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Simple Summary

Endoscopic kidney-sparing surgery (eKSS) has become an established treatment option
for selected patients with upper tract urothelial carcinoma (UTUC), aiming to preserve
renal function while maintaining acceptable oncological control. Laser energy represents
the cornerstone of endoscopic tumor ablation, yet multiple laser platforms with different
physical properties are currently available, and their relative impact on oncological and
safety outcomes remains unclear. This systematic review summarizes the available clinical
evidence on laser-based endoscopic management of UTUC, focusing on recurrence, pro-
gression, conversion to radical nephroureterectomy, and treatment-related complications.
Overall, recurrence after eKSS remains frequent across all laser technologies, whereas
progression and major complications are uncommon. Thulium-based lasers and thulium
fiber laser (TFL) appear to have lower progression and radical surgery rates compared
with holmium:YAG in descriptive analyses, although follow-up is generally shorter and
evidence is limited by study heterogeneity and retrospective designs. Current data do not
support a definitive superiority of one laser technology over another. Treatment selection
should therefore be guided by tumor characteristics, surgeon expertise, and institutional
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Abstract

Background: Endoscopic kidney-sparing surgery (eKSS) is increasingly adopted for the
Copyright: © 2026 by the authors.

management of selected patients with upper tract urothelial carcinoma (UTUC). Laser
Licensee MDPI, Basel, Switzerland.

energy is central to tumor ablation during eKSS; however, multiple laser platforms with
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with laser-based endoscopic treatment of UTUC and to explore potential differences accord-
ing to laser technology. Methods: A systematic literature search identified 25 eligible studies
published between 1997 and 2024, including 1344 patients treated with laser-assisted eKSS.
All included studies were non-randomized, predominantly retrospective, and characterized
by moderate-to-serious risk of bias. Holmium:YAG, Thulium:YAG (thu:YAG, continuous-
wave and pulsed), thulium fiber laser (TFL), Neodimio:YAG (Nd:YAG), diode lasers, and
combination platforms were reported. Results: Ipsilateral upper tract recurrence was
common across all laser categories, with weighted proportions ranging approximately from
27% to 52% and substantial inter-study heterogeneity. Progression and conversion to radical
nephroureterectomy (RNU) were relatively infrequent overall, with numerically weighted
proportions observed in thu:YAG-based cohorts. Major complications (Clavien-Dindo
> III) were rare across all laser technologies, although a trend toward a higher weighted
proportions was observed in Ho:YAG- and Nd:YAG-based series. Minor complications
were more frequently reported and highly heterogeneous. Conclusions: Available evidence
supporting laser selection in endoscopic kidney-sparing management of UTUC is limited
and largely descriptive. Thulium:YAG and TFL platforms seem to demonstrate encourag-
ing trends toward lower progression and conversion to-radical-nephroureterectomy rates;
however, these findings are derived from heterogeneous, non-comparative studies with
limited follow-up. No standard laser platform can currently be recommended over others
based on existing data. Prospective, comparative, and methodologically robust studies are
required to determine whether laser technologies confer clinically meaningful advantages
in oncological control or safety for UTUC treated with eKSS.

Keywords: upper tract urothelial carcinoma; kidney-sparing surgery; endoscopic laser
ablation; oncological outcomes; complications

1. Introduction

Upper tract urothelial carcinoma (UTUC) represents approximately 5-10% of urothelial
malignancies and remains a therapeutic challenge due to pronounced biological hetero-
geneity and the functional consequences of radical treatment [1,2].

Radical nephroureterectomy (RNU) is the reference standard for high-risk disease [3];
however, according to EAU guidelines, endoscopic kidney-sparing surgery (eKSS) has
become the treatment of choice in patients presenting low-risk tumors and in imperative
settings such as solitary kidney, bilateral disease, or end-stage renal disease [4,5].

Progresses in ureteroscopic technology, growing surgical expertise, enhanced knowl-
edge of oncological outcomes, and standardized follow-up strategies have collectively
transformed conservative management from a historical alternative into an established
pathway for selected patients in specialized centers [6].

Nonetheless, endoscopic eKSS is characterized by substantial rates of local recurrence
and repeated procedures, and outcomes appear strongly influenced by operative perfor-
mance [7]. Historically, different energy sources were employed for the treatment of upper
tract tumors, while the advent of laser energies has consented an evolution in terms of preci-
sion surgical control, implementing ablation efficiency and safety [8]. Laser platforms differ
in wavelength, emission mode (pulsed vs. continuous), tissue absorption, coagulation ca-
pacity, and thermal penetration depth, potentially affecting bleeding control, visualization,
urothelial injury, and completeness of ablation [9]. Holmium: Yttrium-Aluminum-Garnet
(Ho:YAG) has traditionally been widely used due to its shallow penetration and versatil-
ity, whereas thulium-based platforms, traditionally referred to continuous-wave thulium
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(Tm-YAG), pulsed thulium fiber systems (TFLs), and more recently Thulium: Yttrium-
Aluminum-Garnet (p-Tm:YAG), offer enhanced photothermal coagulation, potentially
improving precision and minimizing bleeding [10].

Despite a rapidly evolving device landscape, clinical evidence comparing different
laser energies in UTUC remains scarcely fragmented [11]. Currently available data do
not provide clear guidance regarding which laser platform should be preferred, particu-
larly in light of the wide range of available technologies and the heterogeneity of tumor
risk profiles [12].

Accordingly, this systematic review aims to evaluate oncological and safety outcomes
of endoscopic conservative management of UTUC performed using laser energy sources
and to explore whether specific laser modalities are associated with differential outcomes.
Through this focused synthesis, we sought to summarize the available evidence, explore
heterogeneity according to laser technology, identify knowledge gaps requiring prospective
validation, and highlight descriptive trends that may inform surgical practice in the kidney-
sparing endourological setting.

2. Methods
2.1. Protocol Registration and Reporting Standards

This systematic review was conducted according to the predefined protocol registered
in the PROSPERO database (N. CRD420251269475). Data were reported in accordance
with the Preferred Reporting Item for Systematic Review and Meta-Analysis (PRISMA)
statement [13].

2.2. Research Strategy and Study Selection

A comprehensive literature search was performed in three electronic databases (MED-
LINE/PubMed, Embase, and Scopus) from 1 January 2000 to 31 December 2025. The
detailed search strategies for each database are provided in the Supplementary Files S1 and
52. Search terms combined controlled vocabulary and free-text keywords related to upper
tract urothelial carcinoma, ureteroscopy, endoscopic conservative management, and laser
technologies (e.g., Ho:YAG, TFL, Tm:YAG, p-Tm:YAG, and Nd:YAG). Reference lists of
eligible articles and relevant reviews were manually screened to identify additional studies.

After duplicate removal, title and abstracts were screened independently by two
reviewers. Full-text articles of potentially eligible studies were subsequently assessed
according to predefined inclusion and exclusion criteria. Disagreements were resolved by
consensus a third voter (EP.).

2.3. Eligibility Criteria

Randomized clinical trials, prospective or retrospective comparative cohort studies,
and single-arm cohort studies reporting outcomes of endoscopic conservative management
of UTUC performed using laser energy were eligible. Case reports, small case series
including fewer than ten patients, narrative reviews, editorials, letters, conference abstracts
without full text, and experimental or animal studies were excluded.

Eligible studies enrolled adult patients with histologically confirmed UTUC treated
with kidney-sparing endoscopic approaches.

