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Background: Considerable gaps in knowledge remain regarding the intersectionality between
race, insurance status, rurality, and community-level socioeconomic status that contribute
in concert to disparities in breast cancer care delivery.

Methods: Women age 18-64 y old with either private, Medicaid, or no insurance coverage
and a diagnosis of breast cancer from the North Carolina Central Cancer Registry (2010-
2015) were identified and reviewed. Logistic regression models examined the impact of race,
insurance status, rurality, and the Social Deprivation Index (SDI) on advanced stage disease
at diagnosis (III, IV) and receipt of cancer directed surgery (CDS). Models tested two-way
interactions between race, insurance status, rurality, and SDI.

Results: Of the study population (n = 23,529), 14.6% were diagnosed with advanced stage
disease (III, IV), and 97.1% of women with non-metastatic breast cancer (n = 22,438) received
cancer directed surgery (CDS). Twenty percent of women were non-Hispanic Black (NHB),
3.0% Hispanic, 10.9% Medicaid insured, 5.9% uninsured, 20.0% of women resided in rural
areas, and 20.0% resided in communities of the highest quartile SDI. NHB race, Medicaid
or uninsured status, and residence in rural or socially deprived areas were associated with
advanced stage breast cancer at diagnosis. NHB and Medicaid or uninsured women were
significantly less likely to receive CDS. There were no statistically significant interactions
found influencing stage at diagnosis or receipt of cancer directed surgery.

Conclusions: In a heterogeneous population across the state of North Carolina, non-Hispanic
Black race, Medicaid or uninsured status, and residence in rural or high social deprivation
communities are independently associated with advanced stage breast cancer at diagnosis,
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while non-Hispanic Black race and Medicaid or uninsured status are associated with lower

odds to receive cancer directed surgery.

© 2021 Elsevier Inc. All rights reserved.

Introduction

Breast cancer is the most common malignancy among women
in the United States, yet disparities in access to and receipt
of breast cancer care exist across multiple domains includ-
ing race, insurance status, geography, and socioeconomic sta-
tus."!? Racial and ethnic disparities have contributed to in-
equitable access to screening, stage at diagnosis, receipt of
cancer directed surgery, and survival.!-3:8:%13,14 Racial dis-
parities demonstrate that Black Americans, regardless of in-
surance status, more often present with later-stage disease
compared to White patients.’> Data have also been shown
to demonstrate Black patients are much less likely to re-
ceive surgery for a variety of resectable, non-metastatic can-
cers compared to White patients in the United States, with
physicians less often recommending surgery.®°-'® Further-
more, socioeconomic status often mirrors insurance status,
and uninsured patients are more likely to present with later-
stage breast cancer and are less likely to receive cancer di-
rected surgery.>*10.13,77-1% Uninsured status has continually
been associated with reduced healthcare access, decreased
quality of care, and ultimately, worse outcomes for nearly all
medical conditions, including cancer.??! Uninsured patients
also have lower odds of receiving cancer directed surgery and
of receiving care at high-quality hospitals.?? Additionally, ge-
ographic factors such as rural place of residence and local
spatial factors like community-level socioeconomic resources
play an increasingly recognized role in equity of breast can-
cer care.>10,11,13,17,23-27 Ryral non-elderly populations are less
likely to have employee-sponsored insurance coverage and
are more likely to rely on public insurance or lack insurance
coverage altogether, compared to metropolitan residents.?®

However, much less is known about how patient race
and insurance status interact with these geographic fac-
tors, including rural place of residence and community-level
measures of socioeconomic resources. Additionally, consider-
able gaps in geospatial knowledge remain regarding the im-
pact of area-level socioeconomic deprivation on disparities in
breast cancer care delivery. Previous work has described racial
and insurance-based disparities, however, the current under-
standing of rural disparities and area-level socioeconomic de-
privation has been inadequately evaluated.

