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Abstract

Background: Clear-cell renal cell carcinoma (ccRCC) is one of the most common malignant tumors worldwide whose poor
prognosis results in a serious disease burden on patients. The changing trend of the long-term relative survival rates (RSRs) of
patients with ccRCC was analyzed in this study to evaluate their treatment results over a 15-year period.

Methods: This study is a retrospective study, which assessed and predicted the 1-, 3-, and 5-year survival rates of patients with
ccRCC during 2001-2005, 2006-2010, 2011-2015, and 2016-2020 using data extracted from the Surveillance, Epidemiology, and
End Results (SEER) database. Period analysis was used in this study to analyze the data from the SEER database and to assess
survival differences according to age, sex, race, and socioeconomic status (SES) during the 15-year study period by comparing
Kaplan-Meier curves.

Results: During 2001-2015, the 5-year RSR of patients with ccRCC increased from 78.4% to 83.0%, and the generalized linear
model predicted that the 5-year RSR increased to 85.7% during 2016-2020. The RSR of patients with ccRCC differed sig-
nificantly with SES, race, sex, and age. Compared with male patients, the survival advantage of female patients decreased as their
age increased. The RSR of all patients with ccRCC was also lower in patients with a lower SES and of black race.

Conclusion: This study found an improvement in the RSR of patients with ccRCC during 2001-2020. Understanding the
change trend of the survival rate of patients with ccRCC is helpful to improve the design of clinical trials. It also provides basic
data and a scientific basis for evaluating the harm of ccRCC on the health of affected patients and the effect of cancer prevention,
and developing cancer prevention plans.
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Introduction

Renal cell carcinoma (RCC) is a malignant tumor located in
the genitourinary system. Its incidence has soared recently. In
2017, there were about 63 990 new RCC cases worldwide, and
about 693 000 people died from it.1 Studies have found that
the incidence of RCC is high in the United States,2 and it is
also increasing, including more than doubling during 1975-
2020.3 Regarding histological subtypes, more than 70% of
RCCs are clear-cell renal cell carcinomas (ccRCCs), making it
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the most common subtype.4 Studies have shown that in the
past two decades, two major changes have taken place in the
therapeutic landscape of patients with metastatic renal cell
carcinoma (mRCC). The first were the approval of the first
TKIs (tyrosine kinase inhibitors) for the treatment of mRCC in
2005 and 2006 and more regulatory approvals followed, and
the second was the rapid increase of diverse immunotherapy
combinations in recent years, both of which showed better
efficacy and improved prognosis than before.5-9 The renewal
of surgical methods and the increase of surgical usage have
also improved the prognosis of RCC.10,11 It is worth noting
that despite new treatment options, accidental discovery is still
the most common modality of RCC diagnosis, and the sur-
vival rate of patients with advanced RCC remains very low.3 It
is therefore of great importance to further elucidate the epi-
demiological characteristics of RCC and its subtypes in order
to improve its prevention, timely diagnosis, and treatment,
which will in turn increase the survival rate of the patients and
help to curb the increasing disease burden. Although some
recent studies have evaluated the epidemiological character-
istics of RCC,1,12,13 studies on the effects of demographic
factors on the prognosis of patients with ccRCC are rare.
CcRCC accounts for most RCCs, but its epidemiological
characteristics are not necessarily consistent with those of
RCC as a result of the nonnegligible heterogeneity among
different RCC subtypes. Furthermore, even though some
studies investigated the relationship between demographic
factors and ccRCC prognosis, they paid more attention to how
a specific demographic factor such as socioeconomic status
(SES), race, or marital status impacted its survival rate.5,14,15

There were few studies that comprehensively analyzed the
effects of demographic factors on ccRCC prognosis, and they
mostly used traditional cohort analysis or complete analysis
for long-term survival analysis.12 Previous studies have shown
that traditional cohort and complete methods provided less up-
to-date and accurate estimates of long-term survival, ham-
pering the disclosure of recent improvement in prognosis.16 In
addition, almost none of the above SEER-based studies
predicted the future survival rates. Model-based period
analysis is an up-to-date approach of survival estimation.17

Compared with traditional methods, the estimated survival
rates of model-based period analysis are closer to the real
survival rates, which improves the accuracy and timeliness of
survival analysis.16,18 It can also use existing data to predict
the future survival rates.18 This method has been widely
used,19,20 but has not been reported for ccRCC.

