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ABSTRACT

BACKGROUND: The SPARE Nephrometry Score (NS) is described as easier to implement than the RENAL and PAD-
UA NSs, currently more widely used. Our objective was to compare the accuracy of SPARE NS in predicting renal func-
tion outcomes following RAPN.

METHODS: A multicentric retrospective study was conducted using French kidney cancer network (UroCCR, NCT
03293563) database. All patients included had RAPN for cT1 renal tumors between May 2010 and March 2021. SPARE
was compared to RENAL, PADUA and Tumor Size to predict postoperative acute kidney injury (AKI), chronic kidney
disease (CKD) upstaging, de novo CKD at 3-6 months follow-up and Trifecta failure. The ability of the different NSs
and tumor size to predict renal function outcomes was evaluated using uni- and multivariate logistic regression models.

RESULTS: According to our study criteria, 1171 patients were included. Mean preoperative tumor size and estimated
glomerular filtration rate (¢€GFR) were 3.4+1.4 cm and 85.8 mL/min/1.73 m2. In total, 266 (22.7%), 87 (7.4%), 94 (8%),
and 624 (53.3%) patients had AKI, de novo CKD, CKD upstaging, and Trifecta failure, respectively. In multivariate
analysis, all three NSs and tumor size were independent predictors of AKI, CKD de novo, CKD upgrade and Trifecta
failure. There was no significant difference between all three NS and tumor sizes in predicting renal function outcomes.
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the logical choice for surgical decisions.

CONCLUSIONS: SPARE Score seems to be a valid alternative to predict renal function outcomes after RAPN. Never-
theless, in our study, tumor size was as accurate as NSs in predicting postoperative outcomes and, therefore, seems to be

(Cite this article as: Klein C, Margue G, Champy C, Parier B, Waeckel T, Bensalah K, ef al. Can Simplified PADUA Renal
(SPARE) Nephrometry scoring system help predicting renal function outcomes after robot-assisted partial nephrectomy?
(UroCCR study 93). Minerva Urol Nephrol 2023;75:000-000. DOI: 10.23736/S2724-6051.23.05324-7)
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Over the last few years, the indications for
robot-assisted partial nephrectomy (RAPN)
have increased, and it has become the gold
standard for the management of small local-
ized (cT1a-b) renal tumors.!:2 At the same time,
various nephrometry scoring systems (NSs) have
been developed to evaluate tumor complexity and
therefore facilitate surgical decision making.3

RENAL (Radius [R], exophytic/endophytic
[E], nearness to collecting system/sinus [N],
anterior/posterior [A], and location relative to
polar line [L]) and PADUA (Preoperative As-
pects and Dimension Used for an Anatomical
classification) respectively described in 2009 by
Kutikov et al.# and by Ficarra et al.5 are the two
most commonly used nephrometry scoring sys-
tems and are recommended by EAU guidelines.!
However, these methods have limitations, such
as poor inter-observer reproducibility, incom-
plete quantification of relevant anatomical fea-
tures, and variable correlation with perioperative
outcomes.°

To simplify and improve NSs, Ficarra et al.
recently introduced a new Simplified PADUA
Renal (SPARE) scoring system to predict the
risk of postoperative complications.® In contrast
to PADUA, this new score includes only four
features: rim location, renal sinus involvement,
exophytic rate, and maximal tumor size.

The accuracy of the SPARE system in pre-
dicting perioperative complications after partial
nephrectomy (PN) compared to the RENAL and
PADUA scores has already been studied in sev-
eral external validation studies,’-!! but only a few
studies have specifically investigated its accura-
cy in predicting functional outcomes after PN.12

This study aimed to evaluate the accuracy of
SPARE NS in predicting functional outcomes af-
ter RAPN and the success of surgery in a French
multi-institutional population.
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Materials and methods
Study design

All patients included in this study were prospec-
tively enrolled in the French Kidney Cancer
Network multicenter database UroCCR (NCT
03293563). After approval from the review board,
we conducted a retrospective analysis of all pa-
tients who underwent RAPN for cTla-b stage
tumors according to the TNM classification!3 be-
tween May 2010 and March 2021. Patients with
multiple renal tumors, metastatic disease, those
who received neoadjuvant or adjuvant treatment,
and those with missing data were excluded.