The objective of this study is to evaluate the degree to
which race, insurance coverage, rural place of residence, and
community-level socioeconomic resources influence stage at
diagnosis and receipt of breast cancer directed surgery for
non-elderly adult women in North Carolina and whether
these factors interact with each other to influence disease
presentation and care. We hypothesize that patient who are
Black, uninsured or receive Medicaid, and reside in rural ar-
eas or communities of high social deprivation will have higher
odds of presenting with advanced stage breast cancer and
have lower odds of receiving cancer directed surgery. Under-

standing the social and geospatial risks associated with breast
cancer — a disease that has since made great strides at reduc-
ing mortality and morbidity when treated early and effectively
- can help clinicians and policy makers close remaining gaps
in care inequity for breast cancer and provide guidance for
treating these patient populations with an intersectional ap-
proach.

Methods

This cohort study used the North Carolina Central Cancer
Registry (CCR) to identify all non-elderly adult women with-
out insurance or with Medicaid or private coverage diagnosed
with breast cancer between 2010 and 2015. Developed by the
North Carolina Department of Health and Human Services
and maintained by the North Carolina State Center for Health
Statistics, the CCR is a comprehensive database containing
clinical, demographic, and geographic information on nearly
all cancer diagnoses for North Carolina residents.

Our study population included all non-elderly women (age
18-64) from the CCR diagnosed with breast cancer between
the years of 2010 and 2015 and had either private insurance
(employee or individually purchased), Medicaid, or were unin-
sured or had self-pay coverage (Fig. 1). Women, whose insur-
ance was Medicare or whose race was other or unknown were
excluded. Breast cancer was defined using International Clas-
sification of Disease for Oncology, third edition (ICD-O-3) site
codes C50.0-C50.9.2%:30

Our primary outcomes were stage at diagnosis and receipt
of cancer directed surgery (CDS). For this analysis, stage at di-
agnosis was dichotomized as advanced (111, IV) versus early (0,
I, II) and definition of breast cancer stage was derived from
AJCC stage seventh edition stage groups based on stage codes
attached to each diagnosis in the CCR (Supplementary Ap-
pendix A).>! In evaluating receipt of cancer directed surgery,
we included only patients who presented without evidence
of metastatic disease. Receipt of cancer directed surgery was
defined as the presence or absence of the most definitive sur-
gical procedure to the primary site as part of the first course
of treatment (Supplementary Appendix B).>? Breast cancer di-
rected surgeries included partial mastectomy, lumpectomy,
re-excision of the biopsy site for gross or microscopic residual
disease, segmental mastectomy (including wedge resection,
quadrantectomy, tylectomy), subcutaneous mastectomy, total
(simple) mastectomy, bilateral mastectomy, modified radical
mastectomy, and radical mastectomy.

Non-Hispanic Black (NHB), non-Hispanic White (NHW),
and Hispanic races were derived from the CCR’s race and
North American Association of Central Cancer Registries His-
panic Identification Algorithm Derived Hispanic variables. In-
surance coverage was determined using the CCR’s insurance
status for private insurance (including managed care, health
maintenance organization, or preferred provider organization
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Number of Women in North
Carolina Central Cancer Registry
with Breast Cancer in 2010-2015

N =55,340
. Excluded Ages <18 and >64
N =23,624
Ages 18-64
N=31,716

Private Insurance,
Medicaid or Uninsured
N = 24,341

—

Final Cohort

N=23,529

Excluded Medicare, Other and
Unknown/Missing Insurance*
N=17,375

Excluded Other or
Unknown Race**
N=2812

Fig. 1 - Breast cancer cohort derivation. Abbreviation: NOS: Not otherwise specified. Color version of figure is available

online.

*Insurance exclusions (N): Medicare (2,749); Other insurance (3,889) includes TRICARE, Military, Veterans Affairs,
Indian/Public Health Service, Insurance, not otherwise specified. Insurance status unknown and missing (737).

