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Abstract

Purpose To describe and elucidate rates in breast cancer incidence by subtype in the federally designated Mississippi Delta
Region, an impoverished region across eight Southern/Midwest states with a high proportion of Black residents and notable
breast cancer mortality disparities.

Methods Cancer registry data from seven LMDR states (Missouri was not included because of permission issues) were used
to explore breast cancer incidence differences by subtype between the LMDR’s Delta and non-Delta Regions and between
White and Black women within the Delta Region (2012-2014). Overall and subtype-specific age-adjusted incidence rates
and rate ratios were calculated. Multilevel negative binomial regression models were used to evaluate how individual-level
and area-level factors, like race/ethnicity and poverty level, respectively, affect rates of breast cancers by subtype.

Results Women in the Delta Region had higher rates of triple-negative breast cancer, the most aggressive subtype, than
women in the non-Delta (17.0 vs. 14.4 per 100,000), but the elevated rate was attenuated to non-statistical significance in
multivariable analysis. Urban Delta women also had higher rates of triple-negative breast cancer than non-Delta urban
women, which remained in multivariable analysis. In the Delta Region, Black women had higher overall breast cancer rates
than their White counterparts, which remained in multivariable analysis.

Conclusion Higher rates of triple-negative breast cancer in the Delta Region may help explain the Region’s mortality dispar-
ity. Further, an important area of future research is to determine what unaccounted for individual-level or social area-level
factors contribute to the elevated breast cancer incidence rate among Black women in the Delta Region.
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Introduction

The Delta Regional Authority (Delta Region, Supplemen-
tal Fig. 1) is a federally designated region that includes
252 counties in the eight Lower Mississippi Delta Region
(LMDR) of Alabama, Arkansas, Illinois, Kentucky, Loui-
siana, Mississippi, Missouri, and Tennessee. More than a
third of residents in the Delta Region are Black, and more
than 20% of the population live in poverty [1]. Addition-
ally, this region is largely rural and has limited access to
healthcare services [2, 3]. These factors make the Region
vulnerable to a myriad of health disparities, including
breast cancer disparities. Women in the Delta Region
have higher rates of breast cancer mortality than women
in the rest of the country, including nine of the ten highest
county-level breast cancer mortality rates [4, 5]. Further,
Black women in the Delta Region have a higher breast
cancer mortality rate than White women in the Region and
a higher mortality rate than Black women in other parts of
the country [4]. One recent study found that in six LMDR
states, Black women had higher breast cancer incidence
rates than White women [6]. There is limited research on
what factors contribute to these mortality disparities and
how breast cancer incidence is distributed within the Delta
and non-Delta Regions of the LMDR states and by race
within the Delta Region.

Breast cancer can be classified into four molecular sub-
types based upon the presence or absence of two broad
tumor characteristics—hormone (i.e., estrogen and proges-
terone) receptor (HR) and human epidermal growth fac-
tor 2 (HER2) status: (1) HR+/HER2—; (2) HR+/HER2+;
(3) HR—/HER+; (4) HR—/HER2— (“triple-negative”)
[7]. Breast cancer subtypes play a role in cancer’s aggres-
siveness and, in addition to stage at diagnosis and nodal
status, inform the use of chemotherapy and targeted drug
treatments [8]. HR+ cancers have a better prognosis and
more comprehensive treatment options than HR— cancers
[8—10]. Triple-negative breast cancer is the most aggressive
and has limited treatment options [8]. While central cancer
registries have been required to collect HR status since
1990, HER? status has only been required since 2010 [7].
Therefore, population-based assessment of the distribution
of breast cancer by subtype is burgeoning but still limited.

Risk of breast cancer by subtype varies by race/eth-
nicity, age, socioeconomic status, and geography. Mul-
tiple studies indicate that Black women have higher risk
of HR- breast cancers compared to White women, even
after controlling for other factors [11, 12]. Meanwhile,
White women have higher rates of the HR+/HER2— can-
cers than other racial/ethnic groups [13]. Women under the
age of 50 are at greater risk for HR— breast cancers [14,
15]. Although the relationship between HR— cancers and
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socioeconomic status is unclear in current studies, some
have suggested that the poverty may be a social factor
facilitating angiogenesis and other biological processes
related to cancer growth, especially amongst Black women
[16-20]. The incidence of each breast cancer subtype var-
ies by geographic region: HR+/HER2— cancers cluster in
the Northeast, and triple-negative cancers cluster in the
South and Midwest [7, 16].

The Delta Region’s sociodemographic composition sug-
gests it may have higher incidence rates of triple-negative
cancers that may contribute to the breast cancer mortality
disparity. Therefore, our objective was threefold. First, we
described the subtype-specific incidence rates of breast can-
cer in the Delta Region compared to those in the non-Delta
Region of the LMDR states. Second, we determined how
subtype-specific incidence rates differ between White and
Black women within the Delta Region. Thirdly, we deter-
mined how the differences in these subtype rates may be
explained by individual-level and area-level factors, like age
and county-level poverty rates, respectively.

