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Objective: Clear cell renal cell carcinoma may affect patients of any age. To
date, there are only a limited number of large data studies on renal clear cell
carcinoma in different age groups. This study assessed CCRCC risk factors in
different age groups using the Surveillance Epidemiology and End Results
(SEER) database.

Methods: We selected 58372 cases from the SEER database. These patients
were divided into seven different age groups. Cox regression models were used
to find independent risk factors for the survival of CCRCC patients. Based on
independent risk factors, a homogram was drawn with R software. Kaplan-
Meier method for survival analysis and X-tile software were used to find the
optimal age group for diagnosis.

Results: Univariate analysis revealed that patients’ age, sex, race, marital status,
grade, TNM (tumor, node, metastasis) stage, surgery, WHO/ISUP grade were
correlated with survival (P<0.01). Age was an independent risk factor for survival
in patients with CCRCC according to multivariate Cox regression analysis
(p<0.01). All-cause mortality and tumor-specific mortality increased
according to the increasing age of the patients. The optimal cut-off values
for age were defined as 58 and 76 years and 51 and 76 years, respectively,
according to overall survival (OS) and cause-specific survival (CSS).

Conclusion: There is a negative correlation between age and survival of
CCRCC patients. The difference in prognosis of patients in different age
groups has important implications for clinical treatment. Therefore, the
diagnosis and treatment plan should be based on more detailed age

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.975779/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.975779/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.975779/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.975779/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.975779&domain=pdf&date_stamp=2022-10-12
mailto:lzn829@foxmail.com
mailto:geheming@outlook.com
https://doi.org/10.3389/fonc.2022.975779
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.975779
https://www.frontiersin.org/journals/oncology

10.3389/fonc.2022.975779

grouping, which is more beneficial to improving the prognosis and survival

Clear cell renal cell carcinoma, SEER, age, prognosis, all-cause mortality, tumor-
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of patients.
KEYWORDS
specific mortality
Introduction

Renal cell carcinoma (RCC) affects >430,000 people
worldwide every year (1), the incidence is about twice as high
in men as in women (2).RCC includes chromophobe renal cell
carcinoma (CHRCC), papillary renal cell carcinoma (PRCC),
and clear cell renal cell carcinoma (CCRCC), which are three
main histological subtypes with distinct molecular and genetic
characteristics (3). Among them, CCRCC is the most prevalent
histological subtype (approximately 80%).

Age is an indicator used to assess prognosis in many solid
cancers, especially in CCRCC, and is a significant risk factor (4,
5). CCRCC may affect patients of any age, but it is more likely to
affect people aged 60-70 years, with younger people rarely being
affected. Meanwhile, the prognosis of CCRCC in older patients is
poor, and patients are usually diagnosed at an advanced stage,
which may be related to the insidious nature of CCRCC
symptoms and low level of diagnosis (6-8). There have been
many studies on risk factors for the prognosis of patients with
CCRCC, which have revolutionized the treatment options for
CCRCC. Population based data suggest that the incidence
of CCRCC varies by age group. In addition, a comparison of
the vascular features of patients aged <65 and >65 years has
shown that age can affect the molecular features and vascular
structure of CCRCC (9).

There have been several achievements regarding the role of
age in patients with CCRCC. However, data on CCRCC in
different age groups are limited. This study used the constructed
SEER database to assess the risk factors for CCRCC in various
age groups.

Materials and methods

Data Sources together with Selection Criteria CCRCC
clinical data were acquired from the SEER database through

Abbreviations: CCRCC: Clear cell renal cell carcinoma; PRCC: papillary
renal cell carcinoma; CHRCC: chromophobe renal cell carcinoma; KC:
kidney cancer; RCC: renal cell cancer; TCC: transitional cell cancer; SEER:
Surveillance, Epidemiology, and End Result; OS: overall survival; CSS: cancer

special survival.
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employing the SEER Stat 8.3.9 software (https://seer.cancer.gov/
data/). SEER is the authoritative source of the cancer statistics in
the U.S., with its database covering socioeconomic status,
population statistics, incidence rate and survival rate among
the cancer patients. The patient data included: The patient ID,
marital status, sex, grade, American Joint Committee on Cancer
(AJCC) TNM stage, surgery, WHO/ISUP grade, survival
(months). The database used the 7th (2010-2015) and 6th
(2004-2015) TNM staging systems from 2004 to 2015, so we
converted the 6th edition to the 8th edition based on CS
Extension and CS Lymph Nodes.

Inclusion criteria: (1) Histologically diagnosed with CCRCC.
(2) the year at time of diagnosis was 2004-2015.

Exclusion criteria: (1) Non-pathological diagnosis and
patient was not CCRCC; (2) T stage=TO, Tis, Tx, NA or N
stage= Nx, NA or M stage=Mx, NA; (3) patient without surgery
or unknown.

