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Abstract

Objective: We aimed to establish and validate nomograms to evaluate overall survival (OS) and
cancer-specific survival (CSS) in patients with metastatic renal cell carcinoma (MRCC).
Methods: Between 2010 and 2015, the clinical information of patients with MRCC was selected
using the Surveillance, Epidemiology, and End Results database. Two nomograms were con-
structed based on Cox regression analysis, and their prediction accuracy was evaluated by con-
cordance index (C-index), receiver operating characteristic (ROC) curve, and decision curve
analysis (DCA).

Results: After propensity score matching, there were 568 patients with MRCC in the training
group and 568 in the validation group. Multivariate analyses revealed that age, residence, pathol-
ogy, T stage, N stage, surgery, and metastatic sites were independent prognostic factors for the
OS and CSS of MRCC. The C-index and ROC curves indicated that the two nomograms of OS
and CSS showed satisfactory discriminative power. Furthermore, DCA displayed that the nomo-
grams achieved more clinical net benefit than the American Joint Committee on Cancer staging
system.

Conclusion: We constructed and validated two effective prognostic nomograms for patients
with MRCC that accurately predicted the probabilities of |-, 2-, and 3-year OS and CSS.
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Introduction

Renal cell carcinoma (RCC) is one of the
most frequent cancers in the genitourinary
system, accounting for 3% of all adult can-
cers.! The global incidence of RCC has
increased by approximately 2% each year
throughout the past two decades.” Despite
the increased use of medical imaging tech-
nology, approximately 30% of patients are
still initially diagnosed with metastatic renal
cell carcinoma (MRCC).? Owing to the poor
prognosis of patients with MRCC and the
median survival of 4 to 20 months, more
active management for these patients is
needed.*

Currently, =~ The  American  Joint
Committee on Cancer (AJCC) TNM stag-
ing system is most commonly applied to
assess the prognosis of patients with
RCC.° However, numerous studies have
demonstrated that other factors, including
age, pathology, surgery, and metastatic
sites, are also related to the prognosis of
patients with MRCC.” Therefore, the
AJCC staging system has become less effec-
tive in predicting individual survival rates.

The identification of independent risk
factors for patients with MRCC is urgently
needed. Nomogram-based clinical modeling
combining and quantifying all risk factors
is an intuitive approach that has played a
major role in predictive analysis and cancer
management in recent years.®® Accurate
prediction of the prognosis of patients
with MRCC helps clinicians and patients
determine an appropriate treatment strategy.
Accordingly, using a large and reliable data-
set from the Surveillance, Epidemiology, and

End Results (SEER) database,'® we aimed
to establish nomograms to predict overall
survival (OS) and cancer-specific survival
(CSS) for patients with MRCC and assess
their prediction accuracy.

Materials and methods

Patients and variables

The SEER Program supported by the
National Cancer Institute is an authorita-
tive source from 18 tumor registration cen-
ters containing approximately 30% of the
United States population.'' Specific clinical
parameters and prognostic outcomes of
patients with MRCC from 2010 to 2015
were collected from the SEER database
using reference number 14622-Nov2017.
The present research did not require local
ethics approval or informed patient consent
because SEER is a public database. The
main factors analyzed included age at diag-
nosis, race, sex, laterality, grade, histologi-
cal type, histological type, tumor size
(<180mm), AJCC 6th edition staging
system, survival status, median housechold
income, residential area, surgery, survival
months, and metastatic sites. The ICD-
O-3 histology code (8312/3) was RCC,
which included Xp11.2 translocation carci-
nomas, carcinoma associated with neuro-
blastoma, mucinous tubular and spindle
cell carcinoma, and RCC unclassified.

We excluded the following patients:
unknown  histological type (n=289),
unknown treatment (n=6), unknown race
(n=4), bilateral renal tumor (n=3), or
tumor size >180mm (n=73). Finally,
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patients with MRCC were identified from
the SEER database and randomly divided
into the training cohort and validation
group with a ratio of 1:1.

