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Background: Papillary renal cell carcinoma (pRCC) is the largest histologic
subtype of non-clear-cell RCC. To date, there is no reliable nomogram to
predict the prognosis of patients with pRCC after nephrectomy. We aimed
to first establish an effective nomogram to predict the overall survival (OS) of
patients with pRCC after nephrectomy.

Methods: A total of 3,528 eligible patients with pRCC after nephrectomy
were identified from the Surveillance, Epidemiology, and End Results (SEER)
database between 2010 and 2015. The patients were randomized into the
training cohort (n = 2,472) and the validation cohort (n = 1,056) at a
7:3 ratio. In total, 122 real-world samples from our institute (titled the
AHMU-pRCC cohort) were used as the external validation cohort. Univariate
and subsequent multivariate Cox regression analyses were conducted to
identify OS-related prognostic factors, which were further used to establish
a prognostic nomogram for predicting 1-, 3-, and 5-year OS probabilities. The
performance of the nomogram was evaluated by using the concordance index
(C-index), receiver operating characteristic curve (ROC), calibration plot, and
decision curve analysis (DCA).

Results: Multivariate Cox analysis showed that age, race, marital status, TNM
stage, tumor size, and surgery were significant OS-related prognostic factors.
A prognostic model consisting of these clinical parameters was developed
and virtualized by a nomogram. High C-index and area under the ROC curve
(AUC) values of the nomogram at 1, 3, and 5 years were found in the
training, validation, and AHMU-pRCC cohorts. The calibration plot and DCA
also showed that the nomogram had a satisfactory clinical application value.
A risk classification system was established to risk-stratify patients with pRCC.
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Based on a large cohort from the public SEER database,

a reliable nomogram predicting the OS of patients with pRCC after
nephrectomy was constructed, which could optimize the survival assessment
and clinical treatment.

papillary renal cell carcinoma, nomogram, overall survival, prognosis, SEER

Introduction

Kidney cancer is the 13th most common malignant tumor
globally and ranks third among genitourinary tumors after
prostate cancer and bladder cancer, accounting for 2-3% of
all adult organically sourced malignancies (1). Papillary renal
cell carcinoma (pRCC), an aggressive urological malignancy
originating from the renal parenchymal urothelial system,
represents the second most common histopathological type of
RCC, accounting for 15% of kidney-derived malignancies (2).
Based on global cancer statistics and epidemiological data on
kidney cancer, it was estimated that in 2020, at least 65,000
new pRCC cases were diagnosed all over the world (3). It is
worth mentioning that the incidence of kidney cancer has been
increasing steadily in most countries, increasing by 2% annually
over the last decade (4-6). Furthermore, 17% of patients with
RCC have distant metastasis at the time of diagnosis due to
nonspecific clinical symptoms in the early stages (7), and 25%
of patients with localized primary renal carcinoma even develop
metastatic lesions after radical nephrectomy (8). However,
metastatic patients harboring pRCC exhibit unfavorable survival
outcomes even with different treatments (9). Therefore, as an
important subtype of the RCC family, pRCC has become a
growing concern in clinical practice.

Clinical and biological studies have proven that RCC is
not a single tumor but a general concept of various types of
cancer occurring in the kidney. Different histopathological types
have their corresponding clinical characteristics, genetic profiles,
and biological behaviors, which can lead to different oncologic
outcomes (4, 10-12). Large population-based retrospective
cohort studies compared the difference in survival outcomes
between pRCC and clear-cell RCC, and the results showed that
patients with nonmetastatic pRCC were associated with lower
cancer-specific mortality than patients with clear-cell RCC (13).
Nevertheless, patients with pRCC presented a significantly high
risk of lymph node metastasis, and the oncologic outcomes of
patients with metastatic pRCC were generally more unfavorable
than those of patients with metastatic clear-cell RCC (14, 15).
These findings further suggest that there are different survival
outcomes between pRCC and clear-cell RCC. Consequently,
taking all histopathological types of RCC into account and
evaluating the prognosis are not appropriate (16). In addition,
surgery is a significant prognostic factor for RCC survival. For
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patients with localized RCC, partial nephrectomy and radical
nephrectomy are the standard treatments recommended by the
guidelines (5). However, currently, few prediction tools focus
on pRCC only, and the effects of nephrectomy on the OS of
pRCC do not receive enough attention. To accurately evaluate
the prognosis of patients with pRCC after nephrectomy, it is
necessary to develop a postoperative survival assessment model.

