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Abstract. This study was aimed to develop a nomogram for predicting the cancer-specific sur-
vival (CSS) of patients with clear-cell renal cell carcinoma (ccRCC). Based on the Surveillance, 
Epidemiology, and End Results (SEER) database, 24,477 patients diagnosed with ccRCC between 
2010 and 2015 were collected. They were randomly divided into a training cohort (n = 17,133) 
and a validation cohort (n = 7,344). Univariate and multivariate Cox regression analyses were 
performed in the training cohort to identify independent prognostic factors for construction of 
nomogram. Then, the nomogram was used to predict the 3- and 5-year CSS. The performance of 
nomogram was evaluated by using concordance index (C-index), net reclassification improve-
ment (NRI), integrated discrimination improvement (IDI), calibration curve, and decision curve 
analysis (DCA). Moreover, the nomogram and tumor node metastasis (TNM) staging system 
(AJCC 7th edition) were compared. Eleven variables were screened to develop the nomogram. 
The area under the receiver operating characteristic (ROC) curve (AUC) and the calibration plots 
indicated satisfactory ability of the nomogram. Compared with the AJCC 7th edition of TNM stage, 
C-index, NRI, and IDI showed that the nomogram had improved performance. Furthermore, the 
3- and 5-year DCA curves of nomogram yielded more net benefits than the AJCC 7th edition of 
TNM stage in both the training and validation sets. We developed and validated a nomogram for 
predicting the CSS of patients with ccRCC, which was more precise than the AJCC 7th edition of 
TNM staging system.
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Introduction

Renal cell carcinoma (RCC) is a common malignant tumor 
of the urinary system, second to prostate cancer and blad-
der cancer. In recent years, its incidence has continued to 

rise, accounting for 3% of all newly diagnosed cancer cases 
(Siegel et al. 2020). Clear-cell renal cell carcinoma (ccRCC) 
is the most common subtypes of RCC and comprises ap-
proximately 80–90% of RCC-related deaths (Linehan et 
al. 2019). The ccRCC usually does not present any early 
clinical symptoms and about 30% of patients are already in 
a metastatic state at the time of diagnosis (Lin et al. 2020). 
Despite surgery provides long-term survival opportuni-
ties for patients with ccRCC, 30–40% patients undergone 
surgery are still found to have metastatic recurrence dur-
ing follow-up (Ghatalia et al. 2019). In addition, ccRCC is 
refractory to chemotherapy and radiation (Tumkur et al. 
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2021). Hence, the prognosis of the patients with advanced 
and metastatic cancers is extremely poor. Taken together, 
it is necessary to establish an effective model to predict 
the prognosis of patients with ccRCC, which may assist 
clinicians to perform personalized survival predictions 
and risk identification.

The American Joint Committee on Cancer (AJCC) 
staging system is a classification system that describes the 
course of cancer progression (Meng et al. 2017). AJCC-
based tumor node metastasis (TNM) stage is generally 
considered to be the most powerful prognostic indicator 
for ccRCC, which is also the most commonly used tool in 
clinical practice. It is both important to predict the prog-
nosis of ccRCC and propose a reasonable treatment plan 
for clinicians. However, due to the impact of prognostic 
diversity and genetic heterogeneity, it has become a chal-
lenge by using a single parameter to predict the overall 
survival (OS) of patients with ccRCC (Sankin et al. 2014). 
Despite several nomograms have been developed for 
predicting the prognosis of patients with ccRCC (Zhang 
et al. 2018; Peng et al. 2020; Wu Z et al. 2020), there is 
still a  lack of models for predicting the cancer-specific 
survival (CSS) of ccRCC. Moreover, TNM stage system 
only considered the tumor invasion range (T stage), lymph 
node involvement (N stage) and tumor metastasis (M), 
and other prognostic factors such as tumor characteristics 
and treatment-related factors may be neglected. There-
fore, a  comprehensive prognostic model containing the 
complete clinicopathological and demographic variables 
is needed to be constructed.

Nomogram is a reliable and convenient tool for evaluat-
ing the prognosis of tumors, which has been widely used 
as a predictor for oncology (Iasonos et al. 2008; Chen et al. 
2020). In this study, a cohort of patients with ccRCC was 
collected from the Surveillance, Epidemiology, and End 
Results (SEER) database. The univariate and multivariate 
Cox regression analyses were used to select significant 
prognostic factors, and then these factors were utilized to 
construct a nomogram for predicting the CSS rates of pa-
tients with ccRCC.

Materials and Methods

Study population

The clinical information of patients with ccRCC diagnosed 
between 2010 and 2015 was collected from the SEER data-
base (https://seer.cancer.gov/, latest version). The inclusion 
criteria were as follows: (1) patients were confirmed with 
ccRCC (histological type code 8312/3) according to the 
International Classification of Diseases-Oncology (third 
edition) or WHO classification (8th edition); (2) patients 

were diagnosed as ccRCC with histological confirmation; 
(3) patients with clear survival status and cause of death 
(thyroid carcinoma); and (4) patients diagnosed at 19 to 
85 years old. The excluded criteria were as follows: (1) pa-
tients with incomplete information; (2) patients with unclear 
survival time; and (3) patients diagnosed by autopsy or death 
certificate.

