
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Angelo Naselli,
MultiMedica Holding SpA (IRCCS), Italy

REVIEWED BY

Giacomo Maria Pirola,
San Giuseppe Hospital, IRCCS
MultiMedica, Italy
Hsiang Ying Lee,
Kaohsiung Medical University Hospital,
Taiwan

*CORRESPONDENCE

Dexin Ding
dingdexin19810328@163.com

†This author share first authorship

SPECIALTY SECTION

This article was submitted to
Genitourinary Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 14 August 2022

ACCEPTED 10 October 2022
PUBLISHED 25 October 2022

CITATION

Gao J, Liu J, Liu J, Lin S and Ding D
(2022) Survival and risk factors
among upper tract urothelial
carcinoma patients after radical
nephroureterectomy in
Northeast China.
Front. Oncol. 12:1012292.
doi: 10.3389/fonc.2022.1012292

COPYRIGHT

© 2022 Gao, Liu, Liu, Lin and Ding. This
is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction
in other forums is permitted, provided
the original author(s) and the
copyright owner(s) are credited and
that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Original Research
PUBLISHED 25 October 2022

DOI 10.3389/fonc.2022.1012292
Survival and risk factors among
upper tract urothelial carcinoma
patients after radical
nephroureterectomy in
Northeast China

Jianing Gao1†, Jingya Liu2, Jianyu Liu3, Shiyan Lin4

and Dexin Ding1*

1Department of Urology Surgery, Harbin Medical University Cancer Hospital, Harbin, China,
2Department of Breast Surgery, Harbin Medical University Cancer Hospital, Harbin, China,
3Department of Respiratory Medicine, Harbin Medical University Cancer Hospital, Harbin, China,
4Department of Anesthesiology, Harbin Medical University Cancer Hospital, Harbin, China
Objective: The study objective was to investigate the prognostic risk factors

related to overall survival (OS), cancer-specific survival (CSS), recurrence-free

survival (RFS) , and metastasis-free survival (MFS) after radical

nephroureterectomy (RNU) for upper tract urothelial carcinoma (UTUC). Patients

were then divided into different risk groups (based on their number of prognostic

risk factors), and specific postoperative treatment plans were formulated for

patients in different risk groups.

Methods:We retrospectively analyzed the data of 401 patients with UTUC who

underwent RNU between 2010 and 2020. Univariate and multivariate Cox

regression analyses were used to evaluate the associat ions of

clinicopathological variables with prognosis among UTUC patients. Kaplan–

Meier survival analysis of patients in different risk groups (based on their number

of prognostic risk factors) was conducted.

Results:Multivariate Cox regression analysis showed that sex (being male), LVI, pT

stage (>pT2), and lack of postoperative intravesical instillation were independent

risk predictors of shorter OS, CSS, RFS, and MFS (all P<0.05). Laparoscopic RNU

was also associated with shorter OS, CSS, and MFS, but not with shorter RFS

(P=0.068). After risk stratification, the 5-year OS, CSS, RFS, andMFS in the high-risk

group were 42.3%, 46.4%, 41%, and 46%, respectively.
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Conclusions: Sex (being male), LVI, pT stage (>pT2), and intravesical instillation were

independent predictors of OS, CSS, RFS, and MFS for UTUC. All were risk factors, except

for intravesical instillation, which was a protective factor. Additionally, laparoscopic RNU

was an independent risk factor for OS, CSS, and MFS. Patients in the high-risk group may

benefit greatly from adjuvant or neoadjuvant chemotherapy.
KEYWORDS

radical nephroureterectomy (RNU), upper tract urothelial carcinoma (UTUC), recurrence,
metastasis, prognosis
Introduction

Upper tract urothelial carcinoma (UTUC) is a rare malignant

tumor, accounting for about 5–10% of all urothelial carcinomas,

with poor prognosis (1, 2). Radical nephroureterectomy (RNU)

and bladder cuff resection represent the gold standard for the

treatment of non-metastatic UTUC (3), and postoperative

adjuvant chemotherapy (AC) is the main treatment for

postoperative recurrence and distant metastasis in patients with

UTUC (4).

In the past few years, the UTUC diagnostic and resection

accuracy have been improved, but the survival outcomes of

UTUC patients have not significantly changed (5), and the high

postoperative recurrence rate and distant metastasis rate pose

heavy economic and psychological burdens on UTUC

patients. Therefore, it is important to identify the relevant

factors that influence UTUC survival outcomes. The prognosis

of UTUC patients varies greatly and is obviously individualized. It

has been reported that factors associated with poor prognosis

among UTUC patients after RNU include being male, history of

smoking, pathologic tumor (pT) stage, tumor grade, tumor

location, lymphatic vascular invasion (LVI), hydronephrosis,

tumor multifocality, ureteroscopy, history of transurethral

resection of bladder tumor (TURBT), and surgery type (6–

15). However, there is little research that comprehensively

shows the relationships between the prognostic factors and

overall survival (OS), cancer-specific survival (CSS), recurrence-

free survival (RFS), and metastasis free survival (MFS).