Variables and results

The variables included marital status, sex, grade, T stage, N
stage, M stage, Surgery, WHO/ISUP grade, Survival
(months).These patients were classified as seven groups in
accordance with age, that is, 0-30, 30-39, 40-49, 50-59, 60-69,
70-79, and above 80. Subgroup analysis was conducted by
marital status(unmarried vs. married vs. unknown), sex(male
vs. female), grade(grade I vs. grade I vs. grade III vs. grade IV), T
stage(T1 vs. T2 vs. T3 vs. T4), N stage(NO vs. N1), M stage(MO0
vs. M1), surgery(no surgery vs. local tumor excision vs. partial
nephrectomy vs. complete nephrectomy), WHO/ISUP grade
(low grade vs. high grade vs. unknown). The survival analysis
was implemented, containing cancer special survival together
with overall survival.

Statistical method

With an aim of comparing the baseline features of patients in
various age groups, Fisher test and Chi-square test were applied.
In the univariate analysis, Kaplan Meier approach was utilized to
explore the survival rate under each factor of risk. Chi-square
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test was employed for the comparison between groups. In
univariate analysis, univariate Cox regression model was
applied to assess the prognostic risk factors. In the
multivariate analysis, Cox regression model was exploited to
analyze the independent risk factors of survival in patients with
CCRCC. R software (version 4.1.3) and SPSS 26.0 software were
conducted for complete analysis. Eventually, X-tile software
(version 3.6.1) was applied to classify the patients as three
subgroups, namely, low risk, medium risk and high risk. No
ethical statement consent was required for this study, as the
SEER data were publicly available and analyzed anonymously.
All authors signed the research agreement form and had access
to the SEER database.

Results
Baseline characteristics of the patients

58,372 eligible patients with CCRCC were acquired
(Figure 1). 412 cases, aged between 0 and 29 years; 2348
patients aged 30 to 39, 7572 patients aged between 40 and 49,
and 14729 patients aged 50 to 59, 17575 patients aged 60 to 69,
11908 patients aged between 70 and 79 together with 3828
patients aged 80 and over. Compared with patients aged below
30 years, patients over 80 years of age had a higher rate of node-
positive tumors (2.9% vs. 2.4%; P<0.001), gradelll tumors

Patients with Clear cell

renal cell carcinoma

(2004-2015)
N=165296

10.3389/fonc.2022.975779

(25.1% vs 16.1%; P<0.001) and gradelV tumors (5.2% vs 1.9%;
P<0.001). Meanwhile, patients aged 80 years and above less
frequently harbored T1(86.4% vs. 64%), and more frequently
harbored T2(8.9% vs. 9.1%), and T3 (3.8% vs. 25.1%;all
P<0.001). In contrast to patients under 60 years of age,
patients over 80 years of age are more frequently diagnosed at
M1 (7.5% vs 0.9%). Notably, among the seven different age
groups, patients aged 60-69 years had the highest percentage of
node-positive tumor (3.5%), gradelll tumors (25.3%), T4(1.1%)
and M1(9.0%). The highest rates of grade IV tumors (5.9%) and
T4 (1.1%) were found in patients aged 50-59 years. Patients’ data
include gender, marital status, race, grade, TNM stage, surgery
and WHO/ISUP grade. See (Table 1) for a summary.

Influence of age on cancer special
survival and overall survival

In accordance with Kaplan-Meier curves, both cancer special
survival (CSS) and overall survival (OS) were revealed to
decrease with age (P<0.001; Figure 2). In univariate analysis, it
was found that in addition to age, gender, marital status, race,
grade, TNM stage, surgery and WHO/ISUP grade were also
correlated with survival (OS and CSS). Analysis of these
variables using Cox regression and Kaplan-Meier curves
revealed that age, gender, marital status, race, grade, TNM
stage, surgery and WHO/ISUP grade were also the

Excluded:

N=74734

>

Non-pathological diagnosis N=19655
Non-CCRCC N=70907

)

Excluded:

x

>
L

N=59169

T stage=T0,Tis, Tx,NA or N stage=Nx,
NA or M stage=Mx, NA N=15565

~

x

| Excluded:

N=58372

FIGURE 1

'Kwithout surgery or unknown N=797

Flow chart for selecting patients with CCRCC. 2004-2015 CCRCC patients were selected in detail from the SEER database.

Frontiers in Oncology

03 frontiersin.org


https://doi.org/10.3389/fonc.2022.975779
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liao et al.

TABLE 1 Patient demographics and clinical characteristics.

