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Abstract

Background: There are differences in survival between high-and low-grade Upper Tract Urothelial Carcinoma
(UTUC). Our study aimed to develop a nomogram to predict overall survival (OS) of patients with high- and low-
grade UTUC after tumor resection, and to explore the difference between high- and low-grade patients.

Methods: Patients confirmed to have UTUC between 2004 and 2015 were selected from the Surveillance,
Epidemiology and End Results (SEER) database. The UTUCs were identified and classified as high- and low-grade,
and 1-, 3- and 5-year nomograms were established. The nomogram was then validated using the Chinese
multicenter dataset (patients diagnosed in Shandong, China between January 2010 and October 2020).

Results: In the high-grade UTUC patients, nine important factors related to survival after tumor resection were
identified to construct nomogram. The C index of training dataset was 0.740 (95% confidence interval [CI]: 0.727–
0.754), showing good calibration. The C index of internal validation dataset was 0.729(95% CI:0.707–0.750). On the
other hand, Two independent predictors were identified to construct nomogram of low-grade UTUC. The C index
was 0.714 (95% CI: 0.671–0.758) for the training set,0.731(95% CI:0.670–0.791) for the internal validation dataset.
Encouragingly, the nomogram was clinically useful and had a good discriminative ability to identify patients at high
risk.

Conclusion: We constructed a nomogram and a corresponding risk classification system predicting the OS of
patients with an initial diagnosis of high-and low-grade UTUC.

Keywords: Upper tract urothelial carcinoma, SEER program, Grade, Nomogram, Tumor resection, Overall survival,
Validation, Multicenter
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Introduction
Upper Tract Urothelial Carcinoma (UTUC) is a rela-
tively rare tumor of the genitourinary system, affecting 2
in every 100,000 people [1]. It accounts for approxi-
mately 5 to 10% of urothelial malignancies [2, 3]. UTUC
includes renal pelvis tumors and ureteral tumors [2].
Two-thirds of UTUC are reportedly invasive at the time
of diagnosis [4]. Therefore, radical nephroureterectomy
(RNU) is the gold standard for the treatment of high-
risk patients with UTUC [2, 5]. However, some patients
undergo minimally invasive treatment [6, 7]. Irrespective
of the surgical method used, it is beneficial for the over-
all survival rate.
Tumor grade is a reliable predictor of cancer-related

prognosis in patients with UTUC because it is closely re-
lated to cancer aggressiveness and tumor stage. At the
same time, it is also an important predictor of postoper-
ative survival [8, 9]. According to the World Health
Organization (2004/2016) classification, UTUC is di-
vided into high- and low-grade [2], which is different
from the World Health Organization (1973) classifica-
tion that included G1, G2, and G3. The high- and low-
grade tumor grading system is a strong independent pre-
dictor of UTUC recurrence and death. In a previous
analysis, high-grade tumors were found to be more ag-
gressive than the low-grade tumors. Patients with high
aggressive tumors have a lower survival rate [10],
whereas those with low aggressive tumors have a higher
survival rate.
The rationale for conducting postoperative evaluation

is that interventions can be directed toward those pa-
tients most likely to benefit. For example, more thor-
ough therapeutic interventions can be implemented for
patients with high-grade tumors, as well as prevention
and early treatment for patients with low-grade tumors.
Several groups have previously published nomograms
that predict the outcome of tumor resection in patients
with UTUC [11, 12]. However, these studies treated
high-grade and low-grade as a single group and did not
discuss the differences in survival prediction models be-
tween the two grades. Although some studies have car-
ried out survival model prediction for high-grade
patients, there is still a lack of low-grade models. There-
fore, for clinical application, it is not easy and direct to
conduct real-time and accurate evaluation for patients of
different grades, leading to limitations in the clinical ap-
plicability of UTUC prediction models. In addition, there
is still a lack of understanding of the overall survival
characteristics of patients with low- and high-grade tu-
mors, and clinical trials are needed to conduct postoper-
ative evaluation and validation.
Due to the rarity of UTUC, trends in disease inci-

dence, associated demographic factors, and predictors of
cancer-related and overall survival outcomes are limited.

Although a previous study reported differences in sur-
vival and clinical characteristics between patients with
high- and low-grade tumors, it was a single center study
with a small sample size that was not representative
[13]. Based on these considerations, we relied on the
Surveillance Epidemiology and End Results (SEER) data-
base of patients classified as high-grade and low-grade
after tumor resection to build predictive models. More
importantly, we validated this model using the Chinese
multicenter external verification dataset.

