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ABSTRACT

This study compared the clinicopathological characteristics and survival of patients with metastatic renal cell
carcinoma (mRCC) stratified by age to identify clinical features and prognostic factors. Patients with renal cell
carcinoma (RCC) between 2010 and 2015 were identified from the Surveillance, Epidemiology and End Results
database. Age was an independent prognostic factor for patients with RCC, mRCC, mRCC of clear cell renal cell
carcinoma and lung-related metastases. There were many significant differences between the younger and
older groups, including differences in marital status, race, sex, year of diagnosis, histology grade, laterality, T
stage, N stage, tumor size, type of treatment, including surgery, radiation or chemotherapy, and pattern of
organic metastasis to the liver, lung, or brain (P<0.05). Moreover, different natural metastasis patterns and
poorer overall survival were observed in the older group compared with the younger group (P<0.05).
Parameters, including marital status, sex, year of diagnosis, histological grade, N stage, surgery, chemotherapy,
lung metastasis and liver metastasis, were independent prognostic factors for elderly patients (P<0.05). Age
plays a significant role in mRCC, and elderly patients with mRCC are a special group of individuals whose clinical
characteristics and prognostic factors are different from those of younger patients; therefore, these patients
require special attention.

INTRODUCTION

Renal cell carcinoma (RCC) is a common urological
malignancy with an increasing incidence in many areas
[1-4], accounting for the twelfth most common cancer,
with 337,860 cases recorded in 2012. Additionally, the
incidence has been estimated to have increased by 22%
to date [5]. Although advances in diagnostic techniques
and surgical techniques have enabled earlier resection of
early stage RCC, an increasing number of patients have

distant metastases at the initial diagnosis, especially
elderly patients [1, 3]. As the patient age increases, SO
does the risk of metastasis from RCC. Therefore, elderly
patients with metastatic renal cell carcinoma (mRCC)
are increasingly common and deserve attention.

Several studies have shown that tumors in elderly
patients are unique, and the high proportion of tumors
among elderly patients warrants further investigation of
diagnostic and treatment practices [1, 3]. It is challenging
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to establish interdisciplinary collaborations to manage
RCC in elderly patients and deliver the best possible care
in the future [1]. Moreover, clinical characteristics and
metastatic patterns have been indicated to be closely
related to the prognosis of RCC [6-9]. Thus, accurately
understanding the characteristics of patients with mRCC
could help medical oncologists predict prognosis and
provide treatment decisions. The present study explored
the clinicopathological features and prognostic factors of
patients with mRCC stratified by age.

RESULTS
Characteristics of patients with mRCC

In total, 10,853 (13.7%) MRCC patients were selected
among 79,063 patients with RCC. To better understand
the metastasis patterns of RCC, we first compared the
differences between patients with metastatic and
nonmetastatic RCC (Supplementary Table 1). The
results indicated that mRCC patients tended to be older,
unmarried, white, and male and had a larger tumor size,
higher grade, higher T stage and N stage, lower chance
of undergoing radical nephrectomy or other operations
and greater chance of receiving treatment, such as
radiation and chemotherapy (P<0.001, Supplementary
Table 1). Therefore, there were significant differences
between the elderly patients and younger patients. We
then used X-tile software to divide the patients by age
into three groups (Figure 1). There were 49,801
diagnosed RCC patients <67 years old, and they were
classified as the younger group; 29,262 (68-80 years old)
patients were classified as the middle-aged group, and
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6,492 patients were included in the older group (>80
years old). Moreover, among the total population of
10,853 mRCC patients, 6,131 (56.4%) were in the
younger group, 3,255 (30.0%) were in the middle-aged
group, and 1,467 (13.5%) were in the older group (>80
years old). The younger group had the lowest metastasis
rate of 12.3% (6,131/49,801), the middle-aged group had
a rate of 11.1% (3,255/29,262), and the older group had
the highest metastasis rate of 22.6% (1,467/6,492).

Clear cell RCC was found to be the most common
histological type (42,702). However, 16,990 (21.5%)
patients had no definite histological diagnosis. If these
patients were not counted, then the proportion of clear
cell RCC was 68.8% (42,702/62,032). The tumor size
was also divided into three groups using X-tile software
(Supplementary Figure 1). The lung was the most
common metastatic site (6,589, 60.7%), followed by
bone (4,233, 39%), liver (2,339, 21.6%), and brain
(1,182, 10.9%). Of the 10,853 mRCC patients, mortality
occurred in 9,014 (83.1% of 10,853) patients by the end
of the follow-up period.

We then performed a univariate analysis of the patients
with mRCC to identify significant variables associated
with survival (Supplementary Table 2). Our data
showed that marital status, age, race, sex, year of
diagnosis, histological grade, T stage, N stage, surgery,
chemotherapy, metastasis site (lung, bone, liver or brain),
and tumor size were prognostic factors for OS (P<0.05).
Multivariate Cox regression analysis revealed that marital
status, age, year of diagnosis, histological grade, T stage,
N stage, metastasis site (lung, bone, liver, or brain),
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Figure 1. Estimation of the cutoff values for age stratification, as determined by X-tile software.

WWWw.aging-us.com

8291

AGING



surgical resection, chemotherapy, and tumor size were
independent prognostic factors (Supplementary Table 2,
P<0.05). Therefore, age was significantly associated with
the OS of patients with mRCC and is an independent
prognostic factor for mRCC.

Multivariate analysis of factors affecting OS in
MRCC patients with clear cell RCC

Regarding the histological types of mRCC, clear cell RCC
(4,229 cases) was the most common type. It has been
indicated that histological subtypes follow distinct clinical
courses and have varying treatment responses [10]. We
then performed a multivariate analysis of the mRCC
patients with clear cell RCC to identify significant factors
associated with survival (Supplementary Table 3). Our
data showed that marital status, sex, year of diagnosis,
histological grade, N stage, surgery, chemotherapy,
metastasis site (lung, bone, liver, and brain), and tumor
size were independent prognostic factors, similar to the
factors for mRCC (P <0.05, Supplementary Table 3).
Most importantly, age was also an independent prognostic
factor for patients with metastatic clear cell RCC.

Multivariate analysis of factors affecting OS rates in
patients with lung-related metastases

Since the lung was the most common metastatic site for
mRCC, we further performed Cox regression analysis to
identify significant factors associated with survival for
mRCC patients with lung-related metastases. Our data
revealed that marital status, year of diagnosis,
histological grade, T stage, N stage, metastasis site (lung,
bone brain or liver), surgical resection, chemotherapy,
and tumor size were independent prognostic factors,
similar to the factors for mMRCC (P<0.05, Supplementary
Table 4). Above all, age was also an independent
prognostic factor for mMRCC patients with lung-related
metastases.