Only studies in which the laser energy source or technology was clearly specified
were included. Laser technologies of interest comprised Ho:YAG, Thulium:YAG systems,
thulium fiber laser (TFL), and other explicitly reported laser energies such as Nedimio:
Yttrium-Aluminum-Garnet (Nd:YAG) or diode lasers. Studies were excluded if the laser
type was not reported, if conservative treatment involved mixed non-laser modalities (e.g.,
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Bugbee or electrocautery) without separable laser-only outcome reporting, or if outcome
data were not extractable for the laser-treated subgroup.

Comparators were not mandatory. When present, comparators included alternative
laser energies or alternative kidney-sparing strategies. Studies including RNU comparator
arms were eligible provided that laser-specific eKSS data could be extracted.

2.4. Outcomes

The primary outcome was ipsilateral upper tract recurrence following endoscopic
laser treatment. Secondary outcomes included progression (as defined by individual
authors), conversion to RNU, intravesical recurrence, recurrence-free survival, disease-
specific survival, overall survival, and safety outcomes, including overall complications,
major complications (Clavien-Dindo grade > III), ureteral strictures, bleeding requiring
transfusion or intervention, infection or sepsis, and hospital readmission.

Progression was defined according to authors’ definitions and included one or
more of the following: histological upgrade (low-grade to high-grade), development
of muscle-invasive disease, development of metastatic disease, tumor becoming no longer
amenable to conservative endoscopic management, or conversion to radical treatment due
to biological progression.

2.5. Data Extraction

Data were extracted using a predefined standardized extraction template. Extracted
variables included study characteristics (design, setting, and study period), patient demo-
graphics, tumor characteristics (grade, risk profile when available, size, multifocality, and
location), endoscopic technique and instrumentation (flexible versus semirigid ureteroscopy,
ureteral access sheath use, and percutaneous access), laser characteristics (technology, fiber
diameter, and power/settings when available), oncological outcomes, survival endpoints,
and safety outcomes.

When outcomes were reported as Kaplan—Meier estimates, 2- and /or 5-year survival
rates were extracted. In multi-arm studies (e.g., Ho:YAG versus Tm:YAG), each laser arm
was extracted separately. When data were incomplete or unclear, outcomes were recorded
as not reported.

2.6. Risk of Bias Assessment

Risk of bias was assessed using the ROBINS-I (version developed in 2016) tool for
non-randomized studies. If randomized trials were identified, the RoB 2 tool (version
developed in 2019)was planned for use. Studies were categorized as having low, moderate,
serious, or critical risk of bias.

2.7. Laser Technology Classification

Laser technologies were classified into predefined categories based on the reported
energy source: Ho:YAG alone; Thu:YAG alone (including continuous-wave Tm:YAG and
p-Tm:YAG systems, excluding TFL); Nd:YAG alone; TFL alone; and combination plat-
forms (e.g., Ho + Thu, Nd/Ho). Insufficiently specified technologies were labeled as
other/unspecified.

2.8. Statistical Analysis and Data Synthesis

Given the substantial clinical and methodological heterogeneity across included stud-
ies (differences in study design, patient selection and risk profile, tumor characteristics,
endoscopic techniques, definitions of outcomes, and follow-up schedules), we performed
descriptive synthesis and did not conduct a formal meta-analysis.
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Laser technologies were extracted from each study and classified into pre-specified
categories using a rule-based algorithm applied to the reported laser type. Specifically,
studies were grouped as Ho:YAG alone, Thu:YAG alone (including both continuous-wave
and p-Tm:YAG systems, excluding thulium fiber laser), Nd:YAG alone, TFL alone, and com-
bination categories (e.g., Ho + Thu, Ho + TFL, and Nd/Ho), with remaining or insufficiently
specified technologies labeled as Other/Unspecified.

For each outcome, we reported study-level proportions calculated as the ratio between
the number of events and the corresponding denominator reported in the original study
(events/N). Outcomes included oncological endpoints (recurrence, progression, and RNU)
and safety endpoints (any complications and major complications defined as Clavien—
Dindo > 3).

For descriptive summary estimates within each laser category, we calculated a
weighted overall proportion as the ratio of aggregated counts across studies:

. Y . events;
Pweighted = 12171\711 1)

This approach provides a transparent, sample-size-weighted descriptive estimate
without modeling between-study variability. Exact 95% confidence intervals for both study-
level and weighted overall proportions were computed using the Clopper—Pearson method
based on binomial counts.

For oncological outcomes, we additionally summarized follow-up time. Study-level
follow-up (months) was extracted as reported; entries reported as “not reported” were
treated as missing. Within each laser category, the follow-up corresponding to the descrip-
tive overall estimate was summarized using the weighted median follow-up, weighting
each study by the same denominator used for the outcome (i.e., the study’s N contributing
to that endpoint). Descriptive results were visualized using forest-style plots display-
ing study-level proportions for each laser category, an “Overall (weighted)” row report-
ing the aggregated proportion and its confidence interval; follow-up was displayed for
oncological endpoints.

Statistical significance was considered at p < 0.05. For all statistical analyses, R software
environment for statistical computing and graphics was used (version 4.5.1).

3. Evidence Synthesis
3.1. Study Selection and Overall Characteristics

After screening 705 records, 25 studies met inclusion criteria (Figure 1). Most included
studies were single-center retrospective cohorts or case series. Three studies were multi-
center retrospective cohorts [14-16], and five studies had a prospective design [17-21]. No
randomized controlled trials were identified. One prospective study included a matched
control group [18].
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Figure 1. PRISMA flow diagram illustrating the study selection process for inclusion in the systematic

review.

3.2. Risk of Bias

Risk of bias assessment revealed overall moderate-to-serious methodological limita-
tions across the included studies (Figure 2 and Supplementary Figure S1). The predominant
sources of bias were related to patient selection and study design, as most studies were
retrospective, single-center cohorts or case series without randomization or control groups.

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

W ovisc [ vedermerise [l sorovs sk

Figure 2. Risk of bias by domains across all studies.

Bias related to classification of interventions was low, as laser technology and treat-
ment modality were clearly specified in most reports. Bias arising from deviations from
intended interventions and missing outcome data was judged to be low to moderate in the
majority of studies. Heterogeneity derived from measurement of oncological outcomes,
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which were typically based on standard endoscopic, radiological, and histopathological
assessments. Furthermore, inconsistent definitions, follow-up schedules, and reporting
thresholds introduced additional uncertainty.

No study was judged to be at low risk of bias across all domains. The overall certainty
of evidence should therefore be considered limited, supporting the choice of descriptive,
non-meta-analytic synthesis.

3.3. Patient Characteristics

Overall, 345 patients were treated using Ho:YAG laser energy, while 418 patients
received thulium-derived technologies, including 239 treated with Tm:YAG systems and
179 with TFL.

Mixed Ho:YAG—Tm:YAG platforms were used in 246 patients. Nd:YAG alone was
employed in 65 patients, Nd:YAG combined with Ho:YAG in 122 patients, and diode laser
systems in 15 patients.

Across included studies, mean patient age was 70 years, with reported mean or
median ages ranging from 55.8 to 77.4 years. The overall proportion of male patients was
approximately 71%. Ho:YAG-based series reported mean ages of 69-70 years, Thu:YAG-
based series 71 years, and TFL-based series 72-73 years, while combination-laser cohorts
demonstrated similar age distributions.

