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Abstract: American Indians/Alaska Natives (AI/AN) and Hispanic Americans (HA) have higher
kidney cancer incidence and mortality rates compared to non-Hispanic Whites (NHW). Herein, we
describe the disparity in renal cell carcinoma (RCC) surgical treatment for AI/AN and HA and
the potential association with mortality in Arizona. A total of 5111 stage I RCC cases diagnosed
between 2007 and 2016 from the Arizona Cancer Registry were included. Statistical analyses were
performed to test the association of race/ethnicity with surgical treatment pattern and overall
mortality, adjusting for patients” demographic, healthcare access, and socioeconomic factors. AI/AN
were diagnosed 6 years younger than NHW and were more likely to receive radical rather than partial
nephrectomy (OR 1.49 95% CI: 1.07-2.07) compared to NHW. Mexican Americans had increased
odds of not undergoing surgical treatment (OR 1.66, 95% CI: 1.08-2.53). Analysis showed that not
undergoing surgical treatment and undergoing radical nephrectomy were statistically significantly
associated with higher overall mortality (HR 1.82 95% CI: 1.21-2.76 and HR 1.59 95% CI: 1.30-1.95
respectively). Mexican Americans, particularly U.S.-born Mexican Americans, had an increased risk
for overall mortality and RCC-specific mortality even after adjusting for neighborhood socioeconomic
factors and surgical treatment patterns. Although statistically not significant after adjusting for
neighborhood-level socioeconomic factors and surgical treatment patterns, AI/AN had an elevated
risk of mortality.

Keywords: kidney cancer; cancer health disparities; nephrectomy; surgical treatment; Arizona cancer

1. Introduction

Across the United States (U.S.), American Indians/Alaska Natives (AI/AN) and His-
panic Americans (HA) have higher kidney cancer incidence and mortality rates compared
to non-Hispanic Whites (NHW) [1-3]. Additionally, in Arizona, AI/AN and HA experience
a significantly higher incidence of kidney cancer compared to NHW, with AI/AN men
having kidney cancer as the second most commonly diagnosed cancer with a 1.9-fold higher
incidence [4]. Clear-cell renal cell carcinoma (RCC) has been reported to be more common
in AI/AN [5] than NHW, and the mean age at diagnosis among AI/AN was 49.7 years,
with a 6-fold higher odds of diagnosis at a younger age [6]. HA also have higher incidence
and mortality in Arizona. Analysis of RCC suggests that sociodemographic factors, such as
location of residence (urban/rural) and neighborhood factors, including Census-track high
school graduation, unemployment, and poverty rates [7], have influenced cancer diagnosis
in Arizona. However, these two racial/ethnic minority groups are underrepresented in
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RCC clinical studies [8]. The two most common surgical treatment approaches in the
U.S. are partial and radical nephrectomy for localized kidney cancer. The experience for
treatment among AI/AN and HA is not well understood.

In this article, we describe the disparity in RCC surgical treatment for AI/AN and
HA and its potential association with mortality in Arizona. We also examined whether
neighborhood-level socioeconomic factors account for the disparities in surgical treatment
and mortality.

2. Materials and Methods

RCC case data were obtained from the Arizona Cancer Registry (ACR). The ACRis a
population-based registry which includes cancer cases reported from state-licensed hospi-
tals. This study focused on stage I RCC cases diagnosed between 2007 and 2016. Partial
nephrectomy that conserves renal function is currently recommended for patients with
cT1a renal mass to minimize the risk of chronic kidney disease, while radical nephrectomy
is used for the removal of a larger tumor and more complex tumors. Local ablation is an
alternative approach for patients with a small renal mass who may not be a good candidate
to undergo nephrectomy [9]. Due to heterogeneity, other kidney cancer subtypes were
excluded. This study included only AI/AN, NHW, HA, non-Hispanic Blacks (NHB), and
Asian Americans. Cases with unknown or other race/ethnicity were excluded. The ACR
case data were linked to the U.S. 2000 Census-tract socioeconomic measures, including high
school graduation, poverty, and unemployment rates and the 2021 Rural-Urban Continuum
Codes (RUCC). For analysis of de-identified data, the University of Arizona IRB considered
our study exempt (#1710934077).

Descriptive statistics were done for stage I RCC patient characteristics based on
race/ethnicity of the patients for age, sex, marital status, education, employment, poverty
rate, and RUCC. Descriptive statistics for RCC grade, histologic subtype, and recurrence
were also completed. Because the sample size for NHB and Asian Americans was small,
they were excluded from subsequent statistical analysis. Logistic regression analyses were
done to analyze associations between race/ethnicity with no surgical treatment using
NHW as the reference, first adjusting for age, sex, marital status, RCC subtype, and year of
diagnosis (Model 1). Then, neighborhood characteristics (high school graduation, poverty,
and unemployment rates and RUCC) were added to the regression model (Model 2).
Logistic regression analyses were also done to test associations between race/ethnicity and
radical nephrectomy, adjusting for age, sex, marital status, RCC subtype and diagnosis
year in Model 1 and adding adjustments of education, unemployment, and poverty in
Model 2. Logistic regression analysis was performed to assess the association between
race/ethnicity and recurrence because the date of recurrence was not obtained for the ACR.
Cox regression analyses were performed to assess associations between race/ethnicity and
overall mortality, adjusted for age, sex, marital status, RCC subtype, grade, and diagnosis
year in Model 1; education, poverty, as well as no surgical treatment vs. treatment or radical
vs. partial nephrectomy were added to Model 2 and Model 3. Cox regression analysis was
also performed to examine the effect of nephrectomy type on risk of mortality by stratifying
patients’ nephrectomy type. Sub-distribution Cox proportional hazards regression was
performed to evaluate time to death due to RCC, accounting for competing risks.