Variance

sex
male
female
Race
white
black
others
unkown
Marital status
unmarried
married
unknown
Grade
gradel
gradell
gradelll
gradelV
unknown
T stage
T1

T2

T3

T4

N stage
NO

N1

M stage
MO

M1
Surgery
No surgery

Local tumor
excision

Partial
nephrectomy

Complete
nephrectomy

WHO/ISUP
Grade*

Low grade
High grade

unknown

*WHO/ISUP indicates World Health organization/International Society of Urological Pathology.

0-30yrs

(n=412)

Number
(%)

214 (51.9)
198 (48)

36 (8.7)
34 (8.2)
3(0.7)

264 (64)
121 (29.3)
27 (6.5)

69 (16.7)

230 (55.8)
68 (16.5)
8 (1.9)
37 (8.9)

357 (86.6)
37 (8.9)
16 (3.8)
2(0.4)

402 (97.5)
10 (2.4)

408 (99)
4(0.9)

8 (1.9)
11 (2.6)

232 (56.3)

161 (39)

2 (0.4)
3(0.7)
407 (98.7)
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30-39yrs

(n=2348)

Number
(%)

1423 (60.6)
925 (39.3)

1964 (83.6)
158 (6.7)
189 (8.0)
37 (1.5)

911 (38.7)
1321 (56.2)
116 (4.9)

349 (14.8)
1319 (56.1)
398 (16.9)
69 (2.9)
213 (9.0)

1944 (82.7)
210 (8.9)
185 (7.8)

9(0.3)

2312 (98.4)
36 (1.5)

2289 (97.4)
59 (2.5)

32 (1.3)
57 (2.4)

1169 (49.7)

1090 (46.4)

21 (0.8)
27 (1.1)
2300 (97.9)

40-49yrs

(n=7572)

Number
(%)

4835 (63.8)
2737 (36.1)

6341 (83.7)
582 (7.6)
584 (7.7)
64 (0.8)

2608 (34.4)
4573 (60.3)
391 (5.1)

1088 (13.3)
3866 (51)
1609 (21.2)
356 (4.7)
733 (9.6)

5530 (73)

876 (11.5)

1122 (14.8)
44 (0.5)

7369 (97.3)
203 (2.6)

7105 (93.8)
467 (6.1)

152 (2.0)
142 (1.8)

2965 (39.1)

4313 (56.9)

171 (2.2)
125 (1.6)
7276 (96)

50-59yrs
(n=14729)
Number (%)

9491 (64.4)
5238 (35.5)

12355 (83.8)
1213 (8.2)
1084 (7.3)

77 (0.5)

4572 (31)
9479 (64.3)
678 (4.6)

1622 (11)
6981 (47.3)
3703 (25.1)

870 (5.9)
1553 (10.5)

9942 (67.4)
1699 (11.5)
2916 (19.7)

172 (1.1)

14235 (96.6)
494 (3.3)

13419 (91.1)
1310 (8.8)

482 (3.2)
383 (2.6)

4690 (31.8)

9176 (62.2)

476 (3.2)
344 (2.3)
13909 (94.4)

04

60-69yrs
(n=17575)

Number (%) Number (%)

11074 (63)
6501 (36.9)

14785 (84.1)
1388 (7.8)
1312 (7.4)

90 (0.5)

5125 (29.1)
11559 (65.7)
891 (5)

1838 (10.4)
8348 (47.4)
4456 (25.3)
1016 (5.7)
1917 (10.9)

11741 (66.8)
1738 (9.8)

3889 (22.1)
207 (1.1)

16950 (96.4)
625 (3.5)

15991 (90.9)
1584 (9.0)

784 (4.4)
684 (3.8)

5259 (29.9)

10848 (61.7)

625 (3.5)
476 (2.7)
16474 (93.7)

70-79yrs
(n=11908)

7083 (59.4)
4825 (40.5)

10238 (85.9)
753 (6.3)
873 (7.3)
44 (0.3)

3804 (31.9)
7609 (63.8)
495 (4.1)

1370 (11.5)
5547 (46.5)
2909 (24.4)

644 (5.4)

1438 (12)

8005 (67.2)

1073 (9.0)

2710 (22.7)
120 (1)

11599 (97.4)
309 (2.5)

11029 (92.6)
879 (7.3)

670 (5.6)
743 (6.2)

2937 (24.6)

7558 (63.4)

439 (3.6)
323 (2.7)
11146 (93.6)

10.3389/fonc.2022.975779

=80yrs
(n=3828)
Number
(%)

2165 (56.5)
1663 (43.4)

3352 (87.5)
173 (4.5)
297 (7.7)

6 (0.1)

1683 (43.9)
1982 (51.7)
163 (4.2)

418 (10.9)
1658 (43.4)
964 (25.1)
202 (5.2)

586 (15.3)

2452 (64)
352 (9.1)

962 (25.1)
62 (1.6)

3715 (97)
113 (2.9)

3540 (92.4)
288 (7.5)

445 (11.6)
360 (9.4)

548 (14.3)

