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Introduction After radical nephroureterectomy (RNU), adjuvant chemotherapy (AC) is recommended

in either muscle invasive or lymph node positive upper urinary tract urothelial carcinoma (UTUC). How-
ever, optimal patient selection remains to be studied. We propose a risk-adapted scoring model

for selecting patients for AC in localised UTUC with <pT2.

Material and methods The model was based on 7 risk factors modified from the risk stratification
system in the European Association of Urology guideline for localised UTUC. Each risk factor indicated
one point; total scores were used to categorise patients as at low or high risk for disease recurrence.
We applied our model to 135 patients with localised UTUC with <pT2, who underwent RNU without AC.
Recurrence-free survival and cancer-specific survival were analysed based on risk group.

Results A risk score of 24 points indicated high risk (33/135 patients [24.4%]). The accuracy of predict-
ing recurrence was 82.9% (95% confidence interval [Cl]: 75.5-88.9%) with a negative predictive value
of 93.1% (95% Cl: 87.9-96.2%). Disease recurred in 51.5% of high-risk patients and 6.9% of low-risk pa-
tients. Multivariate analysis indicated that high-risk was independently associated with recurrence and
cancer-specific death (hazard ratio [HR] = 10.20, 95% Cl: 3.94-26.44%, HR = 8.72, 95% Cl: 2.47-30.73%,
all p <0.001, respectively).

Conclusions The risk-adapted scoring model might be an effective way for selecting patients

who may benefit from AC after RNU in nonmetastatic UTUC with <pT2. These results should be
validated in a larger, prospective study.
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INTRODUCTION

Upper tract urothelial carcinoma (UTUC) is a rare
disease, accounting for <56% of all of urothelial tu-
mours [1]. Standard treatment for nonmetastatic
UTUC is radical nephroureterectomy (RNU) with
bladder cuff resection [2, 3]. However, approximate-
ly 25% of patients with UTUC experience disease
recurrence or metastasis after RNU, and cancer-
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specific mortality after recurrence or metastasis re-
mains poor [4]. Although many studies and much
effort over the past decades has demonstrated the
efficacy of perioperative chemotherapy for improv-
ing UTUC prognosis, the efficacy of perioperative
systemic therapy remains inconclusive. Recently,
the results of a phase 3 randomised controlled
trial (the POUT trial) on the efficacy of adjuvant
chemotherapy (AC) after RNU showed significant
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improvement in disease-free survival among patients
with locally advanced UTUC [5]. Based on the results
of the POUT trial, the current European Association
of Urology (EAU) guidelines for UTUC recommend
adjuvant platinum-based chemotherapy after RNU
for patients with pT2-T4 and/or pN+ UTUC [3].
The POUT trial indicated that AC had greatly af-
fected disease-free and metastasis-free survival,
however, chemotherapy induced acute toxicity,
and a transient negative impact on patient-reported
quality of life was reported [5]. Furthermore, the
benefit of AC in pT2 UTUC was not greater than
in locally advanced UTUC. Thus, administering sys-
temic therapy to all patients with pT2 disease with
a low risk of recurrence would not avoid the possibil-
ity of overtreatment. In addition, although individu-
als with pT1 disease are not candidates for AC based
on the study results, previous studies have reported
frequent disease recurrences [4, 6].

Because of the heterogeneous nature of UTUC and
the risk of overtreatment with AC, there is a need
to develop an accurate postoperative risk stratifica-
tion model based on real-world data for appropri-
ate decision-making and patient counselling in AC.
In this study, we aimed to present a risk-adapt-
ed scoring model for screening candidates for AC
in nonmetastatic UTUC with <pT2.