Disease prediction models based on medical public
databases have been used to assist in clinical decision-making
(17, 18). For the reasons mentioned before, we attempted to first
establish and validate a prognostic nomogram to predict the OS
of patients with pRCC after nephrectomy using a large cohort
from the public SEER database. In addition, the nomogram was
compared with the traditional AJCC staging to demonstrate its
higher clinical practicability. With the guidance of this novel
nomogram, the decision-making of individualized treatment
for patients with pRCC will be optimized.

Materials and methods

Patient selection

Patients with pRCC were retrieved from the SEER
18 Registries Research Plus Data (2000-2018) by applying
SEER*Stat software version 8.3.9 after acquiring permission to
exploit data for academic research (reference number: 15425-
Nov2021). Data screening was performed by using Excel 2019.
To obtain the data on tumor size and the latest clinical stage
and ensure a relatively long follow-up period, the time of
diagnosis was limited to between 2010 and 2015. For external
validation, we extracted patient data from the Department of
Urology, First Affiliated Hospital of Anhui Medical University.
Patients enrolled in this study were based on the following
criteria: (1) patients diagnosed with histologically confirmed
pRCC (Primary Site code C64.9; ICD-O-3 code 8260/3); (2)
patients with only one primary tumor (pRCC); (3) those
who received partial nephrectomy (Surg Prim Site code 30)
or radical nephrectomy (Surg Prim Site code 50); and (4)
those with complete records of relevant clinical parameters,
including demographic data (age, sex, race, and marital status
at diagnosis), clinicopathological data (pathological grade, TNM
stage, and tumor size), and surgery. Moreover, patients with
the Tx stage, Nx stage, Mx stage, and unknown survival time
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were excluded from the nomogram construction. The final
enrolled patients with pRCC in the SEER database were grouped
randomly at a 7:3 ratio to form the training and validation sets
using the “caret” package in R software.

Variable selection

The following variables were collected from the SEER
database: demographic variables (age, sex, race, and marital
status at diagnosis), clinicopathological variables (pathological
grade, TNM stage, and tumor size), therapeutic variables
(chemotherapy, radiation, and surgery), year of diagnosis, vital
status, and survival time. The transformed 8th American Joint
Committee on Cancer (AJCC) staging was used for subsequent
nomogram development. Age and tumor size were categorized
according to X-tile software to determine the optimal cutoff
values (Supplementary Figure 1). All the included variables
were further transformed into categorical variables. Age was
divided into <61, 62-68, and >69 years. Race was categorized
into black, white, and other. Marital status at diagnosis was
divided into married and other (single, widowed, divorced, or
separated). Tumor size was grouped into three classes: <48,
49-93, and >94 mm. According to the degree of differentiation,
the pathological grade was divided into well (grade I), moderate
(grade II), poor differentiation (grade III), and undifferentiation
(grade IV). Surgery was classified as partial nephrectomy and
radical nephrectomy. Chemotherapy and radiotherapy were
categorized as “yes” or “no/unknown”. The primary endpoint of
this study was OS, which referred to the period from the time of
diagnosis to the time of death due to any cause.

Statistical analysis

R software version 4.1.2 was used to complete the statistical
computations used in the study. The best cutoff values of
continuous variables were set by X-tile software version 3.6.1
(19). All the variables were transformed into categorical
variables and expressed as frequencies and proportions.
Univariate Cox regression analysis was used to preliminarily
screen for potential prognostic factors in the training cohort.
The variables with statistically significant differences were then
evaluated by multivariate Cox regression analysis to determine
the final factors, which were used to establish the prognostic
nomogram for predicting OS probabilities (20, 21). KM plots
were generated to draw survival curves in different subgroups
of included factors, and intergroup differences were compared
by log-rank tests. Nomogram accuracy was measured using the
C-index and AUC (22). The larger the values of the C-index and
AUC, the higher the effectiveness of the nomogram. Values >
0.7 for the C-index and the AUC were considered acceptable.
Calibration plots with 1,000 bootstrap resampling were applied
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to compare the predicted survival with observed survival (23).
The differences in clinical utility and benefit between the
nomogram and the AJCC staging were compared by DCA (24).
During the process of validation, each patient in the validation
cohort was scored based on the nomogram constructed in the
training cohort, and ROC, calibration plot, and DCA were
drawn according to the final total points (25). P < 0.05 was
considered statistically significant.

