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Abstract
Background: Hispanics and American Indians (AI) have high kidney cancer in-
cidence and mortality rates in Arizona. This study assessed: (1) whether racial 
and ethnic minority patients and patients from neighborhoods with high social 
vulnerability index (SVI) experience a longer time to surgery after clinical diag-
nosis, and (2) whether time to surgery, race and ethnicity, and SVI are associated 
with upstaging to pT3/pT4, disease-free survival (DFS), and overall survival (OS).
Methods: Arizona Cancer Registry (2009–2018) kidney and renal pelvis cases 
(n = 4592) were analyzed using logistic regression models to assess longer time 
to surgery and upstaging. Cox-regression hazard models were used to test DFS 
and OS.
Results: Hispanic and AI patients with T1 tumors had a longer time to surgery 
than non-Hispanic White patients (median time of 56, 55, and 45 days, respec-
tively). Living in neighborhoods with high (≥75) overall SVI increased odds of a 
longer time to surgery for cT1a (OR 1.54, 95% CI: 1.02–2.31) and cT2 (OR 2.32, 
95% CI: 1.13–4.73). Race and ethnicity were not associated with time to surgery. 
Among cT1a patients, a longer time to surgery increased odds of upstaging to pT3/
pT4 (OR 1.95, 95% CI: 0.99–3.84). A longer time to surgery was associated with 
PFS (HR 1.52, 95% CI: 1.17–1.99) and OS (HR 1.63, 95% CI: 1.26–2.11). Among 
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1   |   INTRODUCTION

Kidney cancer (KCa) is one of the top 10 most common 
cancers in the United States, and its incidence is increas-
ing nationally and globally.1–3 Surgery (nephrectomy) 
is most often the primary treatment for localized KCa 
without neoadjuvant treatment. Decisions for surgical 
treatment are made based on tumor size (clinical stage), 
complexity (solitary vs. multiple tumors), renal function, 
overall health conditions, and age.4–7 Active surveillance 
is recommended for elderly patients with comorbidities 
and patients with a small tumor (<4 cm, clinical stage 1a 
[cT1a]). Partial nephrectomy is recommended for clinical 
stage 1 (T1, <7 cm) tumors. Partial nephrectomy is also 
recommended for patients with limited renal function, 
solitary, or bilateral tumors. Radical nephrectomy is gen-
erally performed for patients with clinical stage 2 (cT2) 
and 3 (cT3) tumors. While active surveillance for cT1a 
tumor is shown to be safe, for larger tumors, there is no 
clear guideline for how quickly surgical treatment needs 
to be performed after clinical diagnosis.

Disparities in receipt and type of surgical treatment 
have been previously reported, but disparities in time to 
surgical treatment have not been explored.8–11 Surgery 
wait time of up to 3 months for early-stage KCa may not 
impact survival after surgical treatment, but prolonged 
time to surgery is associated with reduced survival.12–14 
Disparities in time to treatment initiation exist for many 
cancer types in racial and ethnic minority populations, 
including KCa. Racial and ethnic minority groups with 
high mortality rates often experience a longer gap be-
tween diagnosis to treatment initiation.15–19 A better un-
derstanding of disparities in time to treatment initiation 
is necessary to develop programs or recommendations to 
reduce current patterns of KCa disparities.

Neighborhood-level attributes have been associated 
with numerous cancer health disparities. For breast,20,21 
prostate,22 lung,23 cervical,24 and liver25,26 cancers, liv-
ing in low socioeconomic status (SES) neighborhoods 
is linked to disease disparities. A suggested pathway 
shaping these disparities is the relationship between 

neighborhood-level disadvantage and cancer treat-
ment delay, which has been previously considered for 
breast,18 colorectal,16 and liver19 cancers. The impacts 
of neighborhood-level disadvantage on cancer treat-
ment delay are particularly pronounced among individ-
uals from racial and ethnic minority populations.16,27 
Social vulnerability index (SVI) is a publicly available 
measurement of neighborhood characteristics. The SVI 
was developed by the Centers for Disease Control and 
Prevention (CDC) using U.S. Census data and American 
Community Survey data to identify socially vulnerable 
communities for disaster responses.28 The SVI is also 
useful to assess impacts of neighborhood factors in-
fluencing diagnosis, treatment, survivorship care, and 
outcomes of many cancer types.29 Compared to low SVI 
neighborhoods, high SVI neighborhoods are shown to 
have lower cancer screening rates and higher cancer 
mortality rates.30–32 Living in high SVI neighborhoods 
is also associated with foregoing curative surgical treat-
ment for hepatocellular carcinoma.33 However, despite 
the usefulness of SVI to assess impacts of neighborhood 
characteristics on cancer care and outcomes, SVI has 
not been previously used in KCa studies.

To better understand these racial and ethnic differ-
ences in KCa survival, the current study examined the 
relationships between neighborhood-level factors, time to 
treatment initiation, and cancer upstaging and survival in 
Arizona. This study assessed: (1) whether racial and eth-
nic minority patients and patients from neighborhoods 
with high social vulnerability as measured by the SVI 
experience a longer time to surgical treatment after clin-
ical diagnosis, and (2) whether time to surgery, race and 
ethnicity, and neighborhood social vulnerability are as-
sociated with adverse pathology (upstaging to pT3/pT4), 
disease-free survival (DFS), and overall survival (OS). The 
state of Arizona is uniquely situated to examine neighbor-
hood factors related to a longer time from diagnosis to sur-
gical treatment given its high numbers of rural American 
Indian (AI) reservations and geographic regions on the 
US/Mexico border. This study extends upon previously re-
ported evidence that AI and Mexican American patients 

patients with cT2 tumor, living in high SVI neighborhoods was associated with 
worse OS (HR 1.66, 95% CI: 1.07–2.57).
Conclusions: High social vulnerability was associated with increased time to 
surgery and poor survival after surgery.
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have an elevated risk of KCa mortality compared to non-
Hispanic White (NHW) patients.34

2   |   MATERIALS AND METHODS

2.1  |  KCa case data

Arizona Cancer Registry (ACR) data for kidney and renal 
pelvis cases (International Classification of Diseases 
for Oncology-10-CM C649 and C659) diagnosed and/or 
treated between January 1, 2009, and December 31, 2018 
were obtained. Adult patients (aged ≥20 years) who (1) 
underwent surgical treatment, including local ablation, 
partial nephrectomy, radical/total nephrectomy, and un-
known surgical treatment and (2) had data available on 
clinical tumor stage 1, 2, and 3 (cT1, cT2, and cT3) were 
included in the study (n = 4592) (Figure S1). Cases with-
out clinical stages and cases with clinical tumor stage 4 
or metastatic cancer were excluded. Approval to conduct 
this study was obtained from the Arizona Department of 
Health Services Human Subject Review Board.