Therefore, for the first time, we used model-based period
analysis to analyze the latest survival data from the Surveil-
lance, Epidemiology, and End Results (SEER) database to
comprehensively analyze the survival rate changes and de-
mographic factors of patients with ccRCC since the start of the
21st century, and to predict the survival rate of the disease in
order to provide an up-to-date and comprehensive view of the
epidemiology and prognosis of ccRCC. We also aimed to
reflect the therapeutic effect of ccRCC since the start of the

21st century and analyze the reason for the increased survival
rate of affected patients. Patients with ccRCC were also
stratified by age, sex, race, and SES to compare their dif-
ferences in relative survival rate (RSR).

Material and Methods

Database

This study used the SEER data for “18 cohort database
[Incidence-SEER 18 Regs Research Data + Hurricane Katrina
Impacted Louisiana Cases, Nov 2018 Sub (1975-2016
varying)]” as the data source, which comprises 18 registries
that cover about 27.8% of the United States population. The
SEER program is the only comprehensive population-based
source of information in the United States, providing the most
comprehensive data on cancer survival, tumors, demo-
graphics, and socioeconomic characteristics, and is considered
to represent the quality standard among cancer registrations
worldwide.21

Variables

SEER*STAT software version 8.3.9.1 (https://seer.cancer.gov/,
accession number: 15756-Nov2019) was used to identify pa-
tients diagnosed during 2001-2015 with ICD-O-3 (third revi-
sion of the International Classification of Oncology Diseases)
morphological code 8310/3 (clear-cell adenocarcinoma) and
anatomical code C64.9 (kidney) from the SEER database.
Cases of ccRCC were excluded if they were diagnosed by
autopsy or with only death-certificate reports, or had invalid
information or a lack of any follow-up information. Finally,
83 825 patients with ccRCC were identified. All patient details
were de-identified because SEER data are de-identified and
publicly available for research. The cases were stratified by sex
(male and female), age at diagnosis (0-49, 50-64, 65-79, and
≥80 years), race (white, black, and other), and SES. SES
represented the household poverty rate in the area where the
patient resided, and was based on the percentage of households
living below the national poverty line in the 2000 United States
Census of Population and Housing.22,23 Patients were divided
into the four quartiles of the family poverty rate: rich areas
(<5.34%), low-poverty areas (≥5.34% and <7.70%), medium-
poverty areas (≥7.70% and <12.69%), and high-poverty areas
(≥12.69%).22,23

Statistical Analyses

This study is a retrospective study, which applied period
analysis based on a generalized linear model, and the RSRs of
the three observation periods of 2001-2005, 2006-2010, and
2011-2015 were estimated using the data of the existing
complete tumor registration system, and the change trend was
analyzed. We also predicted the 1-, 3-, and 5-year RSRs of
patients with ccRCC during 2016-2020. This study followed
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relevant Equator guidelines. In this study, we used RSR rather
than absolute (observed) survival rate, which indicates net
survival in the situation that cancer is the sole cause of death.24

The RSR is defined as the absolute survival rate of the target
patients divided by the expected survival rate of a comparable
group from general population who have demographic data
similar to that of the target patients with cancer, such as race,
sex, and age.19,24 It can be expressed as: Ri ¼ Sk

S∗k
where Sk and

S∗k represent the absolute survival rate and expected survival
rate. When calculating the relative survival rate at 5 years, k is
5. Among them, the expected survival rate was derived from
nationwide population life tables for the year 2000 stratified
by age, sex and calendar time,19,24 using the Ederer II
method.19,24 The point estimation of RSR and its standard
error were calculated by Greenwood’s method.17,24 In this
study, the overall survival rate was estimated by constructing
Kaplan-Meier curves. We used the log-rank test with a sig-
nificance threshold of .05 to evaluate the difference between
these curves. Cox regression analysis was used to determine
whether age, sex, race, and SES were independent risk factors.
All statistical analyses were performed using the periodR, rms,
Hmisc, lattice, survival, Formula, ggplot2, foreign, and
survminer packages of R software version 4.0.2 (https://www.
r-project.org/).