3. Results
3.1. Patient Sociodemographic Characteristics

A total of 5111 patients from the ACR were included in the analyses: 319 (6.2%)
Al/AN, 3728 (72.9%) NHW, 168 (3.3%) NHB, 37 (0.7%) Asian Americans, and 859 (16.8%)
HA (Table 1). The largest racial/ethnic group in the study were NHWs, followed by HA
and Al/AN, respectively. Both AI/AN and HA were diagnosed at a median age of 59 years,
6 years younger than NHW. More males than females (61.9% vs. 39.1%) were diagnosed
across all racial/ethnic groups, with 59.2% male patients among AI/AN, compared to
62.0% for NHW and 56.2% for HA. Although most RCC patients tended to be married, the
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percent of patients reporting being married was lowest among AI/ANs (41.7% vs. 64.4%
for NHW and 55.8% for HA). The percent reporting being single (30.1%) or of unknown
marital status (10.0%) were highest among AI/AN. AI/AN (11.3%) and HA (13.5%) were
less likely to live in neighborhoods with higher high school graduation rates (vs. 48.6%
for Asian Americans and 40.5% for NHW). The percent living in neighborhoods with high
unemployment rates was highest among AI/AN (54.7% vs. 9.6% for NHB and 18.6% for
HA). Similarly, the percent living in neighborhoods with high poverty rates was highest
among AI/AN (69.2% vs. 39.7% for HA and 9.0% for NHW). A higher proportion of
AlI/AN patients live in rural areas than patients from other racial/ethnic groups (51.4%
vs. 21.3% for HA and 18.9% for NHW). There were statistically significant differences
across all sociodemographic variables by race/ethnicity. Among HA, Mexican Americans
had very different sociodemographic characteristics from NHW (Table S1). Compared to
U.S.-born Mexican Americans, Mexico-born Mexican Americans were more likely to live in
neighborhoods with low socioeconomic characteristics.

Table 1. Stage I RCC patient characteristics across racial/ethnic groups in the Arizona Cancer

Registry.
Stage 1 RCC Patient AI/AN NHW NHB A;:Z;?:an HA b
Characteristics (1 = 319) (n = 3728) (n =168) (n=37) (n = 859)
Age, Median (IQR) 59 (49-67) 65 (55-72) 58 (50-66) 61 (48-72) 59 (48-67) <0.001
Sex, 1 (%) 0.006
Male 189 (59.2) 2311 (62.0) 113 (67.3) 26 (70.3) 483 (56.2)
Female 130 (40.8) 1417 (38.0) 55 (32.7) 11 (29.7) 376 (43.8)
Marital Status, n (%) <0.001
Married 133 (41.7) 2400 (64.4) 95 (56.5) 26 (70.3) 479 (55.8)
Single 96 (30.1) 506 (13.6) 42 (25.0) 5(13.5) 164 (19.1)
Separated /Divorced /Widowed 58 (18.2) 738 (19.8) 27 (16.1) 5(13.5) 190 (22.1)
Unknown 32 (10.0) 84 (2.3) 4(24) 1(2.7) 26 (3.0)
High School Education, 1 (%) <0.001
>90% 36 (11.3) 1507 (40.5) 54 (32.3) 18 (48.6) 116 (13.5)
>70%, <90% 69 (21.7) 1872 (50.3) 79 (47.3) 13 (35.1) 355 (41.3)
<70% 213 (67.0) 346 (9.3) 34 (20.4) 6(16.2) 388 (45.2)
Unemployment, 1 (%) <0.001
<5% 71 (22.3) 2313 (62.1) 89 (53.3) 23 (62.2) 292 (34.0)
>5, <10% 73 (23.0) 1273 (34.2) 62 (37.1) 14 (37.8) 407 (47 .4)
>10% 174 (54.7) 139 (3.7) 16 (9.6) 0 (0.0) 160 (18.6)
Poverty Rate, 1 (%) <0.001
<25% 51 (16.0) 2294 (61.6) 76 (45.5) 23 (62.2) 244 (28.4)
>25, <50% 47 (14.8) 1097 (29.4) 51 (30.5) 11 (29.7) 274 (31.9)
>50% 220 (69.2) 334 (9.0) 40 (24.0) 3(8.1) 341 (39.7)
RUCC 2013, 11 (%) <0.001
lor2 155 (48.6) 3022 (81.1) 157 (94.0) 34 (91.9) 676 (78.7)
3-7 164 (51.4) 704 (18.9) 10 (6.0) 3(8.1) 183 (21.3)

3.2. RCC Patient Characteristics

Most Al/AN were diagnosed with Grade 1 or 2 RCC (83.2% vs. 74.7% for NHW
and 76.4% for HA) (Table 2). Clear cell RCC was the most common histologic subtype
across most racial/ethnic groups, including AI/AN (89.9%) and HA (86.1%). However,
NHB (39.5%) had more papillary histologic subtypes (41.2%), which was the second most
common histologic subtype for the other racial/ethnic groups. There were statistically
significant differences for RCC histologic subtypes across the race/ethnicity groups. The
recurrence rate was highest among AI/AN (19.4% vs. 18.2% for Asian Americans and
14.3% for NHW). Overall, recurrence was less common in HA (13.9%) compared to NHW,
but recurrence occurred at higher frequency among individuals of Mexican descent (21.0%;
p = 0.008), particularly in U.S.-born Mexican Americans (22.7%).
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Table 2. Stage I RCC characteristics across racial/ethnic groups in Arizona Cancer Registry.