2.2  |  Outcome variables

This study assessed three outcomes: (1) time (in days) 
from date of clinical diagnosis to surgical treatment; (2) 
adverse pathology which included any upstaging and up-
staging to pathological stage 3 (pT3) or 4 (pT4) from cT1a, 
cT1b, and cT2; and (3) survival measured as DFS and OS. 
Among patients with cT1, cT2, and cT3 tumors, patients 
for which there was no clinical diagnosis date available 
prior to surgery (i.e., where time to surgery = 0) were ex-
cluded (n = 2019) initially. We then included these cases 
to assess how removing them may have affected analysis 
results. Because there is no clear clinical guideline for ap-
propriate time between clinical diagnosis and time to sur-
gical treatment, the median time to surgery from diagnosis 
was calculated separately for each clinical tumor stage to 
define a longer time to surgery (>median time to surgery). 
We also assessed whether race and ethnicity and SVI were 
associated with >1 month and >3 months from the date of 
clinical diagnosis to surgical treatment. DFS and OS was 
evaluated using time in days from date of surgery to date 
of death, recurrence (for DFS only), or last follow-up.

2.3  |  Exposure variables

Race and ethnicity reported to ACR was used and catego-
rized into five groups (NHW, non-Hispanic Black [NHB], 
AI, Hispanics, and Other for individuals with unknown or 

mixed race and ethnicity). The SVI was used as a measure-
ment of neighborhood characteristics and linked to census 
tract geocode of each patient. The overall SVI, a compos-
ite measure of 15 factors, groups these factors into four 
themes: (1) SES, (2) household composition and disabil-
ity, (3) minority status and language, and (4) housing and 
transportation. The SVI ranges from 0 (least vulnerable) 
to 1 (most vulnerable) and is reported using percentile. 
For overall SVI, the scores were grouped into four catego-
ries (<25th, 25th–49th, 50–74th, and ≥75th percentile). 
Each individual SVI theme was grouped into two catego-
ries (<75th and ≥75th percentile). For analysis stratified 
by SVI, overall SVI, and each individual SVI theme were 
grouped to <50th and ≥50th percentile.

2.4  |  Covariates

Adjusted models included age, sex, insurance type, re-
gion/county, and urban/nonurban residence. Insurance 
type was categorized into Private, Medicaid, Medicare, 
and Other which included uninsured, unknown, military/
Veterans Affairs, and Indian Health Services. Private in-
surance was used as the reference category. Arizona coun-
ties were divided into three groups based on geographic 
location: Central/East (Apache, Cochise, Coconino, Gila, 
Graham, Greenlee, Navajo, Pinal, and Yavapai), West (La 
Paz, Mohave, and Yuma), and South/Central (Pima and 
Santa Cruz). The largest county, Maricopa, served as the 
reference for geographic analyses. The U.S. Department 
of Agriculture 2010 Rural–Urban Commuting Area codes 
based on the census tract were used to categorize resi-
dential areas into urban (metropolitan, urban cities, and 
suburbs) and nonurban (large rural city/town and small 
isolated rural town).

2.5  |  Statistical analysis

Percentages and medians, including interquartile ranges 
(IQRs), were used to assess sociodemographic and clini-
cal characteristics. Differences in clinical characteristics 
and SVI were tested using chi-squared tests for categori-
cal variables and Kruskal–Wallis tests for continuous vari-
ables. Logistic regression models were used to assess the 
associative relationship of SVI and race and ethnicity with 
a longer time to surgical treatment and adverse pathology. 
Cox regression hazard models were used to assess whether 
a longer time to surgery and SVI were associated with DFS 
and OS. Adjusted models were run first using overall SVI, 
and then using each individual SVI theme. Statistical analy-
sis was performed separately for clinical tumor stage 1 (cT1a 
and cT1b), 2 (cT2), and 3 (cT3) patients. Clinical tumor 



4 of 14  |      VALENCIA et al.

stage 1 was separated into cT1a and cT1b, because patients 
with cT1a tumor may be eligible for active surveillance.35 
Heterogeneity in associations between race and ethnicity 
and time to surgery was assessed by stratifying cases by SVI. 
Ad hoc analyses were performed to assess potential bias in 
registry data regarding patients for which a diagnosis date 
was not available prior to surgery.

3   |   RESULTS

3.1  |  Characteristics of patients

There was a total of 4592 cases with cT1, cT2, or cT3 tumors 
(Table  1). The largest racial and ethnic group was NHW 
(73.3%) followed by Hispanic (16.6%). Combined cases 
of AI and NHB patients represented a total of 8.5% of the 
study sample (4.8% and 3.7%, respectively). Age, sex, insur-
ance type, region/county, and urban/nonurban residence 
of patients differed significantly by race and ethnicity. A 
greater proportion of Hispanic and AI patients belonged to 
younger age groups and had Medicaid coverage compared 
to NHW and NHB patients. There were also racial and eth-
nic differences in geographic distribution. The proportion of 
Hispanic patients living in the South/Central counties was 
higher than that of NHW patients (15.1% vs. 7.7%), while the 
proportion of AI patients living in Central/East counties was 
higher than that of NHW patients (42.7% vs. 12.3%). AI pa-
tients were more likely to live in nonurban areas than NHW 
patients (27.3% vs. 10.4%). Hispanic and AI patients were 
more likely than NHWs and NHBs to come from neighbor-
hoods with high SVI scores (Figure 1; Table S1).

Among the 2573 patients with a clinical diagnosis date 
prior to surgery, Hispanic and AI patients with cT1 tumors 
had a longer time to surgery than NHW patients (median 
times of 56, 55, and 45 days, respectively). There was no dif-
ference in time to surgery for kidney (C649) and renal pel-
vis (C659) cancer. Rate of upstaging to pT3/pT4 was 4.3% in 
cT1a, 14.5% in cT1b, and 36.9% in cT2, and no difference was 
observed across racial and ethnic groups. Detailed charac-
teristics of these patients are available in Table S2.

