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Abstract
The objective of this study is to evaluate if surgeon volume and stratifying positive surgical margins (PSM) into focal and non-
focal may differentially impact the risk of biochemical recurrence (BCR) after robot-assisted radical prostatectomy (RARP). 
Between January 2013 and December 2017, 732 consecutive patients were evaluated. The population included negative cases 
(control group) and PSM subjects (study group). PSMs were stratified as focal (≤ 1 mm) or non-focal (> 1 mm). A logistic 
regression model assessed the independent association of factors with the risk of PSM. The risk of BCR of PSM and other 
factors was assessed by Cox’s multivariate proportional hazards. Overall, 192 (26.3%) patients had PSM focal in 133 patients; 
non-focal in 59 cases. Focal PSM was associated with the percentage of biopsy positive cores (BPC; OR 1.011; p = 0.015), 
extra-capsular extension (pT3a stage; OR 2.064; p = 0.016), seminal vesicle invasion (pT3b; OR 2.150; p = 0.010), body 
mass index (odds ratio, OR 0.914; p = 0.006), and high surgeon volume (OR 0.574; p = 0.006). BPC (OR 1.013; p = 0.044), 
pT3a (OR 4.832; p < 0.0001) and pT3b stage (OR 5.153; p = 0.001) were independent predictors of the risk of non-focal 
PSM. Surgeon volume was not a predictor of non-focal PSM (p = 0.224). Independent factors associated with the risk of 
BCR were baseline PSA (hazard ratio, HR 1.064; p = 0.004), BPC (HR 1.015; p = 0.027), ISUP biopsy grade group (BGG) 
2/3 (HR 2.966; p 0.003) and BGG 4/5 (HR 3.122; p = 0.022) pathologic grade group 4/5 (HR 3.257; p = 0.001), pT3b (HR 
2.900; p = 0.003), and non-focal PSM (HR 2.287; p = 0.012). Surgeon volume was not a predictor of BCR (p = 0.253). High 
surgeon volume is an independent factor that lowers the risk of focal PSM. Surgeon volume does not affect non-focal PSM 
and BCR. Negative as well as focal PSM are not associated with BCR.

Keywords Prostate cancer · Radical prostatectomy · Robotic surgery · Focal-positive surgical margins · Non-focal-positive 
surgical margins

Introduction

Prostate cancer (PCa) is the most common non-cutaneous 
malignancy and the second leading cause of cancer-related 
deaths in men [1]. Robot-assisted radical prostatectomy 
(RARP) remains a common and widely available radical 
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treatment option for PCa [2]. Although utilized frequently, 
unfavorable outcomes after radical prostatectomy (RP) con-
tinue to occur, including the detection of positive surgical 
margins (PSM), which is an important predictor of biochem-
ical recurrence (BCR) and loco-regional recurrences [3–5]. 
Therefore, patients with PSM require close follow-up and/
or additional treatment after surgery [3, 6]. In contempo-
rary cohorts of patients, it is important to evaluate factors 
associated with the risk of PSM after RARP to decide if 
adjuvant treatments are needed. In our previous experience, 
we demonstrated that PSM can be related to tumor biology 
according with testosterone levels [7], percentage of biopsy 
positive cores, extra-capsular extension, seminal vesicle 
invasion, and low surgical experience [8]. Actually, there 
is no consensus in the literature regarding how to describe 
a positive surgical margin in the pathological report. In this 
context, it could be important to evaluate the linear extent of 
PSMs, because this information could be prognostic. Indeed, 
patients with a PSM can be categorized into two groups that 
include focal and non-focal PSM, which could have differ-
ent associations with the risk of disease recurrence. Differ-
ent cut-offs have been proposed in the literature to describe 
focal PSM as linear extent. However, the risk of biochemical 
recurrence (BCR) by PSM stratified by linear extent is a 
novel subject, which has not been appropriately investigated 
by the literature. Particularly, Servoll and associates have 
shown that a PSM length > 3 mm was an independent predic-
tor of cancer recurrence after open radical prostatectomy [9]. 
Using a cut-off of 1 mm, Sammon et al. found that the BCR-
free rate was higher in patients with PSM less than 1 mm 
after radical perineal prostatectomy during a long follow-up 
[10]. Lee et al. demonstrated that a PSM less than 3 mm 
after RP did not significantly affect BCR-free survival [11].