Follow-up

The last follow-up was conducted in
December 2015. OS and CSS were the pri-
mary endpoints of the present research. OS
was analyzed from the time of initial diag-
nosis to death from all causes or the last
follow-up with the patient still alive. CSS
was recorded from diagnosis to death
caused by MRCC or the last follow-up.

Statistical analysis

The categorical variables were expressed as
percentages and analyzed by a chi-squared
test. The X-tile program (Yale University,
New Haven, CT, USA), which has been
applied to define the best cutoff values of
continuous variables for patients with
breast cancer,'? was used to determine the
optimal cutoff values of age at diagnosis
and tumor size.

Propensity score matching (PSM) was
performed to achieve a balance in baseline
factors with a ratio of 1:1 between the two
groups. The independent prognostic factors
of OS and CSS were determined by univar-
iate and multivariate Cox analyses of the
training cohort. Variables in the univariate
Cox regression analysis with P <0.1 were
included in the multivariate Cox regression
analysis. On the basis of the outcomes of mul-
tivariate Cox regression analysis in the training
cohort, we constructed two nomograms of OS
and CSS using the “rms” and “survival”
packages in R (www.r-project.org).

The concordance index (C-index) was
determined to evaluate discriminative abili-
ty. The area under the time-dependent
receiver operating characteristic curve
(time-dependent AUC) was applied to
determine the sensitivity and specificity of

nomograms. Bootstrapping with 1000
resamples was performed for the C-index
and receiver operating characteristic curve
evaluations. C-index and AUC values
ranged from 0.5 to 1.0, with 0.5 represent-
ing a random probability and 1.0 indicating
a perfect discriminatory performance.'’
Generally, C-index and AUC values larger
than 0.7 indicate a reasonable performance
of the nomogram. Furthermore, decision
curve analysis (DCA) was used to estimate
the clinical benefit of alternative models by
quantifying net benefits at various thresh-
old probabilities'* !> and assess the use of
two nomograms compared with the AJCC
staging system in this study.

IBM SPSS Statistics for Windows,
Version 25.0 software (IBM Corp.,
Armonk, NY, USA) and R version 4.0.3
(www.r-project.org) were used for all statis-
tical analyses, and a two-tailed P <0.05
indicated statistical significance. This
report adheres to the strengthening the
reporting of observational Studies in
Equator network (STROBE) guideline.'®

Results

Patient characteristics

From 2010 to 2015, 1376 patients with
MRCC were identified. The clinicopatho-
logical characteristics of the study popula-
tion are summarized in Table 1. A total of
1201 eligible patients were selected as the
training cohort (n=0601) and validation
group (n=0600) (Supplementary S1). After
PSM, there were 568 cases in both groups.
In the training cohort, the main categorical
variables were 57 to 77 years old (58.3%),
White (75.9%), men (71.1%), grade
unknown (44.7%), left tumor (53.2%), T3
(46.3%), <93-mm tumor size (59.0%), sur-
gery (50%), NO stage (63.9%), clear cell
carcinoma (56.9%), only lung metastasis
(34.5%), $50,000 to $75,000 housechold
income (51.6%), and wurban (95.2%).
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Table I. The demographic and pathological characteristics of included patients in the entire cohort and
propensity score-matched cohort.

Entire cohort (n=1201)

Propensity score-matched
cohort (n=1136)

Training set Validation set Training set Validation set

Variables (n=601) (n=600) P-value (n=568) (n=>568) P-value

Age, n (%) 0.936 0.990
<57 186 (30.9%) 188 (31.3%) 176 (31.0%) 174 (30.6%)

57-77 354 (58.9%) 348 (58.0%) 331 (58.3%) 332 (58.5%)
>77 61 (10.1%) 64 (10.7%) 61 (10.7%) 62 (10.9%)
Race, n (%) 0.964 0918
White 454 (75.5%) 450 (75.0%) 431 (75.9%) 425 (74.8%)
Black 69 (11.5%) 69 (11.5%) 63 (11.1%) 66 (11.6%)
Other 78 (13.0%) 81 (13.5%) 74 (13.0%) 77 (13.6%)
Sex, n (%) 0.182 0.389
Men 424 (70.5%) 444 (74.0%) 404 (71.1%) 417 (73.4%)
Women 177 (29.5%) 156 (26.0%) 164 (28.9%) 151 (26.6%)
Fuhrman grade, n (%) 0.539 0.875
Well differentiated; Grade | 6 (1.0%) 7 (1.2%) 6 (1.1%) 7 (1.2%)
Moderately differentiated; 61 (10.1%) 72 (12.0%) 59 (10.4%) 64 (11.3%)
Grade Il