3.2  |  Disparities in time to surgery

Hispanic ethnicity was significantly associated with a 
longer time to surgery for cT1a and cT1b in unadjusted 
models (p < 0.05) (Table S3). The overall SVI indicated 
an increased odds for a longer time to surgery among 
patients with cT1a, cT1b, and cT2 in the unadjusted 
model. In the adjusted models, the associations between 
Hispanic ethnicity and time to surgery were attenuated 
and were no longer statistically significant (Figure  2). 

Using different cutoff days to define longer time to surgery 
(>1 and >3 months to surgery after clinical diagnosis) did 
not change associations (Table S4). When patients were 
stratified by SVI categories, compared to NHW patients, 
Hispanic patients from areas with high concentrations of 
minority populations had increased odds of longer time 
to surgery in cT3 (OR 3.30, 95% CI: 1.11–9.84), but the 
association was not significant among patients from low 
concentrations of minority populations (pInteraction = 0.04, 
Table S5). Although the interaction was not statistically 
significant, Hispanic patients from high SVI based on 
neighborhood SES in cT1b and AI patients from high SVI 
for housing and transportation in cT2 also had signifi-
cantly increased odds of longer time to surgery (OR 2.25, 
95% CI: 1.12–4.53 and OR 13.80: 1.37–139.46).

Living in high overall SVI (≥75) neighborhoods was 
associated with increased odds of a longer time to surgi-
cal treatment for cT1a (OR 1.54, 95% CI: 1.02–2.31) and 
cT2 (OR 2.32, 95% CI: 1.13–4.73). Associations between 
overall SVI and time to surgery were the strongest for cT2 
when we assessed the association of overall SVI with >1 
and >3 months to surgery. Individual SVI themes were not 
associated with longer time to surgery when the median 
time to surgery was used. However, living in neighbor-
hoods with high SVI for housing and transportation in-
creased odds of having >3 months to surgery after clinical 
diagnosis (OR 4.35, 95% CI: 1.51–12.53).

Geographical location and insurance type were also as-
sociated with time to surgery. Living in the West Arizona 
counties was significantly associated with a longer time 
to surgery for cT1a. Living in the South/Central Arizona 
counties increased odds of having a longer time to surgery 
for cT1a and cT3. Having Medicaid increased odds of a 
longer time to surgery for cT1b, and having Medicare in-
creased odds of a longer time to surgery for cT1b and cT2.

3.3  |  Longer time to surgery and 
adverse pathology

A longer time to surgery increased odds of upstaging to 
any stage (OR 1.62, 95% CI: 1.02–2.57) and to pT3/pT4 
(OR 1.95, 95% CI: 0.99–3.84) among patients with cT1a 
tumors (Table S6). Having a longer surgical time reduced 
odds of upstaging compared to a shorter surgical time for 
cT2. Living in neighborhoods with a high concentration 
of minority individuals increased odds of upstaging from 
cT1a to pT3/pT4 (OR 2.88, 95% CI: 0.99–8.37). Living in 
West and South/Central Arizona counties was also as-
sociated with increased odds of upstaging to pT3/pT4 in 
patients with cT1a tumors. A significant association be-
tween time to surgery and upstaging was not observed for 
patients with cT1b tumors.
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3.4  |  Longer time to surgery, SVI,  
and survival

Median time between date of surgery and date of last con-
tact, death, or recurrence (and IQR) was 1443 days (594–
2223) for cT1a, 1323 days (454–2165) for cT1b, 1164 days 
(554–2037) for cT2, and 1372 days (445–2293) for cT3. In 

the adjusted model, having a longer time to surgery was 
associated with worse DFS (HR 1.52, 95% CI: 1.17–1.99) 
and OS (HR1.63, 95% CI: 1.26–2.11) for cT1a and bet-
ter OS (HR 0.76, 95% CI: 0.58–0.99) for cT3 (Figure  3). 
Patients living in high SVI-score neighborhoods had 
poor DFS (Figure 4) and OS (Figure 5) across all clinical 
stages. Compared to patients living in neighborhoods with 

T A B L E  1   Characteristics of patients by race and ethnicity.

Total NHW Hispanic AI NHB Other p

n (%) 4592 (100) 3364 (73.3) 764 (16.6) 220 (4.8) 171 (3.7) 73 (1.6)

Age, n (%)

Age <50 716 (15.6) 426 (12.7) 174 (22.8) 64 (29.1) 35 (20.5) 17 (23.3) <0.001

Age 50–59 1443 (31.4) 679 (20.2) 228 (29.8) 60 (27.3) 48 (28.1) 29 (39.7)

Age 60–69 1044 (22.7) 1049 (31.2) 210 (27.5) 63 (28.6) 55 (32.2) 12 (16.4)

Age ≥70 1389 (30.2) 1210 (36.0) 152 (19.9) 33 (15.0) 33 (19.3) 15 (20.5)

Sex, n (%)

Male 2968 (64.6) 2214 (65.8) 464 (60.7) 132 (60.0) 112 (65.5) 46 (63.0) 0.053

Female 1624 (35.4) 1150 (34.2) 300 (39.3) 88 (40.0) 59 (34.5) 27 (37.0)

Insurance type, n (%)

Private 1681 (36.6) 1253 (37.2) 268 (35.1) 69 (31.4) 56 (32.7) 35 (47.9) <0.001

Medicaid 425 (9.3) 192 (5.7) 165 (21.6) 36 (16.4) 23 (13.5) 9 (12.3)

Medicare 1914 (41.7) 1550 (46.1) 206 (27.0) 65 (29.5) 73 (42.7) 20 (27.4)

Other 572 (12.5) 369 (11.0) 125 (16.4) 50 (22.7) 19 (11.1) 9 (12.3)

Region/county, n (%)

Maricopa 3016 (65.7) 2277 (67.7) 452 (59.2) 98 (44.5) 133 (77.8) 56 (76.7) <0.001

West 547 (11.9) 415 (12.3) 110 (14.4) 14 (6.4) 4 (2.3) 4 (5.5)

Central East 619 (13.5) 414 (12.3) 87 (11.4) 94 (42.7) 21 (12.3) 3 (4.1)

