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ABSTRACT

Purpose: to evaluate the role of 3D models on positive surgical margin rate (PSM) rate in patients
who underwent robot-assisted radical prostatectomy (RARP) compared to a no-3D control group.
Secondarily, we evaluated the postoperative functional and oncological outcomes.

Methods: prospective study enrolling patients with localized prostate cancer (PCa) undergoing
RARP with mp-MRI based 3D model reconstruction, displayed in a cognitive or augmented reality
(AR) fashion, at our Centre from 01/2016 to 01/2020. A control no-3D group was extracted from
the last two years of our Institutional RARP database. PSMr between the two groups was
evaluated and multivariable linear regression (MLR) models were applied. Finally, Kaplan-Meier
estimator was used to calculate biochemical recurrence (BCR) at 12 months after the intervention.
Results: 160 patients were enrolled in the 3D Group, whilst 640 were selected for the Control
Group. A more conservative NS approach was registered in the 3D Group (full NS 20.6% vs 12.7%;
intermediate NS 38.1% vs 38.0%; standard NS 41.2% vs 49.2%; p=0.02). 3D Group patients had
lower PSM rates (25 vs. 35.1%, p=0.01). At MLR models, the availability of 3D technology (p=
0.005) and the absence of extracapsular extension (ECE, p=0.004) at mpMRI were independent
predictors of lower PSMr. Moreover, 3D model represented a significant protective factor for PSM
in patients with ECE or pT3 disease.

Conclusions: The availability of 3D models during the intervention allows to modulate the NS

approach, limiting the occurrence of PSM, especially in patients with ECE at mpMRI or pT3 PCa.



1. INTRODUCTION
In current days, precision prostate cancer (PCa) surgery moves in a delicate balance between
oncological and functional outcomes [1].
A relevant risk factor for biochemical recurrence (BCR) after RARP is represented by positive
surgical margins (PSM). In fact, the nerve sparing (NS) phase represents the most delicate step of
the procedure in this context. Recently published data state that the postoperative PSMr is 5-30%
for organ confined PCa and 17-65% for locally advanced PCa [2].
Aiming to reduce the occurrence of this unwanted event, multiple techniques were introduced
over the last years [1] such as neurovascular structure adjacent frozen section examination
(NeuroSAFE) [3] or confocal laser endomicroscopy [4]. Among them, novel high-definition three-
dimensional (3D) models (HA3D™) represent an innovative solution. These are created based on
multiparametric magnetic resonance imaging (mpMRI), able to identify lesion’s location and its
relationship with the prostate capsule [5]. Such information offer to the surgeon an enhanced
spatial visualization of the organ and of the disease.
Several pilot studies already demonstrated the utility of this technology in surgical planning [6] or
for surgical navigation [7,8], and, regardless of the ways of application (physical or virtual), it
seems to help the surgeon to have a better comprehension of the disease compared to standard
2D images [9].
The aim of this study was to evaluate if the intraoperative availability of HA3D™ models can have

an impact on PSMr, then functional and oncological outcomes were analyzed.



2. MATERIALS AND METHODS

2.1 Study population
Patients with prostate cancer (clinical stages cT1-3, cNO, cMO0) who underwent robot-assisted
radical prostatectomy (RARP) with 3D model reconstruction at our Centre were prospectively
enrolled in our study from January 2016 to January 2020. The study was conducted in accordance
with the Declaration of Helsinki, and informed consent was obtained from the patients.
In all cases, prostate cancer diagnosis was based on a positive target biopsy of the index lesion
[10] and preoperative staging was performed according to EAU guidelines. Exclusion criteria were

any contraindications to RARP and absence of a detectable lesion at the preoperative mpMRI.

2.2 mpMRI images and HA3D™ models’ reconstruction
Preoperative assessment included a mpMRI following a dedicated protocol, as previously
described [8], with 1.5T or 3T and with or without endorectal coil depending on the MRI machine
characteristics. All the mpMRI were performed by dedicated uro-radiologists that already walked
their learning curve. Briefly, 3D imaging realization started from the acquisition of DICOM images
and their processing with a dedicated software, authorized for medical use by MEDICS Srl

(www.medics3d.com). The first step consisted in an automatic volume rendering, followed by a

process called “segmentation”, aimed to define and isolate pixels included in regions or objects of
interest (ROI/OO0I). In some cases, the software was not able to correctly identify and depict the
different features, so the process needed to be performed manually by an expert urologist
together with a bioengineer. Once this phase was completed, the project was exported and saved
in .stl format (Figure 1a).