This study tested the hypothesis if the stratification of 
PSM into focal and non-focal according to a linear extent 
within 1 mm impacts the risk of biochemical recurrence 
after RARP in a contemporary cohort of patients.

Materials and methods

Study features

The present study is a retrospective analysis of prospec-
tively collected data. It was approved by the Institutional 
Review Board and included a period ranging from January 
2013 to December 2017. Each patient provided informed-
signed consent for use of clinical data for analysis. Low-, 
intermediate-, high-risk and locally advanced patients were 
included in the study if the clinical T stage was ≤ T3b (and 
the prostate volume was ≤ 80 cc). Patients with cT4 stage 
or metastatic disease or who were under androgen blockade 
and/or had prior treatments were excluded. Additionally, 

patients with any prior surgical treatment of the prostate 
were excluded. Patients presenting pT2 + according with the 
Stanford protocol were excluded [12].

Clinical features

Preoperatively, patients were evaluated for age (years), body 
mass index (BMI; kg/m2), and plasma levels of PSA (ng/
mL), which were determined by radioimmunoassay meth-
ods. Prostate biopsies had the following features: (i) at least 
12–14 cores; (ii) reported number of positive cores; (iii) 
measurement of prostate volume (TPV; mL); (iv) cancer 
grade group classification according to the 2014 Interna-
tional Society of Urologic Pathology (ISUP) system. All 
surgical specimens evaluated before January 2015 were ret-
rospectively re-classified according to the ISUP 2014 clas-
sification [12].

In each case, the number of positive cores and the total 
number of cores sampled (BPC; percentage) were computed. 
Patients were clinically staged according the European Soci-
ety of Urology (EAU) guidelines [6]. Tumors were staged by 
digital rectal exam (DRE) and/or by multiparametric reso-
nance imaging (mMRI). Pelvic lymph nodes were assessed 
by computerized tomography (CT) or by multiparametric 
resonance imaging (mpMRI). Enlarged pelvic nodes meas-
uring more than 1 cm in diameter were staged as cN1. The 
metastatic status was investigated by CT and/or mMRI as 
well as by total bone scan. Furthermore, the presence of a 
median lobe was assessed by reviewing radiological and/
or surgical reports. Patients were then classified into risk 
groups according to the EAU guideline on PCA [6].

Peri‑operative features

Surgeons performing RARP utilized the da Vinci Robotic 
System (Intuitive Surgical, Inc, Sunnyvale, CA, USA) 
employing a trans-peritoneal approach with anterograde pro-
static dissection [13]. When the risk of lymph-node invasion 
(LNI) was greater than 5% an extended lymph-node dissec-
tion (ePLND) was performed [14]. In low-risk patients, the 
decision to perform an ePLND was based and clinical factors 
indicating increased risk of tumor upgrading in the surgical 
specimen [15–19].

Nodal packets were grouped according to a standard tem-
plate and submitted in separate packages. Nerve sparing RP 
(NSRP) was performed when indicated [20]. The prostate 
was dissected by the intrafascial, interfascial, or extrafas-
cial technique on the right side and/or left side according 
to nerve sparing principles, and guided by the clinical stage 
and cancer location and its relation to the capsule [21]. An 
extrafascial dissection was performed when nerve sparing 
was contraindicated. Five experienced surgeons performed 
RARP with a neck bladder sparing technique [22].
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The single high-volume surgeon performed more than 
500 RARPs before patient enrolment began. The other four 
surgeons (low-volume surgeons) performed between 50 and 
60 procedures at the commencement of patient enrolment. 
The criteria used to define an experienced surgeon were 
according to a previous publication that reported that among 
surgeons with > 30 RARP procedures, there was no differ-
ence in PSM rates [23]. The high-volume surgeon (WA) 
performed 66% of the procedures. Preoperatively, patients 
were evaluated for surgical risk by the American Anes-
thesiologists Score (ASA) system [24]. Intra-operatively, 
operating time (OT, minutes) and blood loss (BL, millilit-
ers) were measured. Postoperatively, length of hospital stay 
(LOHS) was recorded. Patients were followed for a period 
of 6 months to detect hospital re-admission and complica-
tions which were classified according to the Clavien–Dindo 
scoring (CDS) system [25].

