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Purpose: Available published studies evaluating the association between nerve
sparing robot-assisted radical prostatectomy and risk of ipsilateral positive sur-
gical margins were subject to selection bias. In this study we overcome these
limitations by using multivariable regression analysis.

Materials and Methods: Patients undergoing robot-assisted radical prostatec-
tomy for prostate cancer at 4 institutions from 2013 to 2018 were included in the
study. A multilevel logistic random intercept model, including covariates on
patient level and side specific factors on prostate lobe level, was used to evaluate
the association between nerve sparing and risk of ipsilateral positive margins.

Results: A total of 5,148 prostate lobes derived from 2,574 patients who underwent
robot-assisted radical prostatectomy were analyzed. Multivariable analysis
showed nerve sparing was an independent predictor for ipsilateral positive mar-
gins (OR 1.42, 95% CI 1.14e1.82). Other significant predictors for positive margins
were prostate specific antigen density (OR 3.64, 95% CI 2.36e5.90) and side
specific covariates including highest preoperative ISUP (International Society of
Urological Pathology) biopsy grade (OR 1.58, 95% CI 1.13e2.53; OR 1.62, 95% CI
1.13e2.69; OR 2.11, 95% CI 1.39e3.59 and OR 4.43, 95% CI 3.17e10.12 for ISUP
grade 2, 3, 4 and 5, respectively), presence of extraprostatic extension on magnetic
resonance imaging (OR 1.42, 95% CI 1.03e1.91) and percentage of positive cores
on systematic biopsy (OR 3.82, 95% CI 2.50e5.86).

Conclusions: Nerve sparing was associated with an increased risk of ipsilateral
positive surgical margins. The increased risk of positive margins should be
considered when counseling patients who opt for nerve sparing robot-assisted
radical prostatectomy.
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RADICAL prostatectomy is a treatment
modality for localized prostate cancer
shown in a prospective randomized
trial to significantly increase life ex-
pectancy compared with conservative
management.1 Together with radiation
therapy it is one of the most estab-
lished treatment options for patients
with localized prostate cancer and a
life expectancy greater than 10 years.2

Erectile dysfunction and urinary in-
continence are unfortunately common
consequences of RP that have a severe
impact on quality of life, affecting
approximately 80% and 20% of pa-
tients, respectively.3,4 Preservation of
the neurovascular bundles can poten-
tially decrease the risk of erectile
dysfunction and to a lesser extent
urinary incontinence.5,6 Because the
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neurovascular bundles are adjacent to the prostate, it
is highly possible that nerve sparing comes with an
increased risk of positive surgical margins.

Although the European Association of Urology
guidelines state that nerve bundle preservation is
contraindicated in case of tumors with a high risk of
extracapsular disease, it is assumed that it can be
performed safely in most men with localized disease.2

A systematic review and meta-analysis confirmed the
safety of nerve sparing in patients with localized
prostate cancer, as it was not associated with an
increased risk of positive margins among patients with
pT2 tumors (RR 0.92, 95% CI 0.715e1.13). Remark-
ably, in patients with pT3 disease nerve sparing was
even associated with a decreased risk of positive
margins (RR 0.83, 95% CI 0.71e0.96).7 However, these
results should be interpreted with caution as the
observational studies previously performed on this
subject are susceptible to selection bias.

The available published studies that support cur-
rent guidelines may have insufficiently accounted for
case mix differences due to patient selection. There-
fore, these confounders may have consequently
masked the actual association between nerve sparing
and the risk of positive margins. Since a positive
margin is associated with a higher risk of biochemical
recurrence and even cancer specific mortality,8,9

proper surgical planning for nerve sparing with
a minimum risk of positive margins should be
undertaken.

Given the importance of the issue and the limita-
tions of the previous research, a need remains for
studies of higher methodological quality on this sub-
ject. Obviously a randomized controlled trial would be
the most methodologically sound approach. However,
randomizing patients for nerve sparing and nonnerve
sparing surgery would not likely be done based on
ethical grounds as assignment to nonnerve sparing
could be regarded as unnecessarily harmful for pa-
tients randomized into the nonnerve sparing arm. As
there are several studies reporting the benefits of
nerve sparing during RP, these patients will not have
the opportunity to retain erectile function.10 Therefore,
the aim of this study is to evaluate the association
between nerve sparing RP and the risk of a positive
surgical margin by retrospectively analyzing a large
multicenter patient population, adjusting for a large
number of patient related and prostate side specific
covariates using multivariable regression analysis.