Stage 1 RCC Asian

Characteristics AVAN NHW NHB Americans HA P
(n=319) (n =3728) (n =168) (n=237) (n = 859)
Grade, 1 (%) 0.03
2107
1&2 168 (83.2) 747) 96 (82.1)  20(714) 505 (76.4)
3&4 34(168)  713(253) 21 (17.9) 8(28.6) 156 (23.6)
RCC Histologic
Subtype, 1 (%) <0.001
Clear Cell 204 (89.9) (27%93) 47 (39.5)  21(70.0) 552 (86.1)
Papillary 12(5.3)  435(15.1) 49 (41.2) 6 (20.0) 39 (6.1)
Chromophobe 4(1.8) 232(8.1)  14(11.8) 2(6.7) 29 (4.5)
Others 7 (3.1) 108 (3.8) 9 (7.6) 1(3.3) 21 (3.3)
Recurrence, 1 (%) 0.24
No 200 (80.6) (28655% 123 (84.6) 27 (84.8) 614 (86.1)
Yes 48 (19.4) 441 (143) 22(153) 6 (18.2) 99 (13.9)

3.3. Associations between Race/Ethnicity and No Surgical Treatment

Across all race/ethnic groups, Al/AN were more likely to have no treatment (13.9%
in AI/AN vs. 7.7% in NHW and 8.3% in HA; Table 3). Nephrectomy was the most common
treatment, with AI/AN receiving this treatment at the lowest rates (72.2% vs. 82% for
NHW and 83% for HA). In logistic regression models assessing the association between
race/ethnicity and not undergoing treatment (no treatment vs. local ablation or nephrec-
tomy), controlling for age, sex, marital status, RCC subtype and diagnosis year, AI/AN
patients were statistically significantly more likely to receive no treatment (OR 2.18, 95% CI
1.50-3.16). When neighborhood characteristics were added (Model 2), the association was
no longer significant (p = 0.31). HAs were further sub-categorized to Mexican Americans,
and not undergoing treatment was found to be statistically significant (OR 1.66, 95% CI:
1.08-2.53). This finding continued even after the model distinguished between U.S.-born
and Mexico-born Mexican Americans and with the addition of neighborhood-level high
school graduation and unemployment rates.

3.4. Associations between Race/Ethnicity and Radical Nephrectomy

Radical nephrectomy was more common among AI/AN (59.1%) and HA (50.4%)
compared to NHW (48.3%; Table 4). In logistic regression models assessing the association
between race/ethnicity and nephrectomy type (radical vs. partial), controlling for age,
sex, marital status, RCC subtype and diagnosis year, AI/AN patients were statistically
significantly more likely to receive radical nephrectomy (OR 1.69, 95% CI11.25-2.27). Adding
education, unemployment and poverty in the model attenuated the association, but the
association remained statistically significant (OR 1.49, 95% CI 1.07-2.07).

3.5. Recurrence

AI/AN did not have increased odds of recurrence, but there were increased odds
of recurrence in individuals of Mexican descent (Table S2). The odds of recurrence in
Mexican Americans compared to NHW were greater among patients that underwent
radical nephrectomy (OR 3.12, 95% CI 1.00-9.76) than patients who underwent partial
nephrectomy (OR 1.31, 95% CI 0.46-3.71; Table S3).
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Table 3. Associations between race/ethnicity and no surgical treatment.
Model 1 Model 2
No Local Nephrectom
Race/Ethnicity Treatment,n  Abrasion, n pn %) Y OR (95% CI) p OR (95% CI) p
(%) (%) ?
NHW vs. racial/ethnic
minority groups
NHW 286 (7.7) 380 (10.2) 3048 (82.1) Reference Reference
2.18 1.26
Al/AN 44 (13.9) 44 (13.9) 229 (72.2) (1.50-3.16) <0.001 (0.80-1.99) 0.31
1.35 1.02
HA 71 (8.3) 75 (8.8) 710 (82.9) (1.01-1.80) 0.04 (0.74-1.41) 0.90
NHW vs. Mexican
Americans
NHW Reference Reference
Mexican Americans 40 (14.1) 22 (7.8) 221 (78.1) 2.21 <0.001 1.66 0.02
’ ' ' (1.51-3.25) ' (1.08-2.53) '
NHW vs.
U.S./Mexico-born
Mexican Americans
NHW Reference Reference
U.S.-born Mexican 2.61 2.00
Americans 23(19.2) 15 (12.5) 82 (68.3) (1.55-4.37) <0.001 (1.17-3.34) 0.01
Mexico-born Mexican 1.42 0.95
Americans 8(84) 6 (6.3) 81(85.3) (0.66-3.03) 0.37 (0.43-2.13) 091
Model 1 includes age category, sex, marital status, and diagnosis year; Model 2 includes age category, sex, marital
status, diagnosis year, RUCC 2013, % high school graduation, % unemployment, and % poverty.
Table 4. Associations between race/ethnicity and radical nephrectomy.
Model 1 Model 2
Race/Ethnicity Radical, n (%) Partial, n (%) OR (95% CI) p OR (95% CI) p
NHW vs. racial/ethnic
minority groups
NHW 1296 (48.3) 1389 (51.7) Reference Reference
AI/AN 123 (59.1) 85 (40.9) 1.69 (1.25-2.27) 0.001 1.49 (1.07-2.07) 0.02
HA 314 (50.4) 309 (49.6) 1.14 (0.95-1.36) 0.15 1.09 (0.90-1.32) 0.36
NHW vs. Mexican Americans
NHW Reference
Mexican Americans 100 (50.3) 99 (49.7) 1.05 (0.78-1.41) 0.75 0.95 (0.70-1.30) 0.77
NHW vs. U.S./Mexico-born
Mexican Americans
NHW Reference Reference
U.S.-born Mexican Americans 41 (56.2) 32 (43.8) 1.26 (0.78-2.04) 0.34 1.18 (0.72-1.91) 0.52
Mexico-born Mexican 33 (46.5) 38 (53.5) 0.88(054-142) 059  0.78(047-128) 033

Americans

Model 1 includes age category, sex, marital status, RCC subtypes (including NOS) and diagnosis year; Model
2 includes age category, sex, marital status, RCC subtypes (including NOS) and diagnosis year, % high school
graduation, % unemployment, and % poverty.

