascial and wide excision.
The protocol did not specify indications for NS; the decision was made at
the surgeon’s discretion. Multiparametric magnetic resonance imaging
(mpMRI) was not routinely performed and no data for mpMRI results
were collected. Surgical specimens were reviewed by local pathologists
and data from the original pathology reports were entered into the case
record form by the individual surgeons at each site.

2.4. Statistical analysis

The NS degree was categorised in four levels according to the side with the
lowest NS degree, on the assumption that the side with less NS is the target
tumour side. The primary endpoint was biochemical recurrence, defined
as PSA >0.25 ng/ml or treatment for recurrent disease for patients with
PSA �0.25 ng/ml at the first postoperative measurement at 6–12 wk. We
used Cox proportional-hazards regression models to estimate the hazard
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ratio (HR) with 95% confidence interval (CI) for recurrence between the
three NS groups and the non-NS group. Since the exact time of an event is
not known, only that itoccurs within an interval (where the left pointof the
interval is the last follow-up before recurrence and the right point is the
first date of PSA >0.25 ng/ml or the date of treatment for recurrent disease,
depending on which occurs first), we used the midpoint of the interval as
the event time. The results using this approach were compared with an
interval-censored approach, and the differences were negligible. No
variable selection was performed, but adjustments were made with
predefined confounders in two steps, with age, preoperative PSA, prostate
weight, prostatectomy grading, and pathological stage in the first step, and
surgeon annual volume and prior experience added in the second step.
Subgroup analysis was conducted for prespecified risk groups according to
the D’Amico classification: low risk, PSA �10 ng/ml, Gleason score �6, and
cT1 stage; intermediate risk, PSA 10–20 ng/ml, Gleason score 7, or cT2
stage; and high risk, PSA <20 ng/ml, Gleason score �8, or �cT3 stage. PSM,
defined as tumour cells on the inked margin of the specimen [19], was
considered as an effect modifier rather than a confounder. Stratification by
surgical margin status was applied to account for its effect. Post hoc
analysis of PSM as a secondary endpoint was carried out to further explore
the results obtained from stratified analysis. We used a logistic regression
model to estimate the odds ratio (OR), with the same adjustments as above
and PSM as the outcome. To assess whether the relationship between
surgical margin status and recurrence was affected by pathological stage,
the recurrence rate was analysed for each pathological stage, with or
without PSM. The dependence on surgeon was handled via a so-called
robust sandwich estimator of the variance. The level of statistical
significance was set at 5%. All analyses are based on cases with complete
data.

3. Results

Out of 4003 patients included in LAPPRO, 2401 were
evaluable for the present analysis (Fig. 1). In our cohort of
2401 patients, 467 experienced recurrence on the basis of
information on secondary treatment (radiotherapy in 210,
Fig. 1 – Flow chart of patient inclusion in the study.
PSA = prostate-specific antigen.
BCR in 198, androgen deprivation therapy in 44, and other
treatment in 15). The median follow-up for patients without
recurrence was 6.6 yr (interquartile range 5.7–7.2).

Patient, tumour, and surgeon characteristics are shown in
Table 1. Patients in the non-NS group had higher PSA, a higher
proportion of poorly differentiated tumours, and higher
pathological stage than patients receiving NS surgery. The
proportion of patients with D’Amico high-risk disease accord-
ing to preoperative data was highest in the non-NS group.

The recurrence rate was 24.9% in the non-NS,15.9% in the
semi-NS, 15.2% in the interfacial NS, and 15.2% in the
intrafascial NS group. The HRs for recurrence were
significantly lower for any degree of NS when compared
to non-NS in unadjusted analysis. After adjustment for
patient age and tumour characteristics, there were no
significant differences between the groups. The results were
largely unchanged by additional adjustment for surgeon
experience (Table 2). When stratified by surgical margin
status, point estimates for recurrence for interfascial and
intrafascial NS differed between the groups with positive
and negative surgical margin status. However, the CIs were
wide and the effects were not significant (Fig. 2A, Supple-
mentary Table 1). The recurrence rate was higher with
positive than with negative surgical margin status for both
pT2 stage and combined pT3/4 stage, with the recurrence
rate for pT2 with PSM exceeding the rate for pT3/4 with
negative margins (Fig. 2B, Supplementary Table 1).

