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Simple Summary: Measuring the quality of care is important in health care to improve the treatment
of patients. In this investigation, we sought to identify five indicators (“pentafecta”) that reflect the
quality of care of patients who have cancer of the upper urinary tract (kidney and/or ureter) and
are treated with surgical removal of the affected kidney and ureter. Furthermore, we searched for
conditions that can predict a failure to achieve these criteria during treatment. The five indicators that
define the pentafecta are the complete removal of the tumor without residuals, the complete removal
of the ureter and its bladder part, the absence of complications related to the blood, the absence of
severe complications related to the surgery, and the absence of tumor recurrence 12 months after
the surgery. Of the 1718 patients included, 844 (49%) achieved all pentafecta criteria. These patients
had higher chances at 5 years after the surgery to be alive and not to die from any cause (A) or from
cancer (B) compared to those who did not achieve the pentafecta criteria (A: 68.7 vs. 50.1% and B: 79.8
vs. 62.7%, respectively). There were no conditions related to the patient that were found to predict a
failure to achieve the pentafecta. Using quality indicators such as the proposed pentafecta for the
assessment of the treatment of cancer patients may help define prognosis and improve patient care.

Abstract: Background: Measuring quality of care indicators is important for clinicians and decision
making in health care to improve patient outcomes. Objective: The primary objective was to identify
quality of care indicators for patients with upper tract urothelial carcinoma (UTUC) and to validate
these in an international cohort treated with radical nephroureterectomy (RNU). The secondary
objective was to assess the factors associated with failure to validate the pentafecta. Design: We
performed a retrospective multicenter study of patients treated with RNU for EAU high-risk (HR)
UTUC. Outcome measurements and statistical analysis: Five quality indicators were consensually
approved, including a negative surgical margin, a complete bladder-cuff resection, the absence of
hematological complications, the absence of major complications, and the absence of a 12-month
postoperative recurrence. After multiple imputations and propensity-score matching, log-rank tests
and a Cox regression were used to assess the survival outcomes. Logistic regression analyses assessed
predictors for pentafecta failure. Results: Among the 1718 included patients, 844 (49%) achieved the
pentafecta. The median follow-up was 31 months. Patients who achieved the pentafecta had superior
5-year overall- (OS) and cancer-specific survival (CSS) compared to those who did not (68.7 vs. 50.1%
and 79.8 vs. 62.7%, respectively, all p < 0.001). On multivariable analyses, achieving the pentafecta
was associated with improved recurrence-free survival (RFS), CSS, and OS. No preoperative clinical
factors predicted a failure to validate the pentafecta. Conclusions: Establishing quality indicators for
UTUC may help define prognosis and improve patient care. We propose a pentafecta quality criteria
in RNU patients. Approximately half of the patients evaluated herein reached this endpoint, which
in turn was independently associated with survival outcomes. Extended validation is needed.

Keywords: nephroureterectomy; pentafecta; quality; upper tract urothelial carcinoma; UTUC

1. Introduction

Upper tract urothelial carcinoma (UTUC) is a rare malignancy with an estimated
annual incidence of two cases per 100,000 inhabitants in western countries [1,2]. Based
on preoperative characteristics, localized UTUCs are classified as low- or high-risk (HR)
according to the risk of progression [3–5]. The optimal management of UTUC remains
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challenging due to its rarity and the therapeutic challenges inherent to the disease [6–8].
Patients treated with radical nephroureterectomy (RNU), for example, have a large variance
in care delivery with the optimal management strategy and risk stratification for adjuvant
therapy remaining elusive [3,9].

Quality of care assessment is becoming increasingly important. There is interest in
assessing the degree in which the volume of health service may affect the likelihood of
achieving quality metrics.

In urologic-oncology surgery, such criteria have been identified for various entities,
using combined criteria called trifecta and/or pentafecta for partial nephrectomy, radical
prostatectomy, and radical cystectomy [10–14]. In UTUC, on the other hand, although
multiple nomograms have been proposed to improve patient selection for the best treat-
ment [4,9,15–19], no defined quality of care indicators have been identified to be associ-
ated with outcomes. Predefined criteria that serve as evidence-based surrogate factors of
patient-centered outcomes may help set a metric for care delivery, thereby helping to guide
treatment allocation, quality assurance, and efficiency.

In this study, we aimed to propose and assess the prognostic validity of a pentafecta,
identified based on evidence from the literature, in a large, multi-center cohort of patients
treated with RNU for HR-UTUC.

2. Material and Methods
2.1. Cohort Description

We performed an international, multicenter, retrospective, observational study involv-
ing 21 institutions. IRB approval was given at each institution. We included patients with
UTUC classified as high-risk according to the EAU guidelines [3] and treated with RNU
between April 1990 and March 2020. The definition of high-risk included having any of the
following: multifocal disease, tumor size ≥2 cm, high-grade cytology, high-grade biopsy,
local invasion on CT, hydronephrosis, or variant histology. Patients with low-risk UTUC
or distant metastasis (cM1) at the time of surgery were excluded. Patient information was
collected from the medical records, and all data were anonymized before data sharing.

2.2. Pentafecta Criteria

Based on a comprehensive review of the literature and a consensus achieved among
the co-authors (see Supplementary File S1), we identified five criteria (pentafecta) that
reflected the whole perioperative management of patients with HR-UTUC. They covered
three different domains: 1. two surgical aspects, the performance of an en bloc bladder-cuff
excision (due to heterogeneity in the final pathological specimen report, we used only the
surgeon’s surgical report) and the absence of positive surgical margins (either ureteral
or soft tissue); 2. two perioperative outcomes, the absence of hematologic complications
(defined as the need for perioperative transfusion and/or thromboembolic complication,
such as pulmonary embolism or deep vein thrombosis) and the absence of any major
complications (defined as grade ≥3 according to the Clavien–Dindo classification) within
the first three postoperative months; 3. one oncological outcome, the absence of disease
recurrence of any type (local, contralateral, distant, or bladder recurrence) within the
first 12 months (early RFS). Indeed, the use of an oncological outcome in such tools has
already been proposed in other surgeries [11,12], and early RFS has the potential to re-
flect the perioperative oncological management (improved RFS with accurate surgical
indications, lymph node dissection, perioperative systemic therapies, and perioperative
bladder instillations) [20–22]. When patients fulfilled all these criteria, the pentafecta was
considered achieved.

