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ABSTRACT

Background. To evaluate long-term oncological and renal
function outcomes in patients treated with robot-assisted
partial nephrectomy (RAPN) for renal cell carcinoma
(RCO).

Patients and Methods. Patients undergoing RAPN for
clinically localized RCC between January 2014 and
December 2019 at a tertiary robotic reference center were
evaluated. Clinical course, pathologic characteristics, and
long-term outcomes were obtained from our institutional
review board-approved RCC database.

Results. A total of 234 patients were available for analy-
sis. Median follow-up was 46 months (10.8-97.8 months),
with 77 patients (32.9%) having at least 5-years of follow-
up. Pathology revealed clear-cell RCC in 67.5% (n = 158).
Among unfavorable factors, nuclear grades 3 or 4 were
found in 67 (29.4%), lymphovascular invasion in 10
(4.3%), positive surgical margins in 22 (9.4%), necrosis in
21 (9%), and sarcomatoid pattern in 2 patients (0.9%). At
12 months, mean serum creatinine was 1.04 mg/dL and
12.9% of patients experienced upstaging in chronic kidney
disease. Overall recurrence-free survival at 5-years was
97.8%. There were five local (2.1%) and two distant (0.9%)
recurrences, none of them resulting in cancer-specific
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death. Median time to recurrence was 20 months
(11-64 months). Warm ischemia time [hazard ratio
(HR) = 1.14, p = 0.034] and sarcomatoid pattern (HR =
124.57, p = 0.001) were the only variables associated with
local relapse.

Conclusions. Data from this large cohort demonstrate that
patients undergoing RAPN have a low incidence of local
and distant relapse, resulting in excellent long-term sur-
vival while preserving stable renal function in most
patients.

Partial nephrectomy (PN) is considered the standard of
care for T1 renal cell carcinoma (RCC) in patients eligible
for surgery because of its adequate preservation of normal
parenchyma while showing similar oncological results as
radical nephrectomy (RN).' Nephron-sparing surgery can
be performed either by an open, laparoscopic, or robot-
assisted approach. The latter two offer lower morbidity
than the open approach, with comparable short-term
oncological outcomes among T1-T2a tumors.

Robot-assisted partial nephrectomy (RAPN) has been
demonstrated to be similar to laparoscopic and open
approaches in terms of warm ischemia time (WIT), peri-
operative complications, positive surgical margins (PSMs),
and 5-year oncological and functional outcomes.”® How-
ever, long-term outcomes published on RAPN are scarce.

Herein, we report the renal function and oncological
outcomes of RAPN for RCC performed at a single tertiary
robotic reference center, focusing on long-term results.
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PATIENTS AND METHODS
Study Design and Patient Selection

RAPN for clinically localized RCC between January
2014 and December 2019 performed by five experienced
surgeons at a single tertiary robotic reference center were
registered. All surgeries were executed in the daVinci Si
Surgical System (Intuitive Surgical, Sunnyvale, California,
USA). Further inclusion criteria were pathological confir-
mation of RCC in the surgical specimen and follow-up of
> 12 months. Patients with metastatic RCC at initial
diagnosis or benign tumors were excluded. The primary
aim of the study was to assess the renal function and
oncological outcomes after RAPN as well as its predictors.
The secondary aim was to search for predictors of PSM and
trifecta [as defined by warm ischemia time (WIT) < 25
min, absence of Clavien—Dindo grade > 2 complications
within the first 90 postoperative days, and no PSM].*

The study was approved by the Institutional Review
Board (2019-079), conforming to provisions of the Dec-
laration of Helsinki.

Outcome Measurements

Variables of the study included clinical and tumor
characteristics, intra- and perioperative data, pathological
analysis, and follow-up information.

Clinical characteristics: age, gender, smoking history,
comorbidities, body mass index (BMI), American Society
of Anesthesiologists (ASA) score, preoperative renal
function [serum creatinine level, estimated glomerular fil-
tration rate (eGFR), and chronic kidney disease (CKD)
stage], and prior personal history of RCC.