Results

Clinical features

A total of 76,227 patients with kidney cancer were collected
in the public SEER database between 2010 and 2015. Based
on the established inclusion criteria, 3,528 patients with pRCC
after nephrectomy in the SEER database were included. After
randomization, there were 2,472 patients with pRCC in the
training cohort, and the remaining 1,056 patients were assigned
to the internal validation cohort. A total of 122 eligible patients
from the First Affiliated Hospital of Anhui Medical University
were identified as the external validation cohort (AHMU-
pRCC cohort). The demographic and clinicopathological data
of eligible patients with pRCC from the SEER database are
depicted in Table 1. The median age of the included patients
was 61 (interquartile range, 53-68) years, including 2,571
male (72.9%) and 957 female patients (27.1%). Among all
the patients, there were 1,038 blacks (29.4%), 2,329 whites
(66.0%), and 161 of other races (4.6%). Married patients
accounted for 62.0% of the cases, which was much larger than
other patients. Moderate differentiation (51.4%) was the most
common pathological grade, followed by poor differentiation
(35.1%), well differentiation (10.0%), and undifferentiation
(3.5%). According to the AJCC staging, there were 3,063 patients
(86.8%) with T1/T2, 3,361 patients (95.3%) with NO, and 3,412
patients (96.7%) with M0. With regard to tumor size, there
were 2,304 (23.5%), 878 (48.8%), and 346 patients (27.7%) with
tumor sizes of <48 mm, 49-93 mm, and >94 mm, respectively.
Regarding treatment information, nephrectomy was performed
for all patients, while only a small proportion of patients were
treated with radiation (0.8%) and chemotherapy (2.7%).

Selection of prognostic factors

Most of the variables extracted from the SEER database
were included in the analysis, except for the time of diagnosis,
which was not suitable for nomogram development. Univariate
Cox analysis identified three demographic variables (age, race,
and marital status) and eight clinicopathological variables (e.g.,
pathological grade, TNM stage, tumor size, chemotherapy,
radiation, and surgery) as significant candidate factors for OS
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TABLE 1 Baseline characteristics of patients with papillary renal cell carcinoma after nephrectomy.

Variables All patients (n = 3,528) Training cohort (n = 2,472) Validation cohort (n = 1,056) P-value
N % N % N %