Thus, we aimed to assess the role of a large number of

clinicopathological variables in predicting OS, CSS, RFS, and

MFS in a long follow-up study of UTUC patients after RNU. We

then aimed to stratify the patients based on the identified

prognostic factors in order to identify risk groups. The high-

risk patients would be more likely to benefit from AC and/or

neoadjuvant chemotherapy (NAC), while low-risk patients

would benefit from avoiding the risk of treatment-related

adverse events.
02
Methods

Patient selection

We conducted a detailed retrospective review of the

demographic and clinicopathological data of 401 patients who

had undergone RNU during a 10-year period between 2010 and

2020 and then had been followed-up (median follow-up

duration: 44.7 months; range: 2 to 140 months). The exclusion

criteria were partial ureterectomy, radiotherapy or neoadjuvant

chemotherapy (NAC) prior to surgery, lack of relevant data, loss

to follow-up, and co-existing cancer types. All patients signed

informed consent forms at the time of admission.
Surgery and AC

All patients with UTUC underwent open or laparoscopic

RNU (ORNU or LRNU) according to standard procedures,

which included extrapital dissection of the kidney and removal

of the entire ureter length and adjacent portions of the bladder

cuff. Lymphadenectomy was performed if preoperative imaging

reports showed suspicious lymph node (LN) status or if positive

LNs were found during surgery. AC is usually recommended for

patients with pathological LN metastasis, T3–T4 stage, and

positive surgical margins.
Data collection and evaluation

Preoperative variables included sex, age, body mass index

(BMI), history of smoking, family history of cancer, history of

TURBT, and preoperative hydronephrosis. Intraoperative data

included surgical method (ORNU or LRNU). Postoperative data

included whether ACwas given and whether intravesical instillation

(gemcitabine or pirarubicin) was performed. Pathological data

included pathological stage, maximum tumor diameter, lateral
frontiersin.org

https://doi.org/10.3389/fonc.2022.1012292
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Gao et al. 10.3389/fonc.2022.1012292
tumor location (renal pelvis and/or ureter), tumor grade,

lymphovascular invasion (LVI), tumor multifocality, tumor

necrosis (TN), and LN status.

Follow-up

Follow-up began after discharge, generally at least every 3–4

months for the first year, every 6 months for the second year,

and at least once a year thereafter, according to National

Comprehensive Cancer Network (NCCN) guidelines. Follow-

up methods included telephone and outpatient follow-up.

Follow-up examinations included cystoscopy, urine cytology,

physical examination, routine blood analysis, blood

biochemistry analysis, computed tomography (CT) scans, and

chest X-rays. History of smoking was defined still smoking at the

time of diagnosis (usually for ≥5 years) or previously smoked for

a long time (≥10 years) but has quit smoking for <1 year. Family

history of cancer was defined as a history of cancer in an

immediate family member (including a parent or sibling) of

the patient. Tumor multifocality was defined as the simultaneous

presence of two or more pathologically confirmed tumors in any

upper urinary tract location. Tumor grade and stage were

determined based on the 2017 American Joint Committee on

Cancer (AJCC) tumor, node, metastatic (TNM) stage and the

2004 World Health Organization (WHO) tumor classification.

Overall survival (OS) was defined as the time from the day of

RNU to death. Cancer-specific survival (CSS) was defined as the

time from the day of RNU to death due to UTUC. Recurrence-

free survival (RFS) was defined as the time from the day of RNU

to local or distant recurrence (urethral, intravesical, contralateral

renal pelvis, and/or ureter recurrence). Metastasis-free survival

(MFS) was defined as the time from the day of the RNU to the

occurrence of metastasis (e.g., bone, liver, lung or metastasis).

The low-risk group was defined as having 0 or 1 independent

risk factors, the medium-risk group was defined as having 2

independent risk factors, and the high-risk group was defined as

having 3–5 independent risk factors.

Statistical analysis

All analyses were performed using IBM SPSS Statistics v26.0

(IBM, Armonk, New York, USA) or GraphPad Prism v8.0.2

(GraphPad Software Inc.). All continuous variables are reported

as median values and ranges. Univariate and multivariate Cox

regression analyses were used to evaluate the relationships of

clinicopathological variables with OS, CSS, RFS and MFS.

Kaplan–Meier analysis was used for survival analysis. P<0.05

was considered statistically significant.

Results

Table 1 lists the clinicopathological features of the 401

patients. The median age of the UTUC patients in our cohort
Frontiers in Oncology 03
was 67 years (range from 33 to 90) and the median follow-up

duration was 44.7 months (range from 2 to 140). 206

(51.4%) patients were male and 167 (41.6%) underwent ORNU

rather than LRNU. 183 (45.6%) patients underwent

intravesical instillation after surgery. 45 (11.2%) patients were

positive for LVI. There were 128 (31.9%) patients at Tis, Ta, and

T1 stage, 87 (21.7%) at T2 stage, and 186 (46.4%) at T3–T4

stage. During the follow-up, 130 patients (32.4%) had local

recurrence and 100 (24.9%) had lymphatic spread and/or

distant metastasis. 91 patients (22.7%) died from UTUC and

115 (28.7%) died from all causes.

Primarily, we analyzed the prognostic value of multiple

clinicopathological variables for OS, CSS, RFS, and MFS. First,

univariate Cox regression analyses showed that sex, history of

TURB, postoperative AC, postoperative intravesical instillation,

surgery type, LVI, hydronephrosis, tumor multifocality, tumor

location, pT stage, and pN stage were correlated with shorter OS,
TABLE 1 Clinicopathologic features for the overall cohort of 401
patients with UTUC after RNU.

Variables All patients 401 (%)

Age at UTUC (years), median (range) 67 (33-90)

Follow-up (months), median (range) 44.7 (2-140)

Sex, Male 206 (51.4)

BMI≥30 (kg/m2) 31 (7.7)

The history of smoking, yes 129 (32.2)

The history of family cancer, yes 30 (7.5)

The history of TURBT, yes 79 (19.7)

Adjuvant chemotherapy, yes 104 (25.9)

Intravesical instillation, yes 183 (45.6)

Surgery approach, Open 167 (41.6)

Recurrence 130 (32.4)

Metastasis 100 (24.9)

Die from UTUC 91 (22.7)

LVI, yes 45 (11.2)

Tumor grade, High 378 (94.3)

Tumor size ≥2cm 317 (79.1)

Tumor side, Left 196 (48.9)

Hydronephrosis, yes 292 (72.8)

Tumor necrosis, yes 11 (2.7)

Multifocality, yes 86 (21.4)

Tumor location

Ureteral 170 (42.4)

Renal pelvis 200 (49.9)

Both 31 (7.7)

pT-stage

Tis Ta T1 128 (31.9)

T2 87 (21.7)

T3-T4 186 (46.4)

pN-stage, N+ 37 (9.2)
UTUC, upper tract urothelial carcinoma; RNU, radical nephroureterectomy; LVI,
lymphatic vascular infiltration.
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CSS, RFS, and MFS (Table 2, all P<0.05). Univariate Cox

regression analyses also showed that TN was associated with

shorter RFS and MFS, but not with OS or CSS.