2475 (64.6)

167 (4.3)
101 (2.6)
3560 (92.9)

Total
(n=58372)
Number
(%)

36285 (62.1)
22087 (37.8)

49374 (84.5)
4303 (7.3)
4373 (7.4)
322 (0.5)

18967 (32.4)
36644 (62.7)
2761 (4.7)

6674 (11.4)
27949 (47.8)
14107 (24.1)
3165 (5.4)
6477 (11.0)

39971 (68.4)

5985 (10.2)

11800 (20.2)
616 (1.0)

56582 (96.9)
1790 (3.0)

53781 (92.1)
4591 (7.8)

2573 (4.4)
2380 (4.0)

17800 (30.4)

35619 (61.0)

1901 (3.2)
1399 (2.3)
55072 (94.3)

p
values

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Overall Survival based on age
Age groups
100

— 029
30-39
40-49
50-59
60-69
70-79
=80

60

40+

Percent survival

204

0 T T T T
0 24 48 72 96

Survival months

T T
120 144 p<0.001

FIGURE 2
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Cancer special Survival based on age
Age groups

— 029
30-39
40-49
50-59
60-69
70-79
=80

100

80

60

40+

Percent survival

204

0 T T T T T T <0.001
0 24 48 7 96 120 144 p<0.00

Survival months

(A) The overall survival (OS) based on age upon diagnosis; (B) cancer-specific survival (CSS) based on age upon diagnosis

independent risk factors of survival (P<0.01; Tables 2, 3; Figures
S1, S2).

Nomogram for forecasting OS and CSS
in CCRCC patients

Nomograms are widely applied in cancer prognosis,
principally owing to they can simplify the model of statistical
prediction into a single numerical estimation of the event
probability (recurrence or death), which is tailored to the
patients’ condition. In the training set, ten variables form a
nomogram. The specific phases of utilizing the nomogram are as
follows: based on the classification (for instance, marital status is
classified as unmarried, married and unknown) of each
prognostic variable (age, gender, marital status, race, grade,
TNM stage, WHO/ISUP grade and surgery), a vertical line
was drawn at the top of the nomogram on the horizontal axis
labeled “points”. Each prognostic variable was assigned a score at
the site where vertical line crosses the “point” axis. The total
score was the sum of the scores of the ten variables. Drawn a
vertical line on the horizontal axis labeled “Total Score” with the
1-, 3- and 5-year OS as the axis. The intersection of the 1-year OS
axis with the vertical line represents the 1-year OS
rate (Figure 3).

X-tile analysis determines the optimal
cut-off value for age

The correlation between patient age and mortality was
explored by using X-tile software. The plots were generated
through randomly classifying the age as three groups: low,
medium and high. The best dividing point was determined via
black/white circles on the y * axis. It was concluded that the
optimal cut-off values for age based on overall survival (OS) were
determined to be 58 and 76 years. Kaplan-Meier survival curves
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were formulated according to the age subgroups of OS
(Figure 4A); Simultaneously, the best age cut-off depending on
cause-specific survival (CSS) was 51 and 76 years and the
survival curves were drawn for these age subgroups of CSS
using the Kaplan Meier method (Figure 4B).

Discussion

Despite many studies on CCRCC, limited studies have
reported novel findings on age as a prognostic factor for
CCRCC and many studies have reported widely divergent
findings. To our knowledge, no studies have independently
analyzed the prognostic differences between different age
groups of patients with CCRCC using a large database.
Various studies have shown that children and adults show
different features and outcomes of CCRCC. Age is a significant
prognostic factor in patients with CCRCC (10-12). The current
studies have focused on children, adults, or a particular age point
and ignored the differences between age groups (6, 10, 11, 13).
Several studies have shown that younger patients with RCC have
better pathological characteristics and histological subtypes as
well as significantly lower disease-specific mortality than older
patients (13-16). Notably, in the treatment decision-making of
patients with CCRCC, older patients should be provided with
better treatment options and more attention. In contrast to
young people, older patients have worse treatment results,
lower survival rates, and a greater deterioration risk. This is
probably associated with the poor physical activity or underlying
diseases in older patients (6). Many studies have found
differences between young and older people, but no studies
have reported differences between age groups and their impact
on the prognosis of patients with CCRCC (15, 17, 18). Several
studies comparing mortality rates in older and younger cohorts
have found that mortality rates were significantly higher in older
adults than in younger adults. Therefore, it has been
hypothesized that mortality in patients with CCRCC increases
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TABLE 2 Uni- and Multivariate Cox Regression Analysis of OS (n=58372).