Analysis of patients with mRCC stratified by age

Since age was an independent prognostic factor for
patients with RCC, mRCC, mRCC of clear cell RCC
and lung-related metastases, age plays a significant role
in mMRCC. To better understand the role of age in
mRCC, we performed a further study of patients with
mRCC stratified by age by comparing the clinical
features of different age groups. Compared with the
younger group, the older group showed many
significant differences, including differences in marital
status, race, sex, year of diagnosis, histology grade,
literality, T stage, N stage, tumor size, type of treatment,
including surgery, radiation or chemotherapy, and
organic metastasis pattern to the liver, lung, or brain
(P<0.05, Table 1).

To explore the natural metastasis patterns among mRCC
patients stratified by age, we identified 9,581 patients
with certain metastatic sites (lung, bone, brain, and bone).
Regarding the observation of metastatic sites in these
RCC patients, a single lung metastasis was the most
common, followed by metastasis to the bone, liver, and
brain, in all age groups. In patients with multiple
metastatic sites, lung-related metastases occurred most in
the lung + bone, followed by lung + liver, in all age
groups (P<0.05, Table 2). The comparison of different
age groups showed that with increasing age, single
metastases and certain combinations of two sites of
metastasis (bone and brain, bone, and liver) occurred less
frequently; in contrast, other combinations of two sites of
metastases and almost all combinations of three sites of
metastases showed an increasing trend with age (P<0.05,
Table 2).

Multivariate Cox regression analysis of mRCC among
different age groups revealed that several parameters,
such as being unmarried, having a higher grade or N
stage, and having metastasis (lung or brain), were
associated with poorer OS in all age groups, while
surgical resection or chemotherapy was associated with
better OS (P<0.05, Table 3). Unlike other age groups, in
the older group, being unmarried and male were related to
poor OS (Table 3). Kaplan-Meier analysis was performed
to compare the OS rates of patients with RCC and a single
metastatic site in different age groups. The results showed
that in all age groups, patients with metastasis to the lung
or bone tended to have better OS, and those with
metastasis to the liver had poorer OS (Figure 2).
Moreover, Kaplan-Meier analysis for those with two
metastatic sites indicated that patients with metastasis to
the lung + bone and bone + brain had better OS than those
with metastasis to the brain + liver (P<0.05, Figure 3).

DISCUSSION

The incidence of RCC has increased rapidly, and its
prognosis is inversely associated with metastasis [8]. Our
data show that approximately 13.7% (10,853/79,060) of
patients with RCC have visceral metastases. It has been
reported that approximately 15-18% of patients present
with mRCC at diagnosis, which is similar to our data [11,
12]. In addition, up to 40% of patients eventually develop
metastatic disease during follow-up [11, 12]. With the
increasing aging population, the population of patients
with mRCC is also increasing, which is supported by the
present study. Our data show that the older group had the
highest metastasis rate of 22.6%, which is drastically
higher than that in the younger group (12.3%) and the
middle-aged group (11.1%).

Distant metastases occur most often in the lungs
(60-75%), liver (19-40%), bone (39-40%), and brain
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Table 1. Clinical characteristics of renal cell carcinoma with distant metastasis among different age group.

Total Percentage Age<67 years Percentage 68-80 years Percentage Age>82years Percentage P-value
10853 100.00% 6131 100.00% 3255 100.00% 1467 100.00%
Marital status Married 6067 55.90% 3490 56.90% 1960 60.20% 617 42.10%  <0.001
Unmarried 4339 40.00% 2376 38.80% 1173 36.00% 790 53.90%
Unknown 447 4.10% 265 4.30% 122 3.70% 60 4.10%
Race White 8938 82.40% 4903 80.00% 2765 84.90% 1270 86.60%  <0.001
Black 1137 10.50% 756 12.30% 279 8.60% 102 7.00%
Other 778 7.20% 472 7.70% 211 6.50% 95 6.50%
Sex Male 7358 67.80% 4400 71.80% 2129 65.40% 829 56.50%  <0.001
Female 3495 32.20% 1731 28.20% 1126 34.60% 638 43.50%
Year of diagnosis 2010-2012 5166 47.60% 2985 48.70% 1490 45.80% 691 47.10% 0.025
2013-2015 5687 52.40% 3146 51.30% 1765 54.20% 776 52.90%
Histological grade I-IT 1045 9.60% 644 10.50% 329 10.10% 72 4.90% <0.001
1I-1v 3384 31.20% 2292 37.40% 895 27.50% 197 13.40%
Unknown 6424 59.20% 3195 52.10% 2031 62.40% 1198 81.70%
Laterality Left 5285 48.70% 3045 49.70% 1556 47.80% 684 46.60%  <0.001
Right 5003 46.10% 2833 46.20% 1505 46.20% 665 45.30%
Other 565 5.20% 253 4.10% 194 6.00% 118 8.00%
T <T1 2081 19.20% 988 16.10% 692 21.30% 401 2730%  <0.001
T2 1740 16.00% 1046 17.10% 489 15.00% 205 14.00%
T3 3505 32.30% 2251 36.70% 999 30.70% 255 17.40%
T4 1388 12.80% 843 13.70% 388 11.90% 157 10.70%
TX 2139 19.70% 1003 16.40% 687 21.10% 449 30.60%
N NO 6034 55.60% 3362 54.80% 1863 57.20% 809 55.10%  <0.001
N1 3364 31.00% 2059 33.60% 914 28.10% 391 26.70%
NX 1455 13.40% 710 11.60% 478 14.70% 267 18.20%
Tumor size <45mm 1569 14.50% 734 12.00% 534 16.40% 301 20.50%  <0.001
46-80mm 3090 28.50% 1582 25.80% 1027 31.60% 481 32.80%
> 80mm 4800 44.20% 3182 51.90% 1247 38.30% 371 25.30%
Unknown 1394 12.80% 633 10.30% 447 13.70% 314 21.40%
Surgery No/Unknown 7086 65.30% 3474 56.70% 2288 70.30% 1324 90.30%  <0.001
Radical nephrectomy 2997 27.60% 2136 34.80% 758 23.30% 103 7.00%
Other operation 770 7.10% 521 8.50% 209 6.40% 40 2.70%
Radiation No/Unknown 7950 73.30% 4236 69.10% 2463 75.70% 1251 85.30%  <0.001
Yes 2903 26.70% 1895 30.90% 792 24.30% 216 14.70%
Chemotherapy No/Unknown 5699 52.50% 2714 44.30% 1811 55.60% 1174 80.00%  <0.001
Yes 5154 47.50% 3417 55.70% 1444 44.40% 293 20.00%
Metastasis at bone No 6620 61.00% 3684 60.10% 2019 62.00% 917 62.50% 0.082
Yes 4233 39.00% 2447 39.90% 1236 38.00% 550 37.50%
Metastasis at brain No 9671 89.10% 5318 86.70% 2969 91.20% 1384 94.30%  <0.001
Yes 1182 10.90% 813 13.30% 286 8.80% 83 5.70%
Metastasis at liver No 8514 78.40% 4830 78.80% 2559 78.60% 1125 76.70% 0.207
Yes 2339 21.60% 1301 21.20% 696 21.40% 342 23.30%
Metastasis at lung No 4264 39.30% 2303 37.60% 1320 40.60% 641 43.70%  <0.001
Yes 6589 60.70% 3828 62.40% 1935 59.40% 826 56.30%