Pathological features

Dedicated pathologists evaluated surgical specimens accord-
ing to the Stanford protocol [26]. Prostate weight (PW, 
grams) was calculated. Tumors were classified accord-
ing to the ISUP grade group (PGG) system [12]. Lymph 
nodes were assessed for histopathology after hematoxylin 
and eosin staining. Immunohistochemistry staining was 
performed when appropriate. In each case, the number of 
removed and metastatic nodes was computed. Specimens 
were staged as suggested according to EAU guidelines on 
PCA [6].

Surgical margins were considered positive when cancer 
invaded the inked surface of the specimen. When the linear 
extension of cancer involvement on the inked surface was 
less than or equal to 1 mm, the surgical margin was classi-
fied as focal; otherwise, it was coded as non-focal (Fig. 1). 
PSM was classified as apical, posterolateral (left and right), 
posterior, anterior, and bladder neck according to the region 
of invasion.

Follow‑up, adjuvant treatments, and biochemical 
recurrence (BCR)

Our surveillance schedule for assessment of biochemical 
recurrence (BCR) after RP was based on EAU standard 
criteria [3, 6] and adapted to our internal protocol. Particu-
larly, after RP, early adjuvant RT was offered to patients with 
non-focal PSM and pT ≥ 3a. Patients with focal PSM and 
pT ≥ 3a and focal or non-focal PSM patients with pT < 3a 
were monitored with 3 monthly PSA for the first 2 years, and 
every 6 months from 2 to 5 years after surgery. Salvage RT 
was proposed if a rising PSA was found. To exclude meta-
static disease, patients with BCR (defined as PSA > 0.2 ng/
ml after RP) were followed with MRI (if PSA > 0.5 ng/
ml) and or PET/CT with choline (if PSA > 1 ng/ml). In 
the last few years, according to the machine availability, 
PET PSMA was also performed by some patients with 
PSA > 0.2 ng/ml. Additionally, PSA doubling time (PSADT) 
was considered. In patients with favorable histology and 
PSADT > 12 months, active surveillance was considered. 
Patients with a shorter PSADT underwent salvage RT.

Fig. 1  Histopathologic depiction of focal and non-focal-positive 
surgical margins. A: the inked margin is free from neoplastic cells 
(H&E, × 10).B: the inked margin is focally (less than 1 mm) involved 

by neoplastic cells (H&E, × 10). C: the inked margin (more than 
1 mm) is involved by neoplastic cells (H&E, × 10)
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Study design

The aim of the study was to verify the hypothesis that a quali-
tative stratification of PSM into focal and non-focal might have 
an improved prognostic potential on biochemical recurrence in 
modern cohorts of patients undergoing RARP. The association 
of independent parameters with different PSM outcomes was 
first evaluated. Then, the association of factors with the risk 
of BCR was assessed.

Statistical analysis

Factors associated with the risk of focal and non‑focal PSM

Summary statistics and distributions of factors among groups 
were assessed. Data on continuous variables are reported as 
medians with their respective interquartile ranges (IQR). Data 
on categorical variables are presented as frequencies with rela-
tive percentages. Associations of factors between groups were 
analyzed by test of Kruskal–Wallis for continuous variables 
and by the Pearson’s chi-squared test or Fisher’s exact test as 
appropriate. Significant factors were entered into the multivari-
ate model. The multinomial logistic regression model evalu-
ated associations of factors with the risk of PSM outcome, 
which were coded as negative (control group) as well as focal 
and non-focal (study groups).

Additionally, the presence of a median lobe was described 
in the ultrasound or MRI report and/or surgical report in a total 
of 42 patients (5.7% of the overall population), but it was not 
related to the presence of focal- or non-focal PSMs.