Results

Baseline Characteristics of Patients With ccRCC

Table 1 lists the number of cases identified in the SEER
database during the three observation periods. During 2001-

2015, 83 825 patients with ccRCC were identified, and the
number of patients continued to increase over the 15-year
study period, from 17 822 in the first 5 years to 29 167 in the
second 5 years (63.7% increase), and then to 36 836 in the
third 5 years (26.3% increase). The number of patients with
ccRCC in each stratified subgroup also showed a similar
growth trend, and the growth rates were similar among the
different subgroups. During the 3 observation periods, the
distributions of the numbers of cases in different ages, sexes,
races, and SESs were relatively stable, with at least 1000 cases
in each classification subgroup. The age at the ccRCC di-
agnosis was mostly between 50 and 79 years (comprising
75.7% of the population). There were more male than female
patients (51 962 vs 31 863), and there were far more white than
black patients (71 999 vs 6138). The distribution of the
number of patients in each SES group was relatively balanced.
However, there was also a positive correlation with the degree
of poverty (17 751, 19 138, 22 861, and 24 075 patients in rich,
and low-, medium-, and high-poverty areas, respectively)
(Table 1).

Cox Regression Analysis Results of Survival Time in
Patients With ccRCC

We applied univariate and multivariate Cox regression ana-
lyses to the survival data of patients with ccRCC diagnosed
during 2001-2015 in order to determine the relationship be-
tween each factor and the prognosis of patients. The results
indicated that age, sex, race, and SES were independent risk
factors (P < .01 for all variables; Table 2).

Table 1. Number of cases of clear cell renal cell carcinoma in different observation periods.

Category 2001-2005 2006-2010 2011-2015

Whole population 17 822 (21.3%) 29 167 (34.8%) 36 836 (43.9%)

Sex
Male 10 935 (61.4%) 17 985 (61.7%) 23 042 (62.6%)
Female 6887 (38.6%) 11 182 (38.3%) 13 794 (37.4%)

Race
White 15 518 (87.1%) 25 041 (85.8%) 31 440 (85.3%)
Black 1213 (6.8%) 2178 (7.5%) 2747 (7.5%)
Other 1091 (6.1%) 1948 (6.7%) 2649 (7.2%)

Age(y)
0-49 3143 (17.6%) 5102 (17.5%) 6199 (16.8%)
50-64 7014 (39.4%) 11 762 (40.3%) 14 905 (40.5%)
65-79 6312 (35.4%) 10 107 (34.7%) 13 356 (36.3%)
80+ 1353 (7.6%) 2196 (7.5%) 2376 (6.4%)

SES
Rich 3811 (21.4%) 6308 (21.6%) 7632 (20.7%)
Low poverty 4264 (23.9%) 6647 (22.8%) 8227 (22.3%)
Medium poverty 4615 (25.9%) 7922 (27.2%) 10 324 (28.0%)
High poverty 5132 (28.8%) 8290 (28.4%) 10 653 (28.9%)

Notes: Not all columns round to 100% due to rounding.
Abbreviation: y, year; SES, socioeconomic status
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RSR Change in Patients With ccRCC

There were 83 825 patients with ccRCC diagnosed during
2001-2015. The RSRs of these patients increased at varying
rates within the 15 years, and the 5-year RSR increased from
78.4% and 82.0% to 83.0%. The 5-year RSR of the second 5
years was 4.6% higher than that of the first 5 years, which was
significantly higher than the 1.2% increase from the second 5
years to the third 5 years, and the 3-year RSR also showed a
similar growth trend. At the same time, the RSRs of patients in all
age groups had similar upward trends (Figure 1A and
Supplemental Table S1). As age increased, the RSR of patients
with ccRCC decreased significantly. The 5-year RSR of patients
aged 0-49 years was 89.8%, while that of patients aged ≥80 years
decreased to 82.8% between 2011 and 2015. In the first two 5-
year periods, the RSR of patients in different age groups also had
the same trend. Kaplan-Meier survival analysis indicated that the
survival time of patients with ccRCC in all age groups showed a
significant growth trend during the 15-year study period. At the
same time, the survival time of patients showed a significant
downward trend as age increased (Figure 1B).