3.3.1. Pathology Features

Three studies included exclusively patients with tumors located in the renal collecting
system [16,21,22], whereas the remaining studies enrolled patients with mixed renal and
ureteral involvement. Multifocal disease was reported in approximately 12% to 45% of
patients per series.

Among studies providing numerical distributions, approximately half of tumors were
located in the renal pelvis or calyceal system, 35-45% in the ureter, and 10-20% showed
combined intrarenal and ureteral involvement [15,16,23-28].

High-grade disease and/or high-risk UTUC constituted a substantial proportion of
treated cases. Among studies reporting histological grade, the proportion of high-grade
tumors ranged from 8% to 74% [15,16,19-21,23-26]. Among studies providing UTUC risk
classification, high-risk tumors accounted for 40% to 53.4% of included lesions, and in one
study all patients were classified as high risk [15,20,25,27-29] (Table 1).

3.3.2. Endoscopic Technique

Ureteroscopy was the primary treatment modality in the majority of cohorts. Flexible
ureteroscopy was the main approach in 18 studies [14-16,20-34]. No series reported
exclusive use of semirigid ureteroscopy, which was used only in combination with flexible
instruments. One study reported exclusive use of a percutaneous approach [17], while six
studies reported ureteroscopy without specification of instrument type [21,29,31,34-36].
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Table 1. Baseline characteristics of 25 studies included in the systematic review.
5 . High
. ] Number of G Follow-Up Tumor Multifocality . Approach
Study Country Design Study Period Patients Age Male (%) (Months) Location (%) Glréile(ﬂ(;?h Type (%)
Mixed (above
. 1. Single center; UPJ 42.6%, . mixed URS
Deﬁdlll‘;]m”) Ttaly retrospective 2005-2018 101 71.05 + 10.32 79.2% 28.7 (29.4) below UP]  multiple 36.6% %‘%ﬁ}'g&%‘%ﬁ (semirigid +
cohort 39.6%, both e fURS)
17.8%)
. Renal .
o Single center; - . . . mixed URS
Nita (2012) . . g . . pelvis/calices  multiple 27.7% High-grade
[37] Romania retrg)jgsﬁttlve 1998-2011 65 67 (42-89) NR 60 (6-120) 39 (60%), (18/65) 32.3% (21/65) - jtr;ieous
ureter 26 (40%) p
mixed:
intrarenal
. .. Single center; 30/59 (50.9%), . o mixed URS
D“'ﬁd[;‘;]mm) Ttaly case series (ob- 20052009 59 66 66.1% 26.4 ureteral 13/59 mul(ggl/QSg)S 9% NR (semirigid +
servational) (22%), fURS)
combined
16/59 (27.1%)
Predominantly .
. High grade
Tada (2010) Multicenter; o ureter (most -
[14] Japan case series 2004-2007 15 75 (51-86) 73.3% 25.5 (13-51) U2/U3, 1 renal NR (631)323/0/15 = fURS
pelvis case) e
China (Beijing
Li 2025) C}}fg:yii;g Single center; 30 (15 PC laser Renal pelvis szg/lagr(igoe/ )
pital, rospective 2017-2020 ablation; 15 65.5 (6.1) 70% 34 (10-54) only (inclusion 0 o ercutaneous
prosp! y p
[17] Capital o RNU 7/15
Medical cohort study RNU) criteria) (47%)
University)
Single center;
Geavlete prospecttlye 36 (3- Pyelocaliceal Hl%h gl}aée
(2024) Romania comparative 2015-2018 122 NR NR Y UTUC (pTa NR pla: fURS
cohort outcomes) (8.2%) in each
(221 (matched only) arm
control group)
. Single center; Ureter 62%, . mixed URS
Hs‘e[I;;]zOZO) Taiwan Retrospective 2012-2018 34 71 (39-89) 29.4% NR renal pelvis NR 2}5}}255%1:) (semirigid +
cohort 38% ° fURS)
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Table 1. Cont.

5 . High
. ] Number of G Follow-Up Tumor Multifocality . Approach
Study Country Design Study Period Patients Age Male (%) (Months) Location (%) Glréglle(ﬂ(;;gh Type (%)
. tm:YAG
Single center; 139 (32 tm:YAG 69.3 Pt high-grade mixed URS
Wen (219 China TUOSPEVE 20132017 tmYAG+107 (1), RNU 623 AC 66% NR (tm:YAG NR P/ ASOWN (semirigid +
p RND) (9.4) ° 28/32; RNU . fURS)
cohort 78/107) high-grade
32/107 (29.9%)
21% multiple
Single center; . locations . .
] . L . Renal pelvis o High-grade mixed URS
MDY Spain retrospective 2022-2024 33 74 (IQR 70-83) 75.8% NR (minimum only (inclusion (7/33), 30% 71% (20/28 (semirigid +
[27] (Barcelona) cohort FU 6mo) L multiple S
. criteria) . UC biopsies) fURS)
(single-arm) lesions on CT
(10/33)
Single center;
pgc;st};)ke)zt;:e Renal High-grade
VL (AT France retrospective 2003-2016 92 69.7 (345-90.8)  67.4% (62/92) 524 collecting 46.7% (43/92) - 14.1% (13/92), fURS
[19] analvsis system 62% multifocal grade NR in
(Singlg’_arm (57/92) 47.8%
cohort)
High risk
. 53.6% .
o Single center; NR o group . Mixed URS
i PP Ttaly retrospective 2021-2022 28 73 (6.2) 75% (21/28)  (endoscopic Mixed 42.9% (12/28 (15/28); (semirigid +
[26] . multifocal) high-grade
case series FU2/6/12) bi o fURS)
iopsy 28.6%
(8/28)
o Multicenter; 16.7% (13/78 .
Bozzini (2021) - - Renal 89.7% . High grade
[15] Italy retrospective 2015-2016 78 69.2 (12.8) NR 11.7 (9.9) (70/78) multiple 37.2% (29/78) fURS
cohort tumors)
Ureteral Multiple nggogrliade
Matsuoka Single center; . 37mo . tumors: poorty Mixed URS
: 30 patients (33 . . lesions 20/33 . . reported; L
(2003) Japan retrospective NR NR NR (imperative), imperative 4/7 . (semirigid +
. procedures) - procedures - biopsy grade
[32] case series 33mo (elective) o vs. elective . fURS)
(60.6%) 1 known only in
/20
subset
Single center; All h1gh—1"15k
. 23 (18-39) for UTUC; high .
REliB0S) China v 2021-2024 33 75 (66-82) 589%(19/33) Pz without o Renalpelvis g0 ()33 grade 55% (M lrfifilﬁ S+
[20] sinple(—)arm ° death/salvage 45% (15/33) ° (18/33); hy- se fURg)
s%fu dy RNU dronephrosis
73%
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Stud Count Design Study Period LTS Age Male (%) Follow-Up Tumor Multifocality Grazligﬂl;i h apRioach
y y & y Patients & ° (Months) Location (%) Risk (% % Type (%)
High grade
. . 17.1%, stage
Multicenter; Kidney o oo
(A (I France retrospective 2003-2007 35 67 (13.1) 94.2% 30(12-66)  cavities543%  oroe (12/35 P11 2.9% fURS
[16] multiple) grade/stage
cohort (19/35) .
unavailable
37%
High grade
(1973 WHO):
. 2/15 (13%);
Hubosky Single center; o
(2013) USA retrospective 1995-2010 13 56.5 (38-73) 53.8% 59 (10-188) Ureter 67% NR (2004 WHO URS (not
(10/15) applied retro- specified)
[31] cohort .
spectively):
high grade
4/15 (27%)
. Single center;
Kalaitzis . .
prospective . o . 8% high grade URS (not
(Z[g}ii) Greece single-arm 2000-2011 25 71 9) 52% 6 (3-68) NR 0.44 (2/25C3) specified)
series
High grade
9.5% (4/42);
Musi (2018) Single center; Renal pelvis C(Ils/i;)é
Italy retrospective 2012-2016 42 68 (10.7) 71.4% (30/42) 26.3 (2-54) 31%; lower 12% (5/42) s N fURS
[23] o high-risk
cohort ureter 35% .
included only
in imperative
cases
— Single center; . .
Proietti (2021) L o Kidney 65.5% 34.5% (10/29 High grade URS (not
[34] Italy retrCoOsE(f:ttlve 2013-2019 29 69 (63-79) 75.9% (22/29) 23 (14-35) (19/29) multiple) 62.1% (18,/29) specified)
. . High grade
S G . Single cen.ter, o Pelvis/calyces o 17.0% (8/47);
(2021) Spain retrospective 2015-2019 47 75 (67-81) 74.5% (35/47) 24 (17-44) 53.0% (25 /47 31.9% (15/47) higherisk fURS
[30] cohort 2% (25/47) 1SS
61.7% (29/47)
Single center; Renal Low-grade
Shvero (2021) L o pelvis/calyces  27.4% (17/62 . .
[33] Israel retrospective 2014-2019 62 70 (65-75) 69.5% (41/59) 22/11-41) 54.8% (34/62 renal units) only .(mc‘lusmn fURS
cohort criterion)