The PSM frequency was 20% overall (pT2 16.5%, pT3/4
29.9%). The PSM rate increased with the NS degree, and the
ORs were significantly higher for any degree of NS versus
non-NS in adjusted analyses. When patients were sub-
divided by pathological stage, the same linear relationship
persisted for pT2 but was less pronounced for pT3/4 (Fig. 2C
and Table 3).



Table 1 – Patient, tumour, and surgeon characteristics according to the degree of nerve-sparing in radical prostatectomy

Variable Degree of nerve-sparing

None Semi Interfascial Intrafascial

Patients (n) 1003 662 631 105
Median preoperative PSA, ng/ml (IQR) 6.4 (4.8–9.2) 6.0 (4.4–8.5) 5.4 (4.2–7.5) 5.4 (4.2–7.8)
Median age at surgery, yr (IQR) 65.8 (61.3, 68.9) 63.3 (58.7, 66.5) 61.6 (56.4, 65.3) 59.4 (54.8, 63.2)
ISUP grade in surgical specimen, n (%)
Grade 1 242 (24.1) 269 (40.6) 302 (47.9) 55 (52.4)
Grade 2 449 (44.8) 280 (42.3) 257 (40.7) 39 (37.1)
Grade 3 216 (21.5) 87 (13.1) 57 (9.0) 7 (6.7)
Grade �4 96 (9.6) 26 (3.9) 15 (2.4) 4 (3.8)

Pathological tumour stage, n (%)
pT2 615 (61.3) 507 (76.6) 552 (87.5) 92 (87.6)
�pT3 388 (38.7) 155 (23.4) 79 (12.5) 13 (12.4)

Median prostate weight, g (IQR) 43.4 (36.0–55.0) 41.0 (33.5–51.1) 41.7 (33.5–52.0) 38.0 (31.0–47.0)
Prior procedures performed by OpS, n (%)
<100 360 (35.9) 206 (31.1) 166 (26.3) 22 (21.0)
�100 643 (64.1) 456 (68.9) 465 (73.7) 83 (79.0)

Annual procedures performed by OpS, n (%)
<50 507 (50.5) 314 (47.4) 168 (26.6) 63 (60.0)
�50 496 (49.5) 348 (52.6) 463 (73.4) 42 (40.0)

Preoperative D’Amico risk group, n (%)
Low 113 (11.3) 184 (27.8) 357 (56.6) 66 (62.9)
Medium 748 (74.6) 448 (67.7) 271 (42.9) 38 (36.2)
High 142 (14.2) 30 (4.5) 3 (0.5) 1 (1.0)

IQR = interquartile range; ISUP = International Society of Urological Pathology; OpS = operating surgeon; PSA = prostate-specific antigen.

Table 2 – Hazard ratio for recurrence of prostate cancer according to the degree of nerve-sparing in radical prostatectomy

Hazard ratio (95% confidence interval)

Unadjusted Adjusted A a Adjusted B b

Degree of nerve-sparing
None 1.00 1.00 1.00
Semi 0.61 (0.42–0.89) 0.85 (0.62–1.17) 0.85 (0.63–1.15)
Interfascial 0.58 (0.45–0.74) 1.11 (0.88–1.39) 1.08 (0.89–1.30)
Intrafascial 0.56 (0.39–0.81) 1.02 (0.67–1.57) 1.03 (0.69–1.53)