3.6. Cox Regression Analysis for Mortality in the Arizona Cancer Registry

Cox regression analyses were conducted to assess whether surgical treatment and
nephrectomy type, controlling for age, sex, marital status, RCC subtype, grade, and diag-
nosis year, has a bearing on overall mortality, and the results were statistically significant
for AI/AN patients and patients of Mexican descent, whether born in the U.S. or Mexico
(Table 5). Although it was not statistically significant for AI/AN in fully adjusted model,
increased risk of overall mortality persisted for AI/AN and U.S.-born Mexican Ameri-
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cans when surgical treatment, education and poverty were added to the model. Mexican
Americans, particularly U.S.-born Mexican Americans, had significantly elevated risk of
RCC-specific mortality, adjusting for competing risk, surgical treatment, and socioeconomic
factors, while the association was not significant for AI/AN (Table S4). In a stratified
analysis based on nephrectomy type, a similar pattern of increased risk of overall mortality
in Mexican Americans was observed in patients who underwent radical nephrectomy (HR
2.41, 95% CI: 1.56-3.72) and partial nephrectomy (HR 2.37, 95% CI: 1.37-4.09; Table S5).

Table 5. Cox regression analysis for overall mortality in ACR.

Variables Adjusted Model 1 Adjusted Model 2 Adjusted Model 3
HR (95% CI) p HR (95% CI) p HR (95% CI) P
Surgical Treatment
Local Ablation or Reference
Nephrectomy
No Treatment 1.82 (1.21-2.76) 0.04
Nephrectomy Type
Partial Reference
Radical 1.59 (1.30-1.95) <0.001
Race/ethnicity
NHW Reference Reference Reference
AI/AN 1.82 (1.29-2.55) 0.001 1.42 (0.98-2.06) 0.06 1.52 (0.96-2.39) 0.07
Hispanic Americans 1.27 (1.01-1.62) 0.04 1.05 (0.81-1.36) 0.70 1.27 (0.95-1.71) 0.11
NHW vs. Mexican
Americans
NHW Reference Reference Reference
Mexican Americans 2.65 (2.06-3.39) <0.001 2.28 (1.72-3.04) <0.001 2.53 (1.81-3.52) <0.001
NHW vs.

U.S./Mexico-Born
Mexican Americans
NHW
U.S.-Born Mexican
Americans

Reference

4.08 (2.80-5.95) <0.001

Reference

3.54 (2.56-4.89) <0.001

Reference

4.01 (3.00-5.36) <0.001

Mexico-Born Mexican

Americans

1.73 (1.05-2.86) 0.03 1.51 (0.90-2.56) 0.12 1.67 (0.93-3.02) 0.09

Model 1: Adjusted for age category, sex, marital status, RCC subtypes (excluding NOS), grade (1 and 2 vs. 3 and 4),
diagnosis year (categorical); Model 2: Model 1 + % high school graduation., % poverty, and no surgical treatment
vs. treatment; Model 3: Model 2 + % high school graduation., % poverty, and radical vs. partial nephrectomy.

4. Discussion

The goal of this study was to describe the disparity in surgical treatment for AI/ AN
and HA diagnosed with RCC and to assess any potential association with mortality. The
results demonstrate that AI/ AN and HA patients are more likely to be younger and to live
in neighborhoods with low high school graduation rates and high poverty and unemploy-
ment rates. Compared to U.S.-born Mexican Americans, Mexico-born Mexican Americans
were more likely to live in neighborhoods with low socioeconomic characteristics, which
may be partially due to ongoing immigration policy and legislation. These socioeconomic
factors likely impact housing, cancer care support and healthcare access [10,11]. Further-
more, married individuals are known to have better health outcomes, and AI/AN had
relatively high unmarried single status, which may partially explain the reported treatment
results [12,13].

Recurrence was not statistically significant for AI/AN. Although HA recurrence was
less common compared to NHW, recurrence occurred at a higher frequency among U.S.-
born Mexican Americans [14,15]. Both AI/AN and HA were more likely to receive no
treatment compared to NHW; however, neighborhood characteristics likely explained the
findings for AI/AN but only partially for Mexican Americans. For those that did receive
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treatment, AI/AN tended to receive a more invasive surgical treatment, radical nephrec-
tomy. Neighborhood-level socioeconomic factors may partly account for the disparities in
surgical treatment for AI/AN. Many Al/AN utilize the Indian Health Service (IHS) or the
local tribal health services program, and surgical treatment disparities may be attributed
to payor status. If an AI/AN patient was referred for surgical treatment by either the
IHS or the local tribal health services program, the payment may have dictated the type
of reimbursable care. The personal experiences of RCC diagnosis and surgical treatment
among Al/AN RCC patients were not part of our current study and would be important
to include in future work. Nevertheless, the standard of care for small renal masses is
partial nephrectomy; hence, results could be attributed to local referral patterns and lack of
access to academic hospitals or healthcare systems with comprehensive cancer care, where
minimally invasive surgical treatment and more advanced oncology care are available [16].