renal units)
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Stud Count Design Study Period LTS Age Male (%) Follow-Up Tumor Multifocality Grazligﬂl;i h apRioach
y y & y Patients & ° (Months) Location (%) Risk (% ;5 Type (%)
High grade on
biopsy: PDD
Single center; 26:10 PDD . 40% (4/10);
Yoshida (2021) Japan retrospective o0 oo TRYAG+ 5o ooy 61 R Renal pelvis 20.6% Ho 56.2% (URS
[24] p comparative Ho:YAG), ’ ’ ’ e ’ 6§’5°/ multifocal (9/16); impera-
cohort 16 Ho:YAG e tive/relative
indications
80% vs. 87.5%
Single center; Renal pelvis gila%};g?sdle;/t
Figaroa (2024) . . 80% 495 (IQR 36% (26/71), Multifocal ) ° URS (not
35] Netherlands  retrospective  2010-2020 71 67.5(57/71) (21.5-68.3) 215-68.3) distal ureter  4.2% (3/71) (3/71);  gpecified)
cohort 35% (25/71) low-grade 81%
¢ (58/71)
. . Single center; Short-term; High-risk 40%
Pr01e[t§19](2025) Ttaly retrospective 2024 20 745+ 85 65% (13/20) 2-12 mo NR NR (8/20); HG :lecslf(lr;cc)lt)
case series protocol 40% (8/20) p
. Single center; . .
ey () Denmark retrospective 2012-2022 118 75 (69-81) 69.5% 36 (20.3-58.8) NR NR High-risk URS (not
[36] cohort 0/118 (0%) specified)

Abbreviations: UTUC, upper tract urothelial carcinoma; URS, ureteroscopy; fURS, flexible ureteroscopy; UP]J, ureteropelvic junction; RNU, radical nephroureterectomy; ITT, intention-to-
treat; CIS, carcinoma in situ; FU, follow-up; IQR, interquartile range; NR, not reported; PC, percutaneous; ETLT, endoscopic thulium laser treatment; HG, high grade; LG, low grade;
PDD, photodynamic diagnosis; CT, computed tomography; UC, urothelial carcinoma.
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3.3.3. Laser Technologies, Settings and Technical Parameters

Earlier studies, predominantly published between 2000 and 2010, mainly used Ho:YAG
and Nd:YAG laser technologies or their combinations. Progressive adoption of Thu:YAG
platforms began around 2010, while TFL systems were introduced into clinical eKSS practice
after 2017 (Figure 3).

Thu:YAG
Thu:YAG S
ThuYAG Thu:YAG
k=2
WL
TRL -
TFL
Other* Other*
y b Other* k=4
- OtherPther
2 Other’ 9
Other’ X
Ho
Ho k=2
Ho
Ho
2005 2010 2015 2020 2025

Publication year

Figure 3. Temporal distribution of laser technologies reported in the studies included in the systematic
review. The Other* category includes laser systems not classifiable as Ho:YAG, Thu:YAG, or thulium
fiber laser (TFL) (e.g., early solid-state or hybrid thulium platforms, combined Ho:Thu systems,
Nd:YAG, combined Ho and Nd:YAG, 1470 nm diode system). The Thu:YAG category comprises both
continuous-wave and pulsed thulium:YAG laser systems.

Ho:YAG alone was used in four studies [16,21-23]. Thu:YAG alone was reported
in six studies, including continuous-wave and pulsed systems [15,20,23,25,28,29]. TFL
was employed in three studies [26,27,38]. Combination laser platforms included Ho:YAG
together with Thu:YAG in four studies [18,30,34,38], and Nd:YAG together with Ho:YAG
in four studies [14,31-33]. A 1470 nm diode laser system was evaluated in one study [17].

Fiber diameter selection was related to laser technology. Nd:YAG systems mainly em-
ployed fibers between 200 and 600 um, whereas Ho:YAG and Thu:YAG platforms primarily
used fibers between 200 and 365 pm. Reporting of power settings was heterogeneous across
studies. Among the included series, thulium-derived laser sources generally operated at
lower power levels, with Tm:YAG generally used at 5-20 W (occasionally up to 30 W), and
TFL commonly between 10 and 50 W. Ho:YAG systems most frequently employed settings
corresponding to approximately 0.4-1 J at 10-15 H, resulting in a mean delivered power of
about 30-35 W. Nd:YAG operated between 15 and 45 W, while no data are provided for
diode laser (Table 2).

3.4. Oncological Outcomes
3.4.1. UTUC Recurrence

Ho:YAG-based series demonstrated a weighted recurrence proportion of 51.5% (95%
CI: 45-57.2%) at a median pooled follow-up of 34 months, with wide inter-study variability.

Thu:YAG-based series included overall showed a lower weighted recurrence proportion of
27.1% (95% CI: 20.9-34.1%) at a median pooled follow-up of 23 months.
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Table 2. Laser details and outcome of study included in the systematic review.