Methods
Patient selection
In this multicenter retrospective study, we retrieved data
for patients with UCTC from the SEER database. The
case recruitment method is shown in Fig. 1. The criteria
for data extraction from the database were: (1) patients
diagnosed with UTUC between 2004 and 2015; (2) the
only or the first primary tumor confirmed by histology
was UTUC,no history of bladder cancer or radical cyst-
ectomy;(3) SEER records for which the International
Classification of Diseases for Oncology, third edition
(ICD-O-3) codes included:“C65.9-Renal pelvis”,“C66.9-
Ureter”;(4)(ICD-O-3) morphology:8020/3, 8031/38082/
38120/38122/38130/38131/3;(5) tumor resection was
performed; (6) clinicopathological and follow-up data
were available. The exclusion criteria included: (1) pa-
tients with missing or incomplete data, such as tumor
grade, survival status and survival time, sex, laterality,
race, American Joint Committee on Cancer (AJCC)
stage, T stage, N stage, M stage, primary site and Lymph
node dissection;(2) patients followed up at 1 month or
less than 1 month after initial diagnosis. Finally, eligible
patients with UCTC in the SEER database were identi-
fied and classified as high or low-grade.
In addition, a Chinese multicenter verification dataset

(cancers diagnosed in three hospitals affiliated to Wei-
fang Medical College, Weifang traditional Chinese Medi-
cine Hospital,Weihai Municipal Hospital and People’s
Hospital Of Rizhao between January 2010 and October
2020) was used for external verification. Through the
hospital electronic medical record system, we have col-
lected basic patient data, clinical and pathological infor-
mation, and survival status. Except for the year of
diagnosis, the inclusion and exclusion criteria of the ex-
ternal validation dataset were the same for the Chinese
multicenter dataset. The information is anonymous and
has been approved by the ethics Committee of Weifang
Hospital of Traditional Chinese Medicine.

Data collection
Demographic and clinical data were retrieved, including
age, sex, race, grade, primary site of the tumor, laterality,
tumor size, AJCC TNM stage, AJCC stage, histology
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type, Lymph node dissection, radiotherapy, and chemo-
therapy. The AJCC and TNM stages were reclassified ac-
cording to the AJCC 8th edition staging criteria [14].
We used X-tile software to determine the best cut-off
value for age at diagnosis and tumor size.
The aim of UTUC treatment is to improve overall sur-

vival (OS) and achieve eventual cure. Therefore, the clin-
ical endpoint of this study was OS, defined as the time
from surgery to death, or the date of last follow-up for
those patients who were alive and reviewed.

Development, performance assessment and validation of
the nomogram
In the training set, univariate Cox regression analysis
was used to test the predictors and multivariate Cox re-
gression analysis was used to construct the pre-modeling
of high-grade and low-grade OS respectively. Model 1
included AJCC and TNM stages, and model 2 included
AJCC stage. The stopping rule of the backward stepwise
selection is guided by Akaike’s Information Criterion
(AIC) [15]. Other predictor variables were the same for
the two models. We used the Harrell’s concordance
index (C-index) to quantify the discrimination accuracy
of the models [16]. On this basis, nomograms were
established for the high-and low-grade patients. The dis-
criminant ability of line chart was quantitatively evalu-
ated by C-index. Calibration curves were then drawn to
evaluate the calibration of the nomograms. ROC curve
(time-dependent AUC) were used to evaluate the dis-
criminant ability of the nomogram. The performance of
the nomogram was verified by the SEER internal verifi-
cation dataset and external dataset from Chinese multi-
center database.

Risk stratification based on the nomogram
The Kaplan-Meier method was used to compare the
high- and low-grade risk stratification, risk stratification
of the training dataset, and validation dataset of the
nomogram, as well as analyze the risk stratification of
radiotherapy. The Kaplan-Meier method was used to es-
timate the probability of OS occurrence.

Statistical analysis
For comparison between groups, Univariate and multiple
Cox regression analysis and OS were calculated using
SPSS (IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY: IBM Corp). X-tile software version 3.6.1
(Yale University, New Haven, Connecticut, USA) was
used to determine the best cut-off value. Random group-
ing was accomplished with the “CARET” package. Sur-
vival analysis was performed by the “survival” software
package. The nomogram and calibration chart are gener-
ated using the “rms” software package. R software ver-
sion 4.0.3 was used for analysis (R Foundation for
Statistical Computing, Vienna, Austria, https://www.r-
project.org/). In a two-tailed test, statistical significance
was set at P values less than 0.05.

