Wen et al. BMC Cancer ~ (2025) 25:375 BMC Cancer
https://doi.org/10.1186/s12885-025-13773-1

Check for
updates

Prognostic effects of different
nephroureterectomy techniques for upper
urinary tract urothelial carcinoma: a network
meta-analysis

Huan Wen', Yu Zhou' and Lin Yang"

Abstract

Background Upper urinary tract urothelial carcinoma (UTUC) is an aggressive malignant tumor, with surgical
intervention as the primary treatment. This study evaluates the prognostic effects of laparoscopic radical
nephroureterectomy (LNU), open radical nephroureterectomy (ONU), robot-assisted laparoscopic radical
nephroureterectomy (Robotic LNU), and hand-assisted laparoscopic radical nephroureterectomy (Hand LNU) in the
treatment of UTUC through a network meta-analysis.

Methods A systematic search of the PubMed, EMBASE, Cochrane, and Web of Science databases was conducted

for randomized controlled trials meeting the criteria from database inception until April 2024. Bayesian network
meta-analysis was performed to compare the effects of each surgical method on overall survival (OS), cancer-specific
survival (CSS), and overall recurrence rate (ORE).

Results Seventeen randomized controlled trials were included in this network meta-analysis. The results indicated
that LNU significantly improved CSS compared to ONU [HR=0.81, 95%Cl= (0.7, 0.93)], while there were no significant
differences between Hand LNU and Robotic LNU compared to ONU. Among minimally invasive surgeries, Hand LNU
significantly shortened CSS compared to LNU [HR=1.49, 95%Cl=(1.1, 2.03)]. Regarding ORE, no significant differences
were found between LNU, Hand LNU, and Robotic LNU compared to ONU, although LNU had a higher recurrence
rate than Robotic LNU [HR=1.705, 95%Cl=(1.007, 3.001)]. For OS, both LNU [HR=0.84, 95%C|=(0.75, 0.94)] and Robotic
LNU [HR=0.81, 95%CI=(0.68, 0.96)] were significantly better than ONU, whereas Hand LNU significantly shortened OS
compared to LNU and Robotic LNU. There were no significant differences in progression-free survival (PFS) between
LNU and ONU. The cumulative efficacy ranking indicated that Robotic LNU ranked highest for ORE and OS, while LNU
ranked first for CSS.

Conclusion Robotic LNU demonstrates advantages in prolonging OS and reducing recurrence rates, while LNU
excels in improving CSS. Although Hand LNU shows suboptimal effects in some comparisons, it remains valuable, and
surgical choices should be based on individualized needs.
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Introduction

Upper tract urothelial carcinoma (UTUC), recognized
as a highly aggressive malignant tumor, primarily occurs
in the renal pelvis and ureter. Although UTUC has a low
incidence, it is no longer considered a “rare” tumor with
the publication of relevant clinical guidelines. It is defined
as the malignant transformation of urothelial cells lining
the urinary tract from the renal calyces to the ureteral
orifice, accounting for 5-10% of all urothelial cancers [1,
2]. Despite its relatively low incidence, UTUC typically
has a poor prognosis, with a five-year survival rate for
advanced UTUC patients significantly lower than that of
other cancer types [3, 4]. The mechanisms underlying its
occurrence are not yet fully understood, however, stud-
ies suggest that a combination of environmental factors,
genetic predispositions, and lifestyle choices may play a
crucial role in triggering UTUC [5]. For instance, pro-
longed exposure to harmful chemicals, smoking, and cer-
tain genetic mutations have been closely associated with
the development of UTUC. Due to the subtlety of early
symptoms, many patients are diagnosed at an advanced
stage, complicating treatment.