Collection of clinical information

Nineteen clinical variables of each case were collected 
from SEER database, including five categories: baseline 
information (age, gender, race, marital status, insurance 
state, and CSS time), tumor characteristics (grade, size, 
site, TNM stage, and Mayo Clinic stage), metastases states 
(lymph node, bone, brain, liver, and lung), surgery status, 
and adjuvant therapy (radiation or chemotherapy). In this 
study, the clinical outcome was defined as cancer-specific 
death. 

Development and validation of nomogram

After screening eligible cases, total patients were randomly 
assigned to a validation cohort and a training cohort with 
a ratio of 3:7 using the R function “create Data Partition”. 
Among these, the training set was used to develop nomo-
gram and the validation set was applied to verify the preci-
sion of established model. Univariate and multivariate Cox 
regression analyses were conducted to assess the association 
between clinical characteristics and CSS time, and the hazard 
ratios (HRs) and its 95% confidence intervals (CIs) were 
calculated. Variable with p less than 0.05 was considered to 
be significantly associated with CSS time. Next, the variable 
with p < 0.05 in the multivariate analysis was selected to 
establish a nomogram model for predicting 3- and 5-year 
CSS rate of patients with ccRCC. 

Moreover, the predicted performance of this nomogram 
was evaluated by using the training and validation sets. 
First, the receiver operating characteristic (ROC) curves 
were generated, followed by calculation of corresponding 
area under the curve (AUC) values, which could reflect the 
predictive ability of model (Hanley et al. 1982). Notably, the 
AUC value > 0.7 was considered ideal (Wu J et al. 2020). 
Second, calibration curve was plotted to access the consist-
ency between the the actual and predicted probability of 
3- and 5-year CSS time. Meanwhile, the concordance index 
(C-index) was calculated through bootstrapping with 500 
resamples (Royston et al. 2013) to estimate the predictive 
performance. Furthermore, net reclassification improvement 
(NRI) and integrated discrimination improvement (IDI) 
were used to compare the discriminative performance of 
the constructed nomogram and AJCC 7th model (Pencina 
et al. 2011). As described previously (Vickers et al. 2006), 
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the net benefit of these two models was also estimated using 
decision curve analysis (DCA). 

Statistical analysis

All data were statistically analyzed using SPSS (version 21.0, 
IBM Corp., Armonk, NY) and R  software (version 3.5.2, 
http://www.r-project.org/). p values < 0.05 obtained via two-
tailed test were regarded as significant difference. 

Results

Clinical features of patients with ccRCC

According to the inclusion and exclusion criteria, 24,477 
ccRCC patients were collected; among these, 17,133 cases 
were assigned in the training cohort and 7,344 cases were 
assigned in the validation cohort. The clinical characteristics 
of all patients are listed in Table 1. In the whole population, 
the median age at diagnosis was 60 (51–68) years. Of these 
patients, 20,952 patients were white ethnicity (85.6%), 15,144 
patients were male (61.9%), and 16,171 patients were mar-
ried (66.1%). Most of the patients had insurance (84.9%). 

More than half of the patients had stage II (53.4%), TNM 
stage I (65.5%), and localized stage (74.8%). The tumor size 
of 18,644 patients (76.2%) was less than 70 mm. With regard 
to treatment, almost all patients were undergone surgery 
(99.9%) and only a small number of patients were treated 
with radiotherapy (1.8%) and chemotherapy (4.6%). Most 
patients did not present metastatic, including lymph nodes 
(97.6%), bone (98.3%), brain (99.5%), liver (99.4%), and lung 
(96.2%). The median of CSS time was 27 months (range 11 
to 47 months). Meanwhile, there were 1,610 patients with 
ccRCC-specific death, accounting for 6.6% of all cases. No 
significant difference in all clinical variables was observed 
between the training and validation cohorts (all p > 0.05). 

Prognostic factors for CSS time in the training cohort

Based on the 19 variables, a series of Cox regression analysis 
was performed to identify the variables that significantly 
related to CSS time. After univariate and multivariate Cox 
analyses, 11 factors included age, marital status, tumor size, 
grade, TNM stage, surgery treatment, radiation, lymph 
node metastasis, liver metastasis, lung metastasis, and bone 
metastases were observably associated with CSS time (all 
p < 0.01, Table 2). 

Table 1. Clinical characteristics of patients included in this analysis

Whole population
(n = 24477)

No. (%)

Training cohort
(n = 17133)

No. (%)

Validation cohort
(n = 7344)

No. (%)
p

Age at diagnosis (years) 60 (51–68) 60 (51–68) 60 (51–68) 0.062
Sex 0.145

Male 15144 (61.9) 10651 (62.2) 4493 (61.2)
Female 9333 (38.1) 6482 (37.8) 2851 (38.8)

Race 0.793
White 20952 (85.6) 14666 (85.6) 6286 (85.6)
Black 1675 (6.8) 1163 (6.8) 512 (7.0)
Othera 1850 (7.6) 1304 (7.6) 546 (7.4)

Marital status 0.594
Married 16171 (66.1) 11301 (66.0) 4870 (66.3)
Unmarriedb 8306 (33.9) 5832 (34.0) 2474 (33.7)

Insurance recode 0.383
Uninsurance 775 (3.2) 584 (3.4) 191 (2.6)
Insurance 20773 (84.9) 14481 (84.5) 6292 (85.7)
Any medical 2929 (12.0) 2068 (12.1) 861 (11.7)