Poorly differentiated; 159 (26.5%) 147 (24.5%) 147 (25.8%) 142 (25.0%)
Grade I

Undifferentiated; 109 (18.1%) 125 (20.8%) 102 (18.0%) 113 (19.9%)
anaplastic; Grade IV

Unknown 266 (44.3%) 249 (41.5%) 254 (44.7%) 242 (42.6%)

Laterality (n, %) 0.666 0.953
Left 319 (53.1%) 311 (51.8%) 302 (53.2%) 301 (53.0%)

Right 282 (46.9%) 289 (48.2%) 266 (46.8%) 267 (47.0%)

T stage (n, %) 0.900 0.975
Tl 125 (20.8%) 123 (20.5%) 125 (22.0%) 120 (21.1%)

T2 123 (20.4%) 126 (21.0%) 116 (20.4%) 121 (21.3%)
T3 281 (46.8%) 287 (47.8%) 263 (46.3%) 264 (46.5%)
T4 72 (12.0%) 64 (10.7%) 64 (11.3%) 63 (11.1%)

Tumor size, mm 0.495 0.480
<93 337 (56.1%) 348 (58.0%) 335 (59.0%) 328 (57.7%)

93-127 163 (27.1%) 166 (27.7%) 161 (28.3%) 154 (27.1%)
>127 101 (16.8%) 86 (14.3%) 72 (12.7%) 86 (15.2%)

Pathology 0.891 0.981
Clear cell carcinoma 335 (55.7%) 350 (58.3%) 323 (56.9%) 325 (57.2%)
Papillary cell carcinoma 36 (6.0%) 41 (6.8%) 33 (5.8%) 39 (6.9%)
Chromophobe cell carcinoma 8 (1.3%) 7 (1.2%) 8 (1.4%) 7 (1.2%)
Collecting duct carcinoma 4 (0.7%) 4 (0.7%) 4 (0.7%) 4 (0.7%)
Sarcomatoid dedifferentiation 45 (7.5%) 41 (6.8%) 39 (6.9%) 39 (6.9%)

Renal cell carcinoma 173 (28.8%) 157 (26.2%) 161 (28.3%) 154 (27.1%)

Surgery (n, %) 0.402 0514

Yes

302 (50.2%)

316 (52.7%)

284 (50.0%)

295 (51.9%)

(continued)
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Table 1. Continued.
Propensity score-matched
Entire cohort (n=1201) cohort (n=1136)
Training set Validation set Training set Validation set

Variables (n=601) (n=4600) P-value (n=>568) (n=568) P-value
No 299 (49.8%) 284 (47.3%) 284 (50.0%) 273 (48.1%)

Year of diagnosis (n, %) 0.841 0.440
2010-2012 279 (46.4%) 282 (47.0%) 279 (49.1%) 266 (46.8%)
2013-2015 322 (53.6%) 318 (53.0%) 289 (50.9%) 302 (53.2%)

N stage (n, %) 0.685 0.836
NO 383 (63.7%) 379 (63.2%) 363 (63.9%) 360 (63.4%)

NI 131 (21.8%) 124 (20.6%) 120 (21.1%) 116 (20.4%)
N2 87 (14.5%) 97 (16.2%) 85 (15.0%) 92 (16.2%)

Metastatic Site 0.831 0.927
Only lung 203 (33.8%) 210 (35.0%) 196 (34.5%) 191 (33.6%)

Only bone 89 (14.8%) 101 (16.8%) 87 (15.3%) 97 (17.2%)
Only liver 21 (3.5%) 25 (4.2%) 18 (3.2%) 24 (4.2%)
Only brain 12 (2.0%) 12 (2.0%) 12 2.1%) 11 (1.9%)
Lung and bone or 102 (17.0%) 99 (16.5%) 97 (17.1%) 94 (16.5%)
liver or brain

