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ABSTRACT

Introduction. Combined criteria have been used in many
facets of urologic surgical care in the management of uro-
logical cancer. We aimed to validate the prognostic ability of
a pentafecta related to the outcomes of radical nephroureter-
ectomy (RNU) for upper tract urothelial carcinoma (UTUC).
Patients and Methods. Data were obtained from the Clini-
cal Research Office of the Endourology Society Urothelial
Carcinomas of the Upper Tract (CROES-UTUC) registry, a
prospective multinational database. Non-metastatic UTUC
patients treated with RNU were included. We adopted a pen-
tafecta criteria of (1) negative surgical margin; (2) en bloc
resection of the bladder cuff; (3) absence of major complica-
tions; (4) template-based lymph node dissection performed
per European Association of Urology guidelines; and (5)
absence of recurrence (urothelial and/or distant recurrence)
within 12 months. Outcomes were pentafecta achievement
rates and oncological outcomes, including overall survival
(OS) and recurrence-free survival (RFS). Kaplan—-Meier
survival analyses with log-rank were performed on survival
outcomes. Multivariate Cox regression was performed to
identify confounders, and logistic regression was performed
to identify factors that confounded the pentafecta achieve-
ment rate.

Results. Overall, 1049 cases were analyzed, and pen-
tafecta was achieved in 504 patients (48.0%). Baseline
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characteristics were comparable between those who achieved
pentafecta versus those who did not. Pentafecta achieve-
ment was associated with OS advantage (hazard ratio
[HR] 0.586, p = 0.024) and RFS advantage (HR 0.291,
p = 0.001). Multivariate Cox regression analysis identified
that only pentafecta achievement and advanced T stage were
independent predictors of RFS and OS. A ureteric location
(compared with pelvicalyceal tumor) (odds ratio [OR] 0.424,
p = 0.002), multifocality (OR 0.191, p < 0.001) and open
RNU (OR 0.661, p = 0.010) were predictors of pentafecta
non-achievement.

Conclusion. We validated a pentafecta that gauged surgi-
cal quality for RNU. Quality-of-care metrics should be pro-
moted to unify surgical outcomes in UTUC management.

Keywords Upper tract urothelial carcinoma -
Nephroureterectomy - Survival outcomes - Quality-of-care
metrics - Pentafecta

Upper tract urothelial carcinoma (UTUC) is a relatively
rare malignancy, representing only 5-10% of all urothelial
tumors.' Despite its lower incidence compared with bladder
cancer, UTUC can be highly aggressive, with a substantial
risk of early recurrences and disease-specific mortality.>

The European Association of Urology (EAU) guide-
lines recommend radical nephroureterectomy (RNU) as
the gold-standard treatment for high-risk UTUC,* which
includes muscle-invasive or high-grade disease as identi-
fied by endoscopic or radiological evaluation. In a real-life
clinical scenario, RNU is often the treatment of choice for
low-risk UTUC patients who are good surgical candidates
and have satisfactory contralateral kidney function.*> While
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RNU offers favorable oncological control for many patients,
outcomes can vary significantly depending on tumor biol-
ogy, surgical technique, and adherence to established perio-
perative measures such as bladder cuff resection and lymph
node dissection (LND).

In recent years, composite metrics or ‘fecta’ frame-
works—combining oncological, surgical, and functional
endpoints—have emerged as powerful tools to comprehen-
sively assess the quality of urologic oncology procedures.’
For instance, pentafecta concepts have been successfully
introduced in radical prostatectomy to integrate key perfor-
mance indicators, including margin status, complications,
continence, potency, and oncologic control.> Similarly,
early frameworks for partial nephrectomy incorporate
parameters such as negative margins, minimal ischemia
time, perioperative safety, and preserved renal function. %2
These metrics offer a holistic snapshot of surgical achieve-
ment and help standardize reporting across centers, enabling
meaningful comparisons that can drive quality improvement.
However, until recently, no uniform composite endpoint
existed to capture the critical elements of RNU, despite its
recognized importance in UTUC management.

The present study addresses this gap by examining a pen-
tafecta for RNU in patients with high-risk UTUC, encom-
passing five parameters: negative surgical margins, en bloc
excision of the distal ureteral cuff, performance of LND in
line with guidelines, freedom from major perioperative com-
plications, and absence of any disease recurrence (urothelial
and/or distant recurrence) at 12 months. Conceptual paral-
lels have been drawn from recent work proposing tetrafecta
or pentafecta endpoints for RNU.'*!* By applying this pen-
tafecta to a large, multi-institutional cohort, we aimed to
assess its feasibility, prevalence, and correlations with onco-
logical outcomes such as recurrence-free survival (RFS) and
overall survival (OS) in a real-life scenario of UTUC man-
agement. We believe that by examining such a composite
measure, surgical proficiency and uniform quality reporting
can be fostered in order to enhance patient care in UTUC.