MATERIAL AND METHODS
Patients

We retrospectively identified 198 patients who un-
derwent RNU for UTUC between January 2010 and
June 2020 at Inje University Busan Paik Hospital,
Republic of Korea. Study inclusion criteria were as
follows: (1) pathologic diagnosis of urothelial carci-
noma (UC) in renal pelvic or ureter, (2) pathologic
tumour stage a-2 with no clinical evidence of lymph
node or distant metastasis, and (3) no evidence of dis-
ease recurrence within 3 months after surgery. Exclu-
sion criteria were as follows: (1) patients with previ-
ous or sequential second primary cancers (except for
bladder tumour), (2) nonRNU, and (3) patients who
received perioperative neoadjuvant or adjuvant sys-
temic therapy. Ultimately, we analysed 135 patients
with pTa-2NOMO UTUC following RNU in this study.
Based on the surgeon’s preference, the open, laparo-
scopic, or robotic approach was used for RNU with
bladder cuff resection. The bladder cuff resection
was performed through the extravesical approach
[7]. Lymphadenectomy was not routinely performed,
except in patients with suspiciously enlarged lymph
nodes in preoperative imaging or in cases with sus-
picious intraoperative findings at the surgeon’s dis-

cretion. Patients were generally followed up every
3 months in the first year after RNU, every 6 months
in years 2-5, and annually afterward. Follow-up eval-
uations included serum laboratory tests, cystoscopy,
and regular thoracoabdominal computed tomogra-
phy scan or magnetic resonance imaging. Disease
recurrence was defined as a new >10-mm lesion pre-
viously undetected by radiologic evaluation in the lo-
coregional surgical field or outside the urinary tract.
Intravesical recurrence was not considered to indi-
cate disease recurrence.

We collected data on age, gender, tumour size and
multifocality, computed tomography urography
(CTU) invasion, preoperative hydronephrosis,
pathologic tumour staging and grading, presence
of variant histology, and status of disease recurrence.
CTU invasion was defined as infiltration into renal
parenchyma, renal sinus fat, or periureteric tissue
identified on cross-sectional imaging [8]. Preopera-
tive hydronephrosis was determined from preopera-
tive radiologic reports of upper tract imaging includ-
ing CTU and magnetic resonance imaging.

Pathologic evaluation

A genitourinary pathologist with >15 years of expe-
rience at our institution histologically confirmed all
specimens. Tumour staging was assessed according
to the seventh and eighth American Joint Committee
on Cancer tumour, node, metastasis classification sys-
tem and graded according to the 2004 and 2016 World
Health Organisation (WHO) system and the Inter-
national Society of Urological Pathology consensus
classification [9-12]. Variant histology was assessed
based on a previously reported reference well accept-
ed by the uropathological community and the WHO
system [9, 11, 13]. Tumour size was measured based
on the largest dimension determined by macroscopic
and microscopic examinations of single tumour fro-
zen sections. We defined tumour location as the renal
pelvis, ureter, or both the renal pelvis and the ure-
ter. Tumour multifocality was defined as pathologic
confirmation of the synchronous presence of tumours
in any location in the renal pelvis and ureter. In cas-
es in which tumour multifocality was present, we
obtained the largest tumour diameter for analysis.
We also evaluated concomitant carcinoma in situ and
Iymphovascular invasion (LVI) status.

Risk-adapted scoring model for adjuvant systemic
therapy after radical nephroureterectomy
in nonmetastatic upper tract urothelial carcinoma

We propose a risk-adapted scoring model to iden-
tify patients who would benefit from adjuvant sys-
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temic therapy in nonmetastatic UTUC (Table 1).
This model consists of 7 risk factors: (1) high-grade
tumour; (2) tumour size >2 cm, (3) multifocal dis-
ease, (4) local invasion on CTU, (5) hydronephrosis,
(6) previous history for bladder UC, and (7) vari-
ant histology. Among the 7 risk factors, we proposed
the use of 6 clinicopathologic factors as risk factors
in the risk stratification model for nonmetastatic
UTUC in the EAU guideline [3]; one risk factor was
modified from “Previous radical cystectomy for high-
grade bladder cancer” to “History of bladder UC”.
Each criterion corresponds to one point, and the
combined score of all criteria was used to categorise
patients as having low or high risk of disease recur-
rence.