South Central 410 (8.9) 258 (7.7) 115 (15.1) 14 (6.4) 13 (7.6) 10 (13.7)

Urban/nonurban residence, n (%)

Urban 4100 (89.3) 3015 (89.6) 691 (90.4) 160 (72.7) 164 (95.9) 70 (95.9) <0.001

Nonurban 492 (10.7) 349 (10.4) 73 (9.6) 60 (27.3) 7 (4.1) 3 (4.1)

Clinical stage, n (%)

cT1 3405 (74.2) 2491 (74.0) 557 (72.9) 162 (73.6) 138 (80.7) 57 (78.1) 0.47

cT2 600 (13.1) 447 (13.3) 100 (13.1) 25 (11.4) 19 (11.1) 9 (12.3)

cT3 587 (12.8) 426 (12.7) 107 (14.0) 33 (15.0) 14 (8.2) 7 (9.6)

Time to surgery in days, median (IQR)

cT1 (All) 48 (28, 75) 45 (27, 72) 56 (34, 89) 55 (32, 75) 49 (27, 75) 43 (32, 74) 0.007

cT1a 51 (31, 78) 49 (29, 76) 58 (37, 92) 56 (38, 71) 52 (30, 74) 43 (35, 74) 0.19

cT1b 41 (24, 65) 40 (22, 64) 50 (33, 65) 41 (29, 74) 51 (30, 83) 39 (13, 59) 0.17

cT1 unspecified 49 (27, 78) 43 (25, 70) 62 (34, 123) 74 (62, 110) 30 (16, 32) 69 (34, 84) 0.047

cT2 27 (13, 47) 27 (13, 47) 34 (11, 48) 35 (9, 72) 17 (10, 112) 17 (6, 35) 0.61

cT3 28 (11, 52) 28 (12, 50) 31 (11, 62) 33 (10, 56) 32 (7, 73) 13 (7, 49) 0.82

Upstaged to pT3 or pT4, n (%)

cT1 (Unspecified) 45 (15.5) 34 (15.7) 5 (11.6) 4 (36.4) 2 (18.2) (0.0) 0.21

cT1a 62 (4.3) 51 (4.8) 6 (2.6) 4 (5.3) 1 (2.0) (0.0) 0.35

cT1b 124 (14.5) 89 (13.9) 23 (17.7) 6 (14.0) 4 (12.1) 2 (22.2) 0.76

cT2 203 (36.9) 157 (38.1) 30 (33.7) 9 (37.5) 3 (17.6) 4 (50.0) 0.41
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overall SVI <25, patients with cT2 tumors living in neigh-
borhoods with SVI ≥75 had about 90% poorer OS (HR 
1.88, 95% CI: 1.09–3.26). Patients living in neighborhoods 
with overall SVI 50–74 had worse DFS for cT1a (HR 1.88, 
95% CI: 1.27–2.80), cT1b (HR 1.81, 95% CI: 1.09–3.02), 
and cT3 (HR 1.63, CI: 1.05–2.55) as well as worse OS for 
cT1a (HR 2.13, 95% CI: 1.46–3.11), cT1b (HR 1.88, 95% CI: 
1.16–3.04), cT2 (HR 2.02, 95% CI: 1.25–3.24), and cT3 (HR 
1.55, 95% CI: 1.07–2.25). Living in neighborhoods with 
high concentrations of racial and ethnic minorities was 
associated with worse DFS in cT3 (HR 2.45, 95% CI: 1.01–
4.77). Individual SVI themes were not associated with OS. 
In these analyses, race and ethnicity were not associated 
with DFS or OS.

3.5  |  Assessing bias in the data on 
patients without a diagnosis date prior 
to surgery

Given the large number of cases for which a clinical diag-
nosis date prior to surgery was not available, we conducted 
an ad hoc analysis to assess whether there was potential 
bias in the data on outcomes in the primary analysis. A 
clinical diagnosis date prior to surgery was not available 
for 47.2%, 37.8%, and 31.3% of cases respectively for cT1, 
cT2, and cT3 (Table S7). Among patients with cT1 tumors, 
the proportion of patients without a prior diagnosis date 
was higher for cT1a (48.5%) than cT1b (43.8%) patients 
(Table S8). cT1 patients with Medicare coverage tended to 
have a clinical diagnosis date before surgery date. There 
was also geographic variation in whether this informa-
tion was available. In a logistic regression analysis, cT1b 
patients living in West (OR 1.66, 95% CI: 1.06–2.60) and 
South/Central (OR 2.44, 95% CI: 1.44–4.11) counties and 
neighborhoods with high SVI SES scores (OR 1.79, 95% CI: 

1.07–3.00) had an increased likelihood of having a clinical 
diagnosis date prior to surgery (Table S9). Living in neigh-
borhoods with a high proportion of minority residents 
was associated with reduced odds of having a clinical di-
agnosis date prior to surgery (OR 0.43, 95% CI: 0.26–0.71). 
NHB patients with cT2 tumors and patients with cT3 tu-
mors from Central/East Arizona counties were less likely 
to have a diagnosis date prior to surgery.

We further assessed whether potential bias affected 
results for adverse pathology and survival using patients 
without a clinical diagnosis date prior to surgery as a refer-
ence group and comparing them to patients with a shorter 
and longer time to surgery (Table  S10). Among patients 
with cT1a tumors, the association between a longer time 
to surgery and upstaging became stronger (OR 2.87, 95% 
CI: 1.57–5.26). Having a longer time to surgery reduced 
odds of upstaging compared to a shorter time to surgery 
for cT2, but a shorter time to surgery increased odds of 
upstaging to pT3/pT4 compared to patients without clini-
cal diagnosis date prior to surgery. Similarly, compared to 
patients without a clinical diagnosis date prior to surgery, 
having a shorter time to surgery was associated with worse 
DFS in cT2 (Table S11) and OS in cT2 and cT3 (Table S12).

3.6  |  Other factors associated with 
OS and DFS

In the same models including patients without clinical di-
agnosis date prior to surgery, we identified several other 
factors associated with OS and DFS. NHB patients had sig-
nificantly poorer OS in cT1a (HR1.64, 95% CI: 1.05–2.54), 
and AI patients had significantly poorer OS in cT2 (HR 
1.91, 95% CI: 1.04–3.50) than NHW patients. Patients with 
Medicaid coverage had significantly worse DFS for cT1a, 
cT2, and cT3 and OS for cT1a, cT1b, and cT3 than patients 

F I G U R E  1   Social vulnerability index (SVI) of kidney cancer patients' residence by race and ethnicity.
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with private insurance. Patients with Medicare coverage 
also had significantly poorer DFS and OS for cT1a. Lastly, 
patients living in nonurban areas had significantly worse 
DFS for cT1a, cT1b, and cT3 and OS for cT1a and cT2 than 
patients living in urban areas.