PATIENTS AND METHODS

The Clinical Research Olffice of the Endourology Society
Urothelial Carcinomas of the Upper Tract (CROES-UTUC)
Registry

Data for the present analysis were sourced from The Clin-
ical Research Office of the Endourology Society Urothelial
Carcinomas of the Upper Tract (CROES-UTUC) registry.'>
Established in 2014, this registry is one of the largest real-
world, prospective, global databases in UTUC management,
incorporating contributions from 29 participating centers
across 101 countries. The registry is registered on Clini-
calTrials.gov (NCT02281188)!'® and adheres to the study

protocol published according to the Agency for Healthcare
Research and Quality guidelines for the design and use of
patient registries for scientific, clinical, and health policy
purposes.'>!” This study included consecutive patients over
the age of 18 years diagnosed with non-metastatic UTUC
and treated with RNU. Cases with known metastasis as prior
operation, as well as those with insufficient baseline and/or
follow-up data were excluded. Patient baseline characteris-
tics, disease details, treatment information, and follow-up
data were documented.

Radical Nephroureterectomy Pentafecta

A surgical pentafecta of five different criteria was
adopted, based on the pentafecta and surgical quality-of-care
metric for RNU described by Konig et al.'* and Soria et al.'*
These criteria were based on expert consensus and were pro-
posed to reflect the quality of the overall management of
UTUC. They covered three domains: surgical, postoperative,
and oncological. Criterion 1, i.e. a negative surgical soft tis-
sue margin and criterion 2, i.e. en bloc resection of the blad-
der cuff and criterion 3, i.e. LND performed per recommen-
dation of the EAU guideline, covered the surgical domain.
Criterion 4, i.e. absence of major complications within 30
days of operation, covered the postoperative domain, and
criterion 5, i.e. absence of any disease recurrence within
12 months from operation, covered the oncological domain.
Regarding the criterion of en bloc resection of the bladder
cuff, this was defined as the adoption of open bladder cuff
excision, or total laparoscopic RNU with en bloc resection
of the bladder cuff, which was recommended by the EAU
guideline. As related to the criterion of LND, the EAU
guideline recommended that a template-based LND would
be mandated for high-risk UTUC, while in low-risk UTUC,
this would be optional. Regarding the criterion of absence
of 12-month disease recurrence, recurrence was defined as
recurrence at all sites, including local, contralateral kidney,
bladder, or distant metastasis.

Other Reported Parameters

Patient baseline characteristics, disease information, and
treatment details were collected and analyzed. The reported
tumor grading adhered to the World Health Organization
classifications of 2004 and 2016. Complications were
charted according to the Clavien—-Dindo classification; grade
3 or higher complications were regarded as major. Disease
staging was based on pathological examination of the RNU
specimen in accordance with the TNM classification.'® Data
collection was facilitated by the online Data Management
System, a web-based platform located at the CROES office.
Given the multicenter, multi-institutional, retrospective
nature of this study, there was no standardized follow-up
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protocol, and hence the follow-up was performed in accord-
ance with international guidelines in general.

Definition of Outcomes

The analysis outcomes were (1) pentafecta achievement
rates and (2) oncological outcomes, including RFS and
OS. The cohort was then classified into the (1) pentafecta
achievement group and (2) pentafecta non-achievement
group for further analysis. RFS was defined as the absence
of death or all-site recurrence (local, contralateral, distant
and urothelial). Duration was defined as the period from
operation until the occurrence of recurrence or death, while
OS was defined as the interval from RNU to death. Patients
were censored at the last follow-up.

Statistical Analysis

The Pentafecta achievement rate was represented as
the binary outcome. Differences in categorical variables
between groups were assessed using Pearson’s Chi-square
test or Fisher’s exact test as appropriate, while continuous
variables were evaluated using the Mann—Whitney U test in
a non-parametric fashion. Kaplan—Meier analysis with log-
rank test was used to delineate RFS and OS. Univariate and
multivariate Cox regression analyses (proportional hazards
regression) were performed to identify potential confounders
influencing RFS and OS. Variables included in the multi-
variate analysis were either those identified as significant
(p < 0.05) or near-significant (p < 0.2) in the univariate
analysis, known contributory factors documented in exist-
ing literature, or existed as baseline discrepancies between
groups. Logistic regression was performed on the pentafecta
achievement rate. All statistical tests were two-sided, with
a p-value <0.05 considered statistically significant. Statisti-
cal analyses were conducted using SPSS version 25.0 IBM
Corporation, Armonk, NY, USA).

RESULTS

Upon applying the inclusion and exclusion criteria, a total
of 1049 patients were analyzed, Table 1 describes the penta-
fecta achievement rates of this cohort. Of the entire cohort,
999 patients achieved a negative surgical margin (95.2%);
810 patients received en bloc resection of the bladder cuff
(77.2%). Absence of Clavien—Dindo grade 3 or higher com-
plications was achieved in 1002 patients (95.5%), adherence
to the EAU recommendation for LND was achieved in 775
patients (73.9%), and absence of recurrence was achieved in
953 patients (90.8%). Overall, 504 patients achieved all of
these criteria (48.0%) (Fig. 1).