To define tumors anatomical characteristics,
either enhanced abdominal computed tomogra-
phy (CT) or magnetic resonance imaging (MRI)
were performed. Each surgeon prospectively
reviewed radiological images to collect each
variable of PADUA, RENAL and SPARE NSs
according to the original studies. All NSs were
categorized as follow: PADUA Low: 6-7, Inter-
mediate: 8-9 and High: > 10; RENAL Low: 4-6,
Intermediate: 7-9 and High: 10-12; SPARE Low:
0-3, Intermediate: 4-7 and High: 8-10. Choice of
surgical approach and clamping technique was
at the surgeon’s discretion. Renal function was
evaluated using estimated Glomerular Filtration
Rate (eGFR) according to Modification of Diet
in Renal Disease (MDRD) formula.

In our study, surgery’s success was assessed
using Trifecta achievement. Trifecta was defined
by the combination of negative surgical margins,
absence of perioperative complications, and
90% preservation of eGFR at first postoperative
follow-up (3-6 months).14

Study endpoints

The primary endpoint of our study was to evaluate
and compare the accuracy of SPARE NS (vs. RE-
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NAL, PADUA and Tumor Size) to predict postop-
erative renal function. It was assessed using:

« acute kidney injury (AKI) according to Risk/
Injury/Failure/Loss/End-stage (RIFLE) Classifi-
cation defined as eGFR loss >25% at postopera-
tive day one;

* chronic kidney disease (CKD) upstaging
(according to CKD classification) at 3-6 months
follow-up after surgery;

* de novo CKD at 3-6 months follow-up after
surgery.

Our secondary endpoint was to evaluate and
compare the accuracy of SPARE NS (vs RENAL,
PADUA and Tumor size) to predict Trifecta failure.

Statistical analysis

Data analysis was performed using R software
environment for statistical computing and graph-
ics (version 4.0.0) software. The significance
level was set at 0.05 for all statistical tests and
P values were two sided. Continuous variables
were reported as mean and standard deviation
(SD) whereas categorical variables were report-
ed as frequencies and proportions.

Predictive factors for AKI at postoperative day
one, CKD upstaging and de novo CKD at 3-6
months follow-up after surgery and Trifecta fail-
ure, were identified through univariate and multi-
variate logistic regression (adjusted for age, BMI,
preoperative eGFR and ASA Score as forced
variable to represent patients’ comorbidities).

The linearity between the response variable
and every continuous variable (age, preoperative
eGFR and BMI) was tested for each predictive
model using Box-Tidwell Test.

The goodness of fit of each logistic regression
model was tested using the Hosmer-Lemeshow
Test. The area under receiver operator character-
istic (ROC) curve was used to determine accura-
cy of each NSs (RENAL, PADUA and SPARE)
and tumor size. ROC curves were compared us-
ing the DeLong Test.

Results

Baseline characteristics of the study population
and postoperative outcomes

According to our study criteria, a total of 1171
patients were included. Baseline characteris-
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TABLE 1—Demographic, clinical and radiologi-
cal baseline characteristics of our cohort, UroCCR,
France 2022 (N.=1171).

Characteristic Total (N.=1171)

Demographic and clinical
Gender, N. (%)

Male 791 (67.5%)

Female 380 (32.5%)
Age * 59.5 (£12.1)
BMI (kg/m?) * 27.2 (£5.3)
ASA Score* 1.9 (+0.7)
Preoperative eGFR (mL/min/1.73 m2) * 85.8 (¥21.6)
Solitary kidney 52 (4.4%)
Side, N. (%)

Right 600 (51.2%)

Left 571 (48.8%)
Preoperative tumor size (cm) 3.4 (x1.4)
cT stage, N. (%)

cTla 825(70,5%)

cTlb 346 (29.5%)

Nephrometry Scores

PADUA Score Categories

Low 382 (32.6%)

Intermediate 420 (35.9%)

High 369 (31.5%)
RENAL Score Categories

Low 458 (39.1%)

Intermediate 564 (48.2%)

High 149 (12.7%)
SPARE Score Categories

Low 630 (53.8%)

Intermediate 475 (40.6%)

High 66 (5.6%)

*mean (£SD). PADUA Low: 6-7, Intermediate: 8-9 and High: >
10; RENAL Low: 4-6, Intermediate: 7-9 and High: 10-12; SPARE
Low: 0-3, Intermediate: 4-7 and High: 8-10.

