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Abstract
Background  Nephroureterectomy with bladder cuff excision is the standard treatment for high-risk upper urinary 
tract urothelial carcinoma (UTUC). The role of minimally invasive surgery in treating locally advanced UTUC 
remains controversial. This study aimed to compare the outcomes of open, laparoscopic, and robotic 
surgeries for managing locally advanced UTUC.
Methods  We retrospectively reviewed 705 patients with locally advanced UTUC from multiple institutions 
throughout Taiwan. Perioperative outcomes and oncological outcomes, such as cancer-specific survival, overall 
survival, disease-free survival and bladder-free survival, were compared between the open, laparoscopic and 
robotic groups.

Results  The minimally invasive group had better overall and cancer-specific survival (CSS) rates. The 2-year CSS rates 
of the open, laparoscopic and robotic groups were 71%, 83%, and 77% respectively (p < 0.001). The robotic group had 
similar outcomes to the laparoscopic group. (p = 0.061, 0.825, 0.341 for OS, CSS, DFS respectively.) More lymph node 
dissections were performed and more lymph nodes were harvested in the robotic group (p = 0.009).

Conclusions  Our results demonstrated that minimally invasive surgery, including laparoscopic and robotic surgery, 
for locally advanced UTUC resulted in oncological outcomes that are non-inferior to those of open surgery.
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Background
Upper urinary tract urothelial carcinoma (UTUC) is an 
uncommon cancer accounting for 5–10% of urothelial 
carcinomas in the United States [1]. However, in Taiwan, 
the incidence of UTUC is much higher, accounting for 
25% of all urothelial carcinomas [2]. Nephroureterectomy 
with bladder cuff excision is the established standard 
treatment for high-risk UTUCs. With the evolution of 
minimally invasive procedures, laparoscopic and robotic 
nephroureterectomy have become widely accepted and 
are considered safe options. Minimally invasive surgery 
has the benefits of smaller incisions, fewer perioperative 
complications, less blood loss, pain, and a shorter length 
of stay [3].

However, for locally advanced tumors, such as T3/T4 
N1, open nephroureterectomy is recommended in the 
European Association of Urology (EAU) guidelines. One 
systematic review reported better oncological outcomes 
for open nephroureterectomy (ONU) compared to lapa-
roscopic nephroureterectomy (LNU) for locally advanced 
UTUC [4]. To date, due to the low incidence of UTUC, 
most previous studies comparing LNU and ONU have 
been retrospective with small sample sizes, and the role 
of minimally invasive surgery for locally advanced UTUC 
remains controversial. In addition, few studies have dis-
cussed robotic nephroureterectomy (RNU). Surgical 
techniques and experience have greatly progressed in 
recent years, particularly in areas with a high incidence 
of UTUC. We hypothesize that minimally invasive 
surgery has similar oncological outcomes compared 
to open surgery in patients with locally advanced dis-
ease. The aim of this multicenter study was to evaluate 
differences in oncologic outcomes between open, laparo-
scopic, and robotic surgery for UTUC.

Methods
Patient population
We retrospectively reviewed the medical records of 705 
patients with UTUC who underwent surgery at 17 Tai-
wan hospitals participating in the Taiwan Upper Tract 
Urothelial Carcinoma Collaboration group between July 
1988 and December 2020. All patient data were anony-
mized. The inclusion criteria were patients with patho-
logic stage T3 T4 and any N UTUC. Patients with clinical 
lymphadenopathy on preoperative imaging, concur-
rent muscle-invasive bladder cancer or distant metasta-
sis were excluded from the study. The enrolled patients 
were divided into three groups based on their surgical 
approach: open, laparoscopic (including standard lapa-
roscopic, hand-assisted laparoscopic, and laparoscopic 
single-site surgery), and robotic surgery. There were no 
standardized selection criteria for open versus mini-
mally invasive procedures, with variations across insti-
tutions, based on factors such as surgeon’s preference, 

technique, and patient’s clinical conditions. Most 
patients were followed according to the EAU guide-
lines, with regular monitoring of both the bladder and 
upper urinary tract. Cystoscopy and cytology were 
performed every three months for the first two years, 
every six months up to five years, and annually there-
after. Abdominal and chest CT scans were conducted 
every six months for the first two years, followed by 
annual imaging. Each institution ensured adherence to 
these guidelines through oversight by designated clini-
cal monitors. To enhance accuracy, we recommended 
that at least two study members independently collect 
and meticulously review data at each hospital. Urology 
residents monitored the data. Regular meetings and 
discussions among centers were conducted to ensure 
consistency in data collection and recording practices.