Upon classification to (1) pentafecta achievement and (2)
non-achievement groups, the two groups had comparable

patient and disease baseline characteristics (Table 1). Patient
baseline characteristics, including age, body mass index
(BMI), existing renal failure, and cardiovascular comorbidi-
ties, were comparable for the two groups. The pentafecta
achievement cohort had a relatively larger portion patients
with American Society of Anesthesiologists (ASA) grade
1-2 (66.8% vs. 56.5%, p < 0.001). For disease characteris-
tics, the majority of tumors in both groups were located in
the renal pelvis and calyces rather than the ureter (51.2%
and 46.6%). Tumor grade, T stage, and the proportion of
preoperative hydronephrosis of the operating side were
comparable. The pentafecta achievement group consisted
of more patients with multifocal tumors (17.1% vs. 28.6%,
p < 0.001). With regard to treatment details, the pentafecta
achievement group had more operations performed using
a laparoscopic approach or robot-assisted laparoscopic
approach than the non-achievement group (68.8% vs. 59.9%,
p < 0.001). Postoperative stay, duration of surgery, and num-
ber of patients receiving intravesical chemotherapy after
RNU were comparable (details are listed in Table 1). Upon
assessing the potential factors related to pentafecta achieve-
ment using logistic regression, it was noted that multifocal
tumor and ureteric tumor location were independent fac-
tors associated with pentafecta non-achievement, while the
use of minimally invasive surgery (laparoscopic or robot-
assisted laparoscopic) was a predictor of fecta achievement
(Table 2).

The pentafecta achievement group was associated with
superior OS (hazard ratio [HR] 0.586, 95% confidence
interval [CI] 0.357-0.962, p = 0.035) and RFS (HR 0.291,
95% CI 0.203-0.419, p < 0.001) compared with the non-
achievement group. The Kaplan—Meier survival plots of OS
and RFS are presented in Fig. 2. In the univariate analysis
for factors contributing to OS, pentafecta non-achievement,
multifocality, advanced tumor T stage, tumor grading, and
the use of adjuvant systemic chemotherapy were predictors
of inferior survival (Table 3a). Upon multivariate analysis,
pentafecta non-achievement was the only significant factor
(HR 0.549, 95% C1 0.315-0.956, p = 0.034). In the multi-
variate regression analysis for RFS, pentafecta non-achieve-
ment (HR 0.248, 95% CI1 0.167-0.367, p < 0.001), advanced
T stage (HR 2.321, 95% CI 1.412-3.817, p = 0.0041) and
adjuvant chemotherapy (HR 3.127, 95% CI 2.023-4.835,
p < 0.001) were statistically significant factors for inferior
outcomes (Table 3b).

DISCUSSION

RNU remains the gold-standard treatment for high-
risk UTUC,® however surgical outcomes and long-term
oncologic benefits still vary widely depending on opera-
tive technique, institutional expertise, and patient selec-
tion; in particular, the adoption of minimally invasive
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TABLE 1 Patient and disease characteristics according to pentafecta achievement

No. of patients, % Pentafecta achievement Pentafecta non-achievement p-Value
504 48.0% 545 52.0%

