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Abstract

Purpose To report a multi-institutional experience on robotic radical nephroureterectomy (RNU) and segmental ureterectomy
(SU) for upper tract urothelial carcinoma (UTUC).

Methods Data were prospectively collected from patients with non-metastatic UTUC undergoing robotic SU or RNU at
three referral centers between 2015 and 2018. Transperitoneal, single-docking robotic RNU followed established principles.
Bladder cuff excision (BCE) was performed with robotic or open approach. Techniques for SU included: ureteral resection
and primary uretero-ureterostomy; partial pyelectomy and modified pyeloplasty; ureteral resection with BCE and direct- or
psoas hitch-ureteroneocystostomy. We retrospectively evaluated the technical feasibility, and peri-operative and oncologic
outcomes after robotic RNU/SU.

Results 81 patients were included. No case required conversion to open surgery. Early major (Clavien—Dindo grade >2)
complications were reported in six (7.4%) patients (two after SU, four after RNU). Three patients experienced late major
complications (one after SU, two after RNU). Median AeGFR at 3 months was — 1 ml/min/1.73 m? after SU and — 15 ml/
min/1.73 m? after RNU. Positive surgical margins were recorded in five patients (one after SU, four after RNU). Median
follow-up was 21 months and 22 months in the SU and RNU groups, respectively. Three (20%) patients had ipsilateral upper
tract recurrence after SU, while five (7.5%) developed metastases after RNU. No case of port-site metastases or peritoneal
carcinomatosis was reported. At last follow-up, 67 (82.7%) patients were alive without evidence of disease.

Conclusion Robotic SU and RNU are technically feasible and achieved promising peri-operative and oncologic outcomes
in selected patients with non-metastatic UTUC.
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Introduction

Upper tract urothelial carcinoma (UTUC) is a relatively
Riccardo Campi and Juliette Cotte equally contributed to this uncommon disease, accounting for 5-10% of urothelial
work, cancers [1]. Contemporary treatment of UTUC should be
52 Morgan Rouprét individualized. While open radical nephroureterectomy

morgan.roupret@aphp.fr (RNU) with bladder cuff excision (BCE) remains the gold
standard for high-risk UTUC regardless of tumor location,
kidney-sparing surgery (KSS) should be offered as primary
treatment to patients with low-risk tumors and to selected
patients with high-risk distal ureteral tumors [1-4]. More-
over, KSS may be considered on a case-by-case basis in
patients with solitary kidney and/or impaired renal function,
as long as oncologic outcomes are not jeopardized [1].
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Over the past decade, minimally invasive approach for
RNU and segmental ureterectomy (SU) has been increas-
ingly reported at high-volume centers, with favorable peri-
operative, functional and oncologic outcomes [5—10]. As
such, in experienced hands, laparoscopic RNU is consid-
ered an alternative to open RNU [11]. Of note, while the
oncological equivalence of laparoscopic and open RNU is
likely in most cases, it could not be established in patients
with locally advanced high-risk UTUC or when BCE was
performed laparoscopically [12].

Recent population-based studies showed a significant
increase in the use of robotic surgery for the management
of UTUC [13, 14]; yet, despite the evolution of surgical tech-
niques [10], data on robotic RNU and SU are still lacking
[1,4,12].

In this study, our purpose was to report a multi-institu-
tional experience with robotic RNU and SU for the treatment
of selected patients with UTUC, focusing on peri-operative
and oncologic outcomes.

Materials and methods
Patients and dataset

After obtaining Institutional Review Board Approval, we
retrospectively reviewed a prospectively collected multi-
institutional database of patients with non-metastatic
(cNOMO) UTUC treated with robotic SU or RNU at three
tertiary referral centers between January 2015 and Septem-
ber 2018.

All surgeons (n=28) involved in the study had extensive
experience in robotic urologic surgery (including pelvic,
renal and reconstructive ureteral surgery).

Selection of treatment strategy (KSS vs RNU) and robotic
surgical approach was done on a case-by-case basis after
careful consideration of patient’s clinical characteristics,
tumor features, surgeon’s preference and skills, as well as
hospital resources.

Robotic SU was considered for ureteral UTUCs which
could not be managed with a pure endoscopic approach but
with no evidence of deep invasion of periureteric fat at pre-
operative CT urography (stage cT3 or above).

