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Background: The aim of this study was to establish a nomogram model to evaluate the 
prognosis of early-onset kidney cancer (EOKC) in terms of overall survival (OS) and cancer- 
specific survival (CSS).
Methods: Patients with EOKC diagnosed between 2004 and 2015 were collected from 
Surveillance, Epidemiology and End Results (SEER) and randomly assigned to the training 
and validation set at a ratio of 2 to 1. Important variables for constructing nomograms were 
screened by univariate and multivariate Cox analysis. The nomogram model was evaluated 
using concordance index (C-index), decision curve analysis (DCA) curves, and receiver 
operating characteristic (ROC) curves.
Results: A total of 12,526 EOKC patients were included in the study. OS nomogram was 
constructed based on gender, age, race, grade, AJCC stage, TNM stage, histology, che-
motherapy and radiotherapy. CSS nomogram was constructed based on listed above except 
gender. In the external validation, the C-index for the OS nomogram was 0.855 (95% CI 
0.834–0.976), and the C-index for the CSS nomogram was 0.938 (0.925–0.951). High- 
quality calibration curves were noted in both OS and CSS nomogram models. ROC and 
DCA curves showed that nomograms had better predictive performance than TNM stage and 
SEER stage.
Conclusion: The nomogram model provides an applicable tool for evaluating the OS and 
CSS prognosis of EOKC.
Keywords: early-onset kidney cancer, nomogram, OS, CSS, SEER

Introduction
Globally, the incidence of kidney cancer has shown an increasing trend year 
by year.1–4 Especially in the past 20 years, with the development and popularization 
of medical imaging technology and equipment, the improvement of national health 
care awareness, the increase of the number of physical examinations and the 
extension of average life expectancy, more and more kidney cancer patients have 
been found. Some studies have shown that the median age of patients with kidney 
cancer is 64 years old, and the age is approximately normal distribution.5,6 Early- 
onset kidney cancer (EOKC) is defined as kidney cancer patients younger than 47 
years old.7 Patients with EOKC may be associated with a higher risk of metastasis 
and genetic factors.8,9

Clinically, the prognosis of cancer patients after surgery is frequently evaluated 
by the Tumor-Node-Metastasis (TNM) classification system.10 In recent years, 
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several studies have shown that other pathological factors 
such as race, gender, age, and postoperative treatment may 
also influence the outcome of kidney cancer patients.11,12 

By analyzing data of 35,151 patients with renal clear cell 
carcinoma, all from SEER, Zhang et al constructed 
a nomogram for predicting postoperative outcomes, on 
the basis of TNM stage, age, gender, race, marital status, 
surgical approach and Fuhrman grade were also involved 
in this predictive model.13

The nomogram is visual representations of mathemati-
cal models, characterized by showing quantitative relation-
ships between individual predictors in a predictive model. 
The nomogram integrates multiple predictors based on 
multivariable linear regression model and individualizes 
the prediction of outcomes. The nomogram visualizes 
complex statistical regression equations and simplifies 
the computation of complex clinical prediction models, 
providing a reference for clinicians and patients in the 
assessment of cancer treatment outcomes.

Several institutions have proposed nomograms for 
postoperative survival after kidney cancer; nonetheless, 
these models are usually based on all kidney cancer 
patients.14,15 There are differences in pathology, genetics, 
and prognosis between young and old kidney cancer.7 The 
aim of this study was to establish a prognostic nomogram 
to estimate the survival of patients with EOKC.

Patients and Methods
Patient Selection
Clinical data of EOKC patients from 2004 to 2015 were 
retrieved from SEER using SEER*Stat software. Because 
the patient information in the SEER database is anonymized 
and publicly available, our study was not monitored by an 
institutional review board. The exclusion criteria included: 
(I) age >46 years old; (II) incomplete TNM stage informa-
tion; (III) multiple primary tumor lesions; (IV) incomplete 
survival data; (V) not having undergone surgical treatment 
(Figure 1). The training group accounted for two-thirds of 
the total, and the included EOKCs were randomly assigned 
to these two sets.