Median follow-up duration, months 15.4 14.1

Median age, years (IQR) 71 14 71 14 0.102

Sex (male:female), % 354:150 70.2%:29.8% 380:165 69.7%:30.3% 0.841

Median BMI, m%kg (IQR) 25.2 52 25.4 5 0.138

Surgery duration, mins (SD) 193.5 90 180.4 86 0.069

Postoperative instillation, % 66 13.1% 59 10.8% 0.308

Length of hospital stay, days (IQR) 7 4 7 5 0.756

Complications

All grade complications 80 15.9% 128 23.5% 0.031

Clavien—Dindo grade 1-2 80 15.9% 79 14.5%

Clavien—-Dindo grade 3 or higher 0 0% 39 7.2%

Mean preoperative eGFR, mL/min/1.73m? (SD) 63.4 22.7 63.3 22.8 0.916

Significant cardiovascular disease, % 61 13.3% 86 15.8% 0.323

History of smoking, % 279 55.3% 323 59.3% 0.128

ASA, % <0.001

lor2 331 66.8% 308 56.5%

3+ 173 33.2% 237 43.5%

Past history of, or concurrent, bladder cancer, % 66 13.1% 102 18.7% 0.013

Surgical approach, % <0.001

Open 157 31.2% 222 40.7%

Laparoscopic 287 56.9% 277 52.7%

Robot-assisted laparoscopic 59 11.7% 46 8.4%

Ipsilateral hydronephrosis, % 141 25.9% 172 31.6% 0.205

Tumor laterality (left:right), % 284:220 56.0% 278:267 51.0% 0.083

Tumor location,% 0.619

Ureter 110 21.8% 150 27.5%

Renal pelvis 258 51.2% 254 46.6%

Ureter and renal pelvis 57 11.3% 50 9.2%

Missing 79 15.7% 91 16.7%

Multifocality, % 86 17.1% 144 28.6% <0.001

Histology, % 0.609

Grade 1 33 6.5% 35 6.4%

Grade 2 117 23.2% 117 21.5%

Grade 3 327 64.9% 362 66.4%

Missing 27 5.4% 31 5.7%

pT stage, % 0.815

Talis 9 1.8% 10 1.8%

1 130 25.8% 145 26.6%

2 133 26.4% 134 24.6%

3 198 39.3% 227 50.8%

4 34 6.7% 29 5.3%

eGFR Estimated glomerular filtration rate, pT Pathological T stage, IQR Interquartile range, BMI Body mass index, SD Standard deviation, ASA
American Society of Anesthesiologists

surgery is growing.'>?" In recent years, the introduction  different procedures in urologic oncology.?! For example,
and validation of composite measures—termed ‘fecta’ the concept of pentafecta has been increasingly studied and
metrics—have allowed clinicians to quantify and com-  adopted in radical prostatectomy and partial nephrectomy,
pare treatment quality and post-treatment outcomes across
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FIG.1 Pentafecta achievement rates. EAU European Association of Urology

TABLE 2 Multivariable logistic regression analyses for the predic-
tion of pentafecta achievement

Multivariate analysis

OR  95% CI p-Value
Smoking history 0.945 0.677-1.319 0.738
Age 1.021 1.005-1.038 0.01
BMI 0.974 0.938-1.011 0.163
Female 1.051 0.73-1.514 0.788
cT stage (Ta/is/1 as reference)
T2 0.882 0.577-1.349 0.563
T3 0.752 0.501-1.129 0.169
T4 1.17  0.525-2.609 0.701
Tumor grade (grade 1/2 as reference) 1.051 0.739-1.497 0.781
Tumor location (Ref: pelvicalyceal)
Ureter 0.424 0.246-0.731 0.002
Ureteric and renal pelvic tumor 0.753 0.456-1.245 0.269
Multifocality 0.191 0.122-0.3 <0.001
Ipsilateral hydronephrosis 0.952 0.666-1.362 0.789
MIS RNU (open RNU as reference) 1.523 1.104-2.1 0.01
Previous bladder cancer 096 0.663-1.389 0.828

BMI body mass index, MIS minimally invasive surgery, RNU radical
nephroureterectomy, OR odds ratio, CI confidence interval

helping to consolidate functional, oncologic, and periop-
erative parameters into a single composite endpoint.
Evidence for RNU has remained scarce until recently,
when multi-institutional collaborations have put forth stand-
ardized criteria to define RNU fecta.'>!* In the present study,
we adopted a pentafecta framework that examines key surgi-
cal, perioperative, and early oncologic endpoints for RNU.

While the achievement rates of each of these metrics ranged
from 70% and higher, we found that approximately half of
our cohort met these five criteria. This highlights that opera-
tive considerations (e.g., surgical margin status, bladder
cuff technique, thorough LND), perioperative safety (i.e.,
avoidance of major morbidity), and early oncologic control
each contribute considerably to quality-of-care metrics. The
significant associations between pentafecta achievement and
oncological outcomes were in parallel with earlier data in
which composite metrics were shown to predict long-term
outcomes in RNU.'*!* The consistency between our findings
and these multi-institutional cohorts underscores the pivotal
role that technical excellence and judicious perioperative
management play in UTUC care. Indeed, negative soft-tissue
surgical margins reduce tumor seeding and local spread,??
while adequate bladder cuff management mitigates the risk
of ureteral stump recurrence, with incidence rates as high as
58% in incomplete resection scenarios.”*** Likewise, routine
or template-based LND, particularly in high-risk or muscle-
invasive UTUC, aids in accurate staging, and defines better
indications for adjuvant therapies.?>*°

Our data further highlight the importance of periopera-
tive safety measures in driving outcomes, with the absence
of major complications correlating with improved survival.
This observation mirrors experiences in RNU as well as in
other urologic surgeries,”’-*® where composite endpoints
consistently include avoidance of high-grade complications,
confirming the powerful negative effect that severe morbid-
ity exerts on patient recovery and survival. The relatively
high proportion of patients attaining the ‘no major com-
plications’ criterion demonstrates that even in a real-world
scenario level with diverse surgical approaches, it is feasible
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FIG. 2 Kaplan—Meier esti-
mates of oncological outcomes
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to maintain low morbidity when established safety protocols
and surgical skill sets are in place.