4   |   DISCUSSION

These findings demonstrate that high neighborhood so-
cial vulnerability increases time to surgery, risk of disease 
progression, and mortality, which may explain some of 

the racial and ethnic disparity patterns in KCa. Contrary 
to previous studies showing that the surgery wait time of 
up to 3 months for early-stage KCa may not impact pa-
thology and survival after surgical treatment,12,14,36 our 
study found a longer time to surgery (>51 days) leads to 
adverse pathology and poor survival among patients with 
cT1a tumors. Our study is consistent with others show-
ing a longer time to treatment initiation is generally as-
sociated with worse survival for KCa and other cancer 
types.13,15,19,37 However, lack of information on potential 
confounding factors and bias in registry data may have af-
fected the results of our analyses.

F I G U R E  2   Factors associated with the longer time to surgical treatment in adjusted models. (A) cT1a (≥50 vs. <51 days), (B) cT1b (≥41 
vs. <41 days), (C) cT2 (≥27 vs. <27 days), and (D) cT3 (≥28 vs. <28 days).
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F I G U R E  3   Longer time to surgery is associated with disease-free survival (A) and overall survival (B). The Cox regression models 
exclude patients without a clinical diagnosis date before the surgery.
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Racial and ethnic minority patients regularly have a 
longer time to cancer treatment initiation.16,19,38 During 
the COVID-19 pandemic, cancer survivors from racial and 
ethnic minority backgrounds often delayed treatment.39,40 

However, more research is needed to understand the 
causal pathways linking race and ethnicity to greater time 
to treatment. In our study, SVI, health insurance type, and 
geographic region were significantly associated with time 

F I G U R E  4   Association between overall social vulnerability index (SVI) and disease-free survival. The Cox regression models exclude 
patients without a clinical diagnosis date before the surgery.
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to surgery, adverse pathology, and/or survival. When these 
factors were included in the models, the associations be-
tween Hispanic ethnicity and time to surgery became no 
longer significant. This suggests that neighborhood-level 
factors, geographic location, and insurance type explain 

the racial and ethnic disparities in time to surgical treat-
ment. Addressing social determinants or drivers of health 
at the neighborhood level could improve timeliness of 
treatment and survival after treatment not only in racial 
and ethnic minority groups, but for all patients from any 

F I G U R E  5   Association between overall social vulnerability index (SVI) and overall survival. The Cox regression models exclude 
patients without a clinical diagnosis date before the surgery.
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racial and ethnic backgrounds. However, other factors 
that were not included in our study, such as comorbidities, 
transportation, clinical complexity, individual-level SES, 
cultural beliefs, institutional mistrust, health literacy, lack 
of financial and social support, and healthcare systems in-
cluding poor care coordination and communication, may 
also delay the treatment of all patients.18,27,41,42

A primary challenge for considering KCa disparities 
posed by time to surgery is the limited diversity of patients 
in large national databases. Racial and ethnic minority 
patients and some geographic areas in the United States 
are underrepresented in a national database commonly 
used for clinical quality assessment.43,44 This complicates 
the generalizability of results from previous studies that 
assessed relationships between time to surgery and ad-
verse pathology, as well as time to surgery and KCa sur-
vival.12,36 A longer time to surgery for early-stage KCa 
may pose differential risk across geographic locations 
and racial and ethnicity groups with high KCa mortality 
rates. Population-based cancer registries have an advan-
tage over hospital-based data with better representation 
of racial and ethnic minority patients. For this reason, we 
leveraged an available population-based cancer registry 
data from Arizona, a state where marked KCa disparities 
exist.34

Despite common use of population-based and hospital-
based registry data for clinical research, both kinds of data 
have several issues that potentially impact the analysis re-
sults. First, many registry patients included in our study 
and in a previous study36 did not have an available clin-
ical diagnosis date prior to their date of surgery. Renal 
masses are often found incidentally with imaging modali-
ties, such as ultrasound, computed tomography (CT), and 
magnetic resonance imaging (MRI).45,46 After the initial 
finding, patients may undergo more than one imaging 
assessment preoperatively to characterize the tumor (size 
and location of the tumor) and to plan for surgical treat-
ment. A kidney biopsy is not often performed relying on 
CT and MRI for clinical diagnosis.47 Contrast-enhanced 
CT and MRI have diagnostic capacity with high accura-
cies.48,49 CT is more widely available and costs less than 
MRI, but MRI has capabilities of detailed characterization 
of renal cell carcinoma.50,51 The pattern for the patients 
who had 0 days for time between clinical diagnosis and 
surgery may not be occurring at random and may have 
affected our study results showing significant associations 
of a shorter time to surgery with adverse pathology and 
survival. However, the underlying causes driving this are 
not clear. Second, patients, particularly those of racial and 
ethnic minority backgrounds, patients residing in high 
SVI neighborhoods, and patients with public insurance, 
may have had an initial abnormal finding well before their 
clinical diagnosis date based on imaging assessments that 

are reported to cancer registries, and this dataset may not 
capture the true extent of treatment delay. Other poten-
tial issues include lead time bias, such as patients from 
low SVI neighborhoods having earlier detection of tumor 
through imaging assessment than patients from high SVI 
neighborhoods, effectiveness of treatment impacting sur-
vival outcomes, and lack of detailed clinical information 
which may have impacted treatment and survival. Finally, 
some Hispanic immigrants may have gone back to their 
country of origin to receive care, and their treatment and 
outcome information may not be reported to cancer regis-
tries, resulting in underestimations of mortality rates and 
other estimates, a phenomenon referred to as the salmon 
bias.52,53

This study identified specific geographic areas in 
Arizona that may benefit from targeted intervention ef-
forts aimed at improving access to KCa care. In Arizona, 
many urologists specializing in KCa treatment practice in 
the two counties with metropolitan areas (Maricopa and 
Pima). Southern counties located along the US/Mexico 
borders have high concentrations of Hispanic populations 
in rural and urban areas within these counties. While 
Hispanic ethnicity was not associated with time to surgery, 
upstaging, OS, or DFS after adjusting for SVI and region/
county, living in South/Central counties was associated 
with these outcomes. Northeastern counties in Arizona 
have large rural areas with AI tribal reservations. Living 
in nonurban areas was associated with poor OS and DFS. 
Racial and ethnic minority patients from rural counties 
may have additional challenges, but NHW also experience 
challenges to receive timely care. To address these dispari-
ties, interventions may be necessary to improve healthcare 
access in these areas with high SVI.