Factors associated with the risk of BCR

Patients were classified into two groups according to BCR. 
Summary statistics and distributions of factors between groups 
were assessed. Data on continuous variables are reported as 
medians with their respective interquartile ranges (IQR). Data 
on categorical variables are presented as frequencies with rela-
tive percentages. Associations of factors with the risk of BCR 
were first evaluated by univariate Cox proportional hazard 
model. Significant parameters were entered into the multi-
variate Cox proportional hazard model to detect independent 
factors associated with the risk of BCR.

The software used to run the analysis was IBM-SPSS ver-
sion 20. All tests were two-sided with p < 0.05 considered to 
indicate statistical significance.

Results

Factors associated with positive surgical margins 
(PSM)

The overall study cohort included 732 patients whose 
demographics are reported in Table 1. Of the patient pop-
ulation, 34.2% were low risk, 50.1% intermediate risk, 
and 15.7 high risk/locally advanced according to EAU 
classification [6]. In the surgical specimen, extraprostatic 
extension was present in 21.9% of cases and showed high-
grade issues (PGG 4–5) in 19.5% of subjects. Among the 
342 patients who had an ePLND, the median number of 
dissected nodes was 26 and lymph-node invasion was 
detected in 49 cases (14.3%). The high-volume surgeon 
performed 66.1% of the procedures. Nerve sparing sur-
gery was performed in 82% of cases. Major complications 
(CDS > 2) were detected in 2.9% of cases. Overall, 192 
subjects had PSM (26.3%) which were classified as focal 
in 133 patients (18.2%) and non-focal in 59 cases (8.1%) 
(the anatomical distribution of focal- and non-focal PSM 
is reported in the supplementary Table 1). Table 2 shows 
independent factors associated with the risk of focal and 
non-focal PSM compared to controls. As shown, BMI, 
BPC, pathologic stage, and high-volume surgeon were 
independent predictors of focal PSM; moreover, the 
association was inverse for BMI (odds ratio, OR 0.914; 
p = 0.006) and high-volume surgeon (OR 0.574; p 0.006), 
but was positive for BPC (OR 1.011; p = 0.015), pT3a (OR 
2.064; p = 0.016) and pT3b (OR 2.150; p = 0.010). Mean-
while, only BPC (OR 1.013; p = 0.044), pT3a (OR 4.832; 
p < 0.0001) and pT3b (OR 5.153; p = 0.001) were inde-
pendent predictors of the risk of non-focal PSM. There-
fore, the main differences between the risk factors for focal 
and non-focal PSM are related to BMI and high-volume 
surgeon. High surgeon volume reduces the risk of focal 
PSM, but does not reduce the risk of non-focal PSM. 

In our cohort, the presence of a median lobe was 
reported in the ultrasound, MRI, or surgical reports in 42 
patients (5.7% of the overall population), and it was not 
related to the presence of focal- or non-focal PSMs (data 
not shown).

Independent factors associated with the risk 
of biochemical recurrence (BCR)

The study population included 458 patients whose demo-
graphic details are reported in Table 3. Of these, the distri-
bution was low risk in 158 patients (34.5%), intermediate 
risk in 228 (49.8%), and high risk/locally advanced in 72 
(15.7%). Extended PLND was performed in 217 subjects 
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(47.4%). The median number (IQR) of nodes removed was 
26 (21–33). Median LOHS was 4 (4–6) days. Biochemi-
cal recurrence was diagnosed in 40 patients (8.7%) of the 
follow-up population.

Median follow-up was 26 (14–40) months. Hospital re-
admission was reported in 16 (3.5%) patients. BCR was 
diagnosed after a median time of 29.5 (17.2–42) months.

Early adjuvant RT was delivered in 31 cases (6.8%) and 
salvage RT in 9 (2.2%). Androgen deprivation therapy (ADT) 

was given in 48 cases (10.5%). All patients were alive at the 
time of censoring. Adjuvant RT was more frequently delivered 
in patients with BCR (11 cases; 27.5%) than controls (20 sub-
jects; 4.8%). Adjuvant androgen blockade was more frequently 
delivered in patients with BCR (10 cases; 25%) than controls 
(23 cases; 5.5%). Androgen blockade was administrated as pri-
mary or combined treatment in 15 cases (37.5%) that recurred. 
When indicated, adjuvant hormonal therapy was started after 
a median time of 2.6 (1.8–3.1) months after surgery. BCR was 