tics of overall cohort are depicted in Table I.
The mean age was 59.5 (+12.1), BMI was 27.2
(£5.3), preoperative eGFR was 85.8 (£21.6) and
mean tumor size was 3.4 cm (£1.4). The median
PADUA, RENAL and SPARE score were 8 [7-
10], 7 [6-9] and 3 [1-5] respectively. Mean oper-
ative time was 155.1 minutes (+63.9), estimated
blood-loss was 234.3 mL (+282.2) and warm
ischemic time (WIT) was 14.7 minutes (£11.1)
(Table II). Concerning clamping strategy, re-
spectively 190 (16.2%) and 218 (18.6%), selec-
tive and off-clamp techniques were performed.
Mean postoperative length of stay (LOS) was 3.1
days (£2.8) with an overall complication rate of
15.3% (N.=179). Thirty-one (2.6%) patients had
major complication (Clavien-Dindo >2) (Table
I1). The median follow-up of our cohort was 15.5
[4,6 - 32,9] months.
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TABLE Il.—Intra- and postoperative outcomes of our
cohort, UroCCR, France 2022 (N.=1171).

Total (N.=1171)

Characteristic

Intra and postoperative outcomes
Surgical approach, N. (%)

Transperitoneal 1088 (92.9%)

Retroperitoneal 83 (7.1%)
Clamping technique, N. (%)

Off-clamp 218 (18.6%)

Selective clamping 191 (16.2%)

Arterial 740 (63.2%)

Pedicle mass 22 (1.9%)
WIT (min)* 14.7 (£11.1)
Operative time* 155.1 (£63.9)
EBL (mL)* 234.3 (+£282.2)
Peroperative complication, N. (%) 53 (4.5%)
Length of stay (days)* 3.1 (£2.8)
Histology results, N. (%)

Malignant 1022 (87.3%)

Benign 149 (12.7%)
Positive surgical margins, N. (%) 69 (6.3%)
pT stage, N. (%)

1 1061 (90.6%)

2 10 (0.9%)

3 100 (8.5%)

179 (15.3%)
31 (17.3%)

Opverall postoperatives complications, N. (%)
Major (Clavien-Dindo >2)

M3 Postoperative eGFR (mL/min/1.73 m2) ¥  80.2 (+22.4)
AKI, N. (%) 266 (22.7%)
CKD Upgrade, N. (%) 94 (8%)

de novo CKD, N. (%) 87 (7.4%)

Trifecta failure, N. (%)
*mean (+SD)

624 (53.3%)

Within our cohort, respectively 22.7%
(N.=266), 7.4% (N.=87) and 8% (N.=94) of
patients had AKI at postoperative day one, de
novo CKD and CKD upgrade at 3-6 months
(Table 1II).

Multivariate analysis to predict AKL at postop-
erative day one

Two hundred sixty-six patients (22.7%) had AKI
at postoperative day one (Table II). Multivariate
logistic regression analysis to predict AKI is de-
scribed in Table III. All statistically significant
variates in univariate analysis (age, pre-opera-
tive eGFR, PADUA, RENAL, SPARE and tu-
mor size) were included in multivariate analysis.
BMI and ASA score was also included as forced-
in covariate as it’s associated with impaired post-
operative renal function in literature.15-17

In multivariate analysis, all three NSs and tu-
mor size were independent predictors.
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Multivariate analysis to predict CKD de novo
and CKD upgrade at 3 months follow-up

Eighty-seven patients (7.4%) had CKD de novo
and 94 patients (8%) had CKD upstage at 3-6
months follow-up after surgery (Table II). Mul-
tivariate logistic regression analysis to predict
CKD de novo and CKD upgrade are described in
Table III. In multivariate analysis, high PADUA
and RENAL scores were predictors of CKD de
novo and CKD upgrade but there was no statis-
tical difference between patients with interme-
diate RENAL and PADUA scores and patients
with low RENAL and PADUA scores, adjusted
for age, BMI and preoperative eGFR. Regarding
SPARE Score, there was a statistical difference
in patient having intermediate or high score com-
pared to patients having low SPARE Score.

Multivariate analysis to predict Trifecta failure

Six hundred twenty-four patients (53.3%) had
Trifecta failure after surgery (Table II). Mul-
tivariate logistic regression analysis to predict
Trifecta failure is described in Table III. In mul-
tivariate analysis, all three NSs and tumor size
were independent predictors of trifecta with an
increased risk of Trifecta failure for patients with
high PADUA, RENAL or SPARE Score, com-
pared to patients with low scores.

The Hosmer-Lemeshow Test indicated good
fit for each regression model (P>0.05).

