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Abstract

Breast cancer is the second most diagnosed malignancy in American women with a lifetime occurrence of 1 in 8 women
in the United States. There has been a dearth of research focusing on regional differences in breast cancer mortality with
respect to race in the US. It is crucial to identify regions that are lagging to uplift the outreach of breast cancer care to cer-
tain races. Data for this study were obtained from the 2016-2018 Nationwide Inpatient Sample. In-hospital mortality, race
and hospital regions for the patients with the primary diagnosis of Malignant Neoplasms of Breast were studied. Baseline
characteristics of participants were summarized using descriptive statistics. The patient population was stratified as per race,
hospital region, gender, therapy received and family history. Logistic regression was performed to derive the odds ratio while
adjusting for different variables. 99, 543 patients with metastatic breast cancer were identified. African Americans (AAs)
were found to have the highest reported deaths at 5.54%, followed by Asians and Pacific Islanders at 4.80% and Caucasians
4.09% (p <0.0001). The odds of dying were significantly higher in the AA population when compared to Caucasian popu-
lation (OR 1.391 (1.286-1.504)), and the odds were consistently higher across all regions of the US. In terms of regional
disparities with respect to race, AA’s had highest mortality in the south whereas all other races had the highest mortality in
the west. It was seen that races identifying as “others” had significantly higher odds of dying in the Northeast. It is crucial
to identify racial differences in the various regions across the US in order to implement appropriate outreach strategies to
tackle these disparities.
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Background

Breast cancer is the second most diagnosed malignancy in
American women, with 1 in every 8 women being diagnosed
with it during their lifetime [1]. It is anticipated that 300,590
new cases of breast cancer and 43,700 deaths owing to breast
cancer will occur in 2023 [2]. Incidence rates continue to
rise in the United States. Even though breast cancer mortal-
ity has been reported to have declined in the past decade,
the decline has been slower when compared to the 1990s
and the 2000s.
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Racial disparities in breast cancer mortality continue to
persist despite the advent and implementation of screening
modalities by national agencies. African American (AA)
females are less likely to be diagnosed with breast cancer
and yet bear a 40% higher burden of mortality of this malig-
nancy in comparison to white women [1].

Many studies have postulated that the racial disparities
among breast cancer patients and their mortality trends vary
due to different receptor expressions and stages of disease
at the time of diagnosis [3—6]. Furthermore, socioeconomic
variables and lifestyle are also plausible explanations for this
discrepancy [7-10]. Even in clinical trials, there remains an
underrepresentation of all ethnic minorities [11-14].

A wealth of published data exists on different factors that
impact breast cancer mortality, such as race, age [15-19] and
socioeconomic status [20, 21]. There is limited research on
regional differences studying the relationship between race
and regional variations [22]. In addition, only a few studies
have been published so far that have studied a large popula-
tion to highlight racial disparities in breast cancer [23].
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Using data from the 2016-2018 Nationwide Inpatient
Sample (NIS), our study assessed the racial and regional
differences in all-cause mortality in 99,543 patients diag-
nosed with metastatic breast cancer.

Methods

Data for this study were obtained from the 2016-2018
Nationwide Inpatient Sample (NIS). The NIS is maintained
as part of the Health Care Utilization Project (HCUP) of the
Agency for Healthcare Research and Quality (AHRQ). It is
the largest all-payer inpatient care database in the US and
comprises a 20% stratified random sample of all US hospital
discharges. Each discharge in the NIS is de-identified, so
all discharges are considered independent. The unit for this
analysis was each discharge rather than each individual.

Study population

We identified all patients with a primary diagnosis of Malig-
nant Neoplasms of Breast by querying the database using
the International Classification of Disease-Clinical Modifi-
cation, 10th revision (ICD-10 CM) code “C50”.

Study variables

The ICD 10 CM codes were used to find other variables,
which are mentioned in Table 1. In-hospital mortality,
race, and hospital regions were studied using HCUP vari-
ables named “DIED,” “RACE,” and “HOSP_REGION,”
respectively.

Aims and objectives

Our study’s main aim was to study racial disparity in all-
cause mortality in patients with metastatic neoplasms of
breasts. Our secondary goal was to evaluate the racial and
gender gap in all-cause mortality in patients with malignant
neoplasms of breasts in different regions of the USA.