There are some limitations to this study. First, the sam-
ple size was small after removing cases without a clinical 
diagnosis date prior to surgery. Sample size, especially for 
racial and ethnic minority patients, was also small after 
stratifying by SVI. The limited sample size may have pro-
duced spurious associations and limited our ability to 
detect important associations. Second, despite statistical 
significance, effect size (OR and HR) for some association 
was small (<1.5) or not very large (<2.0). Developing ef-
fective public health strategies to address social drivers 
to health in particular geographic area or neighborhoods 
would be challenging without additional data. Third, most 
patients had to have insurance coverage before undergo-
ing imaging assessment, and it is unknown how long the 
uninsured individuals had to wait to obtain insurance cov-
erage and schedule an appointment for imaging assess-
ment after they first experienced symptoms. Also, there 
may be uncontrolled confounding factors for which data 
were not available in the ACR yielding unexpected results. 
Moreover, the patients who had a small renal mass (cT1a) 
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may have chosen to undergo active surveillance, but the 
data were not available for this study to confirm this 
clinical decision. It is possible that racial and ethnic mi-
nority patients and patients from high SVI neighborhoods 
are more likely to choose active surveillance, leading to 
greater time to surgery. Finally, some of the findings may 
be unique to Arizona, and may not be generalizable. The 
examination of the effect of neighborhood social vulnera-
bility on disparities in time to surgical treatment in other 
states is warranted.

As incidence rates of KCa continue to rise in racial and 
ethnic minority groups, identifying factors contributing to 
persistent disparities in treatment and survival should re-
main at the forefront of research. This study showed that 
neighborhood-level social vulnerability partly accounts for 
KCa disparities in Arizona. Patients residing in neighbor-
hoods with high SVI had negative outcomes across all KCa 
clinical stages. While future research is needed to under-
stand why patients from neighborhoods with high SVI ex-
perience worse KCa outcomes, researchers should consider 
designing interventions that reach these communities.

AUTHOR CONTRIBUTIONS
Celina I. Valencia: Conceptualization (equal); funding 
acquisition (supporting); writing – original draft (equal); 
writing – review and editing (equal). Patrick Wightman: 
Data curation (lead); formal analysis (lead); funding ac-
quisition (supporting); writing – original draft (support-
ing); writing – review and editing (supporting). Kristin 
E. Morrill: Investigation (supporting); writing – original 
draft (supporting); writing – review and editing (support-
ing). Chiu-Hsieh Hsu: Formal analysis (supporting); 
funding acquisition (supporting); methodology (sup-
porting). Hina Arif-Tiwari: Funding acquisition (sup-
porting); investigation (supporting). Eric Kauffman: 
Investigation (supporting); methodology (supporting). 
Francine C. Gachupin: Investigation (supporting). 
Juan Chipollini: Funding acquisition (supporting); in-
vestigation (supporting); writing – review and editing 
(supporting). Benjamin R. Lee: Writing – review and 
editing (supporting). David O. Garcia: Funding acquisi-
tion (equal); project administration (equal). Ken Batai: 
Conceptualization (equal); formal analysis (supporting); 
funding acquisition (equal); methodology (supporting); 
project administration (equal); writing – original draft 
(equal); writing – review and editing (equal).

ACKNOWLEDGMENTS
We would like to thank staff at the Arizona Department 
of Health Services for their support in obtaining the data. 
The collection of Arizona KCa cases was supported by the 
CDC National Program of Cancer Registries cooperative 
agreement with the ACR. The ACR has not verified and is 

not responsible for the analytic or statistical methodology. 
The contents of this article are solely the responsibility of 
the authors and do not necessarily represent the official 
views of the ACR or CDC.

FUNDING INFORMATION
This project was supported by funding from National 
Cancer Institute (1R21CA248361–01 and U54CA143924) 
and American Cancer Society grant for a Cancer Health 
Equity Research Center at Minority Serving Institutions 
(CHERC-MSI-21-167-01-CHERC-MSI).

CONFLICT OF INTEREST STATEMENT
Dr Garcia is a National Board member for the American 
Cancer Society Cancer Action Network (CAN). The work 
here does not represent the views of the ACS CAN, and is 
not directly related to this manuscript.

DATA AVAILABILITY STATEMENT
The KCa case data is available from the ACR after ap-
proval from the Arizona Department of Health Services.

ETHICS STATEMENT
Approval to conduct this study was obtained from the 
Arizona Department of Health Services Human Subject 
Review Board.

ORCID
Ken Batai   https://orcid.org/0000-0002-0317-1118 

REFERENCES
	 1.	 Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 

2023. CA Cancer J Clin. 2023;73:17-48.
	 2.	 Palumbo C, Pecoraro A, Knipper S, et  al. Contemporary age-

adjusted incidence and mortality rates of renal cell carcinoma: 
analysis according to gender, race, stage, grade, and histology. 
Eur Urol Focus. 2021;7:644-652.

	 3.	 Bukavina L, Bensalah K, Bray F, et al. Epidemiology of renal 
cell carcinoma: 2022 update. Eur Urol. 2022;82:529-542.

	 4.	 Escudier B, Porta C, Schmidinger M, et al. Renal cell carcinoma: 
ESMO clinical practice guidelines for diagnosis, treatment and 
follow-up†. Ann Oncol. 2019;30:706-720.

	 5.	 Ljungberg B, Albiges L, Abu-Ghanem Y, et  al. European 
Association of Urology guidelines on renal cell carcinoma: the 
2022 update. Eur Urol. 2022;82:399-410.

	 6.	 Campbell SC, Clark PE, Chang SS, Karam JA, Souter L, 
Uzzo RG. Renal mass and localized renal cancer: evaluation, 
management, and follow-up: AUA guideline: part I. J Urol. 
2021;206:199-208.