Tm-
Ho:YAG
Defidio duo laser
. 31/101 16/101 9/101 10/101 o 0/101
(2[(1)21;]9) (REYIEI,IX 270 10-15W (30.7%) NR/NR (15.8%) (8.9%) NR NR NR NR (9.9%) 0/101 (0.0%) NR/NR (0.0%) NR/NR NR/NR
LisaLaser);
CW +PW
Nita © \qvac; 31/62 20/65 18/65
(2[01]2) bW 60001200 20-45W (500%) (308%) NR/NR @770 NR  523%  NR NR NR/65 NR/65 NR/65 NR/65 NR/65 NR/65
37 ! : )
200-365
(200 pm
for
flexible;
365 wm
Tm- ff)l; id Opverall
Ho:YAG Semﬁngl urothelial
Defidio duo laser w %II recurrence
(2011) (Revolix 1;835_‘3 6? 10-15W  rate37.3%at NR NR NR NR NR NR NR NR NR NR NR NR NR
[38] duo, (200 um median
LisaLaser); fmtl follow-up
CW +PW floxible: 26.4 months.
exible;
365 pm
for
semirigid
when
possible)
Ho:YAG
and/or
leck N(d o 1/15 3/15 1/15
com- 0, 0, 0,
(z[%)) e 200 NR 5/15(333%)  6/15(400%) (b 200%) 0.6 NR NR NR 67%) 1/15 (6.7%) NR NR NR NR
depend-
ingon
size); PW
1470 nm
diode
laser Cut 120
Li (2025) system W; Coagu- o o 1/15 2/15 3/15 o
171 Qishi NR o ‘gg 2/15(13.3%)  0/15(0.0%) 67%) (133%) NR NR NR NR 200%) 0/15 (0.0%) NR NR NR NR
Corp, w
China);
CW
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Table 2. Cont.
Stud Tyliaaes:;d Fiber Power UTUC Bladder Progression Conversion  2-yrs 5-yrs 5 yrs- 5-yrs-  Any Com- i\i/i:jt‘i’:x:;o(lg]-) Ureteral (]I;;et::l::f- Infection/Fe Readmission
y Pulse Diameter Settings Recurrence Recurrence 8 to RNU RFS RFS DSS 0s plication P > 3) Stricture tion)
Shape =
NBI-
assisted 4/61
Geavlete fURS 275 35W 9/61 (14.8%) NR/NR NR/61 (6.6%) NR NR 93.4% NR NR NR NR NR NR NR
(2024) Ho:YAG, e
[22] PW
White
light 16/61 6/61 o
Ho:YAG, 275 35W (26.2%) NR/NR NR/61 (9.8%) NR NR 86.9% NR NR NR NR NR NR NR
PW
Tm:YAG 2y:
(Quanta ureter )
. 200 (renal ureter
Hsieh Cyber TM - 49%,
pelvis), . 15/34 N 2/34 1/34 4 87%, 5/34 5/34
(2020) ZOQ W 365 10-15W (44.1%) 7/34 (20.6%) (5.9%) 2.9%) renall NR renal NR (14.7%) NR (14.7%) NR NR NR
[25] thulium pelvis .
(ureter) o pelvis
laser), 60% 100%
W ’
Wen Tm:YAG
(Vela XL, . | o 0/32 3/32 4/32 4/32
(%(2];]8) StarMedTec), 200-600 30-50 W 7/32(21.9%) NR/32 (0.0%) (9.4%) NR NR NR NR NR NR (12.5%) (12.5%) NR NR
CW/PW
TFL
Territo (Soltive
Pre- o 1/33 5/33 8/33 o, 2/33 o
(2[2'?]5) mium/Pro, 200 NR 6/33(21.1%) NR/NR (3.0%) (15.2%) NR NR NR NR (24.2%) 1/33(3.0%) NR NR (6.1%) 4/33 (12.1%)
Olym-
pus), PW
Villa PFS 24
Ho:YAG, 70/92 31/92 21/92 X
(2[(1];?) W NR NR (76.1%) NR/92 (33.7%) (228%) ;71; NR NR NR NR NR NR NR NR NR
TFL
s (Fiber-
Proietti
Dust, 10W (1] . 4/28 o 0/28
(2[2212) Quanta 200 « 10 Hz) 7/28 (25.9%) NR NR NR NR NR NR NR (14.2%) 0/28(0.0%) (0.0%) NR NR NR
System),
PW
Bozzini T(?yéif 15-30 W
renal 1/47 21/47 0/78 0/78 9/78
(2021) ™, 272 pelvigi 15 /47 (19.1%)  7/47 (14.9%) NR 21%) NR NR NR NR (147%) 0/47 (0.0%) ©0.0%) 0.0%) (A15%) NR/78
[15] Quanta), W
ureter
CW
365
(ureter/- Nd:YAG
Matsuoka Ho:YAG/-  pelvis/upper 15-40W
@003)  Nd:YAG,  calyx); X 2-3s é%?;) 5/27 (18.5%) (13’1/ 123 ) NR NR NR NR NR (; /o%?) NR (;’ /0?;/3) NR NR NR
[32] PW 200 (2/33 e e e e
(mid/lower cases)
calyx)
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Table 2. Cont.

Laser

§ . Major Com- Bleeding
Type and Fiber Power UTUC Bladder q Conversion  2-yrs 5-yrs 5 yrs- 5-yrs-  Any Com- P Ureteral 9 el
Sy Pulse Diameter Settings Recurrence Recurrence Progression to RNU RFS RFS DSS 0s plication Phcah;g: (e Stricture (Inttiir:)en- LSV SR TS
Shape =
Tm:YAG
(g (TS11§13/II: NR 520 W 12/33 yna21w V3 2/33 64% NR NR NR NR 1/33 (3.0%) 4/33 NR 3/33 NR
[20] Youlu)' (36.4%) e (0.0%) (6.1%) ° s (12.1%) (9.1%)
CW
?z‘zlrlr:ll)l Ho:YAG, 200 NR 21/35 14/35 0/35 4/35 NR NR  100%  NR 3/35 NR NR NR 2/35 NR
1161 PW (60.0%) (40.0%) (0.0%) (11.4%) ° (8.6%) (5.7%)
Hubosky
Ho:YAG/Nd:YA 3/15 . 1/13 1/15 4/15 4/15
(%ghe') W Gr NR (25.0%) 7/13 (53.8%) 77%) 6.7%) NR NR NR NR (26.7%) NR 26.7%) NR NR NR
Kalaitzis
Ho:YAG, 24/25 , 2/25 1/25 3/25 11/25 1/25
(zEg}]z,) bW 365 NR (96.0%) 7/25 (28.0%) (8.0%) (4.0%) NR NR NR NR NR NR (12.0%) (44.0%) (4.0%) NR/25
272 um
(flexible); 1020 W
Musi . 365 pm (some-
@oig)  TMYAG Tlic times5W  8/42 (19.0%) NR NR 4/42 NR NR NR NR 37/42 1/42 (2.4%) 0/42 1/42 NR NR
cwW or (9.5%) (88.1%) (0.0%) (2.4%)
[23] rigid for coagu-
ureteral lation)
lesions)
—— Ho:YAG 20/137
and 18/29 . 1/29 1/29 31.7% 96.4 + (14.6%, 4/137 (2.9%, 0/137
(%gi]l) Tm:YAG, NR NR (61.1%) 9/29 (31.0%) (3.4%) (3.4%) (£9.4%) NR NR 3.5% per proce-  per procedure) (0%) NR NR NR
PW dure)
Ho:YAG
Ho:YAG
Sanguedolce 0.8-1.27J;
and 13/47 11/47 9/47 8/47 5/47 1/47 1/47 3/47
@02 1 vaG, NR 8-12 (283%) (23.4%) (19.1%) (17.0%) NR NR NR NR (10.6%) 0/47(0.0%) 2.1%) 21%) (6.4%) NR
[30] PW Hz | Tm:YAG
10-15 W
Mixed
Shvero (Ho:YAG 46/62
(2021) and NR NR (74.2%, per (ig/;;) é/;,/g) (2/150/9) NR NR NR NR é%ﬁf) 5/59 (8.5%) NR/59 é /4‘2/9) (g /550/9) 16/59 (27.1%)
[33] Nd:YAG), procedure) L0 e =10 =10 =0 20
PW
firstarm
. Tm:YAG
Tm:YAG 5W/15
and W
. Ho:YAG + Ho:YAG . 10/10 1/10
st PDD 272 047/15 NR NR NR 0/100%) 5710, NR NR NR 100% 0/10 (0.0% 0/10 (0% NR 10% NR
@) | (5-ALA) 47/ 8/16 1% (100%) /10(00%)  0/10(0%) (10%)
G 272 Hzlong NR NR NR . NR NR NR NR 16/16 1/16 (1%) 1/16 (6%) NR 3/16 NR
[24] PW +CW. (41.3%) . o
pulse +1 (100%) (18%)
Second
J/10Hz
arm hort
Ho:YAG; S 1
PW pulse
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Figaroa