2.3. Treatment-Specific Features and Follow-Up

The decision to perform open, laparoscopic, or robot-assisted RNU as well as to
perform an LND and the extent of LND when performed [23–27] was at the surgeon’s
discretion, based on the patient and preoperative disease characteristics. Site-specific dedi-
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cated uro-pathologists performed the examination of all surgical specimens, with tumor
grade mainly being determined according to the 2016 World Health Organization (WHO)
classification and tumor stage being attributed according to the 2002 Union for International
Cancer Control tumor, node, and metastasis classification system (TNM) [28,29].

Regarding oncological outcomes, the pathological tumor stage and grade (pTNM);
the presence of positive surgical margins on the ureter, bladder cuff, or surrounding soft
tissue; the occurrence of local, contralateral, distant, or intravesical recurrence; and the
administration of adjuvant chemo- or radiotherapy were assessed. The non-urothelial
recurrence-free survival (NURFS) was defined by any local or distant recurrence and
metastasis that occurred after RNU. Bladder recurrence was considered separately to
calculate the bladder recurrence-free survival (BRFS) [8]. The overall survival (OS) was
calculated as the interval from RNU to death. Patients were censored at their last follow-
up. The follow-up schedule was based on the international recommendations at the
time [3,30] and the physician’s preferences. In general, it included cross-sectional imaging
and cystoscopy every three months for the first two years, then every six months for the
second to the fifth year, then annually or six months initially, then annually.

2.4. Study Outcomes

The primary endpoint of this study was to assess the prevalence and prognostic value
of the pentafecta among an international multicentric cohort. The secondary endpoint was
to identify predictors of a pentafecta failure.

2.5. Statistical Analysis

Continuous variables were reported as means, medians, and interquartile ranges (IQR).
To assess the differences of categorical variables between groups, the Pearson’s chi-squared
or Fisher’s exact test were used, and for continuous variables, the Wilcoxon rank-sum
test was used. Due to inherent imbalances in baseline patients and disease characteristics,
further statistical analyses were performed in a stepwise fashion. First, to account for
missing baseline data, which were assumed to be missing at random, multiple imputations
using chained equations were performed. Fifteen imputed datasets were generated using
predictive mean matching for numeric variables, logistic regression for binary variables,
and Bayesian polytomous regression for factor variables [31]. Second, a 1:1 propensity-
score-matched (PSM) analysis was performed to reduce bias and adjust for the effects of
the covariate imbalances. Variables that were adjusted included age, sex, ASA, BMI, ECOG,
smoking status, diabetes mellitus, hypertension, preoperative kidney function, neoadjuvant
chemotherapy (NAC), CT stage, clinical lymph node enlargement, previous bladder cancer,
surgical approach, performance of LND, tumor multifocality, pathological tumor stage and
grade, lymph node involvement, lymphovascular invasion, concomitant carcinoma in situ,
and perioperative intravesical instillation. Visual inspection using loess regression analyses
and t-tests of the differences between means and standardized mean differences were used
to examine the post-matching balance in covariates (see Figure S1A–D).

Third, we performed all further analyses unmatched and PSM-adjusted. Kaplan–
Meier curves and log-rank tests were used to graphically visualize and compare survival
outcomes (OS, CSS, NURFS, and BRFS) between the groups. Unmatched and PSM-adjusted
univariable and multivariable Cox proportional hazard regression analyses were performed
to estimate the hazard ratios (HR) with their 95% confidence intervals (CI) for the association
with OS, CSS, and NURFS after adjusting for the effects of the relevant covariates. The
evaluation of predictors for the pentafecta was assessed using PSM-adjusted univariable
logistic regression models. The discriminations of the multivariable models were evaluated
using Harrel’s concordance index (C-index). Two-sided statistical significance was defined
as a p value < 0.05. All statistical analyses were performed using R (Version 4.0.3, R
Foundation for Statistical Computing, Vienna, Austria, 2020).
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3. Results
3.1. Baseline Clinicopathological Characteristics

Of the 2434 patients in our multi-institutional cohort, 1718 met the inclusion criteria
for study here. Among them, 844 (49%) had all the pentafecta criteria, while 874 (51%) did
not. After PSM adjustment, the cohort comprised 1016 patients, with 508 in each arm.

Table 1 presents the patients’ baseline characteristics of the initial cohort and after the
PSM adjustment. In the initial cohort, the median age was 71 years (64–78). There were
more male patients (67%), but the sex distribution was comparable between both groups
(p = 0.14). Some significant differences were observed between both groups: BMI, ECOG,
administration of NAC, CT tumor stage, previous bladder cancer, and follow-up length.
After the PSM adjustment, these characteristics were balanced between the two groups,
except for follow-up length (see Table 1).

3.2. Perioperative Outcomes

The median operative time was 251 min in the overall cohort. Patients undergoing a
laparoscopic approach were more likely to have achieved a pentafecta (66% vs. 34% for
the open approach; p < 0.001). The overall median length of hospital stay was 7 (4–10)
days; it was shorter in patients who achieved a pentafecta (5 vs. 8, p = <0.001). The overall
complication rate was also lower in the pentafecta group (17.7% vs. 40%), and there were
also fewer minor complications (CDC I-II) (17.7% vs. 22.8%). After the PSM adjustment,
these factors were balanced between both groups, except for the variables included in the
definition of the pentafecta, such as the transfusion and complication rates (see Table 2).