Tumor characteristics: preoperative tumor size, clinical
tumor, nodal stage (cT and cN), and R.E.N.A.L.
nephrometry score [low (4-6 points); moderate (6-9
points); or high (10-12 points)]. An expert in uroradiology
established tumor complexity according to computed
tomography (CT) scan or magnetic resonance imaging
(MRI) images.5

Perioperative data: operative time, estimated blood loss
(EBL), blood transfusion rate, need for ischemia, WIT, the
performance of regional lymphadenectomy, opening and
suturing of the collecting system, use of intraoperative
ultrasound, conversion to open or radical nephrectomy,
intraoperative complications, length of hospital stay, post-
operative renal function, and postoperative complications
according to the Clavien—Dindo classification (with grade
> 3 considered as major complications).® Readmission and
reoperation rates were also recorded, as well as trifecta.

Pathological analysis: tumor size, TNM stage according
to the American Joint Committee on Cancer (AJCC) and

the International Union for Cancer Control (IUCC) sys-
tem,” tumor type according to the 2004 World Health
Organization (WHO) classification,® tumor features
(necrosis, sarcomatoid pattern, lymphovascular or capsular
invasion, Fuhrman nuclear grade),9 and PSM (defined as
the presence of tumor cells at the inked margin).

Follow-up: the institutional follow-up protocol included
clinical examination, laboratory testing (complete blood
count and serum creatinine level), and CT scan of the chest,
abdomen, and pelvis at 3, 12, 24, 36, 48, and 60 months
after surgery, and every 2 years thereafter.

eGFR rate was calculated using the Modification of Diet
in Renal Disease (MDRD) formula. CKD stage was
assigned based on the National Kidney Foundation’s Kid-
ney Disease Outcome Quality Initiative Classification
(NKF-KDOQI).'” Upstaging was defined as an increase
from the baseline stage, except for a change from CKD
stage I to II, which was regarded as clinically
nonsignificant."!

Survival was calculated from date of surgery to
December 2019. At this cutoff date, the national mortality
registry was searched for any event affecting our cohort.
Disease relapse was defined as any local recurrence (vas-
cular, retroperitoneal, or renal fossa) or metastasis at a
distant site on a CT scan (RCC was confirmed by biopsy in
all these cases). Recurrences in the contralateral kidney
were considered as asynchronous primary RCC. Study data
were collected using REDCap electronic data capture tools
hosted at our institution.

Statistical Analysis

Mean and standard deviation (SD), and median and
interquartile range (IQR) were reported for variables with a
normal and nonnormal distribution, when appropriate (ac-
cording to Kolmogorov—Smirnov test with Lilliefors
significance correction). Range (minimum-maximum) was
also reported. Categorical variables were described by
absolute numbers and proportions.

The cumulative incidence of local recurrence, distant
metastasis, and deaths was calculated and plotted using the
Kaplan—-Meier method. Univariate competing-risks Cox
regression was performed separately for local recurrence
and distant metastasis. A multivariable competing-risks
analysis could not be performed owing to the small number
of events. Binary logistic regression models were used to
identify the variables predicting upstaging of CKD at 12
months, PSM, and trifecta. All p-values were two-sided
and statistical significance was defined as p < 0.05. Sta-
tistical analyses were performed using IBM SPSS Statistics
v23 (IBM Corp., Armonk, NY).
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RESULTS

Thirty-seven patients (out of 290) were excluded from
the study because of a benign diagnosis on final pathology
(Supplementary Fig. 1). Additionally, 19 patients were lost
to follow-up within the first year and were also excluded.
Hence, 234 patients were available for analysis. Median
follow-up was 46 months (IQR 42.5 months), with 151
patients (64.5%) having > 3 years follow-up.