Variance

Sex

male

female

Race

white

black

others
unkown

Age

0-30yrs
30-39yrs
40-49yrs
50-59yrs
60-69yrs
70-79yrs
=>80yrs
Marital status
unmarried
married
unknown
Grade

gradel

gradell
gradelll
gradelV
unknown

T stage

Tl

T2

T3

T4

N stage

NO

N1

M stage

Mo

M1

Surgery

No surgery
Local tumor excision
Partial nephrectomy
Complete nephrectomy
WHO/ISUP Grade*
Low grade
High grade

unknown

P value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Univariate analysis

HR*

1.193

0.926

1.524

0.779

1.309

1.745

7.490

8.266

0.793

95% CI*

1.156-1.231

0.902-0.951

1.505-1.544

0.758-0.801

1.309-1.341

1.717-1.773

7.094-7.909

7.962-8.580

0.777-0.809

P value

Reference
<0.001
<0.001

Reference
<0.001
<0.001
<0.001
<0.001

Reference
<0.005
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Reference
<0.001
<0.001
<0.001

Reference

0.486
<0.001
<0.001
<0.001
<0.001

Reference
<0.001
<0.001
<0.001

Reference

<0.001

Reference
<0.001
<0.001

Reference
<0.001
<0.001
<0.001
<0.001

Reference

0.035
<0.001

10.3389/fonc.2022.975779

Multivariate analysis

HR*

1.18

1.131
0.892
0.223

2.006
3.551
4.613
6.575
10.222
15.777

0.752
0.723

1.02
131
2.064
1.167

1.359
1.605
1.945

1.922

3.838

0.406
0.23
0.352

0.782
0.919

*WHO/ISUP indicates World Health organization/International Society of Urological Pathology; HR, hazard ratio; CI, confidence interval.
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95% CI*

1.142-1.219

1.069-1.198
0.839-0.947
0.132-0.377

1.235-3.258

2.229-5.657

2.901-7.333
4.138-10.449
6.432-16.243
9.918-25.095

0.728-0.777
0.665-0.785

0.965-1.079
1.234-1.390
1.919-2.221
1.092-1.248

1.294-1.427
1.540-1.672
1.765-2.143

1.808-2.044

3.663-4.021

0.370-0.446
0.214-0.248
0.331-0.374

0.694-0.881
0.850-0.994
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TABLE 3 Uni- and Multivariate Cox Regression Analysis of CSS (n=58372).

10.3389/fonc.2022.975779

Variance Univariate analysis Multivariate analysis

P value HR* 95% CI* P value HR* 95% CI*
Sex <0.001 1.286 1.230-1.344
male Reference
female <0.005 1.068 1.020-1.119
Race <0.001 0.929 0.896-0.964 <0.005
white Reference
black 0.491 1.030 0.946-1.121
others 0.172 0.945 0.871-1.025
unkown <0.001 0.306 0.159-0.588
Age <0.001 1314 1.291-1.337 <0.001
0-30yrs Reference
30-39yrs 0.013 1.654 1.088-3.083
40-49yrs <0.001 2.677 1.476-4.858
50-59yrs <0.001 3.106 1.716-5.622
60-69yrs <0.001 3.770 2.084-6.820
70-79yrs <0.001 4.831 2.669-8.743
=>80yrs <0.001 6.966 3.842-12.630
Marital status <0.001 0.846 0.814-0.880 <0.001
unmarried Reference
married <0.001 0.840 0.803-0.880
unknown <0.001 0.719 0.636-0.813
Grade <0.001 1.583 1.558-1.609 <0.001
gradel Reference
gradell <0.001 1.188 1.073-1.316
gradelll <0.001 2.005 1.808-2.223
gradelV <0.001 3.371 3.010-3.775
unknown <0.001 1.633 1.461-1.826
T stage <0.001 2.568 2.513-2.625 <0.001
T1 Reference
T2 <0.001 2275 2.128-2.431
T3 <0.001 2.769 2.612-2.935
T4 <0.001 3.273 2.939-3.645
N stage <0.001 12.462 11.738-13.231
NO Reference
N1 <0.001 1.830 1.712-1.957
M stage <0.001 16.874 16.141-17.642
Mo Reference
M1 <0.001 5324 5.036-5.629
Surgery <0.001 0.739 0.720-0.759 <0.001
No surgery Reference
Local tumor excision <0.001 0.296 0.251-0.348
Partial nephrectomy <0.001 0.157 0.141-0.175
Complete nephrectomy <0.001 0.291 0.270-0.315
WHO/ISUP Grade* <0.001 0.584 0.561-0.609 <0.001
Low grade Reference
High grade <0.001 0.770 0.671-0.885
unknown 0.562 0.973 0.888-1.067

* WHO/ISUP indicates World Health organization/International Society of Urological Pathology; HR, hazard ratio; CI, confidence interval.
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Nomogram for forecasting OS and CSS in CCRCC patients. (A) Nomogram forecasting 1-year, 3-year, and 5-year OS in CCRCC patients; (B)
Nomogram forecasting 1-year, 3-year, and 5-year CSS in CCRCC patients.