Statistical analysis

Continuous variables are presented as means with
standard deviations or medians with interquartile
range (IQR). Categorical variables are presented
as frequency with percentage. We compared the
clinicopathologic factors affecting disease recurrence
and survival using the y2-test, Fisher’s exact test,
and linear-by-linear association for categorical data;
for continuous variables, we used Student’s t test and
one-way analysis of variance. We adopted the maxi-
mal chi-square method to determine which cutoff
of risk scores in each data set best categorised pa-
tients into subgroups of low and high risk of disease
recurrence (based on the likelihood of survival), with
the log-rank test used as the method for measuring
the grouping strength [14, 15]. For each of the high-
risk cutoff thresholds, we tested univariable sensitiv-
ity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and predicting accuracy
for disease recurrence after RNU. Accuracy was de-
fined by area under the receiver-operating character-
istics (AUC ROC) curve. We estimated the prognostic
effects of clinicopathologic variables on disease recur-
rence and survival using univariate and multivariate
Cox proportional hazards regression models. Hazard
ratios (HRs) with 95% confidence intervals (CIs) were
used to assess the strength of the individual vari-
ables. Probabilities of recurrence-free survival (RFS)
and cancer-specific survival (CSS) were estimated us-
ing the Kaplan-Meier method and compared using the
log-rank test. We performed statistical analyses using
SPSS V27.0 (IBM Corp, Armonk, NY, USA), Med-
Calc V22.0 (MedCalc Software Ltd, Ostend, Belgium),
or Maxstat, a maximal y2test method in R statistical
package 2.13.0 (R Foundation for Statistical Comput-
ing, Vienna, Austria, http://www.R-project.org). All
tests were two-sided, and p <0.05 was considered sta-
tistically significant.

Table 1. Risk-adapted scoring model for adjuvant systemic
therapy in nonmetastatic UTUC with spT2

Risk factors (1 point for each factor) Score

High-grade tumour 1 point
Tumour size 22 cm 1 point
Multifocal disease 1 point
Local invasion on CTU 1 point
Hydronephrosis 1 point
Previous history for bladder urothelial )

carcinoma 1 point
Variant histology 1 point

Risk group Sum of scores
Low risk of disease recurrence 0~3 points
High risk of disease recurrence > 4 points

CTU — computed tomography urography

Bioethical standards

This single-centre study was approved by the Medi-
cal Ethics Committee of the Inje University Busan
Paik Hospital (BPIRB 2023-04-014) and was in com-
plete agreement with the Declaration of Helsinki.

RESULTS

Overall, we included 135 patients with nonmeta-
static UTUC with <pT2 (pT2: 30 patients [22.2%];
<pT1: 105 patients [77.8%]) who underwent RNU.
The median follow-up period was 35.2 months
(4.9-138 months), and 21 patients (15.6%) had died
at the time of analysis. Table 2 displays the clinico-
pathologic characteristics stratified by risk factor
scores. Sixty-seven (49.6%) patients had 2 or few-
er risk factors, 35 (25.9%) had 3 risk factors, and
33 (24.4%) had more than 4 risk factors. The incidence
of >pT2 disease was 10.4% in patients with 2 or few-
er risk factors, 28.6% in patients with 3 risk factors,
and 39.4% in patient with 4 or more risk factors. Pa-
tients with 4 or more risk factors showed higher rates
of positive results in all 7 risk factors than patients
with 3 or fewer risk factors (p <0.05).