The generalized linear model predicted that the 1-, 3-, and
5-year RSRs of all patients with ccRCC during 2016-2020
were 94.8%, 88.1%, and 85.7%, respectively, which were
higher than those during the 15-year study period
(Supplemental Table S1), indicating that the prognosis of
patients with ccRCC will improve further in the future. The
predicted RSRs of each age group during 2016-2020 are listed
in Supplemental Table S1.

During these 15 years, the RSRs of both male and female
patients increased, with each of the 1-, 3-, and 5-year RSRs
being higher in females than in males.

The 5-year RSRs of male and female patients increased
from 77.5% to 81.4% and from 79.7% to 85.5%, respectively
(Figure 2A and Supplemental Table S2). The P value was
calculated using Kaplan-Meier survival analysis, which in-
dicated significant differences in survival times between males
and females during the 15-year study period (P<.0001 during
2001-2005, 2006-2010, and 2011-2015; Figure 2B).

As age increased, the survival advantage of female patients
over male patients reduced, and even became a disadvantage.
Among patients aged 0-49 years, females had a significantly
higher 5-year RSR than males in each of the 5-year periods
(90.1% vs 84.5% during 2001-2005, 90.3% vs 86.5% during
2006-2010, and 91.5% vs 88.8% during 2011-2015). Simi-
larly, among those aged 50-64 years, the 5-year RSR was
higher for females than for males during each of the 5-year
periods, but the difference had already decreased slightly. The
survival advantage for females aged 65-79 years decreased
further to become no longer significant (78% vs 75% during
2001-2005, 79.6% vs 79.5% during 2006-2010, and 82.2% vs
78.8% during 2011-2015). For patients aged ≥80 years, al-
though the 5-year RSR of female patients still slightly exceeded
that of male patients during 2011-2015 (84.4% vs 81.3%), there
was a significantly reversed relationship between 2001-2005
and 2006-2010 (77.4% in males vs 70.2% in females during
2001-2005, and 85.5% in males vs 79.2% in females during
2006-2010; Figure 3 and Supplemental Table S3). For the 1-
and 3-year RSRs, the sex-induced survival difference also
indicated a similar decrease or even a reversal as age increased
(Supplemental Figure S1 and Supplemental Table S3).

The predicted 5-year RSRs for male and female patients
during 2016-2020 were 84.0% and 88.6%, respectively, and
the predicted 1- and 3-year RSRs are also listed in

Table 2. Summary of Cox regression Analysis of Survival time of patients with clear cell renal cell carcinoma in 18 SEER sites from 2001 to
2015.

Univariate Multivariate

Variable 95% CI HR P 95%CI HR P

Age (y)
N 1.0 1.0
N+1 1.043-1.045 1.044 ＜.001 1.044-1.046 1.045 ＜.001

Sex
Male 1.0 1.0
Female .817-.859 .837 ＜.001 .768-.808 .788 ＜.001

Race
White 1.0 1.0
Black 1.050-1.149 1.098 ＜.001 1.115-1.222 1.167 ＜.001
Other .855-.946 .900 ＜.001 .864-.956 .909 ＜.001

SES
Rich 1.0 1.0
Low-poverty 1.020-1.097 1.058 ＜.01 1.022-1.100 1.060 ＜.01
Medium-poverty 1.070-1.149 1.109 ＜.001 1.074-1.153 1.113 ＜.001
High-poverty 1.157-1.240 1.198 ＜.001 1.152-1.235 1.193 ＜.001

Notes: Age is a continuous variable. N represents age.
Abbreviations: 95% CI, 95% confidence interval; HR, hazard risk; y, year; SES, socioeconomic status.
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Figure 1. Trends in 5-year relative survival rates (A) and Kaplan-Meier survival analyses (B) for patients with ccRCC from 18 SEER original
sites from 2001 to 2015. Data are shown by age group (total and age 0-49, 50-64, 65-79 and 80+ years) and calendar period.
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Supplemental Table S2 (Supplemental Table S2). These were
all higher than those for the 15-year study period (2001-2015).