Outcomes
Perioperative outcomes were evaluated and compared 
among the three groups, including the number of lymph 
node dissections, surgical margins, and residual bladder 
cuff. In addition, 2-year oncological outcomes such as 
overall survival (OS), cancer-specific survival (CSS), dis-
ease-free survival (DFS), and bladder-free survival were 
assessed.

Statistical methods
Differences between groups were compared using one-
way ANOVA for continuous variables, and Pearson’s chi-
square test for categorical variables. Continuous variables 
were tested for normality using the Kolmogorov-Smirnov 
test. The Kaplan-Meier method was used to estimate the 
rates of prognostic outcomes, and survival curves were 
compared using the stratified log-rank test. A Cox pro-
portional hazard model was used to assess the effect of 
the surgical approach on the prognostic outcome, alone 
and after adjusting for potential confounders. All statis-
tical assessments were two-tailed, and p < 0.05 was con-
sidered statistically significant. Statistical analyses were 
carried out with SPSS version 26 (IBM Inc., Armonk, 
NY).

Results
A total of 705 patients who underwent nephroureterec-
tomy for UTUC were enrolled, of whom 233 underwent 
open surgery, 415 underwent laparoscopic surgery, and 
57 underwent robotic surgery. The three groups were 
comparable in most characteristics, except for age, rate of 
postoperative intravesical chemotherapy, follow-up dura-
tion, and surgical approach. Most of the open group and 
approximately half of the laparoscopic group underwent 
a retroperitoneal approach, while most of the robotic 
group underwent a transperitoneal approach (Table  1). 
Bladder cuff excision was performed using the open 
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method in 269 patients (64.8%) in the LNU group, but 
in only 1 patient (1.8%) in the RNU group. The periop-
erative chemotherapy rates of open, laparoscopic, and 
robotic nephroureterectomy were 31.3%, 30.8%, and 
29.8%, respectively (p = 0.356).

Comparing the pathological results and periopera-
tive outcomes, it was found that the ONU patients had 
larger tumors and more pathological stage IV disease 
than the other two groups (ONU: 24% vs. LNU: 14.5% vs. 
RNU: 22.8%, p = 0.007). The lymph node dissection rates 
were 20.2%, 31.6%, and 57.9% for ONU, LNU, and RNU, 
respectively. If lymph node dissection was performed, 
more lymph nodes were harvested in the RNU group. 
The overall lymph node metastasis rate was 25.6%. More 
patients in the LNU group had lymphovascular inva-
sion (ONU: 30.9%, LNU: 40.7%, RNU:35.1%, p = 0.043), 
and more patients in the minimally invasive group (LNU 
and RNU) had residual bladder cuffs (remaining tis-
sue at the bladder cuff that was not fully excised during 

the nephroureterectomy) (ONU: 4.2%, LNU: 12%, RNU: 
13.5%, p = 0.045) (Table 2).

Regarding survival outcomes, the ONU group had 
worse OS and CSS rates compared to the RNU and 
LNU groups, even after adjusting for confounders. The 
2-year OS rates for ONU, LNU, RNU were 64%, 78%, 
74% (p < 0.001). The 2-year CSS rates for ONU, LNU, and 
RNU were 71%, 83%, and 77%, respectively (p < 0.001). 
The LNU and RNU groups had similar survival outcomes 
(p = 0.061, 0.825, 0.341 for OS, CSS, DFS respectively.) 
(Fig. 1).

Regarding the recurrence patterns, 46 patients 
(19.7%), 94 patients (22.7%), and 8 patients (14.0%) 
experienced regional lymph node recurrence in the 
ONU, LNU, and RNU groups, respectively. Addition-
ally, 79 patients (33.9%), 121 patients (29.1%), and 12 
patients (21.1%) developed distant metastasis in the 
ONU, LNU, and RNU groups, respectively.

Multivariable analysis showed that pathological stage, 
retroperitoneal approach, presence of diabetes mellitus, 

Table 1  Patient characteristics
Variables Open

(N = 233)
Laparoscopy
(N = 415)