The completed virtual 3D model could then be displayed in a “cognitive” manner on a screen (e.g.,
iPad or laptop) where it could be zoomed, tilted, rotated and translated according to operator’s
needs.

Moreover, thanks to bioengineers support, augmented reality (AR) RARP was performed thanks to

a real-time intraoperative overlapping of the 3D model inside the robotic console.

2.3 3D Cognitive or Augmented-Reality RARP
All the procedures were performed according to our total anatomical reconstruction (TAR)

technique [11]. For 3D cognitive RARP the surgeon had the chance to consult on-demand the


http://www.medics3d.com/

HA3D™ model during the intervention, whilst for AR-RARP the intervention was executed with the
3D overlapped images, as previously published [7,8] (Figure 1b,c). In particular, images obtained
by the endoscopic view were mixed with the 3D virtual model thanks to vMix software

(https://www.vmix.com); the overlapping of the 3D models over the real anatomy was performed

manually, using our previously developed p-Viewer platform, by a surgical assistant with the
support of a 3D professional mouse. Finally, the obtained merged images were sent back to the Da
Vinci remote console using the Tile-Pro.

With the aim to maximally preserve the nervous fibers in the Neurovascular bundles (NVBs), an

antegrade nerve sparing (NS) RARP adapted to patient’s preoperative features was performed.

2.4 Control group
The Control group consisted of patients with a pre-operative mpMRI who underwent RARP with
TAR technique in the same study period. All patients were treated by the same surgeon (FP), who
already reached his learning curve plateau (more than 200 cases/year over the last five years),
without the fruition of 3D models due to issues in the 3D models production or absence of
bioengineer’s assistance. Surgeons had the chance to consult mp-MRI images during the
intervention.
In order to optimize the nature of comparison with the control group (no 3D RARP), we relied on
1:4 propensity score (PS) matching according to the nearest neighbor [12]. The 1:4 PS-matched
cohorts (3D vs no 3D RARP) were balanced according to age, BMI, PSA, GS, DRE, prostate volume,

Pi-Rads score, presence of ECE or SVI.

2.5 Data collection
Collected data from the two groups included preoperative variables in terms of demographic,
radiological and pathological features.
Intraoperative variables were also recorded: in particular the rate of full vs intermediate vs
standard NS procedures (according to Pasadena Consensus classification [13]) was collected. Full
NS means bilateral intrafascial; partial/intermediate NS refers to interfascial/intrafascial or
interfascial/interfascial; and standard NS is interfascial/extrafascial or extrafascial/extrafascial.
Then, postoperative variables such as catheterization time, hospitalization time, and complication

rates (according to Clavien—Dindo classification [14]) were evaluated.
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Pathological variables were analyzed, and clinically significant positive surgical margins, defined as
multifocal or > 3 mms [15], were evaluated.

Potency recovery was recorded using the International Index of Erectile Function questionnaire
(score >17 means “valid erection”) [16]; urinary continence recovery was stated if the patients did
not use any pads or if they used one safety pad/day at catheter removal orat 1, 3,6 and 12
months after RARP. Short-term oncological follow-up was evaluated at a minimum of 12 months,
comparing BCR between the 3D and no-3D control group. BCR was denoted as (i) any
postoperative cancer treatment, or (ii) PSA level >0.2 ng/mL with a single repeated measurement

for confirmation.