Preoperative PSA – 1.06 (1.02–1.10) 1.06 (1.02–1.10)
Age at surgery – 1.02 (1.00–1.03) 1.02 (1.00–1.03)
ISUP grade in surgical specimen
Grade 1 – 1.00 1.00
Grade 2 – 2.19 (1.68–2.86) 2.20 (1.69–2.87)
Grade �3 – 4.33 (2.93–6.41) 4.35 (2.94–6.44)

Pathological tumour stage
pT2 – 1.00 1.00
pT3/4 – 1.93 (1.59–2.34) 1.92 (1.59–2.32)

Prostate weight – 0.99 (0.98–1.00) 0.99 (0.98–1.00)
Prior procedures performed by OpS
<100 – – 1.00
�100 – – 1.04 (0.75–1.43)

Annual procedures performed by OpS
<50 – – 1.00
�50 – – 1.09 (0.82–1.45)

ISUP = International Society of Urological Pathology; OpS = operating surgeon.
a Adjusted for age at surgery, preoperative prostate-specific antigen, ISUP grade in surgical specimen, pathological tumour stage, and prostate weight.
b Adjusted for age at surgery, preoperative prostate-specific antigen, ISUP grade in surgical specimen, pathological tumour stage, prostate weight, surgeon prior
experience, and surgeon annual volume.
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Subgroup analysis of the recurrence rate for D’Amico low
and medium risk showed no significant effects of NS.
Analysis of D’Amico high risk was not possible as very few
patients in this group had higher NS degrees (Table 1 and
Supplementary Table 2).
4. Discussion

In this large, controlled, prospective study we could not
demonstrate that a higher NS degree in LARP increased the
risk of prostate cancer recurrence. The risk of recurrence is



Fig. 2 – (A) Hazard ratio (HR) with 95% confidence interval for recurrence by degree of nerve-sparing for all patients and patients with negative versus
positive surgical margins, adjusted patient age, preoperative prostate-specific antigen, International Society of Urological Pathology grade in surgical
specimen, pathological stage, prostate weight and surgeon prior experience and annual volume. (B) HR with 95% confidence interval for recurrence
according to pathological stage with versus without positive margins, adjusted for patient age, preoperative prostate-specific antigen, International
Society of Urological Pathology grade in surgical specimen, prostate weight, and surgeon prior experience and annual volume. (C) Odds ratio (OR) with
95% confidence interval for positive surgical margins for different degrees of nerve-sparing according to pathological stage, adjusted for patient age,
preoperative prostate-specific antigen, International Society of Urological Pathology grade in surgical specimen, prostate weight, and surgeon prior
experience and annual volume.
Intra = intrafascial nerve-sparing surgery; Inter = interfascial nerve-sparing surgery; None = no nerve-sparing; Semi = semi–nerve-sparing surgery.
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highly dependent on tumour biology, for which a number of
clinical risk factors are proxies. The best-documented risk
factors for recurrence at present are PSA, histological grade,
and tumour stage [4,5]. Preoperative risk assessment
influences decision-making regarding the NS degree,
whereby patients at the highest risk of recurrence more
frequently undergo non-NS surgery [15,20]. When stratified
by surgical margin status, point estimates for recurrence in



Table 3 – Odds ratio for positive surgical margins according to the degree of nerve-sparing in radical prostatectomy