Robot
(N = 57)

p-value Missing data

N % N % N % N %
Gender
  Men 104 (45.2) 198 (47.7) 25 (43.9) 0.758
  Women 126 (54.8) 217 (52.3) 32 (56.1)
Age Mean ± SD 66.9 ± 10.9 70.1 ± 11.2 69.2 ± 10.5 0.003* 6 (2.15)
Laterality
  Left 104 (44.8) 207 (49.9) 28 (49.1) 0.490
  Right 124 (53.4) 204 (49.2) 28 (49.1)
  Bilateral 4 (1.7) 2 (0.5) 1 (1.8)
  Graft kidney 0 (0.0) 2 (0.5) 0 (0.0)
Tumor location
  Renal pelvis 159 (68.2) 302 (72.8) 45 (78.9) 0.214
  Upper ureter 46 (19.7) 111 (26.7) 9 (15.8) 0.046*
  Middle ureter 39 (16.7) 54 (13.0) 4 (7.0) 0.127
  Lower ureter 54 (23.2) 79 (19.0) 16 (28.1) 0.190
  Bladder cuff 3 (1.3) 19 (4.6) 1 (1.8) 0.062
Synchronous bladder tumor
  No 181 (78.7) 329 (79.9) 42 (75.0) 0.297 4 (1.43)
  Previous Hx of bladder UC 16 (7.0) 24 (5.8) 1 (1.8)
  Concurrent Bladder UC 33 (14.3) 59 (14.3) 13 (23.2)
Post operation intravesical C/T instillation 11 (3.94)
  No 215 (96.0) 364 (92.6) 46 (85.2) 0.015*
  Yes 9 (4.0) 29 (7.4) 8 (14.8)
Perioperative chemotherapy 2 (0.72)
  Neo-adjuvant 2 (0.9) 10 (2.4) 2 (3.5) 0.356
  Adjuvant 71 (30.5) 118 (28.4) 15 (26.3)
Adjuvant radiation therapy 12 (5.2) 25 (6.0) 1 (1.8) 0.154 2 (0.72)
Surgery
  Transperitoneal 56 (26.5) 208 (51.4) 47 (97.9) < 0.001*
  Retroperitoneal 155 (73.5) 197 (48.6) 1 (2.1)
Follow up (months) c median 14.68 28.55 18.86 < 0.001* 5 (1.79)
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Variables Open
(N = 233)

Laparoscopy
(N = 415)

Robot
(N = 57)

p-value Missing data

N % N % N % N %
Tumor size 3 (1.08)
  Non-visible 1 (0.7) 3 (0.7) 3 (5.4) < 0.001*
  < 1 cm 2 (1.5) 7 (1.7) 1 (1.8)
  ≥ 1 & < 2 cm 10 (7.4) 64 (15.5) 8 (14.3)
  ≥ 2 & < 3 cm 17 (12.5) 87 (21.0) 14 (25.0)
  ≥ 3 cm 106 (77.9) 253 (61.1) 30 (53.6)
Cell Type
  urothelial 202 (86.7) 333 (80.2) 42 (73.7) 0.092
  adenocarcinoma 2 (0.9) 0 (0.0) 0 (0.0)
  squamous 0 (0.0) 1 (0.2) 0 (0.0)
  UC with variants 28 (12.0) 78 (18.8) 15 (26.3)
  others 1 (0.4) 3 (0.7) 0 (0.0)
Harvested LN number Mean ± SD 7.32 ± 11.3 5.63 ± 6.47 10.79 ± 11.36 0.009* 9 (3.23)
Multiplicity 8 (2.87)
  Not available 5 (2.2) 2 (0.5) 1 (1.9) 0.418
  No 135 (58.2) 243 (59.1) 31 (58.5)
  Yes 92 (39.7) 166 (40.4) 21 (39.6)
Tumor histology
  Low grade 25 (2.6) 24 (5.7) 1 (1.8) < 0.001*
  high grade 225 (97.4) 391 (94.3) 56 (98.2)
Carcinoma in situ
  No 214 (91.8) 340 (81.9) 42 (73.7) < 0.001*
  Yes 19 (8.2) 75 (18.1) 15 (26.3)
Lymphovascular invasion
  No 161 (69.1) 246 (59.3) 37 (64.9) 0.043*
  Yes 72 (30.9) 169 (40.7) 20 (35.1)
Surgical margin
  Free 219 (94.0) 382 (92.0) 54 (94.7) 0.557
  Positive 14 (6.0) 33 (8.0) 3 (5.3)
Tumor Necrosis 11 (3.94)
  No 192 (85.7) 311 (74.9) 42 (73.7) 0.005*
  Yes 32 (14.3) 104 (25.1) 15 (26.3)
Pathological stage
  stage III 177 (76.0) 355 (85.5) 44 (77.2) 0.007*
  stage IV 56 (24.0) 60 (14.5) 13 (22.8)
Pathological stage T
  pT3 185 (79.4) 380 (91.6) 49 (86.0) < 0.001*
  pT4 48 (20.6) 35 (8.4) 8 (14.0)
Pathological stage N
  pN0 34 (15.1) 98 (23.6) 25 (43.9) < 0.001*
  pN1 4 (1.8) 17 (4.1) 3 (5.3)
  pN2 9 (4.0) 16 (3.9) 5 (8.8)
  pNx 178 (79.1) 284 (68.4) 24 (42.1)
Clavien-Dindo classification 4 (1.43)
  No 166 (71.9) 272 (65.7) 33 (61.1) 0.039*
  Grade I 18 (7.8) 40 (9.7) 13 (24.1)
  Grade II 30 (13.0) 69 (16.7) 7 (13.0)
  Grade III 9 (3.9) 15 (3.6) 0 (0.0)
  Grade IV 3 (1.3) 11 (2.7) 0 (0.0)
  Grade V 5 (2.2) 7 (1.7) 1 (1.9)
Residual bladder-cuff