2.6 Statistical analysis
Descriptive statistics included frequencies and proportions for continuous and categorical variables,
respectively. The statistical significance of differences in proportions was evaluated with chi-square
tests. Statistical analyses consisted of five analytical steps.
First, we tabulated rates of NS approach according to 3D technology availability. Second, we
tabulated PSM rates according to the type of NS between 3D (cognitive or AR) vs. no 3D technology
availability. Third, we fitted MLR models predicting the presence of PSM. Covariates consisted of 3D
technology availability, presence of ECE, SVl and high D’Amico risk group. Fourth, we tried to identify
a specific subgroup of patients in whom 3D technology availability could maximize the protective
effect towards PSM. To reach this goal, we fitted four additional MLR models in the following
subgroup of patients: patients with ECE at mpMRI, D’ Amico high risk category patients, positive DRE
and pT3 patients.
The concordance between the index lesion location and the PSM location was evaluated with
Cohen’s Kappa coefficient.
Finally, Kaplan-Meier (KM) calculation was used to estimate BCR rates at 12 months according to
the availability of 3D technology. The same analysis was also fitted in the subgroup of patients with
ECE and with pT3 stage.
All statistical tests were two-sided with a level of significance set at p < 0.05. Analyses were
performed using the R software for statistical computing and graphics (version 3.4.1; http://www.r-

project.org/).



3. RESULTS

3.1 Demographics, perioperative and pathological findings

The comparison between 3D and no-3D RARP prior to any matching relied on 160 3D (11%) and
1289 no 3D RARP patients (89%). Specifically, regarding 3D RARP patients, 56 underwent cognitive
RARP and 104 AR 3D RARP. After the PS-matching between each 3D RARP patient with up to 4 no-
3D RARP patients, 160 3D and 640 no-3D patients were available for the purpose of subsequent
analyses and no statistically significant differences remained between both groups in terms of
demographic, radiological and biopsy pathological variables (Supplementary materials 1). Focusing
on intraoperative variables, a more conservative NS approach (higher rate of full NS) was
registered in 3D group (full NS 20.6% vs 12.7%; intermediate NS 38.1% vs 38.0%; standard NS
41.2% vs 49.2%; p= 0.02) (Figure 2a). Postoperative complication rates were comparable (5.6% vs.
4.8%, for 3D vs. Control group patients; p=0.9) (Table 1). Final pathological analysis showed no
significant difference between the tumor characteristics in terms of pT of the two Groups (p=

0.051).

3.2 Primary endpoint: PSM evaluation
3D Group patients (regardless of the type of technology used, cognitive or AR) had lower PSM
rates (25 vs. 35.1%, p=0.01), compared to their no-3D counterpart. In both groups a good
concordance between index lesion location (visualized on 3D models or mp-MRI images) and PSM
was recorded (k= 0.89 and k=0.86 in 3D and no 3D group respectively). Only in 5 (3.1%) and 28
(4.3%) cases in 3D and no-3D group respectively (p= 0.64) pathological ECE was found
contralaterally to MRI findings. The occurrence of PSM at the level of the index lesion was
registered in 43.2% vs 47.0% of the cases in 3D and no-3D Group respectively (p=0.66).
After performing a stratification according to the NS approach, no differences in terms of PSMr
were recorded in full and intermediate group (p=0.87 and p= 0.21 respectively), whilst a
significant decrease of PSMr in favour of 3D Group was recorded in standard NS population
(p=0.03) (Figure 2b). Moreover, we observed that a higher rate of full NS was performed
homolaterally to the index lesion in the 3D group compared to the Control Group (37% vs 14% at

right side, p<0.001; 19.6% vs 13% at left side; p=0.06).



Finally, at MLR models the availability of 3D technology (OR: 0.5, Cl:0.3-0.8, p= 0.005) and the
absence of extracapsular extension (ECE, OR: 0.6, CI:0.4-0.9, p=0.004) at mpMRI were
independent predictors of lower PSM rates (Supplementary materials 2 and 3). Moreover,
considering the different way of 3D technology fruition, the use of AR revealed to be more
protective against PSM than the “cognitive” approach (p= 0.004 vs p= 0.03).

For sensitivity analyses, the MLR models fitted in the specific subgroups of patients with ECE,
D’Amico high risk category, positive DRE or pT3 disease, revealing that the availability of 3D model

is a significant protective factor for PSM in patients with ECE or pT3 (Supplementary material 4)

3.3 Secondary endpoint: functional outcomes and BCR
Focusing on continence and potency recovery, no differences were found between the two groups
at every time of evaluation, as shown in Supplementary material 5. Kaplan-Meier plots revealed
no differences in terms of BCR at 12 months of FU in 3D and no-3D group, both in the overall

population (p=0.07), as well as in the pT3 (p=0.16) and ECE+ patients (p=0.18) (Figure 2c,d,e).