Grade 0.950
I 2549 (10.4) 1797 (10.5) 752 (10.2)
II 13063 (53.4) 9133 (53.3) 3930 (53.5)
III 7117 (29.1) 4979 (29.1) 2138 (29.1)
IV 1748 (7.1) 1224 (7.1) 524 (7.1)

(continued on page 594)
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Whole population
(n = 24477)

No. (%)

Training cohort
(n = 17133)

No. (%)

Validation cohort
(n = 7344)

No. (%)
p

Tumor size 0.798
≤70 mm 18644 (76.2) 13033 (76.1) 5611 (76.4)
70–100 mm 3626 (14.8) 2555 (14.9) 1071 (14.6)
>100 mm 2207 (9.0) 1545 (9.0) 662 (9.0)

Site 0.656
Left 12052 (49.2) 8420 (49.1) 3632 (49.5)
Right 12425 (50.8) 8713 (50.9) 3712(50.5)

TNM stage 0.588
I 16037 (65.5) 11188 (65.3) 4849 (66.0)
II 2271 (9.3) 1612 (9.4) 659 (9.0)
III 4497 (18.4) 3150 (18.4) 1347 (18.3)
IV 1672 (6.8) 1183(6.9) 489 (6.7)

Stage 0.891
Localized 18308 (74.8) 12800 (74.7) 5508 (75.0)
Regional 4651 (19.0) 3267 (19.1) 1384 (18.8)
Distant 1518 (6.2) 1066 (6.2) 452 (6.2)

Surgery 0.827
Yes 24452 (99.9) 17116 (99.9) 7336 (99.9)
No 25 (0.1) 17 (0.1) 8 (0.1)

Radiotherapy 0.308
Yes 432 (1.8) 312 (1.8) 120 (1.6)
None/Unknown 24045 (98.2) 16821 (98.2) 7224 (98.4)

Chemotherapy 0.715
Yes 1115 (4.6) 775 (4.5) 340 (4.6)
No 23362 (95.4) 16358 (95.5) 7004 (95.4)

Lymph nodes metastasis 0.485
No 23886 (97.6) 16727 (97.6) 7159 (97.5)
Yes 591 (2.4) 406 (2.4) 185 (2.5)

Metastasis at bone 0.282
No 24057 (98.3) 16829 (98.2) 7228 (98.4)
Yes 420 (1.7) 304 (1.8) 116 (1.6)

Metastasis at brain 0.601
No 24359 (99.5) 17053 (99.5) 7306 (99.5)
Yes 118 (0.5) 80 (0.5) 38 (0.5)

Metastasis at liver 0.928
No 24332 (99.4) 17032 (99.4) 7300 (99.4)
Yes 145 (0.6) 101 (0.6) 44(0.6)

Metastasis at lung 0.920
No 23555 (96.2) 16489 (96.2) 7066 (96.2)
Yes 922 (3.8) 644 (3.8) 278 (3.8)

CSS (months) 27 (11–47) 27 (11–47) 28 (12–47) 0.710
Cancer-specific mortality 1610 (6.6) 1113 (6.5) 497 (6.8) 0.433

a American Indian, AK native, Asian and Pacific islander; b single, separated, divorced, widowed and unmarried or domestic partner; 
CSS, cancer-specific survival; p, Training cohort vs. Validation cohort.

Table 1. (continued)
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Table 2. Univariate and multivariate Cox regression analysis of CSS rates in training cohort

Univariate analysis Multivariate analysis

HR (95%CI) p HR (95%CI) p
Age at diagnosis 1.02 (1.02–1.03) <0.001 1.02 (1.02–1.03) <0.001
Marital status

Married Reference Reference
Unmarried 1.06 (0.94–1.20) 0.358 1.15 (1.02–1.30) <0.01

Grade
I Reference Reference
II 2.44 (1.55–3.85) <0.001 1.76 (1.11–2.79) <0.01
III 9.78 (6.25–15.30) <0.001 3.36 (2.13–5.32) <0.001
IV 42.48 (27.10–66.60) <0.001 6.63 (4.15–10.57) <0.001

Tumor size
≤70mm Reference Reference
70–100mm 5.44 (4.69–6.30) <0.001 1.46 (1.22–1.75) <0.001
>100mm 11.71 (10.16–13.50) <0.001 1.83 (1.53–2.19) <0.001

TNM stage
I Reference Reference
II 4.17 (3.18–5.46) <0.001 2.08 (1.52–2.86) <0.001
III 9.26 (7.61–11.27) <0.001 4.33 (3.45–5.44) <0.001
IV 57.01 (47.32–68.67) <0.001 10.26 (7.79–13.52) <0.001

(continued on page 596)

Establishment and validation of the nomogram for ccRCC

The selected prognosis-related factors were utilized to 
establish a  nomogram for predicting the 3- and 5-year 
CSS of patients with ccRCC (Fig. 1). This model revealed 
that TNM stage was the most important factor responsi-
ble for the CSS time, followed by age, grade, and surgical 
treatment. 