Results
Patient characteristics
As shown in Fig. 1, the SEER database had a total of
4149 eligible records for which UTUC histologic classifi-
cation was high- or low-grade. The records were ran-
domly divided into the SEER training dataset and SEER
internal validation dataset according to a 7:3 ratio. The
median follow-up time for the entire dataset was 28
months (interquartile range [IQR]: 13–60.5 months). In

Fig. 1 Flow chart illustrating patient selection for this study

Wang et al. BMC Cancer          (2021) 21:999 Page 3 of 16

https://www.r-project.org/
https://www.r-project.org/


Table 1 Patient and tumor characteristics of high-and low-grade datasets

SEER Whole SEER Training SEER Validation Chinese Validation

Population
[cases(%)]

Cohort
[cases(%)]

Cohort
[cases(%)]

Cohort
[cases(%)]

High grade Characteristis

Total 3476 2436 1040 66

Age

Median (IQR),years: 73 (64–80)

< =66 1128 (32.5) 803 (33.0) 325 (31.3) 22 (33.3)

67–80 1565 (45.0) 1097 (45.0) 468 (45.0) 36 (54.5)

> 80 783 (22.5) 536 (22.0) 247 (23.8) 8 (12.1)

Sex

male 1929 (55.5) 1353 (55.5) 576 (55.4) –

female 1547 (44.5) 1083 (44.5) 464 (44.6) –

Race

white 2979 (85.7) 2074 (85.1) 905 (87.0) –

black 155 (4.5) 109 (4.5) 46 (4.4) –

other 342 (9.8) 253 (10.4) 89 (8.6) –

Primary_site

Renal pelvis 2416 (69.5) 1690 (69.4) 726 (69.8) –

Ureter 1060 (30.5) 746 (30.6) 314 (30.2) –

Grade

III 1151 (33.1) 804 (33.0) 347 (33.4) –

IV 2325 (66.9) 1632 (67.0) 693 (66.6) –

Laterity

left 1756 (50.5) 1250 (51.3) 506 (48.7) –

right 1720 (49.5) 1186 (48.7) 534 (51.3) –

Tumor_size

Median (IQR),mm: 40 (25–55)

< 65mm 2809 (80.8) 1971 (80.9) 838 (80.6) 62 (93.9)

> =65mm 667 (19.2) 465 (19.1) 202 (19.4) 4 (6.1)

Histology

Transitional 1822 (52.4) 1291 (53.0) 531 (51.1) 57 (86.4)

Papillary 1611 (46.3) 1116 (45.8) 495 (47.6) 8 (12.1)

0ther 43 (1.2) 29 (1.2) 14 (1.3) 1 (1.5)

AJCC Stage

I 698 (20.1) 493 (20.2) 205 (19.7) –

II 533 (15.3) 380 (15.6) 153 (14.7) –

III 1286 (37.0) 886 (36.4) 400 (38.5) –

IV 959 (27.6) 677 (27.8) 282 (27.1) –

T

T1 733 (21.1) 520 (21.3) 213 (20.5) 1 (1.5)

T2 595 (17.1) 416 (17.1) 179 (17.2) 27 (40.9)

T3 1672 (48.1) 1161 (47.7) 511 (49.1) 33 (50.0)

T4 476 (13.7) 339 (13.9) 137 (13.2) 5 (7.6)

N
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Table 1 Patient and tumor characteristics of high-and low-grade datasets (Continued)

SEER Whole SEER Training SEER Validation Chinese Validation

Population
[cases(%)]

Cohort
[cases(%)]

Cohort
[cases(%)]

Cohort
[cases(%)]

N0 2837 (81.6) 1982 (81.4) 855 (82.2) 53 (80.3)

N1 354 (10.2) 255 (10.5) 99 (9.5) 7 (10.6)

N2 285 (8.2) 199 (8.2) 86 (8.3) 6 (9.1)

M

M0 3214 (92.5) 2251 (92.4) 963 (92.6) 61 (92.4)

M1 262 (7.5) 185 (7.6) 77 (7.4) 5 (7.6)

Ln_surg

yes 1220 (35.1) 868 (35.6) 352 (33.8) 12 (18.1)

no 2256 (64.9) 1568 (64.4) 688 (66.2) 54 (81.8)

Radiation

yes 246 (7.1) 165 (6.8) 81 (7.8) 4 (6.1)

no 3230 (92.9) 2271 (93.2) 959 (92.2) 62 (93.9)

Chemotherapy

yes 930 (26.8) 647 (26.6) 283 (27.2) 29 (43.9)

no 2546 (73.2) 1789 (73.4) 757 (72.8) 37 (56.1)

Low grade Characteristis

Total 673 473 200 33

Age

Median (IQR),years: 69 (61–78)