The survival benefit of undergoing partial nephrectomy instead of the more invasive
radical nephrectomy is well demonstrated [17]. For patients with multiple comorbidities
that impact kidney health, partial nephrectomy that preserves kidney function would be
optimal [18,19]. However, HA, especially U.S.-born Mexican Americans, did have statis-
tically increased risk of overall mortality after including surgical treatment patterns and
neighborhood-level socioeconomic factors. The reasons for high recurrence and mortality
rates in U.S.-born Mexican Americans and increased odds of recurrence among Mexican
Americans who underwent radical nephrectomy are not well understood. Acculturation
to Western lifestyle may have partially influenced cancer progression [15,17], but future
studies need to investigate the prevalence of comorbidities and obesity in this population
and the potential impact on RCC progression. Improving social determinants of health and
providing equitable surgical treatment may reduce disparities in mortality for HA. Our
study did not assess access to and use of local cancer navigator services or translation or
interpretation services and the potential impact of these services on advocacy.

Our findings underscore that disease characteristics, socioeconomic factors and treat-
ment differences do not completely explain the disparities in care and treatment that AI/ AN
experience. This suggests there is a need for more detailed information in the kidney cancer
databases of other risk factors, including smoking, obesity, diabetes, hypertension, and
chronic kidney disease, which are known risk factors of RCC pathogenesis and potential fac-
tors that influence survival after surgical treatment [20]. We know from other cancers [21,22]
and other chronic conditions [23,24] that these risks are disproportionately higher among
AI/AN [25]. We also know that the cancer experiences for AI/AN individuals and families
are challenging [26] and that comprehensive programs to address AI/AN cancer health
disparities are needed [27-29]. It is also important to promote a healthy lifestyle, and for
those individuals with a family history of kidney cancer, it becomes important to schedule
annual exams, especially for men.

This study also demonstrated surgical treatment disparities in HA, but surgical treat-
ment disparities may not be the primary factor for high mortality rates in individuals
of Mexican descent. Mexican Americans consistently had an elevated risk of mortality
across different analyses in this study. Similar to AI/AN, obesity and comorbidities are
also common in Mexican Americans and may have influenced survival after the surgical
treatment [30]. Mexican Americans also share similar clinicopathologic characteristics with
Al/AN, including early age of diagnosis and predominantly clear cell type of RCC [5],
as well as varying degrees of Indigenous American ancestry [31]. HA may have an un-
derlying genetic and biologic basis of RCC pathogenesis and progression. However, they
may be Mexican American-specific risk factors, and future studies are necessary to assess
the factors contributing to surgical treatment disparities and higher mortality in Mexican
Americans.

Several limitations of the current study include the lack of detailed clinical information
in ACR data, for example, complexity of tumor, comorbidities, performance status (mea-
surement of patient’s daily activities without the help of others), and smoking history, that
may be important for clinical decision-making for surgical treatment and have mortality



Int. |. Environ. Res. Public Health 2022, 19, 1185 8 of 10

implications. Individual-level socioeconomic or healthcare access factors were not used in
this study, and these factors may additionally account for treatment disparities identified in
this study. While AI/AN are the third largest racial/ethnic group in Arizona, the number
of AI/AN patients included in this study was small. This may have led to false-negative
associations in the fully adjusted regression models. Furthermore, the ACR has information
on whether patients were treated or referred from IHS facilities, but there may be potential
misclassification of additional AI/AN cases [32]. Missing cases could have underestimated
the magnitude of surgical treatment disparities, rate of recurrence, and mortality [33].
Future directions could include an analysis of the hereditary patterns and molecular
analysis of the surgical specimen to determine if there are genetic predispositions and
biologic characteristics of tumor progression related to disparate oncologic outcomes in
Al/AN. However, this would be challenging due to continuing concerns by Tribes of the use
of biological samples in research projects based on past transgressions [34-37]. To ensure
AI/AN populations and individuals diagnosed with cancer fully benefit from medical
advances and to be comfortable to participate in research, respectful adherence to Tribal
Sovereignty needs to be an integral facet of collaborative partnership building [38—40].

5. Conclusions

AlI/AN and HA were diagnosed 6 years younger; they were more likely to receive
no treatment, or if treatment was received, it was more likely to be radical nephrectomy,
which was associated with higher overall mortality. It seems for both AI/AN and HA,
structural inequality is also an RCC risk factor. AI/AN and HA were more likely to live
in neighborhoods with lower high school graduation, higher unemployment, and higher
poverty rates and rural areas, thereby underscoring that social determinants of health
continue to play a key role in cancer health disparities. In this study, we were able to
provide information on some key AI/AN and HA RCC disparities, but more research is
needed.

Studies that further our understanding of potential points of intervention should
involve patient experiences, surgeon decision-making, and healthcare system treatment
processing, with the end goal being the provision of equitable RCC care, especially since the
challenges that AI/AN and HA RCC patients face when they try to get surgical treatment
have never been discussed anywhere in the literature.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10
.3390/ijerph19031185/s1, Table S1: Stage 1 RCC patient characteristics among Mexican Americans in
Arizona Cancer Registry; Table S2: Associations between race/ethnicity and recurrence in ACR in
Stage I RCC patients; Table S3: Impact of nephrectomy type on the association between race/ethnicity
and recurrence in Stage I RCC patients; Table S4: Sub-distribution hazard regression analysis for
RCC-specific mortality in ACR; Table S5: Impact of nephrectomy type on the association between
race/ethnicity and overall mortality.