with age (17, 19). This hypothesis is supported by the outcomes
of our study, revealing an evident increase in both tumor-specific
and all-cause mortality with age in seven different age subgroups
of patients with CCRCC, analyzed using univariate and
multivariate analyses. Therefore, we recommend individualized
treatment for patients with CCRCC to achieve better survival.
The present study included 58,372 patients with CCRCC
from the SEER database. According to our age grouping, we
found that the TNM stage gradually increased with age.
However, patients aged 60-69 years had the highest percentage
of node-positive tumor, gradelll tumors, T4 and MI. The
highest rates of grade IV tumors and T4 were found in
patients aged 50-59 years. Moreover, 51 and 76 years were
used as the cutoff age according to cancer-specific survival
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rates. The results of the survival analysis suggested that
younger age was an independent predictor of CCRCC.

Several studies have suggested a higher stage, smaller size
and lower nuclear grade in older patients aged over 50 years
with RCC (11). A cutoft age of 40 years to categorize young and
older patients with CCRCC. Taccoen et al. observed that age
<40 years is a CCRCC-independent prognostic factor, and the
prognosis is better (12). Aziz et al. discovered a significantly
lower rate of all etiologies, morbidity, and mortality in young
patients aged <40 years with RCC (20). Kang et al. also
discovered that young age was related to good pathological
features, although it was not an independent prognostic factor
for survival in patients with surgically treated RCC.
Nevertheless, the outcomes of Kaplan-Meier analysis
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indicated that the younger group aged <40 years had
significantly better CCS rates than the middle-aged group
aged 40-60 years and older group aged =60 years (13). Kim
et al. found a more favorable histological subtype for young
patients with RCC aged 20-39 years than for those aged 40-79
years (17). Komai et al. have reported that 45 years is the best
critical cutoff age to categorize patients into the older and
younger groups. Although younger patients with RCC have
relapse-free survival rates similar to those of older patients,
they have higher CSS rates (15). Jung et al. reported that young
age was an independent predictor of prognosis according to
multivariate analysis. Moreover, 55 years is a critical cutoff age
for distinguishing between older and young patients with
CCRCC (11). In this study, we evaluated all possible ages
using X-tile plots and selected 51 and 76 years as the cutoff
age based on cancer-specific survival. The younger group had
better overall survival and CSS than the older group.
However, our study has some limitations. First, in the SEER
database, studies utilizing population databases have inherent
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limitations due to heterogeneity in clinical practice at the
participating centers. Second, important treatment information
is missing from the SEER database, such as the use of systemic
therapy, chemotherapy regimens, metastasectomy, dose of
radiation therapy, completeness of surgery, or any other
information related to treatment intensity. In addition,
information on socioeconomic status and other clinical
variables is lacking. The major known risk factors for CCRCC
are hypertension, obesity, and smoking (21-26). Nonetheless,
owing to the lack of associated data in the renal cancer database,
we could not analyze these factors. Third, there may be selection
bias due to the retrospective nature of this analysis. Therefore, a
prospective randomized trial should be designed to test our
study hypothesis and to validate or refute any of the above
explanations for the observed relationship between age and
prognosis in patients with CCRCC. Despite these limitations,
our study was a population-based study in which a large number
of patients with CCRCC were included and the results
were convincing.
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Conclusion

Negative correlation between age and survival of CCRCC
patients was found through SEER database. In other words, the
older the patient was, the lower the survival rate. Discovering
differences in the patients’ prognosis with CCRCC in various age
groups has important implications for clinical treatment.
Therefore, individualized treatment of patients with CCRCC is
imperative. It is unreasonable to distinguish the clear cell renal cell
carcinoma only in accordance with the situation of the children,
adults and elderly, the diagnosis and treatment plan should be
based on more detailed age grouping, which is more beneficial to
improving the prognosis and survival rate of the patients.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: www.seer.cancer.gov.

Author contributions

ZL, HG and ZP designed the study. DW, NS, and YX
contributed to data selection and assembly. ZL, HG, and ZP
analyzed data. ZL and HG were involved in drafting the
manuscript. ZP critically revised the manuscript. All authors
contributed to the article and approved the submitted version.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A, et al. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2018) 68:394-424.
doi: 10.3322/caac.21492

3. Shuch B, Amin A, Armstrong AJ, Eble JN, Ficarra V, Lopez-Beltran A, et al.
Understanding pathologic variants of renal cell carcinoma: distilling therapeutic
opportunities from biologic complexity. Eur Urol (2015) 67:85-97. doi: 10.1016/
j.eururo.2014.04.029

4. Meehan B, Appu S, St Croix B, Rak-Poznanska K, Klotz L, Rak J, et al. Age-
related properties of the tumour vasculature in renal cell carcinoma. BJU Int (2011)
107:416-24. doi: 10.1111/j.1464-410X.2010.09569.x