Radical nephroureterectomy (NU) is the gold stan-
dard surgical treatment for high-risk, non-metastatic
UTUC [6]. Given that open nephroureterectomy (ONU)
can provide long-term local control of the disease and
improve patient survival rates, it has become the most
commonly used surgical approach for treating high-risk
upper tract urothelial carcinoma. However, it may be
associated with significant morbidity [7]. The first lapa-
roscopic nephroureterectomy was performed in 1993
[8], and following decades of technological advancement,
minimally invasive surgical (MIS) techniques, includ-
ing hand-assisted laparoscopic nephroureterectomy
(HandLNU), laparoscopic nephroureterectomy (LNU),
and robotic-assisted laparoscopic nephroureterectomy
(RoboticLNU), have been introduced as alternatives
to ONU and are widely accepted for the treatment of
UTUC.

This study aims to conduct a systematic review and
network meta-analysis to compare the overall survival
(OS), cancer-specific survival (CSS), overall recurrence
rate (ORE), and progression-free survival (PFS) among
patients with UTUC undergoing laparoscopic radical
LNU, ONU, RoboticLNU, and HandLNU.

Methods

We performed a systematic review based on the proto-
col registered under CRDxxx, following the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement [9].

Inclusion and exclusion criteria

Based on the definitions of participants, exposure, com-
parison, outcomes, and study types (PECOS) from the
Cochrane Handbook for Systematic Reviews, the follow-
ing inclusion and exclusion criteria were established.

Inclusion criteria
(1) Population (P): Adult patients clinically diagnosed
with upper tract urothelial carcinoma.

(2) Exposure (E)/Comparison (C): Laparoscopic
nephroureterectomy (LNU), open nephroureterectomy
(ONU), robotic-assisted laparoscopic nephroureterec-
tomy (Robotic LNU), and hand-assisted laparoscopic
nephroureterectomy (Hand LNU).

(3) Outcomes (O): Overall Survival (OS): Refers to the
time from the start of treatment until death, regardless of
the cause of death; Cancer-Specific Survival (CSS): Refers
to the time from the start of treatment until death due
to cancer-related causes. It excludes deaths from other
causes (e.g., heart disease), focusing only on mortal-
ity directly related to cancer; Overall Recurrence Rate
(ORE): Refers to the proportion of patients whose cancer
recurs after treatment, typically within a specified period.
This includes both local recurrences and distant metasta-
ses; Progression-Free Survival (PES): Refers to the length
of time during and after treatment that a patient lives
without the cancer worsening, progressing, or spreading.

(4) Study Types (S): Cohort studies, randomized con-
trolled trials, or case-control studies.

Exclusion criteria
(1) Meta-analyses, reviews, systematic evaluations,
expert consensus, in vitro studies, animal experiments,
case reports, letters, and replies.

(2) Data that are evidently incorrect or missing, and for
which the corresponding author cannot be contacted.

Search strategy

We systematically searched PubMed, Embase, Cochrane
Library, and Web of Science for relevant literature from
the inception of each database until April 27, 2024. Key-
words included “Upper Tract Urothelial Carcinoma,’
“Nephroureterectomy,” and “Robotic Surgical Pro-
cedures,” with no restrictions on region or language.
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Supplemental Material 1 details the search strategies for
each database.

Literature screening and data extraction

Two researchers rigorously screened articles and
extracted data according to the inclusion and exclu-
sion criteria, with cross-checking of results. In case of
disagreements, a third researcher was involved in the
discussion to reach a conclusion. The two researchers
independently extracted data based on a pre-designed
checklist, including (1) basic characteristics of the stud-
ies, such as authors, publication year, country, patient
source, gender, and sample size; (2) key elements for bias
risk assessment; and (3) outcome measures. After data
extraction, any discrepancies were resolved through dis-
cussion, or a third party was consulted if necessary.

Bias risk assessment of included studies

Two reviewers independently evaluated the method-
ological quality of each included study using the New-
castle-Ottawa Scale (NOS), which comprises three major
modules and eight items [10]. The evaluation covered
three main aspects: selection of the study population
(0—4), comparability between groups (0-2), and outcome
measurement (0—3). A total score of 6 or higher was con-
sidered high-quality research. Any disagreements were
resolved through discussion or arbitration by a third
party if necessary.