During the 15-year study period, the RSRs of white and
black patients improved, with their 5-year RSRs increasing
from 78.8% and 67.8% in the first 5 years to 82.9% and 81.9%
in the last 5 years, respectively. During 2001-2005, the 5-year
RSR of white patients significantly exceeded that of black
patients (78.8% vs 67.8%). The survival advantage of white
over black patients decreased in the second 5 years (82.4% vs
75.9%) and became very weak in the third 5 years (82.9% vs
81.9%). The 3-year RSR gap between white and black patients
similarly narrowed over time (Figure 4A and Supplemental
Table S4). Significant differences were also found between the
survival times of white and black patients during 2001-2006
and 2006-2010 using Kaplan-Meier survival analysis (P<.01),
while no significant difference was found during 2011-2015
(P>.05; Figure 4C). The predicted 5-year RSRs for white and
black patients during 2016-2020 were 85.5% and 90.3%,
respectively, and the predicted 1- and 3-year RSRs are listed in
Supplemental Table S4, which all increased over the 15-year
study period (Supplemental Table S4).

Among the four SES groups, the RSR was almost always
highest for the rich group and lowest for the high-poverty
group. Although the RSRs of all SES groups improved during
2001-2015, the survival gap between the four SES groups in
the first 5 years was much larger than that of the last 5 years.
For example, during 2001-2005, the RSRs of rich and low-,
medium-, and high-poverty groups were 83.6%, 81.3%,
78.0%, and 72.9%, respectively, giving differences between
them of 2.3%, 3.3%, and 5.1%, but during 2006-2010 these
differences decreased to �.4%, 2.9%, and 1.2%, respectively
(RSRs of 83.6%, 84.0%, 81.1%, and 79.9% in the rich, low-,
medium-, and high-poverty groups, respectively). The 3-year
RSR gap among SES groups also similarly decreased over
time, but the change was relatively small (Figure 4B and
Supplemental Table S5). The distribution of different SESs
among patients of different races cannot be ignored. Com-
pared with black patients, more white patients belonged to rich
and low-poverty areas (45.2% vs 24.2%), while there were
fewer white patients in high-poverty areas than black patients
(27.4% vs 46.8%; Supplemental Figure S2 and Supplemental
Table S6). Significant differences were found between the

Figure 2. Patients with ccRCC in 18 SEER original sites were divided into gender groups for 1-year, 3-year and 5-year relative survival trend
analyses and Kaplan-Meier survival analyses every five years (A, B). Data are shown by gender (male and female) and calendar period.
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survival times of the four SES groups in the three 5-year
periods using Kaplan-Meier survival analysis (P<.01; Figure
4D). The predicted 5-year RSRs for the four SES groups
during 2016-2020 were 85.4%, 85.8%, 85.6%, and 85.9%,
respectively, indicating an upward trend compared with the
previous 15 years (Supplemental Table S5). Supplemental
Table S5 lists the predicted 1- and 3-year RSRs.

Discussion

As one of the most common and harmful malignant tumors
worldwide, the harm of kidney cancer should not be under-
estimated in the United States, where the estimated number of
new cases of kidney and pelvis cancer ranks it 6th among
males and 10th among females.25 Patients with RCC often
have a poor prognosis, which has become a serious threat to
public health.13 As ccRCC is the most common histological
type of RCC,4 accurate analysis and prediction of the survival
rate of patients with ccRCC is very important for treatments
and nursing care.