4. DISCUSSION

Herein we reported the largest series of PCa patients who underwent RARP with the assistance of
3D models’ reconstruction.

Our findings revealed that the availability of 3D models before and during the surgical procedure is
significantly related to lower postoperative PSMr (p= 0.01). In particular, the MLR models revealed
that availability of 3D technology (OR: 0.5, CI:0.3-0.8, p= 0.005) and the absence of extracapsular
extension at mpMRI (ECE, OR: 0.6, Cl:0.4-0.9, p=0.004) were independent predictors of lower PSM
rates. As recently reported by Martini et al. [15] the occurrence of PSM after surgery is related to a
higher risk of developing metastasis; therefore the possibility to visualize the tumor burden three
dimensionally with a subsequent reduction of PSM can potentially have an impact on oncological
outcomes.

Moreover, we observed that in the 3D group a more conservative NS approach was performed (p=
0.02) without affecting the PSMr in full and intermediate NS group (p=0.87 and p=0.21
respectively), whilst a significant decrease was observed in standard NS population (p= 0.03).
These findings are particularly noteworthy in the current precision cancer surgery era [1]: the
possibility to interact with a patient’s specific 3D model can help the surgeon to have a better
perception of the tumour location and its relationship with NVBs [6, 9] with a subsequently more
tailored NS approach.

In fact, nowadays, the new generation of 3D models, created with professional softwares
authorized for medical use thanks to a collaboration between urologists, radiologists and
bioengineers, have already proven their accuracy in localized cancer lesions, in accordance with
final pathology findings [7,8].

Trying to focus on 3D technology, in our recently published study [9] we already demonstrated
that, particularly during planning and navigation, surgeons preferred the use of 3D virtual models,
avoiding the necessity to have a physical 3D printed model, with a significant money saving.
However, notwithstanding the increasing diffusion of 3D technology in PCa surgery, the
experiences evaluating the role of 3D virtual models in a cognitive manner, remain few [17].In a
phase 1 feasibility study, Kratiras et al. [18] introduced a surgical navigation system during RARP
with the use of a tablet. Thanks to a dedicated touch-screen computer, a magnetic field generator,

position sensors and a tracking system, the 3D image could follow the prostate’s intraoperative



movements, highlighting malignancy’s location and helping the surgeon throughout the
procedure.

Focusing on AR technology, it represents the maximal expression of the 3D image guided surgery,
perfectly merging with the robotic platform. In fact, following the pioneering experiences during
laparoscopic prostatectomy in the first decade of the XXIst century [19-22], our group developed
an AR platform for robotic prostatectomy. The 3D virtual prostate model can be overlapped to the
in-vivo endoscopic view in real time, thanks to an expert assistant using a 3D professional mouse
[7,8]. Moreover, to overcome the need of continuous human assistance (and potential intrinsic
error), we started to test an automatic image overlapping software, with promising results [23]. In
particular, artificial intelligence driven convolutional neuronal networks were used to
automatically identify the anatomical landmarks and to anchor the 3D virtual models to the real
anatomy images [24].

It’s interesting to denote that, even if both 3D modelling visualization modalities led to an
advantage in terms of PSMr compared to standard approach, the sub-analysis with MLR models
revealed that patients treated with AR procedures had a more significant reduction of PSMr
compared to the “cognitive” group.

From our point of view, these findings are not surprising: AR technology represents indeed the
natural evolution of this kind of 3D image guided surgery, and even if nowadays we are still in the
field of clinical research, its benefits in terms of surgical accuracy are astonishing.

In addition, in order to further improve the safety of 3D AR guided NS, intraoperative frozen
section can be analysed to verify the radicality of the resection [25, 26].

Then, aiming to identify a specific subgroup of patients who could maximally benefit from the use
of 3D technology, we fitted four additional MLR models. Our sensitivity analyses revealed that
patients with ECE or pT3 PCa were the most affected cohort. We think that the identification of a
specific cohort benefitting the most from the use of 3D models could be useful in order to better
manage the available resources, both from a technological and economic point of view.