Methods
Cancer incidence data

We used data from the North American Association of Cen-
tral Cancer Registries (NAACCR) Cancer in North America
Deluxe File [21]. This file provided individual-level data on
all breast cancer cases diagnosed between 2012 and 2014
in seven LMDR States (Alabama, Arkansas, Illinois, Ken-
tucky, Louisiana, Mississippi, and Tennessee). Missouri’s
registry did not provide the necessary consent for their data
to be used.

Inclusion/exclusion criteria aimed to optimize the accu-
racy of rate calculations and data quality for breast cancer
subtype analyses as guided by previous study [13]. Cases
included all invasive female breast cancers, but excluded his-
tology codes indicative of mesothelioma, Kaposi’s sarcoma,
or leukemia/lymphoma and cases missing on race/ethnic-
ity and county of residence, cases 85+ years of age, and/or
cases reported by death certificate, autopsy report, nursing
home, or hospice. Using collaborative staging site-specific
factors and guidance from previous registry-based studies,
molecular subtypes of breast cancer cases were categorized:
(1) HR+/HER2—; (2) HR+/HER2+; (3) HR—/HER2+; (4)
HR—-/HER2- (triple-negative); (5) unknown [11]. Follow-
ing the precedent of previous cancer registry analyses, estro-
gen receptor (ER) and progesterone receptor (PR) were con-
sidered jointly as a cancer case’s HR status [9, 11, 12, 17].
ER+ and/or PR+ or borderline status were considered HR+;
cases that were ER— and PR— were considered HR—. HER2
cases that were borderline were considered unknown. Cases
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for which status was otherwise unknown or had no testing
documented or performed were considered of unknown
subtype.

Area-level data

County-level variables were extracted from the American
Community Survey (ACS), National Cancer Institute (NCI),
United States Department of Agriculture (USDA), and the
Area Health Resource File (AHRF) [22-25]. 2010-2014
ACS county-level estimates of % living in poverty, median
household income, % with at least a high school education,
and % of the population that identify as Black were extracted
[22]. USDA’s Rural-Urban Continuum Codes characterized
rural and urban counties by a county’s population size and
adjacency to a metropolitan area (urban = 1-3; rural =4-9)
[23]. NCT’s State Cancer Profile provided county-level mod-
eled estimates of the percentage of women aged 40+ who
had a mammogram in the past 2 years [24]. County-level
number of primary care physicians per 100,000 (i.e., pro-
vider density) were extracted from the AHRF [25].

Age-adjusted incidence rates and rate ratio
calculations

We calculated age-adjusted incidence rates (IR) and rate
ratios (RR) with 95% confidence intervals for all invasive
breast cancers combined, individual subtypes, and unknown
subtype by Delta and non-Delta Region status. Stratified
analyses were performed by race/ethnicity, rural-urban sta-
tus, and % in poverty. We also calculated age-specific rates
for all invasive breast cancers combined and across subtype
groups by Delta Region status. Additional IR and RR cal-
culations were performed to evaluate racial, rural-urban,
and poverty level differences within the Delta Region spe-
cifically. These analyses were performed using SEER*Stat
8.4.3.

Multilevel regression models

Proc GLIMMIX in SAS 9.4 was used to construct multilevel
regression models to calculate RRs for all breast cancers,
each subtype individually, and breast cancers of unknown
subtype as a means of comparing the Delta Region to the
non-Delta Region overall and stratified by race/ethnicity,
rural-urban status, and poverty level. Parallel analyses were
performed examining solely Delta Region cases to assess
race/ethnic, rural-urban, and poverty level differences
within the Region.

Because counts were overdispersed for all breast can-
cers combined, each individual subtype, and for cancers of
unknown subtype, we constructed multilevel negative bino-
mial regression models. For these models, analyses cells

were constructed containing the number of cases in each
county within each analysis cell, which were divided by age
(<50 years of age and 50+ years of age) and race/ethnicity
(Non-Hispanic White, Non-Hispanic Black, and Hispanic/
Non-Hispanic/Other). Analysis groups were divided at age
50 because it is the age at which estrogen receptor-negative
cancer rates peak; it can be used as a proxy age for meno-
pause; and it is the recommended initiation age for mam-
mography for women of average risk [26-28]. County was
included in all models as both a random and a fixed effect
and analysis cells were considered in all models as fixed
effects. Age and race/ethnicity-specific rates were calculated
for the entire geographic area of our study to estimate the
expected counts for each analysis cell. The natural log of
these expected counts was included in each model as an
offset variable.