Next, we validated the accuracy and predictive ability of 
this model by using the training and validation cohorts. As 
for the 3-year CSS time, in the training cohort, the AUC of 
the nomogram and AJCC 7th edition of TNM stage were 
0.901 and 0.862 (Fig. 2A); in the validation cohort, the AUCs 
were 0.893 and 0.841, respectively (Fig. 2B). Meanwhile, 
AUC of the nomogram was higher than that of AJCC 7th 
edition of TNM stage in predicting the 5-year CSS time 
in both the training cohort (0.920 vs. 0.874, Fig. 2C) and 
validation cohort (0.906 vs. 0.846, Fig. 2D). Together, these 
findings suggested that the nomogram had better prediction 
accuracy for the 3- and 5-year CSS time compared to AJCC 
7th edition of TNM stage. Calibration plots of the nomogram 
revealed that excellent consistency was observed both in the 
training and validation cohorts between predicted results 
and actual observations for 3-year (Fig. 3A, B) and 5-year 
CSS (Fig. 3C, D). 

We also compared the difference in NRI, IDI, and C-index 
between the established model and AJCC 7th edition of TNM 

stage. The specific results are listed in Table 3. While using 
the nomogram in the training cohort, the NRI values for 
the 3- and 5-year CSS were 0.276 (95% CI = 0.214–0.328, 
p < 0.001) and 0.284 (95% CI = 0.230–0.352, p < 0.001), and 
the IDI values for the 3- and 5-year CSS were 0.060 (95% CI 
= 0.049–0.070, p < 0.001) and 0.052 (95% CI = 0.042–0.062, 
p < 0.001). These results were also observed in the valida-
tion cohort. In addition, the C-index for the nomogram was 
calculated to be 0.898 in the training set and 0.905 in the 
validation set, which were all higher than AJCC 7th edition 
of TNM stage in the same groups, respectively. Together, 
the constructed nomogram model had greater accuracy in 
predicting the CSS of patients with ccRCC than the AJCC 
7th edition of TNM stage. 

Furthermore, the clinical benefits of the nomogram and 
AJCC 7th edition of TNM stage were compared. DCA curves 
showed that despite the nomogram had several overlaps with 
AJCC 7th edition of TNM stage in both the training and 
validation cohorts, it still added more net benefits, indicating 
that the nomogram could better predict the 3 (Fig. 4A, B) 
and 5 years CSS (Fig. 4C, D). 

Discussion

As the most common kidney malignancy in adults, clinical 
and pathological heterogeneity of metastatic RCC highly 
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Univariate analysis Multivariate analysis

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

Yes Reference Reference
No 6.74 (2.80–16.22) <0.001 5.00 (2.04–12.25) <0.001

Radiation
Yes Reference Reference
None/unknown 0.07 (0.06–0.08) <0.001 0.65 (0.53–0.80) <0.001

Lymph nodes metastasis
No Reference Reference
Yes 14.55 (12.48–16.97) <0.001 1.74 (1.47–2.06) <0.001

Metastasis at bone
No Reference Reference
Yes 14.52 (12.29–17.17) <0.001 1.77 (1.42–2.22) <0.001

Metastasis at liver
No Reference Reference
Yes 16.38 (12.69–21.13) <0.001 1.71 (1.31–2.23) <0.001

Metastasis at lung
No Reference Reference
Yes 18.08 (15.88–20.58) <0.001 1.62 (1.35–1.94) <0.001

Sex excluded
Male Reference
Female 0.65 (0.58–0.75) <0.001

Race excluded
White Reference
Black 0.72 (0.55–0.95) 0.019
Other 0.99 (0.79–1.24) 0.955

Insurance recode excluded
Uninsurance Reference
Insurance 1.03 (0.74–1.43) 0.851
Any medical 1.18 (0.82–1.69) 0.377

Site excluded
Left – origin of primary Reference
Right – origin of pri-
mary 0.90 (0.80–1.02) 0.089

Stage excluded
Localized Reference
Regional 7.07 (6.00–8.35) <0.001
Distant 42.63 (36.41–49.91) <0.001

Chemotherapy excluded
Yes Reference
No 0.08 (0.07–0.09) <0.001

Metastasis at brain excluded
No Reference
Yes 17.73 (13.30–23.64) <0.001

CSS, cancer-specific survival; HR, hazard ratio; TNM, tumor node metastasis.

Table 2. (continued)
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Figure 1. Nomogram for predicting the 3-year and 5-year cancer-specific survival (CSS) of patients with ccRCC. Mari, marital status; 
SUR, surgery; RAD, radiation; LYM, lymph nodes metastases; M.bo, metastases at bone; M.Li, metastases at liver; M.lu, metastases at lung.

influences the prognosis of patients with the cancer (Margu-
lis et al. 2013). The clear cell subtype is the most aggressive 
subtype, accounting for 80% of all RCC cases (Delahunt 
et al. 2007). Unfortunately, there is still lack an accurate 
prognostic prediction tool for patients with ccRCC. Thus, 
our study aims to establish and evaluate a practical nomo-
gram for predicting the CSS of patients with ccRCC based 
on the complete clinical characteristics. Result showed that 
11 variables were selected by the multivariate Cox regression 
analysis and then merged into the nomogram model. Among 
these, TNM stage was the most significant factor responsible 
for CSS time, followed by age, grade, and surgical treatment. 
We observed that the nomogram showed good accuracy 
and discriminative ability in predicting 3- and 5-year CSS. 
Meanwhile, the prediction performance of the novel model 
was superior compared to the traditional AJCC 7th edition 
of TNM stage.

