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Purpose: to evaluate clinical predictors of positive surgical margins (PSMs) in a large multicenter pro-
spective observational study and to develop a clinic nomogram to predict the likelihood of PSMs after
partial nephrectomy (PN).
Materials and methods: We prospectively evaluated 4308 patients who had surgical treatment for renal
tumors between January 2013 and December 2016 at 26 urological Italian Centers (RECORd 2 project).
Two multivariable logistic models were evaluated to predict the likelihood of PSMs. Center caseload was
dichotomized using a visual assessment adjusted for several predictors of PSMs. A nomogram predicting
PSMs was developed.
Results: Overall, 2076 patients treated with PN were evaluated. pT1a, pT1b, pT2 and pT3a were recorded
in 68.7%, 22.6%, 2.1% and 6.6% of the patients, respectively. PSMs were recorded in 342 (16.5%) patients.
From a null multivariable model against number of PN/year, 60 PN/year were identified as the best cut-
off to define a high-volume centre. At multivariable analysis, clinical stage (cT1a vs. cT2 [OR 1.94];
p¼ 0.03), volume centre (�60 PN/year) (OR 2.22; p< 0.0001), imperative vs elective indication (OR 2.10;
p¼ 0.04), surgical technique (laparoscopic vs. open [OR 1.62; p¼ 0.002), lymphovascular invasion (OR
2.27; p¼ 0.01) and upstaging to pT3a (OR 2.81; p< 0.0001) were independent predictors of PSMs. The
final nomogram included age, ASA score, Charlson score, clinical tumor stage, surgical indication, surgical
approach, surgical technique, PADUA score, clamp procedure and volume centre.
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Conclusions: PSMs after PN were significantly more likely in patients with lower clinical stage, higher
PADUA score, in individuals referred to laparoscopic PN and in those treated at lower volume centers. We
used these data to develop a nomogram to predict such risk.
© 2020 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical
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Introduction (CCI), physical status by the American Society of Anesthesiologists
Current international guidelines [1,2] state that partial ne-
phrectomy (PN) is the treatment of choice for clinical T1 RCC
regardless of the surgical approach. Despite the functional benefits
offered by conservative surgery and comparable oncologic out-
comes compared to radical nephrectomy [3], the potential risk of
positive surgical margins (PSMs) remains a matter of concern [4].
Indeed, the incidence of PSMs after PN ranges variously from 0% to
7% [5] with an increasing risk for smaller, high-grade tumors or in
imperative cases, regardless of the surgical technique [6]. Although
the clinical role of PSMs on cancer recurrence and mortality is still
controversial, avoiding PSMs is considered crucial in PN. Of note,
local recurrence seems to be more likely in patients with PSMs
[6,7], especially in high risk tumors that by themselves may have a
stronger risk of recurrence [4,8,9]]. Contrarily, most studies found
no significant impact on cancer-specific survival by PSM [4,10,11].
However, considering the long natural history of T1 RCC undergone
surgical management, overall survival (OS) should also be regarded
as one of the more relevant quality control measures after PN [12].
As consequence, some evidences [12,13] suggest that PSMs patients
are at a higher risk of shorter overall survival, despite a possible
confounding effects from age and comorbidity. Currently, clinical
and surgical models aiming to predict the occurrence of PSMs after
PN are lacking in literature. The aims of the present study are: 1) to
identify the predictors of PSMs after PN basing on a rigorous pro-
spectively recorded web-based database from a national collabo-
rative project, and 2) to develop a clinic nomogram to predict the
likelihood of PSMs after PN.

Materials and methods

Study population

The Italian REgistry of COnservative and Radical Surgery for
cortical renal tumour Disease (RECORD 2 Project) is a prospective
observational multicentre project promoted by the Italian Society
of Urology (SIU). This study was approved by the local ethics
committee and informed consent was collected for all the patients.
Overall 4325 consecutive patients who underwent renal surgery for
cortical renal tumors at 26 urological Italian centers between
January 1st, 2013 and December 31st, 2016 were included. Of these,
1712 patients treated with radical nephrectomy, 29 patients with
missing data and 508 patients treated with PN and with benign
histotype were excluded, leading a final population of 2076
individuals.