Statistical analysis

For binary variables, risk ratios (RR) with corresponding
95% confidence intervals (Cls) were used. For survival
metrics such as OS, PFS, and CSS, hazard ratios (HR) and
95% confidence intervals (95% CI) were directly extracted
from the included articles regarding the impact of surgi-
cal methods on prognostic indicators. If multiple esti-
mates were reported in the same article, we selected the
multivariable analysis results adjusted for confounding
factors. Due to heterogeneity among studies, a Bayesian
random effects model was applied for multiple com-
parisons of different nephroureterectomy techniques
on the prognosis and recurrence of patients with upper
tract urothelial carcinoma. Markov chain Monte Carlo
methods were employed for modeling, with four Mar-
kov chains running simultaneously, setting the number of
annealing iterations to 20,000 and completing the mod-
eling after 50,000 simulation iterations. The Deviance
Information Criterion (DIC) was utilized to compare
model fit and overall consistency. In cases of closed-loop
networks, the node-splitting method was further applied
for local consistency analysis. Furthermore, efficacy rank-
ings for each intervention were generated, along with
league tables to compare effect differences among various
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interventions. All analyses were performed using Stata
15.1 and R software (VER 4.2.1).

Results

Systematic search results

A total of 6,204 articles were retrieved from the data-
bases. After removing 2,032 duplicates, 4,172 studies
remained. By excluding 4,038 articles based on irrele-
vance in titles and abstracts, we were left with 134 arti-
cles. Upon reviewing the full texts, 117 articles that did
not meet the inclusion criteria were discarded. Ulti-
mately, 17 randomized controlled trials were included

(Fig. 1).

Basic information of included studies

The network meta-analysis incorporated 11,989 patients
with UTUC from the 17 studies. This analysis encom-
passed four surgical approaches: LNU (4,643 patients),
ONU (5,587 patients), robotic-assisted laparoscopic
nephroureterectomy (Robotic LNU, 782 patients), and
hand-assisted laparoscopic nephroureterectomy (Hand
LNU, 977 patients). Table 1 presents the fundamental
characteristics of each trial, while Fig. 2 illustrates the
network diagram showing the outcomes associated with
different interventions. Detailed results of the quality
assessment based on the Newcastle-Ottawa Scale (NOS)
are provided in Supplemental Material 2, with all stud-
ies scoring above 6, categorizing them as high-quality
research.

Network meta-analysis

Cancer-specific survival

Eight studies [11-18] reported on CSS in patients with
UTUC following surgical intervention. The NMA indi-
cated a statistically significant improvement in CSS
after LNU [HR=0.81, 95% CI= (0.7, 0.93)] compared to
ONU. However, no significant differences were observed
for hand-assisted Hand LNU [HR=1.21, 95% CI= (0.87,
1.68)] and Robotic LNU [HR =0.86, 95% CI= (0.66, 1.12)]
when compared to ONU. Among minimally invasive pro-
cedures, Hand LNU [HR =1.49, 95% CI= (1.1, 2.03)] was
associated with a reduced CSS relative to LNU (Table 2).

Overall recurrence

Nine studies [15, 19-26] provided data on the ORE for
UTUC patients after surgical intervention. The overall
meta-analysis revealed no statistically significant dif-
ferences among Hand LNU [RR=0.935, 95% CI=(0.543,
1.615)], LNU [RR=0.976, 95% CI=(0.745, 1.264)], and
Robotic LNU [RR=0.571, 95% CI=(0.315, 1)] compared
to ONU. However, pairwise comparisons among mini-
mally invasive surgeries indicated that LNU [RR =1.705,
95% CI= (1.007, 3.001)] resulted in a statistically
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Fig. 1 Literature screening flowchart

significant increase in overall recurrence compared to
Robotic LNU (Table 3).

Overall survival (OS)

Nine studies [11-18, 27] provided data on OS for patients
with UTUC following surgical intervention. The meta-
analysis demonstrated a significant increase in OS with
LNU [HR=0.84, 95% CI= (0.75, 0.94)] and Robotic LNU
[HR=0.81, 95% CI= (0.68, 0.96)] compared to ONU. In
pairwise comparisons among minimally invasive tech-
niques, HandLNU was associated with a significantly
shorter OS compared to both LNU [HR=1.39, 95% CI=
(1.1, 1.74)] and Robotic LNU [HR=1.44, 95% CI= (1.1,
1.88)] (Table 4).