Patients underwent diagnostic assessment of the lower
and upper urinary tract (including urinary cytology, cystos-
copy and abdomino-pelvic computed tomography [or mag-
netic resonance] urography).

Diagnostic ureteroscopy with or without UTUC biopsy
was performed in selected patients when it could signifi-
cantly change the decision-making regarding RNU versus
SU or regarding the choice of open vs robotic surgical
approach.
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Post-operative complications were reported according
to the Clavien—Dindo grading system [15], in accordance
with the European Association of Urology (EAU) Guide-
lines [16].

Tumor stage was assessed according to the 2017 TNM
classification while tumor grade according to the 2004/2016
WHO classification [1].

Follow-up was performed in accordance to the EAU
Guideline recommendations [1].

For reporting the study results, we followed the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) Statement recommendations [17].

Surgical technique for robotic radical
nephroureterectomy

Patient positioning, port placement and technique for trans-
peritoneal, single-docking robotic RNU followed established
surgical principles [8, 18].

The ureter was clipped early during the procedure to pre-
vent downward tumor spillage during kidney manipulation.

Adrenal-sparing robotic RNU was performed in a three-
or four-arm configuration using the da Vinci Si or Xi robotic
platform.

Lymph node dissection (LND) was performed in selected
cases based on surgeon’s preference or intra-operative sus-
picion of lymph node metastases; overall, the LND template
was not standardized [19].

In most cases, BCE was performed with either a pure
robotic [8, 18] or open approach (via a midline open sagittal
cystotomy). With the robotic approach, the detrusor muscle
was dissected until the bladder mucosa; then, stay sutures
were placed and a cystotomy was performed to remove the
bladder cuff. The bladder was finally closed in two layers in
a running fashion [8]. Trans-urethral resection of the intra-
mural ureter or extravesical control of the distal (pre-mural)
ureter with hem-o-lok clips (without BCE) was performed
in highly selected patients.

Surgical technique for robotic segmental
ureterectomy

A transperitoneal approach was chosen in all cases, as previ-
ously reported [5]. Patient positioning and port placement
were tailored according to the UTUC location (i.e. flank
position for UTUCs of the renal pelvis and upper/mid-
dle ureter; supine position for UTUCs of the distal ureter
[21-23]). A three- or four-arm configuration was employed
according to surgeon’s preference and UTUC characteristics.

Principles of robotic SU included: (a) atraumatic, “no
touch” ureteral dissection; (b) identification of the limits of
the ureteral tumor (with or without the use of concomitant
ureteroscopy); (c) isolation of the affected ureteral segment
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to prevent tumor spillage [23]; (d) tumor resection with
adequate (1-2 cm) safety margins.

Surgical techniques of ureteral reconstruction included:
(a) primary tension-free uretero-ureterostomy on a JJ stent,
for proximal/middle ureteral tumors and highly selected
cases of lower ureteral tumors; (b) modified robotic pyelo-
plasty [20] on a JJ stent, for selected tumors of the renal
pelvis managed with robotic partial pyelectomy; (c) ure-
teral reimplantation on a JJ stent with either direct- or psoas
hitch-ureteroneocystostomy, for UTUCs of the distal ureter
resected en bloc with an adequate bladder cuff [21-23].

Ipsilateral pelvic LND was performed for selected cases
of distal ureteral tumors, according to surgeon’s preference
and intra-operative findings.

Study endpoints and data analysis

The study endpoints included: (a) technical feasibility of
robotic RNU and SU, defined as their successful comple-
tion without open conversion; (b) peri-operative and early
(3 months) functional outcomes; (c) positive surgical mar-
gins rate and oncologic outcomes (including intravesical,
local and distant recurrences).

Descriptive statistics were obtained reporting medians
(and interquartile range, IQR) for continuous variables,
while frequency and proportions for categorical variables,
as appropriate.

Results
Characteristics of the study population

Overall, 81 patients were included in the study.

Pre-operative patient characteristics for the SU and RNU
cohorts are shown in Table 1. Median patient age was 68
[interquartile range (IQR) 57-77] and 72 (IQR 64-77) years,
respectively. In both groups, median BMI was 26. Median
pre-operative eGFR was 69 ml/min/1.73 m? (IQR 30-88)
for the SU cohort and 61 ml/min/1.73 m? (IQR: 53-80.5)
for the RNU cohort.