Clinical Variables of EOKC
Clinical variables included gender, age, race, grade, AJCC 
stage, TNM stage, SEER stage, histology, chemotherapy 
and radiotherapy. Overall survival (OS) was the primary 
endpoint. OS was defined as the date of diagnosis to the 
end of follow-up or death from all causes, and CSS was 

defined as the date of diagnosis to the date of death from 
kidney cancer.

Statistical Analyses
Using RStudio software (Version 1.2.5033), all patients 
were randomized into the two sets. Age was categorically 
divided based on the optimal cut-off value generated by 
X-tile software (Version 3.6.1). In the training set, univari-
ate and multivariate Cox regressions were used to analyze 
the factors associated with OS and CSS, and the results 
were presented as hazard ratios (HR) and 95% confidence 
interval (CI). Based on the results of multivariate Cox 
regression analysis, we constructed patient OS and CSS 
prognostic nomograms. In addition, C-index, ROC curves, 
DCA curves, and internal validation were used to assess 
the predictive performance of nomograms. The C-index 
reflected the probability of agreement between the actual 

Figure 1 Flow diagram of the EOKC patients with training and validation sets. 
Abbreviation: EOKC, early-onset kidney cancer.
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value and the predicted value. In general, the C-index was 
a measure of the accuracy of the line graph, with values 
greater than 0.75 generally indicating relatively good dis-
crimination, and the closer to 1.0 the more accurate it was, 
applying to censored data, with similar areas under the 
ROC curve. The calibration curve is then introduced to 
graphically visualize the difference in prediction accuracy 
between the predicted 3- and 5-year OS or CSS and the 
actual OS or CSS. Finally, DCA is used to evaluate the 
clinical utility of the nomograms. All statistical tests were 
considered statistically significant at P<0.05.

Results
Patients Baseline Characteristics
A total of 12,526 EOKC were included in this study, 8350 
of whom were assigned to the training set (Figure 1). For 
all patients, 7677 (61.3%) were male and 9948 (79.4%) 
were White. Age was divided in 3 sets: Age < 39, 39–44, 
age > 44. Patients older than 44 years were in the majority 
(5564, 44.4%). The majority of the tumors were grade II 
(46.8%). The most common tumor histology for EOKC 
was clear cell adenocarcinoma (59.9%), followed by renal 
cell carcinoma, NOS (27.3%), papillary adenocarcinoma 
(8.5%) and others (4.3%). Moreover, 83.6% of all patients 
were localized in SEER stage classification (Table 1). The 
median follow-up length was 69 [0–155] months. As of 
the follow-up date of December 31, 2015, a total of 1394 
patients (11.1%) died and 958 (7.6%) patients died of renal 
cell carcinoma.

Table 1 Baseline Demographic and Clinical Characteristics

Variables All Patients 
n (%)

Training 
Set

Validation 
Set

n (%) n (%)

Total 12,526 8350 (66.7) 4176 (33.3)
Gender

Male 7677 (61.3) 5106 (61.1) 2571 (61.6)

Female 4849 (38.7) 3244 (38.9) 1605 (38.4)

Age, years

<39 4345 (34.7) 2911 (34.9) 1434 (34.3)
39–44 2617 (20.9) 1747 (20.9) 870 (20.8)

>44 5564 (44.4) 3692 (44.2) 1872 (44.8)

Race

White 9948 (79.4) 6626 (79.4) 3322 (79.5)

Black 1511 (12.1) 1033 (12.4) 478 (11.4)
Others 1067 (8.5) 691 (8.3) 376 (9.0)

Grade
Grade I 1633 (13.0) 1078 (12.9) 555 (13.3)

Grade II 5859 (46.8) 3930 (47.1) 1929 (46.2)

Grade III 2636 (21.0) 1750 (21.0) 886 (21.2)
Grade IV 669 (5.3) 457 (5.5) 212 (5.1)

Unknown 1729 (13.8) 1135 (13.6) 594 (14.2)

AJCC stage

I 8972 (71.6) 5995 (71.8) 2977 (71.3)
II 1502 (12.0) 981 (11.7) 521 (12.5)

III 1285 (10.30 863 (10.3) 422 (10.1)

IV 767 (6.1) 511 (6.1) 256 (6.1)