Ranking results
The cumulative efficacy ranking chart indicated that
Robotic LNU ranked highest for ORE and OS, while
LNU held the top position for CSS (Fig. 3 & Supplemen-
tal Material 3).

Inconsistency

The analysis using the DIC and the node-splitting
method revealed no statistical inconsistency (Supple-
mental Material 2).

Pairwise analysis

Only four studies reported on PES for UTUC patients
undergoing LNU, leading us to conduct a pairwise
analysis. The heterogeneity test indicated I1°=78.7%,
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Table 2 CSStable

HandLNU

149 (1.1,2.03) LNU

14098, 2) 0.94(0.72,1.23) RoboticLNU
1.21(0.87,1.68) 0.81(0.7,0.93) 0.86 (0.66, 1.12) ONU
Table 3 ORE table

HandLNU

0.958 (0.545, 1.699) LNU

1.628 (0.883,3.176) 1.705 (1.007, 3.001) RoboticLNU
0.935(0.543,1.615) 0.976 (0.745, 1.264) 0.571(0.315,1) ONU
Table 4 OStable

HandLNU

1.39(1.1,1.74) LNU

144 (1.1,1.88) 1.04 (0.87,1.24) RoboticLNU

1.16 (091, 1.49) 0.84 (0.75,0.94) 0.81(0.68, 0.96) ONU

necessitating the use of a random effects model. The
meta-analysis results showed no statistically significant
difference between LNU and ONU [HR =0.95, 95% Cl=
(0.71, 1.27), P> 0.05] (Fig. 4).

Discussions

This network meta-analysis compares the prognostic out-
comes of various nephroureterectomy techniques (LNU,
ONU, Robotic LNU, HandLNU) in the treatment of
UTUC. By synthesizing data from 17 cohorts, we identi-
fied differences among these surgical methods in terms of
CSS, OS, ORR, and PES. These findings provide critical
insights for clinicians in selecting the most appropriate
surgical approach.

Firstly, the analysis reveals that LNU excels in enhanc-
ing CSS. Compared to open surgery, LNU significantly
improves cancer-specific survival rates, a result con-
sistent with previous literature [28], likely due to the
minimally invasive nature of LNU, which offers faster
recovery while maintaining effective tumor control [29].
However, LNU is associated with a higher recurrence
rate compared to Robotic LNU, suggesting that LNU may
be less effective in controlling the risk of recurrence. This
difference may stem from the complexity and precision
required during surgery, where robotic technology offers
a refined approach to narrow anatomical structures,
reducing the likelihood of residual tumors and recur-
rence [30].
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Fig. 3 Sort diagram A. CSS Sort diagram. B. OR Sort diagram. C. S OS Sort diagram

Robotic LNU demonstrated superior prognostic out-
comes in this study, ranking first in improving OS and
reducing ORR. This highlights that with advancements in
robotic technology, Robotic LNU’s advantages in preci-
sion, stability, and enhanced visualization provide a sig-
nificant edge in UTUC treatment [31]. Although the high
cost and equipment requirements have limited its wide-
spread adoption, the increasing availability and reduced
costs of robotic surgery may position Robotic LNU as the
preferred approach for UTUC treatment in the future.

HandLNU offers a novel minimally invasive alterna-
tive for UTUC patients [32]. It employs a unique method
combining the benefits of open and laparoscopic sur-
gery, along with optimal specimen retrieval, thereby

preserving oncological principles traditionally adhered
to in open surgery [33]. Nevertheless, the results of this
study indicate that HandLNU is suboptimal compared
to other minimally invasive techniques. It significantly
shortens CSS and OS compared to LNU and Robotic
LNU, possibly due to its operative limitations. Although
hand-assisted laparoscopic techniques provide surgeons
with better tactile feedback, their limited precision and
surgical field may compromise efficacy in complex cases.
Furthermore, prior studies suggest that HandLNU may
be inferior to LNU or ONU in terms of progression-
free survival and bladder recurrence-free survival [34,
35]. However, HandLNU remains a potential option,
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particularly in resource-limited settings or for specific
patient populations where it may retain some clinical
value.