(5-7%) [13]. The current study found a similar result:
lung metastasis was the most common (60.7%), followed
by metastasis to the bone (39%), liver (21.6%), and brain
(10.9%). Furthermore, in cases of mMRCC with multiple
metastatic sites, lung-related metastases occurred most in
the lung + bone. This trend was similar in all age groups.
The reason for the observed high incidence of RCC
metastasis to the lung could be attributed to the immune

landscape reshaped by cancer cells through the secretion
of cytokines or chemokines, which trigger neutrophil-
dependent lung metastasis [14]. The “seed and soil
hypothesis” may also partly explain the phenomenon of
different metastasis sites and patterns of metastasis [15].
Our study shows that patients with lung metastasis tended
to have better OS than patients with other sites of
metastases or multiple metastatic sites. RCC usually
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Table 2. Comparison of organ metastasis patterns stratified by age patients with metastatic renal cell carcinoma.

Parameter <67 years Percentage 68-80 years Percentage >80 years Percentage P-value
n=5620 100.0% n=2808 100.0% n=1153 100.0%
Lung metastasis only 1923 34.2% 943 33.6% 379 32.9% 0.631
bone metastasis only 1278 22.7% 398 14.2% 79 6.9% <0.001
Brain metastasis only 152 2.7% 72 2.6% 18 1.6% 0.078
Liver metastasis only 384 6.8% 168 6.0% 53 4.6% 0.012
Lung and brain 171 3.0% 121 4.3% 86 7.5% <0.001
Lung and bone 644 11.5% 449 16.0% 190 16.5% <0.001
Bone and brain 85 1.5% 12 0.4% 4 0.3% <0.001
Bone and liver 176 3.1% 59 2.1% 20 1.7% 0.002
Lung and liver 333 5.9% 260 9.3% 169 14.7% <0.001
Brain and liver 7 0.1% 13 0.5% 4 0.3% 0.011
Lung, bone and brain 110 2.0% 88 3.1% 40 3.5% <0.001
Lung, bone and liver 250 4.4% 157 5.6% 87 7.5% <0.001
Lung, brain and liver 42 0.7% 26 0.9% 24 2.1% <0.001
Bone, brain, and liver 10 0.2% 0 0.0% 0 0.0% 0.029
Lung, bone, brain, and liver 55 1.0% 42 1.5% 0 0.0% <0.001
Table 3. Multivariate Cox regression analysis of overall survival (OS) rates of the metastasis by age groups.
< 67 years 68-80 years > 80 years
HRs (95% CI) P-value HRs (95% CI) P-value HRs (95% CI) P-value
Marital status Married 1 (Ref) 1 (Ref) 1 (Ref)
Unmarried 1.10 (1.03-1.16) 0.003 1.07 (0.99-1.17) 0.092 1.17 (1.04-1.32) 0.010
Unknown 0.79 (0.68-0.92) 0.002 1.20 (0.98-1.47) 0.074 0.88 (0.67 -1.17) 0.386
Race White 1 (Ref) 1 (Ref) 1 (Ref)
Black 1.08 (0.99-1.18) 0.090 0.96 (0.84-1.10) 0.602 0.96 (0.78-1.19) 0.723
Other 0.91 (0.81-1.01) 0.073 0.96 (0.82-1.12) 0.616 1.05 (0.84-1.31) 0.654
Sex Male 1 (Ref) 1 (Ref) 1 (Ref)
Female 0.99 (0.93-1.06) 0.842 1.12 (1.03-1.21) 0.009 0.88 (0.78-0.99) 0.032
Year of diagnosis 2010-2012 1 (Ref) 1 (Ref) 1 (Ref)
2013-2015 0.91 (0.86-0.97) 0.002 0.95 (0.88-1.03) 0.193 0.98 (0.88-1.09) 0.726
Histological grade I-II 1 (Ref) 1 (Ref) 1 (Ref)
1-1v 1.54 (1.37-1.73) <0.001 1.31(1.13-1.52) <0.001 1.42 (1.04-1.93) 0.026
Unknown 1.30 (1.15-1.45) <0.001 1.21 (1.05-1.41) 0.010 1.26 (0.95-1.66) 0.107
Laterality Left 1 (Ref) 1 (Ref) 1 (Ref)
Right 0.97 (0.92 -1.03) 0.302 0.97 (0.90-1.05) 0.454 1.03 (0.92-1.15) 0.575
Unknown 0.96 (0.82-1.12) 0.582 0.89 (0.75-1.06) 0.192 1.06 (0.84-1.32) 0.636
T <T1 1 (Ref) 1 (Ref) 1 (Ref)
T2 1.07 (0.95-1.21) 0.278 0.97 (0.83-1.13) 0.670 1.08 (0.86-1.34) 0.513
T3 1.14 (1.02-1.27) 0.021 1.11 (0.97-1.27) 0.125 1.16 (0.96-1.41) 0.130
T4 1.31(1.16-1.48) <0.001 1.24 (1.06-1.44) 0.008 1.10 (0.88-1.37) 0.406
X 1.13 (0.99-1.28) 0.062 1.00 (0.87-1.15) 0.986 1.09 (0.91-1.30) 0.363
N NO 1 (Ref) 1 (Ref) 1 (Ref)
N1 1.51 (1.41-1.61) <0.001 1.46 (1.33-1.59) <0.001 1.22 (1.07-1.39) 0.002
NX 1.11 (1.01-1.23) 0.038 1.17 (1.04-1.32) 0.007 1.07 (0.91-1.26) 0.385
Surgery No/Unknown 1 (Ref) 1 (Ref) 1 (Ref)
Radical nephrectomy 0.41 (0.38-0.45) <0.001 043 (0.37-0.48)  <0.001  0.43 (0.32-0.57) <0.001
Other operation 0.40 (0.35-0.45) <0.001 0.41(0.34-0.49)  <0.001 0.44 (0.31-0.63) <0.001
Radiation No/Unknown 1 (Ref) 1 (Ref) 1 (Ref)
Yes 1.02 (0.95-1.10) 0.576 0.94 (0.84-1.04) 0.226 0.95 (0.80-1.12) 0.534
Chemotherapy No/Unknown 1 (Ref) 1 (Ref) 1 (Ref)
Yes 0.67 (0.64-0.72) <0.001 0.59 (0.54-0.64)  <0.001 0.59 (0.51-0.68) <0.001
www.aging-us.com 8294 AGING