The clinicopathological variables with significant association

(P<0.05) with OS, CSS, RFS, and MFS were used in

the multivariate Cox regression analyses of OS, CSS, RFS, and

MFS, respectively. The multivariate Cox regression analyses

showed that sex (male), postoperative intravesical instillation,

LVI, and pT stage (>pT2) were independent risk predictors of

shorter OS, CSS, RFS, and MFS (Table 3, all P<0.05). LRNU was

associated with shorter OS, CSS, and MFS, but not with shorter

RFS (P=0.068).

Next, we performed Kaplan–Meier analysis to assess the risk

classification by sex, postoperative intravesical instillation, LVI,

pT stage, and surgery type (Figures 1A–T, all P<0.05).

Finally, according to the multivariate Cox regression analysis

results that identified the independent risk factors and the

number of risk factors that each patient had, the 401 patients

were divided into three risk groups: low-risk group (0 or 1 risk

factors; 133 cases), medium-risk group (2 risk factors; 136 cases),

and high-risk group (3–5 risk factors; 132 cases).

Kaplan–Meier curves of each group showed the following.

Overall survival (OS) at 1, 3, and 5 years was 99.2%, 95.7%, and
Frontiers in Oncology 04
90.7%, respectively, in the low-risk group. 95.6%, 83%, and

73.7%, respectively, in the medium-risk group, and 74.1%,

51.3%, and 42.3%, respectively, in the high-risk group. Cancer-

specific survival (CSS) at 1, 3, and 5 years was 98.4%, 96.6%, and

84.5%, respectively, in the low-risk group, 97%, 87.3%, and

79.7%, respectively, in the medium-risk group, and 76.1%,

54.7%, and 46.4%, respectively, in the high-risk group.

Recurrence-free survival (RFS) at 1, 3, and 5 years was 93.2%,

86.4%, and 82%, respectively, in the low-risk group, 83.6%,

73.7%, and 68.6%, respectively, in the medium-risk group, and

60.5%, 48.4%, and 41%, respectively, in the high-risk group.

Metastasis free survival (MFS) at 1, 3, and 5 years was 97.7%,

95.1%, and 90.4%, respectively, in the low-risk group, 91.2%,

84.2%, and 80.5%, respectively, in the medium-risk group, and

66.8%, 51.4%, and 46%, respectively, in the high-risk

group. (Figures 2A–D).
Discussion

Prognostic factor analysis and risk stratification are

cornerstones of cancer management. Clinicopathological

prognostic factors can be used for risk stratification to
TABLE 2 Univariate Cox proportional hazard regression analysis of the risk factors for UTUC.

Variables OS CSS RFS MFS

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Age≥67(years) 1.41 (0.97, 2.05) 0.063 1.17 (0.77, 1.77) 0.441 0.96 (0.68, 1.36) 0.858 1.06 (0.71, 1.56) 0.772

Sex, Male 1.53 (1.05, 2.21) 0.026 2.10 (1.36, 3.24) 0.001 1.66 (1.17, 2.36) 0.005 1.88 (1.25, 2.84) 0.002

BMI≥30 (kg/m2) 0.94 (0.46, 1.93) 0.873 1.05 (0.48, 2.27) 0.896 1.14 (0.61, 2.12) 0.664- 1.06 (0.51, 2.18) 0.874

The history of smoking, yes 0.95 (0.64, 1.41) 0.804 1.12 (0.73, 1.72) 0.609 0.97 (0.67, 1.40) 0.876 0.97 (0.67, 1.40) 0.942

The history of family cancer, yes 1.19 (0.62, 2.29) 0.592 1.36 (0.69, 2.72) 0.376 1.68 (0.98, 2.88) 0.057- 1.43 (0.74, 2.74) 0.284

The history of TURBT, yes 2.01 (1.36, 2.97) 0.000 2.09 (1.35, 3.32) 0.001 2.16 (1.49, 3.12) 0.000 2.18 (1.44, 3.29) 0.000

Adjuvant chemotherapy, yes 0.65 (0.44, 0.95) 0.029 0.65 (0.42, 1.00) 0.05 1.60 (1.12, 2.31) 0.01 1.89 (1.26, 2.83) 0.002

Intravesical instillation, yes 0.47 (0.32, 0.70) 0.000 0.47 (0.30, 0.74) 0.001 2.22 (1.36, 3.65) 0.007 0.54 (0.36, 0.82) 0.004

Surgery approach, LRNU 2.41 (1.64, 3.53) 0.000 2.37 (1.55, 3.630 0.000 1.83 (1.30, 2.59) 0.001 2.38 (1.59, 3.57) 0.000

LVI, yes 8.20 (5.45, 12.32) 0.000 9.59 (6.17, 14.9) 0.000 6.09 (4.10, 9.06) 0.000 8.39 (5.47, 12.86) 0.000

Tumor grade, High 1.25 (0.54, 2.84) 0.595 1.51 (0.55, 4.13) 0.415 1.16 (0.54, 2.50) 0.687 1.29 (0.52, 3.18) 0.573

Tumor size ≥2cm 1.61 (0.96, 2.69) 0.07 1.41 (0.81, 2.46) 0.22 1.60 (0.99, 2.58)- 0.051 1.61 (0.93, 2.79) 0.087

Tumor side, Left 1.04 (0.72, 1.50) 0.849 0.88 (0.58, 1.33) 0.538 0.90 (0.63, 1.27) 0.559 1.01 (0.68, 1.50) 0.938

Hydronephrosis, yes 2.26 (1.35, 3.79) 0.002 2.91 (1.55, 5.46) 0.001 2.27 (1.41, 3.66) 0.001 2.28 (1.41, 3.67) 0.000