Using the maximal y2-test method, we found that
segregation was best achieved using a risk score cut-
off value of 3 points. Using this criterion, Table 3
shows the performance of the risk score thresholds
for predicting disease recurrence and cancer-specif-
ic death using the univariable tests. The accuracies
for recurrence prediction of the high-risk cut-
off value of >3 points and >4 points were 61.5%
(95% CI: 52.7-69.7%) and 82.9% (95% CI: 75.5-88.9%),
respectively. In the univariate analysis, >pT2, high-
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Table 2. Clinicopathologic characteristics stratified by risk factor scores

Summed risk scores

Characteristics Score <2 Score =3 Score 24 Total |
(n=67) (n =35) (n=33) (n =135) p-value
Age, years, median (IQR) . 69 (46-36) . 72 (42-85) . 73 (53-83) . 71 (45-86) 029
Sex, n (%)
Male 52 (77.6) 24 (68.6) 19 (57.6) 95 (70.4) 0.115
Female . 15 (22.4) . 11 (31.4) . 14 (42.4) . 40 (29.6) .
BMI, kg/m?, median (IQR) 246 (18.5-29.7) 241 (18.4-27.5) 236 (18.6—30.4) 242 (18.4-30.3) ) 0.603
Diabetes mellitus, n (%)
Absent 53(79.1) 28 (80.0) 22 (66.7) 103 (76.3) 0.325
Present . 14 (20.9) . 7(20.0) . 11(33.3) 32(237)
Hypertension, n (%)
Absent 34 (50.7) 18 (51.4) 15 (45.5) 67 (49.6) 0.857
Present . 33(49.3) . 17 (48.6) . 18 (54.5) . 68 (50.4)
ECOG performance status, n (%)
0-1 63 (94.0) 29 (82.9) 31(93.9) 123 (91.1) 0.137
22 . 4(6.0) . 6(17.1) . 2(6.1) . 12 (8.9)
History of bladder urothelial carcinoma, n (%)
Absent 65 (97.0) 33(94.3) 25 (75.8) 123 (91.1) 0.001
Present , 2(3.0) , 2(5.7) , 8 (24.2) , 12(8.9)
Hydronephrosis, n (%)
Absent 51 (76.1) 7(20.0) 4(12.1) 62 (45.9) <0.001
Present , 16 (23.9) , 28 (80.0) , 29 (87.9) , 73 (54.1)
CTU invasion, n (%)
Absent 64 (95.5) 30 (85.7) 10 (30.3) 104 (77.0) <0.001
Present , 3(4.5) , 5(14.3) . 23 (69.7) . 31(23.0)
Operation method, n (%)
Open 13 (19.4) 14 (40.0) 10 (30.3) 37 (27.4) 0.208
Laparoscopic 38 (56.7) 17 (48.6) 17 (51.5) 72 (53.3) '
Robotic . 16 (23.9) . 4(11.4) . 6(18.2) . 26(19.3)
LN dissection, n (%)
No 66 (98.5) 31 (88.6) 28 (84.8) 125 (92.6) 0.010
Yes . 1(L.5) . 4(11.4) . 5(15.2) . 10(7.4)
Tumour location, n (%)
Pelvic-caliceal 46 (68.7) 11(31.4) 6(18.2) 63 (46.7) <0.001
Ureter 19 (28.3) 22 (62.9) 16 (48.5) 57 (42.2) ’
Both . 2(3.0) . 2(5.7) . 11(33.3) . 15 (11.1) .
Tumour size, cm, median (IQR) ) 2.5(0.8-7.0) . 2.5(1.0-6.0) ) 3.5(1.5-7.7) ) 2.8 (0.8-6.5) ) 0.037
Multifocality, n (%)
Absent 64 (95.5) 27 (77.1) 13 (39.4) 104 (77.0) <0.001
Present . 3(4.5) . 8(22.9) . 20 (60.6) . 31(23.0)
Pathologic staging, n (%)
Ta/Tis/T1 60 (89.6) 25 (71.4) 20 (60.6) 105 (77.8) 0.003
2 . 7(10.4) . 10 (28.6) . 13 (39.4) . 30(22.2)
Pathologic grading, n (%)
Low-grade 38 (56.7) 6(17.1) 3(9.1) 47 (34.8) <0.001
High-grade . 29 (43.3) . 29 (82.9) . 30(90.9) ~ 88(65.2)
Variant histology, n (%)
Absent 65 (97.0) 29 (82.9) 27 (81.8) 121 (89.6) 0.010
Present , 2(3.0) , 6(17.1) , 6(18.2) , 14 (10.4)
Lymphovascular invasion, n (%)
Absent 66 (98.5) 35 (100) 32(97.0) 133 (98.5) 0.664
Present ) 1(1.5) ) 0(0) ) 1(3.0) ) 2(1.5)
Tumour necrosis, n (%)
Absent 66 (98.5) 33(94.3) 32(97.0) 131 (97.0) 0.536
Present . 1(1.5) . 2(5.7) . 1(3.0) . 4(3.0)
Concomitant CIS, n (%)
Absent 62 (92.5) 25(71.4) 21 (63.6) 108 (80.0) 0.001
Present . 5(7.5) . 10 (28.6) . 12 (36.4) . 27 (20.0)
Synchronous bladder tumour, n (%)
Absent 57 (85.1) 26 (74.3) 25(75.8) 108 (80.0) 0.339
Present . 10 (14.9) . 9(25.7) . 8(24.2) . 27 (20.0)
o : : o
P"Asl')ts‘éit“mtera' resection margin, n (%) 63 (94.0) 33 (94.3) 28 (84.8) 124 (91.9) 0151
4(6.0) 2(5.7) 5(15.2) 11(8.1) :
Present