Table 1 Variabl d
able ariables use ICD 10 codes Diagnoses

C50 Malignant
Neoplasms
of Breast

780 Family
History of
Primary
Malig-
nancy
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Statistical analysis

We used SAS 9.4 (SAS Institute Inc, Cary, North Caro-
lina) for data analysis. Categorical variables and continu-
ous variables were assessed by the Rao—Scott 4 test and
the Pooled ¢ test, respectively. A two-tailed alpha of <0.05
was required for statistical significance. The baseline
characteristics of participants were summarized using
descriptive statistics. Logistic regression was performed
to derive the odds ratio while adjusting for different vari-
ables (age, race, hospital region, family history of cancer,
immunotherapy). The modified Charlson Comorbidity
Index (CCI), a validated weighted comorbidities disease
severity score composed of 17 comorbid conditions, was
calculated for all participants.

Results

We identified 99,543 patients with metastatic breast
cancer, of which~99% were females. The mean age
of the study population as documented in Table 2, was
63.33 years. 67% of the population was Caucasians,
16.91% African Americans, 9.14% Hispanics, and 3.28%
Asians and Pacific Islanders. Almost 38% of the study
population is from the Southern region, followed by 22%
from the Northeast, 21% from the Midwest, and 19% from
the West.

As demonstrated in Table 2, in terms of all-cause
mortality, the older population (65.02 + 14.23 vs.
63.25 +14.23, p<0.0001) and though insignificantly,
males were more likely to die (5.08% vs. 4.43%,
p=0.2885). African Americans had the highest mortality
(5.54%), followed by Asian and Pacific Islanders (4.80%),
Others (4.65%), Hispanics (4.57%), Native Americans
(4.53%), and Caucasians (4.09%) (p <0.0001). Highest
mortality was noted in the West region (5.10%), followed
by South (4.56%), Midwest (4.06%), and the least in the
Northeast (4.03%) (p <0.0001).

When evaluating all-cause mortality in breast cancer
cases in different regions, it is seen that a significantly
younger population had a higher mortality in the South
(~ 64 years) compared to other regions (p <0.0001), as
shown in Table 3. Overall, Caucasians were noted to have
the most number of deaths in all the regions, followed
by African Americans in Northeast, South, and Midwest,
and Hispanics in West. It was also noted that African
Americans had significantly higher deaths in the South
(~30%), while Hispanics (16%), and Asians and Pacific
Islanders (10.5%) had significantly higher deaths in the
West compared to other regions (p <0.0001). There was
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Table 2 Demographic of the

. Variables Total (N (%)) Mortality (N (%)) p value
population
Yes No
Age (mean) 63.33+14.23 65.02+14.23 63.25+14.23 <0.0001
Race
White 64,763 (67) 2650 (4.09) 62,2113 (95.91) <0.0001
African American 16,342 (16.91) 905 (5.54) 15,437 (94.46)
Hispanic 8836 (9.14) 404 (4.57) 8432 (95.43)
Asian and Pacific Islanders 3166 (3.28) 152 (4.80) 3014 (95.20)
Native Americans 419 (0.43) 19 (4.53) 400 (95.47)
Others 3140 (3.25) 146 (4.65) 2994 (95.35)
Hosp Region
Northeast 21,844 (21.96) 880 (4.03) 20,964 (95.97) <0.0001
Midwest 21,301 (21.41) 864 (4.06) 20,437 (95.94)
South 37,456 (37.65) 1707 (4.56) 35,749 (95.44)
West 18,890 (18.99) 964 (5.10) 17,926 (94.90)
Gender
Female 98,233 (98.85) 4354 (4.43) 93,879 (95.57) 0.2885
Male 1141 (1.15) 58 (5.08) 1083 (94.92)
No 99,375 (99.88) 4413 (4.44) 94,962 (95.56)
Family history
Yes 9595 (9.64) 256 (2.67) 9339 (97.33) <0.0001
No 89,896 (90.36) 4159 (4.63) 85,737 (95.37)
Charlson (mean) 12.04+1.25 12.01+1.29 12.05+1.24 0.7949
Table 3 Demographics of breast cancer death according to geographic location
Variable Hospital region (N (col %)) p value
Northeast Midwest South West
Age (means) 66.88 +14.77 66.08 +14.06 63.70+13.81 64.69 +14.37 <0.0001
Race
White 572 (65.67) 628 (78.11) 891 (53.64) 559 (59.47) <0.0001
African American 177 (20.32) 146 (18.16) 497 (29.92) 85 (9.04)
Hispanic 46 (5.28) 19 (2.36) 188 (11.32) 151 (16.06)
Asian and Pacific Islanders 21 (241) 7 (0.87) 25 (1.51) 99 (10.53)
Native Americans 0 1(0.12) 8(0.48) 10 (1.06)
Others 55(6.31) 3(0.37) 52 (3.13) 36 (3.83)
Gender
Male 10 (1.14) 12 (1.39) 23 (1.35) 13 (1.35) 0.9641
Females 870 (98.86) 851 (98.61) 1,683 (98.65) 950 (98.65)
Family history of primary malignancy 25 (2.84) 59 (6.83) 112 (6.56) 60 (6.22) 0.0005
Charlson (means) 11.62+0.88 11.95+1.16 12.13+1.43 12.21+1.48 0.5377

no statistical difference in Charlson Comorbidity Index in
different regions. (p =0.5377). Cases with a positive fam-
ily history of any primary malignancy had more deaths in
the Midwest. (~7%, p=0.0005).