Tumor necrosis, yes 2.82 (1.23, 6.43) 0.014 2.21 (0.81, 6.04) 0.122 2.63 (1.22, 5.64) 0.013 3.11 (1.36, 7.13) 0.007

Multifocality, yes 2.25 (1.54, 3.30) 0.000 2.51 (1.65, 3.84) 0.000 2.70 (1.89, 3.86) 0.000 2.57 (1.72, 3.86) 0.000

Tumor location 0.004 0.001 0.000 0.001

Ureteral vs. Renal pelvis 1.46 (0.99, 2.17) 0.06 1.57 (1.00, 2.47) 0.049 1.31 (0.90, 1.90) 0.153 1.45 (0.94, 2.22) 0.088

Both vs. Renal pelvis 2.66 (1.48, 4.76) 0.001 3.34 (1.79, 6.22) 0.000 3.03 (1.79, 5.13) 0.000 3.15 (1.73, 5.72) 0.000

pT-stage 0.000 0. 000 0.000 0.000

T2 vs. Tis Ta T1 2.92 (1.44, 5.92) 0.003 5.29 (1.94, 14.47) 0.001 2.60 (1.45, 4.64) 0.001 5.08 (2.02, 12.74) 0.001

T3-T4 vs. Tis Ta T1 7.11 (3.87, 13.08) 0.001 14.3 (5.74, 35.4) 0.000 4.14 (2.51, 6.84) 0.000 12.48 (5.42, 28.73) 0.000

pN-stage, N+ 8.32 (5.41, 12.81) 0.000 9.27 (5.82, 14.75) 0.000 5.93 (3.87, 9.10) 0.000 8.13 (5.20, 12.84) 0.000
frontiersi
UTUC, upper tract urothelial carcinoma; RNU, radical nephroureterectomy; LVI, lymphatic vascular infiltration; LRNU, laparoscopic RNU.
n.org

https://doi.org/10.3389/fonc.2022.1012292
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Gao et al. 10.3389/fonc.2022.1012292
help doctors to identify high-risk patients who may benefit from

NAC and/or AC, low-risk patients who may benefit from a

conservative approach (thereby reducing the risk of

overtreatment), and medium-risk patients whose treatment

plans can be similarly individualized. Currently, the main

challenge faced by UTUC patients is the high recurrence and

metastasis rates after RNU (16). It has been reported that the

mortality rate was 21.9% and the recurrence rate was 25.4% in

UTUC patients at 30 months after RNU (17). Similarly, our

results showed that the mortality rate of UTUC was 22.7% and

the recurrence rate was 32.4%. Therefore, it is extremely

important to simultaneously predict OS, RFS, and MFS of

UTUC patients after RNU based on clinicopathological

prognostic factors.

Thus, we identified the key risk factors leading to poor

prognosis among UTUC patients, and then established a risk

stratification model for OS, CSS, RFS, and MFS based on the risk

factors, in order to predict the prognosis of UTUC patients and

thereby provide recommendations for AC and NAC

use. After risk stratification, the 5-year OS, CSS, RFS, and MFS

of the high-risk patients significantly lower than those of the

other groups(P<0.0001). Our multivariate Cox regression

analyses confirmed a number of variables that had

previously been recommended by European Association of

Urology (EAU) guidelines as prognostic factors (2, 5). More

specifically, our analysis showed that being male, pT stage, LVI,

and intravesical instillation were independent predictors

of OS, CSS, RFS, and MFS among UTUC patients;
Frontiers in Oncology 05
intravesical instillation was a protective factor, while all the

other factors were risk factors. Additionally, we concluded that

LRNU was an independent risk factor for OS, CSS, and MFS

among UTUC patients.

There are few and controversial studies on sex differences in

UTUC prognosis (18), and the sex differences are influenced by

regional and cultural factors. In the United States and Western

European countries, the prevalence of UTUC is usually 1.5–2.5

times higher in men than in women (19–21). In Asian countries,

the prevalence of UTUC is 1.3 times higher in women than inmen

(22–24). Being male is also a key predictor of adverse outcomes in

UTUC patients in China, whereas univariate analysis showed that

sex was not a key predictor in the United States (25, 26). One

hypothesis for the sex difference in China is that women in some

areas of China use traditional Chinese herbs containing

aristolochic acid to treat certain basic diseases, and aristolochic

acid has been reported to cause UTUC (27). Another hypothesis

for the sex differences in UTUC is related to hormonal and

anatomical differences between males and females, which have

been suggested to affect the recurrence, progression, or CSS of

bladder cancer (28) and are assumed to also relate to UTUC

(which is similar in some ways to bladder cancer). However, this

remains at the level of hypothesis and a clear theoretical

background has not yet been established (29); the hypothesis

needs to be verified in multi-regional and multi-center studies.

As a widely recognized prognostic factor, the prognostic

value of LVI has been revealed in many urinary system tumors,

such as prostate (30), bladder (31), and penile (32) cancer. In our
TABLE 3 Multivariate Cox proportional hazard regression analysis of the risk factors of UTUC.

Variables OS CSS RFS MFS

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Sex, Male 1.52 (1.02, 2.27) 0.037 2.10 (1.31, 3.35) 0.002 1.51 (1.04, 2.20) 0.028 1.88 (1.21, 2.91) 0.005

The history of TURBT, yes 1.04 (0.58, 1.87) 0.878 0.98 (0.51, 1.85) 0.951 1.15 (0.67, 1.99) 0.600 1.12 (0.62, 2.04) 0.691

Adjuvant chemotherapy, yes 1.06 (0.70, 1.60) 0.752 1.04 (0.66, 1.63) 0.862 1.19 (0.81, 1.75) 0.36 1.27 (0.83, 1.94) 0.271

Intravesical instillation, yes 0.48 (0.31, 0.72) 0.000 0.46 (0.28, 0.73) 0.001 0.57 (0.39, 0.83) 0.003 0.53 (0.34, 0.82) 0.005

Surgery approach, LRNU 2.08 (1.38, 3.14) 0.000 2.07 (1.30, 3.29) 0.002 1.41 (0.97, 2.05) 0.068 2.00 (1.29, 3.11) 0.002