Metastasis at bone No 1 (Ref) 1 (Ref) 1 (Ref)
Yes 1.22 (1.15-1.31) <0.001 1.35(1.23-1.48) <0.001 1.12 (0.99-1.27) 0.072
Metastasis at brain No 1 (Ref) 1 (Ref) 1 (Ref)
Yes 1.41 (1.29-1.55) <0.001 1.44 (1.26-1.65) <0.001 1.22 (0.97-1.54) 0.092
Metastasis at liver No 1 (Ref) 1 (Ref) 1 (Ref)
Yes 1.41 (1.32-1.52) <0.001 1.51 (1.37-1.65) <0.001 1.30 (1.14-1.48) <0.001
Metastasis at lung No 1 (Ref) 1 (Ref) 1 (Ref)
Yes 1.39 (1.31-1.48) <0.001 1.27 (1.17-1.38) <0.001 1.20 (1.07-1.35) 0.002
Tumor size <45mm 1 (Ref) 1 (Ref) 1 (Ref)
46-80mm 0.99 (0.89-1.10) 0.822 1.21 (1.07-1.37) 0.003 1.05 (0.89-1.23) 0.582
> 80mm 1.11 (0.99-1.25) 0.065 1.24 (1.08-1.43) 0.003 1.18 (0.96-1.45) 0.116
Unknown 1.00 (0.87-1.15) 0.992 1.30 (1.10-1.54) 0.002 1.00 (0.81-1.23) 0.999
Abbreviations: HR=Hazard ratio; Cl=confidence interval.
metastasizes through the bloodstream, and the lung is the tumor that is capable of subsequent invasion and
first organ to be affected. Cancer cells spreading from the metastasis. This may account for this poor prognosis of
bloodstream to other organs, such as the bone, brain, or patients with metastasis to these organs, especially those
liver, represent a more advanced stage of cancer or a with multiple sites of metastases. Our study indicates that
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Figure 2. Comparison of overall survival rates among patients with renal cell carcinoma and a single metastatic site in

different age groups.
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age is an independent prognostic factor for patients with
RCC, mRCC, mRCC of clear cell RCC and lung-related
metastases. Consequently, to further investigate the role
of age in mRCC, we selected the cutoff value through X-
tile software. The ages of 80 and 67 years were chosen as
the optimal values, and patients aged younger than 67
years showed the best prognosis.

We first focused on the demographic data. Our results
showed that patients in the older group were more likely
to be unmarried, which may be because elderly patients
have a greater chance of losing their mate. In addition,
the proportion of patients between 68 and 80 years old
who were married was the highest (1,960/3,255, 60.2%)
among all age groups, while the proportion of married
patients above 80 years old was sharply reduced
(617/1,467, 42.1%), which may be attributed to the
higher death rate of spouses in this age range. Further
prognostic analysis indicated that marriage is a favorable
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prognostic factor for mRCC patients above 80 years old,
which agrees with many previous studies [16-18]. The
results indicate that elderly people who lack care from a
marriage partner have a poor prognosis. Therefore,
elderly patients who do not have spouses should be
given more attention. Moreover, the present study
indicated that the proportion of whites increased
with age, which may be attributed to the fact that
white patients are more likely to have a longer life
span, possibly because white patients tend to have
more access to medical services [19, 20]. In addition,
although our study showed that men comprised the
majority, the proportion of women increased with age,
which may be because females tend to pay more
attention to their health and make greater use of
healthcare services than males [21, 22]. The survival
analysis of this study further demonstrated that being
female was independent prognostic factor for elderly
patients with mRCC.
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Figure 3. Comparison of overall survival rates among patients with renal cell carcinoma and two metastatic sites in different

age groups.
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Regarding clinicopathological data, our results suggested
that patients in the older group had more T1 stage
disease, less N1 stage disease, a smaller tumor size, and
a lower chance for metastasis to the lung and brain than
patients in the younger group, but they had a higher
chance of developing liver metastases. This result can be
attributed to the frequent routine check-ups of elderly
patients, which can allow for the diagnosis of disease at
an early stage. Moreover, prognostic factor analysis
suggested that patients with N1 stage disease or with
metastasis to the liver tended to have a poorer prognosis,
which may further support the suggestion that older
patients have a poorer prognosis. These results are in
agreement with age-stratified analyses of other cancers
[23-25].

Data on treatment indicated that the elderly have a
lower chance of receiving treatments, such as surgery,
radiation, and chemotherapy. To date, the treatment
selected for RCC, including surgery, chemotherapy or
radiotherapy, depends on the stage of the disease;
however, age should also be taken into account [6-8,
11, 26, 27]. Further analysis indicated that surgery and
chemotherapy were independent prognostic factors for
elderly patients, which is in agreement with previous
studies of other cancers [23-25]. Moreover, treatments,
such as surgery or chemotherapy, have already been
proven to be prognostic factors for renal cancer [6, 7,
11, 28]. Regarding other clinical characteristics, such as
the year of diagnosis and laterality, although there were
significant differences between the elderly group and
the two younger groups, there was no trend of change
with age. We can conclude that there is a difference
between elderly and younger patients, but we cannot
judge the relationship of this difference between the
trend of change and age.

According to our results, elderly patients with mRCC
are a special group of individuals whose clinical
characteristics and prognostic factors are different from
those of patients in other age groups. Therefore, more
individualized attention should be paid to elderly mRCC
patients to improve their survival rate and quality of life.
However, our research does have some limitations. First,
due to the retrospective nature of the present analysis,
selection bias may have been present. Second, we were
unable to collect detailed data on systematic treatment or
other variables related to treatment regimens, such as
quantity and exact location, from the SEER database.
Thus, we could not evaluate the contribution of these
factors or their survival benefits. Third, the SEER
database started providing data about the location of
distant metastasis in 2010, and the most recent data about
tumor size were from 2015. Therefore, only patients from
2010 to 2015 were involved. Despite the stated
limitations, our study is a population-based study that

included a large number of MRCC patients, and the
results are convincing.

CONCLUSIONS

Age plays a significant role in mRCC, and elderly
patients with mRCC are a special group of individuals
whose clinical characteristics and prognostic factors are
different from those of younger patients. These patients
therefore require special attention.

MATERIALS AND METHODS
Patient cohort

The data examined in our study were retrieved from the
Surveillance Epidemiology and End Results (SEER)
database. In this study, we utilized SEER* Stat 8.3.5
software to query data from 18 SEER registries. In total,
85,381 patients were identified with a primary site of
‘kidney’ between January 1, 2010 and December 31,
2015, and 11,490 patients were considered to have
American Joint Committee on Cancer (AJCC) (7%
edition) stage IV disease [29]. After excluding patients
with unknown sites of cancer metastasis, an unknown
age or race, or who lacked survival data, 79,063 patients
remained (10,853 with stage IV disease). As a publicly
available database, the SEER database contains
deidentified data; therefore, this study did not need
approval from the institutional review board.

Data collection

The following information was collected from each
patient: marital status, age, race, sex, year of diagnosis,
primary site of the tumor, T stage, N stage, M stage,
surgical resection of the primary tumor, chemotherapy
recode, tumor size, survival time, and vital status. Overall
survival (OS) was defined as the time between diagnosis
and death from any cause. Detailed information on
systematic treatment is not available in the SEER
database. Histological subtypes of mMRCC in the
following statistical analyses are based on the third
edition 1ICD-0O-3 codes. Clear cell renal cell carcinoma
(8310/3) was the most common type in the SEER
database, and a separate statistical analysis will be
performed for this subtype.