@ne  HOYAG NR 1]/10Hz NR NR NR 5%7/1 2%  NR  86%  82% NR NR NR NR NR NR
[35] (32.4%)
=
P(rz(:)izesti;j (tg‘ﬁ;g 200 NR NR NR 1/20 1/20 NR NR NR NR 10/20 0/20(0.0%) 0/20 NR NR NR
o p- (5.0%) (5.0%) (13.3%) 0% (0.0%)
tm:YAG)
PW
il (Sgllil'l;e 83/118 52/118 20/118
(2024) ey 150 NR o o NR Otooy — 288%  NR 041%  59.% NR NR NR NR NR NR
[36] ’ : :
pus), PW

Abbreviation: PW, pulsed wave; CW, continuous wave; URS, ureteroscopy; fURS, flexible ureteroscopy; UTUC, upper tract urothelial carcinoma; RNU, radical nephroureterectomy;
RFS, recurrence-free survival; PFS, progression-free survival; DSS, disease-specific survival; OS, overall survival; NBI, narrow band imaging; PDD, photodynamic diagnosis; 5-ALA,
5-aminolevulinic acid; Ho:YAG, holmium:yttrium-aluminum-garnet laser; Tm:YAG, thulium:yttrium-aluminum-garnet laser; p-Tm:YAG, pulsed thulium:YAG laser; TFL, thulium fiber
laser; Nd:YAG, neodymium:yttrium—-aluminum-garnet laser; CD, Clavien-Dindo classification; NR, not reported.
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Among TFL-based studies, the weighted recurrence proportion was approximately
36.5% (29.4-44.0%) at median follow-up of 36 months. Series employing combined Ho:YAG
and Thu:YAG platforms demonstrated a weighted recurrence of 35.6% (29.5-42.1%). Studies
using combined Nd:YAG and Ho:YAG systems showed a weighted recurrence proportion
of 53.8% (95% CI: 44.4-63.0). Considerable dispersion in recurrence rates was observed
across studies and laser categories (Figure 4).

Stud EventsN  FU (mo) Rate
udy EventsN  FU (mo) Rate Study EventsN  FU (mo) Rate HoVAG alone (mo)
Ho:YAG alone Yoshida (2021) - standard 8/16 NR 50.0% —
Knla\ms gﬂmy 2425 — Villa (2018) 192 52 {igaroa (2024) Erdl % B —
Coma ) (01 a1 — Kalaitzis (2013) 2/25 6 fl 4135 30 114% e—
eaviete — Cornu J. (2010) 0/35 30 Geavlete (2024) - standard 6/61 36 9.8% Gt
Geavle(e$20242‘ Ao 9/61 —_— Overall (weighted) 33/152 52 Geaviete 20243 NBl assisted 4i61 36 66% =
Tgve‘l;gg("felu ted) 1407274 - Thu:YAG al Ezma; 125 6 40%  —
Hsieh (2020) 1534 — Hsieh (2020) 234 NR Tﬁ"‘ﬁ'('; (welghted) L] 36} 86% -
Wess (3018) ‘%’/gg — Proietti (2025) 120 NR %usv gg:g‘) 3/32 &g ggzﬁ, —
Lacae, Bozzini (2021) 1/47 12 et / —
Vo ey it —_— Wen ‘20‘3' o2 NR Frats (hoos) % N [ el
Overall Hwelghled) 51/188 — Ye (2025) 0133 2 isen (2020) NR 39%  —
N&gﬁ%‘ e 3162 Overall (welgmed) 41166 12 Overgll (iuelgmed) 117161 26 6.8% -
— TFLal
Overall (weighted) 31/62 e —
TELSlong 9D Tent ' (2025' 183 NR Ovevall (welgmed) 1863 8 8% p—
E5iev 15024 ), 521118 —_— Overall (weighted) 1133 NR TFL al -
?e;'(ﬁ"i ) i e Ho+Thu Bislev (202 12024 20118 K1) —
Cvaralt (amighted) 651178 — Sanguedolce F. 2021 9/47 24 i ¥ 2% —_
2 2(0 . ighted) - Defidio (2019) 16101 2 verail (welghled) 25/151 36 16.6%
vme'(l 4} ‘ Be— Proietti (2021) 129 23 uedolce F. 2021 8/47 24 17.0% —
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Figure 4. Descriptive forest plots of oncological outcomes stratified by laser technology:
(A) recurrence, (B) progression, and (C) radical nephroureterectomy (RNU). For each study, propor-
tions are reported as events over the corresponding denominator, with exact 95% confidence intervals
(Clopper-Pearson). Within each laser category, an overall weighted estimate is provided, calculated
by aggregating event counts and denominators across studies. Follow-up duration (months) is
reported when available; studies reporting follow-up as not reported (NR) were retained and treated
as missing for follow-up summaries. When oncological outcomes were reported per procedure rather
than per patient, the procedure-level data were used as reported by the original study. No formal
meta-analytic pooling or heterogeneity assessment was performed.

3.4.2. Progression Rate and Conversion to RNU

Progression events were uncommon across most laser categories. Ho:YAG-based series
demonstrated the highest weighted progression proportion among subgroups, assessed at
21.7% (95% CI: 15.4-29.1%). Thu:YAG-based series showed the lowest weighted progres-
sion, assessed at 2.4% (95%CI: 0.7-6.1%) at a median follow-up of 12 months. TFL-based
studies reported a similar progression rate, with a weighted proportion of 3.0% (0.1-15.8%).
Studies using combined Nd:YAG and Ho:YAG systems demonstrated a weighted progres-
sion proportion of 7.8% (95%CIl: 3.6-14.2%) (Figure 4) at a median follow-up of 22 months.
Combined Ho:YAG and Thu:YAG platforms were associated with a weighted progression
proportion of 14.7% (95%ClI: 9.8-20.8%).

Overall, progression rates were lowest in Thu:YAG and TFL series.

Rate of conversion to RNU varied across laser categories. Ho:YAG alone was associ-
ated with a weighted RNU rate of 18.6% (95%CI: 14.7-23.0) at a median pooled follow-up
of 36 months. TFL-based studies showed a weighted RNU proportion of 16.6% (95% CI:
11.0-23.5%). Combined Ho:YAG and Thu:YAG platforms demonstrated a weighted RNU
rate of 9.6%, while the lower weighted RNU proportion was observed in Thu:YAG-based
series (6.8% at 26 months).