We used sociodemographic factors identified in previ-
ous research as area-level variables to be considered in the
multivariable regression model building process [29]. These
factors may explain incidence rate differences between the
Delta and non-Delta Regions within the seven LMDR
states. Because sociodemographic variables are often col-
linear, correlations among these variables were assessed
and were indeed found to be strong. Therefore, only one
sociodemographic variable was included in the model—pov-
erty level—as poverty has been considered the most robust
socioeconomic variable for measuring inequalities in cancer
incidence [30]. Other area-level variables included in the
analysis were rural-urban status, provider density, and mam-
mography utilization. Provider density proved to be non-
significant in all models and caused poorer goodness of fit as
measured by the Akaike Information Criterion, and therefore
was excluded in final models. Exponentials of resultant coef-
ficients were used to estimate RRs.

Results

A total of 82,223 invasive breast cancer cases were diag-
nosed in these seven LMDR states between 2012 and 2014.
Among these cases, 19,334 (23.5%) occurred in the Delta
Region, and 62,889 (76.5%) occurred in the non-Delta
Region. Supplementary Table 1 summarizes the distribution
of subtypes by sociodemographic characteristics.

For all breast cancer cases, the IR was lower in the Delta
Region (IR=116.2 per 100,000) compared to the non-
Delta Region (IR=120.8; RR=0.96; 95% CI 0.95-0.98)
(Table 1). The rates of all breast cancers combined and strat-
ified by age (<50 or 50+ years of age) were higher in the
non-Delta Region for both stratifications. When rates were
stratified by race/ethnicity, non-Hispanic White women in
the Delta Region had a statistically significantly lower rate
of breast cancer than non-Delta White women (RR =0.92;
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Table 1 Age-adjusted incidence rates of invasive breast cancer and hormone receptor positive breast cancers by Delta Region status and strati-

fied by age, race/ethnicity, rural-urban status, and poverty level

All cases HR+/HER2+ HR+/HER2—-
Cases IR* RR (95% CI) Cases IR? RR (95% CI) Cases IR* RR (95% CI)
All
Delta 19,334 116.2 0.96 (0.95-0.98) 1,911 11.8 0.93 (0.88-0.98) 11,684 69.4 0.88 (0.86-0.90)
Non-Delta 62,889 120.8 Ref 6,419 12.7 Ref 41,311 78.7 Ref
<50 years old
Delta 3,664 42.1 0.98 (0.94-1.02) 469 5.4 0.88 (0.79-0.98) 1,918 22.0 0.88 (0.84-0.93)
Non-Delta 12,198 43.0 Ref 1,728 6.1 Ref 7,126 25.0 Ref
50+ years old
Delta 15,670 3219 0.96 (0.94-0.97) 1,442 29.4 0.95 (0.90-1.01) 9,766 200.7 0.88 (0.86-0.90)
Non-Delta 50,691 336.6 Ref 4,691 30.8 Ref 34,185 227.6 Ref
Non-Hispanic Whites
Delta 12,795 114.5 0.92 (0.91-0.94) 1,273 11.9 0.92 (0.86-0.98) 8,285 72.9 0.88 (0.86-0.90)
Non-Delta 50,586 123.9 Ref 5,052 13.0 Ref 34,281 82.9 Ref
Non-Hispanic Blacks
Delta 6,089 122.9 0.99 (0.96-1.03) 591 11.9 0.94 (0.84-1.04) 3,118 63.3 0.93 (0.88-0.97)
Non-Delta 8,728 123.8 Ref 911 12.7 Ref 4,772 68.4 Ref
Hispanics
Delta 282 89.1 1.05 (0.92-1.19) 31 8.8 0.84 (0.55-1.23) 184 59.4 1.09 (0.92-1.27)
Non-Delta 2,213 84.8 Ref 289 10.4 Ref 1,383 54.8 Ref
Urban
Delta 12,222 119.7 0.97 (0.95-0.99) 1,200 11.9 0.93 (0.87-0.99) 7,529 73.2 0.90 (0.87-0.92)
Non-Delta 49,817 123.2 Ref 5,082 12.8 Ref 33,182 81.6 Ref
Rural
Delta 7,112 110.8 0.98 (0.96-1.01) 711 114 0.95 (0.87-1.05) 4,155 63.4 0.92 (0.88-0.96)
Non-Delta 13,072 112.6 Ref 1,337 12.0 Ref 8,129 69.0 Ref
<20% below poverty
Delta 8,824 119.0 0.97 (0.95-0.99) 891 12.2 0.96 (0.89-1.03) 5,425 72.3 0.89 (0.86-0.92)
Non-Delta 52,265 122.9 Ref 5,288 12.7 Ref 34,816 81.3 Ref
20+% below poverty
Delta 10,510 114.0 1.02 (1.00-1.05) 1,020 114 0.93 (0.85-1.02) 6,259 67.0 1.00 (0.96-1.03)
Non-Delta 10,624 111.3 Ref 1,131 12.2 Ref 6,495 67.2 Ref

IR incidence rate, RR rate ratio, Ref reference group
Statistically significant RRs (p <0.05) are in bold
“Rates are expressed per 100,000 population

95% CI 0.91-0.94). The Delta Region had statistically sig-
nificantly lower rates of both HR+/HER2+ (RR =0.93;
95% CI 0.88-0.98) and HR+/HER2— (RR=0.88; 95%
CI 0.86-0.90) breast cancers than the non-Delta Region.
Non-Hispanic Black Delta women (RR=0.93; 95% CI
0.88-0.97) had statistically significantly lower rates of HR+/
HER2- cancers than those in the non-Delta Region, as did
non-Hispanic White women (RR =0.88; 95% CI 0.86-0.90).

