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 Background: This study aimed to develop a predictive nomogram for midterm to long-term prognosis in patients with pap-
illary renal cell carcinoma (RCC) based on data from the US Surveillance, Epidemiology, and End Results (SEER) 
program.

 Material/Methods: Clinical pathology data and follow-up information were obtained from the SEER database for patients with 
papillary RCC between 1997–2014. Univariate and multivariate Cox regression models evaluated the indepen-
dent prognostic factors, and the nomogram was constructed to predict the 3-year, 5-year, and 10-year survival 
rates. Multiple parameters were estimated to evaluate the predictive values, including the concordance indi-
ces (C-indices), calibration plots, area under the receiver operator characteristics (ROC) curve, net reclassifica-
tion improvement (NRI), integrated discrimination improvement (IDI), and decision curve analysis (DCA).

 Results: The study included 13,926 patients with papillary RCC. Univariate and multivariate Cox regression analysis de-
veloped the nomogram that relied on the predictive variables of age, Fuhrman grade, TNM stage, surgery of 
the primary site, lymphadenectomy, and marital status. The C-indices of the novel model in the validation co-
hort were more satisfactory than those of the TNM classification. Accurate discrimination and calibration by 
the nomogram were identified in both cohorts. The NRI and IDI supported prediction improvements, and the 
DCA supported the nomogram’s clinical significance.

 Conclusions: A nomogram was developed to evaluate the prognosis of papillary RCC and to identify the patients who re-
quired specialized treatment. However, external validation of the predictive nomogram is required that also 
includes patients from other countries.
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Background

Among malignant tumors, renal cell carcinoma (RCC) is highly 
prevalent in the United States (US) [1]. The incidence of RCC 
has shown an increasing trend over the last 30 years world-
wide [2]. Papillary (RCC) was reported as the second most com-
mon type of RCC [3]. Similar to clear cell renal carcinoma, RCC 
originating from proximal convoluted tubular epithelial cells, 
accounted for approximately 7–14% of cases of RCC cases [4–6].

The special clinical manifestations, pathological morphology, 
and biological behaviors of papillary RCC are different from 
the other types [3,7,8]. Although the prognosis of papillary 
RCC can be improved upon pretreatment, patients with dis-
tant metastasis and higher histopathological grade have poor 
prognosis and most need adjuvant therapy after surgery [9,10]. 
It is worth noting that the treatment of papillary RCC still re-
mains controversial [3,9–12].

To date, the TNM staging system is a widely applied evaluation 
and treatment guideline used for cancer therapy worldwide. 
It has become the standard method for staging malignant tu-
mors by most clinicians and medical scientists [13]. A serious 
weakness underlying the system, nevertheless, is that the TNM 
classification system only considers limited factors, namely 
tumor size (T), metastasis (M) and regional lymph nodes (N). 
According to previous studies, other clinicopathological fac-
tors, such as age, sex, tumor grade, surgical mode, lymphad-
enectomy, and chemotherapy, which might have a significant 
impact on the prognosis of papillary RCC were not included in 
the TNM system [13,14]. Neglecting these factors reduced the 
accuracy of predicting survival by the system [14–16]. Based 
on the clinical uniqueness of papillary RCC, a reliable and accu-
rate prognostic model was urgently needed in clinical practice.

Nomograms are often used clinically for deciding on a patent’s 
tumor prognosis [17,18]. Therefore, this study aimed to devel-
op a predictive nomogram for midterm to long-term prognosis 
in patients with papillary renal cell carcinoma (RCC) based on 
data from the US Surveillance, Epidemiology, and End Results 
(SEER) program.