T stage

T1 9073 (72.4) 6065 (72.6) 3008 (72.0)
T2 1670 (13.3) 1097 (13.1) 573 (13.7)

T3 1672 (13.3) 1121 (13.4) 551 (13.2)

T4 111 (0.9) 67 (0.8) 44 (1.1)

N stage

N0 12,024 (96.0) 8010 (95.9) 4014 (96.1)
N1 268 (2.1) 184 (2.2) 84 (2.0)

N2 234 (1.9) 156 (1.9) 78 (1.9)

M stage

M0 11,893 (94.9) 7935 (95.0) 3958 (94.8)

M1 633 (5.1) 415 (5.0) 218 (5.2)

Histology

CCRCC 7506 (59.9) 4998 (59.9) 2508 (60.1)
RCC-NOS 3417 (27.3) 2259 (27.1) 1158 (27.7)

PRCC 1070 (8.5) 736 (8.8) 334 (8.0)

Others 533 (4.3) 357 (4.3) 176 (4.2)

SEER stage

Localized 10,474 (83.6) 6976 (83.5) 3498 (83.8)
Regional 1404 (11.2) 950 (11.4) 454 (10.9)

Distant 648 (5.2) 424 (5.1) 224 (5.4)

(Continued)

Table 1 (Continued). 

Variables All Patients 
n (%)

Training 
Set

Validation 
Set

n (%) n (%)

Chemotherapy

No/ 

Unknown

12,310 (98.3) 7982 (95.6) 3983 (95.4)

Yes 216 (1.7) 368 (4.4) 193 (4.6)

Radiotherapy
No/ 

Unknown

11,965 (95.5) 8202 (98.2) 4108 (98.4)

Yes 561 (4.5) 148 (1.8) 68 (1.6)

Abbreviations: AJCC, American Joint Committee on Cancer; SEER, Surveillance, 
Epidemiology, and End Results; RCC-NOS, renal cell carcinoma not otherwise 
specified; CCRCC, clear cell renal cell carcinoma; PRCC, papillary renal cell 
carcinoma.
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Table 2 Univariate and Multivariate Analysis of Overall Survival (OS) Rates in Training Set

Variables No. of Patients Univariate Analysis Multivariate Analysis

P value HR (95% CI) P value

Gender <0.001

Male 5106 Reference
Female 3244 0.81 (0.70–0.93) 0.004

Age, years <0.001
<39 2911 Reference

39–44 1747 1.36 (1.15–1.59) <0.001

>44 3692 1.30 (1.08–1.55) 0.005

Race <0.001

White 6626 Reference
Black 1033 1.58 (1.33–1.88) <0.001

Others 691 0.90 (0.70–1.16) 0.414

Grade <0.001

Grade I 1078 Reference

Grade II 3930 0.88 (0.66–1.18) 0.402
Grade III 1750 1.65 (1.23–2.22) 0.001

Grade IV 457 2.58 (1.88–3.55) <0.001

Unknown 1135 1.11 (0.79–1.54) 0.555

AJCC stage <0.001
I 5995 Reference

II 981 1.07 (0.65–1.77) 0.794

III 863 1.97 (1.29–2.99) 0.002
IV 511 4.47 (2.74–7.31) <0.001

T stage <0.001
T1 6065 Reference

T2 1097 1.59 (1.03–2.47) 0.038

T3 1121 2.12 (1.45–3.10) <0.001
T4 67 2.55 (1.61–4.05) <0.001

N stage <0.001
N0 8010 Reference

N1 184 1.88 (1.51–2.35) <0.001

N2 156 1.78 (1.37–2.30) <0.001

M stage <0.001

M0 7935 Reference
M1 415 2.01 (1.44–2.79) <0.001

Histology <0.001
CCRCC 4998 Reference

RCC-NOS 2259 1.02 (0.87–1.20) 0.794

PRCC 736 1.14 (0.91–1.44) 0.254
Others 357 1.75 (1.40–2.20) <0.001

SEER stage <0.001
Localized 6976 Reference

Regional 950 - 0.110

Distant 424 - 0.110

(Continued)
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Construction of Nomogram
In the training set, gender, age, race, grade, AJCC stage, 
TNM stage, histology, SEER stage, chemotherapy and 
radiotherapy were significantly identified in univariate 
Cox analysis of OS rates (Table 2). Only SEER stage 
was excluded in multivariate analysis. Next, these nine 
independent factors were used as the basis for constructing 
the OS nomogram (Table 2, Figure 2A). Moreover, gender, 
age, race, grade, AJCC stage, TNM stage, histology, SEER 
stage, chemotherapy and radiotherapy were identified in 