Demographic and preoperative data are summarized in
Table 1. Mean age at surgery was 57.4 £ 11.8 years. Most
of the patients were ASA I-II (95.7%), and the median
BMI was 27.4 + 5.1 kg/m”. Mean tumor size at preoper-
ative imaging was 30 & 21 mm (95.7% of neoplasms were
staged as cT1). According to the R.E.N.A.L. score, almost
two-thirds of patients (61.9%) had moderately or highly
complex renal masses.

Perioperative data are listed in Table 2. Fourteen
patients (6%) had intraoperative complications. Conversion
rate to open partial nephrectomy and to robotic radical
nephrectomy was 0.9% and 0.4%, respectively. Eleven
patients (4.7%) had postoperative complications: Three
(1.3%) were major complications requiring reintervention
(urinary leakage in two cases and for an incisional hernia in
one case; all were Clavien III). No Clavien IV or V com-
plications occurred in our series. Readmission and
reoperation rates were 2.1% and 1.3%, respectively.

Mean preoperative serum creatinine was 0.90 £ 0.1 mg/
dL, and 24 patients (11.2%) had preoperative CKD stage >
III. Mean serum creatinine at 12 months was 1.04 & 0.26
mg/dL, with a mean difference from preoperative value of
+ 0.08 [95% confidence interval (95% CI): 0.05-0.12; p <
0.001] (Fig. 1). Univariate regression models revealed that
been hypertense, baseline, and first postoperative day
serum creatinine values were the only prognostic factors
for upstaging CKD at 12 months. Nevertheless, none of
them were significant on multivariate analysis (Supple-
mentary Table 1).

Final pathology revealed clear-cell RCC (ccRCC) in 158
(67.5%), papillary RCC (pRCC) in 47 (20.1%), and chro-
mophobe RCC (chRCC) in 28 patients (12%). Most tumors
(178, 76.1%) were classified as pTla. High nuclear grade
tumors (grade 3-4) were found in 67 patients (29.4%),
necrosis in 21 (9%), sarcomatoid pattern in 2 (0.9%),
lymphovascular invasion in 10 (4.3%), and renal capsule
invasion in 2 (0.9%). One patient had positive lymph nodes
(0.4%), and 22 (9.4%) had a PSM, with a median size of
4.6 mm (IQR 5.0 mm) (Table 3).

Overall, six patients (2.6%) had disease relapse during
follow-up (Tables 3 and 4). Four patients developed local
recurrence in the surgical bed (only one of these patients
had a PSM); two were treated with laparoscopic radical
nephrectomy (one also received immunotherapy with

nivolumab/ipilimumab), and the other two with a new
RAPN. A complete answer was found in all four. On the
other hand, one patient developed lung metastases and now
has a complete response after two lines of immunotherapy
(3 years of sunitinib followed by 1 year of nivolumab,
which they are still receiving). Finally, one patient pre-
sented local recurrence in the surgical bed, regional lymph
nodes, and pulmonary metastases simultaneously (at 10
months after RAPN). The latter patient progressed despite
sequential treatment with resection of lung metastases,
stereotactic body radiation therapy to the lung surgical bed,
and nivolumab/ipilimumab. All patients with disease
relapse are still alive.

Three deaths (1.3%) occurred during follow-up, none of
them related to RCC (two patients died because of
glioblastoma multiforme and one following melanoma)
(Table 3). The 5-year cumulative incidence for both local
and distant recurrence was 5.9% and 1.1%, respectively,
and 2.9% for non-RCC death (Fig. 2). Univariate com-
peting-risks regression revealed that WIT [per 1 min
increment; hazard ratio (HR): 1.14; 95% CI 1.0-1.3; p =
0.03] and sarcomatoid pattern (HR: 124.57; 95% CI
7.62.0 x 103; p = 0.001) were associated with local
recurrence (Supplementary Table 2); no predictive factor
related to metastases’ occurrence could be found.