Material and Methods

Data source and data processing

We extracted data of patients with papillary renal cell carci-
noma (RCC) (ICD-O-3 site code 8050 and 8052) data between 
1997–2014 using the US Surveillance, Epidemiology, and End 
Results (SEER) program and SEER*Stat software. The datasets 
analyzed in this study are available on the SEER database 
(http://seer.cancer.gov/). The demographic and clinical data 

obtained included survival time, vital status, race, follow-up 
time, the American Joint Committee on Cancer (AJCC) classi-
fication, Fuhrman grade, marital status, and cause of death. 
After excluding cases with unknown or missing clinicopatho-
logical information and negative diagnostic identification, there 
were 13,926 cases included in this study. The variables iden-
tified included the age at diagnosis, gender, race, TNM stage, 
Fuhrman grade, surgery of the primary site, lymphadenectomy, 
marital status, and chemotherapy. The patients’ ages were cat-
egorized into six groups: <40 years, 40–49 years, 50–59 years, 
60–69 years, 70–79 years, and ³80 years. The patients includ-
ed white, African-American, and other ethnic groups.

The Fuhrman grades were as follows: grade I (well-differen-
tiated), grade II (moderately-differentiated), grade III (poorly-
differentiated), grade IV (undifferentiated), and unknown. 
According to the SEER Kidney Surgery Codes 2018, the oper-
ation method was categorized into three groups: non-surgery 
(code 0), partial nephrectomy (PN, code 10-30), and nephrec-
tomy (code 40-90), Marital status included single and married, 
and chemotherapy was divided no/unknown and yes. All data 
from the SEER database were free, and the Second Hospital 
of Jilin University authorized the use of patient information. 
All authors signed the SEER Research Data Agreement to pro-
tect the patients’ privacy, consistent with the ethical princi-
ples. Since the SEER program’s data are anonymous, and can-
cer is a reportable disease in every state, the requirement for 
informed consent was waived.

Nomogram construction and statistical analysis

Univariate analysis by the Cox regression method was adopt-
ed to screen OS-related variables. Variables presenting P<0.05 
were selected for multivariate regression. Based on a Cox pro-
portional-hazards model, a multivariate analysis was conducted 
to evaluate independent risk factors of papillary RCC. The haz-
ard ratios (HR) and the 95% confidence interval (CI) were pre-
sented for the results. A P-value <0.05 represented eligibility 
to be included in our prognosis model. However, individual sta-
tistical significance may not accurately reflect the significance 
in clinical practice. Therefore, the related clinicopathological 
variables should also be considered. Based on these indepen-
dent risk factors, a new nomogram model was developed with 
a graphical tool to estimate the overall survival (OS) rates of 
papillary RCC at 3, 5, and 10 years, respectively.

Model validation and performance evaluation

Overall, 13,926 patients were randomly subdivided into a train-
ing cohort (n=6,964) and validation cohort (n=6,962). For per-
formance evaluation, receiver operating characteristic (ROC) 
curves were constructed [19], while obtaining the area under 
the curve (AUC) and corrected concordance index (C-index). 
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The nomogram was validated internally (training cohort) and 
externally (validation cohort), while 1000 bootstrap resamples 
were constructed, and a calibration curve was adopted. The ac-
curacy and discrimination of the nomogram was inversely as-
sociated with the distance between the calibration curve and 
the nearest bisector. Additionally, net reclassification improve-
ment (NRI) and relative integrated discrimination improve-
ment (IDI) were analyzed to evaluate nomogram improvements 
compared with the TNM according to the AJCC (sixth edition) 
for the 3-year, 5-year, and 10-year prediction of overall sur-
vival (OS) [20]. Finally, the decision curve analysis (DCA) for 

clinical significance was conducted [21]. All statistical analysis 
and graphs were completed by R software version x 64 3.6.1, 
R studio, and SPSS version 24.0. The P-value <0.05 represent-
ed positive statistical significance in this study.