univariate Cox analysis of CSS rates. However, only age, 
race, grade, AJCC stage, TNM stage, histology, che-
motherapy and radiotherapy were independent prognostic 
factors in multivariate analysis, and the CSS nomogram 
was constructed (Table 3, Figure 2B). In addition, we 
established the nomogram of both OS and CSS in the non- 
metastatic EOKC patients. Gender, age, race, grade, AJCC 
stage, T stage, N stage, surgery type and chemotherapy 
were significantly associated with OS, while only race, 
grade, AJCC stage, T stage, N stage, surgery type and 

Table 2 (Continued). 

Variables No. of Patients Univariate Analysis Multivariate Analysis

P value HR (95% CI) P value

Chemotherapy <0.001
No/Unknown 7982 Reference

Yes 368 1.43 (1.18–1.74) <0.001

Radiotherapy <0.001

No/Unknown 8202 Reference

Yes 148 1.41 (1.13–1.76) 0.003

Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence intervals; AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End 
Results; RCC-NOS, renal cell carcinoma not otherwise specified; CCRCC, clear cell renal cell carcinoma; PRCC, papillary renal cell carcinoma.

Figure 2 OS and CSS associated nomograms for EOKC patients. (A) OS nomograms for EOKC in 3- and 5-year; (B) CSS nomograms for EOKC in 3- and 5-year. 
Abbreviations: OS, overall survival; CSS, cancer-specific survival; EOKC, early-onset kidney cancer; RCC-NOS, renal cell carcinoma not otherwise specified; CCRCC, 
clear cell renal cell carcinoma; PRCC, papillary renal cell carcinoma.
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Table 3 Univariate and Multivariate Analysis of Cancer-Specific Survival (CSS) Rates in Training Set

Variables No. of Patients Univariate Analysis Multivariate Analysis

P value HR (95% CI) P value

Gender <0.001

Male 5106 Reference
Female 3244 – 0.276

Age, years <0.001
<39 2911 Reference

39–44 1747 1.38 (1.14–1.68) 0.001

>44 3692 1.20 (0.96–1.49) 0.114

Race <0.001

White 6626 Reference
Black 1033 1.39 (1.12–1.73) 0.003

Others 691 0.99 (0.74–1.33) 0.932

Grade <0.001

Grade I 1078 Reference

Grade II 3930 1.02 (0.61–1.70) 0.939
Grade III 1750 2.37 (1.45–3.88) 0.001

Grade IV 457 3.82 (2.30–6.33) <0.001

Unknown 1135 1.58 (0.93–2.69) 0.091

AJCC stage <0.001
I 5995 Reference

II 981 4.50 (2.52–8.03) <0.001

III 863 8.53 (5.19–14.02) <0.001
IV 511 20.37 (11.55–35.93) <0.001

T stage <0.001
T1 6065 Reference

T2 1097 1.41 (0.90–2.22) 0.139

T3 1121 1.86 (1.25–2.76) 0.002
T4 67 1.90 (1.16–3.10) 0.010

N stage <0.001
N0 8010 Reference

N1 184 1.88 (1.48–2.39) <0.001

N2 156 1.82 (1.38–2.39) <0.001

M stage <0.001

M0 7935 Reference
M1 415 1.89 (1.33–2.67) <0.001

Histology <0.001
CCRCC 4998 Reference

RCC-NOS 2259 0.98 (0.81–1.19) 0.855

PRCC 736 0.84 (0.62–1.16) 0.291
Others 357 1.73 (1.34–2.23) <0.001

SEER stage <0.001
Localized 6976 Reference

Regional 950 - 0.056

Distant 424 - 0.056

(Continued)
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chemotherapy were independent prognostic factors of CSS 
(Table S1, Table S2, Table S3, Figure S1).