LVI, yes 2.89 (1.17, 7.14) 0.021 2.98 (1.20, 7.41) 0.018 2.42 (1.05, 5.59) 0.037 2.84 (1.15, 7.01) 0.023

Hydronephrosis, yes 1.42 (0.78, 2.58) 0.24 1.98 (0.97, 4.06) 0.059 1.66 (0.95, 2.88) 0.071 1.90 (0.96, 3.76) 0.065

Tumor necrosis, yes 2.01 (0.84, 4.78) 0.115 / / 1.94 (0.86, 4.37) 0.106 2.02 (0.84, 4.86) 0.113

Multifocality, yes 1.68 (0.85, 3.30) 0.131 1.67 (0.79, 3.51) 0.177 1.80 (0.96, 3.39) 0.067 1.49 (0.74, 3.01) 0.257

Tumor location 0.227 0.282 0.973 0.452

Ureteral vs. Renal pelvis 1.32 (0.83, 2.10) 0.227 1.31 (0.77, 2.21) 0.314 1.04 ( 0.67, 1.59) 0.855 1.24 (0.75, 2.04) 0.392

Both vs. Renal pelvis 0.74 (0.33, 1.68) 0.484 0.70 (0.29, 1.69) 0.435 0.97 (0.46, 2.05) 0.946 0.80 (0.35, 1.83) 0.602

pT-stage 0.000 0.000 0.003 0.000

T2 vs. Tis Ta T1 2.34 (1.14, 4.79) 0.02 4.02 (1.45, 11.1) 0.007 2.12 (1.17, 3.82) 0.012 3.93 (1.55, 9.95) 0.004

T3-T4 vs. Tis Ta T1 4.40 (2.31, 8.39) 0.000 8.96 (3.52, 22.82) 0.000 2.54 (1.48, 4.35) 0.001 7.74 (3.26, 18.34) 0.000

pN-stage, N+ 2.11 (0.84, 5.29) 0.109 1.96 (0.78, 4.94) 0.152 1.83 (0.77, 4.34) 0.171 1.74 (0.69, 4.36) 0.232
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UTUC, upper tract urothelial carcinoma; RNU, radical nephroureterectomy; LVI, lymphatic vascular infiltration; LRNU, laparoscopic RNU.
n.org

https://doi.org/10.3389/fonc.2022.1012292
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Gao et al. 10.3389/fonc.2022.1012292
study, the rate of LVI was 11.2%. The impact of LVI on

prognosis was consistent with previous research, with LVI

being a prognostic risk factor in UTUC (33). Of course,

whether LNs are invaded is also an important prognostic

factor, but we believe that LVI may be a better prognostic

indicator than LN metastasis. Studies have shown that LVI is a

prerequisite for LN metastasis of tumor cells, which enter into

the blood via the microcirculation and eventually form

micrometastases (34). LVI based on pathology results indicates
Frontiers in Oncology 06
a significant increase in the risk of metastasis (35). Therefore, it

can be concluded that LVI plays an important role in metastasis,

and LVI may become a key pathological finding after RNU or

biopsy in the decision regarding whether to undergo treatment

with NAC and/or AC (10, 36, 37). In contrast, the use of LN

dissection (LND) in prognostic prediction is limited by the fact

that there is no clear consensus on the scope and number of LN

that should be dissected, though EAU guidelines recommend

that LND should be based on anatomical templates (38).
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FIGURE 1

OS, CSS, RFS, MFS between the female group and male groups (A–D); OS, CSS, RFS, MFS between the instillation group and the No-instillation
groups (E–H); OS, CSS, RFS, MFS between the LVI group and the No-LVI groups; (I–L); OS, CSS, RFS, MFS between the Tis, Ta, T1 group and T2
group, T3-T4 group (M–P); OS, CSS, RFS, MFS between the ORNU group and LRNU groups (Q–T).
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Moreover, it is often difficult to verify whether a patient’s

outcome was contributed to by LND itself or by AC after

surgery. Furthermore, LND may prolong the operation time,

cause lymphatic leakage, and affect the postoperative recovery

time of patients, so it is often difficult to achieve optimum LND.

Nevertheless, a study reported that LND was a key factor

affecting the prognosis of UTUC patients, and the number of

LNs dissected was significantly correlated with CSS (39).

Although the impact of LND on the survival rate is still

controversial, we believe it is necessary to perform LND

for patients.

We assessed the associations between surgical type and

UTUC prognosis and found that LRNU was not associated

with RFS (P=0.068) but was independently associated with

poor OS, CSS, and MFS. Other research has reported that the

oncological outcomes of LRNU and ORNU seem to be

equivalent, including regarding OS, CSS, and RFS (40).

However, LRNU was superior to ORNU in terms of

perioperative outcomes, including decreased blood loss and

shorter recovery or hospital stays (41). Although LRNU is an

advanced technique, its feasibility in oncology remains

controversial. In particular, a laparoscopic operation in a high-

pressure intraperitoneal environment may increase the risk of

tumor spillover (42). In addition, laparoscopic operation on

larger tumors may lead to increased gravity-related migration of
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tumor cells and eventual implantation into the retroperitoneal

space or bladder (43). Moreover, there may be insufficient LND

during LRNU compared to ORNU. Furthermore, the

management of the bladder cuff may lead to different

oncological risks. For example, laparoscopic bladder cuff

resection is somewhat technically challenging, which may

increase the risk of postoperative urine overflow, and it is

more likely that viable tumor cells will be left, increasing

oncological risks (44). Nevertheless, as LRNU technology has

evolved over the past decade, precautions recommended in

UTUC treatment guidelines have increasingly been taken, such

as using closed systems, avoiding tumor fragmentation, and

promoting the use of inner pockets (45). Thus, the risk of tumor

spread under the pneumoperitoneum has been significantly

reduced. Overall, it is critical to adhere to strict oncology

principles and increase proficiency in complex techniques to

improve outcomes.