Results

Demographic clinicopathological features of patients

Based on our inclusion and exclusion criteria, 13,926 patients 
with papillary RCC in the SEER database, meeting the criteria of 
our study, were included. All follow-up periods of the patients 

Cases evaluated Number

Age, years

 £40  484 (3.48%)

 40–49  1437 (10.32%)

 50–59  3389 (24.34%)

 60–69  4575 (32.85%)

 70–79  3042 (21.84%)

 >80  799 (7.17%)

Gender

 Female  3268 (23.47%)

 Male  10658 (76.53%)

Race

 White  9707 (69.7%)

 African-American  3807 (27.34%)

 Others  412 (2.96%)

Grade

 I  1400 (10.34%)

 II  5902 (42.38%)

 III  3533 (25.37%)

 IV  434 (3.12%)

 Unknown  2617 (18.79%)

T

 T1  10656 (76.52%)

 T2  1511 (10.85%)

 T3  1548 (11.12%)

 T4  98 (0.70%)

 TX  113 (0.80%)

Table 1.  Clinicopathological characteristics of 13,926 patients with papillary renal cell carcinoma (RCC) from the database of the 
Surveillance, Epidemiology, and End Results (SEER) program.

SEER – Surveillance, Epidemiology, and End Results; papillary 
RCC – papillary renal cell carcinoma.

Cases evaluated Number

N

 N0  13133 (94.31%)

 N1  326 (2.34%)

 N2  241 (1.73%)

  NX  226 (1.62%)

M

 M0  13303 (95.53%)

 M1  520 (3.73%)

 MX  103 (0.74%)

Surgery of primary site

 None  586 (4.48%)

 Partial nephrectomy  6245 (47.76%)

 Total nephrectomy  6244 (47.776%)

Lymphadenectomy, num

 0  12697 (91.17%)

 1–3 regional lymph nodes  728 (5.23%)

 ³4 regional lymph nodes  501 (3.60%)

Chemotherapy

 No/Unknown  13492 (96.89%)

 Yes  434 (3.11%)

Marital status

 Single  4763 (34.20%)

 Married  9163 (65.80%)
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Variables

Univariate Cox model

P-value

Multivariate Cox model

P-valueOverall survival Overall survival

HR 95% CI HR 95% CI

Age (years))

 <40 1 (Reference) 1 (Reference)

 40–49 1.14 0.781–1.664 0.498 1.335 0.914–1.952 0.135504

 50–59 1.425 1.005–2.020 0.047* 1.730 1.219–2.458 0.002169**

 60–69 2.025 1.439–2.848 5.08e-05*** 2.513 1.783–3.542 1.41e-07***

 70–79 3.319 2.360–4.669 5.57e-12*** 3.977 2.821–5.607 3.39e-15***

 ³80 6.045 4.256–8.587 <2e-16*** 5.964 4.189–8.491 <2e-16***

Gender

 Female 1 (Reference)

 Male 1.06 0.9522–1.181 0.286

Race

 White 1 (Reference)

 Black/African-American 1.044 0.945–1.154 0.4

 Others 0.8347 0.622–1.120 0.228

Grade

 I 1 (Reference) 1 (Reference)

 II 1.057 0.525 1.093 0.920–1.300 0.312058

 III 1.59 1.335–1.894 1.95e-07*** 1.341 1.120–1.605 0.001410**

 IV 3.685 2.925–4.643 <2e-16*** 1.991 1.562–2.536 2.53e-08***

 Unknown 1.63 1.361–1.952 1.15e-07*** 1.280 1.065–1.539 0.008616**

T 1.63

 T1 1 (Reference) 1 (Reference)

 T2 1.779 1.564–2.024 <2e-16*** 1.262 1.103–1.444 0.000724***

 T3 2.737 2.434–3.077 <2e-16*** 1.549 1.356–1.770 1.20e-10***

 T4 7.103 5.139–9.817 <2e-16*** 1.405 0.983–2.008 0.062421

 TX 4.824 3.491–6.666 <2e-16*** 1.649 1.152–2.359 0.006237**

N

 N0 1 (Reference) 1 (Reference)

 N1 6.383 5.312–7.670 <2e-16*** 2.182 1.729–2.753 5.01e-11***

 N2 7.936 6.494–9.698 <2e-16*** 2.207 1.554–2.643 1.83e-07***

 NX 1.598 1.180–2.163 0.00242** 1.184 0.834–1.679 0.344867

Table 2. Univariate and multivariate Cox regression model analysis of overall survival (OS) in the training cohort.
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were complete. The detailed findings of the descriptive anal-
ysis are shown in Table 1. The majority of patients were men 
(10,658; 76.53%), older than 40 years (27,264; 77.56%), mar-
ried (9,163; 65.80%), and Caucasian (9,707; 69.70%). Most 
patients underwent nephrectomy or PN (12,489; 95.52%). 
Moreover, a small percentage of patients underwent lymph-
adenectomy (1,229; 8.83%). Most patients did not receive che-
motherapy (13,492; 96.89%).