An online and centrally controlled data server was generated to
limit missing or wrong data inputs. All data of patients undergoing
surgery were prospectively recorded by medical doctors. The
database included 6 main folders: 1) anthropometric and preop-
erative data; 2) imaging, indications (elective, relative and abso-
lute) and co-morbidities; 3) intra-operative data; 4) post-operative
data; 5) histological analysis 6) follow-up.

Covariates

Comorbidity status was evaluated by Charlson comorbidity index
redicting positive surgical ma
rnal of Surgical Oncology, ht
(ASA) classification system. Surgical indications were defined as
elective (unilateral lesionwith healthy contralateral kidney), relative
(presence of diabetes, hypertension or lithiasis that could potentially
affect kidney function in the future) and absolute (bilateral tumors,
multiple tumors, moderate to severe CKD or tumors involving an
anatomically or functionally solitary kidney). The Preoperative As-
pects and Dimensions Used for an Anatomical (PADUA) score was
calculated to assess the nephrometric complexity of each case [14].
Centre caseload was defined as the number of PNs per year in each
centre.

Pathological evaluation

All surgical specimens were processed according to standard
pathological procedures at each institution by experienced uropa-
thologists. For surgical margins evaluation the specimens were
fixed in 10% buffered formalin, and grossly analyzed. The size, the
colour, the gross aspect (solid to cystic) were recorded and the
surgical margin was marked with ink. After tumor dissection,
samplings were performed in order to obtain tissue blocks where
tumor, renal parenchyma, and surgical edges were comprised and
further blocks where tumor, renal capsule, and peritumoral fat
were enclosed. The margin was considered positive when tumor
tissue was marked with ink. The margin was considered negative
when non-neoplastic renal tissue was observed between tumor
tissue and the ink line.

The grading system adopted by the International Society of
Urological Pathology (ISUP) illustrated in the fourth edition of the
WHO classification tumors of the urinary system and male genital
organs (2016) was used. No central pathological slide review was
performed.

Outcome

Primary outcome of the study was to assess the incidence and
the predictors of PSMs after PN, basing on a rigorous prospectively
recorded web-based database from a national collaborative project.

Statistical analysis

First, clinical, pathological, intraoperative and perioperative
characteristics of the study population were assessed. Second, a
univariate and a clinical model-based multivariable logistic
regression to predict PSMs was performed, including the following
co-variates: age (continuous variable), ASA score (continuous var-
iable), CCI score (continuous variable), clinical tumor stage (cT1a vs.
cT2 and cT1b vs. cT2), surgical indication (relative vs. elective and
imperative vs. elective), surgical approach (open vs. laparoscopic vs.
robotic), surgical technique (enucleoresection vs simple enucle-
ation) PADUA score (continuous variable), clamp procedure (yes vs.
no) and centre volume (PN/year). Moreover, a clinico-pathological
model-based multivariable logistic regression to predict PSMs
was performed, adding to clinical also pathological co-variates such
as lymphovascular invasion (yes vs. no), upstaging to pT3a (yes vs.
no) and nucleolar grading (3-4 vs. 1-2). The area under the
receiving operator characteristic (ROC) curves (AUC) were used to
rgins in partial nephrectomy: A prospectivemulticentre observational
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quantify the predictive discrimination. Different ROC curves using
the same set of observations were compared using the roccomp
function. Third, regression-based coefficients of the clinical model-
based multivariable logistic regression, were used to develop a
nomogram predicting the likelihood of PSMs. Fourth, decision
curve analysis was applied to determine whether the clinical value
of the newly derivedmodel increased the net benefit over a realistic
range of threshold probabilities. Finally, center caseload was
dichotomized using a visual assessment of the functional form of
the association of center caseload with PSMs. In detail, a plot of
Martingale residuals from the null multivariable clinical model
against center caseload was set. Statistical significance was defined
as p< 0.05. All tests were two-sided. Analyses were carried out
using STATA v.14.1 (StataCorp LP, College Station, TX).

Results

Clinical, surgical features and complications

The preoperative clinical characteristics of patients included in
the study are summarized in Table 1. The median (interquartile
range [IQR]) age was 62 (54-72) years. The median (IQR) ASA and
CCI score were 2 (2-3) and 1 (0-2), respectively. Overall, 1485
(71.5%), 539 (26.0%) and 52 (2.5%) lesions were classified as clinical
T1a, T1b and T2 stage, respectively. The median (IQR) PADUA score
was 8 (7-9) and a PADUA score� 10 was assessed in 16.2% of the
patients. The surgical indication to PN resulted elective, relative and
imperative in 83.9%, 12.5% and 3.6% of the patients, respectively.