Table 1  Clinical, pathologic, and peri-operative factors in 732 patients who underwent robot-assisted radical prostatectomy (RARP)

BMI body mass index, PSA prostate-specific antigen, PV prostate volume, BPC biopsy positive cores, cT tumor clinical stage, cN clinical nodal 
stage, BGG tumor biopsy grade group, PW prostate weight, PGG pathological grade group, pT tumor pathological stage, pN pathological nodal 
stage, OT operative time, BL blood lost, ePLND extended pelvic lymph-node dissection, NSS nerve sparing surgery, ASA American Society of 
Anesthesiolgists score, LOHA length of hospital stay, CDS Clavien–Dindo system, IQR interquartile range, OR odds ratio, CI confidence interval
*Adjusted odds ratios
**Model considering independent factors of clinical, pathological, and peri-operative models wih adjusted odds ratios

Clinical factors Pathological factors Peri-operative factors

Age, years; median (IQR) 65 (60–69) Prostate weight (PW) Operating time (OT)
OT, minutes; median (IQR) 200 (160–240)

Body mass index (BMI) PW, g; median (IQR) 50 (41–63)
BMI, kg/m2; median (IQR) 25.8 (23.8–28) Blood Lost (BL)

Dissected nodes; median (IQR) 26 (21–33) BL, mL; median (IQR) 300 (200–500)
Prostate-specific antigen (PSA)
PSA, ng/mL; median (IQR) 6.3 (4.9–8.7) Pathology grade group (PGG) Extended pelvic lymph-node 

dissection (ePLND)
PGG 1; n (%) 126 (17.2) No ePLND; n (%) 390 (53.3)

Total prostate volume (TPV) PGG 2–3; n (%) 463 (63.3) ePLND; n (%) 342 (46.7)
PV, mL; median (IQR) 39 (30–50) PGG 4–5; n (%) 143 (19.5)

Nerve sparing surgery (NSS)
Biopsy positive cores (BPC) Pathologic tumor stage (pT) No NSS; n (%) 87 (11.9)
BPC, %; median (IQR) 29 (17–45.7) pT2; n (%) 572 (78.1) NSS; n (%) 600 (82)

pT3a; n (%) 77 (10.5) Unknown NSS; n (%) 45 (6.1)
Clinical tumor stage (cT) pT3b; n (%) 83 (11.4)
cT1c; n (%) 517 (70.6) Surgeon
cT2; n (%) 194 (26.5) Pathologic nodal stage (pN) Surgeon low volume; n (%) 248 (33.9)
cT3; n (%) 21 (2.9) pN0; n (%) 293 (40) Surgeon high volume; n (%) 484 (66.1)

pNx; n (%) 390 (53.3)
Clinical nodal stage (cN) pN1; n (%) 49 (6.7) American score of anaesthesi-

ologists (ASA)
cN0; n (%) 710 (97) ASA 1–2; n (%) 675 (92.2)
cN1; n (%) 22 (3) Positive surgical margins (PSM) ASA 3–4; n (%) 57 (7.8)

No PSM; n (%) 540 (73.8)
Biopsy grade group (BGG) PSM; n (%) 192 (26.2) Length of hospital stay (LOHS)
BGG 1, n (%) 343 (46.9) Focal PSM; n (%) 133 (18.2) LOHS, days; median (IQR) 4 (4–6)
BGG 2–3, n (%) 315 (43) Non-focal PSM; n (%) 59 (8.1%)
BGG 4–5, n (%) 74 (10.1) Clavien–Dindo Score (CDS)

CDS 0; n (%) 557 (76.1)
CDS 1–2; n (%) 154 (21)
CDS > 2; n (%) 21 (2.9)
No re-admission; n (%) 711 (97.1)
Re-admission; n (%) 21 (2.9)
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associated with an imaging recurrence in 15 cases (37.5%), 
which included involvement of retroperitoneal lymph nodes 
in 6 cases (40%), bone metastases in 5 cases (33.4%), visceral 
metastases in 2 cases (13.3%), and bladder neck invasion in 2 
cases (13.3%).