Women in the Delta Region (IR =17.0) had statistically
significantly higher rates of triple-negative breast cancer
than non-Delta Region women (IR=14.4) (RR=1.18;
95% CI 1.13-1.24) (Table 2). In stratified analyses, the
greatest rate difference was among Delta women under
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50 years of age who had statistically significantly higher
rates of triple-negative breast cancer than their non-Delta
counterparts (RR=1.29; 95% CI 1.18-1.40). Non-His-
panic Black women in the Delta Region (IR =26.8) had
statistically significantly higher rates of triple-negative
breast cancer than their non-Delta counterparts (IR =24.6)
(RR=1.09;95% CI 1.01-1.17). Urban women in the Delta
Region had statistically significantly higher triple-negative
breast cancer IRs than non-Delta urban women (RR =1.26;
95% CI 1.19-1.33). Rates of unknown subtype were higher
in the Delta Region than the non-Delta Region (RR=1.30;
95% CI 1.23-1.37). Age-specific rates overall and by sub-
type are displayed in Supplemental Fig. 2.
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Table 2 Age-adjusted incidence rates of hormone receptor-negative breast cancers and unknown subtype by Delta Region status by age, race/
ethnicity, rural-urban status, and poverty level

HR—/HER2+ Triple negative Unknown
Cases IR* RR (95% CI) Cases IR* RR (95% CI) Cases IR* RR (95% CI)
All
Delta 872 53 1.03 (0.95-1.11) 2,735 17.0 1.18 (1.13-1.24) 2,132 12.7 1.30 (1.23-1.37)
Non-Delta 2,677 5.2 Ref 7,334 14.4 Ref 5,150 9.8 Ref
<50 years old
Delta 190 22 0.98 (0.83-1.15) 735 8.4 1.29 (1.18-1.40) 352 4.0 1.34 (1.18-1.52)
Non-Delta 631 22 Ref 1,858 6.6 Ref 855 3.0 Ref
50+ years old
Delta 682 14.0 1.05 (0.96-1.14) 2,000 40.9 1.13 (1.08-1.19) 1,780 36.9 1.28 (1.21-1.36)
Non-Delta 2,044 13.4 Ref 5,476 36.1 Ref 4,295 28.7 Ref
Non-Hispanic Whites
Delta 502 4.6 0.91 (0.82-1.01) 1,341 12.8 0.97 (0.91-1.03) 1,394 12.3 1.26 (1.18-1.34)
Non-Delta 2,011 5.1 Ref 5,176 13.2 Ref 4,066 9.8 Ref
Non-Hispanic Blacks
Delta 348 6.9 1.09 (0.94-1.26) 1,340 26.8 1.09 (1.01-1.17) 692 14.1 1.20 (1.08-1.33)
Non-Delta 461 6.3 Ref 1,760 24.6 Ref 824 11.8 Ref
Hispanics
Delta ok ok ook 31 10.1 1.03 (0.68-1.50) 28 8.5 1.41 (0.90-2.13)
Non-Delta 114 3.8 Ref 269 9.8 Ref 158 6.0 Ref
Urban
Delta 585 5.8 1.13 (1.02-1.24) 1,803 18.0 1.26 (1.19-1.33) 1,105 10.7 1.16 (1.08-1.24)
Non-Delta 2,069 5.2 Ref 5,705 14.3 Ref 3,779 9.3 Ref
Rural
Delta 287 4.5 0.84 (0.72-0.98) 932 15.6 1.06 (0.97-1.16) 1,027 15.9 1.37 (1.26-1.49)
Non-Delta 606 5.4 Ref 1,629 14.7 Ref 1,371 11.6 Ref
<20% below poverty
Delta 389 53 1.03 (0.92-1.15) 1,151 16.2 1.13 (1.06-1.20) 968 13.0 1.39 (1.29-1.49)
Non-Delta 2,175 5.1 Ref 5,983 14.3 Ref 4,003 9.4 Ref
20+% in poverty
Delta 483 5.3 1.00 (0.88-1.14) 1,584 17.8 1.21 (1.12-1.31) 1,164 12.5 1.06 (0.97-1.15)
Non-Delta 500 53 Ref 1,351 14.7 Ref 1,147 11.9 Ref

IR incidence rate, RR rate ratio, Ref reference group
Statistically significant RRs (p <0.05) are in bold
“Rates are expressed per 100,000 population