The perioperative surgical features and complications are
shown in Table 2. Patients were treatedwith open, laparoscopic and
robot-assisted PN in 36%, 27,6% and 36,4% of cases, respectively. The
surgical procedure was recorded as off-clamp in 45,8% and on-
clamp in 54.2% of cases with median warm ischemia time (WIT)
of 16min. Overall, 722 (34.8%) cases were simple enucleation and
1354 (65.2%) were standard PN. Median (IQR) centre volume was
66 (41-84) PNs/year with 72.9% of the patients treated in centers
with volume> 50 PN/year. Overall, intraoperative complication
rate was 3.8%. Medical and surgical postoperative complications
were 3,6% and 10,8%, respectively.

Pathological features

Pathological characteristics of the study population are depicted
in Table 3. A pathological stage T1a (pT1a), pT1b, pT2 and pT3a was
assessed in 68.7%, 22.6%, 2.1% and 6.6% of the patients, respectively,
with pathological nodal involvement (pN1) in 0.4% of cases. A PSM
was found at final pathology in 342 (16.5%) individuals. Lympho-
vascular invasion, urinary calyceal system involvement, peri-
nephric fat infiltration, tumor necrosis and sarcomatoid
differentiation were reported in 4.6%, 1.8%, 1.1%, 16.5% and 1.1% of
the pathological specimens, respectively.

Multivariable models predicting positive surgical margins

The results of multivariable logistic regression models are
depicted in Table 4. The clinical-based multivariable model
revealed that clinical stage (namely, cT1a vs. cT2 [OR 2.17, 95% CI
1.04e3.22], p¼ 0.002), PADUA score (OR 1.12, 95% CI 1.00e1.26;
p¼ 0.0045), volume centre (namely,� 60 PN/years [OR 2.22, 95% CI
1.56-3-14; p< 0.0001) and surgical technique (namely, laparo-
scopic vs. open [OR 1.52, 95% CI 1.01e2.27]; p¼ 0.03) were inde-
pendent predictors of PSMs (AUC: 0.66). The clinico-pathological
multivariable model revealed that clinical stage (namely, cT1a vs.
cT2 [OR 1.94, 95% CI 1.03e2.79]; p¼ 0.03), volume centre (�60 PN/
year) (OR 2.22, 95% CI 1.55e3.18; p< 0.0001), imperative indication
Please cite this article as: Schiavina R et al., Predicting positive surgical ma
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vs elective indication (OR 2.10 95% CI 1.01e4.37), surgical technique
(namely, laparoscopic vs. open [OR 1.62, 95% CI 1.07e2.43];
p¼ 0.002), lymphovascular invasion (OR 2.27, 95% CI 1.19e4.17;
p¼ 0.01) and upstaging to pT3a (OR 2.81, 95% CI 1.72e4.59;
p< 0.0001) were independent predictors of PSMs (AUC: 0.70).

Nomogram predicting positive surgical margins

The coefficients of covariates included in the clinical model-base
multivariate logistic regression (namely, age, ASA score, CCI score,
clinical tumor stage, surgical indication, surgical approach, surgical
technique, PADUA score, clamp procedure and volume centre) were
used to develop a novel nomogram aimed to predict the occurrence
of PSMs after PN (Fig. 1). The ROC AUC of the model was 66%. This
model showed a significantly higher predictability compared to
each unmodifiable tumor characteristics, such as clinical tumor
stage (AUC ROC: 51.9%, p< 0.0001), PADUA score (AUC ROC: 52.4%,
p¼ 0.0001). At the decision curve analysis, the nomogram revealed
clinical net benefit with a threshold probability of �4% (Fig. 2). At
plotting Martingale residuals from a null multivariable model
against number of PN/year (as surrogate as centre volume), we
identified the best cut-off to define a high-volume centre as 60 PN/
year (Fig. 3).