In the present study, we fully considered a range of clini-
cal factors that might influence the prognosis of ccRCC. 
Univariate and multivariate Cox regression analyses re-

vealed that prognostic factors such as age, marital status, 
tumor grade as well as size, TNM stage, surgery status, 
bone metastasis, lymph node metastases, lung metastasis, 
and liver metastasis were independent predictors for CSS in 
patients with ccRCC. Previous studies have highlighted the 
important role of TNM staging in the diagnosis and prog-
nosis of ccRCC. TNM stage proved to be an independent 
CSS predictor for RCC via multivariate analysis (Neuzillet et 
al. 2011). In addition, Xu et al. (2020) suggested that genes 
related to the clinical TNM stage might provide guidance for 
early diagnosis and individualized therapy of patients with 
ccRCC. In addition, the prognostic value of other clinical 
characteristics has also been confirmed in other studies. For 
example, Wu et al. (Wu G et al. 2020) observed that age at 
diagnosis, grade, and stage were independent risk factors 
connected with the OS time of patients with ccRCC. Mean-
while, Zhang et al. (2018) suggested that clinicopathological 
parameters, such as marital status and surgical status, were 
significantly associated with the OS and CSS of patients with 
ccRCC; other study also indicated that unmarried patients 
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with ccRCC experienced worse survival than their mar-
ried counterparts (Zhang et al. 2019), and these evidences 
further confirmed our findings. Interestingly, we revealed 
some metastases state, including bone, lymph node, lung, 
and liver, were responsible for the CSS of ccRCC. Evidences 
demonstrated that tumor size was positively associated 
with the risk of lymph node metastases in ccRCC (Zhi et 
al. 2020); in addition, age and tumor size were independent 
risk clinical indicators of brain metastasis in patients with 
RCC (Ke et al. 2020). However, there was no direct evidence 

that these metastases contributed to CSS of patients with 
ccRCC. Meanwhile, the patients with metastases accounted 
for a  minority of included patients, a  large-scale patient 
needed to be enrolled to confirm these findings. 

These prognostic-related variables were used to gener-
ate a novel nomogram to predict the CSS time of ccRCC 
patients. Then, the precision and predictive ability of this 
model were adequate assessed in both training and valida-
tion cohorts by using the following indices: AUC, C-index, 
NRI, IDI, and DCA plot. AUC and C-index are typically 

Figure 2. Receiver operating charac-
teristic (ROC) curves of the nomo-
gram in the training and validation 
cohorts. The 3-year CSS in the train-
ing (A) and validation sets (B). The 
5-year CSS in the training (C) and 
validation sets (D). Red line: ROC of 
nomogram; blue line: ROC of TNM 
stage AJCC, 7th edition. (See online 
version for color figure.)

Figure 3. Calibration plots of the 
nomogram and AJCC 7th of TNM 
stage for prediction of CSS at 3 and 
5 years. Calibration curve of 3-year 
CSS in the training (A) and valida-
tion sets (B). Calibration curve of 
5-year CSS in the training set (C) 
and validation sets (D). X-axis is pre-
dicted probability based nomogram 
and y-axis is observed cumulative 
incidence.

A

C

B

D

A

C

B

D
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utilized to assess the discriminative ability of models (Han-
ley et al. 1982; Pencina et al. 2015). Similarly, the NRI and 
IDI can also be applied to evaluate and quantify the risk 
prediction of the novel constructed models (Pencina et al. 
2008). These results indicated that our model has better 
discriminative performance for predicting the 3-year and 
5-year CSS of ccRCC than the AJCC 7th edition of staging 
system. Furthermore, DCA is an approach suitable for 
evaluating alternative diagnostic and prognostic strategies, 
which can be employed for assessing clinical effective-
ness (Vickers and Elkin 2006). In this study, DCA curves 
indicated that the net benefit generated by our model was 
greater than the AJCC TNM staging system in both the 
training set and validation set.

Although some articles have constructed a nomogram 
predicting OS of patients with ccRCC (Wu X et al. 2020; 
Zhang et al. 2020), these models have defects more or less. 
For example, nomogram generated by Zhang et al. (2018) did 
not include radiotherapy, which has been linked to cancer 
resistant and has been shown to impact the prognosis of 
ccRCC (Qian et al. 2009). Moreover, the model constructed 
by Karakiewicz et al. (2007) lacked demographic variables 
of patients with ccRCC, which could affect the accuracy of 
the predictions. Thus, our study constructed a nomogram 
for predicting CSS of patients with ccRCC based on a large 
population and incorporating complete demographic vari-
ables. Our research has certain advantages. The constructed 
nomogram is more helpful for clinicians to predict the prog-

Table 3. Comparison of NRI, IDI, and C-index between nomogram and AJCC of TNM stage in ccRCC patients

Index
Training cohort Validation cohort

Estimate 95%CI p Estimate 95%CI p
NRI (vs. TNM stage)

3-year CSS 0.276 0.214–0.328 <0.001 0.263 0.161–0.350 <0.001
5-year CSS 0.284 0.230–0.352 <0.001 0.339 0.234–0.408 <0.001

IDI (vs. TNM stage)
3-year CSS 0.060 0.049–0.070 <0.001 0.046 0.031–0.060 <0.001
5-year CSS 0.052 0.042–0.062 <0.001 0.054 0.040–0.069 <0.001

C-index
The nomogram 0.898 0.888–0.908 0.905 0.893–0.917
TNM stage 0.856 0.845–0.867 0.862 0.845–0.879
Change 0.042 0.027–0.057 <0.001 0.043 0.022–0.064 <0.001

AJCC, American Joint Committee on Cancer; ccRCC, clear-cell renal cell carcinoma; C-index, concordance index; CSS, cancer-specific 
survival; IDI, integrated discrimination improvement; NRI, net reclassification improvement; TNM, tumor node metastasis.