Age 0.386

<61 1,856 52.6 1,318 53.3 538 50.9

62-68 802 22.7 549 222 253 24.0

>69 870 24.7 605 24.5 265 25.1

Sex 0.769

Male 2,571 72.9 1,805 73.0 766 72.5

Female 957 27.1 667 27.0 290 27.5

Race 0.448

Black 1,038 294 743 30.1 295 27.9

White 2,329 66.0 1,617 65.4 712 67.4

Other 161 4.6 112 4.5 49 4.6

Marital status 0.313

Married 2,186 62.0 1,545 62.5 641 60.7

Other 1,342 38.0 927 37.5 415 39.3

Year of diagnosis 0.874

2010 511 14.5 355 14.4 156 14.8

2011 560 15.9 401 16.2 159 15.1

2012 549 15.6 382 15.5 167 15.8

2013 585 16.6 411 16.6 174 16.5

2014 629 17.8 447 18.1 182 17.2

2015 694 19.7 476 19.3 218 20.6

Pathological grade 0.541

I 352 10.0 240 9.7 112 10.6

1I 1,813 51.4 1,289 52.1 524 49.6

11 1,239 35.1 859 34.7 380 36.0

v 124 3.5 84 3.4 40 3.8

T stage 0.678

T1/T2 3,063 86.8 2,150 87.0 913 86.5

T3/T4 465 13.2 322 13.0 143 13.5

N stage 0.998

NoO 3,361 95.3 2,355 95.3 1,006 95.3

N1 167 4.7 117 4.7 50 4.7

M stage 0.638

MO 3,412 96.7 2,393 96.8 1,019 96.5

M1 116 33 79 32 37 3.5

Tumor size 0.700

<48 2,304 65.3 1,616 65.4 688 65.2

49-93 878 249 608 24.6 270 25.6

>94 346 9.8 248 10.0 98 9.3

Chemotherapy 0.117

Yes 97 2.7 61 2.5 36 34

No/Unknown 3,431 97.3 2,411 97.5 1,020 96.6

Radiation 0.418

Yes 27 0.8 17 0.7 10 0.9

No/Unknown 3,501 99.2 2,455 99.3 1,046 99.1

Surgery 0.604

Partial nephrectomy 1,941 55.0 1,353 54.7 588 55.7

Radical nephrectomy 1,587 45.0 1,119 453 468 443

Vital status 0.781

Alive 2,873 81.4 2,016 81.6 857 81.2

Dead 655 18.6 456 18.4 199 18.8
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in the training cohort (Table 2). These variables were further
included in multivariate Cox analysis, and the final results
showed that age, race, marital status, pathological grade, TNM
stage, tumor size, and surgery were OS-related prognostic
factors, while radiation and chemotherapy had no significant
association with prognosis (Supplementary Figure 2).

The median follow-up time was 59 (interquartile range,
42-81) months. A total of 655 patients had end-of-event
outcomes, of which 52.2% of deaths were attributable to
pRCC. KM survival analysis was conducted to visualize the
difference in survival outcomes among different subgroups.
Black patients tended to have a longer OS than white patients
(P < 0.001; Figure 1A). Patients who were married had a better
prognosis than other patients, and the difference was statistically
significant (P = 0.029; Figure 1B). In terms of surgery, patients
who underwent partial nephrectomy achieved a significantly
longer survival time than patients receiving radical nephrectomy
(P < 0.001; Figure 1C). As shown in Supplementary Figure 1,
higher values of age or tumor size were associated with poor
prognosis. Similar to the phenomenon found in age and tumor
size, higher pathological grade and TNM stage also led to worse
OS (P < 0.001; Figures 1D-G).

Development and validation of the
nomogram

A clinical prediction nomogram consisting of three
demographic variables (age, race, and marital status) and six
clinicopathological variables (e.g., pathological grade, TNM
stage, tumor size, and surgery) was developed for 1-, 3-, and
5-year OS probabilities (Figure 2). The line length of each
variable in the nomogram represented its contribution to OS.
The longer the line length, the larger the value of contribution.
As shown in the nomogram, the M stage was the strongest
prognostic factor, followed by age and N stage. Pathological
grade, surgery, and tumor size were moderate contributors,
while race, T stage, and marital status made little contribution.
Based on the contribution to the survival outcome, each variable
had its corresponding point from 0 to 100. The total points
could be obtained by adding the points of all variables, and then
the individual survival outcome could be predicted through the
functional transformation association between the total points
and the probability of OS (Table 3).

The C-indexes of the established nomogram were higher
than those of the traditional AJCC staging in either the training
set (0.777 vs. 0.679) or the validation set (0.787 vs. 0.677).
The C-index of the nomogram in the AHMU-pRCC cohort
was 0.834. As presented in Figures 3A,C, the values of AUC
for 1-, 3-, and 5-year OS showed that the discriminative
ability of the nomogram reached acceptable levels in both
the training set (1-year: 0.835, 3-year: 0.804, 5-year: 0.793)
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and validation set (1-year: 0.840, 3-year: 0.810, 5-year: 0.804),
which was superior to the traditional AJCC staging (Figure 4).
The AUCs for 3- and 5-year OS in the AHMU-pRCC cohort
were 0.8 and 0.854, respectively (Figure 7A). The calibration
plot was also conducted to assess the difference between
the nomogram-predicted survival probability and the actual
observation, and the results showed that the predicted curves
approximatively overlapped with the diagonal line in the three
cohorts (Figures 3B,D, 7B), presenting favorable prediction
accuracy. DCAs revealed that applying the nomogram to guide
clinical practice would provide patients with pRCC with more
net benefits than the traditional AJCC staging, especially long-
term benefits at 3 and 5 years (Figure 5).

Risk classification system

To further optimize the clinical application of the
nomogram, a risk classification system produced by X-tile
software was built based on the total points of each patient in
the training cohort (Supplementary Figure 3). According to
the novel risk classification system, patients with pRCC in the
training cohort were divided into three risk levels: low-risk
group (1,728/2,472, 70%; <115 points), intermediate-risk
group (496/2,472, 20%; 115-168 points), and high-risk group
(248/2,472, 10%; >168 points). We also utilized the risk
classification system to classify patients in the validation cohort
and the total cohort. In the total cohort, as the level of risk
increased, the decline in survival probability was significant
(Figure 6A). KM plots for overall survival outcomes showed
that the OS of the low-, intermediate-, and high-risk groups in
the training cohort was significantly discriminated (Figure 6B),
and the discriminative ability was confirmed in the validation
cohort and AHMU-pRCC cohort (Figures 6C, 7C).