3.3. Pentafecta Validation

In the overall cohort, 844 patients (49%) validated the pentafecta. The proportion that
achieved each pentafecta criterion is shown in Figure 1. For intraoperative outcomes, en
bloc bladder cuff excision was performed in 1704 patients (99.1%), and negative surgical
margins were achieved in 1563 patients (91%). An absence of hematological complications
was found in 1510 patients (87.9%), and 1587 patients (92.4%) had no major complications
(CDC ≥ 3). The most discriminating criterion of the pentafecta was the absence of any
type of recurrence, including bladder recurrence, at 12 months after surgery, which was
achieved in only 1091 patients (63.5%) (see Figure 1).

3.4. Pathological Characteristics

In the unmatched cohort, the groups showed significant differences with regard to
pathological tumor stage, tumor multifocality, lymph node involvement, lymphovascu-
lar invasion, concomitant carcinoma in situ, and surgical margins (all p < 0.004). All
pathological data are summarized in Table 3. After the PSM adjustment, all pathological
variables were balanced between the two groups, allowing for a balanced assessment of
the oncological outcomes.

3.5. Oncological Outcomes

The co-primary endpoint of our study was to evaluate the association of the pentafecta
on oncological outcomes. In the PSM-adjusted cohort, the overall median follow-up was
29 (14.0–52.0) months, 32 (15.0–59.0) in the pentafecta group and 26 (13.0–47.0) in the
non-pentafecta group, respectively, (p < 0.001).

In our PSM-adjusted cohort, the 5-year estimates for OS were 68.7% (95% CI: 63.5–74.3)
for the pentafecta group and 50.1% (95% CI: 44.7–56.2) for the non pentafecta group.
Additionally, the 5-year estimates for CSS, NURFS, and BRFS for the pentafecta and non-
pentafecta groups were 79.8% (74.9–85.1) vs. 62.7% (57.4–68.5), 70.6% (65.2–76.5) vs. 45.6%
(40.9–50.7), and 73.3% (68.1–78.9) vs. 34.3% (29.4–40.0), respectively. OS, CSS, NURFS, and
BRFS were significantly higher in the pentafecta group, as visualized in the Kaplan–Meier
curves (all p < 0.001) (see Figure 2A–D).
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Figure 2. (A–D): Oncologic outcomes of 1016 patients treated with RNU for high-risk UTUC after
propensity-score matching. Kaplan-Meier curves visualizing overall (A), cancer-specific (B), non-
urothelial recurrence-free (C), and bladder-cancer recurrence-free survival (D).
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Table 1. Clinicopathological characteristics of 1718 patients treated with RNU for high-risk UTUC, initial cohort (left) and after propensity-score-matching
adjustment (right), both stratified by pentafecta validation. PSM = propensity-score matching; BMI = Body mass index; ECOG = Eastern Cooperative Oncology
Group Status; ASA = American Society of Anesthesiologists Score; NAC = Neoadjuvant chemotherapy; IQR = interquartile range.

Characteristic Initial Cohort PSM-Adjusted Cohort

Total Cohort Pentafecta Validation Total Cohort Pentafecta Validation

n = 1718 Pentafecta Validated,
n = 844 (49%)

Pentafecta Not
Validated, n = 874 (51%) p-Value n = 1016 Pentafecta Validated,

n = 508 (50%)
Pentafecta Not

Validated, n = 508 (50%) p-Value

Age 71 (64, 78) 71 (64, 77) 72 (64, 78) 0.12 71 (64, 78) 71 (65, 78) 72 (64, 78) 0.8

Sex 0.14 0.8

male 1153 (67%) 552 (65%) 601 (69%) 681 (67%) 339 (67%) 342 (67%)

female 565 (33%) 292 (35%) 273 (31%) 335 (33%) 169 (33%) 166 (33%)

BMI 26.0 (23.0, 29.0) 26.0 (23.4, 29.0) 25.4 (23.0, 28.7) 0.027 25.8 (23.0, 28.7) 26.0 (23.1, 28.5) 25.7 (22.9, 28.7) 0.6

Unknown 267 106 161 - - -

ECOG 0.047 0.8

0 844 (62%) 451 (65%) 393 (58%) 630 (62%) 318 (63%) 312 (61%)

1 401 (29%) 188 (27%) 213 (32%) 293 (29%) 146 (29%) 147 (29%)

2 108 (7.9%) 46 (6.6%) 62 (9.2%) 83 (8.2%) 38 (7.5%) 45 (8.9%)

3 14 (1.0%) 8 (1.2%) 6 (0.9%) 10 (1.0%) 6 (1.2%) 4 (0.8%)

Unknown 351 151 200 - - -

Diabetes mellitus 289 (22%) 152 (21%) 137 (22%) 0.7 202 (20%) 103 (20%) 99 (19%) 0.8

Unknown 378 128 250 - - -

ASA 0.2 0.4

1 101 (6.8%) 57 (7.6%) 44 (6.0%) 78 (7.7%) 43 (8.5%) 35 (6.9%)

2 676 (46%) 343 (46%) 333 (46%) 494 (49%) 247 (49%) 247 (49%)

3 669 (45%) 338 (45%) 331 (45%) 426 (42%) 212 (42%) 214 (42%)

4 35 (2.4%) 12 (1.6%) 23 (3.1%) 18 (1.8%) 6 (1.2%) 12 (2.4%)

Unknown 237 94 143 - - -
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Table 1. Cont.