We additionally demonstrate that the ‘no early recurrence’
criterion serves as a surrogate marker of both technical pro-
ficiency, appropriate patient selection, and adequate perio-
perative systemic therapy. In fact, including an oncologi-
cal criterion among other treatment-associated factors was
more controversial but was not unheard of.?° The absence of
early recurrence criterion is a surrogate marker for multiple
crucial steps in UTUC management, such as correct case
selection,’® adequate perioperative systemic treatment,’’
and/or intravesical instillation.*>** Including a criterion of
oncological outcomes alongside functional outcomes was
first proposed in a cohort of radical prostatectomy?’ and was
adopted in a multitude of urological oncology surgeries**>°
(Table 4). Its use in UTUC management stemmed from the

different facets in the perioperative care of RNU. While
being a relatively complex and aggressive cancer with a
multitude of perioperative interventions accumulating in
updated evidence, such as neoadjuvant and/or adjuvant
systemic therapy (chemotherapy and immune checkpoint
inhibitors), as well as neoadjuvant and/or bladder instilla-
tion, to capture all of these factors in one fecta set of criteria.
A composite surrogate such as this would hopefully under-
score the above factors, all of which must be harmonized
to avert early recurrence. Using a 12-month timepoint as a
cut-off of ‘early’ recurrence stemmed from the tumor biol-
ogy of UTUC. It is known that UTUC is associated with
high propensity of early recurrence, with all-site recurrence
risks following RNU being as high as 47%.%"~*° Therefore,
a 12-month period would be able to capture a substantial
number of at-risk postoperative patients.
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TABLE 3 Univariable and multivariable Cox regression analyses for the prediction of oncological outcomes

Univariate analysis

Multivariate analysis

Effect size 95% CI p-Value Eftect size 95% CI p-Value
(a) Overall survival
Pentafecta achievement 0.586 0.357 0.962 0.035 0.549 0.315 0.956 0.034
Smoking history 1.268 0.776 2.073 0.343 - - - -
Age 1.015 0.993 1.038 0.188 - - - -
Sex (male as reference) 1.428 0.825 2.473 0.203 - - - -
Existing chronic kidney disease 1.311 0.813 2.116 0.267 - - - -
Past history of bladder cancer 1.196 0.699 2.048 0.514 - - - -
Multifocality 1.682 0.954 2.963 0.072 1.285 0.7 2.36 0.418
Surgical approach (open as reference)
Laparoscopic 1.014 0.598 1.718 0.96 - - - -
Robot-assisted laparoscopic 1.219 0.58 2.564 0.602 - - - -
pT stage (Ta/is as reference)
T2 2.02 0.847 4.821 0.113 1.397 0.545 3.582 0.486
T3 3.59 1.682 7.659 0.001 2.287 0.964 5.421 0.06
T4 6.179 2.136 17.875 0.001 3.853 1.173 12.657 0.026
Tumor grade (grade 1 and 2 as reference) 2.838 1.404 5.737 0.004 1.751 0.821 3.737 0.147
Adjuvant chemotherapy 2.656 1.471 4.796 0.001 1.853 0.945 3.636 0.073
Adjuvant bladder instillation 0.869 0.415 1.818 0.709 - - - -
(b) Recurrence-free survival
Pentafecta achievement 0.291 0.203 0.419 <0.001 0.248 0.167 0.367 <0.001
Smoking history 1.3 0.946 1.786 0.106 1.126 0.783 1.619 0.522
Age 1.01 0.996 1.025 0.176 - - - -
Sex (male as reference) 1.315 0.931 1.858 0.12 1.297 0.871 1.933 0.201
Existing chronic kidney disease 1.388 1.022 1.886 0.036 1.127 0.8 1.588 0.495
Past history of bladder cancer 0.99 0.692 1.418 0.958 - - - -
Multifocality 1.456 0.995 2.132 0.053 0.894 0.602 1.33 0.582
Surgical approach (open as reference)
Laparoscopic 1.088 0.771 1.536 0.63 - - - -
Robot-assisted laparoscopic 1.263 0.783 2.036 0.338 - - - -
pT stage (Ta/is as reference)
T2 1.657 0.985 2.786 0.057 1.305 0.75 2272 0.347
T3 2.849 1.817 4.466 <0.001 2.321 1.412 3.817 0.001
T4 5.62 2.979 10.601 <0.001 4.939 2.482 9.825 <0.001
Tumor grade (grade 1 and 2 as reference) 2.318 1.521 3.532 0 - - - -
Adjuvant chemotherapy 2.765 1.883 4.061 <0.001 3.127 2.023 4.835 <0.001
Adjuvant bladder instillation 0.762 0.461 1.26 0.29 - - - -