Table 2  Perioperative variables
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and lack of perioperative chemotherapy were significant 
predictors of poor OS (Tables 3 and 4).

In terms of period distribution, ONU patients were 
distributed as follows: 56 patients (24.0%) in the first 
decade, 62 patients (26.6%) in the second decade, and 
115 patients (49.4%) in the third decade. For LNU 
patients, there were no cases in the first decade, 66 
patients (15.9%) in the second decade, and 349 patients 
(84.1%) in the third decade. Notably, all RNU patients 
are found in the third decade.

Discussion
Laparoscopic nephroureterectomy was first described 
in 1991 by Clayman et al. [5]. Despite the better peri-
operative outcomes with minimally invasive surgery, 
adverse effects such as urine spillage, high risk of local 
recurrence, difficulty in lymph node dissection and blad-
der cuff excision, and troca site metastasis have been 
reported [6]. In our real-world data, 58.9% of the locally 
advanced patients received LNU, followed by ONU 
(33.0%) and then RNU (8.1%). Minimally invasive sur-
gery accounted for 81% of all nephroureterectomies in 
the recent 5 years, unlike previous studies, in which ONU 
was the predominant method for UTUC. In an updated 

Fig. 1  Kaplan–Meier estimates of (A) overall, (B) cancer-specific, (C) disease-free, and (D) bladder-free survival among the three groups after adjusting 
for confounders

 

Variables Open
(N = 233)

Laparoscopy
(N = 415)

Robot
(N = 57)

p-value Missing data

N % N % N % N %
  No 68 (95.8) 132 (88.0) 32 (86.5) 0.045*
  Yes 3 (4.2) 18 (12.0) 5 (13.5)
LN: lymph node

Table 2  (continued) 
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meta-analysis, among a total of 10,730 patients in 18 
studies, 5959 (55.5%) and 4771 (44.5%) underwent ONU 
and LNU, respectively. In the subgroup of pT3/T4 and 
pTany N + patients, 802 (63.9%) ONU and 453 (36.1%) 
LNU were performed [7]. LNU for UTUC is a mature 
and broadly accepted procedure in Taiwan.

Peyronnet et al. reviewed 42 studies involving 7554 
patients, and all of the studies except three found no 
significant difference in oncological outcomes between 
ONU and LNU. These three studies concluded that ONU 
had significantly better oncological outcomes in the sub-
group of patients with locally advanced UTUC. Bladder 
cuff excision with laparoscopy was a poor prognostic fac-
tor [4, 8]. However, the enrolled studies were published 
before August 2016, and a more recent meta-analysis 
showed comparable oncological outcomes between the 
two groups [7]. Moreover, Kim et al. analyzed the con-
ditional CSS to minimize bias caused by inherent time 
data properties, and found no significant difference in 
conditional CSS between the two modalities [9]. In our 
series, patients in the minimally invasive group had bet-
ter OS and CSS than those in the open surgery group, 
even after adjusting for confounding factors. Although 
more patients in the minimally invasive group had resid-
ual bladder cuffs, it was not an independent predictor of 
CSS, OS or DFS in the multivariate analysis.

The trend towards RNU began after the first robotic 
nephrectomy was reported in 2001 [8]. In the last decade, 
the utilization of RNU has increased by 16% and ONU 
has decreased by 14%, with no impact on OS [10]. In a 
single-center study in Korea, the utilization rate of RNU 
reached 67% with 3-year OS, PFS, and CSS rates compa-
rable to those of ONU and LNU [11]. In our series, the 
utilization of RNU also increased, with 13% of patients 
undergoing RNU in the last three years. RNU achieved 
equivalent oncological outcomes to LNU, which is con-
sistent with the conclusions of several other retrospective 
studies [12, 13].

