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Abstract 

Background: Robotic radical prostatectomy (RARP) is a first‑line curative treatment option for localized prostate 
cancer. Postoperative erectile dysfunction and urinary incontinence are common associated adverse side effects that 
can negatively impact patients’ quality of life. Preserving the lateral neurovascular bundles (NS) during RARP improves 
functional outcomes. However, selecting men for NS may be difficult when there is concern about incurring in 
positive surgical margin (PSM) which in turn risks adverse oncological outcomes. The NeuroSAFE technique (intra‑
operative frozen section examination of the neurovascular structure adjacent prostate margin) can provide real‑time 
pathological consult to promote optimal NS whilst avoiding PSM.

Methods: NeuroSAFE PROOF is a single‑blinded, multi‑centre, randomised controlled trial (RCT) in which men are 
randomly allocated 1:1 to either NeuroSAFE RARP or standard RARP. Men electing for RARP as primary treatment, 
who are continent and have good baseline erectile function (EF), defined by International Index of Erectile Function 
(IIEF‑5) score > 21, are eligible. NS in the intervention arm is guided by the NeuroSAFE technique. NS in the standard 
arm is based on standard of care, i.e. a pre‑operative image‑based planning meeting, patient‑specific clinical informa‑
tion, and digital rectal examination. The primary outcome is assessment of EF at 12 months. The primary endpoint 
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Administrative information
Note: the numbers in curly brackets in this protocol refer 
to SPIRIT checklist item numbers. The order of the items 
has been modified to group similar items (see http:// 
www. equat or- netwo rk. org/ repor ting- guide lines/ spirit- 
2013- state ment- defin ing- stand ard- proto col- items- for- 
clini cal- trials/).
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is the proportion of men who achieve IIEF‑5 score ≥ 21. A sample size of 404 was calculated to give a power of 90% 
to detect a difference of 14% between groups based on a feasibility study. Oncological outcomes are continuously 
monitored by an independent Data Monitoring Committee. Key secondary outcomes include urinary continence at 3 
months assessed by the international consultation on incontinence questionnaire, rate of biochemical recurrence, EF 
recovery at 24 months, and difference in quality of life.

Discussion: NeuroSAFE PROOF is the first RCT of intra‑operative frozen section during radical prostatectomy in the 
world. It is properly powered to evaluate a difference in the recovery of EF for men undergoing RARP assessed by 
patient‑reported outcome measures. It will provide evidence to guide the use of the NeuroSAFE technique around 
the world.

Trial registration: NCT03 317990 (23 October 2017). Regional Ethics Committee; reference 17/LO/1978.
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Role of sponsor {5c} The trial sponsor did not provide any 
funding for the study. UCL has the role 
of research governance sponsor of Neu‑
roSAFE PROOF. UCL adopted the study 
after the Joint Research Office at UCL 
and University College London Hospitals 
conducted a trial adoption process 
that involves reviewing the protocol to 
ensure conformity to high standards 
of trial conduct. UCL is responsible for 
oversight of the study. The sponsor plays 
no role in data collection, management, 
analysis and interpretation of data, or 
dissemination of results.

Introduction
Background and rationale {6a}
Prostate cancer (PC) is the second most common non-
skin cancer among men [1]. In the United Kingdom (UK), 
it accounts for nearly 45,000 new diagnoses and 12,000 
deaths each year, and incidence is rising [2]. Robotic-
assisted radical prostatectomy (RARP) is a first-line cura-
tive treatment option for treatment of localized disease. 
Unfortunately, erectile dysfunction and urinary inconti-
nence are common adverse side effects following RARP 
that can negatively impact quality of life [3, 4]. These 
functional results may improve when the neurovascular 
bundles (NVBs) are preserved during a nerve-sparing 
(NS) RARP [5, 6].

However, during NS RARP, the dissection planes are 
closer to the prostate than during non-NS, which poses 
a risk of positive surgical margins (PSM) and potentially 
leaving tumour tissue behind. This entails the subsequent 
need of secondary treatments, increasing patient burden 
and risk of associated side effects [7].

Therefore, selecting men for NS RARP without jeop-
ardizing the chance of cure by incurring in PSM requires 
careful planning. Current available planning techniques 
such as digital rectal examination, transrectal ultra-
sound [8], multiparametric magnetic resonance imaging 
(mpMRI) [9], and predictive nomograms [10] are limited 
by low accuracy and operator dependent variability.

The NeuroSAFE technique is the intra-operative histo-
logical frozen section (IFS) analysis of the prostatic pos-
tero-lateral prostate margins. It was originally described 
by the Martini-Klinik in Hamburg, Germany [11]. A 
recent systematic review performed by our group on IFS 
during RARP [12] identified three retrospective observa-
tional studies suggesting NeuroSAFE may safely increase 
NS during RARP without increasing PSM or cancer 
recurrence [13–15]. These studies, and a more recent ret-
rospective cohort study by Fossa et al [16], suggest poten-
tial for improving EF preservation using the NeuroSAFE 
technique. However, all of these studies were at moder-
ate or serious risk of bias [17]. This manuscript describes 

the protocol for the first multicentre, prospective, ran-
domised controlled trial (RCT) to evaluate the impact 
of the NeuroSAFE technique on erectile function (EF) of 
men with PC.

Objectives {7}
The primary objective of the NeuroSAFE PROOF RCT is 
to assess whether NeuroSAFE RARP is superior to RARP 
without NeuroSAFE technique (standard RARP) in pre-
serving EF. Key secondary objectives include to evalu-
ate short term urinary continence recovery, oncological 
control, quality of life parameters, and health economics 
between both approaches.

Trial design {8}
NeuroSAFE PROOF is a superiority, multi-centre, single-
blinded RCT in which men are allocated in a 1:1 ratio to 
NeuroSAFE RARP or standard RARP (Fig. 1 CONSORT 
flow diagram). This is the first properly powered trial to 
randomise men between RP conducted with the Neuro-
SAFE technique and RP conducted without the Neuro-
SAFE technique. We have previously published an earlier 
version of the protocol of the NeuroSAFE PROOF feasi-
bility trial, which demonstrated feasibility to proceed to 
this definitively powered RCT [18, 19]. In relation to the 
IDEAL recommendations for the development and eval-
uation of complex interventions, the NeuroSAFE PROOF 
RCT most closely aligns with stage 3 (Assessment) [20].

Methods: participants, interventions, 
and outcomes
Study setting {9}
Participants are recruited from regional UK NHS pelvic 
Uro-Oncology RARP centres. In order to become a Neu-
roSAFE PROOF trial site, the centre must have identified 
their interest to the Trial Management Group (TMG), 
have the expertise to perform the NeuroSAFE technique, 
and have well-developed RARP programs (i.e. routinely 
performing at least 200 cases per year and undergoing 
satisfactory NHS quality assurance and safety visits). 
There are currently 4 sites recruiting patients: Westmore-
land Street Hospital (University College Hospital London 
(UCLH)), Southmead Hospital (North Bristol Hospitals 
Trust), Royal Hallamshire Hospital (Sheffield Teaching 
Hospitals NHS Trust), and Queen Elizabeth University 
Hospital (NHS Greater Glasgow & Clyde).

Eligibility criteria {10}
The key eligibility criteria include men with good baseline 
EF defined as a score > 21 on the International Index of 
Erectile Function first 5 questions (IIEF-5), who are opt-
ing to undergo RARP as primary treatment for localized 
PC. Eligible patients must have had their case discussed 
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Fig. 1 NeuroSAFE PROOF CONSORT patient flow diagram
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at an NHS cancer multi-disciplinary team meeting and 
be deemed suitable for RARP before being approached 
for consenting and randomization. See Tables 1 and 2 for 
full inclusion and exclusion criteria.