Differences between groups are detailed in Table 3. As 
shown, BCR occurred in 40 patients (8.7%). The risk class 
distribution between groups (BCR vs controls) was significant 
and was as follows: low risk 7 (17.5%) vs 151 (36.1%), inter-
mediate risk 21 (52.5%) vs 207 (49.5%), and high risk/locally 
advanced 12 (30%) vs 60 (14.4%). Patients who recurred had 
higher rates of aggressive disease than controls that showed 
higher rates of low-risk disease. Extended PLND was per-
formed in 23 (57.5%) patients with BCR and in 194 (46.4%) 
cases in the control group, but the difference was not signifi-
cant (p = 0.180) neither was the median number of removed 
nodes (p = 0.095).

On univariate analysis, factors that were associated with 
the risk of BCR included PSA (hazard ratio, HR 1.090; 
p < 0.0001), BPC (HR 1.021; p = 0.003), BGG 2/3 (HR 3.023; 
p = 0.003), and BGG 4/5 (HR 5.156; p < 0.001) for clinical 
factors as well as PGG 4/5 (HR 23.740; p = 0.002), pT3a (HR 
2.968; p = 0.015), pT3b (HR 6.317; p < 0.0001), non-focal 
PSM (HR 3.771; p ≤ 0.0001), and pN1 (HR 4.333; p = 0.001) 
for pathological factors. Focal PSM and peri-operative param-
eters did not show any significant association with the risk of 
BCR.

Among the clinical parameters, multivariate analysis con-
firmed PSA, BPC, BGG 2/3, and BGG 4/5 as independent 
predictors of BCR and PGG 4/5, pT3b, and non-focal PSM 
among pathological parameters while PGG 2/3, pT3a, and 
pN1 lost significance. The final multivariate model of clinical 
and pathological factors associated with the risk of BCR with 
adjusted HR is reported in Table 4. Among clinical param-
eters, PSA (HR 1.064; p = 0.004), BPC (HR 1.015; p = 0.027), 
BGG 2/3 (HR 2.966; p = 0.003), and BGG 4/5 (HR 3.122; 
p = 0.022) remained significant independent predictors of the 
risk of BCR. Among pathological parameters, PGG 4/5 (HR 
3.257; p = 0.001), pT3b (HR 2.900; p = 0.003), and non-focal 
PSM (HR 2.287; p = 0.012) were independent predictors of 
the risk of BCR.

Interestingly, as shown in Fig. 2, the cumulative risk of 
BCR was higher in patients with non-focal PSM than patients 
with negative surgical margins or focal PSM. Furthermore, 
no differences in terms of BCR cumulative risk were found 
between patients with negative surgical margins or focal PSM 
after a median of 26 month follow-up (Fig. 2).
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Discussion

Factors associated with the risk of PSM

The detection of PSM after radical prostatectomy is an 
important predictor of BCR as well as of loco-regional can-
cer recurrences [3–5]. According with the contemporary 
data within the literature, PSM rates after RARP range from 
between 15 and 29.5% [27–33], and have been associated 
with tumor biology, including tumor staging and grading as 
well as surgical technique and the level of surgeon experi-
ence [3–5].

In our study, PSM rates were 26.2%, and clinical and 
pathological predictors of PSM also confirmed the results 
reported by others. However, additional factors including 
BMI and operative load of experienced surgeons emerged 
both as independent parameters associated with the risk of 
focal PSM. BPC, pT3a, and pT3b stage were independent 
predictors of the risk of non-focal PSM. Importantly, sur-
geon volume was not found to be an independent predictor 
of non-focal PSM.

The influence of elevated BMI during radical prostatec-
tomy is unclear and controversial. In our previous experi-
ence, we found that high BMI is associated with high-grade 
complications as well as worse oncological outcomes 
[34–36] According to the surgical margins status, reports in 
the literature show that the association might be absent or 

Table 4  Final multivariate models of factors associated with the risk 
of biochemical recurrence after robot-assisted radical prostatectomy 
in 458 cases

See Table 1; HR hazard ratio, CI confidence interval
*Adjusted OR

Factors Multivariate analysis (Cox propor-
tional hazards)