According to the NCCN guidelines, tumor staging is a key

factor in UTUC management (46). Our results suggest that pT

stage >pT2 is a risk factor for poor OS, CSS, RFS, and MFS in

UTUC patients. In addition, high tumor stage has been reported

to increase intravesical recurrence, and many patients with high

pT stage have died from UTUC before developing intravesical

recurrence (47). Urologists prefer intravesical instillation,

especially multiple intravesical instillations, in these
A B
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FIGURE 2

OS, CSS, RFS, MFS between the low-risk group, the medium-risk group, and the high-risk group (A–D).
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postoperative patients because of UTUC’s aggressivity and the

risk of tumor cells spreading along the urinary tract. There is a

general consensus that intravesical instillation, especially

multiple intravesical instillations, should be provided to UTUC

patients with advanced invasive tumor stage (pT2–T4) or high-

grade tumors, but it may represent overtreatment for superficial

(pTa–T1) or low-grade cases (48). In addition, although the

POUT trial showed that patients with non-metastatic pT2–T4

N0–N3 UTUC after RNU who received AC had increased

progression-free survival (36), cisplatin-based AC usually

requires sufficient renal function and can cause permanent

kidney damage. As most UTUC patients are elderly patients

with poor renal function, NAC may be more suitable than AC.

Currently, the NAC regimen for UTUC is derived from the NAC

regimen for urothelial bladder carcinoma. The 2020 NCCN

guidelines indicate that NAC may be considered for selected

UTUC patients, especially those with high pT stage and/or high

tumor grade. Several retrospective studies have reported that

NAC can improve survival (10, 49). As we found remarkable

differences in 5-year survival among patients in the high-,

medium-, and low-risk groups, the treatment of patients in

these different risk groups should be carefully considered.

Patients in the high-risk group may have higher pT stage,

tumor grade, and poorer prognosis, so they may benefit from

NAC and/or AC. In the low-risk group, 5-year OS, CSS, RFS,

and MFS were all >80%, so AC may be eschewed to avoid renal

function damage. For medium-risk patients, comprehensive

individualized treatment should be developed. We also expect

that ongoing NAC phase II and III trials in UTUC patients will

provide better guidance for patient treatment.

Our study has certain limitations. First, the RNU for patients

in this study spanned a 10-year period and involved multiple

surgeons, and the surgical expertise of the surgeons and the

learning curve related to laparoscopic surgery may have varied.

This study could not clearly determine whether these factors

affected the survival outcomes. Second, this study is a single-

center retrospective study with samples from a single province; it

has a small sample size and a risk of bias. In the future,

multicenter prospective studies with large sample sizes and

long-term fol low-up are needed to achieve more

comprehensive results.
Conclusions

Being male, LVI, pT stage >pT2, and intravesical instillation were

independent predictors of OS, CSS, RFS, and MFS among UTUC

patients. All were risk factors, except for intravesical instillation, which

was a protective factor. Additionally, LRNU was an independent risk

factor for OS, CSS, and MFS in UTUC patients. After risk

stratification, the 5-year OS, CSS, RFS, and MFS of the high-risk

group were 42.3%, 46.4%, 41%, and 46%, respectively. Patients in the

high-risk group may benefit greatly from AC and/or NAC.
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European Association of urology guidelines on upper urinary tract urothelial carcinoma:
2020 update. Eur Urol (2021) 79(1):62–79. doi: 10.1016/j.eururo.2020.05.042

3. Margulis V, Shariat SF, Matin SF, Kamat AM, Zigeuner R, Kikuchi E, et al.
Outcomes of radical nephroureterectomy: a series from the upper tract urothelial
carcinoma collaboration. Cancer. (2009) 115(6):1224–33. doi: 10.1002/cncr.24135

4. Aziz A, Dobruch J, Hendricksen K, Kluth LA, Necchi A, Noon A, et al.
Perioperative chemotherapy in upper tract urothelial carcinoma: a comprehensive
review. World J Urol (2017) 35:1401–7. doi: 10.1007/s00345-016-1995-z

5. Rouprêt M, Babjuk M, Compérat E, Zegeuner R, Sylvester RJ, Burger M, et al.
European Association of urology guidelines on upper urinary tract urothelial
carcinoma: 2017 update. Eur Urol (2018) 73(1):111–22. doi: 10.1016/
j.eururo.2017.07.036

6. Chien TM, Li CC, Lu YM, Chang HW, Chou YH, Wu WJ. Prognostic value
of renal function for upper tract urothelial carcinoma who underwent radical
nephroureterectomy: Sex differences. J Formos Med Assoc (2022) 121(11):2182–90.
doi: 10.1016/j.jfma.2022.03.012

7. Shigeta K, Kikuchi E, Abe T, Hagiwara M, Ogihara K, Anno T, et al. A novel
risk-based approach simulating oncological surveillance after radical
nephroureterectomy in patients with upper tract urothelial carcinoma. Eur Urol
Oncol (2020) 3:756–63. doi: 10.1016/j.euo.2019.06.021

8. Fojecki G, Magnusson A, Traxer O, Baard J, Osther P, Jaremko G, et al.
Consultation on UTUC, Stockholm 2018 aspects of diagnosis of upper tract urothelial
carcinoma. World J Urol (2019) 37:2271–8. doi: 10.1007/s00345-019-02732-8

9. Yu LC, Chang CH, Huang CP, Huang CY, Hong JH, Tai TY, et al. Prognostic
significance of primary tumor location in upper tract urothelial carcinoma treated
with nephroureterectomy: A retrospective, multi-center cohort study in Taiwan. J
Clin Med (2020) 9(12):3866. doi: 10.3390/jcm9123866

10. Zennami K, SumitomoM, Takahara K, Nukaya T, Takenaka M, Fukaya K, et al.
Two cycles of neoadjuvant chemotherapy improves survival in patients with high-risk
upper tract urothelial carcinoma. BJU Int (2021) 127:332–9. doi: 10.1111/bju.15230