Discussion

A complete tumor removal is an oncologic principle of para-
mount importance that impacts on the surgical success of PN.
Despite the lack of uniform agreement in clinical experience, local
recurrence seems to be more likely in patients with PSMs [15]. It is
important to note that data from multiple studies have suggested
that patients with PSM are at risk for recurrence in case of high risk
tumors defined by features that by themselves may have a stronger
risk of relapse (namely, increasing tumor size, pT3a stage and
higher grade) [4,8,9]. On the contrary, in low-grade primary tumors
a low malignant potential of PSMs is suggested due to low cancer
progression rate. Additionally, destruction of tumor cells due to
coagulation, mechanical stress, or induced ischemic insult during
nephron-sparing surgery (NSS) may limit the survival and propa-
gation of malignant cells at the resection boundary [9]. As conse-
quence, most studies found no impact on cancer-specific survival
by PSM [4,10]. However, due to the slow growth rate, most studies
are limited to assess the impact of PSM on long term mortality due
to the inadequate follow-up and for not considering the competing
effect of several confounders such age and comorbidity [12].
Therefore, the identification of predictors of PSM at PN is crucial
and a predictive model for PSM after PN actually lacks in literature.
Several aspects of our work are noteworthy. First, the overall PSMs
rate in a high-volume multicentric cohort was 16.5%. This finding is
higher compared to previous data reported in literature [5], how-
ever 68.7% of cases were pT1a, roughly 20% had high-grade tumor
and 16.1% of patients underwent PN with non-elective indication:
previous authors reported that low stage, high grade tumor and
imperative indication to PN increase the risk of PSMs [4]. Second, at
clinical-based multivariable model, age at surgery (OR:1.02), clin-
ical stage (cT1a vs cT2; OR: 2.17), PADUA score (OR: 1.12) center
volume (�60 PN/year; OR: 2.22) and laparoscopic vs. open
approach (OR: 1.52) emerged as independent predictors of PSMs
after PN. Aged patients referred to NSS had several conditions both
tumor-related and patients-related that might suggest imperative
indication to PN, increasing the risk of PSM. Moreover, older in-
dividuals with complex renal masses unsuitable for percutaneous
ablation could have higher risk of PSM in case of PN [16]. According
to previous data, T1a RCC presents higher risk of PSMs since small
tumor size might prevent the surgeon from accurately estimate
rgins in partial nephrectomy: A prospectivemulticentre observational
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Table 1
Preoperative characteristics of 2076 patients treated with partial nephrectomy for
renal cell carcinoma (RCC).

Preoperative characteristics (n¼ 2076)

Gender � Male 1443 69.5%
� Female 633 30.5%

Age (years) 62.6 54.7e72.0
BMI (kg/m 2̂) 26.9 23.9e28.8
ECOG Score median IQR 0 0e1

� �1 618 29,8%
ASA PS Score median IQR 2 2e3

� �3 572 27.6%
CCI PS score 1 0e2
AA-CCI PS score 4 2e5
Surgical indication � Elective 1724 83.9%

� Relative 257 12.5%
� Imperative 74 3.6%

Tumor side. n. % � Right 1066 51.4%
� Left 1010 48.6%

Clinical T, n. %
� T1a
� T1b
� T2

1485
539
52

71.5%
26.0%
2.5%

Tumor growth pattern
� �50% Exophytic 1165 56.1%
� <50% Exophytic 740 35.6%
� Entirely endophytic 171 8.3%

Tumor location relative to the polar line (PL)
� Entirely above PL 1095 52.7%
� �50% crosses PL 701 33.9%
� >50% crosses PL 280 13.4%

Nearingness to the collecting system
� �7 1142 55.0%
� >4 but <7 367 17.7%
� �4 567 27.3%

PADUA score, median IQR 8.0 7.0e9.0
PADUA score complexity index

� 6-7 1041 50,1%
� 8-9 699 33.7%
� �10 336 16.2%

Baseline hemoglobin (mg/dL), median (IQR) 14.3 13.3e15.2
Baseline creatinine (mg/dL), median (IQR) 0.9 0.8e1.1
Baseline eGFR (mL/min), median IQR 84.6 69.5e100.4

Table 2
Operatory characteristics of 2076 patients treated with partial nephrectomy for
renal cell carcinoma (RCC).