Characteristic Initial Cohort PSM-Adjusted Cohort

Total Cohort Pentafecta Validation Total Cohort Pentafecta Validation

n = 1718 Pentafecta Validated,
n = 844 (49%)

Pentafecta Not
Validated, n = 874 (51%) p-Value n = 1016 Pentafecta Validated,

n = 508 (50%)
Pentafecta Not

Validated, n = 508 (50%) p-Value

Hypertension 682 (56%) 354 (54%) 328 (58%) 0.14 575 (56.6%) 271 (26.7%) 304 (29.9%) 0.9

Unknown 505 192 313 - - -

NAC 115 (6.7%) 46 (5.5%) 69 (7.9%) 0.043 94 (9.3%) 41 (8.1%) 53 (10%) 0.2

CT tumor stage 0.043

cT0 83 (4.8%) 41 (4.9%) 42 (4.8%) 48 (4.7%) 25 (4.9%) 23 (4.5%) 0.9

cTa/cT1 559 (33%) 297 (35%) 262 (30%) 318 (31%) 162 (32%) 156 (31%)

cT2 248 (14%) 108 (13%) 140 (16%) 150 (15%) 74 (15%) 76 (15%)

cT ≥ 3 267 (15.6%) 124 (14.9%) 143 (16.3%) 161 (15.6%) 86 (16.6%) 75 (14.6%)

cTx (infiltration
unclear) 561 (33%) 274 (32%) 287 (33%) 339 (33%) 161 (32%) 178 (35%)

CT lymph nodes 0.005 0.5

cN0 1176 (79%) 604 (82%) 572 (77%) 782 (77%) 397 (78%) 385 (76%)

lymph nodes <
1 cm 182 (12%) 86 (12%) 96 (13%) 139 (14%) 69 (14%) 70 (14%)

lymph nodes >
1 cm 122 (8.2%) 44 (6.0%) 78 (10%) 95 (9.4%) 42 (8.3%) 53 (10%)

Previous bladder
cancer 510 (31%) 209 (25%) 301 (36%) <0.001 320 (31%) 158 (31%) 162 (32%) 0.8

Unknown 57 18 39

Smoking status 0.9 0.9

currently smoking 388 (25%) 200 (25%) 188 (24%) 380 (37%) 191 (38%) 189 (37%)

former smoking 618 (39%) 308 (39%) 310 (40%) 406 (40%) 199 (39%) 207 (41%)
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Table 1. Cont.

Characteristic Initial Cohort PSM-Adjusted Cohort

Total Cohort Pentafecta Validation Total Cohort Pentafecta Validation

n = 1718 Pentafecta Validated,
n = 844 (49%)

Pentafecta Not
Validated, n = 874 (51%) p-Value n = 1016 Pentafecta Validated,

n = 508 (50%)
Pentafecta Not

Validated, n = 508 (50%) p-Value

never smoked 573 (36%) 289 (36%) 284 (36%) 230 (23%) 118 (23%) 112 (22%)

Unknown 139 47 92 - - -

Follow-up 28 (13, 52) 33 (15, 59) 24 (12, 46) <0.001 29 (14, 52) 32 (15, 59) 26 (13, 47) <0.001

n (%); Median (IQR). Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.

Table 2. Perioperative characteristics of 1718 patients treated with RNU for high-risk UTUC, initial cohort (left) and after propensity-score-matching adjustment
(right), both stratified by pentafecta validation. PSM = propensity-score matching; CDC = Clavien–Dindo Classification; IQR = interquartile range.

Characteristic Initial Cohort PSM-Adjusted Cohort

Total Cohort Pentafecta Validation Total Cohort Pentafecta Validation

n = 1718 Pentafecta Validated,
n = 844 (49%)

Pentafecta Not
Validated, n = 874 (51%) p-Value n = 1016 Pentafecta Validated,

n = 508 (50%)
Pentafecta Not

Validated, n = 508 (50%) p-Value

Surgical
approach <0.001 0.9

open 689 (40%) 290 (34%) 399 (46%) 430 (42%) 214 (42%) 216 (43%)

laparoscopic or
robotic 1029 (60%) 554 (66%) 475 (54%) 586 (58%) 294 (58%) 292 (57%)

Side 0.2 0.5

left 838 (50%) 403 (48%) 435 (52%) 496 (49%) 242 (48%) 254 (50%)

right 840 (50%) 433 (52%) 407 (48%) 520 (51%) 266 (52%) 254 (50%)

bilateral 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Unknown 40 8 32 - - -

Transfusion 153 (9.7%) 0 (0%) 153 (20%) <0.001 119 (12%) 1 (0.2%) 118 (23%) <0.001
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Table 2. Cont.

Characteristic Initial Cohort PSM-Adjusted Cohort

Total Cohort Pentafecta Validation Total Cohort Pentafecta Validation

n = 1718 Pentafecta Validated,
n = 844 (49%)

Pentafecta Not
Validated, n = 874 (51%) p-Value n = 1016 Pentafecta Validated,

n = 508 (50%)
Pentafecta Not

Validated, n = 508 (50%) p-Value

Unknown 146 26 120 - - -

Surgery duration 251 (195, 325) 247 (190, 317) 258 (195, 338) 0.049 247 (190, 320) 245 (192, 316) 250 (187, 328) 0.5

Unknown 677 298 379 - - -

Lymph node
dissection (LND) 722 (42%) 340 (40%) 382 (44%) 0.2 456 (45%) 222 (44%) 234 (46%) 0.4

Postoperative
instillation 197 (14%) 98 (14%) 99 (15%) 0.5 176 (17%) 88 (17%) 88 (17%) 0.9

Unknown 358 137 221 - - -

Hospital length
of stay 7.0 (4.0, 10.0) 5.0 (3.0, 9.0) 8.0 (5.0, 13.0) <0.001 7.0 (4.0, 10.0) 6.0 (4.0, 9.0) 8.0 (4.0, 12.0) <0.001

Unknown 309 83 226

Complications <0.001 <0.001

No complication 1142 (72%) 694 (82%) 448 (60%) 721 (71%) 416 (82%) 305 (60%)

CDC I 100 (6.3%) 57 (6.8%) 43 (5.8%) 65 (6.4%) 36 (7%) 29 (6%)

CDC II 216 (14%) 92 (11%) 124 (17%) 142 (14%) 56 (11%) 86 (17%)

CDC III 82 (5.2%) 0 (0%) 82 (11%) 56 (5.5%) 0 (0%) 56 (11%)

CDC IV 33 (2.1%) 0 (0%) 33 (4.4%) 22 (2%) 0 (0%) 22 (4%)

CDC V 15 (0.9%) 0 (0%) 15 (2.0%) 10 (0.9%) 0 (0%) 10 (2%)

Median (IQR); n (%). Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.
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Table 3. Pathological characteristics of 1718 patients treated with RNU for high-risk UTUC, initial cohort (left) and after propensity-score-matching adjustment
(right), both stratified by pentafecta validation. PSM = propensity-score matching; IQR = interquartile range.