Intraoperative complications, pathological tumor size,
papillary type histology, and necrosis were associated with
PSM on univariate competing-risks regression (Supple-
mentary Table 3). However, only necrosis could be
confirmed on multivariate analysis as predictors of PSM
[odds ratio (OR) 5.49; 95% CI 1.62-18.59; p = 0.006].

Trifecta rate was 72.4%; several variables were found to
be predictors on univariate analysis (Supplementary
Table 4). However, only intermediate R.E.N.A.L. score
(OR 0.34; 95% CI 0.12-0.89; p = 0.030), POD1 serum
creatinine (per +1 mg/dL increment) (OR 0.076; 95% CI
0.01-0.56; p = 0.012), intraoperative complications (OR
0.16; 95% CI 0.042-0.56; p = 0.012), readmission < 30
days (OR 0.06; 95% CI 0.006-0.64; p = 0.020), and
necrosis (OR 0.11; 95% CI 0.03-0.38; p < 0.001) predicted
the occurrence of trifecta on multivariate analysis.

DISCUSSION

Our study confirmed the long-term functional and
oncological safety of RAPN, with a low 5-year cumulative
incidence of local recurrence (5.9%), distant metastasis
(1.1%), and no RCC-specific mortality after a median
follow-up of 46 months. Furthermore, other-cause mortal-
ity was low (2.9%).
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TABLE 1. Demographic and preoperative data

Variable

Results

Patients (n)
Age (years), mean = SD (range)
Gender, n (%)
Male
Female
Smoker, n (%)
No
Yes
Hypertension, n (%)
No
Yes
Diabetes, n (%)
No
Yes
Body mass index (kg/mz), median + IQR (range)
ASA score, n (%)
I
I
I
Preoperative serum creatinine (mg/dL), mean & SD (range)
Preoperative eGFR (mL/min), mean £ SD (range)
Chronic kidney disease stage > III, n (%)
No
Yes
Family history of kidney cancer, n (%)
No
Yes
Clinical tumor size (cm), median £ IQR (range)
Bilateral, n (%)
No
Yes
Multifocal, n (%)
No
Yes
cT stage, n (%)
cTla
cT1b
cT2a
cT2b
cT3a
cN stage, n (%)
cNO
cN1
R.E.N.A L. score: complexity groups, n (%)*
Low complexity: 4-6
Moderate complexity: 7-9

234
57.4 £ 11.8 (28-88)

174 (74.4)
60 (25.6)

177 (75.6)
57 (24.4)

131 (56.0)
103 (44.0)

165 (70.5)
69 (29.5)
274 £ 5.1 (17.9-42.9)

60 (25.6)

164 (70.1)

10 (4.3)

0.9 + 0.1 (0.4-1.9)

76.5 + 12.5 (35.8 to > 90)

210 (89.7)
24 (10.3)

227 (97.0)
7(3.0)
30.0 & 21.0 (5.0-98.0)

224 (95.7)
10 (4.3)

223 (95.3)
11 4.7)

176 (75.2)
48 (20.5)
7 (3.0)

0 (0.0)
3(1.3)

234 (100.0)
0 (0.0)

95 (40.6)
112 (47.9)
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Table 1. (continued)

Variable

Results

High complexity: 10-12

21 (9.0

ASA American Society of Anesthesiologists, c¢N clinical stage of the regional lymph nodes, cT clinical stage of the primary tumor, eGFR
estimated glomerular filtration rate, /QR interquartile range, SD standard deviation