Degree of nerve-sparing

None Semi Interfascial Intrafascial

pT2 disease
Patients with PSM, n/N (%) 72/615 (11.7) 81/507 (16.0) 111/552 (20.1) 27/92 (29.3)
Unadjusted OR (95% CI) 1.00 1.43 (1.07–1.93) 1.90 (1.28–2.81) 3.13 (2.12–4.63)
Adjusted OR (95% CI) a 1.00 1.54 (1.18–2.00) 2.24 (1.60–3.15) 3.71 (2.62–5.25)
Adjusted OR (95% CI) b 1.00 1.55 (1.20–2.00) 2.31 (1.63–3.27) 3.63 (2.58–5.10)
pT3/4 disease
Patients with PSM, n/N (%) 106/388 (27.3) 45/155 (29.0) 34/79 (43.0) 5/13 (38.5)
Unadjusted OR (95% CI) 1.00 1.09 (0.76–1.56) 2.01 (1.31–3.08) 1.66 (0.39–7.08)
Adjusted OR (95% CI) a 1.00 1.20 (0.83–1.74) 2.54 (1.63–3.96) 2.25 (0.47–10.79)
Adjusted OR (95% CI) b 1.00 1.19 (0.83–1.72) 2.75 (1.67–4.55) 2.20 (0.51–9.52)
All patients
Patients with PSM, n/N (%) 178/1003 (17.7) 126/662 (19.0) 145/631 (23.0) 32/105 (30.5)
Unadjusted OR (95% CI) 1.00 1.09 (0.86–1.38) 1.38 (1.03–1.85) 2.03 (1.36–3.03)
Adjusted OR (95% CI) a 1.00 1.39 (1.10–1.76) 2.23 (1.64–3.03) 3.31 (2.14–5.14)
Adjusted OR (95% CI) b 1.00 1.39 (1.11–1.75) 2.32 (1.69–3.16) 3.23 (2.17–4.80)

CI = confidence interval; OR = odds ratio; PSM = positive surgical margins.
a Adjusted for age at surgery, preoperative prostate-specific antigen, International Society of Urological Pathology grade in surgical specimen, pathological
tumour stage, and prostate weight.
b Adjusted for age at surgery, preoperative prostate-specific antigen, International Society of Urological Pathology grade in surgical specimen, pathological
tumour stage, prostate weight, surgeon prior experience, and surgeon annual volume.
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the negative surgical margin group decreased with increas-
ing NS degree. Even though the effects were not statistically
significant, this suggests a high level of residual confound-
ing. Long-term prognosis after radical prostatectomy has
considerable variability and nomograms based on clinical
data provide tools for risk assessment [4,5]. It has been
shown that addition of genetic markers to such nomograms
independently affect prognosis. When modelled in receiver
operating characteristic curves, inclusion of genetic mar-
kers in prognostic models based on established clinical risk
scores increased the area under the curve by approximately
10 percentage points [21,22]. This supports the notion that
adjustment for clinical risk factors, as in our study, is
insufficient to control for differences in prognosis related to
tumour biology.

PSM is a predictor of recurrence that depends on both the
tumour and the surgeon, but few studies have shown any
effect of NS surgery on PSM rates [11,14,15,23,24]. In our
study there was a linear relationship between the NS degree
and the PSM rate. The effect was most pronounced in pT2
disease, for which the OR for PSM for intrafascial NS was
3.6 times higher than for non-NS surgery. It has been shown
that PSM in organ-confined disease is largely avoidable and
decreases with increasing surgeon experience, with rates
reported as low as 4% [25]. The number of prior surgeries
needed to reach a plateau in PSM rates differs markedly
between studies, from 250 to 1600 cases [23,26,27]. Adjust-
ment for surgeon experience had only a minor impact in our
data, which can possibly be attributed to the limited range
for the number of prior surgeries for participating surgeons
[28]. PSM had a major impact on the recurrence rate,
irrespective of pathological tumour stage. The recurrence
rate was higher for pT2 with PSM (OR 3.31, 95% CI 2.42–
4.53) than for pT3/4 with negative margins (OR 2.09, 95% CI
1.66–2.63). Similar findings have previously been reported
[29,30]. Preoperative mpMRI improves the prediction of
adverse findings at radical prostatectomy, but the role of
imaging in surgical planning remains to be established
[31]. No mpMRI data were available for this cohort.

