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ABSTRACT

Background: Magnetic resonance-guided adaptive radiotherapy (MRgRT) enables neurovascular-sparing treat-
ment for localized prostate cancer (PCa). The aim of this treatment is preservation of erectile function by sparing
the neurovascular bundles, the internal pudendal arteries, the corpora cavernosa, and the penile bulb. Internal
pudendal arteries, corpora cavernosa, and penile bulb sparing can generally be achieved in all patients, but NVB
sparing can be challenging due to its proximity to the prostate and is therefore dependent on tumor location.
PCa patients that have sufficient erectile function at baseline and favorable tumor characteristics might benefit
from this treatment. Currently, it is unclear what proportion of patients are eligible for neurovascular-sparing
treatment and to what extent this is technically feasible.

Aim: To define the eligibility and technical feasibility for neurovascular-sparing MRgRT in intermediate-risk
localized PCa patients.

Methods: A consecutive series of men that received 5 £ 7.25 gray (Gy) MRgRT for localized PCa were
included. Baseline erectile function was assessed using the International Index of Erectile Function (IIEF)-5 ques-
tionnaire. Additionally, the ability of sparing the neurovascular bundles was assessed in all patients. Per neurovas-
cular-sparing protocol, the dominant intraprostatic lesion with a 4 mm isotropic margin should receive 34.44 Gy
in ≥ 99% of the volume (i.e., high-dose area). When the high-dose area directly borders or overlaps the NVB
because of a dorsolateral position of the dominant intraprostatic lesion, sparing of the NVB was considered not
feasible on that side.

Outcomes: Patient-reported IIEF-5 baseline questionnaires and the technical feasibility of NVB sparing were
assessed.

Results: Of the 102 men that completed the IIEF-5 questionnaire at baseline, 49.0% of patients reported to
have an IIEF-5 score of ≥ 17. In those patients, the NVB could technically have been spared bilaterally in 20.0%
and unilaterally in 68.0%.

Clinical Implications: Our findings define the potential population for neurovascular-sparing MRgRT for local-
ized PCa and indicate the proportion in which the NVB can technically be spared.

Strength & Limitations: The major strength of this study is the prospective collection of data. The limitations
include that the neurovascular-sparing feasibility definition is based on pre-clinical planning data.

Conclusion: A substantial group of 49.0% of patients in our study had mild or no erectile dysfunction at base-
line. Of these patients, the NVB could technically have been spared bilaterally in 20.0% and unilaterally in
68.0% during MRgRT. Trials need to assess the effect of neurovascular-sparing MRgRT on erectile function.
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INTRODUCTION
Erectile dysfunction (ED) is a common adverse effect of radi-

cal treatments for localized prostate cancer (PCa) such as radical
prostatectomy, brachytherapy, and external beam radiotherapy
(EBRT). ED has a negative effect on quality of life and should
therefore be taken into consideration when deciding between
treatment options.1,2

For radical prostatectomy, techniques for preservation of erec-
tile function have been applied since the introduction of the
nerve-sparing prostatectomy by Walsh and Donker in 1982.3

However, even after bilateral nerve-sparing prostatectomy ED
remains common with reported rates up to 37% at 2 years after
surgery.4

For EBRT, innovations in treatment techniques have mainly
been focused on reducing gastrointestinal and urinary toxicity by
decreasing the dose to bowel and urinary bladder.5,6 Structures
relevant for erectile function, such as the neurovascular bundle
(NVB) and internal pudendal artery (IPA), are currently not rou-
tinely spared during EBRT. This is mainly because these struc-
tures are generally not visible on CT imaging, which is
conventionally used for daily treatment planning and adaption
before treatment fractions.7,8

Our hospital has developed the MR-Linac, which has
recently been introduced globally.9 The MR-Linac com-
bines a linear accelerator with a 1.5T MRI scanner.10 MR-
guided adaptive radiotherapy (MRgRT) enables real-time
high-field MR imaging of the prostate and surrounding
(soft-) tissue during radiotherapy.11 With this technique it
is possible to adapt the radiotherapy plan to the movement
and deformation of the prostate and surrounding (soft-)
tissue during treatment in order to minimize radiation to
healthy tissue.12 MRgRT is therefore very suitable for neu-
rovascular-sparing (or erectile function-sparing) radiotherapy
treatment.