Discussion

The incidence of kidney cancer has gradually increased
during the past few decades, and thus, pRCC, as the
second most common kidney cancer subtype, poses an
increasing threat to human health (26). Nephrectomy is
a common surgical procedure for the treatment of kidney
cancer, mainly including partial nephrectomy and radical
nephrectomy. With the rapid development of laparoscopic
and artificial intelligence technology, minimally invasive
techniques such as laparoscopic nephrectomy and robot-
assisted nephrectomy have replaced open nephrectomy
as the main surgical procedures. There is no significant
difference in the therapeutic effect between open and
minimally invasive nephrectomy, but minimally invasive
nephrectomy is superior to open nephrectomy in terms of
intraoperative bleeding, length of hospital stay, analgesic
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Kaplan—Meier curves show the overall survival of patients with papillary renal cell carcinoma after nephrectomy stratified by different subgroups.
(A) Race; (B) marital status; (C) surgery; (D) pathological grade; (E) T stage; (F) N stage; (G) M stage.
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FIGURE 2
Newly defined nomogram for the overall survival prediction of patients with papillary renal cell carcinoma after nephrectomy.
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TABLE 2 Univariate and multivariate Cox analyses of the training cohort on overall survival.

Variables Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Age
<61 Reference Reference
62-68 1.45 1.14-1.86 0.003* 1.56 1.21-2.00 <0.001*
>69 2.56 2.08-3.16 <0.001* 2.67 2.15-3.32 <0.001*
Sex
Male Reference - - -
Female 0.86 0.69-1.07 0.169 - - -
Race
Black Reference Reference
White 1.22 0.99-1.51 0.067 1.21 0.97-1.52 0.092
Other 2.34 1.60-3.41 <0.001* 1.53 1.04-2.25 0.032*

Marital status

Married Reference Reference

Other 1.23 1.02-1.48 0.029* 1.27 1.04-1.54 0.017*
Pathological grade

I Reference Reference

1I 1.41 0.94-2.12 0.101 1.39 0.92-2.10 0.114
1II 2.45 1.63-3.69 <0.001* 1.75 1.15-2.64 0.009*
v 7.25 4.44-11.83 <0.001* 2.20 1.31-3.67 0.003*
T stage

T1/T2 Reference Reference

T3/T4 3.82 3.13-4.66 <0.001* 1.36 1.06-1.75 0.015*
N stage

NO Reference Reference

N1 9.32 7.38-11.77 <0.001* 221 1.61-3.03 <0.001*
M stage

MO Reference Reference

M1 13.74 10.55-17.91 <0.001* 4.59 3.19-6.59 <0.001*
Tumor size

<48 Reference Reference

49-93 2.25 1.82-2.78 <0.001* 1.42 1.13-1.79 0.003*
>94 4.80 3.80-6.06 <0.001* 1.78 1.34-2.36 <0.001*
Chemotherapy

Yes Reference Reference

No/Unknown 0.09 0.07-0.13 <0.001* 0.80 0.53-1.21 0.289
Radiation

Yes Reference Reference

No/Unknown 0.10 0.06-0.16 <0.001* 0.95 0.53-1.70 0.865
Surgery

Partial nephrectomy Reference Reference

Radical nephrectomy 3.49 2.85-4.29 <0.001* 2.03 1.60-2.57 <0.001*

HR, hazard ratio; CI, confidence interval; *, P < 0.05.

requirements, and enhanced postoperative recovery (5, 27- surgery, accurate assessment of postoperative prognosis
30). Although the survival of patients with pRCC has been remains a complex task for clinicians. Identifying the risk
significantly improved by the innovations of minimally invasive factors affecting the prognosis of pRCC after nephrectomy
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TABLE 3 Nomogram scoring system.