Nomogram Validation
In the training set, the C-index for the OS nomogram was 
0.849 (0.834–0.864), while the C-index for the CSS nomo-
gram was 0.937 (0.928–0.946) (Table 4). The C-index for 
the OS nomogram was 0.855 (0.834–0.976), and the 
C-index for the CSS nomogram was 0.938 (0.925–0.951) 
in the validation set (Table 4). Meanwhile, high quality 
calibration charts showed the reliability of the OS and CSS 
nomogram models (Figures 3 and 4). In addition, area 
under ROC curve (AUC) was higher than both TNM and 
SEER stage (Figure 5). The clinical applicability of the 
nomogram was superior to TNM and SEER stage indi-
cated by DCA results (Figure 6). Specifically, both internal 
and external validation showed that OS and CSS nomo-
grams outperformed the TNM and SEER stages (Table 5).

Discussion
Based on the publicly available SEER database, this study 
developed and validated prognostic nomogram models for 

patients with EOKC. The ROC and DCA results showed 
that the nomogram was superior to TNM stage and SEER 
stage in terms of predicting patient prognosis. The nomo-
gram could be useful for postoperative evaluation of EOKC 
patients and development of individualized treatment plans.

We are interested in EOKC for two main reasons. 
Firstly, epidemiological investigations found that the 
increase in kidney cancer was greater in young people 
(2.95–6.23% in individuals aged 25–49) than in the elderly 
(1.67–2.19% in individuals aged 50–84).16 There are dif-
ferences in pathology, genetics, and prognosis between 
young and old kidney cancers.7 However, there are no 
studies assessing the prognostic risk of EOKC. 
Therefore, the development of a nomogram that is more 
specific to EOKC directly, rather than to the general 
patient population, may have greater clinical value. 
Secondly, considering that age of onset <47 years may 
be associated with hereditary syndromes, this has the 
potential for confounding bias in general prognostic indi-
cators, especially when focusing on EOKC.7,17 Indeed, the 
nomogram model in the present study also reflects indivi-
dualized treatment management.

Table 3 (Continued). 

Variables No. of Patients Univariate Analysis Multivariate Analysis

P value HR (95% CI) P value

Chemotherapy <0.001
No/Unknown 7982 Reference

Yes 368 1.48 (1.20–1.82) <0.001

Radiotherapy <0.001

No/Unknown 8202 Reference

Yes 148 1.46 (1.16–1.84) 0.001

Abbreviations: CSS, cancer-specific survival; HR, hazard ratio; CI, confidence intervals; AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and 
End Results; RCC-NOS, renal cell carcinoma not otherwise specified; CCRCC, clear cell renal cell carcinoma; PRCC, papillary renal cell carcinoma.

Table 4 Comparison of C-Indexes Between the Nomogram, TNM and SEER Stages in Early-Onset Kidney Cancer Patients

Characteristics Training Set Validation Set

HR 95% CI P value HR 95% CI P value

OS Nomogram 0.849 0.834–0.864 0.855 0.834–0.976
TNM stage 0.817 0.801–0.833 <0.001 0.816 0.793–0.839 <0.001

SEER stage 0.793 0.777–0.809 <0.001 0.800 0.778–0.822 <0.001

CSS Nomogram 0.937 0.928–0.946 0.938 0.925–0.951

TNM stage 0.913 0.912–0.924 <0.001 0.907 0.890–0.924 <0.001

SEER stage 0.877 0.862–0.892 <0.001 0.886 0.867–0.905 <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results.
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To date, the nomograms for EOKC that incorporate 
demographic and clinicopathological factors are not avail-
able. Based on the SEER database, we included 12,526 
patients with EOKC and developed a novel nomogram. 
The 3- and 5-year OS and CSS rates of EOKC patients 
were predicted by multivariate Cox regression analysis. 
The C-index and AUC curve demonstrate the accuracy 
of nomograms in predicting the prognosis of patients 
with EOKC. Clinicians can use the nomograms to classify 
patients into different risk sets and make better treatment 
recommendations, such as adjuvant therapy, gene sequen-
cing, or genetic counseling.