This study demonstrated that the RSR of patients with
ccRCC increased gradually during the three 5-year observa-
tion periods from 2001 to 2015 and during the prediction
period from 2016 to 2020. The improvement in the RSR of
patients with ccRCC may benefit from advances in diagnosis
and treatment techniques, such as the adoption of new risk
assessment models, updates to surgery, and the application of
new targeted drugs and immunotherapy.5-9,26 Notably, the 5-
year RSR of patients during 2006-2010 was significantly
higher than that during 2001-2005 (4.6%), while that of

patients during 2011-2015 was still higher than that during
2006-2010, but less significantly (1.2%). The 3-year survival
rates also had a similar growth trend. On December 20, 2005
and January 26, 2006, the tyrosine kinase inhibitors (TKIs)
sorafenib and sunitinib malate, respectively, were approved by
the United States Food and Drug Administration because they
had great advantages over other adjuvant therapies in ccRCC
treatment.27-29 This period happened to be at the junction of
the first two 5-year observation periods. The significant in-
crease in the 3- and 5-year RSRs we found in the first two 5-
year periods therefore may reflect the excellent therapeutic
efficacy of TKIs and the revolutionary changes they brought.
However, despite the adoption of multiple treatment modes,
no significant progress was made to improve the prognosis of
patients with ccRCC during the 15-year study period, and drug
intolerance and many side effects are still inevitable.5,27,30,31

This highlights the urgency of continuing to develop new and
more specific treatments to improve the prognosis of ccRCC.

The analysis performed in this study also indicated that the
survival rate of patients was affected to varying degrees by
age, sex, race, and SES during the 15-year study period.

Our results indicate that the RSR of patients with ccRCC
increased in all age groups during 2001-2015. At the same
time, the RSR of patients showed a significant downward
trend as age increased. There are previous reports of age being
an independent prognostic factor for patients with ccRCC.13,32

Reasons for why young patients with ccRCC have a better
prognosis than old patients may include the tumors of young
patients being more localized, smaller, having lower metas-
tasis rates, and lower grades and stages.13,32,33 The age

Figure 3. Trends in 5-year relative survival rates according to sex for patients with ccRCC from 18 SEER original sites from 2001 to 2015.
Data are shown by sex (male and female), age group (ages 0-49, 50-64, 65-79, and 80+ years) and calendar period.
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difference may also be because elderly patients are less likely
to receive surgery, radiotherapy, or chemotherapy, have a lack
of care due to a loss of the spouse, and have more chronic
diseases.32,34

We observed that the 1-, 3-, and 5-year RSRs of female
patients with ccRCC were higher than those of male patients
during 2001-2015. This sex difference has been reported
previously.33,35,36 The related studies have indicated that this
difference in survival between sexes may be because female
patients have a higher probability of accidental renal cancer
detection, their tumors tending to have slower progression and
lower grades and stages, and their decisions on treatment
differing from those of males.33,35,37 Sex-specific mutations of
BAP1 and other genes, which are particularly obvious in
ccRCC, may also be an underlying reason.36

We also observed that the RSR of patients with ccRCC
improved over time for both sexes. It was particularly in-
teresting that grouping patients by age revealed that the RSR
of female patients was significantly higher than that of male
patients in the younger age groups (0-49 and 50-64 years old).

However, this difference was very small in the older age group
(65-79 years old), and was even reversed in the oldest age
group (≥80 years old). Micheli et al analyzed the
EUROCARE-4 database, and obtained similar results.38 This
finding suggests that the survival advantage of female patients
before menopause is mostly caused by biological rather than
cultural factors. Many studies have investigated the relationship
between the risk of hormone-related factors and RCC and its
molecular biological mechanisms,39-43 and estrogen is thought
to play a protective role in RCC progression.40,42,43 Our
findings reflected this viewpoint and further suggested the effect
of sex hormone levels on the prognosis of patients with ccRCC.