ROC curves for SPARE, RENAL and PADUA
scores as well as tumor size are described in Fig-
ure 1. There was no evidence of statistical differ-
ence between the ROC curves of each score for
the models (P>0.05).

Discussion

Over the last decade, several NSs have been in-
troduced with the aim to facilitate surgeons’ abil-
ity to safely perform nephron-sparing surgery.
A recent meta-analysis by Veccia ef al. evalu-
ated the predictive value of more than ten NSs.
They concluded that RENAL and PADUA scores
should be considered as the standards models to
predict complexity and perioperative outcomes.3
If these results reinforce their use, their predictive
accuracy remains controversial because of low
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TABLE Il.—Multivariate logistic regression analysis for predicting AKI (N.=266), CKD upgrade (N.=94), de novo
CKD (N.=87), at 3 months and Trifecta failure (N.=624), UroCCR, France 2022.

Predictive model

Age*
BMI*
Preoperative eGFR*
ASA Score
AKI
PADUA Score
Low
Intermediate
High
RENAL Score
Low
Intermediate
High
SPARE Score
Low
Intermediate
High
Tumor size
CKD upgrade
PADUA score
Low
Intermediate
High

RENAL Score
Low
Intermediate
High

SPARE Score
Low
Intermediate
High

Tumor size

De novo CKD

PADUA Score
Low
Intermediate
High

RENAL Score
Low
Intermediate
High

SPARE Score
Low
Intermediate
High

Tumor size

Trifecta

PADUA Score
Low
Intermediate
High

RENAL Score
Low
Intermediate
High

SPARE Score
Low
Intermediate
High

Tumor size

PADUA Score model RENAL Score model SPARE Score model Tumor size
OR (95% CI) Pvalue OR(95%CI) Pvalue OR(95%CI) Pvalue OR(95%CI) P value
1.03 [1.02-1.05] <0.001 1.03[1.02-1.05] <0.001 1.02[1.01-1.05] <0.001 1.02[1.01-1.05] <0.001
1.04 [1.01-1.06]  0.02 1.04[1.01-1.06] 0.02 1.04 [1.01-1.06] 0.03 1.04[1.01-1.06]  0.02
1.02 [1.01-1.03] <0.001 1.02[1.01-1.03] <0.001 1.02[1.01-1.03] <0.001 1.02[1.01-1.03] <0.001
1.01 [0.80-1.29] 0.9 1.02 [0.81-1.29] 0.8 0.99 [0.79-1.27] 0.9 0.98 [0.78-1.26] 0.9
Ref. - - - - - -
1.60[1.10-2.35]  0.01
2.76 [1.91-4.03] <0.001
- Ref. - - - - -
52 [1.09-2.11]  <0.001
3.85[2.50-5.94] <0.001
- Ref. -
9[1.25-2.28] <0.001
3.11[1.75-5.44] <0.001
- - - - - - 1.33[1.20-1.48] <0.001
Ref. -
411[0.77-2.62]  0.27
2.61[1.48-4.74] 0.001
- - Ref. - - - - -
1.23 [0.74-2.06] 0.42
3[1.45-5.08] 0.001
- - - - Ref. - - -
99 [1.24-3.22]  0.004
4.522.08-9.41] <0.001
- - - 1.31[1.12-1.53] <0.001
Ref. - - - - - - -
1.40 [0.76-2.66]  0.30 - - -
2.2211.23-4.13]  0.009
- - Ref. - - - - -
1.19[0.71-2.03] 0.49
2.33[1.19-4.48] 0.01
- - - - Ref. - - -
1.70 [1.02-2.78] 0.03
4.20[1.89-8.87] <0.001
- / - - - - 1.23[1.04-1.45]  0.01
Ref. -
.13 10.85-1.50] 0.4 - - - - - -
1.70 [1.26-2.29] <0.001
Ref. -
- - .07 [0.83-1.37] 0.6 - - - -
2.33[1.56-3.52] <0.001
Ref. -
- - - - 1.63[1.27-2.09] <0.001 - -
1.79 [1.06-3.08] 0.03
- - - - - - 1.19[1.09-1.29]  0.006

PADUA Low: 6-7, Intermediate: 8-9 and High: > 10; RENAL Low: 4-6, Intermediate: 7-9 and High: 10-12; SPARE Low: 0-3, Intermediate:

4-7 and High: 8-10.
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ROC curve: AKI predictive models
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ROC curve: CKD de novo predictive models
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ROC curve: CKD upgrade predictive models
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B ROC curve: Trifecta predictive models
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Figure 1.—ROC curves of the three nephrometry scores (PADUA, RENAL, SPARE) and Tumor size for the AKI (A), CKD
upgrade (B), de novo CKD (C) and Trifecta failure (D) predictive models.