Lung and brain or liver 69 (11.5%) 61 (10.2%) 61 (10.7%) 60 (10.6%)
Bone and brain or liver 21 (3.5%) 24 (4.0%) 21 (3.7%) 24 (4.2%)
Liver and brain 3 (0.5%) I (0.2%) 3 (0.5%) | (0.2%)
Other 81 (13.5%) 67 (11.1%) 73 (12.9%) 66 (11.6%)

Median household income 0.346 0.705
<$50,000 59 (9.8%) 72 (12.0%) 54 (9.5%) 62 (10.9%)
$50,000-$75,000 304 (50.6%) 309 (51.5%) 293 (51.6%) 293 (51.6%)
>$75,000 238 (39.6%) 219 (36.5%) 221 (38.9%) 213 (37.5%)

Residence 0.375 0.504

Rural 30 (5.0%) 37 (6.2%) 27 (4.8%) 32 (5.6%)

Urban 571 (95.0%) 563 (93.8%) 541 (95.2%) 536 (94.4%)

Median survival 10 (0-93) 13 (0-93) Il (0-93) 10 (0-93)

time (months)

In the validation group, the main categori-
cal variables were 57 to 77 years old
(58.5%), White (74.8%), men (73.4%),
grade unknown (42.6%), left tumor
(53.0%), T3 (46.5%), <93 mm tumor size
(57.7%), surgery (51.9%), NO stage
(63.4%), clear cell carcinoma (57.2%),
only lung metastasis (33.6%), $50,000 to
$75,000 household income (51.6%), and
urban (94.4%). The best cutoff value for
age at initial diagnosis and tumor size
were determined using X-tile according to
survival status. The optimal age cutoff

values were 57 and 77 years old for age at
diagnosis and 93 mm and 127 mm for tumor
size (Supplementary S2).

Nomogram construction and validation

Independent risk predictors were identified
by Cox regression model analyses. Two
nomograms of OS and CSS were constructed
based on the independent prognostic factors
(Figure 1), which included age, histologic
type, T stage, N stage, surgery, residence,
and metastatic sites in the training cohort
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Figure 1. Nomograms to predict the |-, 2-, and 3-year overall survival (OS) and cancer-specific survival
(CSS) rates of patients with metastatic kidney cancer. (a) The predicted |-, 2-, and 3-year OS rate and
(b) The predicted |-, 2-, and 3-year CSS rate.

(Tables 2 and 3). By adding the points for
each significant factor located on the total
points axis at the bottom of the nomogram

and projecting total points on the survival
scale, clinicians were able to predict the prob-
abilities of 1-, 2-, and 3-year OS and CSS.
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Table 2. Univariate and multivariate cox analyses of prognostic factors associated with the overall survival
of patients with metastatic renal cell carcinoma in the development cohort.

