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Abstract
Purpose To test for regional differences in clear cell metastatic renal cell carcinoma (ccmRCC) patients across the USA.
Methods The Surveillance, Epidemiology, and End Results (SEER) database (2000–2018) was used to tabulate patient (age 
at diagnosis, sex, race/ethnicity), tumor (N stage, sites of metastasis) and treatment characteristics (proportions of nephrec-
tomy and systemic therapy), according to 12 SEER registries. Multinomial regression models, as well as multivariable Cox 
regression models, tested the overall mortality (OM) adjusting for those patient, tumor and treatment characteristics.
Results In 9882 ccmRCC patients, registry-specific patient counts ranged from 4025 (41%) to 189 (2%). Differences across 
registries existed for sex (24–36% female), race/ethnicity (1–75% non-Caucasian), N stage (N1 25–35%, NX 3–13%), pro-
portions of nephrectomy (44–63%) and systemic therapy (41–56%). Significant inter-registry differences remained after 
adjustment for proportions of nephrectomy (46–63%) and systemic therapy (35–56%). Unadjusted 5-year OM ranged from 
73 to 85%. In multivariable analyses, three registries exhibited significantly higher OM (SEER registry 5: hazard ratio (HR) 
1.20, p = 0.0001; SEER registry 7:HR 1.15, p = 0.008M SEER registry 10: HR 1.15, p = 0.04), relative to the largest refer-
ence registry (n = 4025).
Conclusion Important regional differences including patient, tumor and treatment characteristics exist, when ccmRCC 
patients included in the SEER database are studied. Even after adjustment for these characteristics, important OM differences 
persisted, which may require more detailed analyses to further investigate these unexpected differences.
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Introduction

Overall survival of clear cell metastatic renal cell carcinoma 
(ccmRCC) patients improved over the past decade [1, 2]. The 
introduction of new systemic therapies, specifically immu-
notherapies, has significantly contributed to this improve-
ment [3]. However, most improvements were reported in 
the context of prospective randomized trials that may not 
apply to patients at large. It is possible that patient charac-
teristics and patterns of care may differ between geographic 
regions of patient’s residence. Moreover, these differences 
could potentially lead to discrepancies in survival outcomes 
that should ideally not exist. Indeed, such differences across 
geographic regions have been reported for other urologic 

malignancies such as prostate or penile cancer [4–6]. It is 
currently unknown, whether such differences also exist for 
ccmRCC patients in the USA. We tested this hypothesis 
within the Surveillance, Epidemiology, and End Results 
(SEER) database (2000–2018). We hypothesized that such 
differences exist and that they may be associated with differ-
ences in overall mortality (OM) between specific geographic 
regions of residence (SEER registries).

Methods

Study population

The SEER database (2000–2018) was used to identify 
patients aged ≥ 18 years with histologically confirmed 
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unilateral metastatic RCC (International Classification of 
Disease for Oncology [ICD-O] site codes C64.9), who har-
bored clear cell histology (ICD-O-3 code 8310). Cases iden-
tified only at autopsy were excluded. The SEER database 
is divided into 13 geographic registries. We excluded the 
smallest registry due to the limited sample size (n = 20). In 
accordance with the SEER data agreements and limitations, 
names of individual registries were omitted from the report 
[7]. These selection criteria resulted in an overall cohort of 
9882 assessable patients within 12 SEER registries, namely 
from SEER registry 1 to SEER registry 12, in descending 
order of patient count. Death was defined according to the 
SEER mortality codes [8]. For the purpose of this study, OM 
(defined as death from any cause) was considered.