Thu:YAG and combined Ho:YAG and Thu:YAG categories demonstrated numerically
lower progression and RNU rates compared with Ho:YAG-based series; however, median
follow-up across these studies was tendentially shorter than in the TFL and Ho:YAG series.
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3.5. Complications Outcomes
3.5.1. Overall eKSS-Related Events

Ho:YAG-based series demonstrated a weighted any-complication rate of approxi-
mately 39.5% (95% CI: 28.4-51.4%). Thu:YAG-based studies showed a weighted rate
of approximately 41.3% (95%CI: 34.6—48.4%), whereas TFL-based series demonstrated a
weighted rate of approximately 19.7% (95%CI: 10.6-31.8%).

Combined Ho:YAG and Thu:YAG platforms were associated with a weighted any-
complication rate of approximately 15.3%. A single diode laser study reported an overall
complication rate of 20.0%. Combined Nd:YAG and Ho:YAG systems demonstrated a
weighted any-complication proportion of approximately 18.0% (Figure 5).

Study Events/N Rate Study Events’N  Rate
Ho:YAG alone Ho:YAG alone
Yoshida (2021) - standard 16116 100.0% —_— Yoshida (2021) - standard Y S —
Kalaitzis (2013) 11/25 44.0% —_— Overall (weighted) 116 6.2% —_—
Cornu J. (2010) 3/35 86% Thu:YAG alone
Overall (weighted) 30/76 39.5% —— Ye (2025) 1/33 3.0% —
Thu:YAG alone % —
Musi (2018) a7z 88.1% —_— Mo 2202) e Bk
Proietti (2025) 10/20 50.0% Wen (2018) 032 000  e—
Bozzini (2021) 21/47 44.7% —_— Bosin (2021 v oo e
Wen (2018) 8/32 25.00 (2021) 0%
Ye (2025) 533 15200 N— Proieti (2025) 020 00% ——
Heieh (2020) 334 12700 p—— Overall (weighted) 2208 1.0% -
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Figure 5. Descriptive forest plots of complications according to Clavien-Dindo: (A) any complication,
(B) major complications (CD > 3). For each study, proportions are reported as events over the
corresponding denominator, with exact 95% confidence intervals (Clopper—Pearson). Within each
laser category, an overall weighted estimate is provided, calculated by aggregating event counts
and denominators across studies. Events are expressed as ratio between number of occurrences
per study and total treatments. When oncological outcomes were reported per procedure rather
than per patient, the procedure-level data were used as reported by the original study. No formal
meta-analytic pooling or heterogeneity assessment was performed.

Minor complications predominantly consisted of transient postoperative pain requir-
ing analgesic therapy and, in cases of suspected urinary tract infection or fever, admin-
istration of broad-spectrum antibiotics. In some cases, with perioperative bleeding or
persistent hematuria despite ureteral stenting, blood transfusion was required to maintain
hemodynamic stability.

3.5.2. Major Events

Major complications (Clavien-Dindo grade > III) were rare across all laser categories.
Weighted major complication rates were approximately 6.2% (0.2-30.2%) for Ho:YAG alone,
1.0% (0.1-3.4%) for Thu:YAG alone, 1.6% (95%CI: 0-8.8%) for TFL alone, 1.4% (95%CI:
0.4-3.4%) for combined Ho:YAG and Thu:YAG platforms, and 5.7% (95%CI: 2.3-11.5%) for
combined Nd:YAG and Ho:YAG systems. No major complications were reported in the
single diode laser study (Figure 5).

Major adverse events most commonly consisted of early upper urinary tract drainage
with placement of a double-] ureteral stent in the setting of hydronephrosis associated with
acute kidney injury or sepsis. In sporadic cases, patients required admission to an intensive
or high-dependency care unit for management of acute renal failure requiring hemodialysis
or for treatment of septic shock.
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4. Discussion

In this systematic review, we provide a comprehensive descriptive synthesis of laser
technologies used for eKSS in patients with UTUC, stratifying oncological and safety
outcomes according to the laser energy source. Given the pronounced clinical and method-
ological heterogeneity across available studies, including differences in patient selection,
tumor risk profile, endoscopic technique, outcome definitions, and follow-up duration, we
deliberately adopted a descriptive, sample-size-weighted approach and refrained from
formal meta-analytic pooling [13,39].

4.1. Summary of Findings

Three consistent messages emerge from our analysis.

First, local upper tract recurrence remains frequent after eKSS, irrespective of the laser
technology employed. Except for the diode laser series, weighted recurrence proportions
ranged from approximately 30% to over 50% across laser categories, with wide inter-study
variability. This observation confirms that recurrence represents a fundamental limitation
of conservative UTUC management and is likely driven by tumor biology, multifocality,
and field cancerization rather than by the intrinsic performance of a specific laser platform.
In particular, Thu:YAG-based series demonstrated a lower weighted recurrence proportion
compared with Ho:YAG-based series (27.1% vs. 51.1%), while TFL-based series showed an
intermediate recurrence proportion (36.5%).

Second, disease progression and conversion to RNU were relatively uncommon in
the series using thulium-derived technologies (2.4% and 6.8%, respectively). While TFL
systems showed a similar weighted pathology progression (3%), pulsed TFL systems had
a greater rate of RNU (16.6%) compared to thu:YAG. Similarly, Ho:YAG-based cohorts
reported a weighted RNU proportion of 18.6%, and the highest weighted progression
proportion (21.7%) among all the laser energies.

These findings suggest that, although recurrence is common, biological progression
leading to loss of kidney-sparing feasibility occurs in a minority of patients when treated
with thulium-based systems, supporting the oncological acceptability of eKSS in selected
settings [40]. Pulsed TFL-based system showed intermediate results in terms of oncological
outcomes between Thu:YAG and Ho:YAG systems.

Third, major complications were rare across all laser technologies, with broadly com-
parable safety profiles. Minor complications were more frequently reported but highly
heterogeneous in definition and reporting, limiting meaningful comparisons between
laser platforms. Although Thu:YAG systems showed a relatively high weighted rate of
any complication (41.3%), the corresponding weighted rate of major complications was
only 1%.

A tendency toward higher major complication rates was observed in Nd:YAG- and
Ho:YAG-based series. These results are consistent with the historical literature. In the
series by Blute et al. [41] patients were treated mainly with Nd:YAG laser at power settings
between 30 and 35 W and major complication rates of approximately 7%. Accordingly,
Nd:YAG + Ho:YAG series demonstrated the highest weighted proportion rate of major
complication with Ho:YAG series (5.7% and 6.2%). This may reflect the limited controllabil-
ity of Nd:YAG energy, which exhibits deep tissue penetration approaching 10 mm due to
hemoglobin as the primary chromophore [37,42].

4.2. Historical and Technological Context

The evolution of eKSS for UTUC reflects a progressive refinement of energy sources
aimed at balancing effective tumor ablation with preservation of the urothelial wall. Early
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conservative experiences relied on percutaneous resection, ureteroscopic fulguration, and
Nd:YAG laser ablation [43-45].

Despite the less favorable trends observed for Nd:YAG-based series in our systematic
review, some earlier cohorts reported acceptable oncological outcomes with this energy
source when coupled with strict surveillance protocols.

For instance, Gaboardi et al. treated 18 patients with histologically confirmed UTUC
using retrograde ureteropyeloscopic Nd:YAG laser irradiation (25-30 W), reporting that
ten patients remained tumor-free after 6-30 months of follow-up, while eight experienced
recurrence managed with repeat laser ablation and intracavitary chemotherapy [46]. Only
one patient required subsequent RNU, and no cases of disseminated disease were observed.