	 7.	 Campbell SC, Uzzo RG, Karam JA, Chang SS, Clark PE, Souter L. 
Renal mass and localized renal cancer: evaluation, management, 
and follow-up: AUA guideline: part II. J Urol. 2021;206:209-218.

	 8.	 Becker A, Roghmann F, Trinh QD, et  al. Sociodemographic 
disparities in the treatment of small renal masses. BJU Int. 
2013;111:E274-E282.

https://orcid.org/0000-0002-0317-1118
https://orcid.org/0000-0002-0317-1118


      |  13 of 14VALENCIA et al.

	 9.	 Gachupin FC, Lee BR, Chipollini J, et al. Renal cell carcinoma 
surgical treatment disparities in American Indian/Alaska na-
tives and Hispanic Americans in Arizona. Int J Environ Res 
Public Health. 2022;19:1185.

	10.	 Moskowitz D, Chang J, Ziogas A, Anton-Culver H, Clayman 
RV. Treatment for T1a renal cancer substratified by size: "less is 
more". J Urol. 2016;196:1000-1007.

	11.	 Howard JM, Nandy K, Woldu SL, Margulis V. Demographic fac-
tors associated with non-guideline-based treatment of kidney 
cancer in the United States. JAMA Netw Open. 2021;4:e2112813.

	12.	 Ginsburg KB, Curtis GL, Patel DN, et al. Association of surgi-
cal delay and overall survival in patients with T2 renal masses: 
implications for critical clinical decision-making during the 
COVID-19 pandemic. Urology. 2021;147:50-56.

	13.	 Mano R, Vertosick EA, Hakimi AA, et al. The effect of delaying 
nephrectomy on oncologic outcomes in patients with renal tu-
mors greater than 4cm. Urol Oncol. 2016;34:239.

	14.	 Shiff B, Breau RH, Patel P, et al. Impact of time to surgery and 
surgical delay on oncologic outcomes for renal cell carcinoma. 
J Urol. 2021;205:78-85.

	15.	 Khorana AA, Tullio K, Elson P, et  al. Time to initial cancer 
treatment in the United States and association with survival 
over time: an observational study. PLoS One. 2019;14:e0213209.

	16.	 Obrochta CA, Murphy JD, Tsou MH, Thompson CA. 
Disentangling racial, ethnic, and socioeconomic disparities in 
treatment for colorectal cancer. Cancer Epidemiol Biomarkers 
Prev. 2021;30:1546-1553.

	17.	 Quinonez-Zanabria E, Valencia CI, Asif W, et al. Racial and eth-
nic disparities in preoperative surgical wait time and renal cell 
carcinoma tumor characteristics. Healthcare. 2021;9:1183.

	18.	 Schermerhorn MC, Grunvald MW, O'Donoghue CM, Rao 
RD, Becerra AZ. Factors mediating racial/ethnic dispari-
ties in delayed treatment of breast cancer. Ann Surg Oncol. 
2022;29:7652-7658.

	19.	 Wagle NS, Park S, Washburn D, et  al. Racial, ethnic, and so-
cioeconomic disparities in treatment delay among patients 
with hepatocellular carcinoma in the United States. Clin 
Gastroenterol Hepatol. 2023;21:1281-1292.

	20.	 Guan A, Lichtensztajn D, Oh D, et  al. Breast cancer in San 
Francisco: disentangling disparities at the neighborhood level. 
Cancer Epidemiol Biomarkers Prev. 2019;28:1968-1976.

	21.	 Plascak JJ, Beyer K, Xu X, Stroup AM, Jacob G, Llanos AAM. 
Association between residence in historically redlined districts 
indicative of structural racism and racial and ethnic disparities 
in breast cancer outcomes. JAMA Netw Open. 2022;5:e2220908.

	22.	 DeRouen MC, Yang J, Jain J, Weden MM, Gomez SL, Shariff-
Marco S. Disparities in prostate cancer survival according to 
neighborhood archetypes, a Population-Based Study. Urology. 
2022;163:138-147.

	23.	 Johnson AM, Johnson A, Hines RB, Mohammadi R. 
Neighborhood context and non-small cell lung cancer out-
comes in Florida non-elderly patients by race/ethnicity. Lung 
Cancer. 2020;142:20-27.

	24.	 Sokale IO, Oluyomi AO, Montealegre JR, Thrift AP. Racial/
ethnic disparities in cervical cancer stage at diagnosis: medi-
ating effects of neighborhood-level socioeconomic deprivation. 
Cancer Epidemiol Biomarkers Prev. 2023;32:818-824.

	25.	 Oluyomi AO, Mohammadi KA, El-Serag HB, Thrift AP. 
Mediating effects of neighborhood-level socioeconomic depri-
vation on the association between race/ethnicity and advanced 

hepatocellular carcinoma. Cancer Epidemiol Biomarkers Prev. 
2022;31:1402-1409.

	26.	 Wagle NS, Park S, Washburn D, et  al. Racial, ethnic, and so-
cioeconomic disparities in curative treatment receipt and 
survival in hepatocellular carcinoma. Hepatol Commun. 
2022;6:1186-1197.

	27.	 Rose J, Oliver Y, Sage P, Dong W, Koroukian SM, Koopman GS. 
Factors affecting timely breast cancer treatment among black 
women in a high-risk urban community: a qualitative study. 
BMC Womens Health. 2022;22:354.

	28.	 Centers for Disease Control and Prevention and Agency for 
Toxic Substance and Disease Registry. CDC/ATSDR Social 
Vulnerability Index. Available from URL: 2023 https://​www.​
atsdr.​cdc.​gov/​place​andhe​alth/​svi/​index.​html

	29.	 Tran T, Rousseau MA, Farris DP, Bauer C, Nelson KC, Doan 
HQ. The social vulnerability index as a risk stratification tool 
for health disparity research in cancer patients: a scoping re-
view. Cancer Causes Control. 2023;34:407-420.

	30.	 Bauer C, Zhang K, Xiao Q, Lu J, Hong YR, Suk R. County-
level social vulnerability and breast, cervical, and colorec-
tal cancer screening rates in the US, 2018. JAMA Netw Open. 
2022;5:e2233429.