Who will take informed consent? {26a}
An ethics committee approved patient information sheet 
(PIS) is provided to potentially eligible participants. Pro-
spective participants are given time to read and under-
stand the PIS before being re-approached to consider 
enrolment. Written informed consent is obtained from 
each patient prior to trial entry and the collection of 
baseline trial assessments (see Supplementary Material 
S3 for informed consent form (ICF)). The investigator, 
or their designee, must ensure adequate explanations of 
the trial whilst reinforcing that participation is voluntary 
and that they can withdraw at any time without preju-
dice to his subsequent treatment. Members of staff who 
are trained to take consent, as indicated by the principal 
investigator (PI) on the delegation log for that site, take 
written informed consent in a face-to-face visit. After 
COVID-19 related disruption, a protocol amendment 
allowed the use of an electronic remote consent platform 
that has enabled to continue recruitment complying with 
recommended governmental advice [21, 22].

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
The NeuroSAFE PROOF team works closely with other 
PC research teams, including the Molecular Diagnos-
tics and Therapeutics Group at UCL. As such, we invite 
participants in the NeuroSAFE PROOF trial to consent 
to the use of their prostatic tissue for further transla-
tional cancer biology research. Details of the proposed 
tissue sampling are described in the approved PIS and 
are included as an additional ‘opt-in’ on the ICF. A pro-
spective participant may prefer not to consent to tissue 

sampling for molecular diagnostics and therapeutics and 
may still consent to being involved in the NeuroSAFE 
PROOF trial.

Interventions
Explanation for the choice of comparators {6b}
The National Prostate Cancer Audit report 2020 shows 
that 89% of UK radical prostatectomy is now performed 
by RARP [23]. RARP is associated with a lower operative 
blood loss, blood transfusion rate than laparoscopic sur-
gery and a shorter hospital stay than open surgery [24]. 
RARP results in oncological outcomes which are non-
inferior to open or laparoscopic surgery [25, 26]. Current 
UK NS practice during RARP involves the operating sur-
geon deciding which nerves he feels he can spare based 
on the clinical examination, mpMRI, and biopsy findings. 
This standard of care was selected as our control arm. 
Prediction of extra-prostatic extension (EPE) of prostate 
cancer to avoid PSM is paramount. Various techniques 
have been proposed to predict EPE, but all have their 
limitations. Transrectal ultrasonography and digital rec-
tal examination (DRE), even in combination, are ham-
pered by insufficient sensitivity (71.1%) and specificity 
(41.1%) [8]. The use of pre-operative multiparametric 
magnetic resonance imaging (mpMRI) for prediction of 
EPE has variable reported diagnostic accuracy [9]. Lastly, 
EPE prediction nomograms have been widely developed; 
however, a systematic review and external validation 
study by Rocco et  al. demonstrates their performance 
is not reliable when applied in centres away from where 
they originate, and such tools fail to define the side, loca-
tion, or volume suspicious for EPE [10].

A systematic review has been performed by our 
group on IFS evaluation of the prostate margin dur-
ing radical prostatectomy [12]. Ten non-randomized 
comparative studies (including 16, 897 patients) were 
retrieved. According to risk of bias assessment, seven 

Table 1 Inclusion criteria

    i. Men opting to undergo RARP for localized PC (including radiological T3a)
    ii. Potent men (baseline IIEF‑5 score 22–25 not using oral medications or erectile aids to improve erection rigidity)
    iii. Men who are continent of urine (no self‑reported urinary incontinence)
    iv. Ability to read English language sufficiently to understand the participant information sheet (PIS) and respond to trial questionnaires
    v. Able to give written informed consent to participate

Table 2 Exclusion criteria

    i. Unfit to undergo RARP
    ii. Known overactive bladder resulting in urinary incontinence
    iii. Any prior or current treatment for PC (hormonal, surgical, radiotherapy)
    iv. NS deemed futile due to locally advanced disease by surgeon and/or radiologist
    v. Known metastatic PC diagnosed by staging scans
    vi. Any other contemporary malignancy requiring oncological treatment
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studies suffer from serious risk of bias, whereas three 
studies suffer from moderate risk of bias. Performance 
of IFS greatly differed technically between studies. 
Eight studies report a reduction in rates of PSM (− 1.4 
to − 14.5%) with the use of IFS and two studies report 
higher PSM rates (+ 0.4% to + 10%) in the IFS group. 
Four studies that perform IFS systematically at the 
posterolateral margin of the prostate (the NeuroSAFE 
technique) all report either improved NVB preserva-
tion or improved EF recovery. Our groups’ conclusions 
included that, no RCTs were identified, and most of the 
included studies were at high risk of bias. Furthermore, 
only very few of the studies included results on either 
long term oncological or functional outcomes. There-
fore, we decided to evaluate NeuroSAFE as our inter-
vention in a randomized prospective study.

Intervention description {11a}

Robot‑assisted radical prostatectomy The TIDieR 
checklist for better reporting of interventions accompa-
nies this protocol in the Supplementary Material [27]. 
Complete description of RARP technique is out of scope 
of the scope of this report. RARP is carried out using 
the DaVinci® surgical system (Intuitive Surgical, Sunny-
vale, CA, USA) as per standard of care in the NHS and 
under general anaesthetic. Detailed operation timings are 
recorded prospectively for all surgeries. Patients are dis-
charged from hospital with an indwelling urethral cathe-
ter which is removed in the outpatient department as per 
standard local practice.

In the NeuroSAFE PROOF study, for all participants, 
the mpMRI and clinical information (including prostate 
biopsy results) is used to inform a pre-operative image-
based surgical planning meeting. This includes a surgeon 
and a consultant uro-radiologist with at least 2 years’ 
experience of interpreting mpMRI. At this meeting, both 
surgeon and radiologist are blinded to treatment alloca-
tion before providing a NS recommendation per side 
of the prostate that is recorded as (1) Yes, (2) No, or (3) 
‘DRE recommended’ [to help guide decision according to 
surgeon discretion]. Although the pre-operative image-
based planning meeting’s aim is to assist the surgeon’s 
NS decision, the final performance of NS in both arms of 
the trial is at the discretion of the consultant urological 
surgeon.

Immediately following RARP the operating surgeon is 
asked to grade the quality of NS performed on each side 
in the following [28]:

• Intrafascial NS: Lateral pelvic fascia (LPF) is taken 
just outside the prostate capsule. Represents the 
greatest possible NS

• Interfascial NS: LPF is taken just outside the layer of 
the veins of the prostate capsule. Still largely preserv-
ing the large neural trunks (also known as the NVBs)

• Limited NS: Incision through the outer compartment 
of LPF or dissection plane between interfascial and 
wide excision (also known as partial, incremental, or 
semi-NS)

• Non-NS: Wide excision of LPF and Denonvilliers’ fas-
cia

Control arm: standard RARP Standard RARP  is per-
formed as per NHS routine practice at participating 
sites. The surgeon’s NS strategy is decided upon using 
the tumour biopsy information, the pre-operative image-
based meeting (described above), and the DRE per-
formed under general anaesthesia by the operating sur-
geon at the time of RARP.

Intervention arm: NeuroSAFE RARP NeuroSAFE 
RARP is performed in accordance with the methods 
described in our feasibility study [18, 19]. Further infor-
mation about the steps of the NeuroSAFE RARP can be 
viewed in the video prepared by the TMG [29]. Briefly, 
unless it is technically impossible or deemed to be unsafe 
because of intra-operative findings, the surgeon starts 
with a bilateral NS RARP, after which the prostate is 
removed from the body through an enlarged umbilical 
incision as soon as it has been detached from surround-
ing structures. Upon removal from the patient, the safety 
of the NS is checked by performing IFS analysis of neu-
rovascular structure adjacent margin (the NeuroSAFE 
technique). Whilst the NeuroSAFE technique is being 
performed, pneumoperitoneum is re-established with 
the Alexis Laparoscopic System (Applied Medical Ran-
cho Santa Margarita, CA) and the final steps of the RARP, 
such as the urethrovesical anastomosis and pelvic lym-
phadenectomy (where appropriate) may be performed. 
Directly following RARP, the operating surgeon is asked 
to grade the quality of NS performed on each side as 
above. Based on analysis of the results of the Neuro-
SAFE PROOF Feasibility Study, the trial team estimated 
the additional cost of the NeuroSAFE technique during 
RARP, including additional time spent in the operating 
room (OR), to be £625.10 (Supplementary Material S1 
for further detail).