Statistical analyses

Descriptive statistics included frequencies and proportions 
for categorical variables. Medians and interquartile ranges 
(IQR) were reported for continuously coded variables. 
Kruskall–Wallis rank sum and Pearson Chi-square tested for 
statistical significant differences in medians and proportions, 
respectively. Statistical analyses relied on three steps. First, 
baseline patient (age at initial diagnosis, sex, race/ethnicity: 
Caucasian vs. non-Caucasian), tumor (N stage according 
to the American Joint Committee on Cancer (AJCC) TNM 
system, 8th edition, sites of metastasis) and treatment (rate 
of nephrectomy (radical or partial) and systemic therapy) 
characteristics were tabulated and displayed graphically, 
according to the above defined SEER registries. Second, we 
relied on multinomial regression models to display adjusted 
proportions of nephrectomy and systemic therapy exposure. 
Here, multinomial models were fitted for each registry, and 
the adjusted treatment proportion was derived from the pre-
dicted probability of receiving the said outcome on the entire 
selected SEER population (including all registries) from 
the multinomial model of each registry. For proportions of 
nephrectomy, multinomial models relied on age, sex, year 
of diagnosis, race/ethnicity, as well as N stage as covariates. 
For systemic therapy exposure, multinomial models relied 
on age, sex, year of diagnosis, race/ethnicity, N stage, as well 
as nephrectomy proportions as covariates. Finally, 5-year 
OM was computed for each SEER registry. Moreover, unad-
justed and adjusted OM hazard ratios (HR) were computed 
for each SEER registry, relying on Cox regression analyses. 
Adjustment variables consisted of year of diagnosis, base-
line patient (age at diagnosis, sex, race/ethnicity), tumor (N 
stage, sites of metastasis) and treatment (nephrectomy and 
systemic therapy exposure) characteristics. All tests were 
two sided with a level of significance set at p < 0.05 and R 
software environment for statistical computing and graph-
ics (version 4.1.2) was used for all analyses (7). Owing 
to the anonymously coded design of the SEER database, 

study-specific ethics approval was waived by the institutional 
review board.

Results

Descriptive characteristics

A total of 9822 ccmRCC patients were identified. Median 
age at initial diagnosis was 63 years (interquartile range 
(IQR) 56–71), 31% were female and 30% were non-Cauca-
sians. N stage distribution was as follows: N0 6,085 (62%) 
vs. N1 3,192 (32%) vs. NX 605 (6%). Proportions of treat-
ment were as follows: 5,666 patients (57%) received either 
radical (55%) or partial (2%) nephrectomy and 4,749 (48%) 
received systemic therapy (Table 1).

Differences in patient and tumor characteristics, 
across SEER registries

Registry-specific patient counts ranged from 4025 (41%) in 
SEER registry 1 to 189 (2%) in SEER registry 12 (Fig. 1). 
The proportion of females ranged from 24 (SEER registry 
6) to 36% (SEER registry 4; p < 0.001, Fig. 2b). The pro-
portion of race/ethnicity other than Caucasians ranged from 
1 (SEER registry 7) to 75% (SEER registry 12; p < 0.001; 
Fig. 2c). Regarding N stage, the proportions of N0 ranged 
from 56 (SEER registry 6) to 67% (SEER registry 2) vs. 
25 (SEER registry 11) to 35% (SEER registry 9) for N1 
(p < 0.001; Fig. 2d) vs. 3 (SEER registry 5) to 13 (SEER 
registry 6) for NX (p < 0.001; Fig. 2e). There were no sta-
tistically significant differences in patients’ age at initial 
diagnosis across the different SEER registries (p = 0.18; 

Table 1  Descriptive characteristics of 9882 clear cell metastatic renal 
cell carcinoma (ccmRCC) patients within the Surveillance, Epidemi-
ology, and End Results (SEER) database (2000–2018)

Characteristic N Overall, N =  98821

Age 9882 63 (56, 71)
Race 9882
 Caucasian 6948 (70%)
 Non-Caucasian 1627 (30%)

N-Stage 9882
 N0 6690 (62%)
 N1 3192 (32%)
 NX 605 (6%)

Systemic therapy 4749 (48%)
Surgery 9863 5666 (57,3%)
 Radical nephrectomy 5439 (55%)
 Partial nephrectomy 227 (2.3%)

Female 3047 (31%)
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Fig. 2a). Regarding the location of metastasis, we recorded 
significant differences in the proportion of bone metastasis 
across the registries (21–31%; p < 0.001). No statistically 
significant differences were observed for the proportion of 
liver, lung, brain and other metastasis across the SEER reg-
istries (Table 2).