Overall, 32 (48%) patients experienced previous abdomi-
nal surgery. Three patients in the SU group and one patient
in the RNU group had a solitary kidney.

Median tumor diameter was 17 mm (IQR: 10-46) and 30
(IQR: 21-38), respectively. Most UTUCs in the SU group
were located in the distal ureter, while in the RNU group
in the renal pelvis or upper/middle ureter. Of note, robotic
SU was employed in two patients with a single kidney and
UTUC of the renal pelvis (Table 1).

Clinical T stage was < T3 in 100% and 45.5% of patients
in the SU and RNU groups, respectively. Pre-operative

ureteroscopy with UTUC biopsy was performed in 33.3%
and 18.2% of patients, respectively.

Two patients underwent neoadjuvant cisplatin-based
chemotherapy before RNU.

Surgical and peri-operative outcomes

Intra-operative and peri-operative outcomes for the SU and
RNU cohorts are summarized in Table 2. No case required
conversion to open surgery.

Median operative time and estimated blood loss were
140 min (IQR 110-220) and 180 cc IQR:100-210) in the
SU group while 195 min (IQR 180-270) and 200 cc (IQR
100-300) in the RNU group. Median length of hospitaliza-
tion was 4 and 5 days, respectively.

In patients undergoing robotic RNU, BCE was performed
in 57 (86.4%) patients, of which 30 with a pure robotic and
27 with an open approach.

For ureteral reconstruction after SU, primary uretero-
ureterostomy was performed in five patients, modified
pyeloplasty in two patients, direct ureteroneocystostomy in
four patients and psoas hitch-ureteroneocystostomy in four
patients. LND was performed in 25 (30.8%) patients.

Two patients experienced intra-operative complications
during robotic RNU with LND (intra-operative bleeding,
Table 2).

Overall, early (30-day) major (Clavien—Dindo grade > 2)
surgical complications were reported in 6 (7.4%) patients.
Of these, two were in the SU group and four in the RNU
group (Table 2).

Median AeGFR at 3 months after SU and RNU was
—1 ml/min/1.73 m? (IQR: —5; —10.5) and — 15 ml/
min/1.73 m? (IQR: —20; —7), respectively.

Three patients (one in the SU group and two in the RNU
group) experienced late major surgical complications.

Histopathological and oncologic outcomes

At histopathological analysis, median tumor diameter was
20 mm (IQR 13-30) and 32 mm (IQR 25-50) in SU and
RNU groups, respectively (Table 3).

Median number of lymph nodes removed were 10 (IQR
8-14) and 6 (IQR 3-13), respectively. Positive lymph nodes
were found in eight (12.1%) patients in the RNU group while
in no patients in the SU group.

Pathological stage in the SU group was TO in two patients,
T1 in three patients, T2 in seven patients and T3 in three
patients. In the RNU group, pT stage was T1, T2, T3 and
T4 in 33.3%, 22.7%, 39.5 and 4.5% of patients, respectively.

Tumor histotype was pure urothelial carcinoma in the
majority of cases (100% and 89.4% of patients in the SU
and RNU groups, respectively).
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Table 1 Pre-operative characteristics of patients undergoing robotic radical nephroureterectomy (RNU) and robotic segmental ureterectomy
(SU) for upper tract urothelial carcinoma (UTUC) included in the study

Pre-operative features Robotic SU (n=15) Robotic RNU (n=66)

Patient related
Center, n (%)