NeuroSAFE technique Immediately upon removal of 
the prostate, the postero-lateral neuro-vascular structure 
adjacent surfaces are painted in theatres by the operating 
surgeon (Fig. 2A). The whole prostate is then transported 



Page 7 of 16Dinneen et al. Trials          (2022) 23:584  

to the histopathology department where the entire inked 
margin is cleaved by a straight blade. This inked pos-
tero-lateral portion of the prostate is further divided by 
perpendicular cuts at intervals of 4–5 mm from apex to 
base. Depending on the size of the prostate, a minimum 
of 4 and a maximum of 7 pieces are obtained. Each piece 
of prostate tissue is then embedded into optimal cut-
ting temperature compound on a cryostamp and frozen 
(Fig. 2B). The frozen prostate tissue is then transferred to 
the cryostat for sectioning at a tissue thickness of 5 μm 
(Fig.  2C) before staining with haematoxylin and eosin. 
Slides are examined by a consultant genito-urinary his-
topathologist and the results are conveyed to the console 
surgeon in the OR.

NeuroSAFE IFS reporting The results from the serial 
sections are reported in relation to laterality and dis-
tance from prostate apex. When there are no cancer cells 
touching the inked margin on an individual section, the 
slide is reported as clear/negative. When all sections of 
a side are clear/negative, the margin is considered nega-
tive (NSM) and no further tissue resection is performed 
on that side. When the margin is positive, further infor-
mation is collected to inform the intra-operative second-
ary resection (SR) decision including grade and length of 
cancer seen at the margin. Once the reporting pathologist 
has given a frozen section margin assessment (Supple-
mentary Material S2 for model reporting proforma), each 
piece of prostate tissue is defrosted in warm water and 
placed individually in formalin for paraffin embedding 
and subsequent concordance assessment. All prostatec-
tomy specimens are processed in accordance with the 
standard procedures recommended by the International 

Society of Urologic Pathology [30]. Final pathological 
reports are recorded prospectively for analysis.

SR indication When NSM is reported by the Neuro-
SAFE technique, this results in the preservation of the 
corresponding original ipsilateral NS status, and the 
operation is completed in the standard fashion. SR is 
indicated in the presence of a PSM with any of the fol-
lowing features (see Fig. 3):

• When more than 1 positive section is found on a side 
(any grade or length of cancer),

• Any Gleason grade group 4 pattern or above at the 
inked surgical margin,

• More than 2 mm Gleason grade 3 pattern present at 
a single section either in continunity or cumulatively.

This protocol (discussed in the ‘Discussion’ section) has 
been developed in line with our published experience 
from the NeuroSAFE PROOF Feasibility Study [19] and 
based on the experience of other centres performing IFS.

SR technique When the NeuroSAFE technique PSM 
prompts SR, a full excision of the entire ipsilateral NVBs 
is attempted. Thus, all tissue from the cut edge of Denon-
villiers’ fascia medially, the pararectal fat laterally, the 
bladder cranially, and just beyond the urethrovesical 
anastomosis (including the puboprostatic ligament and 
Walsh’s pillar) caudally is removed en bloc by the sur-
geon as originally described by Schlomm and colleagues 
[13]. SR tissue is sent for routine formalin-fixed and par-
affin-embedded histological analysis and is not analysed 

Fig. 2 Images showing the performance of intra‑operative frozen section as per the NeuroSAFE technique. A Ink stains the left (yellow) and right 
(green) neurovascular structure adjacent prostate margin, respectively. B After cleaving the right side and slicing perpendicularly a 5‑mm piece of 
prostate tissue sits on the cryostat before freezing. C Once embedded in optimal cutting temperature compound and frozen, 5‑μm sections are 
prepared on the microtome before staining
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intra-operatively. When SR is performed on one or any 
side, this is prospectively recorded as non-NS in the 
operation note.

Criteria for discontinuing or modifying allocated 
interventions {11b}
If the surgeon finds it is technically impossible or deemed 
to be unsafe to perform NS in any of the two arms due to 
intra-operative findings, the operation will be carried out 
as a non-NS procedure. Such cases are recorded prospec-
tively for descriptive presentation.

Strategies to improve adherence to interventions {11c}
Surgeon heterogeneity significantly affects functional and 
oncological outcomes after RARP [31]. To minimize this 
potential source of confounding, surgeons and surgical 
teams participating in NeuroSAFE PROOF will require 
accreditation from the TMG. Individual surgeons per-
forming RARP (both intervention and control) will have 
completed more than 100 cases prior to involvement in 
the study and have submitted these data to the British 

Association Urological Surgeons Oncology database. 
Participating surgeons must have visited the central site 
(UCLH) before their site initiation visit (SIV) to receive 
teaching and standardization in the surgical and histo-
pathological aspects of NeuroSAFE RARP. Subsequently, 
researchers from the central site (including at least the 
chief investigator (CI) and a study histopathologist) must 
visit the site for the first NeuroSAFE RARP performed, 
to help with the standardization of the NeuroSAFE tech-
nique in accordance with trial protocol.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
There is no difference in participant follow-up accord-
ing to treatment arm (see Table 3 and Fig. 1 CONSORT 
Flow Diagram). Management of Foley catheters and the 
first appointment after RARP is arranged by local NHS 
clinicians at 2 and 6 weeks, respectively. Following this, 
at 3 months (visit 2), 6 months (visit 3), 12 months (visit 
4), and 24 months (visit 5), the research team conduct 
follow-up appointments liaising with local clinicians 
where necessary. At each visit, a prostate specific antigen 

Fig. 3 The images depict cut up of prostate during the NeuroSAFE technique and the intra‑operative surgical response (i.e. secondary resection 
(SR) or no SR) according to the margin status
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test (PSA) is requested. Biochemical recurrence (BCR) is 
defined as PSA > 0.2 ng/mL, and biochemical failure is 
defined as a PSA that never falls below 0.2ng/mL. As per 
the report from the RADICALS-RT and RAVES trials on 
the timing of radiotherapy after RP, salvage treatments 
should not be initiated before BCR [32]. All adjuvant 
treatments and PSA results are prospectively recorded 
onto the trial database. Participants undergo post-oper-
ative EF recovery programs according to local routine 
practice, and there will be no protocolized/structured 
penile rehabilitation program as this may limit external 
validity of the study.

Provisions for post-trial care {30}
Participants will continue standard of care oncologic 
follow-up in their original NHS referring centres after 2 
years of follow-up at the surgery performing site. Subse-
quent yearly study visits will be conducted by phone and 
reviewing electronic health records for study purposes, 
but findings will not impact clinical care.

UCL holds insurance against claims from participants 
for injury caused by their participation in the trial. Par-
ticipants may be able to claim compensation if they can 
prove that UCL has been negligent. However, as this trial 
is being carried out in a hospital, the hospital continues 
to have a duty of care to the participant of the trial. UCL 
does not accept liability for any breach in the hospital’s 
duty of care or any negligence on the part of hospital 
employees. This applies whether the hospital is an NHS 
Trust or otherwise. Participants may also be able to claim 
compensation for injury caused by participation in this 
trial without the need to prove negligence on the part of 
UCL or another party. Participants who sustain injury 
and wish to make a claim for compensation should do so 
in writing in the first instance to the CI, who will pass the 
claim to the sponsor’s insurers, via the sponsor’s office.