Unadjusted and adjusted differences in treatment 
proportions across SEER registries

The rate of nephrectomy ranged from 46 (SEER registry 
8) to 64% (SEER registry 12; p < 0.001, Δ = 18%). After 
adjustment, differences in nephrectomy proportions per-
sisted (46–63%, Δ = 17%, p < 0.001). When focusing on the 
two registries with the highest patient count (SEER registry 
1–2), proportions ranged from 56 to 59% (Δ = 3%). In the ten 
remaining registries with lower patient count (SEER regis-
try 3 to 12), proportions ranged from 46 to 63% (Δ = 17%; 
Fig. 3a). Rate of systemic therapy ranged from 41 (SEER 
registry 12) to 56% (SEER registry 7; p < 0.001, Δ = 15). 
After adjustment, differences in systemic therapy propor-
tions persisted (35–56%, Δ = 21, p < 0.001). When focusing 

on the two registries with the highest patient count (SEER 
registry 1–2), proportions ranged from 47 to 53% (Δ = 6%). 
In the ten remaining registries with smaller patient count 
(SEER registry 3 to 12), proportions ranged from 35 to 56 
(Δ = 21%; Fig. 3b).

Overall mortality and unadjusted and adjusted 
differences in overall mortality across SEER 
registries

Five-year OM was 80% for all 9882 ccmRCC patients. Five-
year registry-specific OM ranged from 73 to 85% (Table 3). 
When focusing on the two registries with the highest patient 
count (SEER registry 1–2), OM ranged from 79 to 80% 
(Δ = 1%). In the ten remaining registries with lower patient 
count, 5-year OM ranged from 73 to 85% (Δ = 12%). Unad-
justed HR predicting OM ranged from 0.93 to 1.17. Adjusted 
HR predicting OM ranged from 0.88 to 1.20. The HR pre-
dicting OM recorded in three registries was statistically sig-
nificantly higher than the recorded HR of SEER registry of 
reference (SEER registry 1, HR 1.0). Specifically, the HR 
recorded for SEER registry 5 was 1.20 (p = 0.0001), the HR 

SEER registries

SEER Registry 1 (n=4025) 40.7%

SEER Registry 2 (n=888) 9%

SEER Registry 3 (n=792) 8%

SEER Registry 4 (n=749) 7.6%

SEER Registry 5 (n=654) 6.6%

SEER Registry 6 (n=630) 6.4%

SEER Registry 7 (n=596) 6%

SEER Registry 8 (n=516) 5.2%

SEER Registry 9 (n=306) 3%

SEER Registry 10 (n=285) 2.9%

SEER Registry 11 (n=252) 2.6%

SEER Registry 12 (n=189) 1.9%

Fig. 1  Pie chart depicting the distribution of 9882 clear cell metastatic renal cell carcinoma (ccmRCC) patients, according to the Surveillance, 
Epidemiology, and End Results (SEER) 2000–2018 geographic registries across the USA
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Fig. 2  a Box and whisker plots 
depicting patient age at initial 
diagnosis distribution in 9882 
clear cell metastatic renal cell 
carcinoma (ccmRCC) patients, 
according to the Surveillance, 
Epidemiology, and End Results 
(SEER) geographic registries 
(2000–2018). b Stacked bar 
plots depicting sex distribution 
in 9882 clear cell metastatic 
renal cell carcinoma (ccmRCC) 
patients, according to the Sur-
veillance, Epidemiology, and 
End Results (SEER) geographic 
registries (2000–2018). c 
Stacked bar plots depicting race/
ethnicity (Caucasian vs. Non-
Caucasians) distribution in 9882 
clear cell metastatic renal cell 
carcinoma (ccmRCC) patients, 
according to the Surveillance, 
Epidemiology, and End Results 
(SEER) geographic registries 
(2000–2018). d Stacked bar 
plots depicting rate of N1 stage 
in 9882 clear cell metastatic 
renal cell carcinoma (ccm-
RCC) patients, according to the 
Surveillance, Epidemiology, 
and End Results (SEER) geo-
graphic registries (2000–2018). 
e Stacked bar plots depict-
ing rate of NX stage in 9882 
clear cell metastatic renal cell 
carcinoma (ccmRCC) patients, 
according to the Surveillance, 
Epidemiology, and End Results 
(SEER) geographic registries 
(2000–2018)
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Fig. 2  (continued)
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recorded for SEER registry 7 was 1.14 (p = 0.008) and the 
HR for SEER registry 10 was 1.15 (p = 0.04; Table 3).