Perioperative characteristics (n¼ 2076)

Surgical approach, n. %
� Open 748 36.0%
� Laparoscopic 572 27.6%
� Robotic 756 36.4%
Type of resection, n. %
� Enucleation 722 34.8%
� Standard PN 1354 65.2%
Pedicle clamping, n. %
� Off-clamp 950 45.8%
� On-clamp 1126 54.2%
� Warm ischemia time, median IQR 16 12e20
Volume centre (PN/year in each centre), median IQR 66 41e84
Patients treated in centers performing >60 PN/year 1140 54.9%
Operatory time (minutes), median IQR 137 105e180
Estimated blood loss (cc), median IQR 150 80e295
Intraoperative complications, n. % 80 3.8%
Medical postoperative complications, n. % 74 3.6%
Surgical postoperative complications, n. % 225 10.8%
Transfusion rate, n. % 148 7.1%

R. Schiavina et al. / European Journal of Surgical Oncology xxx (xxxx) xxx4
tumor extension and thereby provoke a PSM [17]. A missing or
incompletely developed pseudocapsule, particularly present in
smaller tumors, may also contribute to higher PSM rates [18].
Finally, accidental disintegration of the resection margin, is more
likely to occur in smaller tumors [4,19,20]. Despite PADUA score
was developed to predict the surgical complexity of renal masses
and the postoperative complications, individuals with higher
PADUA score are at higher risk of PSMs due to tumor's complexity.

The effect of surgical approach on PSM is still debated. In
experienced hands, the overall PSM seems to be comparable within
open, laparoscopic and robotic approach [21,22]. However, in our
multicentric cohort individuals treated with laparoscopic approach
had higher risk of PSMs. Indeed, the higher surgical difficulties
related to laparoscopic technique and the higher proportion of
patients treated with clampless approach in LPN group, may justify
that the margins of resection can be hidden by intraoperative
bleeding resulting in higher PSM rates.

The center volume was found to be the strongest independent
predictor of PSMs for both clinical and clinico-pathological model.
Of note PSM, together with warm ischemia time and complications,
represents the main outcome of the learning curve process in PN,
that might be longer andmore complex than expected [23]. Indeed,
PSMs are more related to surgeon-related factors (effect of caseload
and experience) [24] and volume center, rather than patient's and
tumor related factors. Therefore, the center caseload, that reflects
the experience of both surgeons and surgical team might have a
Please cite this article as: Schiavina R et al., Predicting positive surgical ma
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greater impact on predicting the likelihood of PSMs rather than the
surgical technique itself. Peyronnet et al. [25] stated that a caseload
of 50 PN/year significantly reduced PSMs, length of hospital stay,
WIT and operative time, suggesting that PN should be performed
and centralize in high volume center (>50 PN/year). Accordingly,
Couapel et al. [26] found that mild-low volume centers (<10 PN in 6
months) experienced significantly higher risk of PSMs, mainly due
to higher adoption of laparoscopic techniques rather than open or
robotic approaches mainly used in high volume center. Similarly,
we identified the number of PN/year as a surrogate of the volume
center and we found that it was significantly associated with the
occurrence of PSMs. After adjusting for several clinical patients' and
tumors' characteristics, a threshold of 60 PN/year was identified
and it was inserted in both clinical and clinic-pathological models.
Patients treated in centers performing �60 PN/year were associ-
ated with a risk of PSMs more than double. A reasonable explana-
tion might reside in several reasons: the surgeons and the surgical
team long experience, the higher use of the robotic platform in
high-volume center, standardization of the surgical technique
regardless surgical approach and maximization of peri-operative
patients care.

We found that surgical technique (namely, simple enucleation
vs. standard PN) was not related to higher risk of PSMs. Indeed, as
previously reported, despite patients who underwent simple
enucleation are exposed to the risk of a PSMs, since a pseudocap-
sule serving as landmark for dissection could be missing in some
tumors, simple enucleation allows to achieve negative surgical
margins in the vast majority of patients providing excellent mid-
term local control and oncologic outcomes [4,27]. Similarly, the
renal hilum clamping approach was not found to reduce the risk of
PSM compared to off clamp procedures [28,29]. Some authors
proposed optimal hilar clamping to avoid bleeding that worsens
the resection quality and exposes to the risk of PSM, in order to
improve visualization of the resection margin. Indeed, higher pro-
portion of PSMs after zero ischemia (5.6%) compared to cold (4.8%)
or warm (4.0%) ischemia suggests that the ischemia technique may
influence the resection technique, resulting in higher PSMs and
local recurrence rates. However, according to our findings, sys-
tematic reviews of the literature showed no impact of the tech-
nique used to manage the renal pedicle on either surgical or
oncological outcomes of PN [30]. The correlation of lymphovascular
invasion and pT3a stage with the incidence of PSM still remains
rgins in partial nephrectomy: A prospectivemulticentre observational
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Table 3
Pathological results in 2076 patients treated with partial nephrectomy for renal cell
carcinoma (RCC).