5. Takada S, Namiki M, Takahara S, Matsumiya K, Kondoh N, Kokado Y, et al.
Serum HGF levels in acute renal rejection after living related renal transplantation.
Transplant Int (1996) 9:151-4. doi: 10.1007/BF00336393

6. Tang F, Lu Z, He C, Zhang H, Wu W, He Z. 53 years old is a reasonable cut-
off value to define young and old patients in clear cell renal cell carcinoma: a study
based on TCGA and SEER database. BMC Cancer (2021) 21(1):638. doi: 10.1186/
512885-021-08376-5

7. Cohen HT, McGovern FJ. Renal-cell carcinoma. N Engl ] Med (2005) 353
(23):2477-90. doi: 10.1056/NEJMra043172

8. Yusim I, Mermershtain W, Neulander E, Eidelberg I, Gusakova I, Kaneti J,
et al. Influence of age on the prognosis of patients with renal cell carcinoma (RCC).
Onkologie (2002) 25(6):548-50. doi: 10.1159/000068626

Frontiers in Oncology

10

10.3389/fonc.2022.975779

Conflict of Interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.975779/full#supplementary-material

SUPPLEMENTARY FIGURE 1
Kaplan-Meier curves for OS according to age for (A) grade; (B) T stage;
(C) N stage; (D) M stage; (E) surgery

SUPPLEMENTARY FIGURE 2
Kaplan-Meier curves for CSS according to age for (A) grade; (B) T stage;
(C) N stage; (D) M stage; (E) surgery

9. Al-Janabi O, Wach S, Nolte E, Weigelt K, Rau TT, Stohr C, et al. Piwi-like 1
and 4 gene transcript levels are associated with clinicopathological parameters in
renal cell carcinomas. Biochim Biophys Acta (2014) 1842(6):686-90. doi: 10.1016/
j.bbadis.2014.01.014

10. Thoroddsen A, Einarsson GV, Hardarson S, Petursdottir V, Magnusson J,
Jonsson E, et al. Renal cell carcinoma in young compared to older patients:
comparison of clinicopathological risk factors and survival. Scand ] Urol Nephrol
(2008) 42(2):121-5. doi: 10.1080/00365590701571555

11. Jung EJ, Lee HJ, Kwak C, Ku JH, Moon KC. Young age is independent
prognostic factor for cancer-specific survival of low-stage clear cell renal cell
carcinoma. Urology (2009) 73(1):137-41. doi: 10.1016/j.urology.2008.08.460

12. Taccoen X, Valeri A, Descotes JL, Morin V, Stindel E, Doucet L, et al. Renal cell
carcinoma in adults 40 years old or less: young age is an independent prognostic factor for
cancer-specific survival. Eur Urol (2007) 51(4):980-7. doi: 10.1016/j.eururo.2006.10.025

13. Kang HW, Seo SP, Kim WT, Yun SJ, Lee SC, Kim W], et al. Impact of young
age at diagnosis on survival in patients with surgically treated renal cell carcinoma:
a multicenter study. /] Korean Med Sci (2016) 31(12):1976-82. doi: 10.3346/
jkms.2016.31.12.1976

14. Hupe MC, Merseburger AS, Lokeshwar VB, Eggers H, Rott H, Wegener G,
et al. Age-an independent prognostic factor of clinical outcome in renal
malignancies: results of a large study over two decades. World ] Urol (2014) 32
(1):115-21. doi: 10.1007/s00345-013-1164-6

15. Komai Y, Fujii Y, limura Y, Tatokoro M, Saito K, Otsuka Y, et al. Young age
as favorable prognostic factor for cancer-specific survival in localized renal cell
carcinoma. Urology (2011) 77(4):842-7. doi: 10.1016/j.urology.2010.09.062

16. Karakiewicz PI, Jeldres C, Suardi N, Hutterer GC, Perrotte P, Capitanio U,
et al. Age at diagnosis is a determinant factor of renal cell carcinoma-specific

frontiersin.org


http://www.seer.cancer.gov
https://www.frontiersin.org/articles/10.3389/fonc.2022.975779/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.975779/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.eururo.2014.04.029
https://doi.org/10.1016/j.eururo.2014.04.029
https://doi.org/10.1111/j.1464-410X.2010.09569.x
https://doi.org/10.1007/BF00336393
https://doi.org/10.1186/s12885-021-08376-5
https://doi.org/10.1186/s12885-021-08376-5
https://doi.org/10.1056/NEJMra043172
https://doi.org/10.1159/000068626
https://doi.org/10.1016/j.bbadis.2014.01.014
https://doi.org/10.1016/j.bbadis.2014.01.014
https://doi.org/10.1080/00365590701571555
https://doi.org/10.1016/j.urology.2008.08.460
https://doi.org/10.1016/j.eururo.2006.10.025
https://doi.org/10.3346/jkms.2016.31.12.1976
https://doi.org/10.3346/jkms.2016.31.12.1976
https://doi.org/10.1007/s00345-013-1164-6
https://doi.org/10.1016/j.urology.2010.09.062
https://doi.org/10.3389/fonc.2022.975779
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liao et al.