CI confidence interval

Nevertheless, it is important to recognize certain limita-
tions. First, as with many multi-institutional datasets, differ-
ences in surgeon experience, technique standardization, and
follow-up protocols might introduce heterogeneity. The data
analysis was retrospective in nature. Selection bias, varia-
tions in center and surgeon experience, and heterogeneity
of a center’s follow-up protocol could not be accounted for.
The limitation of follow-up duration may also impose bias
into the analysis, as late recurrences and metastasis might
not be captured adequately. While we aimed to address this

through consistent definitions and data management, future
validation in prospective trials or meticulously designed reg-
istries would strengthen our findings and potentially refine
the pentafecta criteria, especially knowing that fecta criteria
might perform differently in different healthcare settings and
patient populations. Second, the role and extent of LND,
while part of our pentafecta definition, remains somewhat
debated. Although guidelines recommend template-based
LND in muscle-invasive UTUC, real-world adoption var-
ies and a definitive consensus across risk strata has yet to
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be fully established. Furthermore, the lack of uniformity
in the LND template could not be adequately solved as no
single template is recommended by the guidelines as yet.
Moreover, our study represents one of the early attempts
to validate the clinical use of RNU fecta. We acknowledge
that data on quality of life, functional outcomes, and patient-
reported outcomes (that were addressed in prostatectomy
and nephrectomy fectas) are generally lacking, for example
renal function decline and its subsequent impact on general
health. While the analysis is a retrospective examination of
prospectively collected data, limitations on data have to be
addressed, such as data multicollinearity that could be pre-
sent in the multivariable regression analysis, and the lack
of potentially important variables (e.g. neoadjuvant and
adjuvant systemic therapy regimens), despite our careful
attempts to select variables that could be adopted for the
regression analysis. Finally, our limited follow-up duration
may not capture late events. While a 12-month event-free
interval is a suitable proxy for acute and early-mid onco-
logic risks, later recurrences could also be influenced by the
quality of the initial surgery.

Looking ahead to the everyday clinical scenario, pen-
tafecta or its variants offer a unifying metric for auditing,
benchmarking, and continuous quality improvement in
UTUC management, providing benefits that single endpoints
alone cannot achieve. At the research level, these surgical
quality-of-care metrics can serve as comparative bench-
marks during the exploration of novel UTUC therapeutic
tactics, such as robotic surgery, segment resection, or intra-
luminal instillation of chemotherapeutic agents.*’

CONCLUSION

We validated a pentafecta that gauged surgical quality for
RNU, which can be recommended for the standardization
of UTUC care. Quality-of-care metrics should be further
promoted to unify and improve surgical outcomes in the
surgical management of UTUC.

AUTHOR CONTRIBUTIONS JYCT and CMW had full access to
all the data in the study and take responsibility for the integrity of the
data and the accuracy of the data analysis. Concept and design: CMW,
JdIR. Acquisition, analysis, or interpretation of data: All authors. Draft-
ing of the manuscript: CMW. Critical revision of the manuscript for
important intellectual content: CMW, JYCT. Statistical analysis: CMW,
SL. Administrative, technical, or material support: ICHK, DKWL.
Supervision: JdIR, JYCT.

FUNDING This work was supported by an unrestricted educational
grant from STORZ to the Clinical Research Office of the Endourology
Society (CROES).

DISCLOSURE Ho-Ming Wong, Ivan Ching-Ho Ko, David Ka-Wai
Leung, Kang Liu, Hongda Zhao, Steven Leung, Pilar Laguna, Jean de

la Rosette, and Jeremy Yuen-Chun Teoh have no conflicts of interest to
declare that may be relevant to the contents of this study.

OPEN ACCESS This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

REFERENCES

1. Nally E, Young M, Chauhan V, Wells C, Szabados B, Powles
T, et al. Upper tract urothelial carcinoma (UTUC): preva-
lence, impact and management challenge. Cancer Manag Res.
2024;16:467-75.

2. Zahalka AH, Margulis V. Minimizing overtreatment and maxi-
mizing oncologic outcomes in upper tract urothelial carcinoma.
Curr Opin Urol. 2025;35(1):96-102.

3. Roupret M, Seisen T, Birtle AJ, Capoun O, Comperat EM,
Dominguez-Escrig JL, et al. European association of urology
guidelines on upper urinary tract urothelial carcinoma: 2023
update. Eur Urol. 2023;84(1):49-64.

4. Upfill-Brown A, Lenis AT, Faiena I, Salmasi AH, Johnson DC,
Pooli A, et al. Treatment utilization and overall survival in
patients receiving radical nephroureterectomy versus endoscopic
management for upper tract urothelial carcinoma: evaluation of
updated treatment guidelines. World J Urol. 2019;37(6):1157-64.

5. Raman J, Shore ND. Management of low-grade upper tract
urothelial carcinoma: an unmet need. Rev Urol. 2020;22(1):1-8.

6. Fang D, Seisen T, Yang K, Liu P, Fan X, Singla N, et al. A
systematic review and meta-analysis of oncological and renal
function outcomes obtained after segmental ureterectomy versus
radical nephroureterectomy for upper tract urothelial carcinoma.
Eur J Surg Oncol. 2016;42(11):1625-35.