Outcomes {12}
Primary outcome
Comparison of the proportion of men who achieve EF 
recovery at 12 months in the intervention (NeuroSAFE 
RARP) compared to control (standard RARP) arm.

Primary endpoint
Preservation of EF is defined as a score of ≥ 21 on the 
IIEF-5 at 12 months after treatment (visit 4).

Men are permitted to consider their answers to the 
IIEF-5 questions with or without the use of oral erec-
tile medications such as phosphodiesterase-5 inhibi-
tors (PDE5is), as is routine in the post-RP literature [14]. 
However, the use of erectile aids (such as the vacuum 

pump device, intra-cavernosal injections and penile pros-
theses) is not permitted.

Secondary outcomes

– Secondary outcome 1: Urinary continence. Com-
parison of the proportion of men in each arm who 
achieve continence at 3 months following surgery 
measured using the validated International Consul-
tation of Incontinence Questionnaire (ICIQ) short 
form, where continent is defined as a score of 5 or 
less on the sum of items 3, 4, and 5 [28]. In recogni-
tion that alternative thresholds can be used for defin-
ing continence after RP using the ICIQ, continence 
recovery will be reported in using several definitions 
including those described in the MASTER trial [33].

– Secondary outcome 2: BCR. Comparison of the pro-
portion of men in each arm who develop PSA > 0.2 
ng/mL within 12 months post-surgery.

– Secondary outcome 3: Additional oncological treat-
ments. Comparison of the proportion of men who 
receive adjuvant or salvage treatment. Men who 
receive additional cancer treatment without having 
reached a PSA threshold of 0.2 ng/ml after RARP 
will be considered to have undergone ‘adjuvant treat-
ment.’ Men who receive additional cancer treatment 
following a PSA that rises above 0.2 ng/ml will be 
considered receiving salvage treatment but will be 
primarily considered as having had BCR. The trial 
team will make efforts to minimize administration of 
adjuvant treatment as per recent evidence [25] and to 
minimize confounding within the oncological follow-
up of patients. Reasons for all further oncological 
treatment will be documented and tabulated where 
possible.

– Secondary outcome 4: Quality of life. Comparison of 
mean quality-of-life scores according to treatment 
arm using the EQ-5D-5L and RAND-36 patient-
reported outcome measures (PROMs) at 12 months.

– Secondary outcome 5: PSM. Descriptive tabulation 
of PSM rates between the treatment arms according 
to NSM, length of PSM and whether PSM was intra- 
or extra-prostatic.

– Secondary outcome 6: Health economic analysis. 
Descriptive analysis using patient health resource 
diaries to compare healthcare resource use and cost 
according to treatment arm.

– Secondary outcome 7: EF recovery at 2 years. Pro-
portion of men achieving preservation of EF, using 
the same definition as the primary endpoint, accord-
ing to treatment arm.
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Participant timeline {13}
See Table 3 and Fig. 1 CONSORT patient flow diagram.

Sample size {14}
Sample size calculation was based on the results of the 
NeuroSAFE PROOF feasibility study data. Patients 
from the feasibility study will not be included in the 
main trial analysis. A sample of 416 patients (374 
evaluable) is needed to detect a 14% or higher differ-
ence between groups with 90% power, alpha of 0.05, 
and a loss to follow-up rate of 10%. EF preservation 
rates from the feasibility study have not been presented 
here to protect equipoise and because the feasibility 
study was not powered to detect treatment effect esti-
mates. The Independent Data Monitoring Committee 
(IDMC) reviewed the sample size assumptions on 16 
February 2021, unblinded to results from the first 150 
men recruited to the main trial and advised the study 
to continue recruitment to the original number of 404 
men (364 evaluable men). The IDMC has continued 
reviewing the recruitment target during the trial.

Recruitment {15}
The NeuroSAFE PROOF recruits patients attending 
the outpatient departments of participating NHS pelvic 
uro-oncology RARP centres. The clinical teams man-
aging patients who are electing to have RARP identify 
potential trial participants to the trial team. Recruit-
ment over the past 12 months has been severely dis-
rupted by the coronavirus disease 2019 (COVID-19) 
pandemic; however, the trial has met its halfway point 
for its recruitment target during this time.

Assignment of interventions: allocation
Sequence generation {16a}
Patients are randomised using an online system by 
designated study personnel at each site in a 1:1 ratio 
to either NeuroSAFE RARP or standard RARP imme-
diately after recruitment [34]. A computer-generated 
adaptive minimization algorithm that incorporates a 
random element is used to ensure treatment groups are 
balanced (stratified) for centre.

Concealment mechanism {16b}
Once participants sign the informed consent and eligi-
bility criteria is verified the use of the centrally based 
computer algorithm prevents manipulation or pre-
diction of allocation by trial personnel, all entries are 
recorded, and no further modification is possible.

Implementation {16c}
Potential candidates are identified by designated urol-
ogy consultants, research nurses, or research fellows at 
each participant centre. After enrolment is confirmed, 
the same trial personnel access the electronic rand-
omization platform through any electronic device with 
internet connectivity, randomization is performed, and 
allocation registered in the database.

Assignment of interventions: blinding
Who will be blinded {17a}
Participants will be blinded to their treatment alloca-
tion. Following feedback received by the NeuroSAFE 
PROOF trial team during a PPI workshop in September 
2018, participants are informed of the NS status follow-
ing surgery by the clinical team. They are not, however, 
informed of their treatment allocation to minimize bias 
with reporting their functional outcomes.

Radiologist and surgeons are blinded to treatment allo-
cation during the pre-operative image-based surgical 
planning meeting. Subsequent blinding of clinicians is 
largely unfeasible as each site trial team is involved in the 
logistics of arranging the NeuroSAFE technique (or not) 
for participants. The study statistician will be blinded to 
the allocation until the end of the analysis.

Procedure for unblinding if needed {17b}
Participants will be unblinded following 5 years of follow-
up, if requested. The study statistician will be blinded to 
the allocation until the end of the analysis.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Validated and disease-specific quality of life PROMs 
IIEF-15 and IIEF-5 for EF recovery, ICIQ for urinary con-
tinence, and EQ-5D-5L and RAND-36 for overall health-
related quality of life are completed by all participants to 
evaluate all aspects of recovery.

Time points (see Fig. 1 CONSORT flow diagram):

 i. Baseline/preoperative: directly after consent
 ii. Outpatient follow-up visits. The first follow-up 

appointment used for collection of PROMs as 
per the trial protocol occurs 3 months after treat-
ment (visit 2). Further outpatient follow-up visits 
for PROMs collection occur at 6 months (visit 3), 
12 months (visit 4), and 24 months (visit 5). After 
visit 5, patient record data and telephone follow-up 
are used to ascertain oncological outcomes until 5 
years post-treatment
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Beyond 2 years after surgery, there is limited poten-
tial change in EF and continence scores. Therefore, 
annual subsequent visits will be limited to oncological 
surveillance.

Plans to promote participant retention and complete 
follow‑up {18b}
Once a participant is enrolled or randomised, the local 
site will make every reasonable effort to follow the 
patient for the entire study period. It is estimated that 
loss to follow-up/withdrawal after treatment will be 
no more than 10%. Study site staff are responsible for 
developing and implementing local standard operat-
ing procedures. Prior to March 2020, all trial follow-up 
visits were performed face to face; however, since the 
start of the COVID-19 pandemic and restrictions on 
movement, all follow-up visits have been conducted 
over the telephone and patients have sent their PROMs 
questionnaires to the local trial centre by post with par-
ticipants called to the hospital only where necessary. In 
case a participant misses a trial related visit, trial per-
sonnel reach out to the patient by post or phone. Ques-
tionnaire responses are considered valid +- 6 weeks 
from the official date of the visit.