BMI — body mass index; CIS — carcinoma in situ; CTU — computed tomography urography; ECOG — Eastern Cooperative Oncology Group; IQR — interquartile range;
LN = lymph node; n — number of patients
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Table 3. Performance of different risk score cutoffs for prediction of recurrence in 135 patients treated with RNU

Risk scores cutoff Sensitivity Specificity PPV NPV PLR NLR Accuracy AUC
for high-risk group % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl) (95% ClI) (95% ClI) % (95% Cl) %
>3 boints 83.3 56.8 29.4 94.0 1.9 0.3 61.5 700
=P (62.6-95.3) (47.0-66.1) (23.9-35.5) (86.4-97.5) (1.4-2.5) (0.1-0.7) (52.7-69.7) :
>4 points 70.8 85.6 51.5 93.1 4.9 0.3 82.9 782
=P (48.9-87.4) (77.6-91.5) (38.7-64.1) (87.9-96.2) (2.9-8.2) (0.2-0.6) (75.5-88.9) ’

AUC — area under the curve; Cl — confidence interval; NLR — negative likelihood ratio; NPV — negative predictive value; PLR — positive likelihood ratio; PPV — positive

predictive value

grade tumour, multifocal disease, CTU invasion, and
a high-risk cutoff value of >3 points and >4 points
were significant poor prognostic factors for disease
recurrence (all p <0.05). Advanced age, history
of bladder UC, CTU invasion, and a high-risk cutoff
value of >3 and >4 were significant poor prognostic
factors for caner-specific death (all p < 0.05) (Table 4).
In the multivariable models that adjusted for the ef-
fects of preoperative clinicopathologic features, both
a high-risk cutoff value of >3 points (HR = 3.98;
95% CI. 1.31-12.11, p = 0.015) and >4 points
(HR = 10.20, 95% CI: 3.94-26.44, p <0.001) were
independently associated with disease recurrence
after RNU. However, only a high-risk cutoff value
of >4 points (HR = 8.72,95% CI: 2.47-30.73, p <0.001)
was associated with cancer-specific death (Table 5).