“R.E.N.A.L. score could not be collected in six patients

Laparoscopic PN has shown long-term oncological
outcomes comparable to open surgery.'>'? However, the
robotic platform’s added advantages have turned RAPN
into the preferred technique for surgical treatment of
localized kidney tumors in many centers, allowing expe-
rienced surgeons to perform nephron-sparing surgery even
for complex masses.'*'> Nevertheless, there are only a few
previous reports on the long-term outcomes of RAPN.
Among them, Kyllo et al.'® reported excellent overall
survival (OS) (96.8%) and cancer-specific survival (CSS)
(99.2%) of RAPN after 2.4 years of follow-up. With longer
follow-up, Bertolo et al.® reported a very low cumulative
incidence of local recurrence (3.6% at 5 years, 4.1% at 7
years), distant metastases (3.2% at 5 years, 4.5% at 7
years), RCC-specific mortality (1.80% at 5 and 7 years),
and other-cause mortality (6.4% at 5 years, 9.3% at 7
years). Similarly, Vartolomei et al.'” reported rates of
5-year disease-free survival (DFS) of 90.9%, CSS of
97.5%, and OS of 95.1%. Finally, Andrade et al.'® reported
5-year overall survival, cancer-free survival, and cancer-
specific survival rates of 91.1%, 97.8%, and 97.8%,
respectively. Our findings agree with these previous reports
on oncological outcomes after RAPN.

AKkin to other series on RAPN, unfavorable factors such
as high nuclear grades, pT3 stage, necrosis, sarcomatoid
pattern, and PSMs were present among patients with local
or distant recurrences in our study (Table 4). However,
lymphovascular invasion and renal capsule invasion were
not present in any of our relapse cases. Univariate com-
peting-risks regression analysis confirmed WIT and
sarcomatoid pattern as the only prognostic factors for local
recurrence, in agreement with other reports.'”*° However,
these variables failed to achieve statistical significance on
multivariate analysis, likely due to the small number of
events.

We found a slight increase in serum creatinine in the
early postoperative period (0.17-0.38 mg/dL on average),
which usually recovered at 1 month of follow-up. After
accounting for age, gender, and race, our long-term follow-
up data revealed an upstaging in CKD of 16.2% at 1 month,
12.9% at 12 months, and 9.8% at the last follow-up,

according to the MDRD formula. Similarly, Bertolo et al.?
reported CKD upstaging of 42.4% and 8.3% at 1 and 12
months, respectively.

In our sample, 94.8% had an eGFR > 45 mL/min at 12
months (defined by some authors as the new baseline
estimated glomerular filtration rate, NB-eGFR), strongly
related to survival.”' These data highlight that renal func-
tion can indeed deteriorate over time in a small proportion
of patients undergoing nephron-sparing surgery, even
though renal function preservation is superior than in RN.*>

In the literature, a PSM is encountered in 0.1-10.7 of
PNs.* They occur more frequently in cases in which sur-
gery is imperative (solitary kidneys and bilateral tumors),
and in patients with adverse pathological features (pT2a,
pT3a, grade II-1V).****> However, the potential negative
impact of a PSM after PN on the oncological outcomes
regardless of the surgical approach (open, laparoscopic,
robotic) is still controversial.>?° In fact, several series have
indicated that PSMs do not translate into a higher risk of
metastases or decreased CSS.?**”*® On the other hand,
patients with negative surgical margins are not necessarily
spared from the risk of recurrence.”’ Still, in one study,
local tumor bed recurrences were found in 16% of patients
with PSMs compared with only 3% in those with negative
margins.”* Nevertheless, even if there seems to be a
slightly higher risk of recurrence in patients with a PSM,
RN or re-resection of the tumor bed would probably result
in overtreatment in many cases.