Data management {19}
Patients’ PROMs and clinical information are added to 
an electronic database by a responsible data manager 
for each site; further information is available in the sup-
plementary material.

Confidentiality {27}
Data is handled according to regulatory requirements 
and be protected according to EU Law Enforcement 
Directive EU2016/680 (which is now incorporated into 
UK GDPR) and the Data Protection Act 2018 as well as 
local data protection requirements.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Prostate tissue from the patients who consent to 
biobanking is reserved for collection by the Molecular 
Diagnostics and Therapeutics Group without compro-
mising the performance of the NeuroSAFE technique, 
the assessment of the prostate specimen for final his-
tological diagnosis, nor elongating the length of the 
operation/time a man spends under general anaes-
thetic. The performance of fresh tissue collection from 
the prostates of men involved does not influence deci-
sions about their clinical care. Methodology of these 

investigations includes but is not limited to ex  vivo 
cultures, genomics, and immunohistochemistry. All 
samples are pseudonymized, and all data is stored 
securely within NHS frameworks. All tissue is stored 
and tracked in accordance with the Human Tissue Act, 
with regular internal audits to ensure sample and data 
security.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
A formal statistical analysis plan (SAP) will be finalised 
before a database lock and any analysis undertaken there-
after. This SAP will be published as an additional file 
when available in Trials journal. All analyses and data 
summaries will be conducted on a modified intention to 
treat basis, where those who did not undergo the allo-
cated treatment will be excluded.

Interim analyses {21b}
No interim analysis is planned during the conduct of 
the trial though the IDMC reviews safety data, including 
oncological outcomes, at each quarterly meeting.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
Additional subgroup analysis  of the primary outcome 
will be  performed on  men who did not receive a pre-
operative radiologist recommendation for bilateral nerve 
sparing. Additional subgroup analysis: patients who did 
not receive adjuvant treatment (adjuvant therapy defined 
as any additional treatment without a PSA > 0.2 ng/ml).

• Sensitivity analyses  of the primary outcome  will be 
performed  at 12 months using 

(a) IIEF-5 score using a threshold ≥ 15
(b) IIEF-5 item 3 score only using a threshold of ≥ 

2

• Descriptive analysis of IIEF-5 at 3, 6, 12, and 24 
months post-surgery

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Multiple imputations will be used to handle missing data 
using chained equations in STATA® (StataCorp). The pri-
mary outcome will be based on imputed analysis to take 
advantage of the availability of the IIEF-5 and ICIQ out-
comes across multiple time points within patients. This 
is particularly relevant because of COVID-19 disruptions 
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to patient outcome data returns. Sensitivity analyses will 
be reported based on (i) complete data only (ii) best-case 
results and (iii) worst-case results. For continence out-
comes, ICIQ scores of zero will be carried forward to fol-
lowing time points.

Plans to give access to the full protocol, participant 
level‑data, and statistical code {31c}
On completion of the study, the results will be dis-
seminated to patients through their local site, and all 
participants will be invited to an online PPI results 
presentation. The results will be published following 
peer review, and anonymised data will be presented at 
national and international conferences. No plans for 
dissemination of the full protocol, data, or statistical 
code are contemplated.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
The NeuroSAFE PROOF TMG consists of the CI, PIs, 
the trial manager, representatives of trials units, site 
staff including trial coordinators and involved clini-
cians, and database managers. This group is responsible 
for:

– Study planning,
– Preparation of protocols and revisions,
– Assistance with local ethical committee permis-

sions,
– Preparation of investigators brochure and CRFs,
– Organization of the TSC,
– Preparation of progress reports,
– Preparation of reports to funders,
– Reporting of adverse events and serious adverse 

events (SAEs) to appropriate bodies where neces-
sary,

– Trial master file,
– Budgets and contracts,
– Advice for PIs,
– Site initiations visits,
– Data management including completeness checks,
– Randomization services,
– Maintenance of trial systems
– Publication of study reports.

The Trial Steering Committee (TSC) consists of a team 
independent of the NeuroSAFE PROOF TMG and inde-
pendent of the PIs. It comprises independent chairs, 
advisory board members, and chief investigators. TSC’s 
role is to monitor and supervise the progress of the study, 
consider the recommendations of the IDMC, and make 
recommendations on future study conduct.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
The IDMC consists of an independent chair, clinical 
representative, patient representative, and statistician. 
The role of the IDMC is to safeguard the interests of 
trial participants and monitor the overall conduct of 
the trial through a quarterly review of the oncological 
outcomes reported in NeuroSAFE PROOF to ensure 
participant safety.

Adverse event reporting and harms {22}
All adverse events are monitored and recorded prospec-
tively. Further information is available in the supplemen-
tary materials.

Frequency and plans for auditing trial conduct {23}
The IDMC reviews oncological outcome data at regular 
intervals (3–4 months) and will advise the TSC and the 
CI if there is evidence that oncological outcome is being 
compromised in a group of patients.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethical committees) 
{25}
Protocol amendments are disseminated to relevant par-
ties by the trial manager. All versions have been approved 
by the sponsor, TSC, funding bodies, and ethics commit-
tee. Current version 5.0 is considered final, and no sub-
stantive changes are planned.

Dissemination plans {31a}
Unblinded results of the study will be published in peer-
reviewed publications and will be presented at relevant 
national and international conferences. The TMG will 
work with a patient panel to develop lay reports to dis-
seminate research findings to patient groups and the clin-
ical teams at participating sites.

Discussion
Key strengths and limitations

• Strength: This is the first RCT to compare Neuro-
SAFE RARP against RARP performed without  the 
NeuroSAFE technique.

• Strength: Using PROMs for primary and secondary 
outcome analysis puts patients at the centre of the 
trial design.

• Strength: The multi-centre trial design contributes to 
external validity and will help inform clinical practice 
in the UK and around the world.

• Strength: Detailed prospective collection of BCR 
rates will help define safety of the NeuroSAFE tech-
nique.
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• Strength: Blinding patients will reduce response and 
ascertainment bias, but it was not possible to blind 
all evaluators and clinical teams to treatment alloca-
tion.

• Limitation: Variability in the NS decision, technical 
performance of surgery (RARP) between centres and 
surgeons, and yet unknown adverse features of PC 
biology that differentially affect oncological outcomes 
could be potential sources of confounding.

Regarding EF recovery
The definition of ‘preservation of EF’ after RP is not 
standardized [5, 35]. Different definitions of EF preserva-
tion accounts for some of the wide variations in recov-
ery rates reported in the literature [36]. In this study, 
the IIEF-5 PROM questionnaire will be used to evaluate 
EF recovery [37], and a threshold for recovery has been 
chosen in conjunction with consultation from public and 
patient involvement (PPI) workshops (see the ‘Public and 
patient involvement (PPI)’ section) and in accordance 
with previous authors [38].

Regarding decision for SR during NeuroSAFE technique
As highlighted above, our trial protocol for the perfor-
mance of SR (Fig.  3) has been developed in line with 
our experience from the NeuroSAFE PROOF Feasibil-
ity Study [19] and based on the experience of other cen-
tres performing IFS. Van der Slot and colleagues in 491 
patients found that in no patients with < 1 mm of Glea-
son pattern 3 at the margin was adenocarcinoma seen in 
the SR specimen [39]. Conversely, Choi et al. found that 
Gleason grade pattern 4 and over on at the margin on 
IFS was predictive of BCR [40]. Several studies regard-
ing PSM on final prostatectomy specimen (as opposed 
to IFS) have found that men with ≤ 3 mm PSM length 
had similar BCR-free survival as compared to those with 
NSM [41, 42].