Univariate and multivariate Cox regression analysis

Univariate and multivariate models were established in se-
quence to select factors that could significantly influence OS. 
Hazard ratios (HR) were assessed to quantify the influence on 
OS (Table 2). Univariate analysis showed that age ³60 years 
(HR, 1.140; 95% CI, 0.781–1.664; P<0.05), Fuhrman grade 
III (HR, 1.590; 95% CI, 1.335–1.894; P<0.05), IV (HR, 3.685; 
95% CI, 2.925–4.643; P<0.05), unknown (HR, 1.630; 95% CI, 
1.361–1.952; P<0.05), T2 (HR, 1.779; 95% CI, 1.564–2.204; 

P<0.05), T3 (HR, 2.737; 95% CI, 2.434–3.077; P<0.05), T4 (HR, 
7.103; 95% CI, 5.139–9.817; P<0.05), TX (HR, 4.824; 95% CI, 
3.491–6.666; P<0.05), M1 (HR, 11.212; 95% CI, 9.711–12.945; 
P<0.05), PN (HR, 0.131; 95% CI, 0.110–0.156; P<0.05), nephrec-
tomy (HR, 0.329; 95% CI, 0.281–0.384; P<0.05), lymphade-
nectomy of 1–3 regional lymph nodes (HR, 1.844; 95% CI, 
1.565–2.713; P<0.05), lymphadenectomy of ³4 regional lymph 
nodes (HR, 2.138; 95% CI, 1.778–2.507; P<0.05), chemotherapy 
(HR, 7.244; 95% CI, 6.180–8.491; P<0.05) could be considered 
as independent OS predictors for patients with papillary RCC. 
The findings of multivariate analyses for the training cohort 
are also shown in Table 2. All variables, except race, sex, and 
lymphadenectomy, showed positive statistical significance. 
However, chemotherapy is a risk factor for survival, which is 
inconsistent with previous studies [22–24]. We consider that 
this may be due to retrospective bias, so it was not included 
in the model. Overall, the prognostic variables with statisti-
cal significance had the potential to predict the OS associat-
ed with papillary RCC effectively.

Table 2 continued. Univariate and multivariate Cox regression model analysis of overall survival (OS) in the training cohort.

Variables

Univariate Cox model

P-value

Multivariate Cox model

P-valueOverall survival Overall survival

HR 95% CI HR 95% CI

M

 M0 1 (Reference) 1 (Reference)

 M1 11.212 9.711–12.945 <2e-16*** 3.989 3.268–4.869 <2e-16***

 MX 1.547 0.984–2.431 0.059 0.991 0.587–1.674 0.972989

Surgery of primary site

 None 1 (Reference)

 Partial nephrectomy 0.131 0.110–0.156 0.316 0.256–0.389 <2e-16***

 Total nephrectomy 0.329 0.281–0.384 0.612 0.502–0.746 1.14e-06***

Lymphadenectomy, num

 0 1 (Reference) 1 (Reference)

 1–3 regional lymph nodes 1.844 1.565–2.173 2.82e-13*** 1.024 0.848–1.235 0.807307

 ³4 regional lymph nodes 2.138 5.84e-16*** 0.987 0.793–1.228 0.906166

Chemotherapy

No/Unknown 1 (Reference) 1.778–2.570 1 (Reference)

Yes 7.244 6.180–8.491 <2e-16*** 1.448 1.170–1.791 0.000662***

Marital status

 Single 1 (Reference) 1 (Reference)

 Married 0.7713 0.704–0.846 3.03e-08*** 0.752 0.684–0.825 2.17e-09***

SEER – Surveillance, Epidemiology, and End Results; HR – hazard ratio; CI – confidence interval. p<0.1; *p<0.05; ** p<0.01; *** p<0.001.
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Nomogram construction for 3-year, 5-year, and 10-year OS

The results of univariate and multivariate Cox regression anal-
yses are presented in Table 2. Combined with clinical practice, 
the following variables were considered independent risk fac-
tors: age, gender, TNM classification, Fuhrman grade, surgery 
of primary sites, and marital status. On the basis of these 
factors, the nomogram was established for estimating the 
3-year, 5-year, and 10-year OS for the training cohort, shown in 
Figure 1, where linear parallel lines show the nomogram model.