PATIENTS AND METHODS

Patients and Data Collection
Patients diagnosed with prostate cancer undergoing
robot-assisted radical prostatectomy as primary treat-
ment at 4 Dutch teaching hospitals (Martini Hospital
Groningen, Hospital Group Twente, St. Antonius Hospital

Nieuwegein/Utrecht and the Canisius Wilhelmina Hos-
pital Nijmegen) from 2013 to 2018 were included in the
study (IRB No. Z18.023). Data were captured in a pro-
spective manner. Patients were excluded from analysis if
they underwent salvage RARP or were treated with
up-front androgen deprivation therapy. Baseline charac-
teristics (age, clinical T stage based on DRE, radiological
T stage based on MRI, preoperative serum PSA, total bi-
opsy cores taken and number of positive cores at diag-
nosis, Gleason score, prostate volume measured using
TRUS or MRI), treatment information (date of surgery,
surgeon, nerve sparing as mentioned in the surgical
report) and definitive pathology data (pathological T
stage, Gleason score, margin status) were documented. In
addition, prostate side specific radiological, surgical and
pathological data were retrospectively collected.

Predictor and Outcome Definitions
The most recent preoperative PSA and prostate volume
measured by TRUS or MRI were used to calculate PSAD
(serum PSA [ng/ml] divided by prostate volume [ml]).
DRE was subdivided into the 3 stages of T1 (benign), T2
(nodule) or T3 (EPE). All radical prostatectomies per-
formed in the study period were robot-assisted. Inter-
fascial nerve sparing was performed using an antegrade
approach. After the upward traction of vas and seminal
vesicles, the prostatic pedicle was observed and
controlled athermally at the base of the prostate. Then
the prostate was pulled to the opposite side and the
lateral pelvic fascia was exposed. The triangular space
between the lateral pelvic fascia, Denonvilliers’ fascia
and the prostate was observed and the neurovascular
bundle was defined. Subsequently the lateral pelvic
fascia was exposed and the interfascial dissection was
performed. The nonnerve sparing technique included
dissection posterior to Denonvilliers’ fascia and incision
on to the perirectal fat lateral to the neurovascular
bundles.

RARP was performed by 14 surgeons. Surgical experience
per surgeon varied from 0 procedures (least experienced) to
500 procedures (most experienced) at the beginning of the
study period. For the analysis the most experienced surgeon
was used as the reference category. Prostatic carcinoma was
graded using the 2014 ISUP grading system.11 A positive
surgical margin, assessed by dedicated uropathologists, was
defined as tumor cells present at the inked margin.12

Statistical Analysis
Each prostate lobe was considered a separate case. A multi-
level regression model was used to evaluate the association
between nerve sparing and positive surgical margins. Side
specific factors included nerve sparing, DRE, MRI local stage
(organ confined vs EPE), highest ISUP grade found on biopsy
and percentage of positive cores. Covariates available on
patient level included PSAD, surgeon, hospital and age. To
adjust for the consequential data clustering on patient level a
random intercept was included in the model. Missing data
were assumed to be missing at random, based on the missing
data patterns, and were imputed using multiple imputa-
tions.13 Analysis was performed using R Studio.14
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RESULTS

Study Population

A total of 2,574 patients underwent RARP from
2013 to 2018 at the 4 hospitals. The baseline char-
acteristics and surgical outcomes of these pa-
tients are presented in supplementary tables 1 and
2 (https://www.jurology.com). Positive surgical
margin rates were observed in 844 (33%) of 2,574
cases. The positive margin rate was 23% in pT2 (353
of 1,533) and 47% in pT3 or greater (491 of 1,041)
tumors. A total of 1,755 (68%) patients underwent
interfascial nerve sparing surgery (unilateral or
bilateral).

Nerve Sparing vs Nonnerve Sparing

Nerve sparing status was not available in 97 patients
and, thus, could not be categorized. Baseline charac-
teristics of 4,954 prostate lobes of the remaining 2,477
patients with known nerve sparing status are pre-
sented in supplementary table 3 (https://www.
jurology.com). In general the nerve sparing group
had more favorable tumor characteristics compared
to the nonnerve sparing group.