Discussion

It is currently unknown whether regional differences regard-
ing patient, tumor and treatment characteristics exist in ccm-
RCC patients and potentially even contribute to differences 
in overall mortality (OM). We hypothesized that higher than 
expected OM may be identified in select SEER registries, 
even after adjustment for patient, tumor and treatment char-
acteristics. We tested this hypothesis within a large popula-
tion of ccmRCC patients from within the SEER database 
(2000–2018). Our analyses resulted in several noteworthy 
observations.

First, we identified 9882 ccmRCC patients of 12 geo-
graphic registries within the SEER database over a period of 
18 years (2000–2018). This number is comparable to a dif-
ferent study addressing ccmRCC within the SEER database 
over a similar time period [9]. Analyses on regional differ-
ences regarding patient, tumor and treatment characteristics 
as well as cancer control outcomes, as were done in this 
study, require use of large-scale population-based databases. 
Single-institution or even multi-institutional databases may 
suffer from deficient numbers of observations or patient pop-
ulations, which limits this type of research. In consequence, 

large-scale epidemiologic databases such as SEER or the 
National Cancer Database (NCDB) are essential for the pur-
pose of assessing regional differences in patient, tumor or 
treatment characteristic as well as OM outcomes in ccmRCC 
patients.

Second, we recorded important differences in patient, 
tumor and treatment characteristics between the SEER 
registries. Regarding patient characteristics, the propor-
tions of female patients ranged from 24 to 36% (p < 0.001) 
and the proportion of race/ethnicity other than Cauca-
sians ranged from 1 to 75% across the SEER registries 
(p < 0.001). Proportions of N1 stage ranged from 25 to 
35% and proportions of unknown N stage (NX) ranged 
from 3 to 13% (p = 0.008; Fig. 2d). In a recent National 
Cancer Database (NCDB) analysis, female sex was an 
independent predictor for worse OS in ccmRCC [10]. Sim-
ilarly, a SEER-based analysis reported that non-Caucasians 
experience higher CSM in ccmRCC compared to Cauca-
sians [11]. Last but not least, N1 status has been shown to 
be an independent predictor for worse CSM [12]. Regard-
ing treatment characteristics, proportions of nephrectomy 
ranged from 46 to 64% (p < 0.001). These differences per-
sisted after adjustment for age, sex, year of diagnosis, race/
ethnicity and N status (46–63%). Moreover, we observed 
marginal variability in the two registries with the highest 
patient count (Δ = 3%). Conversely, the recorded variabil-
ity between the ten registries with smaller patient count 

Fig. 2  (continued)
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was more pronounced (Δ = 17%). Cytoreductive nephrec-
tomy plays an integral role in the management of ccm-
RCC; however, its indication depends on multiple clinical 
variables and ultimately on an individualized clinician’s 
assessment. In consequence, its use may vary and its vari-
ability may not be directly related to tumor characteristics. 
Additionally, we observed important differences in sys-
temic therapy exposure, ranging from 41 to 56% across the 
SEER registries (p < 0.001). These differences persisted 
after adjustment (35–56%). Systemic therapy represents 
the key element in multimodal treatment of ccmRCC. The 
presence of such differences in systemic therapy exposure 
may potentially affect survival rates. Furthermore, all the 
above-mentioned registry-specific differences may result 
in OM outcome discrepancies. Therefore, it is crucial to 
include these patient, tumor and treatment characteristics 
in multivariable analyses addressing OM, as was done in 
the current analyses.