Public and patient involvement (PPI)
PPI has been central to the design of the NeuroSAFE 
PROOF trial at key stages of development. During the 
feasibility study, feedback received changed the fre-
quency of follow-up from 4 visits during the first 12 
months after surgery to 3 and informed the study design 
on blinding of patients (see Blinding section). More 
recently, in September 2020, the investigators convened 
an online PPI session attended by > 40 participants [43]. 
The audience were consulted in depth using teleconfer-
ence polling techniques about the definition of EF pres-
ervation to select a primary endpoint that would be most 
meaningful to patients such as those enrolled in Neuro-
SAFE PROOF. Men who attended this event encouraged 

the NeuroSAFE PROOF researchers to elect for an IIEF-5 
threshold of at least 20 for the definition of EF preserva-
tion. Furthermore, PPI representatives are on the Trial 
Steering Committee (TSC) and the IDMC for Neuro-
SAFE PROOF and will have oversight of the management 
of the research analysis.

Trial status
The NeuroSAFE PROOF Feasibility Study opened 
recruitment in October 2017 and finished recruiting 
in December 2018. The definitive NeuroSAFE PROOF 
study opened to recruitment in January 2019 using the 
same trial identifier following a substantial amendment 
to the trial protocol. The trial team decided to transition 
to the full study through a substantial amendment (i.e. 
using the same trial identifiers) because it was felt, at the 
time, that this would be the most expeditious route and 
would facilitate ongoing conduct of and recruitment to 
the study at a time when there was considerable momen-
tum. This decision was supported by the trial funder. In 
this manuscript, we report version 5.0 (May 2021) of the 
trial protocol. Earlier versions (including the feasibil-
ity study protocol) can be accessed on the NeuroSAFE 
PROOF ClinicalTrials.gov page via complete list of his-
torical versions. All amendments were reviewed and 
approved by Sponsor, Health Research Authority and the 
Research Ethics Committee (REC) prior to any research 
activity permitted within said amendment. Permission 
for the full NeuroSAFE PROOF to continue to its defini-
tive sample size, including patients recruited under ver-
sions 2.0, 3.0, and 4.0, was granted on 16 June 2021 under 
version 5.0. COVID-19 travel restrictions have prompted 
the trial teams to conduct follow-up by telephone and 
collect PROMs by post, telephone, or electronically. At 
the time of writing, 230 patients have been recruited and 
randomised to the NeuroSAFE PROOF RCT. Estimated 
date for recruitment completion is December 2022.

NeuroSAFE PROOF will continue to recruit until the 
404th patient is consented, randomised, and undergoes 
planned intervention. NeuroSAFE PROOF will there-
fore close when the last participant to undergo treatment 
completes the 5-year follow-up as per protocol.

Abbreviations
BCR: Biochemical recurrence; CI: Chief investigator; CIV: Cite initiation visit; 
CONSORT: Consolidated Standards of Reporting Trials; COVID‑19: Coronavirus 
disease 2019; IDMC: Independent Data Monitoring Committee; DRE: Digital 
rectal examination; EF: Erectile function; EPE: Extra‑prostatic extension; ICIQ: 
International Consultation on Incontinence Questionnaire; ICF: Informed 
consent form; IFS: Intra‑operative frozen section; IIEF‑5: International Index 
of Erectile Function; LPF: Lateral prostatic fascia; mpMRI: Multi‑parametric 
magnetic resonance imaging; NHS: National Health Service; NIHR: National 
Institute of Health Research; NS: Nerve sparing; NVBs: Neurovascular bundles; 
NSM: Negative surgical margin; OR: Operating room; PC: Prostate cancer; 
PDE5i: Phosphodiesterase type 5 inhibitor; PI: Principal investigator; PIS: 



Page 15 of 16Dinneen et al. Trials          (2022) 23:584  

Participant information sheet; PPI: Patient and public involvement; PROMs: 
Patient‑reported outcome measure; PSA: Prostate‑specific antigen; PSM: 
Positive surgical margin; RARP: Robotic‑assisted radical prostatectomy; RCT 
: Randomised control trial; REC: Research Ethics Committee; RfPB: Research 
for Patient Benefit; SAP: Statistical analysis plan; SAEs: Serious adverse events; 
SIV: Site initiation visit; SR: Secondary resection; TSC: Trial Steering Commit‑
tee; TMG: Trial Management Group; UCL: University College London; UCLH: 
University of London College Hospitals; UK: United Kingdom.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13063‑ 022‑ 06421‑7.

Additional file 1: Supplementary Material S1. Cost analysis of Neuro‑
SAFE technique demonstrating additional cost total of the procedure in 
the United Kingdom NHS setting according to the results of the Feasibility 
Study. Supplementary Material S2. Model Intraoperative Frozen Section 
Reporting Proforma. Supplementary Material S3. Informed Consent 
Form.

Acknowledgements
We gratefully thank the participants, PIs, research nurses, all the clinicians 
involved in providing care, regional cancer service coordinators, data manag‑
ers, and other site staff who have been responsible for setting up, recruiting 
participants, and collecting the data for the trial. We are grateful for the trial 
oversight provided by the sponsor, the trials unit, and the members of the 
TSC. The TSC members are Tim Lane, Stevenage, Ben Lamb, Cambridge, 
and Abay Mulatu (PPI representative), Coventry. We are very grateful to the 
ongoing oversight provided by the DMC. The DMC members are Mr Alastair 
Lamb (Chair), Oxford University, Miss Jane Warwick (Trial Statistician), Warwick 
University, and Roy Jeans (Lay Representative). We thank our eCRF partners 
Trialsense and Mr Simon Rodney.

Authors’ contributions {31b}
Study concept and design: GS, ED, JK, AF, AH, JG, TB, SN, CA, NW, CBG. Drafting 
of manuscript: ED, JA, GS, JG, SM, RA. Critical revision of the manuscript for 
important intellectual content: all authors. Supervision: GS, JK, AF, JA, RP, IA, LD, 
NO, SM. The author(s) read and approved the final manuscript.

Authors’ information
N/A: No additional authors’ information is required.

Funding {4}
The trial was developed by the NeuroSAFE PROOF TMG and has been funded 
by University College London Hospitals NHS Foundation Trust, The Rosetrees 
Foundation, the NIHR RfPB stream (reference: PB‑PG‑1216‑200113), St Peter’s 
Charitable Trust, and the Jon Moulton Charity Trust (charity no. 1109891).

Availability of data and materials {29}
NeuroSAFE PROOF will comply with all information governance and confi‑
dentiality guidelines for the performance of clinical research. After completion 
of the study, the database will be retained on the servers of UCL for ongoing 
analysis of secondary outcomes. The identification, screening, and enrolment 
logs, linking participant identifiable data to the pseudo‑anonymised subject 
numbers will be held in written form in a locked filing cabinet. After comple‑
tion of the study, sites will store screening and enrolment logs securely for 10 
years. Access will only be granted to approved research personnel.

Declarations

Ethics approval and consent to participate {24}
Ethical approval for NeuroSAFE PROOF protocol version 5.0 was granted on 16 
June 2021 REC reference 17/LO/1978). All participating sites have gained local 
Research and Development confirmation of capacity and capability approvals 
prior to receiving a site initiation visit and the green light by sponsor to open 
to recruitment. Written, informed consent to participate is obtained from all 
participants.

Consent for publication {32}
A model consent form is available in the supplementary materials.

Competing interests {28}
Within NeuroSAFE PROOF, laparoscopic ports are supplied by Applied Medical 
but they have had no role in the design, analysis, or collection of the data; in 
writing the manuscript; or in the decision to submit the manuscript for publi‑
cation. The NeuroSAFE PROOF TMG reports no other interests to declare.