inter-observer reproducibility, incomplete quanti-
fication of relevant anatomical features, and vari-
able correlation with peri-operative outcomes.
The SPARE Score was introduced by Ficarra et
al. to simplify and improve NSs reproducibility.6
In comparison to RENAL and PADUA scores,
the accuracy of SPARE system to predict periop-
erative outcomes in patients undergoing PN has
already been studied in several external valida-
tion studies.’-10 It seems to be an easy and re-
producible tool with a good accuracy to predict
perioperative outcomes. Indeed, Weprin et al.
reported that SPARE score can predict overall
complications after RAPN with a similar accura-

6 MINERVA UROLOGY AND NEPHROLOGY

cy than RENAL and PADUA.7 Same results are
found in Huang et al. and Diana et al. studies,
SPARE was as accurate as RENAL and PADUA
to predict perioperative outcomes.$: 9

Results of our study are consistent with the
literature. Indeed, the accuracy of SPARE to pre-
dict Trifecta, as described by Hung et al., was
comparable to that of RENAL or PADUA (AUC:
0.607 vs. 0.622 vs. 0.623).

Renal function after PN is difficult to predictas it
is influenced by several modifiable and non-mod-
ifiable variables!® and the results differ from one
study to another. Some studies suggest that post-
operative AKI could be associated with CKD at
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long term follow-up.!® Weprin et al.” concluded to
the absence of association between SPARE Score
and postoperative AKI (P=0.7) while Rosiello et
al.'2 found that patients with intermediate or high
SPARE score had increased risk of postoperative
AKI (OR 1.84 [1.01-3.37], P=0.04 and OR 2.89
[1.35-6.14], P<0.01). Nevertheless, their results
relied on data from a single center and couldn’t
be generalized to global population. In our multi-
center study, intermediate and high SPARE scores
were associated with AKI at postoperative day one
(OR 1.73 [1.29-2.32], (P<0.001) and 2.92 [1.66-
5.08], P<0.001) as well as with CKD upstaging
and CKD de novo at 3-6 months.

Our study therefore confirms that SPARE
Score is predictive of trifecta failure, AKI at
postoperative day one, de novo CKD and CKD
upstage at 3-6 months. While these results are
comparable to those of RENAL and PADUA
scores, tumor size performed just as good. These
findings are consistent with those of Khene et
al. 19 who established that tumor size alone did
as well as NSs in the prediction of major com-
plications after RAPN in a large multicentric Eu-
ropean cohort. Furthermore, it also corroborates
previously published studies which suggested
an association between pre-operative tumor size
and renal function impairment after PN.15.20.21

Machine learning analyses large databases to
make more accurate predictions than traditional
statistical tools. This technique is increasingly
used in many medical fields.22-24 In urology,
several machine learning scores have been de-
veloped to accurately predict clinical outcomes
such as pT3a upstaging risk of a kidney lesion?25
or progression-free survival after kidney cancer
surgery.26 Lazebnik ef al?’ developed a ma-
chine learning score to predict the risk of AKI
after open PN. However, only one ML algorithm
was tested to develop this score and no external
validation was performed. It would therefore be
interesting to use machine learning on our mul-
ticenter cohort to predict renal function after
RAPN with better accuracy.

Strengths and limitations of the study

The strength of our study is its large sample size
of patients from 18 French institutions with vari-
able surgeon’s experience.
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However, some limits remain. Although the
data were prospectively collected in the UroCCR
database, the analyze is retrospective. Then, pa-
tients’ scans were reviewed in each center without
any centralized reassessment. Furthermore, de-
spite the high number of institutions included in
our study, variable levels of surgeon’s expertise
can have impact perioperative outcomes. Finally,
as shown in the results, SPARE Score seems to be
more discriminative in predicting CKD de novo
and upgrade. However, there is no statistical dif-
ference when comparing the predictive value of
the different scores, possibly because of the low
number of events (N.=87 and N.=94 respectively).

Conclusions

SPARE appears to be a valid alternative to PAD-
UA and RENAL scores to predict renal function
outcomes in patient undergoing RAPN. Never-
theless, in this large multicentric cohort, tumor
size was as accurate as NSs to predict postop-
erative outcomes. As it is simple and replicable,
it should be the standard of choice for surgical
decisions.
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