<=71 378 (56.2) 271 (57.3) 107 (53.5) 18 (54.5)

> 71 295 (43.8) 202 (42.7) 93 (46.5) 15 (45.5)

– – – – –

Sex

male 399 (59.3) 282 (59.6) 117 (58.5) –

female 274 (40.7) 191 (40.4) 83 (41.5) –

Race

white 591 (87.8) 419 (88.6) 172 (86.0) –

black 33 (4.9) 21 (4.4) 12 (6.0) –

other 49 (7.3) 33 (7.0) 16 (8.0) –

Primary_site

Renal pelvis 449 (66.7) 312 (66.0) 137 (68.5) –

Ureter 224 (33.3) 161 (34.0) 63 (31.5) –

Grade

I 145 (21.5) 103 (21.8) 42 (21.0) –

II 528 (78.5) 370 (78.2) 158 (79.0) –

Laterity

left 344 (51.1) 247 (52.2) 97 (48.5) –

right 329 (48.9) 226 (47.8) 103 (51.5) –

Tumor_size

Median (IQR),mm: 32 (22.5–47.5)

<=20mm 147 (21.8) 90 (19.0) 57 (28.5) –

> 20mm 526 (78.2) 383 (81.0) 143 (71.5) –

Wang et al. BMC Cancer          (2021) 21:999 Page 5 of 16



addition, 99 eligible UTUC records were obtained from
a multicenter database in China, which served as an ex-
ternal validation dataset for this study.
In Table 1, the median ages of the high- and low-

grade cohorts were 73 and 69 years, respectively; thus,
the median age of the high-grade patients was higher
than that of the low-grade patients. The median tumor
size (40 mm vs. 32 mm) of the high- and low-grade pa-
tients showed that the size of high-grade tumors was lar-
ger than that of low-grade tumors. Regarding the T
stage, the high-grade patients were mainly in stage T3
(48.1%), whereas the low-grade patients were mainly in
stage T1 (58.2%). In addition, N0 and M0 accounted for

the majority in the high- and low- grade patients. In
terms of treatment, 35.1% of the high-grade patients
underwent Lymph node dissection, which was higher
than the percentage of low-grade patients (18.4%). The
proportion of patients receiving radiotherapy and
chemotherapy was relatively small. Appendix Table 2
showed the percentage of surgical procedures.

Development and performance evaluation of nomogram
Table 2 shows the results of univariate and multivariate
COX regression analysis in the high- and low-grade
training dataset. In the high-grade multivariate COX re-
gression results, age at diagnosis, AJCC stage, AJCC

Table 1 Patient and tumor characteristics of high-and low-grade datasets (Continued)

SEER Whole SEER Training SEER Validation Chinese Validation

Population
[cases(%)]

Cohort
[cases(%)]

Cohort
[cases(%)]

Cohort
[cases(%)]

Histology

Transitional carcinoma 160 (23.8) 117 (24.7) 43 (21.5) –

Papillary transitional cell carcinoma 513 (76.2) 356 (75.3) 157 (78.5) –

– – – – –

AJCC Stage

I 386 (57.4) 271 (57.3) 115 (57.5) 12 (36.4)

II 112 (16.6) 79 (16.7) 33 (16.5) 9 (27.3)

III 129 (19.2) 90 (19.0) 39 (19.5) 10 (30.3)

IV 46 (6.8) 33 (7.0) 13 (6.5) 2 (6.0)