Overall, 24 (17.8%) patients experienced disease re-
currence. Ten of 30 (33.3%) patients with pT2 and
14 of 105 (13.3%) patients with <pT1 experienced
disease recurrence. When we adopted a high-risk

cutoff value as >4 points, 17 of 33 (51.5%) high-
risk patients and 7 of 102 (6.9%) low-risk patients
experienced disease recurrence. The high-risk
group showed poorer RFS than the low-risk group
(median, 37.6 months, 95% CI: 14.5-70.5 months
vs not reached; HR = 26.53, 95% CI: 9.62-73.14,
p < 0.001), and the probability of RFS at 24 months
was 62.0% (95% CI: 54.3-70.6%) and 94.4% (95% CI.:
91.8-96.7%), respectively (Figure 1A). Similarly,
the high-risk group showed poorer CSS than the low-
risk group (median, 61.6 months, 95% CI: 40.1-61.6
months vs not reached; HR = 18.89, 95% CI.
4.56-78.27, p <0.001), and the probability of CSS
at 24 months was 90.1% (95% CI: 84.7-94.6%) and
97.4% (95% CI: 95.5-98.2%), respectively (Figure 1B).

DISCUSSION

In this study, we aimed to establish and validate
a simple risk stratification model for determining
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Figure 1. A) Kaplan-Meier survival curves for recurrence-free survival. B) Cancer-specific survival stratified according to risk

groups (defined by summed scores).
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Table 4. Univariable Cox proportional hazard analysis for Table 5. Multivariable Cox proportional hazard analysis
recurrence-free and cancer-specific survival in 135 patients for recurrence-free and cancer-specific survival in 135 pa-
treated with RNU tients treated with RNU
Recurrence-free survival  Cancer-specific survival Risk Scores Cutoff  Recurrence-free survival  Cancer-specific survival
Parameter HR (95% ClI)  p-value HR(95%Cl)  p-value for high-risk group HR (95% C1) p-value HR (95% C1) p-value
. 3.98 3.98
Age (0'92-9507) 0172 (1.011'9?17) 0,021 23 points (131-12.11) 99 (0gsi1g71) 0079
115 0.93 24 points (3.9%8222.44) <0.001 (2.4;3#73%).73) <0.001
Gender (female) 0.755 0.918
(0.47-2.81) (0.25-3.46) The multivariable base models in addition to age (recurrence-free survival)
and tumour stage (cancer-specific survival)
EY;;S;??S;SOF (0.933'?51.47) 0.057 (0.721'—35.01) 0.158
Concomitant - 0.82 0716 0.91 0.910 adjuvant systemic therapy use after RNU in pa-
carcinoma in situ (0.28-2.40) (0.19-4.21) tients with nonmetastatic UTUC with < pT2 disease.
Lymphovascular L1305 oo 193 . Our study demonstrated that, regardless of patho-
invasion 7.35) (0.32-6.48) logic tumour stage, high-risk patients in our mod-
. s L3 el are at inqreased risk of recurrence after RNU