Missing Data

Of the 2,574 patients who underwent RARP during
the study period data relevant for analysis were
missing in 889. This was mainly attributable to the
fact that 364 patients (14%) did not undergo preop-
erative MRI and 263 (10%) underwent targeted bi-
opsies without systematic biopsies. Thus, radiological
T stage and prostate side specific percentage of

positive cores were not available in these cases. In
addition, prostate volume was not determined using
TRUS or MRI in 86 (3%) cases. Extensive information
regarding missing data is given in a patient flow chart
(supplementary figure, https://www.jurology.com).

Evaluation of Predictors for Positive Surgical

Margins

The results of the multivariable analysis predicting
positive margins are presented in the table. Model 1
included solely complete cases. Additional analysis
was done after accounting for missing data using
multiple imputation (model 2). Overall, model 2
resulted in more precise estimation of coefficients,
with narrower 95% confidence intervals compared
with the complete case analysis (model 1). In both
models nerve sparing was associated with signifi-
cantly higher ORs of ipsilateral positive margins.
Other covariates found to be significant predictors for
positive margins in models 1 and 2 were PSAD,
highest ipsilateral biopsy ISUP grade 2 and higher,
percentage of positive cores on systematic biopsy and
presence of EPE on preoperative multiparametric
MRI.

DISCUSSION
In this study we explored the association between side
specific nerve sparing RP and the risk of ipsilateral
positive margins using a large, multi-institutional,
real-world patient cohort. On multivariable logistic
regression analysis nerve sparing was associated with
significantly higher odds of positive margins

Multivariable logistic regression analysis predicting positive surgical margins

Model 1 (3,325)
p Value

Model 2 (5,148)
p ValueOR (95% CI)* OR (95% CI)†

Age 0.98 (0.96e1.0) 0.038 0.98 (0.97e1.00) 0.11
PSAD 2.72 (1.57e4.72) <0.001 3.64 (2.36e5.90) <0.001
ISUP grade:
Benign Referent Referent
1 1.15 (0.79e1.68) 0.5 1.24 (0.93e1.81) 0.2
2 1.48 (0.97e2.27) 0.069 1.58 (1.13e2.53) 0.015
3 1.65 (0.99e2.73) 0.053 1.62 (1.13e2.69) 0.037
4 2.09 (1.20e3.66) 0.01 2.11 (1.39e3.59) 0.002
5 5.56 (2.90e10.63) <0.001 4.43 (3.17e10.12) <0.001

DRE:
T1 Referent Referent
T2 1.33 (0.99e1.79) 0.062 1.21 (0.93e1.62) 0.17
T3 1.45 (0.81e2.60) 0.2 1.66 (0.93e3.01) 0.075

MRI stage:
Organ confined Referent Referent
EPE 1.48 (1.05e2.07) 0.024 1.42 (1.03e1.91) 0.031

% Pos cores 3.50 (2.23e5.49) <0.001 3.82 (2.50e5.86) <0.001
Nerve sparing:
Nonnerve sparing Referent Referent
Nerve sparing 1.53 (1.15e2.03) <0.001 1.42 (1.14e1.82) 0.005

The analysis also included the covariates hospital (4) and surgeon (14). ORs are not shown.
* Complete case analysis.
† Imputed case analysis using multiple imputations.
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compared with nonnerve sparing (OR 1.42, 95% CI
1.14e1.82). Our study results call into question the
classic suggestion that nerve sparing is not associated
with an increased risk of positive surgical margins.

Our main findings are relevant for clinical practice
as patients and their urologists need to be aware of
the fact that nerve sparing does increase the risk of
positive margins. This effect was masked in previous
studies, apparently due to methodological limitations
and insufficient unadjusted residual confounding by
indication. Also, as nerve sparing does not guarantee
preservation of erectile function,10 patients unlikely
to benefit from nerve sparing should not be unnec-
essarily exposed to its risks.

Several studies on this topic have been performed
previously, reporting conflicting results. Coelho et al
reported comparable positive margin rates of 876
patients regardless of nerve sparing type.15 For
bilateral, unilateral and nonnerve sparing, respec-
tively, the positive margin rates in pT2 tumors were
8.2%, 6.1% and 8.5% (p[0.93) and 27.7%, 26.7% and
30.8% (p[0.93) in pT3. Comparable findings were
reported in a study by Moore et al, including 945
patients.16 The authors reported no significant dif-
ferences in positive margin rates between nerve
sparing groups on multivariable analysis adjusting
for age, PSA, Gleason score, percentage of positive
biopsy cores and clinical stage. The reported relative
risks were 0.58 (95% CI 0.30e1.4, p[0.11) for uni-
lateral nerve sparing and 0.64 (95% CI 0.35e1.17) for
bilateral nerve sparing. Choi et al evaluated func-
tional outcomes and positive margin rates in their
series of 602 consecutive RARPs.17 Nerve sparing
improved 24-month urinary control without an in-
crease in positive margin rates compared to nonnerve
sparing RARP. Lastly, a study on the SEARCH
(Shared Equal Access Regional Cancer Hospital)
database including 1,018 cases echoed the previously
stated findings, and reported that neither bilateral
nor unilateral nerve sparing techniques were associ-
ated with a higher risk of a positive margin.18