In the Delta Region specifically, non-Hispanic Black
women had statistically significantly higher breast cancer
rates than non-Hispanic White women (RR =1.07; 95%
CI 1.04-1.11) (Table 3). For HR+/HER2— breast can-
cers, Hispanic and non-Hispanic Black women had statis-
tically significantly lower rates than non-Hispanic White
Delta Region women. Both overall rates of breast cancer
and HR+/HER2- breast cancers were lower in the rural
and more impoverished Delta Region compared to the
urban and less impoverished areas of the Region. Rates of
HR—-/HER2+ were higher in Delta Region non-Hispanic
Black women than non-Hispanic White women (RR =1.49;
95% CI 1.28-1.71) (Table 4). Triple-negative breast cancer

rates were more than twice as high among non-Hispanic
Black women (IR =26.8) compared to non-Hispanic White
women in the Delta Region (IR=12.8) (RR=2.10; 95%
CI 1.94-2.27). Unknown subtype IRs were higher in non-
Hispanic Black women compared to non-Hispanic White
women and rural compared to urban women in the Delta
Region.

In multivariable analysis, the Delta Region had higher
rates of unknown subtype (RR=1.19; 95% CI 1.05-1.35)
compared to the non-Delta Region, but there were no other
statistically significant differences between the regions after
accounting for age and race/ethnicity groupings and area-
level factors (Table 5). There were no significant Delta/
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Table 3 Age-adjusted incidence rates of all breast cancer cases and hormone receptor positive breast cancers by race/ethnicity, rural-urban sta-

tus, and poverty level in the Delta Region

All cases HR+/HER2+ HR+/HER2—-
Cases IR? RR (95% CI) Cases  IR? RR (95% CI) Cases  IR?* RR (95% CI)
Race/ethnicity
Hispanic 282 89.1 0.78 (0.69-0.88) 31 8.8 0.74 (0.49-1.06) 184 59.4  0.82(0.70-0.95)
Non-Hispanic Black 6,089 122.9 1.07 (1.04-1.11) 591 11.9 1.00 (0.90-1.11) 3,118 63.3  0.87 (0.83-0.91)
Non-Hispanic White 12,795 114.5 Ref 1,273 11.9 Ref 8,285 72.9 Ref
Rural-urban status
Rural 7,112 110.8  0.93 (0.90-0.95) 711 114 096 (0.87-1.06) 4,155 63.4  0.87 (0.83-0.90)
Urban 12,222 119.7  Ref 1,200 119  Ref 7,529 73.2  Ref
Poverty level
20+% poverty 10,510 114.0  0.96 (0.93-0.99) 1,020 114 0.93(0.85-1.02) 6,259 67.0  0.93 (0.89-0.96)
<20% poverty 8,824 119.0  Ref 891 122 Ref 5,425 72.3 Ref

IR incidence rate, RR rate ratio, Ref reference group
Statistically significant RRs (p <0.05) are in bold

*Rates are expressed per 100,000 population

Table 4 Age-adjusted incidence rates of hormone receptor-negative breast cancers and unknown subtype in the Delta Region by race/ethnicity,
rural-urban status, and poverty level in the Delta Region

HR—-/HER2+ Triple negative Unknown
Cases IR* RR (95% CI) Cases IR* RR (95% CI) Cases IR? RR (95% CI)
Race/ethnicity
Hispanic wEE ok HoAE 31 10.1 0.79 (0.53-1.13) 28 8.5 0.69 (0.45-1.00)
Non-Hispanic Black 348 6.9 1.49 (1.28-1.71) 1,340 26.8 2.10 (1.94-2.27) 692 14.1 1.15 (1.04-1.26)
Non-Hispanic White 502 4.6 Ref 1,341 12.8 Ref 1,394 12.3 Ref
Rural-urban status
Rural 287 4.5 0.79 (0.68-0.91) 932 15.6 0.86 (0.80-0.94) 1,027 159 1.48 (1.35-1.61)
Urban 585 5.8 Ref 1,803 18.0 Ref 1,105 10.7 Ref
Poverty level
20+% poverty 483 5.3 1.00 (0.87-1.15) 1,584 17.8 1.10 (1.01-1.19) 1,164 12.5 0.97 (0.88-1.05)
<20% poverty 389 53 Ref 1,151 16.2 Ref 968 13.0 Ref