Author Contributions: Conceptualization, F.C.G. and K.B.; methodology, C.-H.H. and K.B.; vali-
dation, K.B., C.-H.H. and K.R.P; formal analysis, K.B., C.-H.H. and K.R.P; resources, B.R.L. and
K.B.; data curation, C.I.V. and K.B.; writing—original draft preparation, EC.G.; writing—review and
editing, FC.G,,BR.L. J].C, KR.P,A.C,A.CW,CILV, C-HH. and K.B,; supervision, B.R.L.; project
administration, K.B.; funding acquisition, EC.G. and K.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the National Cancer Institute, grant numbers 1R21CA248361-
01 and U54CA143924.

Institutional Review Board Statement: Not applicable for de-identified secondary data analysis.

Informed Consent Statement: The current study involved a retrospective review of Arizona Cancer
Registry data. No patients were recruited for the current study.

Data Availability Statement: The RCC case data used in the current study can be requested from
the ACR.


https://www.mdpi.com/article/10.3390/ijerph19031185/s1
https://www.mdpi.com/article/10.3390/ijerph19031185/s1

Int. |. Environ. Res. Public Health 2022, 19, 1185 90of 10

Acknowledgments: The authors would like to thank Barry Weiss, Jessie Pettit, Sommer Aldulaimi,
LeeAnn Denny and Barbara Stillwater for review of earlier drafts of the manuscript. The authors
would also like to thank Keyauni Leist and Ty Figueroa for their input and review of the abstract.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Siegel, R.L,; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7-33. [CrossRef]

2. Li, J.; Weir, HK; Jim, M.A.; King, S.M.; Wilson, R.; Master, V.A. Kidney cancer incidence and mortality among American Indians
and Alaska Natives in the United States, 1990-2009. Am. . Public Health 2014, 104, S396-5403. [CrossRef] [PubMed]

3.  Pinheiro, PS.; Medina, H.N.; Callahan, K.E.; Koru-Sengul, T.; Sharma, J.; Kobetz, E.N.; Penedo, FJ. Kidney cancer mortality
disparities among Hispanics in the US. Cancer Epidemiol. 2021, 72, €101938. [CrossRef]

4.  Batai, K.; Gachupin, EC.; Estrada, A.L.; Garcia, D.O.; Gomez, |.; Kittles, R.A. Patterns of Cancer Related Health Disparities in
Arizona. Cancer Health Disparities 2018, 2, e1-€20. [CrossRef]

5. Batai, K.; Harb-De la Rosa, A.; Zeng, J.; Chipollini, J.J.; Gachupin, F.C.; Lee, B.R. Racial/ethnic disparities in renal cell carcinoma:
Increased risk of early-onset and variation in histologic subtypes. Cancer Med. 2019, 8, 6780-6788. [CrossRef] [PubMed]

6.  Batai, K.; Harb-De la Rosa, A.; Lwin, A.; Chaus, F; Gachupin, E.C,; Price, E.; Lee, B.R. Racial and Ethical Disparities in Renal Cell
Carcinoma: An Analysis of Clinical Characteristics. Clin. Geritourinary Cancer 2019, 17, e195-202. [CrossRef]

7. Valencia, C.I; Asmar, S.; Hsu, C.; Gachupin, E.C.; Wong, A.C.; Chipollini, J.; Lee, B.R.; Batai, K. 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 2021, 13, 990. [CrossRef]

8.  Batai, K.; Bergersen, A.; Price, E.; Hynes, K.; Ellis, N.A.; Lee, B.R. Clinical and Molecular Characteristics and Burden of Kidney
Cancer Among Hispanics and Native Americans: Steps Toward Precision Medicine. Clin. Genitourin. Cancer 2018, 16, e535-e541.
[CrossRef]

9. American Urological Association. Renal Mass and Localized Renal Cancer: AUA Guideline. Available online: https://www.
auanet.org/guidelines/guidelines/renal-cancer-renal-mass-and-localized-renal-cancer-guideline (accessed on 13 November
2021).

10. Bailey, Z.D.; Feldman, ].M.; Bassett, M.T.; Malina, D. How Structural Racism Works—Racist Policies as a Root Cause of U.S. Racial
Health Inequities. N. Engl. |. Med. 2021, 384, 768-773. [CrossRef]

11.  Alcaraz, K.I.; Wiedt, T.L.; Daniels, E.C.; Yabroff, K.R.; Guerra, C.E.; Wender, R.C. Understanding and addressing social determi-
nants to advance cancer health equity in the United States: A blueprint for practice, research, and policy. CA Cancer ]. Clin. 2020,
70, 31-46. [CrossRef]

12.  Carr, D,; Springer, K.W. Advances in families and health research in the 21st century. . Marriage Fam. 2010, 72, 743-761. [CrossRef]

13.  Simon, R.W. Revisiting the relationships among gender, marital status, and mental health. Am. J. Sociol. 2002, 107, 1065-1096.
[CrossRef]

14. Lopez-Pentecost, M.; Crane, T.E.; Garcia, D.O.; Kohler, L.N.; Wertheim, B.C.; Hebert, ].R.; Steck, S.E.; Shivappa, N.; Santiago-Torres,
M.; Neuhouser, M.L.; et al. Role of dietary patterns and acculturation in cancer risk and mortality among postmenopausal
Hispanic women: Results from the Women’s Health Initiative (WHI). J. Public Health 2020. [CrossRef]