Statistical analyses

X-tile software v3.6.1 (Yale University, New Haven,
CT, USA) was utilized to determine the optimal cutoff
values for age [30]. Clinical and demographic features
were compared with the chi-square test. The Kaplan-
Meier method with the log-rank test was used to assess
0OS. A Cox proportional hazards model was applied for
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multivariable survival analysis of OS. The hazards ratio
(HR) and 95% confidence interval (95% CI) were also
generated for statistically significant variables. P<0.05
was considered statistically significant. IBM SPSS
Statistics 25.0 (IBM, Armonk, NY, USA) was applied
for all statistical analyses.

Ethical approval

This article does not contain any studies with human
participants or animals performed by any of the authors.

AUTHOR CONTRIBUTIONS

All authors contributed in a manuscript as well as figure
preparation are thoroughly familiar with its present
version and can defend its content and conclusions.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
FUNDING

This study was supported by a grant from the Doctoral
Venture Capital fund of Henan Provincial People’s
Hospital (No. ZC20180077), the Special Project of
Henan Provincial Key Research, Development
and Promotion (Science and Technology) (No.
192102310119), and Joint Project of Medical Science
and Technology Research Program of Henan Province
(LHGJ20190577). Medical Science and Technology
Research Plan of Henan Province, Project Co-built by
Provincial Department (SB20190319). National Key
R&D Program of China (2018YFC0114503), Joint
Project of Medical Science and Technology Research
Program of Henan Province (LHGJ20190617). Chen
Xiao-ping  Foundation (CXPJJH1900001-2019203)
These funds provided support for personnel and data
collection.

REFERENCES

1. Azawi NH, Joergensen SM, Jensen NV, Clark PE, Lund L,
and Academy of Geriatric Cancer Research (AgeCare).
Trends in kidney cancer among the elderly in Denmark,
1980-2012. Acta Oncol. 2016 (Suppl 1); 55:79-84.
https://doi.org/10.3109/0284186X.2015.1115121
PMID:26784139

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F,
Jemal A, Yu XQ, He J. Cancer statistics in China, 2015.
CA Cancer J Clin. 2016; 66:115-32.
https://doi.org/10.3322/caac.21338 PMID:26808342

3. Innos K, Sepp T, Baburin A, Kotsar A, Lang K, Padrik P,
Aareleid T. Increasing kidney cancer incidence and

10.

11.

12.

survival in Estonia: role of age and stage. Acta Oncol.
2019; 58:21-28.
https://doi.org/10.1080/0284186X.2018.1512158
PMID:30280624

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018.
CA Cancer J Clin. 2018; 68:7-30.
https://doi.org/10.3322/caac.21442

PMID:29313949

Ferlay J, Soerjomataram [, Dikshit R, Eser S, Mathers C,
Rebelo M, Parkin DM, Forman D, Bray F. Cancer
incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer.
2015; 136:E359-86.

https://doi.org/10.1002/ijc.29210

PMID:25220842

Abdel-Rahman 0. Clinical correlates and prognostic
value of different metastatic sites in metastatic renal
cell carcinoma. Future Oncol. 2017; 13:1967-80.
https://doi.org/10.2217/fon-2017-0175
PMID:28836445

Chandrasekar T, Klaassen Z, Goldberg H, Kulkarni GS,
Hamilton RJ, Fleshner NE. Metastatic renal cell
carcinoma: patterns and predictors of metastases-a
contemporary population-based series. Urol Oncol.
2017; 35:661.e7-14.
https://doi.org/10.1016/j.urolonc.2017.06.060
PMID:28728748

Hua KC, Hu YC. Establishment of predictive model for
patients with kidney cancer bone metastasis: a study
based on SEER database. Transl Androl Urol. 2020;
9:523-43.

https://doi.org/10.21037/tau.2020.01.24
PMID:32420159

Rades D, Nguyen T, Schild SE. Estimating the lifespan of
elderly patients with cerebral metastases from kidney
cancer. In Vivo. 2020; 34:1321-24.
https://doi.org/10.21873/invivo.11908
PMID:32354925

Ljungberg B, Bensalah K, Canfield S, Dabestani S,
Hofmann F, Hora M, Kuczyk MA, Lam T, Marconi L,
Merseburger AS, Mulders P, Powles T, Staehler M, et al.
EAU guidelines on renal cell carcinoma: 2014 update.
Eur Urol. 2015; 67:913-24.
https://doi.org/10.1016/j.eururo.2015.01.005
PMID:25616710

Sorbellini M, Bratslavsky G. Renal cell carcinoma and
prognostic factors predictive of survival. Ann Surg
Oncol. 2010; 17:362-63.
https://doi.org/10.1245/s10434-009-0817-6
PMID:19908098

Sorbellini M, Kattan MW, Snyder ME, Reuter V, Motzer
R, Goetzl M, McKiernan J, Russo P. A postoperative

WWWw.aging-us.com 8298

AGING


https://doi.org/10.3109/0284186X.2015.1115121
https://pubmed.ncbi.nlm.nih.gov/26784139
https://doi.org/10.3322/caac.21338
https://pubmed.ncbi.nlm.nih.gov/26808342
https://doi.org/10.1080/0284186X.2018.1512158
https://pubmed.ncbi.nlm.nih.gov/30280624
https://doi.org/10.3322/caac.21442
https://pubmed.ncbi.nlm.nih.gov/29313949
https://doi.org/10.1002/ijc.29210
https://pubmed.ncbi.nlm.nih.gov/25220842
https://doi.org/10.2217/fon-2017-0175
https://pubmed.ncbi.nlm.nih.gov/28836445
https://doi.org/10.1016/j.urolonc.2017.06.060
https://pubmed.ncbi.nlm.nih.gov/28728748
https://doi.org/10.21037/tau.2020.01.24
https://pubmed.ncbi.nlm.nih.gov/32420159
https://doi.org/10.21873/invivo.11908
https://pubmed.ncbi.nlm.nih.gov/32354925
https://doi.org/10.1016/j.eururo.2015.01.005
https://pubmed.ncbi.nlm.nih.gov/25616710
https://doi.org/10.1245/s10434-009-0817-6
https://pubmed.ncbi.nlm.nih.gov/19908098

13.

14.

15.

16.

17.

18.

19.