Radical prostatectomy is an oncological procedure aimed
at curing prostate cancer, while efforts to minimise
functional side effects are secondary objectives [3]. BCR is
a surrogate marker for oncological outcome, and many
patients with BCR are exposed to salvage treatment with
well-known adverse effects [32–34]. Studies on postopera-
tive quality of life are scarce, but there are data indicating
that both PSM and recurrence have a significant negative
effect on psychosocial wellbeing [35,36]. Although the
effect of recurrence on overall mortality is limited [32], the
difference for patients with and without recurrence is
having cancer in the past and in the present. Individual
information on the pros and cons of NS surgery should be
presented to the patient, and whether to prioritise
limitation of immediate side effects or reduction of the
risk of recurrence should be a mutual decision in which the
patient’s preferences should be weighted heavily.

In a study of 7268 patients in 2004, Ward et al [10] found no
significant difference in biochemical progression–free survival
between NS surgery (unilateral or bilateral) and wide excision
in multivariable analysis. These results are in agreement with
our findings. By contrast, they found no difference in PSM
between NS surgery and wide excision, with an adjusted OR of
0.89 (95% CI 0.79–1.01). PSM rates declined during the latter
part of the study period, but were high overall (mean 38%).
Their results are not directly comparable to ours because of
different definitions of the degree of NS and the use of
intraoperative frozen sections. By contrast, in a 2014 study of
1133 patients with pT2 disease, Røder et al [20] observed a 68%
increase in PSM for NS compared to non-NS surgery. They also
found that PSM significantly increased the risk of recurrence
(HR 2.4, 95% CI 1.6–3.6) but, as in our study, this was not
reflected in recurrence rates in relation to NS status. However,
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for patients with PSM the HR for recurrence was 4.2 for NS
versus 1.9 for non-NS surgery, although the difference was not
significant (p = 0.08).

The strengths of our study include the prospective
design, the large sample size, and the long follow-up with a
high response rate. Furthermore, we detailed prospective
information on the level of NS in relation to the surgical
plane, making it possible to define precise categories
regarding the NS degree. Patients were not randomised
regarding the degree of NS, which is a limitation. We
attempted to adjust for preanalytical selection bias using
postoperative histopathological data, since these are the
most accurate measurements of tumour biology available.
Even though the decision on NS degree is made preopera-
tively or intraoperatively when these data are not known,
selection is according to the assumption that the char-
acteristics reflected in preoperative data.

We defined recurrence according to PSA levels and
secondary therapies. Since secondary therapies, with the
exception of adjuvant radiotherapy (which we excluded),
are given to treat recurrence, this approach might influence
the time recorded for recurrence, but not the event itself.
The lack of central review of pathological specimens is a
limitation. PSM assignment is interpreter-dependent, but
any systematic bias seems unlikely since local pathologists
review specimens for all degrees of NS. A previous LAPPRO
analysis comparing original pathology reports for a random
sample of cases to results from review by two reference
pathologists showed acceptable concordance for PSM (k
= 0.76) [37]. It has been shown that the PSM extent
correlates with the risk of recurrence, and the lack of data on
PSM length is another limitation of our study [38,39]. Short
PSM lengths might in part explain why the higher risk of
PSM with NS surgery in our cohort does not translate to a
higher risk of recurrence. There is also a risk of misclassifi-
cation regarding pathological stage for specimens with PSM
and a lack of extraprostatic tissue, possibly inflating the
recurrence risk for pT2 tumours with PSM [40].

5. Conclusions

Our results show no statistically significant effect of the NS
degree on the risk of recurrence; however, a higher NS
degree significantly increased the risk of PSM, irrespective
of tumour stage, and PSM in turn increased the risk of
recurrence. Our results suffer from a high degree of residual
confounding. In the presence of unknown confounders, only
a randomised study is likely to be sufficient to resolve the
issue of potential negative effects of NS surgery on
recurrence. Since there are known functional benefits of
NS surgery, ethical considerations limit the possibility of
conducting such a study. Finding the balance between these
two outcomes that best suits the individual is essential. Our
results add another piece to this puzzle.
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