	31.	 Chen KY, Blackford AL, Sedhom R, Gupta A, Hussaini 
SMQ. Local social vulnerability as a predictor for cancer-
related mortality among US counties. Oncologist. 2023;28:​
e835-e838.

	32.	 Ganatra S, Dani SS, Kumar A, et al. Impact of social vulnerabil-
ity on comorbid cancer and cardiovascular disease mortality in 
the United States. JACC CardioOncol. 2022;4:326-337.

	33.	 Azap RA, Hyer JM, Diaz A, Paredes AZ, Pawlik TM. Association 
of County-Level Vulnerability, patient-level race/ethnicity, and 
receipt of surgery for early-stage hepatocellular carcinoma. 
JAMA Surg. 2021;156:197-199.

	34.	 Valencia CI, Asmar S, Hsu CH, et  al. Renal cell carcinoma 
health disparities in stage and mortality among American 
Indians/Alaska natives and Hispanic Americans: comparison 
of National Cancer Database and Arizona cancer registry data. 
Cancers (Basel). 2021;13:990.

	35.	 Campbell S, Uzzo RG, Allaf ME, et al. Renal mass and localized 
renal cancer: AUA guideline. J Urol. 2017;198:520-529.

	36.	 Srivastava A, Patel HV, Kim S, et al. Delaying surgery for clini-
cal T1b-T2bN0M0 renal cell carcinoma: oncologic implications 
in the COVID-19 era and beyond. Urol Oncol. 2020;39:283.

	37.	 Hanna TP, King WD, Thibodeau S, et al. Mortality due to can-
cer treatment delay: systematic review and meta-analysis. BMJ. 
2020;371:m4087.

	38.	 Bilimoria KY, Ko CY, Tomlinson JS, et al. Wait times for cancer 
surgery in the United States: trends and predictors of delays. 
Ann Surg. 2011;253:779-785.

	39.	 Llanos AAM, Ashrafi A, Ghosh N, et  al. Evaluation of ineq-
uities in cancer treatment delay or discontinuation following 
SARS-CoV-2 infection. JAMA Netw Open. 2023;6:e2251165.

	40.	 Patel MI, Ferguson JM, Castro E, et al. Racial and ethnic dis-
parities in cancer care during the COVID-19 pandemic. JAMA 
Netw Open. 2022;5:e2222009.

	41.	 Dong J, Esham KS, Boehm L, et  al. Timeliness of treatment 
initiation in newly diagnosed patients with breast cancer. Clin 
Breast Cancer. 2020;20:e27-e35.

	42.	 Housten AJ, Malinowski C, Paredes E, Harris CL, McNeill 
LH, Chavez-MacGregor M. Movement through chemotherapy 

https://www.atsdr.cdc.gov/placeandhealth/svi/index.html
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html


14 of 14  |      VALENCIA et al.

delay to initiation among breast cancer patients: a qualitative 
analysis. Patient Prefer Adherence. 2022;16:749-759.

	43.	 Lerro CC, Robbins AS, Phillips JL, Stewart AK. Comparison 
of cases captured in the national cancer data base with those 
in population-based central cancer registries. Ann Surg Oncol. 
2013;20:1759-1765.

	44.	 Mallin K, Browner A, Palis B, et al. Incident cases captured in 
the National Cancer Database compared with those in U.S. pop-
ulation based central cancer registries in 2012–2014. Ann Surg 
Oncol. 2019;26:1604-1612.

	45.	 Hollingsworth JM, Miller DC, Daignault S, Hollenbeck BK. 
Rising incidence of small renal masses: a need to reassess treat-
ment effect. J Natl Cancer Inst. 2006;98:1331-1334.

	46.	 Welch HG, Skinner JS, Schroeck FR, Zhou W, Black WC. 
Regional variation of computed tomographic imaging in the 
United States and the risk of nephrectomy. JAMA Intern Med. 
2018;178:221-227.

	47.	 Leppert JT, Hanley J, Wagner TH, et  al. Utilization of renal 
mass biopsy in patients with renal cell carcinoma. Urology. 
2014;83:774-779.

	48.	 Bagheri MH, Ahlman MA, Lindenberg L, et  al. Advances in 
medical imaging for the diagnosis and management of com-
mon genitourinary cancers. Urol Oncol. 2017;35:473-491.

	49.	 Vogel C, Ziegelmüller B, Ljungberg B, et  al. Imaging in sus-
pected renal-cell carcinoma: systematic review. Clin Genitourin 
Cancer. 2019;17:e345-e355.

	50.	 Arif-Tiwari H, Kalb BT, Bisla JK, Martin DR. Classification and 
diagnosis of cystic renal tumors: role of MR imaging versus 

contrast-enhanced ultrasound. Magn Reson Imaging Clin N 
Am. 2019;27:33-44.

	51.	 Heller MT, Furlan A, Kawashima A. Multiparametric MR for 
solid renal mass characterization. Magn Reson Imaging Clin N 
Am. 2020;28:457-469.

	52.	 LaPelusa M, Diaz FC, Santos PMG, Verduzco-Aguirre H, Soto-
Perez-de-Celis E. Discordance between social vulnerability and 
cancer-related mortality in border counties - a letter to the editor re-
garding "local social vulnerability as a predictor for cancer-related 
mortality among US counties". Oncologist. 2023;29:e294-e295.

	53.	 Turra CM, Elo IT. The impact of Salmon bias on the Hispanic 
mortality advantage: new evidence from social security data. 
Popul Res Policy Rev. 2008;27:515-530.

SUPPORTING INFORMATION
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Valencia CI, Wightman P, 
Morrill KE, et al. Neighborhood social vulnerability 
and disparities in time to kidney cancer surgical 
treatment and survival in Arizona. Cancer Med. 
2024;13:e7007. doi:10.1002/cam4.7007

https://doi.org/10.1002/cam4.7007

	Neighborhood social vulnerability and disparities in time to kidney cancer surgical treatment and survival in Arizona
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|KCa case data
	2.2|Outcome variables
	2.3|Exposure variables
	2.4|Covariates
	2.5|Statistical analysis

	3|RESULTS
	3.1|Characteristics of patients
	3.2|Disparities in time to surgery
	3.3|Longer time to surgery and adverse pathology
	3.4|Longer time to surgery, SVI, and survival
	3.5|Assessing bias in the data on patients without a diagnosis date prior to surgery
	3.6|Other factors associated with OS and DFS

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