20.

prognostic nomogram predicting recurrence for
patients with conventional clear cell renal cell
carcinoma. J Urol. 2005; 173:48-51.
https://doi.org/10.1097/01.ju.0000148261.19532.2¢
PMID:15592023

Bianchi M, Sun M, Jeldres C, Shariat SF, Trinh QD,

Briganti A, Tian Z, Schmitges J, Graefen M,
Perrotte P, Menon M, Montorsi F, Karakiewicz PI.
Distribution of metastatic sites in renal cell

carcinoma: a population-based analysis. Ann Oncol.
2012; 23:973-80.
https://doi.org/10.1093/annonc/mdr362
PMID:21890909

Nishida J, Momoi Y, Miyakuni K, Tamura Y, Takahashi K,
Koinuma D, Miyazono K, Ehata S. Epigenetic
remodelling shapes inflammatory renal cancer and
neutrophil-dependent metastasis. Nat Cell Biol. 2020;
22:465-75.
https://doi.org/10.1038/s41556-020-0491-2
PMID:32203421

Pienta KJ, Robertson BA, Coffey DS, Taichman RS. The
cancer diaspora: metastasis beyond the seed and soil
hypothesis. Clin Cancer Res. 2013; 19:5849-55.
https://doi.org/10.1158/1078-0432.CCR-13-2158
PMID:24100626

Marchioni M, Martel T, Bandini M, Pompe RS, Tian Z,
Kapoor A, Cindolo L, Autorino R, Briganti A, Shariat SF,
Schips L, Karakiewicz Pl. Marital status and gender
affect stage, tumor grade, treatment type and cancer
specific mortality in Ti> No Mo renal cell carcinoma.
World J Urol. 2017; 35:1899-905.
https://doi.org/10.1007/s00345-017-2082-9
PMID:28849260

Li Y, Zhu MX, Qi SH. Marital status and survival in
patients with renal cell carcinoma. Medicine
(Baltimore). 2018; 97:e0385.
https://doi.org/10.1097/MD.0000000000010385
PMID:29668592

Wang H, Wang L, Kabirov I, Peng L, Chen G, Yang Y,
Zamyatnin AA, Xu W. Impact of marital status on renal
cancer patient survival. Oncotarget. 2017; 8:70204-13.
https://doi.org/10.18632/oncotarget.19600
PMID:29050272

Stepanikova I, Oates GR. Perceived discrimination and
privilege in health care: the role of socioeconomic
status and race. Am J Prev Med. 2017; 52:586—94.
https://doi.org/10.1016/j.amepre.2016.09.024
PMID:27989297

Weissman J, Russell D, Jay M, Malaspina D. Racial,
ethnic, and gender disparities in health care access and
use among U.S. Adults with serious psychological
distress. Psychiatr Serv. 2018; 69:517-22.

21.

22.

23.

24.

25.

26.

27.

28.

29.

https://doi.org/10.1176/appi.ps.201700221
PMID:29385956

Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA.
Gender differences in the utilization of health care
services. J Fam Pract. 2000; 49:147-52.
PMID:10718692

Redondo-Sendino A, Guallar-Castillon P, Banegas IR,
Rodriguez-Artalejo F. Gender differences in the
utilization of health-care services among the older
adult population of Spain. BMC Public Health. 2006;
6:155.

https://doi.org/10.1186/1471-2458-6-155
PMID:16780576

Tao L, Xiu D, Sadula A, Ye C, Chen Q, Wang H, Zhang Z,
Zhang L, Tao M, Yuan C. Surgical resection of primary
tumor improves survival of pancreatic neuroendocrine
tumor with liver metastases. Oncotarget. 2017;
8:79785-92.
https://doi.org/10.18632/oncotarget.19523
PMID:29108359

Tao L, Yu H, Dong Y, Tian G, Ren Z, Li D. Metastases
with definitive pathological diagnosis but no detectable
primary tumor: a surveillance epidemiology and end
results-based study. Cancer Med. 2019; 8:5872-80.
https://doi.org/10.1002/cam4.2496

PMID:31407505

Tao L, Yuan C, Ma Z, Jiang B, Xiu D. Surgical resection of
a primary tumor improves survival of metastatic
pancreatic cancer: a population-based study. Cancer
Manag Res. 2017; 9:471-79.
https://doi.org/10.2147/CMAR.S145722
PMID:29056856

Psutka SP, Master VA. Role of metastasis-directed
treatment in kidney cancer. Cancer. 2018;
124:3641-55.

https://doi.org/10.1002/cncr.31341

PMID:29689599

Marici¢ A, Sotosek S, Marki¢ D, Spanjol J, Krpina K,
Raheli¢ D, Materljan M. Surgical treatment of kidney
cancer in elderly. Coll Antropol. 2014; 38:1225-27.
PMID:25842764

Guo S, Yao K, He X, Wu S, Ye Y, Chen J, Wu CL.
Prognostic significance of laterality in renal cell
carcinoma: a population-based study from the
surveillance, epidemiology, and end results (SEER)
database. Cancer Med. 2019; 8:5629-37.
https://doi.org/10.1002/cam4.2484

PMID:31407495

Edge SB, Compton CC. The American Joint Committee
on Cancer: the 7th edition of the AJCC cancer staging
manual and the future of TNM. Ann Surg Oncol. 2010;
17:1471-74.

WWWw.aging-us.com

8299

AGING


https://doi.org/10.1097/01.ju.0000148261.19532.2c
https://pubmed.ncbi.nlm.nih.gov/15592023
https://doi.org/10.1093/annonc/mdr362
https://pubmed.ncbi.nlm.nih.gov/21890909
https://doi.org/10.1038/s41556-020-0491-2
https://pubmed.ncbi.nlm.nih.gov/32203421
https://doi.org/10.1158/1078-0432.CCR-13-2158
https://pubmed.ncbi.nlm.nih.gov/24100626
https://doi.org/10.1007/s00345-017-2082-9
https://pubmed.ncbi.nlm.nih.gov/28849260
https://doi.org/10.1097/MD.0000000000010385
https://pubmed.ncbi.nlm.nih.gov/29668592
https://doi.org/10.18632/oncotarget.19600
https://pubmed.ncbi.nlm.nih.gov/29050272
https://doi.org/10.1016/j.amepre.2016.09.024
https://pubmed.ncbi.nlm.nih.gov/27989297
https://doi.org/10.1176/appi.ps.201700221
https://pubmed.ncbi.nlm.nih.gov/29385956
https://pubmed.ncbi.nlm.nih.gov/10718692
https://doi.org/10.1186/1471-2458-6-155
https://pubmed.ncbi.nlm.nih.gov/16780576
https://doi.org/10.18632/oncotarget.19523
https://pubmed.ncbi.nlm.nih.gov/29108359
https://doi.org/10.1002/cam4.2496
https://pubmed.ncbi.nlm.nih.gov/31407505
https://doi.org/10.2147/CMAR.S145722
https://pubmed.ncbi.nlm.nih.gov/29056856
https://doi.org/10.1002/cncr.31341
https://pubmed.ncbi.nlm.nih.gov/29689599
https://pubmed.ncbi.nlm.nih.gov/25842764
https://doi.org/10.1002/cam4.2484
https://pubmed.ncbi.nlm.nih.gov/31407495

https://doi.org/10.1245/s10434-010-0985-4 outcome-based cut-point optimization. Clin Cancer
PMID:20180029 Res. 2004; 10:7252-59.

30. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio- https://doi.org/10.1158/1078-0432.CCR-04-0713
PMID:15534099

informatics tool for biomarker assessment and

www.aging-us.com 8300 AGING


https://doi.org/10.1245/s10434-010-0985-4
https://pubmed.ncbi.nlm.nih.gov/20180029
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://pubmed.ncbi.nlm.nih.gov/15534099

SUPPLEMENTARY MATERIALS

Supplementary Figure

Larger Low Population

3 100+

L4
= 46-80mm
Q
a
e 8

wn > 80mm

% 10 g .
S <
T <
(=] Q
4 —
c
g
=)
=

0

%o 3s 6.9
v = - -
sl Survival Time (Years)

Supplementary Figure 1. Estimation of the cutoff value for tumor size stratification, as determined by X-tile software.
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Supplementary Tables

Supplementary Table 1. Clinical characteristics of renal cell carcinoma with and without distant metastasis.

Total %/SD MO %I/SD M1 %/SD  P-value
n=79060 100.0% n=68207 100.0% n=10853 100.0%
Age Year 62.9 13.1 62.4 13.0 65.6 12.8 <0.001
Tumor size mm 55 6.6 5.0 6.2 9.0 8.0 <0.001
Marital status Married 46455 58.8% 40388 59.2% 6067 55.9%  <0.001
Unmarried 28178 35.6% 23839 35.0% 4339 40.0%
Unknown 4427 5.6% 3980 5.8% 447 4.1%
Race White 64258 81.3% 55320 81.1% 8938 82.4%  <0.001
Black 9912 12.5% 8775 12.9% 1137 10.5%
Other 4890 6.2% 4112 6.0% 778 7.2%
Sex Male 50569 64.0% 43211 63.4% 7358 67.8%  <0.001
Female 28491 36.0% 24996 36.6% 3495 32.2%
Year of 2010-2012 37558 47.5% 32392 47.5% 5166 47.6% 0.420
diagnosis 2013-2015 41502 525% 35815  52.5% 5687 52.4%
Grade I-11 35208 44.5% 34163 50.1% 1045 9.6% <0.001
Hi-1v 21057 26.6% 17673 25.9% 3384 31.2%
Unknown 22795 28.8% 16371 24.0% 6424 59.2%
Laterality Left 38526 48.7% 33241 48.7% 5285 48.7%  <0.001
Right 39764 50.3% 34761 51.0% 5003 46.1%
Others 770 1.0% 205 0.3% 565 5.2%
T stage <T1 51139 64.7% 49058 71.9% 2081 19.2%  <0.001
T2 8162 10.3% 6422 9.4% 1740 16.0%
T3 13928 17.6% 10423 15.3% 3505 32.3%
T4 1996 2.5% 608 0.9% 1388 12.8%
TX 3835 4.9% 1696 2.5% 2139 19.7%
N stage NO 71777 90.8% 65743 96.4% 6034 55.6%  <0.001
N1 4764 6.0% 1400 2.1% 3364 31.0%
NX 2519 3.2% 1064 1.6% 1455 13.4%
Surgery No/Unknown 14467 18.3% 7381 10.8% 7086 65.3%  <0.001
Radical nephrectomy 30413 38.5% 27416 40.2% 2997 27.6%
Other operation 34180 43.2% 33410 49.0% 770 7.1%
Radiation No/Unknown 75838 95.9% 67888 99.5% 7950 73.3%  <0.001
Yes 3222 4.1% 319 0.5% 2903 26.7%
Chemotherapy No/Unknown 72557 91.8% 66858 98.0% 5699 52.5%  <0.001
Yes 6503 8.2% 1349 2.0% 5154 47.5%
Histological Clear cell 42702 54.0% 38473 56.4% 4229 39.0%  <0.001
type adenocarcinoma
Renal cell carcinoma 16990 21.5% 12756 18.7% 4234 39.0%
Papillary 9426 11.9% 9003 13.2% 423 3.9%
adenocarcinoma,
Other 9942 12.6% 7975 11.7% 1967 18.1%
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Supplementary Table 2. Univariate and multivariate analysis of overall survival (OS) rates of patients with distant
metastases.

Univariate analysis Multivariate analysis

HRs (95% CI) P-value HRs (95% CI) P-value
Marital status Married 1 (Ref) 1 (Ref)
Unmarried 1.30 (1.24-1.35) <0.001 1.11 (1.06-1.16) <0.001
Unknown 0.99 (0.89-1.10) 0.798 0.91 (0.82-1.02) 0.105
Age <67 years 1 (Ref) 1 (Ref)
68-80 years 1.29 (1.23-1.35) <0.001 1.22 (1.16-1.28) <0.001
> 80 years 2.12 (1.99-2.25) <0.001 1.53 (1.43-1.63) <0.001
Race White 1 (Ref) 1 (Ref)
Black 1.15(1.08-1.23) <0.001 1.03 (0.96-1.11) 0.35
Other 0.93 (0.86-1.01) 0.075 0.95 (0.87-1.03) 0.179
Sex Male 1 (Ref) 1 (Ref)
Female 1.13(1.08 -1.18) <0.001 1.02 (0.97-1.06) 0.521
Year of diagnosis 2010-2012 1 (Ref) 1 (Ref)
2013-2015 0.94 (0.90-0.98) 0.007 0.93 (0.89-0.97) 0.001
Histological grade I-11 1 (Ref) 1 (Ref)
"n-1v 1.42 (1.30-1.54) <0.001 1.44 (1.32-1.57) <0.001
Unknown 2.45 (2.27-2.66) <0.001 1.26 (1.16-1.38) <0.001
Laterality Left 1 (Ref) 1 (Ref)
Right 0.99 (0.95 -1.04) 0.757 0.98 (0.94-1.03) 0.421
Unknown 1.36 (1.24-1.49) <0.001 0.96 (0.87-1.06) 0.428
T stage <T1 1 (Ref) 1 (Ref)
T2 1.09 (1.02-1.17) 0.017 1.04 (0.96-1.14) 0.328
T3 0.87 (0.82-0.93) <0.001 1.14 (1.05-1.23) 0.001
T4 1.43 (1.33-1.54) <0.001 1.25(1.15-1.37) <0.001
TX 1.61(1.51-1.72) <0.001 1.09 (1.00-1.18) 0.047
N stage NO 1 (Ref) 1 (Ref)
N1 1.69 (1.61-1.76) <0.001 1.46 (1.39-1.53) <0.001
NX 1.69 (1.59-1.80) <0.001 1.14 (1.06-1.22) <0.001
Surgery No/Unknown 1 (Ref) 1 (Ref)
Radical nephrectomy 0.37 (0.35-0.39) <0.001 0.42 (0.39-0.46) <0.001
Other operation 0.34 (0.31-0.38) <0.001 0.41 (0.37-0.45) <0.001
Radiation No/Unknown 1 (Ref) 1 (Ref)
Yes 0.99 (0.94-1.03) 0.527 1.00 (0.94-1.06) 0.924
Chemotherapy No/Unknown 1 (Ref) 1 (Ref)
Yes 0.70 (0.67-0.73) <0.001 0.64 (0.61-0.67) <0.001
Metastasis at bone No 1 (Ref) 1 (Ref)
Yes 1.18 (1.13-1.23) <0.001 1.24 (1.18-1.30) <0.001
Metastasis at brain No 1 (Ref) 1 (Ref)
Yes 1.38 (1.30-1.47) <0.001 1.38 (1.29-1.48) <0.001
Metastasis at liver No 1 (Ref) 1 (Ref)
Yes 1.71 (1.63-1.79) <0.001 1.42 (1.35-1.50) <0.001
Metastasis at lung No 1 (Ref) 1 (Ref)
Yes 1.28 (1.22-1.33) <0.001 1.32 (1.26-1.38) <0.001
Tumor size <45mm 1 (Ref) 1 (Ref)
46-80mm 0.97 (0.91-1.04) 0.406 1.08 (1.01-1.16) 0.034
> 80mm 1.03 (0.97-1.10) 0.344 1.18 (1.09-1.28) <0.001
Unknown 1.58 (1.46-1.71) <0.001 1.08 (0.98-1.19) 0.109
Abbreviations: HR=Hazard ratio; Cl=confidence interval.
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Supplementary Table 3. Multivariate analysis of overall survival (OS) rates of patients with lung-related metastases.