Validation of the nomogram

Internal validation using the training and validation cohorts 
showed the C-indices (0.752, 95% CI, 0.740–0.746; 0.747, 95% 
CI, 0.735–0.759, respectively), indicating improved predictive ef-
ficacy compared with TNM stage (0.643, 95% CI, 0.629–0.657; 
0.642, 95% CI, 0.630–0.654, respectively), which specifically 
indicated the good discriminative ability of the nomogram 
(Figure 2). The calibration plots showed the nomogram’s sig-
nificance in training and validation cohorts (Figure 3). The no-
mogram showed enhanced discrimination and accuracy in pre-
dicting values for the 3-year, 5-year, and 10-year OS.

The NRI and IDI values for the 3-year, 5-year, and 10-year OS 
in the training and validation cohorts were calculated, respec-
tively. The results are listed in Table 3, Figures 4, and 5. The re-
sults suggest that the new model had significantly improved 
accuracy and reliability for cancer prediction compared with 
the TNM staging system.

Potential application of the nomogram in clinical practice

To further explore the application of the new model for deci-
sion making in clinical practice, the DCA in the training and 
validation cohorts were mapped based on the above analy-
sis. For most patients, the new model provided increased net 
benefits relative to those provided by the TNM staging sys-
tem, which is an advanced and efficient tool for decision mak-
ing in clinical practice (Figure 6).

Discussion

This study developed a predictive nomogram for midterm 
to long-term prognosis in patients with papillary renal cell 
carcinoma (RCC) based on data from the US Surveillance, 

Points

Age

Stage T

Stage N

Stage M

Grade

Surgery of primary site

Lymphadenectomy

Marital status

Total points

3-year survival probability

5-year survival probability

10-year survival probability

0 10 20 30 40 50 60 70

0 50 100 150 200 250 300 350 400

80 90 100

>80

<40

60–69

50–59 70–79

40–49

T2

T1

N0
M0

MX

I V
Total nephrectomy

Single
Married

Partiall nephrectomy None
None

≥4 regional lymph nodes removed

IV

II III
M1

N2

T4 TX
N1NX

T3

0.4 0.3 0.2 0.10.50.60.70.80.9

0.4 0.3 0.2 0.10.50.60.70.80.9

0.4 0.3 0.2 0.10.50.60.70.80.9

Figure 1.  Nomograms for 3-year, 5-year, and 10-year overall survival (OS) for patients with papillary renal cell carcinoma (RCC). 
OS – overall survival; RCC – renal cell carcinoma.
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Epidemiology, and End Results (SEER) program and included 
a large number of clinical samples. A series of variables were 
screened by clinical significance to construct and validate the 
performance of the model. The new model may provide the ba-
sis for future clinical decisions. RCC accounts for about 85% of 
adult renal malignancies [8,15]. RCC is the most common type 
of renal malignancy, and papillary RCC accounts for 10–20% 
of all RCC cases [15]. However, compared with other types of 
RCC, papillary RCC lacks specific clinical manifestations and 
related symptoms and is also difficult to identify by preoper-
ative imaging, and its biological behavior is still not fully un-
derstood [25,26]. According to previous studies, the progno-
sis of patients with papillary RCC is generally better than for 

other types of RCC. Patard et al. showed that the 5-year sur-
vival rates of RCC, papillary RCC, and chromophobe RCC were 
73.2%, 79.4%, and 87.9%, respectively [27]. However, there 
is a lack of a concise and effective tool to predict prognosis 
in patients with papillary RCC individually in clinical practice, 
apart from the TNM staging system.