**Race exclusions (N): Other Race (784) includes: American Indian, Aleutian, or Eskimo, Chinese, Japanese, Filipino,
Hawaiian, Korean, Vietnamese, Laotian, Kampuchean (Cambodian), Thai, Asian Indian or Pakistani, NOS, Asian Indian,
Pakistani, Guamanian, NOS, Polynesian, NOS, Samoan, Other Asian, including Asian, NOS and Oriental, NOS, Other Asian,
including Asian, NOS and Oriental, NOS, Pacific Islander, NOS, Other. Unknown Race (28).

and fee for service), Medicaid, or uninsured (including self-pay
coverage). Rurality was determined by rural-urban commuting
area (RUCA) codes merged with patient ZIP level data.** Rural-
ity was dichotomized as ‘rural’ (RUCA secondary codes 4.0, 5.0,
6.0,7.2,8.0,8.2,9.0,10.0, 10.2, 10.3) or ‘urban’ (1.0, 1.1, 2.0, 2.1,
3.0, 4.1,5.1, 7.1, 8.1, 10.1). The first RUCA integer determines
the size of the resident’s area based on population density,
and the second integer indicates what percentage of that pop-
ulation commutes to another metropolitan area. Community-
level socioeconomic deprivation was defined using the Social
Deprivation Index (SDI).>* The SDI is an area level composite
measure of demographic characteristics determined by cen-
sus data including housing, income, education, employment,
and transportation factors. Higher scores indicate high com-
munity social deprivation. CCR ZIP level data was merged with
SDI census tract level data and SDI was defined from the data
quartiles.

Multivariable logistic regression models examined the im-
pact of race, insurance status, rurality, and SDI on stage at di-
agnosis and receipt of cancer directed surgery. Models were
adjusted for age at diagnosis, year of diagnosis, and comor-
bidities. Independent variables of interest, control variables,
and two-way interaction terms were selected a priori. Co-
morbidities were computed using the patient’s Elixhauser Co-
morbidity Index. The CCR’s comorbid/complication diagnosis
codes were inputted into the Healthcare Cost and Utilization

Project software for the Elixhauser comorbidity index and val-
ues were dichotomized as 0 or 1+.>> Models included two-way
interactions among race, insurance, rurality, and SDI. The CDS
model was among women with non-metastatic disease and
additionally adjusted for stage. P for trend was determined by
treating the SDI quartiles as a continuous variable.

Analysis was performed using SAS (SAS 9.4 System Op-
tions: Reference, 2nd ed.; 2011. SAS Institute Inc., Cary, North
Carolina). All P-values < 0.05 were deemed significant. This
study was deemed exempt from review by the Dartmouth-
Hitchcock Institutional Review Board.

Results

We identified a total of 23,529 non-elderly breast cancer pa-
tients who were diagnosed and staged from January 1, 2010
through December 31, 2015. Of those women, 22,438 were di-
agnosed with non-metastatic disease and were included in
our CDS model. Of the study population, 14.6% were diagnosed
with advanced stage disease (III, IV). Women of younger age,
NHB race, Medicaid insured or uninsured status, and those
residing in rural or high SDI communities presented more
frequently with advanced stage breast cancer. Of the non-
metastatic patients, most women (97.1%) received cancer di-
rected surgery (n = 21,797). Women who were younger, NHB,
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Table 1 - Patient characteristics among women with breast cancer (2010-2015) by stage and cancer directed surgery.