Lastly, focusing on oncological outcomes in terms of BCR, even though a one year follow-up is too
short to assess any final consideration, KM analysis did not reveal any differences between the
two groups, notwithstanding the more conservative NS approach of the 3D Group. On the
contrary, concerning continence and potency recovery rates, a slightly positive trend in favour of
3D group was recorded: further studies on a larger population will allow to highlight the potential

advantages of 3D models’ use. However, we might speculate that if the availability of 3D models



determines the use of a more conservative NS approach without increasing the risk of PSM or BCR
(Figure 2), we will expect a higher rate of sexually potent patients in the 3D cohort thanks to a
higher amount of NVBs spared and a lower probability of postoperative treatment such as
radiotherapy or hormonal therapy, supporting the feasibility of NS procedures even in cases of
high risk tumour [27].

Notwithstanding the above-mentioned findings, our study is not devoid of limitations.

Firstly, this study has retrospective approach and even if matched, control group could have
several selection biases. Secondarily, 3D models’ accuracy is MRI-quality and resolution
dependent. In fact, in case of focal ECE they could therefore be unprecise and their impact on the
decrease of PSM is not assessable; thirdly, up to now prostate and neoplasm segmentation were
partially performed manually: an experienced urologist and radiologist were necessary to
complete the segmentation process. Lastly, in AR population, the entire overlap process is
operator dependent. At last, the absence of randomization and the short follow-up limit the
power of our results.

In the next future, a randomized controlled trial with IRB approval is necessary to overcome these
methodological limitations. Moreover, under a technical point of view, the breakthrough advent
of artificial intelligence guided surgery will allow to perform “humanless” automatic AR

procedures [28, 29].



5. CONCLUSION

Our findings suggest that the chance to have at surgeon’s disposal a patient specific 3D model
during the intervention allows to have expand the indication to NS surgery, limiting, ath the same
time, the occurrence of postoperative PSM. In particular, patients with ECE at mpMRI or pT3
disease can obtain the greatest advantages. Moreover, AR technology can lead to a further

improvement of oncological safety, thanks to its real-time navigation.
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FIGURE LEGENDS:

Figure 1: a) Hyper-Accuracy 3D model (HA3D®) of the prostate (courtesy of MEDICS Srl

(www.medics3d.com); b) 3D Cognitive RARP: the surgeon had the possibility to consult the 3D

model on-demand during the intervention; c) 3D AR RARP: the 3D model was overlapped to in-

vivo anatomy and visualized inside robotic console monitor

Figure 2: a) Different degree of nerve sparing according to the different surgical approach (3D
Group vs no3D Group); b) Rate of PSM according to the degree of nerve-sparing and to 3D
technology availability; Kaplan Meier plots depicting biochemical recurrence (BCR) at 12 months

within the overall population (c), pT3 stage patients (d), and ECE patients (e)
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Overall 3D no 3D p-value
Operative time Mean (SD) 117.6 113 (2.381) | 118(1.273) | 0.07
(1.127)
Nerve-Sparing full 114 (14.2) | 33(20.6) 81 (12.7) Full: 0.01
intermediate | 304 (38) 61 (38.1) 243 (38) Intermediate: 0.9
standard 381 (47.6) 66 (41.2) 315 (49.2) Standard: 0.06
Overall: 0.02
Postoperative N (%) 40 (5) 9(5.6) 31(4.8) 0.9
complication
pT pT2 337 (42.1) 64 (38.8) 273 (42.7) 0.051
pT3a 368 (46.0) 81 (50.6) 287 (43.4)
pT3b 93 (11.6) 15 (9.4) 78 (12.2)
PSM: N (%) 0.01
- total 265 (33.1) 40 (25) 225(35.1)
-pT2 87 (25.8) 13 (20.3) 74 (27.1)
- pT3 178 (38.6) 27 (28,1) 151 (41.3)
PSM location: N (%) 0.07
- posterior/posterolateral 108 (40.7) 17 (42.5) 91 (40.4)
- anterior apex 86 (32.4) 13 (32.5) 73 (32.4)
- posterior apex 71(26.8) 10 (25) 61 (27.2)

Table 1: Postoperative variables (PSM: positive surgical margin; SD: standard deviation)
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