Our data indicated that the 1-, 3-, and 5-year RSRs of white
patients with ccRCC were higher than those of black patients
during 2001-2015. According to previous studies, the survival
difference between black and white patients with ccRCC was
related to various factors such as genetic factors, phenotypic
factors, intratumoral signal transduction pathways, immune-
related pathways, responsiveness to targeted therapy, oppor-
tunities for nephrectomy, and renal complications.44-50

Figure 4. One-year, 3-year and 5-year relative survival rates and Kaplan-Meier survival analyses according to race (A, C) and SES/county-level
poverty rates (B, D) for patients with ccRCC from 18 SEER original sites from 2001 to 2015. Data are shown by race (white and black) and
SES/county-level poverty rates (rich, low-poverty, medium-poverty and high-poverty) and calendar period.
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We also found that the survival advantage of white patients
over black patients continued to decrease over time. This
suggested that the difference in RSR between races was not
limited to genetic differences. Similarly, rich and low-poverty
groups had higher RSRs, and the survival gap between SES
subgroups also narrowed over time. When classified by SES,
more white patients are classified as low-poverty or rich, while
more black patients are classified as high-poverty. These SES
distribution differences between black and white patients may
help to explain the similar survival differences between races
and SES groups, due to how SES can significantly affect
cancer prognoses.14,51-53 Patients in areas of high poverty tend
to have lower household income, are more likely to live in
counties with lower health insurance coverage, scarce health-
care resources, poor health environment, and are considered to
have more health-risk behaviors, all of which may eventually
lead to higher cancer mortality,48,54-56 which also occur among
black patients.44,51,57-59 Our results indicate that both between
different races and among SES subgroups, the RSR of patients
increased steadily and were similar over time, which may be
due to improvements in medical resources, policies, and
insurance.60,61

Our study timely and accurately updated the survival es-
timates of patients with ccRCC, and more comprehensively
and accurately reflected the overall status and dynamic trend
of the long-term survival rate of patients with ccRCC in the
United States since the 21st century. It also helped to predict
future survival trends. Meanwhile, this study may contribute
to the design of health care policies and management to
balance differences in survival conditions among age groups,
sexes, races and SES groups and to improve patient survival.

On the overall level, this study reflected the improvement
of the RSRs of patients with ccRCC caused bymultiple factors
in the diagnosis and treatment of ccRCC, providing a pano-
ramic viewpoint. However, it could not accurately reflect and
compare the prognosis improvement caused by specific
treatment strategy. Therefore, with many different potential
first-line options likely available for patients in the future,5-9

further clinical trials need to be carried out to directly compare
the specific treatment strategies of ccRCC to define the best
treatment strategy in particular patient subpopulations.
Meanwhile, it will become increasingly important to identify
more reliable predictive biomarkers and increase our under-
standing of tumor microenvironment.5,6

Figure 4. Continued.
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In addition, studies have shown that, in addition to basic
demographic factors, other factors such as tumor stage, tumor
grade and surgery also affected the prognosis of patients with
ccRCC.11,12 Therefore, it is necessary to conduct further
studies including these factors.

Limitations

This study had some limitations. First, its retrospective design
meant that it might have been affected by selection, information,
and mixed biases, such as under-registration, misclassification of
cases within and among countries, and variations in SES.
Second, the results can only reflect the selected SEER areas and
are not appropriate to generalize to other geographical locations.
Third, some potential important factors such as radiotherapy,
chemotherapy, certain biological indicators and certain cultural
factor are lacked in the SEER database. It is therefore difficult to
directly assess the link between changes in treatment and im-
provements in survival outcomes, as well as the impact of other
potential factors on survival. Fourth, because the key point of this
study is to explore the effects of age, sex, race and SES on RSRs
in patients with ccRCC, this study did not include other factors
such as tumor stage, tumor grade, and marital status and further
analysis by stratification of these variables, whichmay lead to the
RSR differences between patients.

Conclusion

In conclusion, our analysis of cancer data in the SEER database
found that the RSR of patients with ccRCC improved over the
15-year study period. We observed a survival advantage in fe-
male patients, as well as a significant relationship between this
survival advantage and the age of female patients. The difference
in RSRs between white and black patients and that between
patients with different SES also indicated similar decreasing
trends over time, suggesting the relationship between these two
factors. In the future it is necessary to obtain a better under-
standing of the molecular mechanism of ccRCC occurrence and
development, develop novel and effective antineoplastic drugs,
and increase the use of imaging examinations. Combined with
improvements in medical insurance and the health-care system,
this will further improve the survival rate of ccRCC.
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