Variables Points Variables
Age T stage
<61 0 T1/T2
62-68 27 T3/T4
>69 60

Race N stage
Black 0 NoO
White 12 N1

Other 26

Marital status M stage
Married 0 Mo
Other 14 M1

1-year OS Points 3-year OS
probability probability
0.9 182 0.9
0.8 228 0.8
0.7 257 0.6
0.5 298 0.5
0.4 316 0.4
0.3 333 0.3
0.2 351 0.2

0.1 373 0.1

OS, overall survival.

is of great significance for facilitating individualized and
precise treatment.

The AJCC staging is currently the most commonly used
clinical tool for assessing the prognosis of patients with pRCC.
However, the limitations of this traditional clinical staging
system are evident because the system incorporates fewer clinical
parameters to measure the overall situation of patients with
pRCC (31). It is true that the survival outcome is reflected not
only by the TNM stage in the traditional AJCC staging but
also by other prognostic factors, including age, sex, race, marital
status, pathological grade, surgery, and adjunctive therapy. A
nomogram based on AJCC staging in combination with other
important clinical indicators has been widely applied as a
convenient and effective tool to quantitatively predict survival
time, and its accuracy and reliability have been validated in
multiple cancers (32-35). Our previous studies also identified
novel prognosis-related biomarkers and established nomograms
to predict the recurrence-free survival of patients with RCC
(36-38). In the present study, we attempted to construct a
prognostic nomogram for predicting the OS of patients with
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Points Variables Points
Pathological
grade
0 I 0
21 11 21
1T 35
v 49
0 Tumor size
51 <48 0
49-93 22
>94 37
0 Surgery
100 Partial 0
nephrectomy
Radical 43
nephrectomy
Points 5-year OS Points
probability
115 0.9 82
162 0.8 129
213 0.6 180
232 0.5 199
249 0.4 216
266 0.3 233
284 0.2 251
306 0.1 273

pRCC after nephrectomy for the first time by using readily
available clinical data.

Multivariate Cox analysis in the training cohort showed
that three demographic variables (age, race, and marital status)
and six clinicopathological variables (e.g., pathological grade,
TNM stage, tumor size, and surgery) were significant OS-related
prognostic factors, all of which being incorporated into the
construction of the nomogram. High C-indexes and AUC values
of the nomogram at 1, 3, and 5 years were identified in the
three cohorts, indicating that the nomogram had satisfactory
accuracy and discriminative ability. However, high accuracy and
discriminative ability have no association with the performance
of clinical utility. Thus, DCA was performed, and the results
confirmed that the nomogram obtained more net benefits
than the AJCC staging, especially long-term benefits at 3 and
5 years. Furthermore, a risk classification system based on
the nomogram was introduced, and the discrimination was
confirmed in the validation cohort and AHMU-pRCC cohort.
With the help of this system, clinicians can risk-stratify patients
with pRCC accurately and make appropriate interventions to
improve the prognosis of patients. We believe that the following
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ROC and calibration curves. (A,B) ROC and calibration curves of 1-, 3-, and 5-year overall survival in the training cohort. (C,D) ROC and
calibration curves of 1-, 3-, and 5-year overall survival in the validation cohort.
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reasons may explain why the nomogram has higher clinical
practicability. First, all the included patients with pRCC received
partial nephrectomy or radical nephrectomy, so the nomogram
derived from these patients was more representative. Second,
the involvement of age, race, marital status, pathological grade,
tumor size, and surgery made the nomogram more accurate in
reflecting the overall situation of patients and thus effectively
predicting OS. As presented in the nomogram, age, pathological
grade, and surgery were the second, fourth, and fifth largest
contributors, further illustrating that other demographic and
clinicopathological variables in addition to TNM stage were also
of significant importance in predicting prognosis. Third, we used
risk points to show the weight of different prognostic factors
and presented them in a graphic model, which is convenient for
clinicians to apply in clinical practice.

