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ABSTRACT

Upper tract urothelial carcinoma (UTUC) is a rare and biologically heterogeneous malignancy. Although
radical nephroureterectomy (RNU) has traditionally been the standard treatment for high-risk disease, the
potential functional consequences of nephrectomy—particularly the development of chronic kidney disease
(CKD)—have fueled growing interest in nephron-sparing alternatives. Recent advances in endoscopic
instruments, laser technologies, and optical imaging have broadened the feasibility of conservative
approaches for appropriately selected patients. This review provides an updated overview of endoscopic
management and recent technical innovations, with emphasis on oncologic outcomes, renal functional
preservation, criteria for patient selection, and recommended surveillance strategies.
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Introduction

UTUC accounts for approximately 5-10% of
urothelial tumors [1]. For decades, radical
nephroureterectomy (RNU) accompanied by
bladder cuff excision has represented the definitive
management for high-risk localized UTUC, offering
reliable oncologic control.[2] However, removal of
anentire renal unitfrequently results in chronic

kidney disease (CKD) and reduced eligibility for
systemic platinum-based therapies[3].
Recentadvancesinendourology -including flexible
ureteroscopy (URS), high-powered holmium and
thulium lasers, and enhanced visualization - have
enabled nephron-sparing surgery (NSS) as a
feasible option, particularly in low-risk UTUC or in
patients with imperative indications (solitary
kidney, bilateral disease, or baseline renal
impairment)[4].

Figure 1 : Suspect lesion visible in white light and NBI

Ureteroscopy in the diagnosis of UTUC

Recent technological and methodological
improvements have substantially enhanced the
diagnostic performance of endoscopic evaluation
in UTUC. The shift from fiber-optic to digital flexible
ureteroscopes (fURS) has markedly improved
image resolution, light transmission, and overall
maneuverability, facilitating reliable detection of
subtle mucosal abnormalities and flat lesions that
might be missed with older scopes.[5]These
innovations have strengthened the role of
diagnostic ureteroscopy, particularly as nephron-
sparing strategies gain traction.

A major advance in endoscopic diagnosis and
therapy of UTUC has been the introduction of NBlin
flexible ureteroscopy[6]. NBI filters white light into
two narrow bandwidths (=415 nm — blue, and
=540 nm — green), which are strongly absorbed by
hemoglobin and penetrate only the superficial
mucosa; this enhances vascular contrast and more
clearly highlights urothelial lesions.
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Figure 2 : Suspect lesion visible in NBI

Hao et al. (2018) reported a clinical series
evaluating the use of Narrow Band Imaging (NBI)
during ureteroscopy.In a series of 54 procedures (16
initial diagnostic procedures and 38 surveillance
procedures), NBI revealed 4 additional tumors
(11.5%) and extended the visible margins of 3 other
tumors (8.5%), increasing the detection rate by
~20% compared with white light.[7] During a
follow-up period ranging from 1 to 25 months, five
local recurrences were observed. The authors
concluded that NBI enhances visualization and
improves the detection of small lesions and tumor
margins.

A recent study (2024) performed in our clinical
department comparing endoscopic laser treatment
with NBI versus without NBI showed that the NBI
group had lower recurrence rates at 1and 3 years, as
well as better cancer-specific survival (CSS).[8] At 3
years, recurrence was 11.5% vs 18% (p<0.05), and
CSS93.4% vs 86.9% (p<0.05).

These improvements suggest that NBI not only
optimizes initial diagnosis and lesion
characterization but also contributes to better post-
treatment outcomes, likely by enabling a more
complete ablation.