In the present study, we found a PSM rate of 9.4%, with
a median length of 4.6 mm. PSM was more frequent in
those patients with intraoperative complications (18.2%
versus 4.8%), pRCC (36.4% versus 17.9%), and necrosis
(31.8% versus 5.8%). These patients with PSM had larger
tumors (mean 37.1 versus 29.0 mm; mean differences: 8.1
mm). Among these 22 patients, only one developed local
recurrence, and none of them presented distant metastasis
nor RCC-related mortality on follow-up. Most patients
with local tumor relapse (three out of five) had negative
surgical margins; in one patient, the margin was not
evaluable, and in another one, it was positive. Thus, our
results align with those studies indicating that neither
margin status nor margin size is associated with local or
distant recurrence or mortality.
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TABLE 2. Perioperative data

Variable

Results

Operative time (min), median £+ IQR (range)
Estimated blood loss (mL), median + IQR (range)
Blood transfusion, n (%)
No
Yes
Ischemia, n (%)
No
Yes
Warm ischemia time (min) median + IQR (range)
Warm ischemia time < 25 min, n (%)
No
Yes
Lymphadenectomy, n (%)
No
Yes
Selective suture of an opened calyx, n (%)
No
Yes
Use of intraoperative ultrasound, n (%)
No
Yes
Conversion to open surgery, n (%)
No
Yes
Conversion to radical nephrectomy, n (%)
No
Yes
Intraoperative complications, n (%)
No
Bleeding
Spleen lesion
Colonic lesion
Postoperative complications, n (%)
No
Bleeding
Urinary leakage
Incisional hernia
Postoperative complications Clavien, n (%)
Minor (Clavien I-II)
Major (Clavien III)
Length of stay (days), median £ IQR (range)
Postoperative Hb (g/dL), mean + SD (range)
POD 0
POD 1
POD 2
POD 3
Achieved trifecta, n (%)*
No

120 & 90 (50-330)
100 £ 250 (10-4.0)

232 (99.1)
2 (0.9)

21 (9.0)
213 (91.0)
15 £ 107 (4-42)

38 (16.2)
196 (83.8)

227 (97.0)
7 (3.0)

210 (89.7)
24 (10.3)

196 (83.8)
38 (16.2)

232 (99.1)
2 (0.9)

233 (99.6)
1(0.4)

220 (94.0)
10 (4.2)

2 (0.9)

2 (0.9)

223 (95.3)
8 (3.4)
2 (0.9)
1 (0.4)

8 (3.4)
3(1.3)
341 (1-17)

12.9 £ 1.8 (8.9-23.4)
12.5 £ 1.5 (6.6-15.8)
11.7 £ 1.8 (7.5-15.1)
11.2 £ 1.5 (7.8-14.3)

60 (27.4)
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Table 2. (continued)

Variable Results
Yes 159 (72.4)
Readmission < 30 d, n (%)
No 229 (97.9)
Yes 5@2.0)
Reoperation < 30 d, n (%)
No 231 (98.7)
Yes 3(1.3)
Hb hemoglobin, IQR interquartile range, POD postoperative day, SD standard deviation
The trifecta could not be calculated in five cases due to the presence of a nonevaluable surgical margin
FIG. 1. Mean (Standard ‘Surgery *Hospital discharge
deviation) serum creatinine and 5m 100
¢GFR during follow-up. The = —_— i [ 43
chart represents the value of 54 —
.. £ =
serum creatinine (blue) and b §
eGFR (brown) at three £ 3 Lo 2
timepoints: preoperative period § 2 ;—'
(gray), during admission S D IF SIS S S S B B &
(beige), and after hospital 21 Con T ® - ® © S am— @
discharge (green). Tl.le. average @ 0 A ) . ;
value of serum creatinine of ; 77 ; N N ,;/ N ,; q', ql, ; ; ;
each moment and the & &L &L &L Qo‘x‘ Qo‘x\ Qo“\ R S S
. . e Q < < >
differences concerning the K N4
preoperative value are shown ? Follow-up
* -
belqw. Last follow-up was at a =@ Serum creatinine A= eGFR
median of 46 months
Serum creatinine Difference from
. . % CKD % CKD
Follow-up time (mg/dL) preoperative value (mg/dL) p value . )
upstaging downstaging
Mean + SD Mean (95%Cl)
Preoperative 0.90 £0.10 Ref.
PODO 1.18 +0.32 +0.20 (0.13-0.26) <0.001 31.6 0.0
POD1 1.13+0.38 +0.17 (0.12-0.21) <0.001 23.2 1.7
POD2 1.30+£0.60 +0.31(0.20-0.43) <0.001 35.1 1.4
POD3 1.41+0.86 +0.38(0.16 - 0.59) 0.001 32.0 2.0
POM1 1.09 £0.27 +0.10 (0.06 - 0.14) <0.001 16.2 0.0
POM3 1.07 £0.26 +0.06 (0.02-0.10) 0.003 10.3 29
POM6 1.01+0.24 +0.06 (0.03 -0.08) <0.001 7.1 1.6
POM12 1.04 +0.26 +0.08 (0.05-0.12) <0.001 12.9 3.6
POM18 1.00+0.24 +0.06 (0.02 -0.09) 0.002 11.9 2.8
POM24 1.02+0.24 +0.05 (0.02 - 0.09) 0.001 9.4 3.1
Last follow-up 1.02+0.26 +0.06 (0.03 -0.08) <0.001 9.8 2.9