Author details
1 Division of Surgery & Interventional Science, University College London, 
London, UK. 2 University College Hospital London, Department ofUrology, 
Westmoreland Street Hospital, 6‑18 Westmoreland Street, W1G 8PH London, 
UK. 3 University College Hospital London, Department of Histopathology, 
235 Euston Road, Bristol NW1 2BU, UK. 4 Division of Medicine, University 
College London, Charles Bell House, 43‑45 Foley Street, Sheffield W1W 7JN, 
UK. 5 Department of Applied Health Research, University College London, 
1‑19 Torrington Place, Glasgow WC1E 7HB, UK. 6 North Bristol Hospitals Trust, 
Department of Urology, Southmead Hospital, Southmead Lane, Westbury‑
on‑Trym, Bristol BS10 5NB, UK. 7 North Bristol Hospitals Trust, Department 
of Histopathology, Southmead Hospital, Southmead Lane, Westbury‑on‑Trym, 
BS10 5NB Bristol, UK. 8 Sheffield Teaching Hospitals NHS Trust, Department 
ofUrology, Royal Hallamshire Hospital, Glossop Road S10 2JF, UK. 9 Sheffield 
Teaching Hospitals NHS Trust, Department of Histopathology, Royal Hal‑
lamshire Hospital, Glossop Road S10 2JF, UK. 10 Glasgow & Clyde NHS Trust, 
Department of Urology, Queen Elizabeth Hospital, 1345 Govan Road, Glasgow, 
UK. 11 Glasgow & Clude NHS Trust, Department of Histopathology, Queen 
Elizabeth Hospital, 1345 Govan Road, Glasgow, UK. 12 Barking Havering & Red‑
bridge University Hospitals Trust, Rom Valley Way, Romford RM7 0AG, UK. 

Received: 14 April 2022   Accepted: 24 May 2022

References
 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 
2021;71(3):209–49.

 2. Officen for National Statistics cancer registration data. https:// www. ons. 
gov. uk/ peopl epopu latio nandc ommun ity/ healt hands ocial care/ condi 
tions anddi seases/ bulle tins/ cance rregi strat ionst atist icsen gland/ 2017. 
Accessed 18 May 2022.

 3. Hoffman KE, Penson DF, Zhao Z, Huang LC, Conwill R, Laviana AA, et al. 
Patient‑reported outcomes through 5 years for Active surveillance, 
surgery, brachytherapy, or external beam radiation with or without 
androgen deprivation therapy for localized prostate cancer. JAMA. 
2020;323(2):149–63.

 4. Capogrosso P, Vertosick EA, Benfante NE, Eastham JA, Scardino PJ, Vick‑
ers AJ, et al. Are We Improving erectile function recovery after radical 
prostatectomy? Analysis of patients treated over the last decade. Eur Urol. 
2019;75(2):221–8.

 5. Ficarra V, Novara G, Ahlering TE, Costello A, Eastham JA, Graefen M, et al. 
Systematic review and meta‑analysis of studies reporting potency rates 
after robot‑assisted radical prostatectomy. Eur Urol. 2012;62(3):418–30.

 6. Steineck G, Bjartell A, Hugosson J, Axen E, Carlsson S, Stranne J, et al. 
Degree of preservation of the neurovascular bundles during radical 
prostatectomy and urinary continence 1 year after surgery. Eur Urol. 
2015;67(3):559–68.

 7. Yossepowitch O, Bjartell A, Eastham JA, Graefen M, Guillonneau BD, 
Karakiewicz PI, et al. Positive surgical margins in radical prostatectomy: 
outlining the problem and its long‑term consequences. Eur Urol. 
2009;55(1):87–99.

 8. Hsu CY, Joniau S, Oyen R, Roskams T, Van Poppel H. Detection of clinical 
unilateral T3a prostate cancer ‑ by digital rectal examination or transrectal 
ultrasonography? BJU Int. 2006;98(5):982–5.

 9. de Rooij M, Hamoen EH, Witjes JA, Barentsz JO, Rovers MM. Accuracy 
of magnetic resonance imaging for local staging of prostate cancer: a 
diagnostic meta‑analysis. Eur Urol. 2016;70(2):233–45.

https://doi.org/10.1186/s13063-022-06421-7
https://doi.org/10.1186/s13063-022-06421-7
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2017


Page 16 of 16Dinneen et al. Trials          (2022) 23:584 

 10. Rocco B, Sighinolfi MC, Sandri M, Eissa A, Elsherbiny A, Zoeir A, et al. Is 
extraprostatic extension of cancer predictable? A review of predictive 
tools and an external validation based on a large and a single center 
cohort of prostate cancer patients. Urology. 2019;129:8–20.

 11. Eichelberg C, Erbersdobler A, Haese A, Schlomm T, Chun FK, Currlin E, 
et al. Frozen section for the management of intraoperatively detected 
palpable tumor lesions during nerve‑sparing scheduled radical prosta‑
tectomy. Eur Urol. 2006;49(6):1011–6 discussion 6‑8.

 12. Dinneen EP, Van Der Slot M, Adasonla K, Tan J, Grierson J, Haider A, et al. 
Intraoperative frozen section for margin evaluation during radical pros‑
tatectomy: a systematic review. Eur Urol Focus. 2020;6(4):664‑73. https:// 
doi. org/ 10. 1016/j. euf. 2019. 11. 009.

 13. Schlomm T, Tennstedt P, Huxhold C, Steuber T, Salomon G, Michl U, et al. 
Neurovascular structure‑adjacent frozen‑section examination (Neuro‑
SAFE) increases nerve‑sparing frequency and reduces positive surgical 
margins in open and robot‑assisted laparoscopic radical prostatectomy: 
experience after 11,069 consecutive patients. Eur Urol. 2012;62(2):333–40.

 14. Mirmilstein G, Rai BP, Gbolahan O, Srirangam V, Narula A, Agarwal S, et al. 
The neurovascular structure‑adjacent frozen‑section examination (Neuro‑
SAFE) approach to nerve sparing in robot‑assisted laparoscopic radical 
prostatectomy in a British setting ‑ a prospective observational compara‑
tive study. BJU Int. 2018;121(6):854–62.

 15. Preisser F, Theissen L, Wild P, Bartelt K, Kluth L, Kollermann J, et al. Imple‑
mentation of intraoperative frozen section during radical prostatectomy: 
short‑term results from a German Tertiary‑care center. Eur Urol Focus. 
2021;7(1):95–101.

 16. Fossa SD, Beyer B, Dahl AA, Aas K, Eri LM, Kvan E, et al. Improved patient‑
reported functional outcomes after nerve‑sparing radical prostatectomy 
by using NeuroSAFE technique. Scand J Urol. 2019;53(6):385‑91.

 17. Thomson H, Craig P, Hilton‑Boon M, Campbell M, Katikireddi SV. Applying 
the ROBINS‑I tool to natural experiments: an example from public health. 
Syst Rev. 2018;7(1):15.

 18. Dinneen E, Haider A, Allen C, Freeman A, Briggs T, Nathan S, et al. 
NeuroSAFE robot‑assisted laparoscopic prostatectomy versus standard 
robot‑assisted laparoscopic prostatectomy for men with localised pros‑
tate cancer (NeuroSAFE PROOF): protocol for a randomised controlled 
feasibility study. BMJ Open. 2019;9(6):e028132.

 19. Dinneen E, Haider A, Grierson J, Freeman A, Oxley J, Briggs T, et al. Neuro‑
SAFE frozen section during robot‑assisted radical prostatectomy (RARP): 
peri‑operative and histopathological outcomes from the NeuroSAFE 
PROOF feasibility randomised controlled trial. BJU Int. 2021;127(6):676‑86.

 20. McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P, Marshall JC, 
et al. No surgical innovation without evaluation: the IDEAL recommenda‑
tions. Lancet. 2009;374(9695):1105–12.

 21. NHS Health Research Authority guidance on ‘Making changes to a 
research study to manage the impact of COVID‑19.’ https:// www. hra. 
nhs. uk/ covid‑ 19‑ resea rch/ covid‑ 19‑ guida nce‑ spons ors‑ sites‑ and‑ resea 
rchers/. Accessed 18 May 2022.