Our nomogram indicated that the AJCC stage, which is 
based on the TNM stage, contributed the most to the 
prognosis. This result indicated that we need to combine 
T stage, N stage and M stage to evaluate the prognosis of 
EOKC patients in clinical practice. Moreover, TNM stage 
and grade also had significant share in the model. It was 
well known that the TNM stage was the conventional 
factor for assessing the prognosis of renal cell carcinoma 

and grade has been demonstrated to be another significant 
prognostic element for all types of renal cell carcinoma.18 

As shown in the nomograms, race and age at diagnosis had 
some impact on OS and CSS. Risk increased in age 
between 39 and 46 compared to age <39. Stafford et al 
analyzed the connection between the demographic factors 
and death of kidney cancer patients based on the 
California Cancer Registry and found that blacks had 
lower survival rate than whites and other races.19 Our 
study found that gender was also an independent prognos-
tic factor for OS. However, the specific mechanism by 
which gender affected the prognosis of kidney cancer 
was not clear, while the previous study suggested that 
the tumor grade and pathological stage of male kidney 
cancer patients were more likely to be malignant.20 The 
effect of radiotherapy and chemotherapy on the prognosis 
of EOKC patients was also introduced in our study. The 
results showed that the prognosis of patients who received 
radiotherapy and chemotherapy was worse than those who 
did not.

Figure 3 Calibration plots of OS associated nomograms in both training and validation sets. (A and B) Calibration plots of 3- and 5-year OS in training set; (C and D) 
calibration plots of 3- and 5-year OS in validation set. 
Abbreviation: OS, overall survival.
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Moreover, localized RCC can be managed with surgery, 
while metastatic RCC has been treated with systemic treat-
ment including cytoreductive nephrectomy, targeted agents 
and immunotherapies.1 The treatment of metastatic renal 
cell carcinoma has developed rapidly, and it is unwise to 
ignore the effect of treatment on prognosis. So, we also 
decided to do a subgroup analysis including the data of the 
surgical treatment and systemic therapy to make the results 
of our study more meaningful. However, the SEER dataset 
lacked this part of data about systemic treatment for meta-
static RCC, which is the intrinsic deficiency of the database. 
Considering the enormous difference in the landscape of 
systemic therapies between metastatic and non-metastatic 
patients, we have excluded the metastatic RCC in this sub-
group analysis to make our nomogram more available for 
individuals. Our study presented that partial nephrectomy 
increased OS and CSS compared with total nephrectomy. 
The previous study indicated the significance of surgical 
therapy for better renal function outcomes21 and the 

decrease of renal function could contribute to an increased 
all-cause mortality.22 Our research also found that radio-
therapy could not be applied to predicate the prognosis in 
the non-metastatic patients. It was understandable that the 
most common types of renal cancer were insensitive to 
radiotherapy, and most of the kidney cancer patients who 
received radiotherapy were usually patients with special 
types or advanced tumors.23

In a combined analysis of the SEER database and the 
data of their clinical center, Shuch et al found that 70% of 
patients with hereditary kidney cancer were <46 years of 
age.7 If 46 years of age was used as the cut-off point for 
genetic testing, then the test would detect genetic kidney 
cancer with the highest sensitivity and specificity. Wu 
et al used Panel to genetically test kidney tumors in 190 
patients under 46 years of age and outcomes showed that 
6.3% of all were definitude kidney cancer-associated 
mutations.17 Together, these studies revealed the high 
proportion of hereditary kidney cancer in patients with 

Figure 4 Calibration plots of CSS associated nomograms in both training and validation sets. (A and B) Calibration plots of 3- and 5-year CSS in training set; (C and D) 
calibration plots of 3- and 5-year CSS in validation set. 
Abbreviation: CSS, cancer-specific survival.
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early-onset kidney cancer. Several prognostic models 
have been developed to predict the prognosis of patients 
with kidney cancer using nomograms. In 2001, 
a nomogram used to predict 5-year survival in kidney 
cancer patients was reported by Kattan et al. The nomo-
gram incorporated four factors, which were symptoms, 
histological subtype, tumor size and TNM stage (1997 
version).14 In 2018, Zhang et al developed a nomogram 
specifically to assess the prognosis of renal clear cell 
carcinoma (ccRCC) patients after surgery, based on clin-
ical data from 35,151 patients.13 The nomogram showed 
that age, gender, race, marital status, surgical approach, 
TNM stage, and Fuhrman grade were independent risk 
factors for ccRCC patients. The internal validation of this 
nomogram had an accuracy of 86%. The predictive accu-
racy of our model (84.9% for OS) is similar to the models 
that address similar endpoints.