Center #1 6 (40.0%) 40 (60.6%)
Center #2 4(26.7%) 26 (39.4%)
Center #3 5(33.3%) 0 (0.0%)
Age at diagnosis, median (IQR) 68 (58-77) 72 (64-77)
BML, median (IQR) 26 (23-27) 26 (24-28)
ASA score, median (IQR) 2 (1-3) 2 (1-2)
ECOG performance status, median (IQR) 0(0-1) 1(1-2)
Charlson Comorbidity Index (CCI), median (IQR) 3(2-4) 4 (2-5)
Age-adjusted CCI, median (IQR) 54-7) 6 (3-7)
Pre-operative eGFR, median (IQR) 69 (30-88) 61 (53-80.5)
Smoking, n (%)
Never smoker 1(6.7%) 23 (34.8%)
Former smoker 8 (53.3%) 29 (43.9%)
Current smoker 6 (40.0%) 14 (21.2%)
Hypertension, n (%) 9 (60.0%) 34 (51.5%)
Diabetes, n (%)
Type 1, controlled 1(6.7%) 4(6.1%)
Type 1, uncontrolled 1(6.7%) 1(1.5%)
Type 11, controlled 1(6.7%) 8 (12.1%)
Type 11, uncontrolled 0 (0,0%) 1(1.5%)
Previous cardiovascular events, n (%) 2 (13.3%) 16 (24.2%)
Antiplatelets/anticoagulant medications, n (%)
Antiplatelets 3 (20.0%) 19 (28.8%)
Anticoagulants (warfarin) 1(6.7%) 3 (4.5%)
New oral anticoagulants 0 (0.0%) 1(1.5%)
Both 0(0.0%) 1(1.5%)
Previous abdominal surgery, n (%) 8 (53.3%) 24 (36.4%)
Prior pelvic or abdominal radiotherapy, n (%) 1(6.7%) 4(6.1%)
Solitary kidney, n (%) 3 (20.0%) 1(1.5%)
Hematuria, n (%)
Microscopic 4 (26.7%) 13 (19.7%)
Macroscopic 6 (40.0%) 30 (45.5%)
Flank pain, n (%) 3 (20.0%) 15 (22.7%)
Familial/hereditary UTUC, n (%) 0 (0.0%) 1(1.5%)
History of non-muscle invasive BC, n (%) 6 (40.0%) 16 (24.2%)
Tumor related
Tumor diameter (mm), median (IQR) 17 (10-46) 30 (21-38)
Location of the index lesion according to EAU guidelines scheme, n (%)
Upper calyx 0 (0.0%) 3 (4.5%)
Middle calyx 0 (0.0%) 1(1.5%)
Renal pelvis 2(13.3%) 30 (45.5%)
Renal pelvis + calyceal system 0 (0.0%) 3 (4.5%)
Renal pelvis + proximal ureter 0 (0.0%) 4(6.1%)
Proximal ureter 1(6.7%) 4(6.1%)
Middle ureter 2(13.3%) 7 (10.6%)
Distal ureter 10 (66.7%) 11 (16.7%)
Multifocal location 0 (0.0%) 3 (4.5%)
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Table 1 (continued)

Pre-operative features

Robotic SU (n=15) Robotic RNU (n=66)

Tumor side, n (%)
Right
Left
Bilateral disease, n (%)
Characteristics of UTUC at pre-operative CT urography, n (%)
Not reported
Lacune
Calyx amputation
Stenosis
Hydronephrosis
Clinical T stage (TNM 2017), n (%)
<T3
T3
UTUC risk group, n (%)
Low risk
High risk
Pre-operative ureteroscopy with biopsy, n (%)

Neoadjuvant chemotherapy, n (%)

7 (46.7%) 28 (42.4%)
8 (53.3%) 38 (57.6%)
0 (0.0%) 2 (3.1%)
1(6.7%) 1(1.5%)

2 (13.3%) 13 (19.7%)
0 (0.0%) 24 (36.4%)
10 (66.7%) 15 (22.7%)
9 (60.0%) 33 (50.0)
15 (100%) 30 (45.5%)
0 (0%) 36 (54.5%)
3 (20.0%) 0 (0%)

12 (80.0%) 66 (100%)
5(33.3%) 12 (18.2%)
0 (0.0%) 2 (3.0%)

The largest UTUC diameter, clinical stage and anatomic location were reported according to pre-operative CT scan. When performed, diagnostic
ureteroscopy confirmed UTUC location. UTUC risk group was reported according to the latest European Association of Urology (EAU) Guide-

line recommendations [1]

BC bladder cancer, CT computed tomography, EAU European association of urology, eGFR estimated glomerular filtration rate (calculated using
the CKD-EPI 2009 formula), /QR interquartile range, RNU radical nephrouretectomy, SU segmental ureterectomy, UTUC upper tract urothelial

carcinoma

Positive surgical margins were recorded in one patient
after SU while in four (6.0%) patients after RNU.

At a median follow-up of 21 months (IQR 14-38) and
22 months (IQR: 11-32), respectively, 4 (26.7%) patients
in the SU group and 16 (24.2%) patients in the RNU group
experienced intravesical recurrence. In these cases, treat-
ment included trans-urethral resections, radical cystectomy
or trimodal therapy (Table 3).