Characteristic Initial Cohort PSM-Adjusted Cohort

Total Cohort Pentafecta Validation Total Cohort Pentafecta Validation

n = 1718 Pentafecta Validated,
n = 844 (49%)

Pentafecta Not
Validated, n = 874 (51%) p-Value n = 1016 Pentafecta Validated,

n = 508 (50%)
Pentafecta Not

Validated, n = 508 (50%) p-Value

Pathological
tumor stage <0.001 0.6

pT0 48 (2.8%) 26 (3.1%) 22 (2.5%) 24 (2.4%) 15 (3.0%) 9 (1.8%)

pTa 340 (20%) 215 (25%) 125 (14%) 181 (18%) 92 (18%) 89 (18%)

pTis 89 (5.2%) 48 (5.7%) 41 (4.7%) 41 (4.0%) 20 (3.9%) 21 (4.1%)

pT1 322 (19%) 168 (20%) 154 (18%) 184 (18%) 95 (19%) 89 (18%)

pT2 271 (16%) 125 (15%) 146 (17%) 173 (17%) 83 (16%) 90 (18%)

pT3 581 (34%) 248 (29%) 333 (38%) 375 (37%) 189 (37%) 186 (37%)

pT4 67 (3.9%) 14 (1.7%) 53 (6.1%) 38 (3.7%) 14 (2.8%) 24 (4.7%)

Pathological
tumor grade 0.074 0.4

no tumor 24 (1.4%) 13 (1.5%) 11 (1.3%) 15 (1.5%) 8 (1.6%) 7 (1.4%)

Low-grade 326 (19%) 178 (21%) 148 (17%) 191 (19%) 101 (20%) 90 (18%)

High-grade 1368 (80%) 653 (77%) 715 (82%) 810 (81%) 399 (80%) 411 (82%)

Multifocal 704 (41%) 299 (36%) 405 (47%) <0.001 396 (39%) 199 (39%) 197 (39%) 0.9

Unknown 9 4 5 - - -

Lymph node
involvement <0.001 0.3

no 561 (33%) 288 (34%) 273 (31%) 319 (31%) 162 (32%) 157 (31%)

yes 214 (12%) 73 (8.6%) 141 (16%) 148 (15%) 65 (13%) 83 (16%)

Nx (No LND) 943 (55%) 483 (57%) 460 (53%) 549 (54%) 281 (55%) 268 (53%)
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Table 3. Cont.

Characteristic Initial Cohort PSM-Adjusted Cohort

Total Cohort Pentafecta Validation Total Cohort Pentafecta Validation

n = 1718 Pentafecta Validated,
n = 844 (49%)

Pentafecta Not
Validated, n = 874 (51%) p-Value n = 1016 Pentafecta Validated,

n = 508 (50%)
Pentafecta Not

Validated, n = 508 (50%) p-Value

Lymphovascular
invasion 330 (19%) 121 (14%) 209 (24%) <0.001 214 (21%) 101 (20%) 113 (22%) 0.4

Concomitant
carcinoma in situ 313 (18%) 131 (16%) 182 (21%) 0.004 173 (17%) 84 (17%) 89 (18%) 0.7

Median (IQR); n (%). Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.

Table 4. Uni- and multivariable Cox regression analyses assessing the association of a validation of the pentafecta with non-urothelial recurrence-free, cancer-specific,
and overall survival. PNV = Pentafecta not validated; ASA = American Society of Anesthesiologists Score; ECOG = Eastern Cooperative Oncology Group Status;
BMI = Body mass index; NAC = neoadjuvant chemotherapy; LND = lymph node dissection.

Characteristic Overall Survival Cancer-Specific Survival Non-Urothelial Recurrence-Free Survival

Univariable Multivariable Univariable Multivariable Univariable Multivariable

HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value

Pentafecta validation
(Reference: PNV)

Pentafecta validated 0.54 0.43, 0.68 <0.001 0.52 0.41, 0.66 <0.001 0.37 0.27, 0.50 <0.001 0.34 0.25, 0.47 <0.001 0.28 0.22, 0.35 <0.001 0.24 0.19, 0.30 <0.001

Age 1.03 1.01, 1.04 <0.001 1.02 1.00, 1.03 0.016 1.00 0.99, 1.02 0.604 1.00 0.99, 1.02 0.7 1.01 1.00, 102 0.295 1.00 0.99, 1.02 0.4

Sex (Reference: Male)

female 0.88 0.69, 1.12 0.308 0.85 0.66, 1.10 0.2 1.05 0.79, 1.41 0.716 1.07 0.78, 1.46 0.7 1.08 0.87, 1.34 0.484 0.96 0.76, 1.21 0.7

ASA 1.43 1.20, 1.72 <0.001 1.31 1.04, 1.66 0.023 1.18 0.95, 1.47 0.135 1.13 0.85, 1.51 0.4 1.16 0.98, 1.37 0.076 1.15 0.93, 1.41 0.2

ECOG 1.40 1.21, 1.63 <0.001 1.09 0.92, 1.28 0.3 1.51 1.27, 1.80 <0.001 1.20 0.98, 1.47 0.083 1.23 1.07, 1.42 0.004 1.09 0.94, 1.28 0.3