However, the limitations of these models cannot be 
ignored. The nomogram developed by Kattan et al did 
not incorporate grade of tumor. Subsequent studies have 
demonstrated that tumor grade is a solid predictor of 
OS.24,25 After a literature search, this is the first study 
based on a large population to construct a nomogram to 
predict OS and CSS in patients with EOKC. The advan-
tage of our nomogram over earlier studies is the large 
sample scope (12,526 patients with EOKC), making the 
nomogram widely applicable to clinical practice. In addi-
tion, some demographic variables were included in our 
study, such as race and sex, which could potentially 
improve the accuracy of the nomogram. In this study, 
blacks had the worst OS and CSS.

Moreover, our study has several limitations. First, due 
to the lack of granular data in SEER dataset, some poten-
tial prognostic factors were unavailable, such as surgical 

Figure 5 ROC curves of the nomograms for OS and CSS in both training and validation sets. (A) The ROC curve of nomogram for OS in training set; (B) the ROC curve of 
nomogram for CSS in training set; (C) the ROC curve of nomogram for OS in validation set; (D) the ROC curve of nomogram for CSS in validation set. 
Abbreviations: ROC, receiver operating characteristic; OS, overall survival; CSS, cancer-specific survival.
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treatment details and other non-surgical treatments includ-
ing immunotherapy and targeted therapy. Second, this 
study excluded some cases with missing follow-up infor-
mation, which may lead to bias in the prediction model. 
Third, this study is a retrospective analysis based on large 
clinical data, which is limited by the nature of the study, 
and the accuracy of the model predictions can only be 
better validated by a prospective cohort study. Fourth, 

a great number of young patients with kidney cancer also 
suffered from hereditary syndromes, which influenced the 
recurrence or survival rate, thus altering our nomogram.

Conclusion
In the present study, we establish and validate a novel nomo-
gram that can provide individual prediction of OS and CSS for 
patients with early-onset kidney cancer. This nomogram may 

Figure 6 DCA curves of the nomograms for OS and CSS in both training and validation sets. (A) The DCA curve of nomogram for OS in training set; (B) the DCA curve of 
nomogram for CSS in training set; (C) the DCA curve of nomogram for OS in validation set; (D) the DCA curve of nomogram for CSS in validation set. 
Abbreviations: DCA, decision curve analysis; OS, overall survival; CSS, cancer-specific survival.

Table 5 Comparison of Area Under the Curve (AUC) Between the Nomogram, TNM and SEER Stages in Early-Onset Kidney Cancer 
Patients

Characteristics Training Set Validation Set

AUC 95% CI P value AUC 95% CI P value

OS Nomogram 0.836 0.828–0.844 0.843 0.832–0.854

TNM stage 0.796 0.787–0.805 <0.001 0.798 0.786–0.810 <0.001

SEER stage 0.771 0.761–0.780 <0.001 0.778 0.765–0.791 <0.001

CSS Nomogram 0.931 0.926–0.937 0.934 0.926–0.941

TNM stage 0.906 0.900–0.913 <0.001 0.898 0.888–0.907 <0.001
SEER stage 0.865 0.857–0.872 <0.001 0.870 0.859–0.880 <0.001

Abbreviations: AUC, area under the curve; CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results.
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play a valuable role in clinical practice for EOKC patients. 
However, more external data remain needed for verification, 
so that better clinical application capabilities can be achieved.

Abbreviations
EOKC, early-onset kidney cancer; ccRCC, clear-cell renal 
cell carcinoma; SEER, Surveillance, Epidemiology and 
End Results; AJCC, American Joint Committee on 
Cancer; OS, overall survival; CSS, cancer-specific survi-
val; HR, hazard ratios; CI, confidence interval.
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