IR incidence rate, RR rate ratio, Ref reference group

***Rate ratio suppressed as it is based on fewer than 16 cases; statistically significant RRs (p <0.05) are in bold

#Rates are expressed per 100,000 population

non-Delta differences in rates of any kind after controlling
for relevant factors for either age stratification, except for
unknown subtype in women aged 50+ in the Delta Region
(RR=1.17; 95% CI 1.03-1.34). Among rural popula-
tions, the Delta Region had lower rates of HR—/HER2+
(RR=0.80; 95% CI 0.69-0.93) and higher rates of unknown
status (RR=1.26; 95% CI 1.08-1.47) compared to the non-
Delta Region after accounting for confounders. Among
urban populations, the Delta Region had statistically sig-
nificantly higher rates of triple-negative breast cancer
(RR=1.10; 95% CI 1.01-1.20) after controlling for relevant
factors.
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In the Delta Region alone, non-Hispanic Black women
had higher rate of breast cancers (RR=1.06; 95% CI
1.02-1.10) after accounting for age and area-level factors
(Table 6). Hispanics had lower rates of HR+/HER2— can-
cers (RR=0.82; 95% CI 0.69-0.97) compared to non-
Hispanic White women after accounting for age and
area-level variables. Compared to urban populations,
rural populations had higher rates of breast cancers of
unknown subtypes (RR=1.42; 95% CI 1.14-1.76) after
controlling for confounders.
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Table 5 Multilevel negative binomial regression modeling of invasive breast cancers by Delta Region status and stratified by age, race/ethnicity,
rural-urban status, and poverty level

All breast cancers
RR (95% CI)

HR+/HER2+
RR (95% CI)

HR+/HER2-
RR (95% CI)

HR—-/HER2+
RR (95% CI)

Triple negative
RR (95% CI)

Unknown
RR (95% CI)

All cases?
Ageb
50+ years old
<50 years old
Race/ethnicity®
Non-Hispanic White
Non-Hispanic Black
Hispanic
Rural-urban status®
Rural
Urban
Poverty level®
<20% below poverty
20+ % below poverty

1.00 (0.97-1.02)

0.99 (0.97-1.02)
1.01 (0.96-1.06)

0.98 (0.95-1.01)
1.04 (0.98-1.09)
1.02 (0.85-1.21)

1.00 (0.97-1.03)
0.99 (0.95-1.03)

0.98 (0.94-1.01)
1.00 (0.97-1.04)

0.95 (0.89-1.01)

0.94 (0.87-1.02)
0.96 (0.85-1.08)

0.95 (0.89-1.03)
0.80 (0.70-0.90)
0.92 (0.62-1.36)

0.94 (0.85-1.03)
0.95 (0.87-1.04)

0.97 (0.89-1.06)
0.93 (0.85-1.01)

0.98 (0.94-1.02)

0.98 (0.94-1.02)
0.98 (0.91-1.05)

0.96 (0.92-1.00)
1.01 (0.94-1.09)
1.08 (0.88-1.32)

0.99 (0.94-1.04)
0.95 (0.90-1.02)

0.91 (0.86-0.96)
1.02 (0.97-1.08)

0.96 (0.87-1.05)

0.96 (0.87-1.07)
0.93 (0.77-1.11)

0.92 (0.82-1.02)
0.86 (0.69-1.06)

sk

0.80 (0.69-0.93)
1.07 (0.95-1.20)

1.01 (0.89-1.15)
0.90 (0.78-1.04)

1.01 (0.95-1.08)

0.99 (0.93-1.06)
1.09 (0.98-1.22)

1.00 (0.93-1.07)
1.07 (0.96-1.18)
1.02 (0.75-1.38)

0.93 (0.85-1.02)
1.10 (1.01-1.20)

1.07 (0.98-1.17)
0.93 (0.84-1.01)

1.19 (1.05-1.35)

1.17 (1.03-1.34)
1.22 (0.98-1.51)

1.18 (1.04-1.35)
1.14 (0.90-1.44)
1.02 (0.66-1.58)

1.26 (1.08-1.47)
1.06 (0.85-1.31)

1.29 (1.07-1.55)
1.15 (0.97-1.37)

Non-Delta Region is reference group, RR rate ratio

#Adjusting for age, race/ethnicity, rural-urban status, poverty level, area mammography utilization, and race/rural-urban status interaction (if

statistically significant)

® Adjusting for race/ethnicity, rural-urban status, area mammography utilization, and race/rural—urban status interaction

¢ Adjusting for age, area mammography utilization, and poverty level

4 Adjusting for age, race/ethnicity, area mammography utilization, and poverty level

¢Adjusting for age, race/ethnicity, area mammography utilization, rural-urban status, and race/rural-urban status interaction

***Rate ratio suppressed as it is based on fewer than 16 cases: statistically significant RRs (p <0.05) are in bold

Table 6 Multilevel negative binomial regression modeling of invasive breast cancer by subtype in the Delta Region

All breast cancers ~ HR+/HER2+ HR+/HER2— HR—/HER2+ Triple negative Unknown
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Race/ethnicity
Non-Hispanic White  Ref Ref Ref Ref Ref Ref

Non-Hispanic Black
Hispanic
Rural-urban status
Urban
Rural
Poverty level
<20% below poverty
20+% below poverty

1.06 (1.02-1.10)
0.93 (0.84-1.03)

Ref
0.99 (0.95-1.04)

Ref
0.96 (0.92-1.00)