T

T1 392 (58.2) 275 (58.1) 117 (58.5) –

T2 115 (17.1) 82 (17.3) 33 (16.5) –

T3 142 (21.1) 95 (20.1) 47 (23.5) –

T4 24 (3.6) 21 (4.4) 3 (1.5) –

N

N0 651 (96.7) 460 (97.3) 191 (95.5) –

N1 13 (1.9) 10 (2.1) 3 (1.5) –

N2 9 (1.3) 3 (0.6) 6 (3.0) –

M

M0 659 (97.9) 464 (98.1) 195 (97.5) –

M1 14 (2.1) 9 (1.9) 5 (2.5) –

Ln_surg

yes 124 (18.4) 79 (16.7) 45 (22.5) –

no 549 (81.6) 394 (83.3) 155 (77.5) –

Radiation

yes 9 (1.3) 8 (1.7) 1 (0.5) –

no 664 (98.7) 465 (98.3) 199 (99.5) –

Chemotherapy

yes 57 (8.5) 44 (9.3) 13 (6.5) –

no 616 (91.5) 429 (90.7) 187 (93.5) –

Data are n or n (%) unless indicated otherwise. AJCC the American Joint Committee on Cancer, Ln_ dissection Lymph node dissection
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TNM stage, tumor size, Lymph node dissection, hist-
ology type, radiotherapy, and chemotherapy were signifi-
cantly related to OS. To get an optimal model, we
created two models and compared them. In both
models, age at diagnosis, tumor size, Lymph node dis-
section, pathological type, radiotherapy, and chemother-
apy were included. Model 1 included T, N, M stage, and
model 2 included AJCC stage. Table 3 lists the C-index
of various models; compared to model 2, model 1
showed superior resolution in predicting OS (C-index
index, 0.740; 95% confidence interval [CI], 0.727–0.754;
P < 0.001) (Table 3). Therefore, model 1 was selected as
the final model and following these regression results,
we drew the corresponding nomogram (Fig. 2a). In
addition, the nomogram of the training set showed good
calibration (Fig. 3a).
The low grade, multivariate COX regression model

showed that age at diagnosis, AJCC stage, and AJCC
TNM stage were significantly related to OS. Similar to
the high-grade, two models (model 3 including T, N,
and M stages; and model 4 including the AJCC stage)
were established for optimal selection, and age at diag-
nosis was included in both models. Table 3 shows the
C-index results of each model. There was no significant
difference between model 3 and model 4 in predicting
OS resolution (P = 0.474). To ensure a balanced propor-
tion of patients in each stage, model 4 (C index, 0.714;
95% CI, 0.671–0.758) was selected as the best model and
a nomogram was drawn (Fig. 2b). The calibration curve
of OS within 1-, 3- and 5-year also showed a good cali-
bration of the nomogram (Fig. 3d). The area under the
curve (AUC) values of 1-, 3- and 5-year predicted by the
nomogram were all greater than 0.7 in the training set
for high- and low-grade UTUCs (Fig. 4a and d). Appen-
dix Table 1 shows the regression coefficients.

Validation of the nomogram
The SEER internal validation dataset (Fig. 3b): C-
index,0.729;95\% CI,0.707–0.750) and the Chinese multi-
center external validation dataset (Fig. 3c): C-
index,0.763; 95\% CI, 0.656–0.869) showed a good

recognition ability of the high-grade nomogram. In
addition, In the low-grade cohort, both the SEER in-
ternal validation data set and the Chinese multi-center
external validation dataset showed excellent discrimin-
ation on the nomogram, with a C-index of 0.731 and
0.825, respectively (Fig. 3e and f). These results showed
that there was good consistency between the validation
and training dataset regarding prediction of the nomo-
gram. Therefore, we concluded that the proposed nomo-
gram performed well on both the training set and the
verification set. In addition, the 1-, 3- and 5-year pre-
dicted AUC values of the SEER internal validation data-
set and external validation dataset from Chinese
multicenter database were also greater than 0.7 (Fig. 4b,
c, e and f).

Risk stratification based on the nomogram
Initially, risk stratification was done for patients with
high-and low-grade tumors. The Kaplan-Meier curve
showed that there was a significant difference in the sur-
vival rate between the two groups, with the low-grade
OS being significantly higher than the high-grade OS
(Fig. 5a): P < 0.001). Finally, according to the total score
calculated by the nomogram, the high-grade and low-
grade patients were stratified into two risk groups: low-
risk and high-risk. In the high-grade training and in-
ternal validation datasets and the Chinese multicenter
external validation dataset, the Kaplan-Meier OS curves
showed significant differences between the two risk
groups (Fig. 6a, b and c): P < 0.001). The same results
were observed for the low-grade datasets (Fig. 6d, e):
P < 0.001,6(f): p < 0.03). In addition, survival analysis of
patients on radiotherapy showed significant improve-
ment in OS in patients who did not receive radiotherapy
(Fig. 5b): P < 0.001). Appendix Figure 2 showed Kaplan–
Meier survival curves of patients with UTUC after vari-
ous surgical procedures.