Total Advanced stage at diagnosis Cancer directed surgery*
(N =23,529) (N =23,529) (N =22,438)
0,111 11, IV No Yes
N = 20,086; 85.4% N = 3,443; 14.6% N =641;2.9% N = 21,797; 97.1%
Characteristict N (%) N (Row %)
Age
18 - 44 4,433 (18.8) 3,597 (81.1) 836 (18.9) 145 (3.5) 4,042 (96.5)
45-54 8,788 (37.3) 7,518 (85.5) 1,270 (14.5) 240 (2.8) 8,184 (97.2)
55 - 64 10,308 (43.8) 8,971 (87.0) 1,337 (13.0) 256 (2.6) 9,571 (97.4)
Race
Non-Hispanic 17,407 (74.0) 15,140 (87.0) 2,267 (13.0) 373 (2.2) 16,335 (97.8)
White
Non-Hispanic 5,417 (23.0) 4,364 (80.6) 1,053 (19.4) 236 (4.7) 4,820 (95.3)
Black
Hispanic 705 (3.0) 582 (82.6) 123 (17.4) 32 (4.7) 642 (95.3)
Diagnosis Year
2010 3,523 (15.0) 3,012 (85.5) 511 (14.5) 80 (2.4) 3,308 (97.6)
2011 3,833 (16.3) 3,254 (84.9) 579 (15.1) 80 (2.2) 3,559 (97.8)
2012 3,732 (15.9) 3,153 (84.5) 579 (15.5) 105 (3.0) 3,442 (97.0)
2013 4,032 (17.1) 3,418 (84.8) 614 (15.2) 121 (3.1) 3,729 (96.9)
2014 4,253 (18.1) 3,680 (86.5) 573 (13.5) 133 (3.3) 3,930 (96.7)
2015 4,156 (17.7) 3,569 (85.9) 587 (14.1) 122 (3.1) 3,829 (96.9)
Stage
0 4,727 (20.1) 4,727 (100.0) NA 119 (2.5) 4,608 (97.5)
I 8,482 (36.0) 8,482 (100.0) NA 89 (1.0) 8,393 (99.0)
II 6,877 (29.2) 6,877 (100.0) NA 264 (3.8) 6,613 (96.2)
it 2,352 (10.0) NA 2,352 (100.0) 169 (7.2) 2,183 (92.8)
v 1,091 (4.6) NA 1,091 (100.0) NA NA
Elixhauser
Comorbidity Index
0 20,292 (86.2) 17,379 (85.6) 2,913 (14.4) 571 (2.9) 18,823 (97.1)
1+ 3,237 (13.8) 2,707 (83.6) 530 (16.4) 70 (2.3) 2,974 (97.7)
Insurance
Private 19,570 (83.2) 17,164 (87.7) 2,406 (12.3) 441 (2.3) 18,441 (97.7)
Medicaid 2,563 (10.9) 1,886 (73.6) 677 (26.4) 111 (4.8) 2,204 (95.2)
Uninsured 1,396 (5.9) 1,036 (74.2) 360 (25.8) 89 (7.2) 1,152 (92.8)
Rurality
Urban 18,538 (80.0) 15,930 (85.9) 2,608 (14.1) 496 (2.8) 17,210 (97.2)
Rural 4,644 (20.0) 3,866 (83.2) 778 (16.8) 132 (3.0) 4,267 (97.0)
Social Deprivation
Index
Q1 (1-25) 5,577 (24.1) 4,952 (88.8) 625 (11.2) 125 (2.3) 5,282 (97.7)
Q2 (26 - 50) 5,852 (25.3) 5,056 (86.4) 796 (13.6) 146 (2.6) 5,478 (97.4)
Q3 (51-75) 7,110 (30.7) 6,002 (84.4) 1,108 (15.6) 180 (2.7) 6,577 (97.3)
Q4 (76 - 100) 4,627 (20.0) 3,772 (81.5) 855 (18.5) 176 (4.1) 4,125 (95.9)

* Cancer directed surgery among women with non-metastatic breast cancer.
T Missing (N): Rurality (Stage = 347; Cancer Directed Surgery = 333); Social Deprivation Index (Stage = 363; Cancer Directed Surgery = 349)

Medicaid insured or uninsured, or residing in high SDI areas Multivariable models found that non-Hispanic Black
received cancer directed surgery less frequently compared to women were more likely to present with advanced stage dis-
those who were older, NHW, privately insured, and living in ease than non-Hispanic White women (OR = 1.29, 95% CI
lower SDI communities, respectively (Table 1). 1.18-1.41). Women with Medicaid coverage or who were unin-
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Table 2 - Multivariable logistic regression models for equity of breast cancer presentation and care delivery.

Advanced stage at diagnosis

Characteristic OR (95 % CI)

Cancer directed surgery

Race Ethnicity
Reference

1.29 (1.18 - 1.41)

Non-Hispanic White
Non-Hispanic Black

Hispanic 0.98 (0.80 - 1.21)
Insurance

Private Reference

Medicaid 2.16 (1.95 - 2.40)

Uninsured 2.18 (1.91 - 2.50)
Rurality

Urban Reference

Rural 1.12 (1.02 - 1.23)

Social Deprivation Index
Quartile 1 (1 - 25)
Quartile 2 (26 - 50)
Quartile 3 (51 - 75)
Quartile 4 (76 - 100)

Reference

1.15 (1.03 - 1.29)
1.22 (1.10 -1.37)
1.24 (1.10 - 1.41)

P for Trend = 0.0003

Reference
0.59 (0.49 - 0.71)
0.72 (0.49 - 1.07)

Reference
0.62 (0.49 - 0.78)
0.40 (0.31 - 0.52)

Reference

1.01 (0.83 - 1.24)
P for Trend = 0.45
Reference

1.00 (0.77 - 1.26)
1.07 (0.84 - 1.36)
0.87 (0.67 - 1.14)

Abbreviations: CI = Confidence Interval; OR = Odds Ratio.