The subsequent introduction of Ho:YAG laser represented a pivotal technical ad-
vance [47]. Its shallow penetration depth and water-based absorption improved safety
and precision, facilitating widespread adoption in eKSS. Large Ho:YAG-based series have
consistently reported satisfactory cancer-specific survival, particularly in low-grade tu-
mors, while documenting high rates of both local recurrence and progression. Although
recurrence and progression appear to follow similar trends within Ho:YAG-only cohorts,
comparison across different laser platforms suggests that these two endpoints may repre-
sent biologically distinct phenomena [18,19,32].

Thulium-based platforms were introduced with the goal of further improving ablation
precision and hemostasis. Continuous-wave and p-Thu:YAG systems provide continuous
or quasi-continuous energy delivery with high water absorption and limited penetration
depth, potentially enhancing visualization and completeness of ablation. In the present re-
view, series employing Thu:YAG and pulsed systems (TFLs) demonstrated lower weighted
progression and RNU rates compared with Ho:YAG-based cohorts, suggesting a possible
oncological advantage in terms of biological control rather than local recurrence prevention.
Thu:YAG-based systems may exhibit a greater ability to achieve effective tissue vaporiza-
tion compared with Ho:YAG, which, in the context of UTUC treatment, could translate into
improved oncological outcomes. Furthermore, patients treated with TFL and Thu:YAG
systems showed a lower weighted rate of overall complications, which may reflect the
superior cutting precision and coagulation properties of thulium-based energy compared
with continuous-wave Ho:YAG systems.

4.3. Interpretation and Sources of Bias

Despite these encouraging descriptive trends, caution is warranted in attributing
improved outcomes to laser technology alone. Several sources of bias likely influence the
observed differences. Most notably, temporal confounding is substantial: Thu:YAG and TFL
series are predominantly more recent and therefore benefit from parallel advances in digital
flexible ureteroscopy, high-definition optics, irrigation systems, biopsy devices, periopera-
tive management, and structured surveillance protocols [48]. In addition, patient selection
and risk stratification have evolved over time, with increasing adherence to guideline-based
criteria favoring conservative management in biologically favorable tumors [3,49].

Follow-up duration represents another critical limitation. Median follow-up in
thulium-based and TFL series was generally shorter than in Ho:YAG cohorts, potentially
underestimating late progression and RNU rates. Given the indolent but persistent natu-
ral history of UTUC, particularly in high-grade disease, short follow-up may artificially
accentuate apparent differences between laser platforms.

Furthermore, outcome definitions varied widely across studies. Recurrence, progres-
sion, and endoscopic failure were inconsistently defined, and outcomes were often reported
per procedure rather than per patient. Reporting of laser settings, fiber diameter, and abla-
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tion strategy was incomplete and non-standardized, precluding meaningful assessment of
dose-response relationships or technical determinants of oncological control.

4.4. Role of Tumor Biology and Patient Selection

Across all laser technologies, tumor biology remains the dominant driver of onco-
logical outcomes [50]. Low-grade UTUC treated endoscopically is consistently associated
with excellent disease-specific survival despite frequent recurrences, whereas high-grade
disease carries a substantially higher risk of progression, metastasis, and loss of kidney-
sparing feasibility. In the present review, a considerable proportion of patients harbored
high-grade and/or high-risk tumors, often treated under imperative indications, which
likely contributed to the observed heterogeneity in progression and RNU rates.

These findings reinforce current guideline recommendations that endoscopic eKSS
should primarily be reserved for low-risk UTUC, while conservative treatment of high-risk
disease should be limited to selected imperative cases managed in experienced centers and
within strict surveillance protocols [3].

4.5. Clinical Implications

From a clinical standpoint, current evidence does not support the identification of a
single “best” laser platform for UTUC eKSS. While thulium-derived technologies and TFL
show favorable descriptive trends, these data remain hypothesis-generating and insulfficient
to justify a change in standard practice. Laser selection should therefore be individualized
based on tumor characteristics, procedural objectives, surgeon expertise, and institutional
availability, rather than expectations of superior oncological efficacy related to laser type
alone. The major knowledge gap highlighted by this review is the absence of high-quality
comparative evidence. Future studies should prioritize prospective multicenter designs
or robust registries with standardized eligibility criteria, harmonized outcome definitions,
adequate follow-up, and detailed reporting of laser parameters and ablation techniques.
Only through such methodologically rigorous efforts will it be possible to determine
whether specific laser technologies confer clinically meaningful advantages in oncological
control or safety in kidney-sparing management of UTUC.

5. Limitations

Some limitations of the present systematic review should be acknowledged. First, the
available evidence is almost exclusively based on retrospective, single-center observational
studies, with moderate-to-serious risk of bias, particularly related to confounding and
patient selection. No randomized controlled trials and only a limited number of prospective
cohorts were identified, which precludes causal inference.

Second, substantial heterogeneity exists across studies in terms of patient risk profiles,
tumor grade and stage distribution, multifocality, lesion size, endoscopic techniques, laser
settings, fiber diameters, and follow-up schedules. Outcome definitions, especially for
recurrence, progression, and endoscopic failure, varied considerably, limiting comparability.
Many studies reported outcomes per procedure rather than per patient, and intravesical
recurrence and survival endpoints were inconsistently available.

Third, several series reported the use of newer Thu:YAG systems in pulsed modality,
such as pulsed p-tm:YAG, as well as platforms combining continuous-wave Tm:YAG with
Ho:YAG. Given the limited number of studies within each subgroup and the substantial
heterogeneity in pulse-modulated technologies, we did not perform separate analyses
based on pulse shape. Instead, authors elected to prioritize classification according to
solid-state laser technology (energy source) rather than emission mode. This represents a
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reflection that new technologies might support even more promising outcomes than those
shown in this review as more evidence becomes available.

Furthermore, the reporting of laser-related technical parameters was incomplete and
non-standardized in most studies, preventing meaningful assessment of dose-response
relationships or identification of optimal settings. Similarly, advances in endoscopic instru-
mentation and imaging over time introduce relevant temporal confounding, particularly
when comparing older Nd:YAG or Ho:YAG series with more recent thulium-based cohorts.

Finally, although we used sample-size-weighted descriptive estimates, this approach
does not account for between-study variability and should not be interpreted as formal
pooled effect measures. The observed differences among laser categories must therefore be
considered hypothesis-generating.

6. Conclusions

Endoscopic kidney-sparing laser treatment represents a feasible and safe strategy for
selected patients with upper tract urothelial carcinoma. Across heterogeneous observational
evidence, Thu:YAG and TFL platforms seem to demonstrate encouraging descriptive trends
toward lower recurrence, progression rates and major complications. However, due to
the heterogeneity of reports and temporal trends toward the implementation of these
technologies, in more recent reports superiority cannot be inferred.

Endoscopic eKSS using laser energy should be regarded as the cornerstone endouro-
logical approach when UTUC patients are appropriately selected. Particular interest should
be placed in thulium-derived platforms, based on their favorable descriptive oncological
outcomes and low complications rate. However, in the absence of high-level comparative
evidence, no standard laser platform can be recommended based on existing data. Prospec-
tive, comparative, and methodologically robust studies are needed to define whether
specific laser technologies confer clinically meaningful advantages in oncological control or
safety in UTUC eKSS.
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