11. Fukui T, Kanno T, Kobori G, Moroi S, Yamada H. Preoperative
hydronephrosis as a predictor of postnephroureterectomy survival in patients
with upper tract urothelial carcinoma: a two-center study in Japan. Int J Clin Oncol
(2020) 25:456–63. doi: 10.1007/s10147-019-01535-6

12. Milojevic B, Bumbasirevic U, Santric V, Kajmakovic B, Dragicevic D,
Radisavcevic D, et al. Prognostic significance of tumor multifocality on outcomes in
patients with upper tract urothelial carcinoma after radical nephroureterectomy: A
cohort study. Curr Probl Canc (2021) 45 :100747. doi : 10.1016/
j.currproblcancer.2021.100747

13. Marchioni M, Primiceri G, Cindolo L, Hampton LJ, Grob MB, Guruli G,
et al. Impact of diagnostic ureteroscopy on intravesical recurrence in patients
undergoing radical nephroureterectomy for upper tract urothelial cancer: a
systematic review and meta-analysis. BJU Int (2017) 120:313–9. doi: 10.1111/
bju.13935

14. Lee H, Kim HJ, Lee SE, Hong SK, Byun SS. Comparison of oncological and
perioperative outcomes of open, laparoscopic, and robotic nephroureterectomy
approaches in patients with non-metastatic upper-tract urothelial carcinoma. PloS
One (2019) 14:e0210401. doi: 10.1371/journal.pone.0210401

15. Raman JD, Park R. Endoscopic management of upper-tract urothelial
carcinoma. Expert Rev Anticancer Ther (2017) 17:545–54. doi: 10.1080/
14737140.2017.1326823

16. Margulis V, Youssef RF, Karakiewicz PI, Lotan Y, Wood CG, Zigeuner R,
et al. Preoperative multivariable prognostic model for prediction of nonorgan
confined urothelial carcinoma of the upper urinary tract. J Urol (2010) 184:453–8.
doi: 10.1016/j.juro.2010.03.142

17. Favaretto RL, Bahadori A, Mathieu R, Haitel A, Grubmüller B, Margulis V,
et al. Prognostic role of decreased e-cadherin expression in patients with upper
tract urothelial carcinoma: a multi-institutional study.World J Urol (2017) 35:113–
20. doi: 10.1007/s00345-016-1835-1

18. Singla N, Ghandour RA, Margulis V. Sex differences in upper tract
urothelial carcinomas. Curr Opin Urol (2019) 29:256–60. doi: 10.1097/
MOU.0000000000000596

19. Shariat SF, Favaretto RL, Gupta A, Fritsche HM, Matsumoto K, Kassouf W,
et al. Gender differences in radical nephroureterectomy for upper tract urothelial
carcinoma. World J Urol (2011) 29:481–6. doi: 10.1007/s00345-010-0594-7

20. Audenet F, Colin P, Yates DR, Ouzzane A, Pignot G, Long JA, et al. A
proportion of hereditary upper urinary tract urothelial carcinomas are misclassified
as sporadic according to a multi-institutional database analysis: proposal of
Frontiers in Oncology 09
patient-specific risk identification tool. BJU Int (2012) 110:E583–9. doi: 10.1111/
j.1464-410X.2012.11298.x

21. Grasso M, Fishman AI, Cohen J, Alexander B. Ureteroscopic and extirpative
treatment of upper urinary tract urothelial carcinoma: a 15-year comprehensive
review of 160 consecutive patients. BJU Int (2012) 110:1618–26. doi: 10.1111/
j.1464-410X.2012.11066.x

22. Fang D, Xiong G, Li X, Kang Y, Zhang L, Zhao G, et al. Incidence,
characteristics, treatment strategies, and oncologic outcomes of synchronous
bilateral upper tract urothelial carcinoma in the Chinese population. Urol Oncol
(2015) 33:66.e1–11. doi: 10.1016/j.urolonc.2014.07.00

23. Li CC, Chang TH, Wu WJ, Ke HL, Huang SP, Tsai PC, et al. Significant
predictive factors for prognosis of primary upper urinary tract cancer after radical
nephroureterectomy in Taiwanese patients. Eur Urol (2008) 54:1127–34. doi:
10.1016/j.eururo.2008.01.054

24. Luo HL, Kang CH, Chen YT, Chuang YC, Lee WC, Cheng YT, et al.
Diagnostic ureteroscopy independently correlates with intravesical recurrence after
nephroureterectomy for upper urinary tract urothelial carcinoma. Ann Surg Oncol
(2013) 20:3121–6. doi: 10.1245/s10434-013-3000-z

25. Singla N, Fang D, Su X, Bao Z, Cao Z, Jafri SM, et al. A multi-institutional
comparison of clinicopathological characteristics and oncologic outcomes of upper
tract urothelial carcinoma in China and the united states. J Urol (2017) 197:1208–
13. doi: 10.1016/j.juro.2016.11.094

26. Singla N, Fang D, Su X, Bao Z, Cao Z, Robyak H, et al. Preoperative
predictors of nonorgan-confined disease in upper-tract urothelial carcinoma differ
between China and the united states. Urol Oncol (2018) 36:88.e11–8. doi: 10.1016/
j.urolonc.2017.10.029

27. Wang SM, Lai MN, Chen PC, Pu YS, Lai MK, Hwang JS, et al. Increased
upper and lower tract urothelial carcinoma in patients with end-stage renal disease:
a nationwide cohort study in Taiwan during 1997-2008. BioMed Res Int (2014)
2014:149750. doi: 10.1155/2014/149750

28. Choo MS, Jeong CW, Kwak C, Kim HH, Ku JH. Effect of sex on prognosis of
urothelial carcinoma: propensity score matching analysis. Clin Genitourin Canc
(2015) 13:e113–21. doi: 10.1016/j.clgc.2014.09.006

29. Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H, Karakiewicz P,
et al. Epidemiology and risk factors of urothelial bladder cancer. Eur Urol (2013)
63:234–41. doi: 10.1016/j.eururo.2012.07.033