* Models adjusted for age at diagnosis, comorbidities, and year of diagnosis. Additionally, the cancer directed surgery model adjusted for

stage.

sured compared to those privately insured were more likely
to present with advanced disease (OR = 2.16, 95% CI 1.95-
2.40, OR = 2.18, 95% CI 1.91-1.50; respectively). Women resid-
ing in rural communities versus urban areas or in commu-
nities of the highest social deprivation quartile (SDI Q4) were
more likely to present with advanced disease than those in the
lowest quartile of social deprivation (SDI Q1) (OR = 1.12, 95%
CI1.02-1.23, OR = 1.24, 95% CI 1.10-1.41; respectively)(Table 2).
Furthermore, a positive trend (P for trend = 0.0003) and higher
SDI quartiles (Q2-Q4) compared to those with the lowest SDI
quartile were more likely to present with advanced stage
breast cancer (Table 2).

For those presenting with non-metastatic disease, non-
Hispanic Black women were less likely to receive cancer di-
rected surgery than non-Hispanic White women (OR = 0.59,
95% CI 0.49-0.71). Additionally, Medicaid and uninsured pa-
tients were much less likely to receive surgery than those pri-
vately insured (OR = 0.62, 95% CI 0.49-0.77, OR = 0.40 95%
CI 0.31-0.52; respectively). The model did not find statistically
significant odds of receiving cancer directed surgery for those
living in rural areas or communities of higher social depriva-
tion.

No significant two-way interactions were found between
race, rurality, insurance, or SDI for stage at diagnosis or receipt
of CDS.

Discussion

In this study, non-Hispanic Black race, Medicaid or a lack of in-
surance, rural residence, and residence in a community with
high social deprivation were individually associated with in-
creased odds of advanced stage breast cancer at diagnosis.

Non-Hispanic Black women and those who received Medicaid
or were uninsured were found to have lower odds of receiving
cancer directed surgery if presenting with non-metastatic dis-
ease. There was however, no statistically significant evidence
of interaction between these characteristics that influenced
stage at diagnosis or receipt of cancer directed surgery. Collec-
tively, these findings show that race, insurance status, rurality,
and socioeconomic deprivation all have an independent effect
on breast cancer diagnosis and subsequent care. The strongest
indicator for both advanced stage at diagnosis and not receiv-
ing cancer directed surgery was insurance status. Following
that was non-Hispanic Black race.

Previous work has demonstrated that uninsured and Black
patients are much more likely to present with more advanced
cancers and not receive the healthcare services that they
need.!?16,36-40 There are likely multiple layers of racism un-
derlying these inequities, including systemic and interper-
sonal racism. Our study controlled for upstream geographic
and community-level socioeconomic factors in addition to in-
surance status, suggesting that structural and interpersonal
factors contribute to persistent inequity. Though the inci-
dence of more aggressive cancer is higher in Black populations
when compared to non-Hispanic White patients, in this study
we could not control for such biologic features that could also
contribute to our gap in stage at presentation.

Type of insurance coverage was the strongest predictor of
advanced stage at presentation and failure to receive cancer
directed surgery. This is consistent with a wide volume of liter-
ature including observations suggesting that a majority of ad-
vanced stage breast cancer disparities based on race and eth-
nicity can be attenuated by obtaining insurance coverage.’!
Data also suggest expansion of Medicaid through the Afford-
able Care Act was associated with a marked reduction in in-
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cidence of advanced stage breast cancer, with African Amer-
icans and patients younger than 50 benefitting the most.??
However, North Carolina did not expand Medicaid eligibility
during the timeframe of this study, so the observed lack of
care when accounting for those with Medicaid is expected.
Those with Medicaid are particularly poor, with additional
financial or special needs, and may have been enrolled af-
ter diagnosis. Thus, our finding regarding Medicaid coverage
being associated with later stage at time of diagnosis is not
surprising.