Figure 4. Decision curve analysis 
(DCA) of the nomogram and AJCC 
7th of TNM stage for the survival 
prediction of patients with ccRCC. 
DCA of 3-year CSS in the training 
(A) and validation sets (B). DCA of 
5-year CSS in the training (C) and 
validation sets (D).

A

C

B

D
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nosis of ccRCC patients than a single clinical parameter. In 
addition, the novel nomogram is mainly to predict the CSS 
of ccRCC patients, while other studies may focus more at-
tention on OS. Importantly, we observed that our nomogram 
had improved discriminant power compared to AJCC 7th 

edition of TNM stage. However, some limitations still need 
to be acknowledged. First, clinical characteristics showed 
that the patients included in this analysis were mainly white, 
thus the obtained findings might not be applicable to other 
racial groups. Second, our study was retrospective; mean-
while, clinical information as well as follow-up data were 
extracted from the SEER database, so there was a certain 
inherent bias in this research. Third, the included variables 
were incomplete. For instance, the expression level of some 
key genes (VEGF, HIF-2α, and Ki-67) related to the patho-
genesis of ccRCC (Fan et al. 2015; Ebru et al. 2017) were not 
considered in this analysis. Finally, although the nomogram 
fitted well, it had not been validated by additional external 
data and was devoid of prospective research.

Conclusion

In short, our study established and validated a nomogram to 
predict the CSS of patients with ccRCC based on the SEER 
population cohort. Eleven independent prognostic factors 
were eventually incorporated the nomogram; among these, 
TNM stage was the most significant factor responsible for 
CSS time, followed by age and grade. The nomogram showed 
improved performance in predicting 3- and 5-year CSS com-
pared to the AJCC 7th TNM stage. This new nomogram may 
help to improve the predictive accuracy of survival outcomes, 
thereby assisting doctors to perform personalized survival 
prediction in patients with ccRCC.

Data Availability Statement. All data generated and analyzed in 
this study were available from the SEER database (https://seer.
cancer.gov/).

Ethics approval and consent to participate. Not applicable. Our 
study was exempted from insitutional review board approval be-
cause of using the de-identified data in the SEER database.

Funding. This work was supported by Key research and develop-
ment projects of Shaanxi Province (Program No. 2020SF-097).

Conflict of interests. The authors declare that they have no com-
peting interests.

Authors’ contributions. JW carried out the Conception and 
design of the research. YL and QW participated in the Acquisi-
tion of data. JY carried out the Analysis and interpretation of 
data. ChL and KZ participated in the design of the study and 
performed the statistical analysis. XW and XL and QW conceived 

of the study, and participated in its design and coordination and 
helped to draft the manuscript and revision of manuscript for 
important intellectual content. All authors read and approved 
the final manuscript.

References

Chen Y, Jiang S, Lu Z, Xue D, Xia L, Lu J, Wang H, Xu L, Li L, Li 
G (2020): Development and verification of a nomogram for 
prediction of recurrence-free survival in clear cell renal cell 
carcinoma. J. Cell. Mol. Med. 24, 1245-1255

 https://doi.org/10.1016/j.amjmed.2020.05.015 
Delahunt B, Bethwaite PB, Nacey JN (2007): Outcome prediction 

for renal cell carcinoma: evaluation of prognostic factors for 
tumours divided according to histological subtype. Pathology 
39, 459-465

 https://doi.org/10.1080/00313020701570061 
Ebru T, Fulya OP, Hakan A, Vuslat YC, Necdet S, Nuray C, Filiz 

O (2017): Analysis of various potential prognostic markers 
and survival data in clear cell renal cell carcinoma. Int. Braz. 
J. Urol. 43, 440-454

 https://doi.org/10.1590/s1677-5538.ibju.2015.0521 
Fan Y, Li H, Ma X, Gao Y, Chen L, Li X, Bao X, Du Q, Zhang Y, 

Zhang X (2015): Prognostic significance of hypoxia-inducible 
factor expression in renal cell carcinoma: A PRISMA-compliant 
systematic review and meta-analysis. Medicine (Baltimore) 
94, e1646

 https://doi.org/10.1097/MD.0000000000001646 
Ghatalia P, Gordetsky J, Kuo F, Dulaimi E, Cai KQ, Devarajan K, Bae 