A nomogram is a graphic tool widely used as a predictive mod-
el that integrates biological, clinical, and social variables to es-
timate the risk of specific diseases [28,29]. Nevertheless, con-
sidering that numerous prognostic factors of papillary RCC 
have been identified in clinical practice, the high variability 
in sequelae observed in individual patients is not expected 
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Figure 2.  Receiver operating characteristic (ROC) plots were constructed to compare the TNM classification and the newly established 
nomogram, by the area under the ROC curve (AUC). (A) From the training cohort. (B) From the validation cohort. A and B 
are based on the TNM classification. (C) From the training cohort. (D) From the validation cohort. C and D are based on the 
nomogram.
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Figure 3.  The calibration curves for the 3-year, 5-year, and 10-year overall survival (OS) for the training cohort (A, C, E) and validation 
cohort (B, D, F).
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to be predictable based on any single factor. Compared with 
the conventional TNM tumor staging system, the nomogram 
showed enhanced accuracy in predicting survival outcomes, 
which benefited both clinicians and patients in counseling and 
personalized treatment [30,31]. Currently, no prognostic no-
mogram has been constructed for patients with papillary RCC. 
Therefore, it is necessary to construct a more reliable and pre-
cise prognostic model.

In this study, a new nomogram was established to estimate 
the prognosis of patients with papillary RCC, assisting in the 
development of therapeutic strategies for patients with pap-
illary RCC. The annual incidence of papillary RCC was relatively 
rare, indicating that single-center studies were generally un-
able to reach reliable conclusions based on significant sam-
ple sizes [32]. Consequently, the scope of this study relied on 
the SEER program, a large sample database that was initially 
established by eight registries in 1973, with other institutes 
enrolling in the last few decades. At this time, the database 
covered 18 geographically different areas containing 26% of 
the US population, displaying the population’s diversity com-
prehensively [33,34]. For establishing reliable results, data for 
13 926 patients diagnosed with papillary RCC from 1997 to 
2014 were extracted from the SEER database. Among the in-
cluded cases, most (61.86%) were ³60 years old. Our sampling 
pool was consistent with that in the previous research, consid-
ering that most of the patients were elderly, male, white, mar-
ried, and treated with surgery [2,5,35]. Also, older patients had 
a relatively high incidence of papillary RCC, in line with previ-
ous work, and accordingly, the prognosis was generally worse 
than that of younger people [7,36]. These results are shown 
graphically in our nomogram. As the age increased, the sur-
vival rates for papillary RCC remained quite dismal. In clinical 
practice, the TNM classification was the conventional method 
for evaluating the prognosis of cancers [26,28]. The TNM cate-
gories contributed to the prognosis and treatment of cancers. 
Depending on the enlarged tumor size, multiple occurrences of 
metastatic lymph nodes, and the onset of distant metastasis, 
the risk of mortality could be increased to a large extent [37], 

which has been supported by previous studies [8,15]. However, 
besides the TNM system, various risk factors for poor prog-
nosis of cancer were also suggested. For example, the impact 
of mental health has garnered increasing attention in recent 
years [38]. Specifically, marital status significantly affected OS 
in this study. Married patients tended to receive more support 
and emotional comfort from family, which possibly led to a 
better prognosis [38,39].

The Fuhrman grade was another independent factor for OS, as 
shown by the new model presented in this stud, High-grade 
surgery was a protective factor, indicating better prognostic 
outcome; conversely, patients with lower-grade surgery tend-
ed to have worse prognostic outcomes. In contrast to previous 
research, tumor grade was not identified as a significant inde-
pendent risk in prognosis [14,18]. In 2005, John et al. found that 
papillary RCC did not cause significantly different outcomes 
during follow-up [18]. The conflicting data may be caused by 
different research methodologies, differences in data sources, 
study duration, and inclusion and exclusion criteria. Therefore, 
in-depth research based on an extended sample size would 
be required in the future.