95%Cl = 95% confidence interval; CKD = chronic kidney disease; POD = postoperative day; POM = postoperative

month; SD = standard deviation.

Trifecta and pentafecta are combined outcomes reflect-
ing surgeons’ and patients’ expectations after RAPN.**° In
our cohort, 72.4% achieved a trifecta outcome. Among the
60 patients who failed to reach this outcome, WIT > 25
min was found in 36.7% of the patients and a PSM in 35%.
Additionally, 13.3% of cases did not meet the criteria due
to the occurrence of complications (Clavien > III). Based
on these findings, we believe that achieving the trifecta

remains a realistic goal after RAPN. Conversely, in our
study, only 19.2% of patients met pentafecta criteria
defined as achievement of the trifecta outcomes plus
> 90% eGFR preservation at 12 months postoperatively
and absence of CKD upstaging.>® Therefore, we question
whether pentafecta outcomes should be a reasonable
expectation for renal surgery under the current state of the
art.
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TABLE 3. Pathological and oncological outcomes

Variable

Results

Tumor size at final pathology (cm), median £+ IQR (range)
pT stage, n (%)
pTla
pT1b
pT2
pT3
pN stage, n (%)
pNx
pNO
pN1
Histological type, n (%)
ccRCC
plRCC
p2RCC
chRCC
tcRCC
Nuclear Fuhrman grade, n (%)*
1
2
3
4
Necrosis, n (%)
No
Yes
Sarcomatoid pattern, n (%)
No
Yes
Lymphovascular invasion, n (%)
No
Yes
Renal capsule invasion, n (%)
No
Yes
Margin status, n (%)
Negative
Positive
Not evaluable °
Size of positive surgical margin (mm), median £+ IQR (range)
Distance to negative surgical margin (mm), median &+ IQR (range)
Local recurrence, n (%)
No
Yes
Distant metastasis, n (%)
No
Yes
Mortality, n (%)
Alive

Cancer-specific mortality

28 £ 24 (5-95)

178 (76.1)
34 (14.5)
6 (2.5)

16 (6.8)

227 (97.0)
6 (2.6)
1(0.4)

158 (67.5)
17 (7.3)
30 (12.8)
28 (12.0)
1(0.4)

11 (4.8)
150 (65.8)
64 (28.1)
3(1.3)

213 (91.0)
21 (9.0)

232 (99.1)
2 (0.9)

224 (95.7)
10 (4.3)

232 (99.1)
2 (0.9)

207 (88.5)

22 (9.4))

5.1

4.6 £ 5.0 (1.0-15.0)
0.5 £ 0.5 (0.1-4.0)

229 (97.9)
52.1)

232 (99.1)
2 (0.9)

231 (98.7)
0 (0.0)
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Table 3. (continued)

Variable

Results

Other cause mortality

3(1.3)

Follow-up (months), median + IQR (range) 46.0 + 42.5 (10-97.7)

ccRCC clear cell renal cell carcinoma, chRCC chromophobe renal cell carcinoma, /QR interquartile range, p/RCC papillary type 1 renal cell
carcinoma, p2RCC papillary type 2 renal cell carcinoma, pN pathological stage of the regional lymph nodes, pT pathological stage of the primary
tumor, t¢cRCC tubule-cystic renal cell carcinoma.