Pathologic results (n¼ 2076)

Histotype, n % Clear cell RC n, (%) 1461 70.4%
Papillary RCC 405 19.5%
Chromophobe RCC 191 9.2%
Unclassified RCC 2 0.1%
Other renal tumors 17 0.8%

Pathological T stage, n % pT1a 1427 68.7%
pT1b 469 22.6%
pT2 43 2.1%
pT3a 137 6.6%

Pathological N stage, n % pNx 1752 84.4%
pN0 263 12.7%
pN1 8 0.4%

Nucleolar Grading G1 279 13.4%
G2 1187 57.2%
G3 400 19,3%
G4 33 1.6%
Not applicable 176 8.5%

Positive surgical margins, n % 342 16.5%
Lymphovascular invasion, n % 95 4.6%
Urinary calyceal system invasion, n % 38 1.8%
Perinephric fat invasion, n % 22 1.1%
Tumor necrosis, n %
% of tumor necrosis, median IQR

342
20

16.5%
10e30

Sarcomatoid differentiation, n % 22 1.1%
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controversial. Indeed, irregular shape and infiltrative growth
pattern may be related to more aggressive biology of the disease
and it may render the tumor dissection more challenging thus
enhancing the incidence of PSM [20].

To our knowledge, this is the first available nomogram to predict
the likelihood of PSMs after PN in a multicentric cohort. Despite
suboptimal accuracy, this model showed a significantly higher
predictability compared to each unmodifiable tumor characteris-
tics, such as clinical tumor stage and PADUA score. Moreover, the
decision curve analysis showed that this statistical model would
improve the clinical decision-making when the predicted risk was
>4%. Finally, our model could be useful to identify the modifiable
predictors of PSMs in RCC patients scheduled for PN (i.e center
caseload and surgical approach) to offer the highest chance to
Table 4
Multivariable logistic regression models to predict positive surgical margins (PSMs).

Variables Univariable analysis

OR CI 95% P-value

Age (continuous variable) 1.02 1.00e1.03 0.02
ASA score (continuous variable) 1.37 1.06e1.75 0.01
Charlson score (continuous variable) 1.10 1.00e1.23 0.046
Surgical indication 0.05
Relative versus Elective 0.54 0.32e1.23 0.11
Imperative versus Elective 2.10 1.02e4.39 0.03
Clinical Tumor stage 0.07
cT1a versus cT2 2.13 1.49e2.84 0.01
cT1bversus cT2 1.16 0.34e2.99 0.54
PADUA score 1.14 1.01e1.21 0.04
Off-clamp versus clamp procedure 1.32 0.99e1.47 0.05
Low volume centre (�60 PN/year) 2.09 1.49e2.93 <0.0001
Surgical approach 0.36
LPN versus OPN 1.36 1.00e2.13 0.05
RAPN versus OPN 1.07 0.42e1.24 0.23
Enucleoresection vs simple enucleation 1.64 1.12e2.38 0.01
Lymphovascular invasion 2.70 1.53e4.76 0.001
Upstaging to pT3a 2.89 1.85e4.51 <0.0001
Nucleolar grading 3-4 vs. 1-2 1.45 1.00e2.10 0.046
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obtain optimal cancer control.
In this contest, we identified future perspectives to prevent PSMs:

1) the improvement of novel technologies applicated to robotic sur-
gery suchas the intraoperative ultrasound to define the tumor border
and growth and the near-infrared fluorescence imaging can be
valuable in correctly defining tumor extent, intended resection line
and renal vasculature; 2) the utilization of 3Dmodels and augmented
reality can improve the knowledge of tumor's anatomy and vascu-
larization allowing better intraoperative plan for ideal selective
clamping: optimal ischemia in the area nearby the tumor with safe
plane of dissection, potentially reducing PSM and better preserving
the remnant health parenchyma by ischemic damage; 3) to accredit
only high-volume canters to perform PN might contribute to imple-
ment the adoption of such novel technologies, thus reducing PSMs
and maximizing outcomes and cost-effectiveness of PN.