Tumor necrosis (0.17-9.33) 0.823 (0.23-10.36) 0.968 and are candidates for AC.
Several retrospective studies have examined the ben-
fgj;:;igﬁg’i;'n . 822‘_379'01) 0112 o 9;% 4y 0053 eflt of AC for improving the oncologic outcomes in pa-
tients with UTUC after RNU [16-18]. Most of these
T stage 1 1 focused on the efficacy of AC in UTUC with advanced
pTa/Tis/T1 3.23 0.005 1.43 0.592 tumour stage (>pT3) or locoregional lymph node posi-
P2 (1.42-7.31) (0.38-5.29) tive disease. Despite the positive results for RFS and
CSS shown in these retrospective studies of AC, there
Risk factors was no clear recommendation on the use of adjuvant
for adjuvant systemic therapy for treating of UTUC over the long
SV;tiem‘Cr;ZZrapV 293 0.033 240 0115 term. Fortunately, a randomised phase 3 trial on AC
gre (110-951) (0.74-1563) in advanced UTUC, the POUT trial, has been report-
ed [5]. A total of 261 patients who underwent RNU
E:Ztt%reylglff;ig:i;qa o 7%-_32 5a) 0122 " 8:;22‘(‘) 0a) 0.003 for pT2-T4N0-3M0 UTUC were randomised to 4 cy-
U ' ' cles of AC or observation. The authors found a sig-
Tumor size (22 cm) 3.48 0.091 3.06 0.284 nificant difference in disease-free survival at 2 years
(0.82-14.85) (0.39-23.84) in favour of chemotherapy (51% vs 70%). The POUT
Multifocality 3.45 0.003 5 45 0.127 trial underlines the benefit of adjuvant platinum-
(1.55-7.71) (0.77-7.78) based chemotherapy for patients who underwent
Variant histology o5 0193 38 0265 RNU for locally advanced or ly_mphatic metagtas'ised
(0.69-6.01) (0.52-10.98) UTUC. Based on the POUT trial, current guidelines
recommend adjuvant platinum-based chemotherapy
CTU invasion 8.43 <0.001 9.56 <0.001 for pT2-T4 or N+ UTUC after RNU [2, 3]. However,
(3.07-32.51) (3.84-40.27) . . .
in the subgroup analysis, we observed a statistically
Hydronephrosis 2.00 0.123 1.53 0.488 significant disease-free survival benefit from AC not
(0.83-4.82) (0.46-5.09) in pT2 disease but only in pT3/4 disease. This sug-
gests that all patients with pT2 disease might be
. at risk for overtreatment with adjuvant systemic
g';ﬁfﬁt"sres cutoff: therapy. In addition, although an increasing patho-
<2 points (low-risk) 1 1 logic tumour stage increases the risk of disease recur-
>3 points (high-risk) 4.96 5.03 rence and metastasis, in real-world clinical practice,
(169-14.50) 0004 (1.10-2299)  0.037 patients with pT1 UTUC often experience disease
Risk scores cutoff. recurrence or metastasis [19]. Therefore, to avoid
3 points the risk of undertreatment in patients with high-risk
<3 points (low-risk) 1 1 UTUC, not only the pathologic tumour stage but also
>4 points (high-risk) 11.24 8.29