BMI 0.99 0.97, 1.01 0.427 0.97 0.95, 1.00 0.036 0.99 0.96, 1.01 0.331 0.98 0.95, 1.01 0.2 1.00 0.98, 1.03 0.661 1.01 0.99, 1.03 0.4

Preoperative creatinine 1.13 1.03, 1.23 0.008 1.03 0.89, 1.19 0.7 1.11 0.99, 1.24 0.076 1.00 0.84, 1.20 0.9 0.97 0.86, 1.10 0.657 0.78 0.64, 0.94 0.010

NAC (Reference: No)

yes 1.25 0.86, 1.83 0.243 0.87 0.56, 1.35 0.5 1.83 1.23, 2.73 0.003 1.10 0.68, 1.78 0.7 1.75 1.28, 2.38 <0.001 1.02 0.70, 1.48 0.9

CT stage (Reference: cT0)

cTa/cT1 0.74 0.56, 0.97 0.027 0.85 0.63, 1.15 0.3 0.71 0.50, 1.00 0.049 0.73 0.50, 1.08 0.12 1.01 0.78, 1.30 0.945 1.05 0.79, 1.39 0.7
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Table 4. Cont.

Characteristic Overall Survival Cancer-Specific Survival Non-Urothelial Recurrence-Free Survival

Univariable Multivariable Univariable Multivariable Univariable Multivariable

HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value

cT2 0.59 0.39, 0.87 0.008 0.56 0.36, 0.86 0.008 0.74 0.47, 1.16 0.188 0.53 0.32, 0.90 0.018 0.99 0.71, 1.37 0.945 0.88 0.61, 1.27 0.5

≥cT3 1.13 0.83, 1.54 0.441 0.99 0.70, 1.40 0.9 1.24 0.85, 1.81 0.259 0.94 0.62, 1.42 0.8 1.46 1.08, 1.95 0.013 1.30 0.95, 1.80 0.10

CT lymph nodes (Reference: cN0)

Lymphnodes < 1 cm 1.19 0.87, 1.63 0.277 1.03 0.72, 1.47 0.9 1.45 1.00, 2.10 0.052 1.13 0.73, 1.74 0.6 1.41 1.06, 1.87 0.017 1.14 0.82, 1.57 0.4

Lymphnodes > 1 cm 2.17 1.59, 2.95 <0.001 1.55 1.06, 2.28 0.024 2.80 1.96, 3.99 <0.001 1.57 1.00, 2.48 0.052 2.59 1.94, 3.45 <0.001 2.24 1.56, 3.23 <0.001

CT hydronephrosis 0.93 0.74, 1.16 0.501 1.06 0.83, 1.35 0.6 1.04 0.79, 1.37 0.783 1.25 0.93, 1.68 0.15 0.93 0.75, 1.14 0.476 0.96 0.77, 1.19 0.7

Pathological tumor stage
(Reference: pT0)

pTa 1.20 0.29, 4.97 0.802 0.65 0.08, 5.03 0.7 0.57 0.13, 2.47 0.456 0.66 0.08, 5.62 0.7 0.42 0.18, 1.01 0.053 0.80 0.18, 3.57 0.8

pTis 1.21 0.26, 5.52 0.808 0.60 0.07, 5.05 0.6 0.77 0.16, 3.83 0.752 0.93 0.09, 9.08 0.9 0.78 0.30, 2.03 0.605 1.15 0.24, 5.55 0.9

pT1 1.42 0.34, 5.83 0.631 0.78 0.10, 5.97 0.8 0.95 0.23, 3.99 0.948 1.17 0.14, 9.74 0.9 0.71 0.31, 1.66 0.431 1.28 0.29, 5.65 0.7

pT2 1.62 0.39, 6.70 0.502 1.14 0.15, 8.70 0.9 1.06 0.25, 4.47 0.932 1.35 0.16, 11.1 0.8 0.94 0.40, 2.17 0.876 1.41 0.32, 6.18 0.6

pT3 2.88 0.71, 11.63 0.138 1.58 0.21, 11.9 0.7 2.08 0.51, 8.42 0.307 2.06 0.26, 16.6 0.5 1.46 0.65, 3.30 0.363 2.07 0.48, 8.94 0.3

pT4 5.94 1.39, 25.42 0.0163 3.36 0.42, 26.6 0.3 4.80 1.10, 20.89 0.037 4.41 0.52, 37.3 0.2 3.30 1.35, 8.07 0.009 4.08 0.90, 18.6 0.069

Pathological tumor grade (Reference:
Low-grade)

High-grade 1.84 1.33, 2.53 <0.001 1.31 0.90, 1.92 0.2 2.71 1.71, 4.30 <0.001 1.70 0.98, 2.93 0.058 2.04 1.48, 2.81 <0.001 1.56 1.08, 2.26 0.019

Concomitant carcinoma in situ
(Reference: No)

yes 1.02 0.77, 1.37 0.881 0.91 0.65, 1.27 0.6 1.11 0.78, 1.57 0.569 0.82 0.54, 1.24 0.4 1.28 0.99, 1.66 0.055 0.99 0.74, 1.34 0.9

Multifocal tumor (Reference: No)

yes 1.29 1.03, 1.62 0.024 1.48 1.14, 1.91 0.003 1.38 1.05, 1.82 0.022 1.59 1.15, 2.19 0.005 1.09 0.88, 1.35 0.42 1.23 0.98, 1.56 0.080

Surgical approach (Reference: Open)

Laparoscopic or robotic 0.77 0.62, 0.97 0.024 0.81 0.64, 1.04 0.093 0.64 0.49, 0.85 0.002 0.75 0.55, 1.02 0.067 0.89 0.72, 1.10 0.267 0.96 0.77, 1.21 0.7

LND (Reference: No)

Yes 1.05 0.84, 1.32 0.651 0.68 0.37, 1.27 0.2 1.52 1.15, 2.00 0.003 1.03 0.45, 2.37 0.9 1.33 1.08, 1.63 0.008 0.73 0.42, 1.28 0.3

Lymph node involvement
(Reference: No)

yes 2.86 2.03, 4.01 <0.001 1.97 1.33, 2.93 <0.001 3.65 2.48, 5.37 <0.001 2.18 1.39, 3.41 <0.001 3.17 2.35, 4.27 <0.001 1.70 1.19, 2.43 0.004

Nx 1.32 1.00, 1.73 0.047 0.96 0.52, 1.77 0.9 1.11 0.79, 1.56 0.549 1.23 0.53, 2.82 0.6 1.13 0.88, 1.46 0.335 0.92 0.53, 1.59 0.8
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Table 4. Cont.