S, Naik G, Chan TA, Uzzo R, et al. (2019): Prognostic impact 
of immune gene expression signature and tumor infiltrating 
immune cells in localized clear cell renal cell carcinoma. J. 
Immunother. Cancer 7, 139

 https://doi.org/10.1186/s40425-019-0621-1 
Hanley JA, McNeil BJ (1982): The meaning and use of the area 

under a receiver operating characteristic (ROC) curve. Radiol-
ogy 143, 29-36

 https://doi.org/10.1148/radiology.143.1.7063747 
Iasonos A, Schrag D, Raj GV, Panageas KS (2008): How to build 

and interpret a nomogram for cancer prognosis. J. Clin. Oncol. 
26, 1364-1370

 https://doi.org/10.1200/JCO.2007.12.9791 
Karakiewicz PI, Briganti A, Chun FKH, Trinh Q-D, Perrotte P, 

Ficarra V, Cindolo L, De la Taille A, Tostain J, Mulders PFA, et 
al. (2007): Multi-institutional validation of a new renal cancer-
specific survival nomogram. J. Clin. Oncol. 25, 1316-1322

 https://doi.org/10.1200/JCO.2006.06.1218 
Ke ZB, Chen SH, Chen YH, Wu YP, Lin F, Xue XY, Zheng QS, Xu 

N, Wei Y (2020): Risk factors for brain metastases in patients 
with renal cell carcinoma. Biomed. Res. Int. 2020, 6836234

 https://doi.org/10.1155/2020/6836234 
Lin W, Chen X, Chen T, Liu J, Ye Y, Chen L, Qiu X, Chia-Hsien 

Cheng J, Zhang L, Wu J, et al. (2020): C1QTNF6 as a novel 
diagnostic and prognostic biomarker for clear cell renal cell 
carcinoma. DNA Cell Biol. 39, 1000-1011

 https://doi.org/10.1089/dna.2019.5299 

https://seer.cancer.gov/
https://seer.cancer.gov/
https://doi.org/10.1016/j.amjmed.2020.05.015
https://doi.org/10.1080/00313020701570061
https://doi.org/10.1590/s1677-5538.ibju.2015.0521
https://doi.org/10.1097/MD.0000000000001646
https://doi.org/10.1186/s40425-019-0621-1
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1200/JCO.2007.12.9791
https://doi.org/10.1155/2020/6836234
https://doi.org/10.1089/dna.2019.5299


601Nomogram for predicting cancer-specific survival of ccRCC

Linehan WM, Ricketts CJ (2019): The Cancer Genome Atlas of 
renal cell carcinoma: findings and clinical implications. Nat. 
Rev. Urol. 16, 539-552

 https://doi.org/10.1038/s41585-019-0211-5 
Margulis V, Shariat SF, Rapoport Y, Rink M, Sjoberg DD, Tannir 

NM, Abel EJ, Culp SH, Tamboli P, Wood CG (2013): Devel-
opment of accurate models for individualized prediction of 
survival after cytoreductive nephrectomy for metastatic renal 
cell carcinoma. Eur. Urol. 63, 947-952

 https://doi.org/10.1016/j.eururo.2012.11.040 
Meng ZW, Pan W, Hong HJ, Chen JZ, Chen YL (2017): Modified 

staging classification for intrahepatic cholangiocarcinoma 
based on the sixth and seventh editions of the AJCC/UICC 
TNM staging systems. Medicine (Baltimore) 96, e7891

 https://doi.org/10.1097/MD.0000000000007891 
Neuzillet Y, Tillou X, Mathieu R, Long JA, Gigante M, Paparel P, 

Poissonnier L, Baumert H, Escudier B, Lang H, et al. (2011): 
Renal cell carcinoma (RCC) in patients with end-stage renal 
disease exhibits many favourable clinical, pathologic, and out-
come features compared with RCC in the general population. 
Eur. Urol. 60, 366-373

 https://doi.org/10.1016/j.eururo.2011.02.035 
Pencina MJ, D‘Agostino RB, Sr., D‘Agostino RB, Jr., Vasan RS (2008): 

Evaluating the added predictive ability of a new marker: from 
area under the ROC curve to reclassification and beyond. Stat. 
Med. 27, 157-172; discussion 207-112

 https://doi.org/10.1002/sim.2929 
Pencina MJ, D‘Agostino RB, Sr., Steyerberg EW (2011): Extensions 

of net reclassification improvement calculations to measure 
usefulness of new biomarkers. Stat. Med. 30, 11-21

 https://doi.org/10.1002/sim.4085 
Pencina MJ, D‘Agostino RB, Sr. (2015): Evaluating Discrimination 

of risk prediction models: The C statistic. JAMA 314, 1063-1064
 https://doi.org/10.1001/jama.2015.11082 
Peng Q, Zhou Y, Jin L, Cao C, Gao C, Zhou J, Yang D, Zhu J (2020): 

Development and validation of an integrative methylation sig-
nature and nomogram for predicting survival in clear cell renal 
cell carcinoma. Transl. Androl. Urol. 9, 1082-1098

 https://doi.org/10.21037/tau-19-853 
Qian C-N, Huang D, Wondergem B, Teh BT (2009): Complexity 

of tumor vasculature in clear cell renal cell carcinoma. Cancer 
115, 2282-2289

 https://doi.org/10.1002/cncr.24238 
Royston P, Altman DG (2013): External validation of a Cox 

prognostic model: principles and methods. BMC Med. Res. 
Methodol. 13, 33

 https://doi.org/10.1186/1471-2288-13-33 
Sankin A, Hakimi AA, Mikkilineni N, Ostrovnaya I, Silk MT, Liang 