survival in patients treated with nephrectomy. Can Urol Assoc J (2008) 2(6):610-7.
doi: 10.5489/cuaj.978

17. Kim JH, Park YH, Kim YJ, Kang SH, Byun SS, Hong SH, et al. Is there a
difference in clinicopathological outcomes of renal tumor between young and old
patients? a multicenter matched-pair analysis. Scand J Urol (2016) 50(5):387-91.
doi: 10.1080/21681805.2016.1204621

18. Cai M, Wei J, Zhang Z, Zhao H, Qiu Y, Fang Y, et al. Impact of age on the
cancer-specific survival of patients with localized renal cell carcinoma: martingale
residual and competing risks analysis. PloS One (2012) 7(10):e48489. doi: 10.1371/
journal.pone.0048489

19. Panian J, Lin X, Simantov R, Derweesh I, Choueiri TK, McKay RR, et al. The
impact of age and gender on outcomes of patients with advanced renal cell
carcinoma treated with targeted therapy. Clin Genitourin Cancer (2020) 18(5):
€598-609. doi: 10.1016/j.clgc.2020.03.010

20. Aziz A, May M, Zigeuner R, Pichler M, Chromecki T, Cindolo L, et al. Do
young patients with renal cell carcinoma feature a distinct outcome after surgery? a
comparative analysis of patient age based on the multinational CORONA database.
J Urol (2014) 191(2):310-5. doi: 10.1016/j.juro.2013.08.021

Frontiers in Oncology

11

10.3389/fonc.2022.975779

21. Kroeger N, Klatte T, Birkhauser FD, Rampersaud EN, Seligson DB,
Zomorodian N, et al. Smoking negatively impacts renal cell carcinoma overall and
cancer-specific survival. Cancer (2012) 118(7):1795-802. doi: 10.1002/cncr.26453

22. Patel NH, Attwood KM, Hanzly M, Creighton TT, Mehedint DC, Schwaab T, et al.
Comparative analysis of smoking as a risk factor among renal cell carcinoma histological
subtypes. J Urol (2015) 194(3):640-6. doi: 10.1016/j,juro.2015.03.125

23. Golabek T, Bukowczan J, Szopinski T, Chlosta P, Lipczynski W, Dobruch J,
et al. Obesity and renal cancer incidence and mortality-a systematic review of
prospective cohort studies. Ann Agric Environ Med (2016) 23(1):37-43.
doi: 10.5604/12321966.1196850

24. Park J, Morley TS, Kim M, Clegg DJ, Scherer PE. Obesity and cancer—
mechanisms underlying tumour progression and recurrence. Nat Rev Endocrinol
(2014) 10(8):455-65. doi: 10.1038/nrendo.2014.94

25. Chow WH, Dong LM, Devesa SS. Epidemiology and risk factors for kidney
cancer. Nat Rev Urol (2010) 7(5):245-57. doi: 10.1038/nrurol.2010.46

26. Colt ]S, Schwartz K, Graubard BI, Davis F, Ruterbusch J, DiGaetano R, et al.
Hypertension and risk of renal cell carcinoma among white and black americans.
Epidemiology (2011) 22(6):797-804. doi: 10.1097/EDE.0b013e3182300720

frontiersin.org


https://doi.org/10.5489/cuaj.978
https://doi.org/10.1080/21681805.2016.1204621
https://doi.org/10.1371/journal.pone.0048489
https://doi.org/10.1371/journal.pone.0048489
https://doi.org/10.1016/j.clgc.2020.03.010
https://doi.org/10.1016/j.juro.2013.08.021
https://doi.org/10.1002/cncr.26453
https://doi.org/10.1016/j.juro.2015.03.125
https://doi.org/10.5604/12321966.1196850
https://doi.org/10.1038/nrendo.2014.94
https://doi.org/10.1038/nrurol.2010.46
https://doi.org/10.1097/EDE.0b013e3182300720
https://doi.org/10.3389/fonc.2022.975779
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Prognosis of clear cell renal cell carcinoma patients stratified by age: A research relied on SEER database
	Introduction
	Materials and methods
	Variables and results
	Statistical method

	Results
	Baseline characteristics of the patients
	Influence of age on cancer special survival and overall survival
	Nomogram for forecasting OS and CSS in CCRCC patients
	X-tile analysis determines the optimal cut-off value for age

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