Our findings are inconsistent with those reported
in previous studies, for which we have two possible
explanations. The potential confounders controlled
for during analysis in previous studies were prostate
specific and not prostate side specific. To determine
causality between a nerve sparing approach and
ipsilateral positive margins, each prostate lobe should
be considered as a separate case. For example, it is
likely that among patients in whom unilateral nerve
sparing was performed the ipsilateral side had
favorable tumor characteristics compared to the
contralateral side. Disregarding the side specific fac-
tors in the analysis limits the ability to evaluate the
causality between nerve sparing and an ipsilateral
positive surgical margin and, therefore, the effects of
side specific covariates remain masked.

The second reason regards the type and number
of covariates adjusted for during multivariable
analysis in previous studies. In this study the large
sample size and side specific analysis enabled in-
clusion of a large number of potential confounders
in the multivariable analysis, including the influ-
ence of the individual surgeon (and, thus, experi-
ence) on the occurrence of positive margins. To our
knowledge, none of the previous studies performed
an analysis including all of the most important
potential predictors, including MRI stage, for pos-
itive margins.

In previously performed studies on this subject
comparable conclusions were reported.19,20 Zorn
et al reported significantly higher posterolateral
positive margin rates among patients with pT3
tumors who underwent interfascial nerve preser-
vation compared to patients with pT3 tumors un-
dergoing nonnerve sparing RARP (73% vs 33%,
p[0.05).20 That this study had comparable results
may be explained by the methodological approach,
as their analysis was also done on the lobe level. In
addition, the nerve sparing technique performed
was comparable to ours, as interfascial nerve
sparing was performed.19 Liss et al also reported
nerve sparing to be associated with an increased
risk of positive margins on multivariable analysis
(OR 5.58, 95% CI 1.176-26.46).19 However, the
calculated ORs (and large corresponding 95% CIs)
on multivariable analysis should be interpreted
with caution as the number of events was rela-
tively low (21) for the total number of covariates
included (6).18

The positive margin rates, especially those
observed for pT2 tumors (23%), were relatively high
compared to those reported in other series. In a
recent meta-analysis by Nguyen et al an absolute
risk of positive margins of 8.1% for any nerve sparing
and 7.7% for nonnerve sparing was reported.7 The
higher rates of positive margins observed in this
study may be explained by the selection of higher
risk patients for surgery, with highest biopsy Glea-
son score (65% Gleason 7 or higher) and relatively
high pT3 rates (40%) compared to those reported in
other series (42% Gleason 7 or higher and 19%
pT3).10 Surgeon experience was previously reported
to be associated with positive margins after RARP,
and could also explain the higher positive margin
rates in our cohort.21 Of all surgeons performing
RARP in this study a large proportion were novice,
with 8 of 14 (57%) having performed fewer than 50
RARPs.

Our study has a number of strengths, as it is a
multicenter study with a large sample size, enabling
inclusion of a relatively large number of covariates
into the multivariable logistic regression model.
However, some potential limitations must be
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acknowledged. Our study lacks central review
regarding histopathological findings on prostate bi-
opsy and final pathology after RARP. However, we do
not believe this has a large impact on our findings as
positive surgical margin interpretation by uropa-
thologists generally shows good agreement.22 In
addition, data regarding the degree of interfascial
nerve sparing were lacking in the surgery reports,
which could have led to measurement bias. Finally,
inclusion of the location of positive surgical margins
was outside the scope of the present study. Evalua-
tion of the specific locations of the positive margins
should be the subject of future research as the

association between location and nerve sparing re-
mains poorly understood.

CONCLUSION
Preservation of the neurovascular bundles during
robot-assisted radical prostatectomy is associated
with an increased risk of ipsilateral positive surgical
margin when adjusting for patient and side specific
covariates on multivariate analysis. The increased
risk of ipsilateral positive margins should be taken
into account when counseling patients who opt for
nerve sparing RARP.
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