During neurovascular-sparing MRgRT the aim is to
reduce the dose to the NVBs, IPAs, corpora cavernosa (CCs),
and penile bulb (PB) as much as possible, while maintaining
sufficient radiation dose to the prostate and tumor. We have
previously demonstrated that adequate dose reduction to the
IPAs, the CCs, and the PB can be accomplished without
compromising the prostatic dose.13 In contrast, reducing the
dose to the NVBs can technically be more challenging as
these structures are in closer proximity to the prostate. Spar-
ing the NVBs might conflict with maintaining sufficient dose
to the prostate, which is the main priority.
022;19:1196−1200
At our center, standard MRgRT for intermediate-risk PCa has
been implemented in standard clinical practice, whereas MRgRT
with neurovascular-sparing has recently become available in clini-
cal-trial setting. Ideally, neurovascular-sparing MRgRT is applied
in intermediate-risk PCa patients with satisfactory to good erec-
tile function at baseline and an anatomically favorable tumor
location which enable bilateral sparing of the NVBs.

Currently, it is unclear to what extent characteristics of inter-
mediate-risk PCa patients that choose to undergo novel MRgRT
treatment are comparable to the standard radiotherapy and to
what extent they have satisfactory to good erectile function at
baseline. Furthermore, it is unknown in what proportion of
patients neurovascular-sparing MRgRT is technically feasible.

In this study, we aim to define the eligibility and technical
feasibility of neurovascular-sparing MRgRT. The results of this
study should enable us to determine the relevance and potential
of this novel treatment.
METHODS

Patients
We included all intermediate-risk (National Comprehensive

Cancer Network category) PCa patients within our institution’s
prospective registry (the “Utrecht Prostate Cohort,”
NCT04228211) treated between February 5, 2020 and Novem-
ber 1, 2021. All included patients received a total of 36.25 gray
(Gy) to the prostate in 5 fractions using MRgRT, which is is
standard treatment for patients with intermediate-risk PCa that
opt for radiotherapy at our institution. Only patients that gave
informed consent for filling out patient reported outcome ques-
tionnaires were included. In order to determine whether a shift
in age of patients that undergo radiotherapy using MRgRT is
present, we compared the included patients with patients from
the general Dutch population by extracting data from the Dutch
national cancer registry in which all patients that are treated for
PCa in the Netherlands were recorded. For our analysis we
extracted type of treatment (ie, radical prostatectomy or EBRT),
age, and risk group. We used the data from the year 2019, which
was the last full non-COVID year.
Erectile Function
For the assessment of erectile function, the International

Index of Erectile Function (IIEF)-5 questionnaire was used.14

The IIEF-5 addresses the erectile function over the past 6
months prior to filling out the questionnaire. IIEF-5 ≥ 17 was
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regarded as mild to no ED, IIEF-5 12−16 as mild to moderate
ED, and IIEF-5 ≤ 11 as moderate to severe ED. The IIEF-5 was
accompanied by the Expanded Prostate Cancer Index Compos-
ite (EPIC)-26 questionnaire to assess sexual function. A sexual
domain score of 0 was interpreted as worst and of 100 as best
possible sexual function.15 Only questionnaires that were filled
out before first fraction were included.
Neurovascular Bundle-Sparing Feasibility
Per protocol, all MRgRT patients received a pre-treatment

3Tesla (T) offline planning MRI (T2-weighted and diffusion
weighted imaging (DWI) sequences) on which the dominant
intraprostatic lesion (DIL) was contoured by the treating radia-
tion oncologist and the radiotherapy pre-treatment planning was
performed. The DIL indicated the MRI visible tumor within the
prostate. A margin of 4 mm around the DIL was generated for
potential microscopic disease. Per protocol the DIL + 4 mm iso-
tropic margin should have received 34.44 Gy (95% of 36.25
Gy) in ≥ 99% of the volume 13 The clinical target volume
(CTV) encompasses the prostate, the base of the seminal vesicles
and DIL + 4 mm margin. To account for prostate motion during
radiotherapy, a 5 mm isotropic margin was implemented around
the CTV. The CTV + 5 mm, also known as the planning target
volume (PTV) may receive a relatively lower dose coverage of
34.44 Gy in ≥ 80%, 32.62 Gy (90% of 36.25 Gy) in ≥ 90%,
and 30.00 Gy (83% of 36.25 Gy) in ≥ 99% of the total volume
(Figure 1). The NVB dose constraint was set to ≤ 32.75 Gy in
D0.1 cc (i.e., the 0.1 cc of the NVB that receives the highest
dose, should receive no more than 32.75 Gy), which was based
on literature for neural and vascular tissue and experience with
radiation toxicity for sacral plexus and brachial plexus.13