HR 95% CI p value

Clinical model
PSA 1.064 1.020–1.110 0.004
BPC 1.015 1.002–1.029 0.027
BGG 1 Ref
BGG 2–3 2.966 1.441–6.106 0.003
BGG 4–5 3.122 1.176–8.289 0.022
Pathological model
PGG 1 Ref
PGG 2–3 Ref
PGG 4–5 3.257 1.656–6.406 0.001
pT2 Ref
pT3a Ref
pT3b 2.900 1.440–5.838 0.003
SM negative/focal positive Ref
Non-focal positive 2.096 1.016–4.327 0.045

Fig. 2  Cumulative risk of 
biochemical recurrence (BCR): 
it was higher in patients with 
non-focal PSM than patients 
with negative surgical margins 
or focal PSM. No differences in 
terms of BCR cumulative risk 
were found between patients 
with negative surgical margins 
or focal PSM after a median of 
26 month follow-up
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positive. Particularly, Patel et al. found a positive correlation 
between high BMI and risk of PSM, and suggested that it 
might be related to the reduced vision and limited angle of 
movement during RARP in obese patients [28]. Here, we 
showed that BMI was an independent factor that associated 
with a reduced risk of focal PSM. This might be explained 
by peri-prostatic fat tissue thickness, which is more repre-
sented in obese patients who are then less likely to have focal 
PSM during RARP as demonstrated during CT scan stud-
ies [37].Our study has shown that, in a high-volume center, 
the high-volume experienced surgeon specifically and inde-
pendently decreased the risk of focal PSM. The operating 
load of the experienced surgeon is an important parameter 
in robotic surgery. Indeed, Steinsvik et al. demonstrated that 
high-volume surgeons reduced overall risk of PSM after 
RARP [38]. Furthermore, a systematic review has shown 
that overall oncological outcomes are improved by increas-
ing surgeon volume during RARP [39]. Additionally, Hu and 
associates have shown that patients treated by high-volume 
surgeons were less likely to undergo salvage therapy after 
RARP [40].

Among pathological factors, we found that BPC during 
the biopsy evaluation as well as p T3a and p T3b stages 
were associated with PCa high probability having non-focal 
PSM. Indeed, we previously demonstrated that the number 
of positive cores is strongly associated with more aggressive 
prostate cancer according to tumor upgrading and upstaging 
as well as uni-lateral or bi-lateral lymph-node metastasis and 
seminal vesical invasion [15, 16, 18, 19, 41, 42].

In our cohort, the presence of a median lobe was reported 
in the ultrasound, MRI, or surgical report in 5.7% of the 
overall population, and it was not related to the presence of 
focal- or non-focal PSMs.

Our data confirm the results provided by Hamidi et al. 
who found that the presence of a median lobe did not affect 
peri-operative PSM rate and BCR following RARP [43]. 
However, the data from another study seem to contradict 
this, particularly if the median lobe protrusion is greater than 
10 mm [44].

Factors associated with the risk of BCR

When RARP is performed with radical intent, PSA levels 
are supposed to decrease to undetectable levels according 
to EAU guidelines on PCa [3, 6]. However, although PSA 
levels decline to undetectable levels, unfavorable pathologi-
cal outcomes after RARP include extra-capsular extension, 
seminal vesicle invasion, and PSM [3, 6]. Indeed, all these 
parameters are associated with an increased risk of BCR 
[3–5]. On the other hand, the detection of PSM with or with-
out other pathological features and an associated detectable 
PSA level after surgery is an even more pivotal issue because 
of further treatments can be needed [3, 6].