Univariate analysis

Multivariate analysis

Variable HR (95%ClI) P value HR (95%ClI) P value
Age
<57 Referent Referent
57-77 1.396 (1.135-1.717) 0.002 1.219 (0.982-1.513) 0.073
>77 2.006 (1.465-2.747) <0.001 1.581 (1.135-2.202) 0.007
Race
Black/White 1.184 (0.893-1.570) 0.240
Other/White 0.899 (0.677—1.195) 0.463
Sex, n (%)
Women/Men 1.058 (0.867—1.292) 0.579
Fuhrman grade, n (%)
Well differentiated Referent
Moderately differentiated 0.687 (0.271-1.742) 0.429
Poorly differentiated 0.975 (0.398-2.389) 0.956
Undifferentiated; 1.019 (0.412-2.520) 0.967
anaplastic; Grade IV
Unknown 1.844 (0.760—4.477) 0.176
Laterality (n, %)
Right/Left 0.942 (0.785-1.131) 0.521
T stage (n, %)
T2/TI 1.213 (0.913-1.611) 0.183 1.127 (0.843—1.508) 0419
T3/TI 0.946 (0.741-1.208) 0.656 1.517 (1.140-2.017) 0.004
T4/TI 1.749 (1.257-2.433) 0.001 1.312 (0.914-1.884) 0.141
Tumor size, mm
<93 Referent
93-127 1.063 (0.866—1.305) 0.560
>127 0.875 (0.658-1.163) 0.357
Pathology
Clear cell carcinoma Referent Referent
Papillary cell carcinoma 0.995 (0.660-1.501) 0.981 1.121 (0.722-1.740) 0611
Chromophobe cell carcinoma 0.975 (0.434-2.191) 0.950 0.973 (0.421-2.249) 0.950
Collecting duct carcinoma 2.493 (0.926-6.710) 0.071 1.629 (0.581-4.563) 0.353
Sarcomatoid dedifferentiation 2.086 (1.461-2.978) <0.001 2.174 (1.501-3.150) <0.001
Renal cell carcinoma 1.950 (1.585-2.399) <0.001 1.305 (1.038-1.642) 0.023
Surgery (n, %)
Yes/No 0.344 (0.284-0.417) <0.001 0.359 (0.278-0.463) <0.001
N stage (n, %)
N1/NO 1.734 (1.386-2.170) <0.001 1.343 (1.053-1.713) 0.017
N2/NO 1.780 (1.378-2.301) <0.001 1.390 (1.050-1.840) 0.021
With lung metastases
Yes/No 1.209 (0.999-1.463) 0.052 1.284 (1.004-1.641) 0.046
With bone metastases
Yes/No 1.365 (1.131-1.646) 0.001 1.382 (1.111-1.719) 0.004

(continued)
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Table 2. Continued.

Univariate analysis

Multivariate analysis

Variable

HR (95%Cl) P value

HR (95%Cl) P value

With liver metastases

Yes/No 1.943 (1.556-2.427) <0.001 1.749 (1.371-2.229) <0.001
With brain metastases

Yes/No 1.883 (1.424-2.491) <0.001 1.926 (1.434-2.587) <0.001
With other metastases

Yes/No 0.650 (0.485-0.871) 0.004 1.160 (0.786—1.714) 0.454
Median household Income

<$50,000 Referent

$50,000- $75,000 1.124 (0.810-1.559) 0.486

>$75,000 1.027 (0.733-1.440) 0.878
Residence

Urban/Rural 0.753 (0.495-1.146) 0.186 0.514 (0.328-0.805) 0.004

Cl: confidence interval, HR: hazard ratio.

The OS and CSS nomograms were inter-
nally and externally well validated. The
C-index value of the nomogram for predict-
ing OS was 0.724 (95% confidence interval
[CI] 0.700-0.748) for the internal verifica-
tion and 0.710 (95% CI 0.686-0.734) for
the external validation. Moreover, this
value was 0.729 (95% CI 0.705-0.753) and
0.712 (95% CI 0.687-0.737) for predicting
CSS in the internal and external validation,
respectively (Table 4). The time-dependent
AUC values were >0.7 for the prediction of
1-, 2-, and 3-year OS and CSS in the train-
ing group and validation cohort (Figure 2),
indicating that the nomograms had good
discriminatory performance.

The DCA results also demonstrated that
the two nomograms showed a significantly
better performance compared with that of
the AJCC staging system (Figure 3). In gen-
eral, the OS and CSS nomograms for
patients with MRCC had significant dis-
crimination and calibration abilities.

Discussion

In recent decades, approximately one-third
of patients initially diagnosed with RCC

have presented with
tumors or distant metastasis. Distant
metastasis severely influences patients’
quality of life and significantly reduces
their survival time.'” In the RENSUR3
study, the median survival time of patients
with  MRCC in the entire cohort was
11.9 months.” In India and Brazil, the
median survival times were 12.87 months
and 14.1 months, respectively.”® Similarly,
the median survival time was 11 months
for patients with MRCC from the SEER
database. Given the poor prognosis of
patients with MRCC, the medical commu-
nity is now paying more attention to clinical
prognostic evaluation and individualized
therapeutic management. In this context,
we are actively committed to constructing
nomograms of OS and CSS for MRCC
that can help clinicians and patients predict
survival times and select optimal manage-
ment strategies.