Y, Mano R, Chevinsky M, Motzer RJ, Solomon SB, et al. (2014): 
The impact of genetic heterogeneity on biomarker development 
in kidney cancer assessed by multiregional sampling. Cancer 
Med. 3, 1485-1492

 https://doi.org/10.1002/cam4.293 
Siegel RL, Miller KD, Jemal A (2020): Cancer statistics, 2020. CA 

Cancer J. Clin. 70, 7-30
 https://doi.org/10.3322/caac.21590 

Tumkur Sitaram R, Landström M, Roos G, Ljungberg B (2021): Signifi-
cance of PI3K signalling pathway in clear cell renal cell carcinoma 
in relation to VHL and HIF status. J. Clin. Pathol. 74, 216-222

 https://doi.org/10.1136/jclinpath-2020-206693 
Vickers AJ, Elkin EB (2006): Decision curve analysis: a novel 

method for evaluating prediction models. Med. Decis. Mak-
ing 26, 565-574

 https://doi.org/10.1177/0272989X06295361 
Wu G, Wang Q, Xu Y, Li Q, Cheng L (2020): A new survival model 

based on ferroptosis-related genes for prognostic prediction 
in clear cell renal cell carcinoma. Aging (Albany NY) 12, 
14933-14948

 https://doi.org/10.18632/aging.103553 
Wu J, Zhang H, Li L, Hu M, Chen L, Xu B, Song Q (2020): A nomo-

gram for predicting overall survival in patients with low-grade 
endometrial stromal sarcoma: A population-based analysis. 
Cancer Commun. (Lond) 40, 301-312

 https://doi.org/10.1002/cac2.12067 
Wu X, Zhao Z, Khan A, Cai C, Lv D, Gu D, Liu Y (2020): Identi-

fication of a novel signature and construction of a nomogram 
predicting overall survival in clear cell renal cell carcinoma. 
Front. Genet. 11, 1017

 https://doi.org/10.3389/fgene.2020.01017 
Wu Z, Ouyang C, Peng L (2020): An immune scores-based nomo-

gram for predicting overall survival in patients with clear cell 
renal cell carcinoma. Medicine (Baltimore) 99, e21693

 https://doi.org/10.1097/MD.0000000000021693 
Xu D, Xu Y, Lv Y, Wu F, Liu Y, Zhu M, Chen D, Bai B (2020): 

Identification of four pathological stage-relevant genes in as-
sociation with progression and prognosis in clear cell renal cell 
carcinoma by integrated bioinformatics analysis. Biomed. Res. 
Int. 2020, 2137319

 https://doi.org/10.1155/2020/2137319 
Zhang G, Wu Y, Zhang J, Fang Z, Liu Z, Xu Z, Fan Y (2018): 

Nomograms for predicting long-term overall survival and 
disease-specific survival of patients with clear cell renal cell 
carcinoma. Onco. Targets Ther. 11, 5535-5544

 https://doi.org/10.2147/OTT.S171881 
Zhang SL, Sun HT, Li ZM, Zhang ZY, Wang WR, Wang X, Wang 

ZM, Wang LS (2019): A real-world 1:1 propensity-matched 
study revealed unmarried status was independently associated 
with worse survival for patients with renal clear cell carcinoma. 
J. Cancer 10, 3767-3777

 https://doi.org/10.7150/jca.31744 
Zhang Z, Lin E, Zhuang H, Xie L, Feng X, Liu J, Yu Y (2020): 

Construction of a novel gene-based model for prognosis 
prediction of clear cell renal cell carcinoma. Cancer Cell 
Int. 20, 27

 https://doi.org/10.1186/s12935-020-1113-6 
Zhi Y, Li X, Qi F, Hu X, Xu W (2020): Association of tumor size with 

risk of lymph node metastasis in clear cell renal cell carcinoma: 
A population-based study. J. Oncol. 2020, 8887782

 https://doi.org/10.1155/2020/8887782 

Received: February 11, 2022
Final version accepted: June 23, 2022

https://doi.org/10.1038/s41585-019-0211-5
https://doi.org/10.1016/j.eururo.2012.11.040
https://doi.org/10.1097/MD.0000000000007891
https://doi.org/10.1016/j.eururo.2011.02.035
https://doi.org/10.1002/sim.2929
https://doi.org/10.1002/sim.4085
https://doi.org/10.1001/jama.2015.11082
https://doi.org/10.21037/tau-19-853
https://doi.org/10.1002/cncr.24238
https://doi.org/10.1186/1471-2288-13-33
https://doi.org/10.1002/cam4.293
https://doi.org/10.3322/caac.21590
https://doi.org/10.1136/jclinpath-2020-206693
https://doi.org/10.1177/0272989X06295361
https://doi.org/10.18632/aging.103553
https://doi.org/10.1002/cac2.12067
https://doi.org/10.3389/fgene.2020.01017
https://doi.org/10.1097/MD.0000000000021693
https://doi.org/10.1155/2020/2137319
https://doi.org/10.2147/OTT.S171881
https://doi.org/10.7150/jca.31744
https://doi.org/10.1186/s12935-020-1113-6
https://doi.org/10.1155/2020/8887782