*Nuclear grade could not be collected in six patients

"Margin status could not be evaluated by the pathologist due to tumor rupture during extraction

TABLE 4. Description of patients with local recurrence or distant metastases

Study Local Metastases TNM Nuclear Histological Necrosis Sarcomatoid PSM Treatment Status
ID recurrence grade type pattern
#31 No Lung pT3a Grade I ccRCC No No No Metastasis resection, Progression,
cNOMO SBRT and alive
Nivolumab/
Ipilimumab
#120  Surgical bed and Lung pTla cNOMO Grade I ccRCC No No No Ist line Sunitib (3 year) CR, alive
regional 2nd line Nivolumab
lymph nodes
#148  Surgical bed No pTla cNOMO Grade III  ccRCC Yes No NE LRN CR, alive
#206  Surgical bed No pT1b cNOMO Grade I plRCC No No No RAPN CR, alive
#221  Surgical bed No pT3a cNOMO Grade IV ccRCC Yes Yes Yes  LRN + Nivolumab/ CR, alive
Ipilimumab
#233  Surgical bed No pTla cNOMO Grade I p2RCC No No No RAPN CR, alive

ccRCC clear cell renal cell carcinoma, CR complete response, NE not evaluable, LRN laparoscopic radical nephrectomy, p/RCC papillary type 1 renal cell
carcinoma, p2RCC papillary type 2 renal cell carcinoma, PSM positive surgical margin, RAPN robot-assisted partial nephrectomy, SBRT stereotactic body
radiotherapy

Our study bears some limitations, the first and most
important being its retrospective nature. We used the
Fuhrman classification for nuclear-grade categorization
instead of the more recent International Society for Uro-
logical Pathology/World Health Organization (ISUP/
WHO) classification. Additionally, the use of intraopera-
tive hemostatic agents was left at the surgeons’ discretion,

which may have impacted the incidence of bleeding-related
complications. Finally, we acknowledge that multivariate
analysis for recurrence-free and cancer-specific survival
could not be performed due to the low number of events in
this study. Thus, we could not identify any significant
predictor of adverse oncological outcomes, at least within
the time frame of our patients’ follow-up.

(a) Local recurrence (b) Metastasis (c) Mortality
6 7 6 9 6 9
~ 1 ~
SR S 5 4 S 51
Py o >
E ] g
5 4 5 4 £ 4
2 2 ]
2 2 =
£ 3 £ 3 4 EE
E 21 E 24 E 24
= = =
£ £ g
R EREE El.
o} o] 3
0 T T T T T T T 1 0 T T T T T T T 1 0 T T T T T T T 1
0 12 24 36 48 60 72 8 9 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 T2 8 9
Time to local recurrence (mo) Time to metastasis (mo) Time to death (mo)
No.atrisk 234 234 155 116 79 58 24 3 0 No. atrisk 234 234 155 114 78 57 24 3 0 No. atrisk 234 234 156 116 78 56 24 3 0

FIG. 2. Cumulative incidence curves for (A) renal cell carcinoma local recurrence (5.9% at 5 years), (B) metastasis (1.1% at 5 years), and
(C) other cause mortality (2.9% at 5 years)



RAPN for RCC: Long-Term Oncological Results

2493

CONCLUSIONS

Data from this large group of patients confirm that
RAPN achieves excellent long-term survival, with low
morbidity and a low incidence of local and distant recur-
rences. Long-term renal function is preserved in most
patients, with only a minor degree of deterioration in a
small proportion.
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