1.02 (0.89-1.16)
0.96 (0.67-1.36)

Ref
0.97 (0.86-1.09)

Ref
0.94 (0.85-1.05)

0.98 (0.92-1.04)
0.82 (0.69-0.97)

Ref
0.98 (0.92-1.04)

Ref
0.99 (0.93-1.06)

1.10 (0.93-1.29)

seoksk

Ref
0.86 (0.73-1.01)

Ref
0.98 (0.84-1.15)

1.05(0.96— 1.15)
0.97 (0.74-1.29)

Ref
0.97 (0.88-1.06)

Ref
0.89 (0.81-0.99)

0.99 (0.89-1.11)
1.10 (0.81-1.49)

Ref
1.42 (1.14-1.76)

Ref
0.97 (0.78-1.20)

RR rate ratio; all models also adjusted for age group, mammography utilization, and race rural-urban status interaction (if significant)

***Rate ratio suppressed as it is based on fewer than 16 cases; statistically significant RRs (p <0.05) are in bold

Discussion

We examined breast cancer IR differences between the
Delta and non-Delta regions of seven LMDR states for all
cancers and stratified by subtype. Overall breast cancer IRs

were higher in the non-Delta Region. However, women in
the Delta Region had higher IRs of triple-negative breast

cancer compared to non-Delta Region women. This dif-
ference was restricted to Black in particular, but not White
women. Regardless of stratifications, Delta women had

higher rates of unknown subtype. After accounting for
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confounding characteristics, the elevated rate of triple-
negative breast cancer in the Delta Region was attenu-
ated. However, among women living in urban counties, the
elevated rate of triple-negative breast cancer in the Delta
Region remained after adjustment. Analyses of data from
the Delta Region only indicated that Black women in the
region had higher rates of breast cancer overall than White
women, but rates of HR+/HER2- were higher in the White
women. The elevated overall breast cancer incidence rate
in Black Delta women remained in multivariable analysis.
Black women in the Delta Region also had higher rates of
both HR—/HER?2+ and triple-negative breast cancers in
descriptive analysis.

Descriptive analysis found that women in the Delta
Region had lower breast cancer IRs overall and for the HR+/
HER2- subtype than women in the Delta Region across
most stratifications, although this was explained by factors
like age, race, and area-level variables. Previous studies have
shown that—generally speaking at a state level—mammog-
raphy utilization is associated with higher rates of breast
cancer overall and HR+/HER?2— specifically [13]. Similarly,
a pooled analysis by Akinyemiju et al. found higher rates of
breast cancer in urban populations [31]. Indeed, over the last
20 years, the Delta Region has consistently had lower rates
of mammography utilization compared to the non-Delta part
of the LMDR and the rest of the country [3, 32]. Further,
the Delta Region is more rural than the rest of the LMDR
[3, 33]. The lower overall rates of breast cancer and HR+/
HER2- breast cancers in the Delta Region corroborate pre-
vious studies and may be explained by utilization of mam-
mography and rurality of the Delta Region [3, 13, 31, 32,
34].

Triple-negative breast cancer IRs were higher in the
Delta Region compared to the non-Delta Region overall
and among non-Hispanic Blacks and urban populations, spe-
cifically, which may help explain the Region’s higher breast
cancer mortality rate, as triple-negative breast cancers have
worse survival than other subtypes [4]. Multiple studies have
shown higher rates of triple-negative breast cancer in the
South and Midwest than other parts of the country. These
findings indicate that elevated rates may be particularly high
within specific sub-areas notably the Delta Region [13, 16].

Urban women in the Delta Region had higher rates of
triple-negative breast cancer, even after accounting for
important risk factors like age and race. However, other
risk factors like greater parity and lack of breastfeeding/
short duration of breastfeeding among parous women can
increase one’s risk for triple-negative breast cancer [35], but
we were unable to account for them in our study. Among
metropolitan areas with greater than half a million residents,
the Memphis metropolitan area—the largest city in the Delta
Region—has the highest birth rates in the country [36]. Cau-
tion must be exercised not to fall prey to ecological fallacy,

@ Springer

but the high birth rate among urban women in the Delta
Region may play a role in the high rate of triple-negative
breast cancer. Additionally, multiple studies have shown
that parous women who do not breastfeed or who had short
breastfeeding duration are at greater risk for triple-negative
breast cancer, and similarly, breastfeeding has been shown
to reduce the risk of triple-negative breast cancers in parous
women [35, 37, 38]. However, the effect of individual-level
parity, breastfeeding initiation, and breastfeeding duration
in the urban Delta is unknown. Future research should aim
to further explore the factors that contribute to these higher
rates of triple-negative breast cancer in the urban Delta.