Our group has previously demonstrated that in case the DIL +
4mmmargin (i.e., high radiation dose area) was located in the dorso-
lateral position, directly adjacent to or overlapping the NVB on the
Figure 1. Pre-treatment planning dose distribution, representing the
(NVB) and ability of NVB sparing (axial plane). Yellow dashed line (i
(DIL) with a 4 mm isotropic margin excluding the bladder and bowel. ≥
low-dose area): represents the planning target volume (PTV). This incl
The CTV consists of the whole prostate, base of the seminal vesicles,
≥ 90% 32.62 Gy, and ≥ 80% 34.44 Gy. The NVB dose constraint is
receives the highest dose, should receive no more than 32.75 Gy to ac
cases. B: unilateral NVB sparing representing 68.0% of cases. C: no NV
online at www.jsm.jsexmed.org.
planning MRI, meeting the NVB dose constraint of ≤ 32.75 Gy in
D0.1 cc, and thus NVB sparing, was not feasible on that side
(Figure 1).13 Following that approach, DIL + 4 mm and PTV dose
coverage (as per neurovascular-sparing protocol) could generally be
met without compromising sparing of the bladder, rectum, IPAs,
CCs, and PB. In this study we assessed whether theNVB could tech-
nically have been spared bilaterally or unilaterally based on the pre-
treatment planning contours of the DIL + 4 mm margin in relation
to the NVB for each patient with an IIEF-5 ≥ 17. The NVBs were
contoured by one rater (FT) and systematically evaluated by another
rater (JV) using a previously published contouring atlas16 and the
technical NVB-sparing feasibility (i.e., bilateral, unilateral, or no
sparing) was assessed subsequently. Interrater agreement of NVB
contouring was previously assessed in a pre-clinical interrater study,
which showed a Dice similarity coefficient (DSC) of 0.67 of the
NVB at prostate midgland to apex level where it is adjacent to the
prostate.16 Furthermore, DSC improved substantially after MRI
sequence optimization and rater training and therefore expected to
further improve in the clinical setting.

Descriptive statistics were presented as mean with standard
deviation (SD) and were calculated using R 4.1.1.
RESULTS

Patient Characteristics
One hundred and fifty-four intermediate-risk localized PCa

patients were treated between February 5, 2020 and November
1, 2021 and were included in the study. One hundred and two
(66.2%) patients filled out the IIEF-5 questionnaire at baseline.
Mean age was 69 (SD: 6) years. In comparison, the mean age of
the general Dutch intermediate-risk localized PCa population
that received EBRT in 2019 was 72 years (SD: 6; n = 1279) and
patients that underwent prostatectomy in 2019 were on average
66 years (SD: 6; n = 1461).
variation in tumor location in relation to the neurovascular bundle
.e., high-dose area): represents the dominant intraprostatic lesion
99% of this area should receive 34.44 Gy. Green dashed line (i.e.,

udes the clinical target volume (CTV) with a 5 mm isotropic margin.
and the DIL + 4 mm. For the PTV ≥ 99% should receive 30.00 Gy,
set at D0.1 cc ≤ 32.75 Gy, meaning that the 0.1 cc of the NVB that
hieve NVB sparing. A: bilateral NVB sparing representing 20.0% of
B sparing representing 12.0% of cases. Figure 1 is available in color
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Erectile Function
Of the 102 patients that filled out the IIEF-5 at baseline, 50