Our study is not devoid from limitations. First, despite the high-
quality data collection was guaranteed by the rigorous control of
data prospectively inserted on the Internet-based platform only by
medical doctors from the participating centers, data were retro-
spectively analyzed, and they could be biased from inherent and not
modifiable confounding factors. Second, our database lacks some
fields as clinical tumor size, the use of intraoperative tools (i.e ultra-
sound, near-infrared fluorescence) and the surgical approach
(namely, transperitoneal vs. retroperitoneal), whose impact on PSMs
was not consequently explored. Third, due to its multicentric design,
the surgical plan concerning type of resection (simple enucleation vs.
standard resection), arterial clamping technique and surgical
approach (open, laparoscopic or robotic) was left to the surgeons’
preference.Moreover, the adoption of robotic technologywas chosen
according to the center availability and to the preference of the sur-
geons, with potential implication in free-margin achievement.
Fourth, nocentralpathological revisionwasperformedand the report
of PSMs could be biasedwithin centers. Fifth, in the present studywe
were not able to determine the experience and the learning curve of
each surgeon, hence the center caseload (expressed by the number of
PNs per year) was chosen as surrogate of center experience. Finally,
despite this nomogram was tested on the largest nation-based pro-
spective database on PN available to date, our nomogram lacks an
external validation. Thus, the validity of the proposed nomogram to
predict PSMsshouldbe testedonotherexternal cohorts, inorder tobe
generalizable to all patients undergoing PN.
Multivariable analysis for positive SM

Clinical Model Clinico-pathological Model

OR CI 95% P-value OR CI 95% P-value

1.02 0.99e1.03 0.047 1.01 0.99e1.02 0.09
1.13 0.84e1.52 0.42 1.11 0.82e1.50 0.47
1.05 0.93e1.18 0.20 1.02 0.91e1.16 0.63

0.05 0.24
0.56 0.31e1.00 0.14 0.64 0.35e1.16 0.14
1.96 0.95e3.94 0.07 2.10 1.01e4.37 0.04

0.17 0.13
2.17 1.04e3.22 0.02 1.94 1.03e2.79 0.033
1.21 0.68e3.16 0.49 1.14 0.39e2.87 0.59
1.12 1.00e1.26 0.045 1.09 0.97e1.22 0.13
1.13 0.80e1.60 0.47 1.07 0.75e1.52 0.70
2.22 1.56e3.14 <0.0001 2.22 1.55e3.18 <0.0001

0.21 0.21
1.52 1.01e2.27 0.03 1.62 1.07e2.43 0.02
1.09 0.74e1.63 0.93 1.19 0.74e1.90 0.47
1.34 0.88e2.04 0.17 1.44 0.94e2.21 0.09
e e e 2.27 1.19e4.17 0.01
e e e 2.81 1.72e4.59 <0.0001
e e e 1.36 0.90e2.03 0.13
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Fig. 1. Surgical nomogram for predicting positive surgical margins in patients undergoing partial nephrectomy for renal cell carcinoma (Area under the curve: 0.66).

Fig. 2. Decision curve analysis for the evaluation of the clinical net benefit using the
surgical nomogram for detecting positive surgical margins.

Fig. 3. Martingale residuals plot from a null multivariable model against number of
partial nephrectomies per year.
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Conclusions

In this study, PSMs after PN were significantly more likely in
patients with lower clinical stage, higher PADUA score, in
Please cite this article as: Schiavina R et al., Predicting positive surgical ma
study (the RECORd 2 project), European Journal of Surgical Oncology, ht
individuals referred to laparoscopic PN and in those treated at
lower volume centers. Notably, patients treated in centers per-
forming�60 PN/year have a double of risk of PSMs. Relying on such
observations, for the first time, a surgical nomogram was
rgins in partial nephrectomy: A prospectivemulticentre observational
tps://doi.org/10.1016/j.ejso.2020.01.022
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constructed to predict the likelihood of PSMs in patients with
localized renal tumors after PN to better drive clinical decision
making.
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