In the Delta Region, non-Hispanic Black women had
higher rates of breast cancer compared to non-Hispanic
White women in both descriptive and multivariable analyses.
This finding corroborates a study by DeSantis et al. which
found that breast cancer IRs in five Delta Region states were
higher in Black women than in White women [6]. Previous
studies have suggested that the convergence of breast cancer
IRs in Black and White populations is driven by increased
mammography utilization and increased rates of HR+/
HER2- or ER+ breast cancers among Black women [6, 39].
In the Delta Region, however, the elevated rates of breast
cancer among Black women are driven by HR— cancers, as
both HR—/HER2+ and triple-negative breast cancer rates
are higher among Black women. The elevated incidence of
breast cancer in Black women, even after accounting for age
and area-level factors, suggests that there may be other area-
level factors or individual factors specific to Black women
in the region that may contribute to higher rates. Perceived
experience of racial discrimination has been associated with
increased risk of breast cancer, especially in young Black
women, among whom HR— cancers are more common [40].
Similarly, Geronimus et al. posit a “weathering hypothesis,”
where Black women disproportionately experience a myriad
of life stressors that contribute to biological indicators of
stress (i.e., shorter telomere length and increased allostatic
load) subsequently putting them at greater risk for chronic
diseases, potentially including HR— breast cancers [41-43].
Hébert et al. also note that racial and ethnic minorities may
experience particular social stressors and biological sequelae
that increase risk for cancer [44]. A study by Krieger found
that Black women born in or living in states that once had
discriminatory Jim Crow laws (which includes six of the
seven states in the present study) had higher rates of estrogen
receptor-negative cancers than those born in states that did
not have Jim Crow laws [45]. While the relationship between
racial discrimination and increased cumulative stressors and
their impacts on breast cancer is a burgeoning field of study,
the history and lasting effects of slavery, segregation, and
marginalization, which may be more concentrated in the
Delta Region, may indeed play a role in the elevated risk of
breast cancer among Black women in the Region [46]. There
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is a great opportunity for social epidemiologists and other
researchers to further explicate the relationship between the
historical and current social context of the Delta Region and
its effect on breast cancer.

Higher rates of unknown subtype in the Delta Region
were found in both descriptive and multivariable analyses
across many stratifications. The study inclusion/exclusion
criteria aimed to maximize completeness of subtype data.
However, missing information on cancer cases is more com-
mon among Black women and in areas of low socioeco-
nomic status [47-49]. Race- and county-level poverty were
included in multivariable analysis and rates of unknown sub-
type, yet higher rates of unknown status remained, especially
in the rural Delta. In addition to socioeconomic factors, the
location of case ascertainment may play a role in data com-
pleteness [7, 46]. Breast cancer cases diagnosed among rural
Delta Region women may be more likely to be diagnosed in
smaller hospitals in impoverished areas where data report-
ing may be incomplete. Further, there is a nationwide cancer
registrar shortage which could be at an even greater shortage
in the Delta Region [50]. This may affect the abstraction of
cancer information in the Region’s rural hospitals in particu-
lar. Additionally, the rate of unknown subtype subsequently
has an effect on the other rates. For example, HER2+ is
the more common HER2 status, but in order for a case to
be defined by that status, a definitive HER2 status of posi-
tive must be reported. Thus, HER2+ cancers, in particular,
may be underrepresented. Future research should explore
the multilevel factors that may affect data completeness to
help ensure accurate population statistics and cancer control
efforts.

Our study was not without limitations. First, Missouri
did not provide active consent for their data to be included
in this study. Its exclusion may affect the study findings.
For example, Delta Region disparities were identified for
triple-negative breast cancers in urban populations espe-
cially. The absence of data from non-Delta urban areas with
a high proportion of Black residents like St. Louis and Kan-
sas City may affect subtype-specific findings. Also, data on
individual-level factors that affect the risk of different breast
cancer subtypes are not available, including breastfeeding,
oral contraceptive use, parity, age a first live birth, obesity,
breastfeeding, diet, and physical activity. Additionally, we
were not able to account for other important factors like
individual-level income.

Our study also had several strengths. First, it was one of
the first to explore cancer incidence across the multi-state
Delta Region, as well as one of the first to explore differ-
ences in breast cancer subtype at a sub-state level. Second,
we utilized population-based data inclusive of all cancer
cases diagnosed in the LMDR states. Third, we employed
multilevel modeling to explore place-based effects on

cancer, which is underutilized in rural cancer research in
particular [51].

Conclusions

The high rate of triple-negative breast cancer in the Delta
Region may help explain the breast cancer mortality dispar-
ity that exists in the Region. Both the elevated rates of triple-
negative breast cancer in the urban Delta region and the
overall elevated rate of breast cancer among Black women
in the Delta may be explained by individual-level factors like
parity and breastfeeding initiation or duration. Additionally,
these elevated rates may be explained by more upstream,
area-level factors like discrimination that affect the biology
of cancer etiology in Black, urban women. Future research
should explore the effect of unmeasured individual and area-
level factors that may contribute to the disparities experi-
enced by women in the Delta Region.
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