7. Butterworth JW, Boshier PR, Mavroveli S, Reynolds JV, Kim
YW, Hanna GB. A proposed framework of strategies to overcome
challenges to surgical quality assurance in oncology trials (SQA-
Onc). Eur J Surg Oncol. 2025;51(5):109593.

8. Bejrananda T, Takahara K, Sowanthip D, Motonaga T, Yagi K,
Nakamura W, et al. Comparing pentafecta outcomes between
nerve sparing and non nerve sparing robot-assisted radical
prostatectomy in a propensity score-matched study. Sci Rep.
2023;13(1):15835.

9. Patel VR, Abdul-Muhsin HM, Schatloff O, Coelho RF, Valero
R, Ko YH, et al. Critical review of “pentafecta” outcomes after
robot-assisted laparoscopic prostatectomy in high-volume cen-
tres. BJU Int. 2011;108(6 Pt 2):1007-17.

10. Hung AJ, Cai J, Simmons MN, Gill IS. Trifecta in partial
nephrectomy. J Urol. 2013;189(1):36-42.

11. Bai N, Qi M, Shan D, Liu S, Na T, Chen L. Trifecta achieve-
ment in patients undergoing partial nephrectomy: a systematic
review and meta-analysis of predictive factors. Int Braz J Urol.
2022;48(4):625-36.

12. Kim DK, Kim LH, Raheem AA, Shin TY, Alabdulaali I, Yoon
YE, et al. Comparison of trifecta and pentafecta outcomes


http://creativecommons.org/licenses/by/4.0/

Radical Nephroureterectomy Pentafectaasa ...

1857

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

between Tla and T1b renal masses following robot-assisted
partial nephrectomy (RAPN) with minimum one year follow
up: can RAPN for T1b renal masses be feasible? PLoS One.
2016;11(3):e0151738.

Konig F, Grossmann NC, Soria F, D’Andrea D, Juvet T, Potretzke
A, et al. Pentafecta for radical nephroureterectomy in patients
with high-risk upper tract urothelial carcinoma: a proposal for
standardization of quality care metrics. Cancers. 2022;14(7).
Soria F, Pradere B, Hurle R, D’Andrea D, Albisinni S, Diamand
R, et al. Radical nephroureterectomy tetrafecta: a proposal
reporting surgical strategy quality at surgery. Eur Urol Open
Sci. 2022;42:1-8.

Baard J, Celebi M, de la Rosette J, Alcaraz A, Shariat S, Cormio
L, et al. Evaluation of patterns of presentation, practice, and
outcomes of upper tract urothelial cancer: protocol for an obser-
vational, international, multicenter, cohort study by the clinical
research office of the endourology society. JMIR Res Protoc.
2020;9(1):e15363.

Registry for Treatment of Upper Urinary Tract Tumours. NIH
U.S. National Library of Medicine ClinicalTrials.gov.

Gliklich RE, Dreyer NA, Leavy MB (eds). Registries for Evalu-
ating Patient Outcomes: A User’s Guide. AHRQ Methods for
Effective Health Care. 3rd ed. Rockville (MD); 2014.

Honda Y, Nakamura Y, Teishima J, Goto K, Higaki T, Narita
K, et al. Clinical staging of upper urinary tract urothelial car-
cinoma for T staging: review and pictorial essay. Int J Urol.
2019;26(11):1024-32.

Meraney AM, Gill IS. Financial analysis of open versus lapa-
roscopic radical nephrectomy and nephroureterectomy. J Urol.
2002;167(4):1757-62.

LiuJ, Wu P, Lai S, Wang J, Hou H, Zhang Y. Prognostic mod-
els for upper urinary tract urothelial carcinoma patients after
radical nephroureterectomy based on a novel systemic immune-
inflammation score with machine learning. BMC Cancer.
2023;23(1):574.

Nazzani S, Preisser F, Mazzone E, Tian Z, Mistretta FA, Souli-
eres D, et al. Nephroureterectomy with or without Bladder Cuff
excision for localized urothelial carcinoma of the renal pelvis.
Eur Urol Focus. 2020;6(2):298-304.

Colin P, Ouzzane A, Yates DR, Audenet F, Pignot G, Arvin-
Berod A, et al. Influence of positive surgical margin status after
radical nephroureterectomy on upper urinary tract urothelial car-
cinoma survival. Ann Surg Oncol. 2012;19(11):3613-20.
Strong DW, Pearse HD, Tank ES Jr, Hodges CV. The ureteral
stump after nephroureterectomy. J Urol. 1976;115(6):654-5.
Pathak RA, Hemal AK. Fate of residual ureteral stump in patients
undergoing robot-assisted radical nephroureterectomy for high-
risk upper tract urothelial carcinoma. Transl Androl Urol.
2020;9(2):856-62.

Slusarczyk A, Zapala P, Piecha T, Rajwa P, Moschini M,
Radziszewski P. The Association between Lymph Node Dissec-
tion and Survival in Lymph Node-Negative Upper Urinary Tract
Urothelial Cancer. Cancers. 2023;15(18).