Three patients in the SU group experienced recurrence in
the ipsilateral upper urinary tract; of these, two were treated
with salvage open RNU.

Five (7.5%) patients developed metastatic disease after
RNU and were treated with systemic therapy.

No case of port-site metastases or peritoneal/retroperito-
neal carcinomatosis was reported.

At a median follow-up of 21 months and 22 months after
robotic SU and robotic RNU, respectively, 12 (80%) and 55
(83%) patients were alive with no evidence of disease.

Discussion

Contemporary management of UTUC should be individu-
alized [1], tailoring surgical strategy (RNU vs KSS) and
approach (endoscopic vs open vs minimally invasive) to

tumor’s risk and patient’s characteristics. Notably, despite
open RNU with BCE is still the gold standard treatment
of high-risk tumors [1], kidney-sparing approaches may be
considered in selected clinical scenarios, given the similar
oncological outcomes and the significantly better preserva-
tion of renal function [1-4].

In addition, laparoscopic and robotic RNU and SU have
been shown to mirror the principles of open surgery, adding
the advantages of minimally invasive approaches and ensur-
ing oncologic efficacy [5-10, 18, 21, 23-26].

In this context, as robotic surgery is being increasingly
performed for UTUC worldwide [13, 14, 26], our multi-
institutional experience provides novel data confirming fea-
sibility and safety of robotic RNU and robotic SU for care-
fully selected patients with non-metastatic UTUC.

The main finding of our study is that robotic RNU and
SU were technically feasible and accurately duplicated the
established open techniques, adhering to strict oncologic
principles (i.e. no-touch surgery [1], avoidance of tumor
spillage [12], BCE [27] and LND [19]). In particular, thanks
to the magnified 3D vision and the EndoWrist technology,
robotic surgery allowed to improve technical finesse of
specific steps of RNU, including distal ureteral dissection
and BCE (without need of patient repositioning or re-dock-
ing [10]), watertight bladder closure and LND [8-10, 18,
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Table 2 Intra-operative, peri-operative and early (30-day) functional outcomes after outcomes robotic radical nephroureterectomy (RNU) and

robotic segmental ureterectomy (SU) for UTUC in our series

Robotic SU (n=15)

Robotic RNU (n=66)

Intra-operative data
System for CO, insufflation, n (%)

Standard (pulsatile) 6 (40.0%)
Continuous (i.e. Air-Seal device®) 9 (60.0%)
Management of the distal ureter (during robotic RNU), n (%)
Robotic bladder cuff excision -

Open bladder cuff excision
Trans-urethral resection of intra-mural ureter

Extravesical control of the pre-mural ureter
with hem-o-lok clips (without bladder cuff
excision)

Technique for SU and ureteral reconstruction, n (%)

Ureteral resection + primary uretero-ureter- 5 (33.3%)
ostomy
Partial pyelectomy and modified pyeloplasty 2 (13.3%)
Ureteral resection en bloc with the bladder 4 (26.7%)
cuff 4 direct ureteroneocystostomy
Ureteral resection en bloc with the bladder 4(26.7%)
cuff + psoas hitch-ureteroneocystostomy
Lymph node dissection, n (%) 7 (46.7%)
Lymph node dissection template, n (%)
Not performed 8 (53.3%)
Renal Hilar nodes 0 (0.0%)
Para-aortic/para-caval nodes 0 (0.0%)
Ipsilateral pelvic nodes 7 (46.7%)

Estimated blood loss (cc), median (IQR)
Operative time (min), median (IQR)

180 (100-210)
140 (110-220)
Post-operative and functional outcomes
Length of stay (days), median (IQR)
Intra-operative complications, n (%)

4 (3-7)
0 (0.0%)

30-Day post-operative complications (Clavien—Dindo grade), n (%)

1 4 (26.6%)
2 2 (13.3%)
3a 2 (13.3%) percutaneous drainage of sympto-

matic pelvic lymphocele (n=1); percutane-
ous drainage of a retroperitoneal urinoma

(n=1)
3b 0 (0%)
AeGFR at 3 months (ml/min/1,73 m?) —1(=5;-10.5)
(median, IQR)
Follow-up (months) (median, IQR) 21 (14-38)

Major (Clavien—-Dindo grade > 2) surgical complications at last follow-up, n (%)