In line with previous studies, patients with papillary RCC were 
less likely to show disease-specific symptoms, compared with 
patients with clear cell and chromophobe RCC [28]. Benefitting 
from improved biological and imaging technology, patients 
with minimal metastatic disease had a chance to be identi-
fied early, thus improving the prognosis of papillary RCC. In 
this study, patients who received PN presented with increased 
OS compared with those who received radical nephrectomy 
(RN). Many retrospective studies suggest that patients under-
go nephron-sparing surgery (NSS) related to RN [40,41]. Also, 
NSS was recommended as the standard surgical approach for 
T1a (TNM classification) for renal tumors [42]. RN was wide-
ly utilized for cT1b tumors, while it was also a recommended 
therapy for T2a (TNM classification) and other tumors with rel-
atively large sizes [32,33]. Mir et al. considered that young pa-
tients undergoing PN had reduced masses, which might result 

Training cohort Validation cohort

Value 95% CI Value 95% CI

NRI for 3 years 0.196 0.418–0.252 0.134 0.117–0.221

NRI for 5 years 0.036 0.007–0.069 0.032 0.007–0.062

NRI for 10 years 0.000 0–0.003 0.000 0–0.002

IDI for 3 years 0.125 0.106–0.141 0.121 0.117–0.221

IDI for 5 years 0.127 0.109–0.141 0.126 0.109–0.141

IDI for 10 years 0.133 0.115–0.153 0.123 0.106–0.147

Table 3. NRI and IDI for 3-, 5-, and 10-year overall survival in training cohort and validation cohort.

NRI – net reclassification improvement; IDI – integrated discrimination improvement; CI – confidence interval.
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Figure 4.  The net reclassification improvement (NRI) plots for the 3-year, 5-year, and 10-year overall survival (OS) for the training 
cohort (A, C, E) and validation cohort (B, D, F).
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Figure 5.  The integrated discrimination improvement (IDI) plots for the 3-year, 5-year, and 10-year overall survival (OS) for the training 
cohort (A, C, E) and validation cohort (B, D, F).

e921859-11
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang H. et al.: 
Prognostic nomogram for papillary RCC based on SEER
© Med Sci Monit, 2020; 26: e921859

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



0.2 0.4
Threshold probability

0.6 0.8 1.0

0.6

0.4

0.2

0.0

Ne
t b

en
e�

t

None
All
TNM classi�cation
Nomogram

0.2 0.4
Threshold probability

0.6 0.8 1.0

0.6

0.4

0.2

0.0

Ne
t b

en
e�

t

None
All
TNM classi�cation
Nomogram

0.2 0.4
Threshold probability

0.6 0.8 1.0

0.8

0.6

0.4

0.2

0.0

Ne
t b

en
e�

t

None
All
TNM classi�cation
Nomogram

0.2 0.4
Threshold probability

0.6 0.8 1.0

0.8

0.6

0.4

0.2

0.0

Ne
t b

en
e�

t

None
All
TNM classi�cation
Nomogram

0.2 0.4
Threshold probability

0.6 0.8 1.0

0.8

0.6

0.4

0.2

0.0

Ne
t b

en
e�

t

None
All
TNM classi�cation
Nomogram

0.2 0.4
Threshold probability

0.6 0.8 1.0

0.8

0.6

0.4

0.2

0.0

Ne
t b

en
e�

t

None
All
TNM classi�cation
Nomogram

A

C

E

B

D

F

Figure 6.  The decision curve analysis (DCA) for the training cohort (A, C, E) and validation cohort (B, D, F) for the 3-year, 5-year, and 
10-year overall survival (OS). In the figure, the red dotted line represents the new nomogram model. The black dotted line 
represents the TNM classification. All – assume all patients with papillary RCC survive; None – assume no patient with 
papillary RCC survived; DCA – decision curve analysis.
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in improved prognosis. However, patients with solitary RCC 
who received surgical treatment had a better prognostic out-
come; this highlights the necessity of surgical treatment for 
better renal function outcomes [43]. A decrease in renal func-
tion could contribute to an increased risk of severe cardiovas-
cular disease, as well as all-cause mortality [44]. In a meta-anal-
ysis, Kim et al. [45] analyzed the risk of severe chronic renal 
failure and all-cause mortality for patients undergoing NSS. 
Consequently, there were 61% and 19% reductions, respec-
tively. Also, based on the preservation of renal function and 
the reduced risks of cardiovascular events and other adverse 
effects, such as new-onset hypertension, cerebrovascular dis-
ease, and diabetes, the prognosis of patients could be effec-
tively improved with the surgical procedure.