Peyrottes A, Califano G, Ouzaid I, Laine-Caroff P, Long
Depaquit T, Hermieu JF, et al. Lymph node dissection during
radical nephro-ureterectomy for upper tract urothelial carcinoma:
a review. Front Surg. 2022;9:852969.

Li CC, Chang CH, Huang CP, Hong JH, Huang CY, Chen
IA, et al. Comparing oncological outcomes and surgical
complications of hand-assisted, laparoscopic and robotic

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

nephroureterectomy for upper tract urothelial carcinoma. Front
Oncol. 2021;11:731460.

Di Bello F, Rodriguez Penaranda N, Marmiroli A, Longoni
M, Falkenbach F, Le QC, et al. In-hospital outcomes after
robotic vs open radical nephroureterectomy. J Endourol.
2025;39(2):127-34.

Salomon L, Saint F, Anastasiadis AG, Sebe P, Chopin D, Abbou
CC. Combined reporting of cancer control and functional results
of radical prostatectomy. Eur Urol. 2003;44(6):656—60.

Ikeda M, Matsumoto K, Hirayama T, Koguchi D, Murakami Y,
Matsuda D, et al. Selected high-risk patients with upper tract
urothelial carcinoma treated with radical nephroureterectomy for
adjuvant chemotherapy: a multi-institutional retrospective study.
Clin Genitourin Cancer. 2018;16(3):¢669-75.

Birtle A, Johnson M, Chester J, Jones R, Dolling D, Bryan RT,
et al. Adjuvant chemotherapy in upper tract urothelial carcinoma
(the POUT trial): a phase 3, open-label, randomised controlled
trial. Lancet. 2020;395(10232):1268-77.

O’Brien T, Ray E, Singh R, Coker B, Beard R. British Associa-
tion of urological surgeons section of O. Prevention of bladder
tumours after nephroureterectomy for primary upper urinary tract
urothelial carcinoma: a prospective, multicentre, randomised
clinical trial of a single postoperative intravesical dose of mito-
mycin C (the ODMIT-C Trial). Eur Urol. 2011;60(4):703-10.
van Doeveren T, Remmers S, Boeve ER, Cornel EB, van der Hei-
jden AG, Hendricksen K, et al. Intravesical instillation of chemo-
therapy before radical surgery for upper urinary tract urothelial
carcinoma: the REBACARE trial. Eur Urol. 2025;87(4):444-52.
Aziz A, Gierth M, Rink M, Schmid M, Chun FK, Dahlem R, et al.
Optimizing outcome reporting after radical cystectomy for organ-
confined urothelial carcinoma of the bladder using oncological
trifecta and pentafecta. World J Urol. 2015;33(12):1945-50.
Cacciamani GE, Winter M, Medina LG, Ashrafi AN, Miranda
G, Tafuri A, et al. Radical cystectomy pentafecta: a proposal for
standardisation of outcomes reporting following robot-assisted
radical cystectomy. BJU Int. 2020;125(1):64-72.

Patel VR, Sivaraman A, Coelho RF, Chauhan S, Palmer KJ, Orvi-
eto MA, et al. Pentafecta: a new concept for reporting outcomes
of robot-assisted laparoscopic radical prostatectomy. Eur Urol.
2011;59(5):702-7.

Leow 1], Liu Z, Tan TW, Lee YM, Yeo EK, Chong YL. Optimal
management of upper tract urothelial carcinoma: current per-
spectives. Onco Targets Ther. 2020;13:1-15.

Yoldas M, Turk H, Yoldas TK. Clinical and pathological factors
predictive of bladder cancer recurrence in patients with upper
tract primary TCC. Niger J Clin Pract. 2021;24(5):774-17.
Xylinas E, Rink M, Margulis V, Karakiewicz P, Novara G, Sha-
riat SF, et al. Multifocal carcinoma in situ of the upper tract is
associated with high risk of bladder cancer recurrence. Eur Urol.
2012;61(5):1069-70.

O’Rourke TK Jr, Thakker PU, Hemal AK. Refined step-by-step
narrative review of robotic radical nephroureterectomy in the
management of upper tract urothelial carcinoma. Transl Androl
Urol. 2024;13(5):846-56.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Radical Nephroureterectomy Pentafecta as a Predictor of Upper Tract Urothelial Carcinoma Outcomes Following Radical Surgery
	Abstract 
	Introduction. 
	Patients and Methods. 
	Results. 
	Conclusion. 

	Patients and methods
	The Clinical Research Office of the Endourology Society Urothelial Carcinomas of the Upper Tract (CROES-UTUC) Registry
	Radical Nephroureterectomy Pentafecta
	Other Reported Parameters
	Definition of Outcomes
	Statistical Analysis

	Results
	Discussion
	Conclusion
	References