3b 1 (6.7%) Reintervention for ureteral stenosis
[JJ stent placement]

8 (12.1%)
58 (87.9%)

30 (45.5%)
27 (41.0%)
5(7.5%)
4 (6.0%)

18 (27.3%)

48 (72.7%)
5(7.6%)

13 (19.7%)

0 (0%)

200 (100-300)
195 (180-270)

5(4-8)
2 (3.0%) (intra-operative bleeding requiring
blood transfusion)

16 (24.2%)
9 (13.6%)

2 (3.0%) selective embolization of epigastric
artery, n=1; percutaneous drainage of symp-
tomatic lymphocele, n=1

2 (3.0%) Reintervention for bowel perforation,
n=1; reintervention for a large retroperito-
neal haematoma, n=1

—15(=20; =7)
22 (11-32)

2 (3.1%) Reintervention for incisional hernia
repair, n=2

eGFR estimated glomerular filtration rate (calculated using the CKD-EPI 2009 formula), /QR interquartile range, RNU radical nephrouretec-

tomy, SU segmental ureterectomy
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Table 3 Histopathological Robotic SU (n=15) Robotic RNU (1=66)
and oncological outcomes
at a median follow-up of 21 Histopathological outcomes
and 22 months after robotic Tumor diameter (mm), median (IQR) 20 (13-30) 32 (25-50)
segmental ureterectomy
(SU) and robotic radical Number of nodes removed, median (IQR) 10 (8-14) 6 (3-13)
nephroureterectomy (RNU), pT stage (TNM 2017), n (%)
respectively TO 2 (13.3%) 0 (0.0%)
Tl 3 (20.0%) 22 (33.3%)
T2 7 (46.7%) 15 (22.7%)
T3 3 (20.0%) 26 (39.5%)
T4 0 (0.0%) 3(4.5%)
pN stage (TNM 2017), n (%)
Nx 8 (53.3%) 48 (72.7%)
NO 7 (46.7%) 10 (15.2%)
N1 0 (0.0%) 2 (3.0%)
N2 0 (0.0%) 6 (9.1%)
Tumor grade, n (%)
Low 2 (13.3%) 8 (12.1%)
High 13 (86.7%) 58 (87.9%)
Lymphovascular invasion, n (%) 2(13.3%) 7 (10.6%)
Associated CIS, n (%) 0 (0.0%) 11 (16.7%)
Histology n (%)
Pure UC 15 (100.0%) 59 (89.4%)
UC/squamous - 3 (4.5%)
UC/sarcomatoid 1(1.5%)
UC/nested 1(1.5%)
UC/micropapillary 2 (3.0%)
Positive surgical margins, n (%) 1(6.7%) 4 (6.0%)
Oncological outcomes
Adjuvant chemotherapy, n (%) 1(6.7%) 6 (9.1%)
Adjuvant radiotherapy, n (%) 0 (0.0%) 3 (4.5%)
Recurrence (treatment), n (%)
Intravesical 4 (26.7%) (TURB) 16 24.2%) (RC, n=2;
TT, n=2; TURB,
n=12)
Ipsilateral upper urinary tract 3 (20.0%) (Salvage RNU, -
n=2;ST,n=1)
Distant (metastases) - 5(7.5%) (ST)
Median follow-up (months), median (IQR) 21 (14-38) 22 (11-32)
Time to recurrence (months) (median, IQR) 6 (4-15) 9 (5-13)
Patient outcome at follow-up, n (%)
Alive without evidence of disease 12 (80%) 55 (83%)
Alive with evidence of disease 2 (13%) 5 (8%)
Dead due to other causes 0 (0%) 2 (3%)
Dead due to the disease 1 (7%) 4 (6%)

CIS carcinoma in situ, /QR interquartile range, UC urothelial carcinoma, RNU radical nephroureterectomy,

SU segmental ureterectomy

28]. Similarly, robotic technology allowed precise ureteral
resections and reconstructions (with adequate specimens
for definitive histopathological analysis) adapting surgical
technique to UTUC location and length of ureteral defect
[5, 7, 21, 23] (Table 2) while ensuring proper LND and

respect of all oncologic principles [1]. Of note, robotic SU
and ureteroneocystostomy for distal ureteral tumors did not
preclude subsequent surveillance ureteroscopies, as previ-
ously reported [5]. Notably, previous abdominal surgery and
body habitus did not prevent a minimally invasive approach
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for RNU or SU in our series (Table 1). Moreover, no case
required conversion to open surgery.