Template-based lymph node dissection is considered 
to have therapeutic benefits for locally advanced UTUC 
with a tumor stage of ≥pT2 [14, 15], and a better OS has 
been reported for pN0 patients with more lymph node 
dissections [16]. However, in the current study, the lymph 
node dissection rate was only 31.1% in the patients with 
locally advanced UTUC, with the lowest rate for ONU 
and highest rate for RNU. A possible explanation for this 
finding is that more open surgery was performed in the 
earlier period, and the role of lymph node dissection was 
unclear during this period. Another possible explanation 
is that it is difficult to stage the disease precisely before 
surgery. The advantages of robotic surgery, including 
3-D magnified view and flexible EndoWrist instruments, 
make lymph node dissection easier and safer compared 
with laparoscopic surgery, and this may explain why 

more robotic surgeons performed lymph node dissec-
tion. In addition, the number of harvested lymph nodes 
was highest in the RNU group. Although some experts 
have recommended that open surgery should be pre-
ferred for lymph node dissection in locally advanced 
disease [17], we believe that robotic surgery can achieve 
optimal lymph node dissection.

The lymph node-positive rate was 25.6% among the 
patients with lymph node dissection in our study. A sys-
tematic review reported that the incidence of pN + in 
patients with high-stage (pT≥2) UTUC ranged from 14.3 
to 40% [14]. This reflects the potential benefit of lymph 
node dissection in patients with high-stage UTUC. 
Lymph node dissection not only helps with disease stag-
ing but also removes all cancer cells and can cure the 
disease.

Adjuvant gemcitabine-platinum combination che-
motherapy is recommended in patients with pT2-T4 
pN0-N3 M0 or pTany N1-3 M0 UTUC after nephro-
ureterectomy, according to the results of the POUT trial 
[18]. On the other hand, neoadjuvant chemotherapy has 
been reported to be effective in downstaging UTUC and 
to provide better OS and PFS [19]. In the current study, 
we also found that perioperative chemotherapy was an 
independent predictor of better OS.

The multiplicity of urothelial carcinoma is commonly 
considered as high risk disease, no matter bladder or 
upper tract. The multifocality of UTUC is poor progno-
sis of cancer-specific survival and disease progression 
[20]. It results from more aggressive biologic potential of 
tumors or delay in diagnosis. However, in our multivari-
able survival analysis, the multifocality doesn’t impact the 
OS or CSS.

We categorized tumor sizes into the following groups: 
<1  cm, 1–2  cm, 2–3  cm, and > 3  cm, recognizing that 
tumor size is a potentially significant prognostic fac-
tor. However, the multivariable survival analysis did not 
indicate that tumor size is a prognostic factor. Instead, 
the TNM stage more accurately reflects the patients’ 
prognosis.

In this study, the patients with diabetes mellitus had 
worse OS. Patients with diabetes have more comorbidi-
ties including cardiovascular, renal and neurological dis-
eases, and a previous study reported that diabetes was 
a poor predictor for RFS in UTUC [21]. Tai et al. also 
reported that patients with poorly controlled diabetes 
had shorter bladder recurrence survival after nephroure-
terectomy [22]. Chronic exposure to hyperglycemia may 
induce cancer cell proliferation and metastasis [23].

The strengths of this study include the large sample 
size, multi-institutional nature and the high prevalence of 
UTUC in Taiwan. RNU was included in the analysis, and 
its advantages were discussed. However, some limitations 
should also be mentioned, including the retrospective 
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design and that the surgical approaches were based on 
surgeon’s and patient’s preferences. Potential selec-
tion bias may have affected the oncologic outcomes 
in the different groups. In addition, large tumors and 
tumors extending to surrounding tissue on preoperative 
imaging may have led the surgeons to choose the open 
method. Surgical volume and experience at each insti-
tution may influence the outcomes. Another limitation 
is that the type of surgery performed may have differed 
according to the period of the study. For example, more 
ONU was performed in the earlier periods. In addition, 
the lymph node dissection template was not mentioned. 
Lastly, the laparoscopic group contained various surgical 
techniques, including hand-assisted, pure laparoscopic 
and laparoscopic nephroureterectomy with open bladder 
cuff excision.

Conclusion
In conclusion, our results demonstrated that minimally 
invasive surgery, including laparoscopic and robotic sur-
gery, for locally advanced UTUC resulted in oncological 
outcomes that are non-inferior to those of open surgery. 
While robotic surgery was found to be comparable to 
laparoscopic surgery, it was able to achieve more com-
plete lymph node dissection. Our findings suggest that 
minimally invasive surgery should be the preferred treat-
ment approach for patients with locally advanced UTUC 
in Taiwan, as it offers excellent perioperative and onco-
logical outcomes. We need further prospective research 
to confirm these findings.
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