15.  Zamora, S.M.; Pinheiro, P.S.; Gomez, S.L.; Hastings, K.G.; Palaniappan, L.P; Hu, J.; Thompson, C.A. Disaggregating Hispanic
American Cancer Mortality Burden by Detailed Ethnicity. Cancer Epidemiol. Biomark. Prev. 2019, 28, 1353-1363. [CrossRef]

16. Leppert, ].T.; Mittakanti, H.R.; Thomas, I.-C.; Lamberts, RW.; Sonn, G.A.; Chung, B.L; Skinner, E.C.; Wagner, T.H.; Chertow, G.M.;
Brooks, J.D. Contempary Use of Partial Nephrectomy: Are Older Patients with Impaired Kidney Function Being Left Behind?
Urology 2016, 100, 65-71. [CrossRef]

17.  Tan, H-J; Norton, E.C; Ye, Z.; Hafez, K.S.; Gore, J.L.; Miller, D.C. Long-term Survival Following Partial vs Radical Nephrectomy
Among Older Patients with Early-Stage Kidney Cancer. . Am. Med. Assoc. 2012, 307, 1629-1635.

18. Kaushik, D.; Kim, S.P,; Childs, M.A.; Lohse, C.M.; Costello, B.A.; Cheville, ].C.; Boorjiian, S.A.; Leibovich, B.C.; Thompson, R.H.
Overall survival and development of stage IV chronic kidney disease in patients undergoing partial and radical nephrectomy for
benign renal tumors. Eur. Urol. 2013, 64, 600-606. [CrossRef] [PubMed]

19. Mir, M.C,; Derweesh, I.; Porpiglia, F.; Zargar, H.; Mottrie, A.; Autorino, R. Partial Nephrectomy Versus Radical Nephrectomy for
Clinical T1b and T2 Renal Tumors: A Systematic Review and Meta-analysis of Comparative Studies. Eur. Urol. 2017, 71, 606-617.
[CrossRef]

20. Scelo, G.; Larose, T.L. Epidemiology and Risk Factors for Kidney Cancer. J. Clin. Oncol. 2018, 36, 3574-3581. [CrossRef]

21. Melkonian, S.C.; Jim, M.A.; Reilley, B.; Erdrich, ].; Berkowitz, Z.; Wiggins, C.L.; Haverkamp, D.; White, M.C. Incidence of primary
liver cancer in American Indians and Alaska Natives, US, 1999-2009. Cancer Causes Control 2018, 29, 833-844. [CrossRef]

22. Emerson, M.A ; Banegas, M.P,; Chawla, N.; Achacoso, N.; Alexeeff, S.E.; Adams, A.S.; Habel, L.A. Disparities in prostate, lung,

breast, and colorectal cancer survival and comorbidity status among urban American Indians and Alaskan Natives. Cancer Res.
2017, 77, 6770-6776. [CrossRef]


http://doi.org/10.3322/caac.21654
http://doi.org/10.2105/AJPH.2013.301616
http://www.ncbi.nlm.nih.gov/pubmed/24754655
http://doi.org/10.1016/j.canep.2021.101938
http://doi.org/10.9777/chd.2018.10019
http://doi.org/10.1002/cam4.2552
http://www.ncbi.nlm.nih.gov/pubmed/31509346
http://doi.org/10.1016/j.clgc.2018.10.012
http://doi.org/10.3390/cancers13050990
http://doi.org/10.1016/j.clgc.2018.01.006
https://www.auanet.org/guidelines/guidelines/renal-cancer-renal-mass-and-localized-renal-cancer-guideline
https://www.auanet.org/guidelines/guidelines/renal-cancer-renal-mass-and-localized-renal-cancer-guideline
http://doi.org/10.1056/NEJMms2025396
http://doi.org/10.3322/caac.21586
http://doi.org/10.1111/j.1741-3737.2010.00728.x
http://doi.org/10.1086/339225
http://doi.org/10.1007/s10389-020-01342-8
http://doi.org/10.1158/1055-9965.EPI-18-0872
http://doi.org/10.1016/j.urology.2016.08.044
http://doi.org/10.1016/j.eururo.2012.12.023
http://www.ncbi.nlm.nih.gov/pubmed/23280319
http://doi.org/10.1016/j.eururo.2016.08.060
http://doi.org/10.1200/JCO.2018.79.1905
http://doi.org/10.1007/s10552-018-1059-3
http://doi.org/10.1158/0008-5472.CAN-17-0429

Int. |. Environ. Res. Public Health 2022, 19, 1185 10 of 10

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Breathett, K.; Sims, M.; Gross, M.; Jackson, E.A.; Jones, E.].; Navas-Acien, A.; Taylor, H.; Thomas, K.L.; Howard, B.V. Cardiovascu-
lar Health in American Indians and Alaska Natives: A Scientific Statement from the American Heart Association. Circulation
2020, 141, €948-€959. [CrossRef]

Best, L.G.; Garcia-Esquinas, E.; Jeun-Liang, Y.; Yeh, F; Zhang, Y.; Lee, E.T.; Howard, B.V,; Farley, ].H.; Welty, TK.; Rhoades, D.A;
et al. Association of diabetes and cancer mortality in American Indians: The Strong Heart Study. Cancer Causes Control 2015, 26,
1551-1560. [CrossRef]

Marrero, J.A.; Fontana, R.J.; Fu, S.; Conjeevaram, H.S.; Su, G.L.; Lok, A.S. Alcohol, tobacco and obesity are synergistic risk factors
for hepatocellular carcinoma. J. Hepatol. 2005, 42, 218-224. [CrossRef]

Gachupin, EC.; Garcia, C.A.; Romero, M.D. An American Indian Patient Experience. J. Health Care Poor Underserved 2019, 30,
62-65. [CrossRef] [PubMed]

Gachupin, FE.C; Ingram, J.C.; Laurila, K.A.; Lluria-Prevatt, M.C.; Teufel-Shone, N.I.; Briehl, M.M. NACP: Partnership for Native
American Cancer Prevention. Cancer Health Disparities 2020, 5, el-e6. [CrossRef]

American Indian Cancer Foundation. American Indian/Alaska Native Cancer Burdens. Available online: https://
americanindiancancer.org/ai-an-cancer-burdens/ (accessed on 18 October 2021).