Characteristic Overall Survival Cancer-Specific Survival Non-Urothelial Recurrence-Free Survival

Univariable Multivariable Univariable Multivariable Univariable Multivariable

HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value

Lymphovascular invasion
(Reference: No)

yes 1.44 1.10, 1.89 0.007 0.96 0.71, 1.29 0.8 1.86 1.37, 2.54 <0.001 1.15 0.82, 1.62 0.4 2.21 1.76, 2.78 <0.001 1.50 1.16, 1.94 0.002

Previous bladder cancer
(Reference: No)

yes 1.17 0.92, 1.47 0.198 1.20 0.93, 1.54 0.2 1.22 0.91, 1.62 0.181 1.59 1.16, 2.18 0.004 0.99 0.79, 1.24 0.939 1.10 0.86, 1.40 0.5

Postoperative instillation
(Reference: No)

Yes 0.79 0.57, 1.09 0.154 0.66 0.46, 0.97 0.032 0.61 0.39, 0.96 0.031 0.48 0.28, 0.83 0.009 0.98 0.74, 1.29 0.887 0.80 0.58, 1.09 0.15

HR = Hazard Ratio, CI = Confidence Interval.
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PSM-matched multivariable Cox proportional hazard regression analyses that ad-
justed for the effects of age, sex, ASA, ECOG, BMI, preoperative creatinine, NAC, CT
stage and clinical lymph node enlargement, pathological tumor stage and grade, tumor
multifocality, concomitant CIS, surgical approach, LND, positive pathological lymph nodes,
lymphovascular involvement, and perioperative bladder instillation showed a strong asso-
ciation of the pentafecta with prolonged OS (HR: 0.52, 95% CI: 0.41–0.66; p < 0.001), CSS
(HR: 0.34, 95% CI: 0.25–0.47; p < 0.001), and NURFS (HR: 0.24, 95% CI: 0.19–0.30; p < 0.001)
(see Table 4). We also assessed the weight of each criterion of the pentafecta on OS; we
found that recurrence in the first 12 months had the highest relevance (HR: 2.4, 95% CI: 2.03,
3.86; p <0.001), followed by positive surgical margins (HR: 1.9, 95% CI 1.44, 2.39; p < 0.001),
major complications (HR: 1.8, 95% CI 1.32, 2.33; p < 0.001), hematologic complications (HR:
1.4, 95% CI 1.15, 1.84; p = 0.004), and the failure to perform an en bloc bladder cuff (HR: 1.7,
95% CI 0.89, 3.15, p = 0.61) (see Figure S2). The oncological outcomes of the unmatched
cohort are available in Figure S3.

To evaluate our secondary objective regarding preoperative factors that might be
able to predict not reaching the pentafecta, we used a logistic regression model. In the
PSM-adjusted cohort, no baseline characteristic was found to predict pentafecta failure (all
p >0.08) (see Table 5).

Table 5. Logistic regression analysis assessing predictors for a failure to achieve a pentafecta in
patients treated with RNU for high-risk UTUC. ASA = American Society of Anesthesiologists Score;
ECOG = Eastern Cooperative Oncology Group Status; BMI = Body mass index; LND = lymph
node dissection.

Characteristic OR 95% CI p-Value

Age 1.00 0.99, 1.01 0.9

Gender (Ref.: Male)

female 0.97 0.75, 1.26 0.8

ASA 1.11 0.92, 1.34 0.3

ECOG 1.04 0.87, 1.24 0.7

BMI 1.00 0.98, 1.03 0.9

Smoking status (Ref.: never)

former smoking 1.05 0.79, 1.39 0.7

currently smoking 0.96 0.69, 1.33 0.8

Multifocal (Ref.: No)

yes 0.98 0.76, 1.27 0.9

Diabetes mellitus (Ref.: No)

yes 0.95 0.70, 1.30 0.8

Preoperative creatinine 1.09 0.96, 1.26 0.2

CT stage (Ref.: cT0)

cT1 0.89 0.66, 1.20 0.4

cT2 0.95 0.65, 1.39 0.8

≥cT3 0.81 0.56, 1.17 0.3

CT lymph nodes (Ref.: cT0)

Lymphnodes < 1 cm 1.06 0.74, 1.53 0.7

Lymphnodes > 1 cm 1.45 0.96, 2.20 0.08

CT hydronephrosis (Ref.: No)
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Table 5. Cont.

Characteristic OR 95% CI p-Value

Yes 1.10 0.86, 1.41 0.5

Surgical approach (Ref.: Open)

laparoscopic or robotic 0.98 0.77, 1.26 0.9

Tumor side (Ref.: left)

right 0.91 0.71, 1.16 0.5

LAD (Ref.: No)

Yes 1.08 0.85, 1.39 0.5

Postoperative instillation (Ref.:
No)

Yes 0.97 0.70, 1.35 0.9
OR = Odds Ratio, CI = Confidence Interval.

4. Discussion

Nowadays, assessing surgical quality and perioperative management using dedicated
tools is of utmost importance for clinicians, institutions, and stakeholders. This is of
particular importance to warrant the quality of care in rare diseases, where therapeutic
management might become challenging in non-expert centers. However, there were no
quality assessment indicators available to practically assess the treatment of HR-UTUC.
Therefore, this is the first study to propose a pentafecta to standardize the perioperative
management evaluation of RNU in HR-UTUC. Moreover, the achievement of the pentafecta
was shown to be correlated with an improvement in the oncological outcomes, making it a
great quality indicator of therapeutic success.