At present, the prognosis of RCC
patients is evaluated mainly based on the
AJCC and Fuhrman pathological grading
system. However, multiple patient factors
cannot be evaluated both individually and
completely, which may result in some bias.

locally aggressive
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Table 3. Univariate and multivariate cox analyses of prognostic factors associated with the cancer-specific
survival of patients with metastatic renal cell carcinoma in the development cohort.

Univariate analysis

Multivariate analysis

Variable HR (95%Cl) P-value HR (95%Cl) P-value
Age
<57 Referent Referent
57-77 1.405 (1.135-1.739) 0.002 1.207 (0.965-1.509) 0.100
>77 1.954 (1.411-2.706) <0.001 1.500 (1.064-2.115) 0.021
Race
Black/White 1.136 (0.846—1.526) 0.396
Other/White 0.858 (0.638—1.155) 0.313
Sex, n (%)
Women/Men 1.030 (0.838-1.266) 0.778
Fuhrman grade, n (%)
Well differentiated Referent
Moderately differentiated 0.554 (0.216-1.423) 0.220
Poorly differentiated 0.896 (0.365-2.198) 0.810
Undifferentiated; anaplastic; 0.988 (0.399-2.444) 0.978
Grade IV
Unknown 1.789 (0.737-4.344) 0.199
Laterality (n, %)
Right/Left 0.927 (0.768-1.119) 0.428
T stage (n, %)
T2/TI 1.219 (0.911-1.631) 0.182 1.139 (0.845-1.534) 0.392
T3/TI 0.933 (0.725-1.200) 0.589 1.575 (1.174-2.113) 0.002
T4/TI 1.733 (1.234-2.434) 0.001 1.325 (0.914-1.922) 0.138
Tumor size, mm
<93 Referent
93-127 1.079 (0.874-1.332) 0.480
>127 0.895 (0.668—1.200) 0.458
Pathology
Clear cell carcinoma Referent Referent
Papillary cell carcinoma 1.089 (0.721-1.646) 0.686 1.232 (0.792-1.917) 0.355
Chromophobe cell carcinoma 1.053 (0.468-2.369) 0.901 1.094 (0.472-2.534) 0.835
Collecting duct carcinoma 2.669 (0.991-7.189) 0.052 1.696 (0.604-4.765) 0.316
Sarcomatoid dedifferentiation 2.062 (1.421-2.991) <0.001 2.159 (1.465-3.180) <0.001
Renal cell carcinoma 2.068 (1.673-2.556) <0.001 1.388 (1.098-1.756) 0.006
Surgery (n, %)
Yes/No 0.330 (0.271-0.402) <0.001 0.338 (0.260-0.441) <0.001
N stage (n, %)
N1/NO 1.731 (1.374-2.180) <0.001 1.291 (1.005-1.658) 0.046
N2/NO 1.811 (1.393-2.354) <0.001 1.363 (1.022-1.818) 0.035
With lung metastases
Yes/No 1.207 (0.991-1.469) 0.062 1.297 (1.007-1.670) 0.044
With bone metastases
Yes/No 1.360 (1.121-1.650) 0.002 1.390 (1.110-1.740) 0.004

(continued)
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Table 3. Continued.

Univariate analysis

Multivariate analysis

Variable

HR (95%Cl) P-value

HR (95%Cl) P-value

With liver metastases

Yes/no 1.945 (1.549-2.444) <0.001 1.749 (1.363-2.245) <0.001
With brain metastases

Yes/No 1.867 (1.401-2.489) <0.001 1.927 (1.424-2.609) <0.001
With other metastases

Yes/No 0.676 (0.502-0.912) 0.010 1.247 (0.836—1.861) 0.280
Median household income

<$50,000 Referent

$50,000-$75,000 1.107 (0.788-1.556) 0.557

>$75,000 1.053 (0.743-1.493) 0.772
Residence

Urban/Rural 0.710 (0.467-1.082) 0.111 0.471 (0.300-0.740) 0.001

Cl: confidence interval, HR: hazard ratio.

Table 4. The C-indices for the predictions of OS and CSS in the training cohort and validation group.