Indications for ureteroscopic treatment of UTUC
Nephron-sparing strategies preserve renal function,
reducing CKD risk and maintaining eligibility for
systemic therapy [9]
Current risk stratification frameworks emphasize
tumor grade, stage, size, focality, imaging features
and renal functional reserve in therapeutic decision-
making[10].
According to EAU guidelines, ideal candidates for
ureteroscopic nephron-sparing treatmentare:
-Unifocaltumors
-Tumorsize <2cm
-Low-grade cytology/biopsy
-Noradiologic evidence of invasion
-Ability to adhere to rigorous follow-up[11][12]

Ureteroscopiclaserablation of UTUC

Flexible ureteroscopy allows retrograde access to the
entire upper urinary tract. Laser systems
(Holmium:YAG, Thulium:YAG, TFL) permit tumor
ablation with minimal thermal damage, preserving
urothelial integrity [13]

Ureteroscopic kidney-sparing surgery (typically
involves tumor biopsy, laser fulguration or resection,
and, when necessary, staged procedures. Some
centers apply adjunctive intraluminal therapy (e.g.,
mitomycin gel) postoperatively.[14]
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Several laser modalities are currently employed for
tumorablationin uppertract urothelial carcinoma

(UTUCQ), each characterized by distinct physical
properties and clinical applications.

Figure 3 :Suspect lesion visible in NBI

Holmium:YAG (Ho:YAG) laser has been widely used
for UTUC ablation due to its predictable tissue
penetration (approximately 0.4 mm), and strong
hemostatic properties,. Ho:YAG is particularly
effective for treating small papillary tumors and for
endoscopic lithotripsy when concomitant stones
are present. Its pulsed emission enables controlled
ablation, reducing the risk of deep tissue
injury[15][16].

In contrast, Thulium:YAG (Tm:YAG) provides
continuous-wave emission, enabling smooth
cutting and vaporization of lesions with minimal
collateral damage. Its superficial penetration
(~0.2-0.3mm) and excellent hemostasis make it
ideal for sessile or flat tumors, including carcinoma

in situ [17][18]. A limitation is that it requires larger
fibers (200-365um) [19]

The Thulium Fiber Laser (TFL) represents a recent
advancementin endoscopic management of upper
tract urothelial carcinoma (UTUC). Unlike
continuous-wave Thulium:YAG lasers, TFL delivers
high-frequency, low-energy pulsed emission,
allowing extremely precise tissue ablation with
minimal collateral thermal damage. Its superficial
tissue penetration (~0.15-0.2mm) enables
controlled vaporization of lesions while preserving
the underlying ureteral or renal
parenchymal20][21].

Key characteristics of lasers used for UTUC
treatmentare presentedinTable 1.

Ho:YAG
Emission mode Pulsed
Ablation precision Moderate
Hemostasis Good
Thermal effect High

Visibility in  the Moderate

operative field

Thulium:YAG Thulium Fiber Laser
(TFL)

Continuous Finely controlled
pulsed

High Very high

Excellent Excellent

Low Very low

Good Very good

Table 1. Principal properties of lasers applied in UTUC management
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Concerning the results of ureteroscopic laser
ablation for UTUC, retrospective studies and meta-
analyses show that for low-grade UTUC,
ureteroscopic NSS provides cancer-specific survival
similarto RNU, while preserving renal function[22].

A 2023 meta-analysis including 11 studies (2,284
patients; 737 E-KSS vs 1,547 RNU) found 5-year

N

overall survival (OS) similar between E-KSS and RNU
for low-grade tumors; for high-grade tumors, 5-year
OS favored RNU (RR 1.84, 95% Cl 1.26-2.69, p =
0.002). No significant difference was observed in 5-
year cancer-specific survival (CSS) between groups.
Bladder recurrence rate and 5-year metastasis-free
survival (MFS) were also similar.[23]

Figure 4 :Cold forceps biopsy of suspicious lesion

The same authors conducted recently a systematic
search of the literature in PubMed, Web of Science,
and Scopus to identify observational studies
reporting outcomes of patients with upper tract
urothelial carcinoma (UTUC) treated with
endoscopic laser ablation .They noted that older
laser modalities, such as Nd-YAG and diode lasers,
have largely been abandoned due to their
association with high complication rates. Most of the
included studies were retrospective in nature, and
follow-up durations were highly variable, which
limits the strength of long-term conclusions.
Importantly, favorable outcomes were
predominantly observed in patients with low-grade,
localized UTUC, whereas high-grade or more
advanced disease continues to present challenges
for conservative management.