30. Jamil M, Rakic N, Sood A, Keeley J, Modonutti D, Novara G, et al. Impact of
lymphovascular invasion on overall survival in patients with prostate cancer
following radical prostatectomy: Stage-per-Stage analysis. Clin Genitourin Canc
(2021) 19:e319–319e325. doi: 10.1016/j.clgc.2021.04.009

31. Mari A, Kimura S, Foerster B, Abufaraj M, D’Andrea D, Gust KM, et al. A
systematic review and meta-analysis of lymphovascular invasion in patients treated
with radical cystectomy for bladder cancer. Urol Oncol (2018) 36:293–305. doi:
10.1016/j.urolonc.2018.03.018

32. Zekan DS, Dahman A, Hajiran AJ, Luchey AM, Chahoud J, Spiess PE.
Prognostic predictors of lymph node metastasis in penile cancer: a systematic
review. Int Braz J Urol (2021) 47:943–56. doi: 10.1590/s1677-5538.ibju.2020.0959

33. Song SH, Ye CH, Lee S, Hong SK, Byun SS, Lee SE, et al. Association
between lymphovascular invasion and oncologic outcomes among upper urinary
tract urothelial carcinoma patients who underwent radical nephroureterectomy. J
Cancer Res Clin Oncol (2019) 145:2863–70. doi: 10.1007/s00432-019-03020-z

34. Hartveit FM, Lilleng PK, Maehle BO. Efferent vascular invasion in the
axillary nodes in breast carcinoma: a potent prognostic factor. Acta Oncol (2000)
39:309–12. doi: 10.1080/028418600750013069

35. Liu W, Zhou Z, Dong D, Sun L, Zhang G. Prognostic value of
lymphovascular invasion in node-negative upper urinary tract urothelial
carcinoma patients undergoing radical nephroureterectomy. Yonsei Med J (2019)
60:174–81. doi: 10.3349/ymj.2019.60.2.174

36. 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) 395:1268–77. doi: 10.1016/
S0140-6736(20)30415-3

37. Leow JJ, Chong YL, Chang SL, Valderrama BP, Powles T, Bellmunt J.
Neoadjuvant and adjuvant chemotherapy for upper tract urothelial carcinoma: A
2020 systematic review and meta-analysis, and future perspectives on systemic
therapy. Eur Urol (2021) 79:635–54. doi: 10.1016/j.eururo.2020.07.003

38. Matin SF, Sfakianos JP, Espiritu PN, Coleman JA, Spiess PE. Patterns of
lymphatic metastases in upper tract urothelial carcinoma and proposed dissection
templates. J Urol (2015) 194:1567–74. doi: 10.1016/j.juro.2015.06.077

39. Zhai TS, Jin L, Zhou Z, Liu X, Liu H, Chen W, et al. Effect of lymph node
dissection on stage-specific survival in patients with upper urinary tract urothelial
frontiersin.org

https://doi.org/10.3322/caac.21551
https://doi.org/10.1016/j.eururo.2020.05.042
https://doi.org/10.1002/cncr.24135
https://doi.org/10.1007/s00345-016-1995-z
https://doi.org/10.1016/j.eururo.2017.07.036
https://doi.org/10.1016/j.eururo.2017.07.036
https://doi.org/10.1016/j.jfma.2022.03.012
https://doi.org/10.1016/j.euo.2019.06.021
https://doi.org/10.1007/s00345-019-02732-8
https://doi.org/10.3390/jcm9123866
https://doi.org/10.1111/bju.15230
https://doi.org/10.1007/s10147-019-01535-6
https://doi.org/10.1016/j.currproblcancer.2021.100747
https://doi.org/10.1016/j.currproblcancer.2021.100747
https://doi.org/10.1111/bju.13935
https://doi.org/10.1111/bju.13935
https://doi.org/10.1371/journal.pone.0210401
https://doi.org/10.1080/14737140.2017.1326823
https://doi.org/10.1080/14737140.2017.1326823
https://doi.org/10.1016/j.juro.2010.03.142
https://doi.org/10.1007/s00345-016-1835-1
https://doi.org/10.1097/MOU.0000000000000596
https://doi.org/10.1097/MOU.0000000000000596
https://doi.org/10.1007/s00345-010-0594-7
https://doi.org/10.1111/j.1464-410X.2012.11298.x
https://doi.org/10.1111/j.1464-410X.2012.11298.x
https://doi.org/10.1111/j.1464-410X.2012.11066.x
https://doi.org/10.1111/j.1464-410X.2012.11066.x
https://doi.org/10.1016/j.urolonc.2014.07.00
https://doi.org/10.1016/j.eururo.2008.01.054
https://doi.org/10.1245/s10434-013-3000-z
https://doi.org/10.1016/j.juro.2016.11.094
https://doi.org/10.1016/j.urolonc.2017.10.029
https://doi.org/10.1016/j.urolonc.2017.10.029
https://doi.org/10.1155/2014/149750
https://doi.org/10.1016/j.clgc.2014.09.006
https://doi.org/10.1016/j.eururo.2012.07.033
https://doi.org/10.1016/j.clgc.2021.04.009
https://doi.org/10.1016/j.urolonc.2018.03.018
https://doi.org/10.1590/s1677-5538.ibju.2020.0959
https://doi.org/10.1007/s00432-019-03020-z
https://doi.org/10.1080/028418600750013069
https://doi.org/10.3349/ymj.2019.60.2.174
https://doi.org/10.1016/S0140-6736(20)30415-3
https://doi.org/10.1016/S0140-6736(20)30415-3
https://doi.org/10.1016/j.eururo.2020.07.003
https://doi.org/10.1016/j.juro.2015.06.077
https://doi.org/10.3389/fonc.2022.1012292
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Gao et al. 10.3389/fonc.2022.1012292
carcinoma treated with nephroureterectomy. BMC Canc (2019) 19:1207. doi:
10.1186/s12885-019-6364-z

40. Piszczek R, Nowak Ł, Krajewski W, Chorbińska J, Poletajew S, Moschini M,
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