other clinicopathologic factors should be considered.

4.39-2869) <0001  (246-27.93) <0001 Thus, identifying appropriate candidates who may
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benefit from adjuvant systemic therapy after RNU
is of paramount importance.

To provide more effective evidence-based treat-
ment, international guidelines have recommend-
ed risk stratification for other urological cancers,
such as prostate cancer and renal cell carcinoma.
The EAU also developed a risk stratification sys-
tem for UTUC. This system is useful for risk-strat-
ifying UTUC between low- and high-risk tumours
to identify patients who are more suitable for kid-
ney-sparing surgery rather than RNU. In other
words, the EAU UTUC risk stratification system is
not a tool for selecting patients for AC. Although the
EAU guideline recommends AC in high-risk UTUC
using prognostic nomograms, this process has limi-
tations in clinical use due to the complexity and di-
versity of nomograms.

In this regard, by adopting and modifying the risk
stratification model for nonmetastatic UTUC in the
EAU guideline, we developed and proposed a simple
risk-adapted scoring model for adjuvant systemic
therapy in patients with localised UTUC with <pT2.
The risk stratification model in the EAU guideline
consisted of 8 risk factors: multifocal disease, tumour
>2 cm, high-grade cytology, high-grade in ureterore-
noscope (URS) biopsy, CTU invasion, hydronephro-
sis, previous radical cystectomy for high-grade blad-
der cancer, and variant histology. Among the 8 risk
factors, we combined “High-grade in URS biopsy”
and “High-grade cytology” into “High-grade tumour”
in this study because the final pathologic inspection
after RNU was determined to be a more accurate and
important factor in clinical practice. The biggest dif-
ference from the original model is the change of “Pre-
vious radical cystectomy for high-grade bladder can-
cer” to “History of bladder UC”. Although there might
be controversy about this content, a recent Surveil-
lance, Epidemiology, and End Results registry-based
study showed that UTUC in patients with a previous
or simultaneous bladder cancer history, regardless
of tumour grade and stage, had a significantly adverse
effect on UTUC prognosis [20]. In addition, we also
considered the incidence of UTUC in association with
bladder cancer. The incidence of UTUC after radical
cystectomy ranged from 0.75% to 6.4% [21, 22]. How-
ever, approximately 25% of UTUC patients had a his-
tory of non-muscle invasive bladder cancer at time
of diagnosis or treatment with RNU [4, 23]. Other fac-
tors, including tumour size, multifocality, CTU inva-
sion, hydronephrosis, and variant histology, have been
reported to influence the prognosis of UTUC and were
used as the main risk factors in our model [24-27].
Indeed, we also observed an increased RFS and CSS
risk in patients who were positive for these factors.
Of the multiple pathologic factors, only variant his-

tology and grade were included in the risk-adapt-
ed scoring model. We did not include pathologic
tumour stage as a risk factor because our model
is designed to prevent overtreatment at pT2 and
to pre-screen those who need adjuvant treatment
in <pT1 patients. In addition, although LVI is a well-
known factor that influences disease recurrence
and progression in UTUC [26], it did not appear
to be an influential factor in both RFS and CSS
in our cohort. It is probably because only 2 (1.5%)
of the patients included in this study were LVI posi-
tive. This should be explored in further research
in a larger cohort.

We found that a high-risk cutoff value of >4 points
was best for identifying disease recurrence. Al-
though sensitivity and NPV were higher for the
>3-point cutoff value, the >4-point cutoff value pro-
vided better specificity, PPV, accuracy, and AUC
ROC. In addition to the diagnostic tests indicating
the superior performance of the >4-point cutoff
value, multivariable analysis showed that both RFS
and CSS were significant when adopting >4 points
as the distinguishable cutoff value between the low-
and high-risk groups.

In this study, 33.3% of pT2 patients and 13.3%
of <pT1 patients experienced disease recurrence.
If AC candidates were selected based solely on patho-
logic tumour stage, as proposed by the POUT trial,
more than half of the pT2 patients would be at risk
of overtreatment and more than 10% of the <pT1
patients would be at risk of undertreatment. In ad-
dition, we observed a significant increase in the pro-
portion of pT?2 disease in the high-risk group. This
finding suggests that, even though tumour stage was
not considered as a risk factor in identifying candi-
dates for AC, our risk-adapted scoring model could
help decision-making in pursuit of tailored individ-
ual patient care by selecting patients with pT2 who
might have a worse prognosis.

This study has several limitations. First, the retro-
spective study design is associated with an inher-
ent potential for selection bias. Second, this scoring
system is limited in its use of risk-adjusted scoring
for >pT3 disease. As shown by the POUT trial,
there is a clear benefit of adjuvant treatment in pT3
or locally advanced disease, so we did not develop
this model for these patients. Third, we did not in-
clude other molecular biomarkers, such as PD-1
or PD-L1 expression, liquid biopsy results, and tu-
mour mutational burden, as risk factor in this study.
Although these molecular biomarkers are signifi-
cantly associated with worse prognosis or system-
ic therapy response [28], we did not include them
as risk factors because the purpose of this study is
to develop a risk-scoring model that can be easily
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used in clinical practice. Finally, due to the small
number of patients and events, the statistical
power might be limited. Therefore, further re-
search in a larger cohort is needed to confirm our
findings.

CONCLUSIONS

We presented a risk-adapted scoring model that
might be a better indicator of disease recurrence
in patients with nonmetastatic UTUC with <pT2.
Further studies with larger cohorts are needed
to validate the risk-adapted scoring model, which
may allow more precise identification of ideal can-
didates for AC after RNU among patients with non-
metastatic UTUC with <pT2.
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