However, routine lymph node dissection and the scope of 
cleansing in RN are still controversial. Generally, RN regional 
lymph node dissection should include the renal hilar lymph 
nodes, para-aortic and inferior vena cava, up to the level of the 
upper pole of the kidney, and down to the level of the infrare-
nal pole for enlarged lymph node dissection and the need for 
the aorta after the regional lymph node dissection. At the vena 
cava, the tissue is removed up to the angle of the diaphragm 
and down to the bifurcation of the abdominal aorta. In this 
study, although regional lymph node dissection was not sig-
nificantly associated with OS, considering the clinical experi-
ences and follow-up results, we supposed that regional lymph 
node dissection might have a significant impact on prognosis; 
thus, it was included as a crucial prognostic factor in our new 
model. Nevertheless, Michael et al. suggested that lymph node 
dissection could help patients with RCC who have only lymph 
node metastasis without distant metastasis, by significantly 
improving the patient’s 5-year survival rate [46]. For patients 
with both lymph nodes and distant metastases, lymph node 
dissection could effectively reduce tumor cells. The function, 
however, was reported with increased clinical significance in 
regional lymph node dissection and enlarged lymph node dis-
section. Lymph node dissection could reduce the number of tu-
mor cells in patients with lymph nodes and distant metastases. 
However, more reports indicated that the 5-year survival rates 
associated with regional lymph node dissection and enlarged 
lymph node dissection were statistically indistinguishable [47]. 
Manohar et al. reported that the metastatic rate of T3–T4 re-
nal cancer lymph nodes were 20%, and regional lymph node 
dissection was recommended [48]. For this reason, although 
considerable controversy was ongoing regarding the scope of 
lymph node dissection, there was a consensus that surgery 
could provide certain improvements in prognosis.

Finally, the newly constructed nomogram model in our study 
included multiple factors, such as age at diagnosis, gender, 
race, TNM classification, Fuhrman grade, surgery of the pri-
mary site, lymphadenectomy, and marital status, which were 
readily accessible for information collection in clinical practice. 
Figure 6 shows the results of DCA, indicating that the abscis-
sa and ordinate were the threshold probability and net bene-
fit rate, respectively [21,49,50]. So far, IDI, NRI, and DCA were 
adopted to verify the accuracy and predictive abilities of no-
mograms for papillary RCC. In conclusion, the nomogram was 
validated to accurately predict the 3-year, 5-year, and 10-year 
OS for patients with papillary RCC.

This study had several limitations. First, the nomogram relied 
on retrospective data from the SEER database, which could po-
tentially lead to selection bias. Second, some candidate prog-
nostic variables were unavailable, including subtype of papillary 
RCC (type I and type II), surgical margin status, vascular inva-
sion, surgical treatment details, and other non-surgical treat-
ments, such as radiation therapy and targeted therapy [14,51]. 
These unavailable data in the SEER dataset should be high-
lighted for the follow-up research. Furthermore, considering 
the retrospective nature of our research, our results should 
be further validated with a clinical trial or prospective cohort. 
Finally, although the accuracy exceeded that of the TNM clas-
sification, our nomogram was not optimized.

Conclusions

This study aimed to develop a predictive nomogram for mid-
term to long-term prognosis in patients with papillary renal 
cell carcinoma (RCC) based on data from the US Surveillance, 
Epidemiology, and End Results (SEER) program. The nomogram 
that was developed evaluated the prognosis of papillary RCC 
and identified the patients who required specialized treat-
ment. However, external validation of the predictive nomogram 
is required that also includes patients from other countries.
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