Native American Cancer Initiatives, Inc. The Full Continuum of Cancer Care, From outreach through end-of-life care. Available
online: https://natamcancer.org/ (accessed on 18 October 2021).

Molina, A.M.; Pizzo, ].D.; Scherr, D.S.; van der Mijn, J.C.; Al Hussein Al Awamlh, B.; Khan, A.I; Posada-Calderon, L.; Oromendia,
C.; Fainberg, J.; Alshak, M.; et al. Validation of risk factors for recurrence of renal cell carcinoma: Results from a large single-
institution series. PloS one 2019, 14, e0226285.

Bryc, K.; Velez, C.; Karafet, T.; Moreno-Estrada, A.; Reynolds, A.; Auton, A.; Hammer, M.; Bustamante, C.D.; Ostrer, H.
Colloquium paper: Genome-wide patterns of population structure and admixture among Hispanic/Latino populations. Proc.
Natl. Acad. Sci. USA 2010, 107, 8954-8961. [CrossRef] [PubMed]

Becker, T.M.; Bettles, J.; Lapidus, ].; Camp, J.; Johnson, C.J.; Shipley, D.; Robertson, L.D. Improving Cancer Incidence Estimates for
American Indians and Alaska Natives in the Pacific Northwest. Am. . Public Health 2002, 92, 1469-1471. [CrossRef]

Jim, M.A,; Arias, E.; Seneca, D.S.; Hoopes, M.].; Jim, C.C.; Johnson, N.J.; Wiggins, C.L. Racial Misclassification of American Indians
and Alaska Natives by Indian Health Service Contract Health Service Delivery Area. Am. ]. Public Health 2014, 10, S295-S302.
[CrossRef]

Drabiak-Syed, K. Lessons from Havasupai Tribe v. Arizona State University Board of Regents: Recognizing group, cultural, and
dignitary harms as legitimate risks warranting integration into research practice. J. Health Biomed. Law 2010, 6, 175-225.
Garrison, N.A.; Hudson, M.; Ballantyne, L.L.; Garba, I.; Martinez, A.; Taualii, M.; Arbour, L.; Caron, N.R.; Rainie, S.C. Genomic
research through an Indigenous lens: Understanding the expectations. Annu. Rev. Genom. Hum. Genet. 2019, 20, 495-517.
[CrossRef] [PubMed]

Stumpff, L.M. Hantavirus and the Navajo Nation: A double jeopardy disease. Available online: http://nativecases.evergreen.
edu/collection/cases/hantavirus-navajo (accessed on 15 November 2021).

Pottinger, R. Hantavirus in Indian Country: The first decade in review. Am. Indian Cult. Res. ]. 2005, 29, 25-56. [CrossRef]
Around Him, D.M.; Gachupin, F.C.; Freeman, W.L. Research with American Indian and Alaska Native Individuals, Tribes, and
Communities. In Institutional Review Board Management and Function, 3rd ed.; Bankert, E.A., Gordon, B.G., Hurley, E.A., Shriver,
S.P, Eds.; Jones and Bartlett: Sudbury, MA, USA, 2021.

Gachupin, EC.; Freeman, W.L. Ethics of Biospecimen Research. In Conducting Health Research with Native American Communities;
Solomon, T., Randall, L., Eds.; American Public Health Association: Washington DC, USA, 2014.

Gachupin, E.C. Protections to Consider When Engaging American Indians/Alaska Natives in Human Subjects Research. In Health
and Social Issues of Native American Women; Joe, J., Gachupin, E, Eds.; Praeger Publishers: Santa Barbara, CA, USA, 2012.


http://doi.org/10.1161/CIR.0000000000000773
http://doi.org/10.1007/s10552-015-0648-7
http://doi.org/10.1016/j.jhep.2004.10.005
http://doi.org/10.1353/hpu.2019.0116
http://www.ncbi.nlm.nih.gov/pubmed/31735719
http://doi.org/10.9777/chd.2020.1002
https://americanindiancancer.org/ai-an-cancer-burdens/
https://americanindiancancer.org/ai-an-cancer-burdens/
https://natamcancer.org/
http://doi.org/10.1073/pnas.0914618107
http://www.ncbi.nlm.nih.gov/pubmed/20445096
http://doi.org/10.2105/AJPH.92.9.1469
http://doi.org/10.2105/AJPH.2014.301933
http://doi.org/10.1146/annurev-genom-083118-015434
http://www.ncbi.nlm.nih.gov/pubmed/30892943
http://nativecases.evergreen.edu/collection/cases/hantavirus-navajo
http://nativecases.evergreen.edu/collection/cases/hantavirus-navajo
http://doi.org/10.17953/aicr.29.2.03107806rk6k7718

	Introduction 
	Materials and Methods 
	Results 
	Patient Sociodemographic Characteristics 
	RCC Patient Characteristics 
	Associations between Race/Ethnicity and No Surgical Treatment 
	Associations between Race/Ethnicity and Radical Nephrectomy 
	Recurrence 
	Cox Regression Analysis for Mortality in the Arizona Cancer Registry 

	Discussion 
	Conclusions 
	References