Two of the five criteria included in the pentafecta were related to the quality of surgery:
achieving negative surgical margins and performing an en bloc bladder cuff excision.
Indeed, several studies have shown that positive surgical margins were associated with
worse survival outcomes after RNU [3,32,33]. Generally, surgical margins could be avoided
by removing the kidney without opening the Gerota’s fascia and avoiding incising the
urinary tract or contact between the instruments and the tumor [3]. In our study, the
rate of positive surgical margins was 9%, which is in accordance with previous studies of
large cohorts [32,34]. For the bladder cuff, a complete resection of the distal ureter and its
orifice is mandatory to reduce the risk of local and bladder recurrence [3,8,35,36]. In our
study, only 0.9% of cases were performed without an en bloc bladder cuff resection, which
confirms that this important surgical step is widely accepted and performed in the expert
centers involved in this study [37]. Although performing LND could also be proposed, as
it has been recently included in the guidelines, this criterion was not retained due to the
heterogeneity of practice and the lack of strong evidence.

In order to cover the whole therapeutic management of the RNU and reflect the
safety of the procedure and the best patient care, it was essential to also include morbidity
criteria into our pentafecta [12–14,38]. Therefore, we included the occurrence of major
and hematologic complications. Indeed, hematologic complications are known to be the
most common postoperative complications after RNU, and major complications are already
recognized as key criteria for the evaluation of perioperative management [39,40]. In
our study, 29% of the patients experienced at least one complication of any grade, which
is consistent with other reports on RNU [17,40]. Hematologic complications (including
thromboembolic events) occurred in 12% of the patients; although, as we were not able to
obtain these data, this rate might be minimized by better perioperative management of
anticoagulant and antiplatelet therapies [41–43].

As a fifth criterion of the pentafecta, we included the absence of tumor recurrence
within the first 12 months. Although some can debate the implementation of an onco-
logical outcome into a perioperative assessment tool, it reflects the adequate oncologic
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management of HR-UTUC patients. The concept of including oncological outcomes next
to functional results in a surgical assessment was initially proposed by Salomon et al. [11]
and has been implemented in most of the tools used in the other urologic oncology surg-
eries [12–14,38]. Indeed, early RFS could be mostly reduced nowadays when applying
appropriate therapeutic management criteria, such as accurate surgical indications, periop-
erative systemic therapies, and perioperative bladder instillations [20–22]. Although there
are three important steps of HR-UTUC patient management that may impact the early RFS,
due to the constant improvement of the guidelines, it was not possible to precisely assess
these steps for every patient in this historical cohort. Therefore, when using early RFS,
this reflects oncological management more widely and could also be applied in the most
contemporary cohorts.

In this study, the validation of the pentafecta had a great predictive value for OS,
CSS, NURFS, and BRFS. Multivariable Cox regression models that adjusted for potential
confounders confirmed these associations. Although an oncological benefit might have been
expected based on the criteria of the pentafecta, the important and statistically significant
improvement of OS with an HR of 0.52 when achieved ensures the quality of this tool
regarding its clinical impact. Indeed, the standardization of outcome assessment has the
final goal to improve patient survival.

When we sought predictors of failure or validation of the pentafecta, we did not
find any preoperative or baseline patient characteristics in the PSM-adjusted cohort. This
result suggests that the pentafecta purely reflects the quality of care and perioperative
management, without being impacted by the patients themselves. Indeed, it is of utmost
importance that these criteria, which are made to assess the quality of care, are not impacted
by the patient but only by the therapeutic management. Nevertheless, external validation
in a contemporary cohort remains required to confirm its use in daily practice.

Although we have developed an innovative and promising standardization tool to as-
sess the perioperative management of HR-UTUC patients treated by RNU, our study is not
exempt from limitations. First, its multicentric and retrospective design may have resulted
in various surgical techniques and experiences that may lead to selection bias. Nevertheless,
to limit bias coming from missing data and heterogeneous data, we performed multiple
imputations and propensity-score matching [31,44]. Second, we were not able to assess
surgeon experience and consequently show if the validation of the pentafecta is correlated
with the learning curve. Therefore, in order to confirm that the pentafecta could be used as
a great representative of quality of care, future studies will have to assess its correlation
with surgeon experience and center expertise. Additionally, to reduce bias, techniques
such as the performance of an accurate bladder cuff removal should be confirmed by
pathological reports in future studies and not primarily by surgeons’ reports. Third, due to
its retrospective design, all the actual standards of care (perioperative instillations, lymph
node dissection, or systemic therapies) could not always be reflected; consequently, the
use of early recurrence as one of the endpoints may better reflect the overall oncological
management, as most of the perioperative treatments were shown to impact RFS or CSS.
Moreover, some data, such as anticoagulant intake, were not available and would be in-
teresting to assess to limit cofounders regarding hematologic complications. Finally, the
main limitation of this study remains in the need for external validation to be used by
institutions, stakeholders, and surgeons to assess the therapeutic management of patients
with HR-UTUC.

5. Conclusions

We proposed for the first time a pentafecta as quality-of-care criteria for the peri-
operative management of patients undergoing RNU for HR-UTUC. Indeed, establishing
quality indicators for UTUC may help to better understand the prognosis and potentially
improve patient care. When validated, the pentafecta showed good predictive reliability
on oncological outcomes (OS, CSS, BRFS, and NURFS) without being impacted by patients’
characteristics, suggesting it is a good reflection of the perioperative care itself. Therefore,
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the pentafecta could be used to standardize the evaluation of perioperative care for HR-
UTUC. Nevertheless, further studies are needed to externally validate the pentafecta in
contemporary cohorts.
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