(49.0%) had an IIEF-5 score of ≥ 17. Those patients were youn-
ger (mean age: 68 years, SD: 6 vs. 69 years, SD: 6) and had less
comorbidities (mean CCI: 0.3, SD: 0.8 vs 0.6, SD: 1.0). Patients
with an IIEF-5 score of ≥ 17 reported a mean EPIC-26 sexual
domain score of 78.3 (SD: 17.7) and patients with an IIEF-5 of
< 17 reported a mean EPIC-26 sexual domain score of 58.5
(SD: 25.9). 4 (3.9%) patients that filled out the IIEF-5 indicated
to not have had any sexual activity over the past 6 months.
Neurovascular Bundle-Sparing Feasibility
Based on the predefined definitions, of the 50 patients that

reported to have an IIEF-5 score of ≥ 17, the NVB could techni-
cally have been spared bilaterally in 10 (20.0%) patients and uni-
laterally in 34 (68.0%) patients.
DISCUSSION

Neurovascular-sparing radiotherapy delivered with the MR-linac
could become an important competitor of radical prostatectomy for
patients that wish to preserve erectile function after definite PCa
treatment. This study is the first to estimate the potential patient
population that will be eligible for erectile function-sparing treat-
ment and to identify the proportion of patients in which the NVB
can be spared during neurovascular-sparing MRgRT.

Almost all patients that were treated for intermediate-risk
localized PCa with MRgRT indicated to have been sexually
active over the past 6 months before treatment (96.1%). We
found that 49.0% of patients in our study had no or mild ED at
baseline, which corresponded with a substantially higher EPIC-
26 sexual domain score compared to the patients with moderate
to severe ED (D = 19.8).17 For the patients with no or mild ED,
the NVB could have been spared bilaterally in 20.0% of the
patients (n = 10) and unilaterally in 68.0% (n = 34) of the cases
without significantly compromising tumor coverage. Previous
data demonstrated that the IPA, CC, and PB can generally be
spared in all cases.13 These data demonstrate: (i) that efforts to
preserve sexual function are extremely relevant within the
MRgRT patient population, and (ii) that (partial) NVB sparing
treatment is technically feasible in most patients.

In clinical practice, EBRT patients tend to be older and have
more comorbidities compared to radical prostatectomy patients.
Despite the fact that many studies have shown equality in terms
of survival for both treatment modalities,18 radical prostatectomy
is often regarded as the first choice of radical treatment by many
patients. However, after counseling patients (shared decision
making) there is better understanding of the expected toxicities
for each treatment modality, which subsequently leads to less
decision regret after treatment.19 Our study population is sub-
stantially younger than the general (conventional) EBRT popula-
tion (on average 69 vs. 72 years old), but still older than the
prostatectomy population (on average 69 vs. 66 years old). This
J Sex Med 2022;19:1196−1200
might indicate that MRgRT is already attracting a relatively
younger group of patients. Neurovascular-sparing MRgRT,
which holds the promise to further reduce ED after radical PCa
treatment, may induce a further paradigm shift by drawing youn-
ger and healthier PCa patients towards EBRT.

Neurovascular-sparing MRgRT for PCa for the preservation
of erectile function is promising, but prospective studies must
show efficacy before widespread clinical implementation. Erectile
function preservation and tumor control need to be assessed, to
be able to weigh the potential benefits against the risks. At our
center we recently started the prospective phase II ERECT-trial
(NCT04861194), which addresses the effectivity of neurovascu-
lar-sparing MRgRT in 70 men with intermediate-risk PCa with
no or mild ED at baseline. Prior to every fraction, we utilize
online contouring and re-planning and subsequent couch-shift
registration of the prostate alone.20 The primary endpoint of this
study is erectile function at 3-years after neurovascular-sparing
MRgRT and biochemical recurrence at 3-years after treatment is
among the secondary endpoints.

A limitation of this study is that the neurovascular-sparing
feasibility is based on pre-clinical planning-study data.13,16 Clini-
cal studies, which are currently running (NCT03525262 and
NCT04861194), must confirm the assumptions on which we
based the feasibility of neurovascular sparing in this study.
CONCLUSIONS

At baseline 49.0% of patients receiving novel MRgRT for inter-
mediate-risk localized PCa had good baseline erectile function with
an IIEF-5 score of ≥ 17. Of patients with adequate erectile function
at baseline, NVB sparing was technically feasible bilaterally in 20.0%
and unilaterally in 68.0% of these patients. Trials need to assess the
effect of neurovascular-sparingMRgRT on erectile function.
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