Third, we also identified important variability in registry-
specific five-year OM ranging from 72.5% (SEER registry 
11) to 84.5% (SEER registry 8). Additionally, unadjusted 
OM HR was significantly higher in five registries with lower 
patient count compared to the registry of reference (SEER 
registry 1) with the highest patient count: SEER registry 4 
HR 1.15, SEER registry 5 HR 1.13, SEER registry 7 HR 
1.14, SEER registry 8 HR 1.17 and SEER registry 10 HR 
1.17. However, these rates may be biased, due to differences 
in patient, tumor and treatment characteristics. In conse-
quence, we reassessed these rates after detailed multivaria-
ble adjustment. Despite this extensive adjustment, HR differ-
ences persisted (ranging from 0.88 to 1.20). Specifically, the 
OM HR remained significantly higher in three registries with 
lower patient count (SEER registry 5: HR 1.20, p = 0.0001; 
SEER registry 7: HR 1.14; p = 0.008; SEER registry 10: HR 
1.15, p = 0.04). Taken together, these results indicate that 
only three out of twelve regions exhibit suboptimal survival 
data. Ideally, no statistically significant differences should be 
recorded after adjustment for patient case mix. Interestingly, 
these registries represent registries with lower patient count. 
In consequence it is possible that a systematic disadvantage 
may exist in smaller SEER registries. The structure of the 
SEER database does not allow investigating in more detail 
the specific association between low patient counts and 
worse survival. However, it is well established that accord-
ing to the practice-makes-perfect hypothesis, small caseload 
and lack of regionalization tend to be associated with worse 
outcomes including worse survival [13]. In consequence, 
regionalizing the care for ccmRCC patients may represent 
a valid option for avoiding low patient counts at regional or 
institutional level. Regionalization of care, as well as stand-
ardization of care, in addition to multidisciplinary decision 
making at larger centers, all have the ability to improve sur-
vival, as well as all other outcomes.Ta
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Despite the novelty of the current study, our work has 
limitations and should be interpreted in the context of its 
retrospective and population-based design. First, the cur-
rent SEER version provides sampling of patient from only 
12 specific registries. This sample may not perfectly reflect 
the entire US population. Additionally, since the SEER data-
base is designed with the intent of providing a representation 
of the US population, our findings cannot be applicable to 
patients from other countries and should be ideally validated 
after adjustment for ccmRCC characteristics using large-
scale database in multi-collaborative studies even in other 
countries or macro-areas. Third, the SEER database does 
not allow stratifying or adjusting the analyses, according to 
the International Metastatic Database Consortium (IMDC) 
criteria. However, this limitation applies to all previous 
SEER and NCDB analyses. Fourth, limited details regarding 
treatment type is available. Specifically, the SEER database 
does provide information on systemic therapy. Therefore, a 
distinction between chemotherapies and immunotherapies 
is not possible, nor does it provide information on cycle 

number and duration of treatment administration. Fifth, mul-
tivariable adjustment relies on patient, tumor and treatment 
information available in the SEER database. It is possible 
that other unavailable patient, tumor and treatment char-
acteristics also affected the observed rates, without being 
amendable for inclusion in either stratification or multivari-
able adjustment. Unfortunately, the SEER database does 
not provide data regarding baseline comorbidity status. 
Ideally, it could have been used for the purpose of further 
adjustment.

Conclusion

Important regional differences including patient, tumor 
and treatment characteristics exist, when ccmRCC patients 
included in the SEER database are studied. Even after 
adjustment for these characteristics, important OM differ-
ences persisted, which may require more detailed analyses 
to further investigate these unexpected differences.

Fig. 3  Bar plots depicting rates of a surgery and b systemic therapy 
before and after multinomial adjustment in in 9882 clear cell meta-
static renal cell carcinoma (ccmRCC) patients, according to the Sur-
veillance, Epidemiology, and End Results (SEER) geographic regis-
tries (2000–2018). The first plot shows SEER registries in ascending 

order according to rates of treatment before adjustment, the second 
plot shows SEER registries in the same order after adjustment and the 
third plot shows the largest two SEER registries (1,2) and then the 
smallest in ascendant order after adjustment
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