Training cohort

Validation group

Variable C-index 95% Cl C-index 95% ClI
oS 0.724 0.700-0.748 0.710 0.686-0.734
CSS 0.729 0.705-0.753 0.712 0.687-0.737

OS, overall survival; CSS, cancer-specific survival; C-index, index of concordance; Cl, confidence interval.

Therefore, we analyzed confounding varia-
bles by Cox regression model analyses and
identified independent prognostic factors of
patients with MRCC, which included age,
residential area, pathological type, stage,
surgery, and metastatic sites. In contrast,
tumor size, sex, and race were not indepen-
dent risk factors. Then, we incorporated the
above independent predictors into nomo-
grams to predict the 1-, 2-, and 3-year OS
and CSS of patients with MRCC.
Nomograms play a critical role in individu-
al prognostic prediction and personalized
therapeutic management.'® Finally, the
accuracy of the two nomograms was vali-
dated internally and externally, and DCA
confirmed that our nomograms predicted
outcomes with a better clinical benefit
than the AJCC staging system.

Previously, several studies subjectively
categorized patients into diverse tumor
size cohorts and age groups, which might
lead to a statistical bias.'? To address this
issue, we applied X-tile to define the best
cutoff value for tumor size and age at initial
diagnosis based on survival status and sur-
vival time. Some scholars reported that
compared with younger age at diagnosis
(<57 years), older age at initial diagnosis
was an adverse factor for patients with
MRCC." Similar to the above research,
the Cox regression analysis in this study
showed that increased age at initial diagno-
sis was a significant risk factor for a worse
prognosis.

It is universally acknowledged that
patients with RCC are prone to metastasis
to multiple organs, including the lungs,
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Figure 2. Receiver operating characteristic (ROC) curves to internally and externally verify the accuracy of
the nomograms in predicting |-, 2-, and 3-year overall survival (OS) and cancer-specific survival (CSS) in
patients with metastatic kidney cancer. (a) Verifying |-, 2-, and 3-year OS in the training group (TP: true
positive, FP: false positive, AUC, area under the curve). (b) Verifying |-, 2-, and 3-year CSS in the training
group. (c) Verifying |-, 2-, and 3-year OS in the validation cohort and (d) Verifying |-, 2-, and 3-year CSS in

the validation cohort.

brain, bone tissue, and liver. Similar to a
previous study,”® we found that an
increased number of metastatic sites was
significantly related to a poor prognosis.
Currently, whether surgical resection
obtains survival benefits for patients with
MRCC remains controversial. Several
researchers have reported that nephrecto-
my did not significantly improve the sur-
vival rate of patients with the metastasis of
MRCC to multiple organs, which

subsequently led to a significantly higher
rate of 6-month mortality after surgery.?’
In addition, Méjean et al. used a predic-
tion model to classify patients with
MRCC into intermediate-risk or poor-
risk groups and indicated that the efficacy
of sunitinib treatment alone was compara-
ble to that of sunitinib treatment after
nephrectomy.>* Accordingly, nephrecto-
my appeared to not be necessary for
patients with MRCC. However, in the
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Figure 3. Decision curve analysis demonstrating the net benefit of nomograms and The American Joint
Committee on Cancer (AJCC) staging system for the prediction of prognosis in patients with metastatic
kidney cancer. (a) Overall survival (OS) and (b) cancer-specific survival (CSS) in the training cohort. (c) OS

and (d) CSS in the validation group.

study by Culp et al.,?! patients who under-
went surgery had distinctly lower kidney
cancer-special mortality (66.3% vs. 90.8%,
P<0.001) and all-cause mortality (70.5%
vs. 92.7%, P<0.001) than those who did
not. Other scholars'"* demonstrated that
nephrectomy was an independent prognostic
factor for survival benefits, even in patients
with MRCC, although all known tumors
showed incomplete resection. According to
our nomogram, surgery achieves the highest
score in patients with MRCC based on sur-
vival time and survival status and may be an
important prognostic indicator for these
patients.