It is important to note that selection criteria for robotic
surgery in our study were not standardized. Indeed, the
choice to proceed with robotic RNU or SU (rather than
endoscopic laser ablation) was undertaken on a case-by-
case basis, balancing patient-related factors (good perfor-
mance status and no contraindications for minimally inva-
sive surgery), tumor-related factors (no bulky pelvicalyceal
tumor and no invasion beyond the muscolaris propria into
the periureteric fat in case of ureteral tumors) as well as
surgeon-related factors (experience, skills and confidence
with robotic approach in this setting).

A second key finding of our study is that robotic RNU
and SU achieved favorable peri-operative outcomes in terms
of operative time, blood loss, hospital stay and complica-
tion profile (Table 2), as reported by previous robotic series
[6-10, 18, 21, 23]. Of note, the overall rate of major (Cla-
vien—-Dindo grade >2) complications at last follow-up in
our series was 11%, which might be partly related to the
surgeon’s learning curve for robotic RNU and SU. As such,
the morbidity profile of robotic RNU and SU requires further
investigation.

In addition, as expected [3], robotic SU lead to a signifi-
cantly better preservation of post-operative renal function
compared to robotic RNU (Table 2), highlighting the poten-
tial benefit of KSS in selected (i.e. older and/or comorbid)
patients with ureteral UTUCs.

Finally, to the best of our knowledge, this is one of the
largest series so far on robotic management of UTUC in
literature [7, 8]. Of note, despite the limited length of follow-
up, oncological outcomes after robotic RNU and SU in our
series were promising and comparable to those of previously
published series [7, 8, 21, 24, 25].

In particular, negative surgical margins were achieved in
the vast majority of cases and we did not record any case of
port-site metastases or peritoneal carcinomatosis. Moreover,
although the median follow-up in our study was relatively
short (21 and 22 months after robotic SU and robotic RNU,
respectively), more than 80% of patients were alive without
evidence of disease at last follow-up (Table 3).

As previously reported [27], intravesical recurrence was
detected in a non-negligible proportion of patients after
both RNU and SU. Also, it is important to highlight that
three patients developed recurrence within the ipsilateral
upper urinary tract after robotic SU (of which two were
treated with salvage open RNU). These findings reinforce
the importance of close surveillance with urinary cytology,
cross-sectional imaging, cystoscopy and ureteroscopy after
surgery for UTUC, particularly after SU.

Our study is not devoid of limitations. First, this was
a retrospective evaluation of a cohort of highly selected
patients with non-metastatic UTUC treated at referral
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academic centers by highly experienced surgeons. In par-
ticular, the selection criteria for robotic surgery in our
study were based on patient-, tumor- and surgeon-related
factors which may be not entirely generalizable. Moreo-
ver, the criteria for performing pre-operative ureteroscopy
(with or without UTUC biopsy) were not standardized
across included centers.

Second, due to the small sample size, we could not
compare the outcomes of robotic RNU and robotic SU in
a meaningful way. In addition, we could not evaluate the
impact of adjuvant bladder instillations on intravesicle recur-
rence rate. Third, we did not evaluate the cost-effectiveness
of robotic surgery compared to standard laparoscopy or open
surgery. Fourth, length of follow-up was limited.

Acknowledged these limitations, our multi-institutional
experience adds novel data confirming feasibility and safety
of robotic surgery for selected UTUCs.

There is a need for multicenter prospective studies with
longer follow-up and with common inclusion criteria and
endpoints [29]. These studies should evaluate the long-term
oncologic efficacy of elective robotic RNU and SU for non-
metastatic UTUC; compare peri-operative and oncologic
outcomes after open vs robotic surgery for UTUC and define
standardized criteria to select the patients most likely to ben-
efit from minimally invasive approaches.

Conclusion

Our multi-institutional experience confirmed feasibility and
safety of robotic RNU and SU for the treatment of selected
patients with non-metastatic UTUC at referral academic
centers.

Adhering to strict oncological principles, robotic RNU
and SU duplicated the principles of open surgery and
achieved promising peri-operative and oncologic outcomes.

Further studies with longer follow-up are needed to con-
firm the oncologic safety of these techniques and to define
indications and limits of robotic surgery for UTUC.
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