Considering a modern cohort of patients who underwent 
RARP, a few studies specifically consider the role of PSM 
as one of the several parameters predicting BCR after unde-
tectable PSA. Rajan et al. reported PSM rates of 23.1% with 
BCR occurring in 18.9% of cases. However, they did not 
consider factors predicting PSM, but found that BGG > 1 as 
well as pT3a, pT3b, and PSM > 3 mm were associated with 
the risk of BCR after radical prostatectomy [31]. Interest-
ingly, they evaluated the linear extent of PSM and demon-
strated that it is an important parameter for differentiating 
which patients could develop BCR. In this context, different 
cut-offs have been used in the literature to describe focal 
PSM. Particularly, Servoll and associates have shown that a 
PSM length > 3 mm was an independent predictor of cancer 
recurrence in 303 patients who underwent open radical pros-
tatectomy [9]. Sammon et al. used 1 mm as a cut-off in 794 
patients undergoing radical perineal prostatectomy, and they 
found that at a median follow-up of 54 months, the 5-year 
BCR-free probability was 90.8% in patients with negative 
margins, 77.5% in patients with focal (≤ 1 mm) PSM, and 
47.5% in patients with non-focal (> 1 mm) PSM [10]. Lee 
et al. demonstrated that focal (less than 3 mm) PSM after 
RP does not significantly affect BCR-free survival in 1733 
prostate cancer patients [11]. Because RARP was performed 
in our cohort, we have chosen 1 mm as cut-off and evalu-
ated the linear extent of PSM in two groups that were sim-
ple to compute and allowed a division of the population of 
patients into two subsets. In our study, we detected BCR 
rates of 8.7% with basal PSA, BPC, BGG 2/3, and BGG 4/5 
as clinical independent predictors as well as extra-capsular 
extension, seminal vesicle invasion, and PSM as pathologi-
cal independent factors associated with the risk of BCR. 
BMI and high load experienced surgeon did not predict the 
occurrence of BCR, probably because they were not directly 
associated with such risk but indirectly instead by lowering 
the rates of PSM, which were independently and directly 
associated with BCR, as previously shown. An important 
feature that emerged from the results of our investigation 
was that the linear extent of PSM is an important parameter 
for stratifying patients after surgery. Indeed, patients hav-
ing focal PSM, as well as patients with negative surgical 
margins, have comparable risk of BCR compared to cases 
with non-focal PSM (Fig. 2). This result has a pivotal role 
in clinical practice, because patients who present with focal 
PSM, which represents 18.2% of patient population (69% 
among patients with PSM), may be managed expectantly 
after RARP.

General considerations

Our study shows that surgeons performing a large number 
of procedures can reduce the risk of focal PSM after RARP 
in a high-volume center, and importantly, we demonstrated 
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that this parameter is not related to BCR. In this way, we 
have proven that surgical experience does not affect the rate 
of non-focal PSM and thus is not related to BCR. This infor-
mation is important when counseling patients who inquire 
about the experience of a surgeon and the details concerning 
his operating load and how it may affect pathologic out-
comes including focal and non-focal PSM rates and BCR in 
contemporary series of patients.

Additionally, evaluation of PSM by linear extent to code 
PSM as focal (≤ 1 mm) and non-focal (> 1 mm) is a sim-
ple measurement that stratifies the risk of BCR, and thus, 
it should be considered in the BCR risk classifications after 
surgical radical treatment. Furthermore, these results repre-
sent a new way to approach robotic surgery in PCa patients, 
and as such, it is a novel parameter, which differentiates our 
study from other contemporary series.

Overall, our findings need to be further investigated and 
validated to be utilized in daily clinical practice.

Limits and strengths of the study

Although our study has strengths, it also presents several 
limitations. First, although our data were collected prospec-
tively, data were analyzed retrospectively and thus suffer 
from the limitations related to such investigations. Second, 
follow-up was limited, and thus, oncological outcomes are 
not available for all patients, but data continue to be collec-
tion in this respect. Third, prostate volumes and biopsies 
performed elsewhere were not re-evaluated; however, their 
features had good standard quality to support the analysis. 
However, beyond these limits, our study has also many 
strengths that include the large contemporary cohort of 
patients in a high-volume center, all specimens evaluated 
by dedicated pathologists.

Conclusions

In high-volume centers, features related to host, tumor, and 
experienced surgeon load are pivotal factors that are associ-
ated with the risk of focal PSM. However, focal PSM is not 
an independent predictor of BCR after RARP. In contrast, 
non-focal PSM is an independent predictor of BCR after 
RARP. The high load experienced surgeon is not an inde-
pendent factor that lowers the risk of non-focal PSM and 
as such the risk of BCR does not change based on surgeon 
volume. This issue is pivotal when counseling contemporary 
patients making informed decisions among PCa treatment 
modalities including robotic surgery as primary radical treat-
ment for PCa.
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