 22. Almeida‑Magana R, Maroof H, Grierson J, et al. E‑Consent—a guide to 
maintain recruitment in clinical trials during the COVID‑19 pandemic. 
Trials. 2022;23:388. https:// doi. org/ 10. 1186/ s13063‑ 022‑ 06333‑6.

 23. National Prostate Cancer Final Annual Report 2020. https:// www. npca. 
org. uk/ conte nt/ uploa ds/ 2021/ 01/ NPCA‑ Annual‑ Report‑ 2020_ Final_ 
140121. pdf. Accessed 18 May 2022.

 24. Yaxley JW, Coughlin GD, Chambers SK, Occhipinti S, Samaratunga H, Zaj‑
dlewicz L, et al. Robot‑assisted laparoscopic prostatectomy versus open 
radical retropubic prostatectomy: early outcomes from a randomised 
controlled phase 3 study. Lancet. 2016;388(10049):1057–66.

 25. Coughlin GD, Yaxley JW, Chambers SK, Occhipinti S, Samaratunga H, 
Zajdlewicz L, et al. Robot‑assisted laparoscopic prostatectomy versus 
open radical retropubic prostatectomy: 24‑month outcomes from a 
randomised controlled study. Lancet Oncol. 2018;19(8):1051–60.

 26. Sooriakumaran P, Srivastava A, Shariat SF, Stricker PD, Ahlering T, Eden CG, 
et al. A multinational, multi‑institutional study comparing positive surgi‑
cal margin rates among 22393 open, laparoscopic, and robot‑assisted 
radical prostatectomy patients. Eur Urol. 2014;66(3):450–6.

 27. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Bet‑
ter reporting of interventions: template for intervention description and 
replication (TIDieR) checklist and guide. BMJ. 2014;348:g1687.

 28. Tewari AK, Srivastava A, Huang MW, Robinson BD, Shevchuk MM, Durand 
M, et al. Anatomical grades of nerve sparing: a risk‑stratified approach to 

neural‑hammock sparing during robot‑assisted radical prostatectomy 
(RARP). BJU Int. 2011;108(6 Pt 2):984–92.

 29. The NeuroSAFE technique video made by the NeuroSAFE PROOF team. 
https:// www. neuro safep roof. com/ home/ backg round/ neuro safev ideo/. 
Accessed 18 May 2022.

 30. Samaratunga H, Montironi R, True L, Epstein JI, Griffiths DF, Humphrey PA, 
et al. International Society of Urological Pathology (ISUP) Consensus Con‑
ference on Handling and Staging of Radical Prostatectomy Specimens. 
Working group 1: specimen handling. Mod Pathol. 2011;24(1):6–15.

 31. Nyberg L, Boraxbekk CJ, Sorman DE, Hansson P, Herlitz A, Kauppi K, et al. 
Biological and environmental predictors of heterogeneity in neurocogni‑
tive ageing: evidence from Betula and other longitudinal studies. Ageing 
Res Rev. 2020;64:101184.

 32. Parker CC, Clarke NW, Cook AD, Kynaston HG, Petersen PM, Catton C, 
et al. Timing of radiotherapy after radical prostatectomy (RADICALS‑RT): a 
randomised, controlled phase 3 trial. Lancet. 2020;396(10260):1413–21.

 33. Abrams P, Constable LD, Cooper D, MacLennan G, Drake MJ, Harding C, 
et al. Outcomes of a noninferiority randomised controlled trial of surgery 
for men with urodynamic stress incontinence after prostate surgery 
(MASTER). Eur Urol. 2021;79(6):812–23.

 34. Sealed Envelope Randomisation Website 2021. https:// www. seale denve 
lope. com/ trials/. Accessed 18 May 2022.

 35. Lovegrove CE, Ficarra V, Montorsi F, N’Dow J, Salonia A, Minhas S. Sexual 
function outcomes following interventions for prostate cancer: are con‑
temporary reports on functional outcomes misleading? Int J Impot Res. 
2020;32(5):495–502.

 36. Mulhall JP. Defining and reporting erectile function outcomes after 
radical prostatectomy: challenges and misconceptions. J Urol. 
2009;181(2):462–71.

 37. Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick J, Mishra A. The 
international index of erectile function (IIEF): a multidimensional scale for 
assessment of erectile dysfunction. Urology. 1997;49(6):822–30.

 38. Niejenhuijs K, Holtmaat K, Aaronson N, Holzner B, Terwee C, Cuijpers 
P, et al. The International Index of Erectile Function (IIEF)‑A Systematic 
Review of Measurement Properties. J Sex Med. 2019;16(7):1078‑91.

 39. van der Slot MA, den Bakker MA, Klaver S, Kliffen M, Busstra MB, Riet‑
bergen JBW, et al. Intraoperative assessment and reporting of radical 
prostatectomy specimens to guide nerve‑sparing surgery in prostate 
cancer patients (NeuroSAFE). Histopathology. 2020;77(4):539–47.

 40. Choi SY, Chi BH, Kim TH, Lim B, Lee W, You D, et al. Does intraoperative 
frozen section really predict significant positive surgical margins after 
robot‑assisted laparoscopic prostatectomy? A retrospective study. Asian J 
Androl. 2021;23(1):74–9.

 41. Dev HS, Wiklund P, Patel V, Parashar D, Palmer K, Nyberg T, et al. Surgical 
margin length and location affect recurrence rates after robotic prosta‑
tectomy. Urol Oncol. 2015;33(3):109 e7–13.

 42. Preisser F, Coxilha G, Heinze A, Oh S, Chun FK, Sauter G, et al. Impact of 
positive surgical margin length and Gleason grade at the margin on 
biochemical recurrence in patients with organ‑confined prostate cancer. 
Prostate. 2019;79(16):1832–6.

 43. Video recording of the NeuroSAFE PROOF 2020 Public & Patient Informa‑
tion Day available on the NeuroSAFE PROOF webiste. https:// www. neuro 
safep roof. com/ home/ patie nteve nts/ 2020‑ ppi‑ event/. Accessed 18 May 
2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.euf.2019.11.009
https://doi.org/10.1016/j.euf.2019.11.009
https://www.hra.nhs.uk/covid-19-research/covid-19-guidance-sponsors-sites-and-researchers/
https://www.hra.nhs.uk/covid-19-research/covid-19-guidance-sponsors-sites-and-researchers/
https://www.hra.nhs.uk/covid-19-research/covid-19-guidance-sponsors-sites-and-researchers/
https://doi.org/10.1186/s13063-022-06333-6
https://www.npca.org.uk/content/uploads/2021/01/NPCA-Annual-Report-2020_Final_140121.pdf
https://www.npca.org.uk/content/uploads/2021/01/NPCA-Annual-Report-2020_Final_140121.pdf
https://www.npca.org.uk/content/uploads/2021/01/NPCA-Annual-Report-2020_Final_140121.pdf
https://www.neurosafeproof.com/home/background/neurosafevideo/
https://www.sealedenvelope.com/trials/
https://www.sealedenvelope.com/trials/
https://www.neurosafeproof.com/home/patientevents/2020-ppi-event/
https://www.neurosafeproof.com/home/patientevents/2020-ppi-event/

	NeuroSAFE PROOF: study protocol for a single-blinded, IDEAL stage 3, multi-centre, randomised controlled trial of NeuroSAFE robotic-assisted radical prostatectomy versus standard robotic-assisted radical prostatectomy in men with localized prostate cancer
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Administrative information
	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}
	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}

	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Primary outcome
	Primary endpoint
	Secondary outcomes
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g. subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant level-data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating centre and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g. trial participants, ethical committees) {25}
	Dissemination plans {31a}


	Discussion
	Key strengths and limitations
	Regarding EF recovery
	Regarding decision for SR during NeuroSAFE technique
	Public and patient involvement (PPI)

	Trial status
	Acknowledgements
	References