N=6589 HRs (95% CI) P-value
Marital status Married 3736 1 (Ref)
Unmarried 2586 1.09 (1.03-1.15) 0.003
Unknown 267 0.88 (0.77-1.01) 0.072
Age <67 years 3828 1 (Ref)
68-80 years 1935 1.16 (1.09-1.23) <0.001
> 80 years 826 1.4 (1.33-1.58) <0.001
Race White 5416 1 (Ref)
Black 636 1.08 (0.99-1.18) 0.093
Other 537 0.88 (0.80-0.98) 0.015
Sex Male 4525 1 (Ref)
Female 2064 1.04 (0.98-1.10) 0.17
Year of diagnosis 2010-2012 3081 1 (Ref)
2013-2015 3508 0.95 (0.90-1.00) 0.044
Histological grade I-11 584 1 (Ref)
-1V 2101 1.37 (1.23-1.53) <0.001
Unknown 3904 1.24 (1.11-1.38) <0.001
Laterality Left 3223 1 (Ref)
Right 3107 0.95 (0.90-1.00) 0.073
Unknown 259 1.05 (0.92-1.21) 0.462
T stage <T1 928 1 (Ref)
T2 1148 1.03 (0.92-1.15) 0.661
T3 2336 1.11 (1.01-1.23) 0.037
T4 915 1.22 (1.09-1.37) <0.001
X 1262 1.05 (0.94-1.17) 0.393
N stage NO 3536 1 (Ref)
N1 2121 1.38 (1.30-1.47) <0.001
NX 932 1.11 (1.02-1.21) 0.015
Surgery No/Unknown 4440 1 (Ref)
Radical nephrectomy 1769 0.43 (0.39-0.47) <0.001
Other operation 380 0.43 (0.38-0.49) <0.001
Radiation No/Unknown 5111 1 (Ref)
Yes 1478 1.00 (0.93-1.09) 0.903
Chemotherapy No/Unknown 3245 1 (Ref)
Yes 3344 0.59 (0.56-0.63) <0.001
Metastasis at bone No 4477 1 (Ref)
Yes 2112 1.26 (1.18-1.34) <0.001
Metastasis at brain No 5784 1 (Ref)
Yes 805 1.36 (1.25-1.49) <0.001
Metastasis at liver No 5144 1 (Ref)
Yes 1445 1.42 (1.34-1.52) <0.001
Tumor size <45mm 677 1 (Ref)
46-80mm 1721 1.04 (0.94-1.15) 0.468
> 80mm 3390 1.14 (1.03-1.27) 0.015
Unknown 801 1.11 (0.98-1.26) 0.103
Abbreviations: HR=Hazard ratio; Cl=confidence interval.
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Supplementary Table 4. Multivariate Cox regression analysis of overall survival (OS) rates of the metastatic renal

clear cell adenocarcinoma.

n=4229 HRs (95% CI) P-value
Marital status Married 2613 1 (Ref)
Unmarried 1447 1.14 (1.05-1.23) 0.001
Unknown 169 0.98 (0.81-1.19) 0.872
Age <67 years 2759 1 (Ref)
68-80 years 1201 1.29 (1.19-1.40) <0.001
> 80 years 269 1.65 (1.43-1.90) <0.001
Race White 3637 1 (Ref)
Black 280 1.15(1.00-1.32) 0.057
Other 312 0.97 (0.84-1.11) 0.615
Sex Male 2945 1 (Ref)
Female 1284 1.10 (1.02-1.19) 0.016
Year of diagnosis 2010-2012 1933 1 (Ref)
2013-2015 2296 0.91 (0.85-0.98) 0.015
Histological grade I-11 755 1 (Ref)
n-1v 1851 1.44 (1.29-1.61) <0.001
Unknown 1623 1.15(1.03-1.29) 0.015
Laterality Left 2101 1 (Ref)
Right 2012 0.97 (0.91-1.05) 0.483
Other 116 1.02 (0.82-1.28) 0.838
T stage <Tl 733 1 (Ref)
T2 714 0.95 (0.82-1.10) 0.525
T3 1820 1.04 (0.91-1.19) 0.538
T4 477 1.22 (1.04-1.42) 0.012
X 485 1.03 (0.88-1.21) 0.707
N stage NO 2828 1 (Ref)
N1 988 1.60 (1.47-1.74) <0.001
NX 413 1.23 (1.08-1.39) 0.002
surgery No/Unknown 1906 1 (Ref)
Radical nephrectomy 1904 0.39 (0.35-0.44) <0.001
Other operation 419 0.39 (0.33-0.45) <0.001
Radiation No/Unknown 2921 1 (Ref)
Yes 1308 1.10 (0.99-1.21) 0.068
Chemotherapy No/Unknown 1882 1 (Ref)
Yes 2347 0.72 (0.67-0.78) <0.001
Metastasis at bone No 2646 1 (Ref)
Yes 1583 1.30 (1.19-1.43) <0.001
Metastasis at brain No 3730 1 (Ref)
Yes 499 1.45 (1.29-1.63) <0.001
Metastasis at liver No 3577 1 (Ref)
Yes 652 1.43 (1.30-1.57) <0.001
Metastasis at lung No 1600 1 (Ref)
Yes 2629 1.44 (1.33-1.57) <0.001
Tumor size <45mm 500 1 (Ref)
46-80mm 1288 1.15(1.01-1.32) 0.039
> 80mm 2160 1.25(1.08-1.44) 0.003
Unknown 281 1.26 (1.03-1.54) 0.023
Abbreviations: HR=Hazard ratio; Cl=confidence interval.
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