It is noteworthy that ONU, as a traditional surgical
method, performs relatively poorly in terms of CSS and
OS, likely due to higher postoperative complications
and longer recovery periods. Although ONU was once
the mainstay for UTUC treatment, the rise of minimally
invasive techniques has diminished its prognostic advan-
tage. This finding further underscores the significance
of minimally invasive surgery, particularly in improving
patient quality of life and postoperative recovery, where
minimally invasive procedures clearly demonstrate supe-
rior benefits.

Although this study provides valuable comparative
evidence on the prognostic outcomes of different surgi-
cal methods for the treatment of UTUC, there are cer-
tain limitations. First, the number of studies included
is relatively small, particularly regarding Robotic LNU
and HandLNU, which may affect the comprehensive
assessment of the prognostic effects of these techniques.
Secondly, the differences in baseline patient character-
istics, surgical techniques, and postoperative manage-
ment strategies across studies introduced heterogeneity
that could influence the results. For instance, regarding

the patient population for robotic-assisted surgery, we
acknowledge that robotic surgery is typically applied to
a more strictly selected group of patients, such as those
who are younger, in better physical condition, and with
early-stage tumors. These factors may result in robotic
surgery demonstrating significant advantages in CSS and
OS. Therefore, the outcomes of robotic surgery may to
some extent reflect the patient selection criteria rather
than the independent advantage of the technology itself.
Although we employed Bayesian network meta-analysis
to mitigate biases from these differences, it is difficult
to entirely eliminate their impact. Thirdly, we also note
that the influence of vesical cuff management (intravesi-
cal, extravesical, or endoscopic) on bladder recurrence
has not been fully explored in the current analysis. The
management of the vesical cuff should be tailored based
on the patient’s tumor stage and specific condition.
Although this study did not specifically investigate the
impact of different vesical cuff management techniques
on bladder recurrence, future research should focus on
this aspect, evaluating the clinical outcomes of different
cuff excision methods to help refine treatment strategies
and improve patient prognosis. Lastly, while we assessed
major prognostic indicators such as CSS, OS, and ORR,
other potential factors influencing prognosis, such as
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surgical complications, quality of life, and economic
costs, were not fully considered. Future research should
focus on large-scale, prospective randomized controlled
trials to better evaluate the long-term efficacy and indi-
cations of different surgical methods, while standardiz-
ing the reporting of prognostic indicators to improve the
reliability and generalizability of the analysis results.

It is worth noting that, in current treatment trends, kid-
ney-sparing treatment has become an increasingly popu-
lar option for UTUC patients, especially in cases where
the tumor is well-localized and does not invade the renal
parenchyma. According to the latest guidelines from the
American Urological Association (AUA), kidney-sparing
surgery is recommended for patients who meet specific
criteria, aiming to preserve renal function and reduce
the need for dialysis [36]. However, for advanced disease
or high-risk patients, radical nephrectomy remains the
preferred treatment. Therefore, future research should
further evaluate the efficacy of kidney-sparing surgery
in different patient populations, particularly in terms of
long-term prognosis and quality of life.

Conclusions

This network meta-analysis comprehensively com-
pared the prognostic outcomes of different surgical
approaches for the treatment of UTUC, including LNU,
ONU, robotic LNU, and HandLNU. The results indicate
that robotic LNU offers significant advantages in extend-
ing OS and reducing OER. LNU demonstrated superior
performance in improving CSS, underlining its effective-
ness in long-term cancer control. Although HandLNU
did not perform as well as LNU in certain outcomes, it
remains a viable option in resource-constrained settings.
In contrast, traditional ONU showed inferior prognostic
outcomes compared to more advanced techniques. Ulti-
mately, the choice of surgical approach should be tailored
to the patient’s specific circumstances, surgical complex-
ity, and clinical needs to optimize treatment outcomes.
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