The association between the living loca-
tion and survival status of patients with
MRCC has been rarely reported. In our
study, compared with patients with
MRCC living in rural areas, patients
living in urban areas had a lower risk of
death (OS: hazard ratio [HR]=0.514;
95% CI=0.328-0.805, P <0.004; CSS:
HR =0.471; 95% CI=10.300-0.740,
P <0.001). According to our nomogram,
patients living in rural areas achieved a
high score, indicating that rural areas had
a serious adverse impact on the OS and CSS
of MRCC. The most likely explanation is
that patients living in rural areas may have
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limited access to rudimentary medical facil-
ities. The pathology of RCC also played a
significant role in personal prognostic pre-
diction. Previous reports have shown that
patients with clear cell carcinoma had a
more favorable prognosis compared with
patients with other histological types.'® In
addition, among patients with MRCC,
those with clear cell carcinoma had a
better prognosis than patients with non-
clear cell carcinoma (31 vs. 24 months) in
the multicenter Korean registry.” Similar to
our result, patients with clear cell carcino-
ma exhibited a better prognosis than
patients with non-clear cell carcinoma
tissue types. Moreover, compared with
clear cell carcinoma, collecting duct carci-
noma and sarcomatoid dedifferentiation
tissue types were significantly related to a
worse prognosis according to our con-
structed nomogram.

Regarding RCC, T stage has been dem-
onstrated to be a significant risk factor for
patient prognosis.>' Based on the AJCC
staging system, patients with pT3 and pT4
RCC show the following features: perirenal
fat involvement, tumor thrombus, direct
ipsilateral adrenal invasion, and extension
beyond Gerota’s fascia. Previous reports
have revealed that perirenal fat involve-
ment, tumor thrombus, direct ipsilateral
adrenal gland invasion, and Gerota fascia
invasion were significantly related to a poor
prognosis. Furthermore, compared with
patients with pT3 RCC without adrenal
invasion, patients with direct adrenal
gland involvement have a worse progno-
sis.”*  According to our nomograms,
patients with pT3 and pT4 MRCC obtained
a high score and displayed unfavorable sur-
vival outcomes. Adrenal invasion was clas-
sified into the pT3 stage based on the 6th
edition of the AJCC staging system, and we
think this may be the main reason why
patients with pT3 disease earned a higher
score.

In recent decades, multiple scholars have
reported that lymph node invasion is a sig-
nificant risk factor for survival in patients
with MRCC.>?! In the present study, the
roles of lymph node status in our con-
structed nomograms were consistent with
those in previous reports, and the multivar-
iable Cox regression model showed that N
stage was inversely related to patient prog-
nosis. Currently, there are limited reports
regarding the specific number and location
of metastatic sites in patients with MRCC.
One study reported that the lung was the
most common metastatic organ in 342
patients with  MRCC.* Another study
showed that the metastatic sites of 231
patients, such as the lung, bone, or liver,
had a negative effect on the OS and CSS
of MRCC, and liver metastasis had the
worst prognosis among these three meta-
static organs.'' In our analysis, the lung
only was the most frequent metastatic loca-
tion, followed by both lung and bone
metastasis. In addition, brain metastasis
had the highest score among the metastatic
sites, including the liver only, lung only,
bone only, and brain only. Moreover,
patients with multiple distant organ metas-
tases showed a significant decrease in sur-
vival time compared with patients with
solitary solid organ metastasis.

Although the registration information of
patients with MRCC in the SEER database
was summarized in detail, the present study
has some limitations. First, we could not
obtain more information from the SEER
database, such as comorbidities, personal
performance status, smoking status, labora-
tory tests, and treatment information,
which might result in some bias. In addi-
tion, immune checkpoint inhibitors for
patients with MRCC have been introduced
in recent years. If the SEER database pro-
vides immunotherapy information in the
future, comprehensive prediction nomo-
grams may achieve improved prediction
and personalized medical treatment.
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Finally, our constructed prediction model
requires more multi-center, large sample
data for repeated validation in the future.

Conclusion

Despite these limitations, our current
research provides insight into the prognosis
of patients with MRCC. The OS and CSS
nomograms were internally and externally
verified, which confirmed the accuracy and
reliability of these models. At present, these
models can be used to predict the prognos-
tic outcomes of patients with MRCC and
identify individualized therapeutic methods.
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