Discussion
UTUC is a rare disease. There is currently little clinical
understanding of the prognosis of patients with high-
and low-grade UTUCs. We conducted survival analysis
of patients with low- and high- grades, and the results
showed significant differences (P < 0.001). Based on the
SEER database, this study constructed corresponding
prediction models for patients with high- and low-grade
UTUC following tumor resection. In the high-grade
UTUC patients, nine important factors related to sur-
vival after tumor resection were identified, whereas in
the low-grade UTUC patients, two important factors re-
lated to survival were identified. In addition, the SEER
internal verification dataset and Chinese multicenter ex-
ternal verification dataset were used for validation. The
results showed that these models exhibited good

Table 3 Performance of models in the SEER training set

Models C-index(95% CI) P*

High grade

Model 1 0.740 (0.727–0.754) –

Model 2 0.734 (0.720–0.747) 0.0006

Low grade

Model 3 0.717 (0.673–0.761) –

Model 4 0.714 (0.671–0.758) 0.474

SEER the Surveillance Epidemiology, and End Results database, AJCC the
American Joint Committee on Cancer
*P values were obtained by comparing model 1 with model 2,as well as model
3 with model 4

Wang et al. BMC Cancer          (2021) 21:999 Page 10 of 16



Fig. 2 Nomograms to predict the 1-, 3-, and 5-year overall survival of patients with high-grade cancers (a) and low-grade cancers (b). The score
for each independent prognostic factor was summed up. Then, the overall survival rate was obtained from the total number of points in the
bottom scale for each individual

Fig. 3 Calibration plots comparing the similarity between the nomogram-predicted survival rates (represented by x-axis) and the actual survival
rates (represented by y-axis). a 1-, 3-, and 5-year OS for high-grade cancers in the training dataset from the SEER database; b 1-, 3-, and 5-year OS
for high-grade cancers in the validation dataset from the SEER database; c 1-, 3-, and 5-year OS for high-grade cancers in the validation dataset
from the China multicenter dataset; d 1-, 3-, and 5-year OS for low-grade cancers in the training dataset from the SEER database; e 1-, 3-, and 5-
year OS for high-grade cancers in the validation dataset from the SEER database. f 1-, 3-, 5-year OS for low-grade cancers in the validation dataset
from the China multicenter database. OS: overall survival; SEER: the Surveillance Epidemiology, and End Results database

Wang et al. BMC Cancer          (2021) 21:999 Page 11 of 16



Fig. 4 Comparison of the AUC values of the1-, 3-, and 5-year OS for high-grade and low-grade cancers. The AUC values of the nomograms in the
training and validation datasets for OS of high-grade (a, b) and low-grade (d, e), and the Chinese validation dataset for high-grade (c) and low-
grade (f). AUC: area under the curve; OS: overall survival

Fig. 5 Kaplan–Meier survival curves of patients. Kaplan–Meier survival curves of OS in: (a) high-and low-grade datasets (b) patients undergoing
radiotherapy; OS: overall survival; SEER: the Surveillance Epidemiology, and End Results database
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identification and calibration capabilities. Finally, we
used these models to evaluate the risk of patients.
A recent NMIBC EAU Guidelines-panelstudy by van

Rhijn et al. support the assumption of reporting both
WHO grading scores. In this prognostic factor study the
authors found that both classification systems were
prognostic for progression but not for recurrence
[17].UTUC is naturally similar to bladder cancer, and
most studies have been based on the use of 1973WHO
classifications, which is a triplex classification system.
However, the guideline shows that high and low level di-
chotomy is an important Risk stratification. In clinical
application, the prediction model of classification (2004/
2016) also has great clinical significance, but few people
have studied its clinical applicability, so it is necessary to
discuss and study the high and low levels respectively.
In this study, we found that the 5-year OS after tumor

resection was 70.23% for low-grade patients and 40.45%
for high-grade patients. Robert et al. found that the 5-
year OS for low-grade tumors was 69.4% and that for
high-grade tumors was 24.2% [18]. Compared to our
study, the OS rate of low-grade patients was similar, but

the survival rate of high-grade patients was greatly im-
proved, indicating that although diagnostic techniques
and treatment methods have been developed over the
years, there is an urgent need to further study survival
and clinical features in patients with low-grade UTUCs
to guide better outcomes. However, regardless of how
the outcomes and endpoints were selected, most studies
analyzed patients with high and low grades as a whole,
without analyzing the differences in their clinical charac-
teristics. Recently, some studies reported relapse-free
survival and postoperative recurrence in high-grade pa-
tients [19, 20], whereas there are few studies on these
predictions for low-grade patients.
The 2020 guideline proposed an overall cut-off value

of 2 cm for high - and low-risk UTUC tumor size. The
overall median age after RNU was 69.7 years [4]. How-
ever, most previous studies have analyzed the age at
diagnosis and tumor size of high and low grades as a
whole, and have not analyzed the two separately. In this
study, we found that the median age of high-grade pa-
tients was higher than that of lower-grade patients,
which is similar to the results of Bjarte et al. This finding