A recent retrospective multi-institutional analysis
(143 UTUC patients; 35 URS vs 108 RNU) reported
comparable OS and radiographic progression-free
survival (rPFS) between URS and RNU groups over
median 27 months, with significantly better
preservation of renal functionin URS patients.[24]

A case-control study comparing nephron-sparing
endoscopic treatment vs RNU in low-grade UTUC
demonstrated stable renal function in the NSS group,
no disease-specific mortality, but higher ureteral and
bladder recurrence (44 % had bladder recurrence; 9
patients had ureteral recurrence, all successfully
treated endoscopically) over a median 26-month
follow-up.[25]

However, recurrence rates are higher, including
ipsilateral uppertractand bladder recurrence.[26]

Surveillance

Given the high risk of recurrence after nephron-
sparing treatment, a stringent and prolonged
surveillance protocol is mandatory.Thisinclude:

Ureteroscopy every 3—-12 months

CTor MRurography

Urine cytology

Cystoscopy for bladder surveillance.

Adjuvant intraluminal therapy remains
investigational.
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Limitations of Current Evidence

A major limitation of current evidence is that most
studies are retrospective or single-center, which
restricts the generalizability of the findings.
Additionally, there is considerable heterogeneity in
patient selection, tumor characteristics, follow-up
protocols, and outcome reporting Recurrence rates
remain high, necessitating lifelong surveillance.

A comprehensive review of nephron-sparing
surgery (NSS) techniques—including ureteroscopy
(URS), percutaneous approaches, and segmental
ureterectomy (SU)—highlighted wide variability in
upper tract recurrence rates: 19-90.5% for
ureteroscopic cases, 29-98% for percutaneous
approaches, and 10.2-31.4% for SU, emphasizing
the importance of careful patient selection and
strict postoperative follow-up.[27]

Some centers advocate for adjuvant intraluminal
therapy, such as mitomycin C or BCG; however, data
are limited and no consensus currently exists
regarding its routine use.

Discussion and Future Directions

Current literature suggests that for carefully
selected patients with low-risk disease (small,
unifocal, low-grade, non-invasive UTUC),
ureteroscopic laser ablation of UTUC may achieve
oncologic outcomes comparable to RNU, while
preserving renal function and reducing long-term
morbidity. However, this equivalence comes at the
cost of a higher recurrence risk and requires strict,
life-long surveillance.

The shift towards personalized treatment requires a
balance between oncologic safety and preservation
of renal function and quality of life.

As the population ages and comorbidity burdens
rise, preserving renal reserve becomes more
relevant, especially when systemic therapy may be
necessary.

To strengthen the evidence base and define

standardized protocols, the field needs:
Prospective multicenter studies (or

registries) directly comparing NSS vs RNU, with

RRY

well-defined inclusion criteria, standardized follow-
up, and long-term endpoints (OS, CSS, renal
function, quality of life).

Consensus on surveillance protocols and
on the role and regimen of adjuvant intraluminal
therapy.

Integration of novel imaging and optical
technologies (enhanced ureteroscopy, narrow-
band imaging, confocal laser endomicroscopy) to
improve tumor detection and reduce under-
grading or missed lesions.

Assessment of cost-effectiveness, patient-
reported outcomes, and quality-of-life measures in
NSSvsRNU cohorts.

Conclusions

Nephron-sparing management of UTUC is feasible
and oncologically safe in selected patients.
Ureteroscopic laser ablation preserve renal
function and offer comparable survival to RNU, but
require meticulous patient selection and strict
surveillance. Future research should focus on
standardized protocols, integration of advanced
imaging and optical technologies, and evaluation
of quality-of-life outcomes.
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