Geographic factors such as rural residence and local spa-
tial factors including community-level social deprivation are
also key upstream drivers of inequity. Our findings linking di-
agnosis of advanced stage disease are consistent with prior
studies showing association between where one lives and ear-
lier access to care.”»13:15.17,41-44 This could be secondary to de-
creased or deferred screening, or a lack of access to primary
care providers, as past literature suggests that there exists a
general lack of primary care access for those residing in cen-
sus areas of high social deprivation, and that deprived areas
carry excess risk of lung, colorectal, prostate, and cervical can-
cer mortality.'3%°

This study further clarifies and consolidates these rela-
tionships by demonstrating that, for breast cancer care, there
are grave inequities that exist across socio-demographic and
geospatial dimensions that physicians, payers, and patients
must recognize in order to improve breast cancer related out-
comes. This study suggests that a malignancy prominent for
potential early detections by screening or symptom assess-
ment is still diagnosed later in its course for the marginalized
groups we evaluated here, despite advancements in screening
technology and breast cancer awareness.*®>%’

Our results revealed no statistically significant interac-
tions between race, rurality, insurance status and social de-
privation on the odds of presenting with advanced stage dis-
ease or receiving cancer directed surgery. However, there is
strong evidence suggesting that among hospitalized breast
cancer patients, in-hospital mortality is substantially higher
among Black and rural patients even when stratified by pri-
vate insurance and Medicaid or Medicare.’? This suggests
that more studies need to evaluate the intersection of so-
cial determinants of health to better understand and work
toward eliminating institutional racism and inequitable care
that effects breast cancer detection and disease manage-
ment. Additional drivers, including institutional and interper-
sonal racism, could influence equity of care at the level of
treating facility or provider, which were not captured in this
study.

Our study does have several limitations. First, our find-
ings are specific to North Carolina, and thus may not be gen-
eralizable to other states or the nation at large. We chose
North Carolina for this study because it is underrepresented
in other national datasets and provides demographic diver-
sity in terms of race and ethnicity as well as a large rural pop-
ulation. Second, based on how the North Carolina CCR data
set coded demographics including race and ethnicity, we were
not able to confidently account for other races and ethnici-
ties in our model including American Indian or Alaska Native,
Asian, Native Hawaiian or Other Pacific Islander due to low re-
ported numbers in the registry, lower than would be expected

from state demographics. Thus, while we used non-Hispanic
White race as a reference group and demonstrated that non-
Hispanic Black patients had lower odds of having access to
receipt of care, our model cannot be broadly associated with
other races or ethnicities, and disaggregating racial and eth-
nic data among breast cancer research can provide important
associations.*® Third, our classifications of both rurality and
social deprivation were determined at the level of 5-digit zip-
codes, which may be too large an area to provide discrimi-
natory power between smaller areas such as census tracts or
block groups. While we are reassured since our findings of ru-
ral and SDI related disparities are consistent with prior work,
further study with more granular measures of geospatial de-
terminants may be warranted in these regards. Fourth, with
data points being pulled from area-level census records, our
variable for social deprivation did not account for individual
level measures. Additionally, our models did not account for
payer mix among patients with insurance. Finally, we could
not account for where patients were diagnosed, if they were
referred to a specialist, or where they ultimately received
care.

Our collective findings suggest that Black race, Medicaid or
a lack of insurance, rural residence, and high community-level
socioeconomic deprivation all independently lead to higher
risks of presenting with advanced stage breast cancer, and
the Black, Medicaid insured and uninsured Americans that
do present are less likely to receive life-saving surgery. Mov-
ing forward, research in this area should focus on address-
ing the unmet needs of the groups evaluated in this study.
In addition, it would be important to continue examining
cancer care disparities through the lens of geospatial char-
acteristics to further address local area-level drivers of in-
equity and shape targeted interventions to communities most
at risk. This study demonstrates that significant inequities
independently exist at multiple levels and that targeted in-
terventions aimed at each of these drivers may be needed
to improve the access to and receipt of equitable cancer
care.
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