Fig. 6 Kaplan–Meier survival curves categorized into low-risk and high-risk groups. a high-grade training dataset; b high-grade validation dataset
in the SEER database; c high-grade validation dataset in the China multicenter database; d low-grade training dataset; e low-grade validation
dataset in the SEER database; f low-grade validation set in the Chinese multicenter database. OS: overall survival; SEER: the Surveillance
Epidemiology, and End Results database
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may be due to the change in tumor cell potential caused
by increasing age and the decrease in host defense
mechanisms, which makes malignant tumors more likely
to occur [13]. In addition, T3 patients accounted for
48.1% of high-grade patients, whereas most of the low-
grade patients were T1 (58.2%). The results of Gordona-
Brown et al. also supports our observations [21]. The
median tumor size was larger in high-grade patients
than in low-grade patients (40 mm vs. 32 mm). All of the
above analyses showed that high-grade tumors are more
invasive and dangerous than low-grade tumors. Import-
antly, the regression analysis of high-grade patients
showed a significant correlation with better survival in
patients who received chemotherapy and Lymph node
dissection. These results suggest that high-grade patients
should be actively treated to improve survival. Compared
with high-grade tumors, histological types, tumor size,
and treatment were not significantly associated with sur-
vival in low-grade patients. Second, low-grade tumors
are less invasive and less likely to have recurrence and
metastasis. Therefore, follow-up treatment is not heeded,
but there are still low-grade patients with a high degree
of advanced malignancy [10]. As a result, effective treat-
ment guidance cannot be given to these patients. In
summary, we developed a new nomogram to address
these problems in patients with high- and low-grade
tumors.
Previous studies have shown that T, N, and M stage,

age at diagnosis, histological types, Lymph node dissec-
tion, tumor size, and treatment are all independent pre-
dictors of OS in patients with postoperative UTUC [9].
This is similar to the results of Cox multivariate regres-
sion analyses of the high-grade patients in our study. In
the process of constructing the high-grade nomogram,
TNM stage was the main part of the final risk score
compared to the AJCC stage. When combined with other
variables, TNM staging showed significant favorable prog-
nostic performance. Therefore, the use of AJCC TNM sta-
ging may better guide clinical decisions when predicting
prognosis in high-grade patients. For low-grade patients,
multivariate Cox regression analysis showed that age at diag-
nosis was significantly related to AJCC stage and AJCC
TNM stage, but the combined AJCC stage did not show a
significant correlation with TNM when constructing the
model. However, as a single variable, AJCC stage is sufficient
and convenient than TNM in overall data collection, so we
chose age and AJCC stage as independent predictors for pa-
tients with low-grade UTUC. It is important to note that the
prediction model has been verified by internal and external
data, showing a good prediction efficiency.
The Kaplan-Meier curve showed that in the high-

grade dataset, the OS of higher-risk patients was lower
than that of lower-risk patients (55.84% vs. 17.53%) (P <
0.001). This may suggest that the patient is at a more

advanced stage; thus, higher vigilance and active treat-
ment is required when managing these high-risk patients
to improve the overall survival rate. In the low-grade
dataset, the OS of low-risk patients (81.22%) was higher
than that of high-risk patients (57.43%). Therefore, it is
necessary to detect and treat such high-risk patients as
early as possible in clinical practice to prevent the con-
tinued development of their tumors.
Some controversial factors related to the prognosis of

UTUC have been found in previous studies. Other stud-
ies that have examined adjuvant radiotherapy alone have
not shown any benefit on overall survival [9]. Other
studies have shown that radiotherapy is associated with
a better prognosis [22]. In this study, the Kaplan-Meier
curve of high-grade patients receiving radiotherapy
showed that the OS of patients receiving radiotherapy
was lower than that of patients without radiotherapy.
However, the inclusion of adjuvant radiotherapy in-
creased the C-index of the nomogram, indicating its
value in predicting OS in patients with UTUC. In
addition, more patients with T3/T4 cancers received
radiotherapy (88.9%), but the overall survival was worse
than that of patients with T1/T2 cancers. Previous stud-
ies have shown that patients with T3/T4 cancer who re-
ceived radiotherapy had a higher OS than those who did
not receive radiotherapy. However, regardless of radio-
therapy, patients with T3/T4 cancers had a lower OS
than patients with T1/T2 cancer [22]. This supports our
findings. Second, the majority of patients with radiother-
apy are in advanced stages, and the adverse effects of
radiotherapy on their survival cannot be ignored. Our
nomogram also showed that radiotherapy is an import-
ant harmful factor, emphasizing the need to be cautious
with patients who are administered UTUC radiotherapy.
In this study, the proportion of various surgical