Age has been proven to be a crucial factor for prognosis in
many other cancers (39-41) since elderly patients often found
to have more comorbidities, such as cardiovascular disease,
pulmonary dysfunction, and metabolic disorders, all of which
can lead to the development of disease. Meanwhile, the elderly
are often diagnosed at an advanced stage due to the lack
of effective monitoring. Consistent with the aforementioned
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findings, age was identified as the second largest contributor
to prognosis, and OS decreased significantly with increasing
age. Therefore, enough attention should be given to elderly
patients with pRCC after nephrectomy in clinical practice. It
has been reported that African Americans with RCC have
low survival rates because of limited financial resources and
poor accessibility to medical care (42). In contrast to these
results, we did not find that the black race was related to
a low OS. Conversely, black patients have more favorable
survival outcomes than other races, suggesting that the previous
conclusion may not be applicable for pRCC. A large population-
based study performed by Huang et al. showed that non-
Hispanic blacks with metastatic pRCC had a higher survival
rate than non-Hispanic whites with metastatic pRCC, further
proving our conclusion (14). In addition to age and race,
marital status is another important demographic indicator
that affects the natural history of many cancers (43, 44).
In the present study, we investigated the effect of marital
status on the OS of patients with pRCC who underwent
nephrectomy and assessed the magnitude of this effect. We
observed that married patients with pRCC presented with
improved survival. A proposed mechanism for explaining
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this phenomenon was that married patients with pRCC
received more financial and emotional support than unmarried
patients (45).

Higher clinical stages are related to poor prognosis,
and distant metastasis is the strongest prognostic factor
among all included factors. However, tumor size in patients
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with RCC was associated with metastasis and malignant
potential (46, 47), which could explain why patients with
large tumor sizes, especially those with tumors larger than
94 mm, had unfavorable survival outcomes. With regard to
treatment modality, the oncologic outcomes of patients treated
with radical nephrectomy were more unfavorable than those
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treated with partial nephrectomy. We consider this may be
because patients who receive radical nephrectomy usually
have tumors that are located in complex sites or invade
the surrounding organs. For these patients, there is a high
possibility of distant metastasis even after surgery (48), so
early diagnosis and treatment are of great significance to
improve the prognosis of pRCC. Notably, neither radiation
nor chemotherapy is effective in treating RCC (5). Although
radiation and chemotherapy were significant in univariate Cox
analysis, subsequent multivariate Cox analyses failed to identify
them as independent risk factors for pRCC prognosis. Recent
studies have shown that tyrosine kinase inhibitors for the
VEGEF signaling pathway, such as sunitinib and cabozantinib,
have promising clinical applications in advanced non-clear-
cell RCC (49-51). Due to the lack of data on targeted
therapy in the SEER database, we could not conduct in-
depth research.

Klatte et al. first developed and validated a prognostic
nomogram for patients with pRCC after nephrectomy, but the
primary endpoint of their study was disease-specific survival,
and not OS (52). Moreover, the nomogram may not be
generally applicable in that it lacks a large sample size and an
assessment of clinical net benefits. Su et al. developed the first
competing risk survival nomogram to predict cancer-specific
mortality in patients with pRCC after surgery and found that
elderly patients had few long-term benefits from treatment and
were associated with poor prognosis (53), which was in line
with our results. Recently, Yan et al. reported two survival
nomograms to predict the 3- and 5-year OS and cancer-specific
survival probabilities for patients with pRCC (54). Of note,
the patients included in their study were not all treated with
nephrectomy, and thus, the nomogram based on these patients
was not representative compared to our model. Meanwhile, the
nomogram is limited because the C-index, ROC, or DCA was
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not used to determine whether the model had more advantages
over the AJCC staging. In addition, other important indicators,
including race, marital status, and pathological grade, were not
included, which could affect the accuracy of the nomogram.
Therefore, it is not surprising that the C-indexes and AUCs
for 3- and 5-year OS in their study were lower than those of
our nomogram.

Although the present study developed the first nomogram
regarding the prediction of OS of patients with pRCC after
nephrectomy, the limitations should also be noted. Primarily,
the I-year results were not externally validated due to
very few deaths within the 1-year follow-up. In addition,
external validation in the study was based on small sample
data. Multicenter cohorts containing a larger sample size
are warranted to further confirm the performance of the
nomogram. Furthermore, the histological subtypes of pRCC
were not considered, which might impact the accuracy of
the nomogram. Finally, other potential prognostic factors,
including laboratory data, surgical margin status, disease
recurrence, targeted therapy, and immunotherapy, were not
included in the nomogram, all of which should be evaluated in
future studies.

Conclusion

Age, race, marital status, TNM stage, tumor size, and
surgery were significantly associated with the OS of patients
with pRCC after nephrectomy. Based on these easily available
factors in clinical practice, a predictive nomogram with the
corresponding risk classification system was developed, which
had high accuracy and practicability. With the guidance
of the nomogram, more optimized decision-making will be
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conducted to improve the prognosis of postoperative patients
with pRCC.
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