methods of high and low UTUC is shown. The RNU
surgical method accounted for the majority of high- and
low-grade patients, 57.6 and 60.3%, respectively. Local
tumor excision accounted for the least, with 1.2 and
4.1% respectively. Then constructed a survival analysis
based on high and low levels. Survival analysis showed
that among high-grade UTUC patients, the survival ad-
vantage of Partial or subtotal nephrectomy and RNU
was significantly better than that of patients with other
surgical methods (p < 0.001). Among low-grade UTUC
patients, the survival advantage of RNU was significantly
better than that of patients with other surgical methods
(p < 0.001). In summary, the RNU operation method has
gained more survival time for the patient. In addition to
the benefits of the operation itself, it is not ruled out that
the postoperative combination of cisplatin chemotherapy
can bring more significant advantages to the patient [2].
The variables involved in this study are all clinically

easy to collect, and the external verification data show
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that they are of high clinical applicability. The total
number of points calculated from the established nomo-
gram can become a new factor in predicting survival for
high and low grade patients. The exciting development
is that we achieved excellent discrimination and calibra-
tion of the nomogram in the validation dataset. More
importantly, the C-index of the China Shandong cohort
was 0.763 for the high-grade cohort, and 0.825 for the
low-grade cohort. The AUC values of external dataset
for high- and low-grade predictive 1-year OS were 0.726
and 0.769; 3-year OS were 0.747 and 0.725; and 5-year
OS were 0.764 and 0.711, respectively. In addition, the
calibration further confirmed the accuracy of the nomo-
gram between the predicted OS and the observed OS for
high- and low-grade patients in Shandong Province, in-
dicating that the nomogram based on the SEER database
is also suitable for patients in Shandong Province, China.
Some limitations of this study are as follows. First, this

study may be limited due to the retrospective nature of
the study. We excluded patients whose data were miss-
ing during the data collection process so as not to com-
promise the credibility of the results. Second, the
nomogram may lack some potential predictors because
the information was not consistent in the retrieved data
set. Such as CKD, tumor multifocality, lymphovascular
invasion, specific adjuvant chemotherapy,specific chemo-
radiotherapy information,template-based manneretc.be-
cause these informations were not inaccessible in the
SEER database or uniformly available in the Chinese
multicenter datasets. A comprehensive nomogram that
takes into account all potential predictors may have bet-
ter prognostic performance. Third, biopsy grade may still
be affected by non-negligible sampling error rate [23],
especially for large tumors. In order to avoid this effect,
the study included patients after surgical resection of the
tumor, which may not be applicable for patients with
only preoperative ureteral biopsy grading and patients
with unknown grade. Finally, even if rigorous tests show
very reliable line chart results, the limited range of infor-
mation obtained from standard clinicopathological vari-
ables, the lack of external data, and the short follow-up
time lead to insufficient low-grade 5-year follow-up data
and imperfect prognostic accuracy. We hope that
through continuous research, this model can be ex-
tended with additional external data to further improve
the prediction of tumor prognosis and optimize patient
care.

Conclusion
In summary, the constructed nomogram provides an
easy-to-use tool to guide personalized clinical decisions
about management choices when targeting high-and
low-grade patients.
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Additional file 1: Appendix Table 1. Cox regression coefficients of the
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RNU:Complete/total/simple nephrectomy - for kidney parenchyma
Nephroureterectomy; Any nephrectomy: Any nephrectomy (simple,
subtotal, complete, partial, total, radical) PLUS an en bloc:resection of
other organ(s) (colon, bladder); Nephrectomy, NOS:Nephrectomy,
NOS;Ureterectomy, NOS.

Additional file 3: Appendix Figure 1. (a-d) X-tile plots of age at diag-
nosis, identifying the best risk score cut-off based on the overall survival
(OS) in the high- and low-grades; (e-h)X-tile plots of tumor size, identify-
ing the best risk score cut-off based on the OS in the high- and low-
grades.

Additional file 4: Appendix Figure 2. Kaplan–Meier survival curves of
patients with UTUC after various surgical procedures. (a) Kaplan–Meier
survival curves of patients with high-grade UTUC after various surgical
procedures (b) Kaplan–Meier survival curves of patients with low-grade
UTUC after various surgical procedures. Partial nephrectomy: Partial or
subtotal nephrectomy (kidney or renal pelvis) or partial ureterectomy;
RNU:Complete/total/simple nephrectomy - for kidney parenchyma
Nephroureterectomy; Any nephrectomy: Any nephrectomy (simple, sub-
total, complete, partial, total, radical) PLUS an en bloc:resection of other
organ(s) (colon, bladder); Nephrectomy, NOS:Nephrectomy, NOS;Ureter-
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