As seen in Table 4, the odds ratio was calculated for all-
cause mortality and different variables. Being male does
not decrease the odds of dying from metastatic breast can-
cer compared to females (0.858 (0.655-1.125)). But after

adjusting for other variables, being female significantly
increased the odds of dying from breast cancer. Males had
higher odds of dying in the South (1.136 (1.044-1.236))
and West (1.281 (1.164-1.408)) when compared to the
Northeast, while females had no significant difference in
odds of dying from metastatic breast cancer in any particu-
lar region. Native American males had no significant odds
of dying, while African American (1.446 (1.336-1.564)),
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Hispanics (1.165 (1.046-1.298)), Asian and Pacific Islander
(1.191 (1.005-1.411)), and Other (1.213 (1.021-1.441)) race
males had higher odds of dying from metastatic breast can-
cer when compared to Caucasian males. Native American
and Hispanic females had significantly decreased odds of
dying compared to Caucasian females. Of note, we have
specified the states that belong to the different regions speci-
fied in Table 5.

Without adjusting all the other variables, African Ameri-
cans (OR 1.391 (1.286-1.504)) had significantly higher odds
of dying when compared to Caucasians. The odds of all-
cause mortality for African Americans remain high in all
the regions compared to Caucasians. Hispanics have signifi-
cantly higher odds of all-cause mortality compared to Cau-
casians in the Southern region (OR 1.421 (1.209-1.671)),
and no statistical difference in other regions. Native Ameri-
cans (OR <0.001 (<0.001-<0.001)) had significantly lower
odds of dying in the Northeast, with no statistical difference
in other regions. Asian and Pacific Islanders had no statisti-
cal difference in odds of dying from breast cancer in all the
regions when compared to Caucasians. Races other than the
above had significantly higher odds of dying in the North-
east (OR 1.646 (1.238-2.189)) and the West (OR 1.503
(1.059-2.133)), with lower odds in the Midwest (OR 0.302
(0.096-0.943)) and no statistical difference in odds of all-
cause mortality in the South when compared to Caucasians.

Discussion

A large magnitude of studies have postulated the possible
causes behind the racial disparities noted among AA’s and
Caucasians. These studies have attributed the differences to
the gaps in access to health care, insurance coverage [24,
25], higher prevalence of a more aggressive form of breast
cancer [26, 27], as well as delayed diagnosis in AA’s [3, 24,
26, 28, 29]. AA’s have also been noted to be diagnosed with
breast cancer at later stages of their disease which has been
postulated as another cause for the disparities observed [30].
Some have attributed it to lack of use of adjuvant therapy
[31, 32]. Social determinants in terms of marital status and
stressors in life significantly contribute to this incongruity
with higher mortality being seen in AA’s that are unmarried
[7]. Mammography screening rates being lower in AA’s is

Table 5 Demonstrating division of states based on the regions specified

another plausible explanation [33-35]. Financial hardships
among certain racial groups are also an important consid-
eration [36]. Racial disparities in molecular testing are also
prevalent [37] and the gap widens between urban and rural
groups [38]. Differences in mortality rates in AA’s as com-
pared to Caucasian women have been shown to be statisti-
cally insignificant when adjusted for Medicaid enrollment
and poverty [21, 39]. The presence of more comorbidities
has been demonstrated to be associated with higher all-cause
mortality seen in AA’s [40]. Furthermore, the minimal inclu-
sion of certain races in clinical trials and the limited repre-
sentation of these races among decision-makers and policy-
makers broadens the divide that already exists and hinders
the reach of new policies to the minorities that are often
overlooked [11, 41]. Possible avenues of finding solutions
to this problem are ensuring there is equal representation in
leadership roles, in the medical community, and positions
crucial to decision-making in trials.

Regional disparities in breast cancer mortality within the
realm of San Francisco, Georgia, and North Carolina have
previously been explored [42-44]. Regional and racial dis-
parities in ten cities of the US with the highest AA popula-
tion have also been documented [22]. The divide between
metropolitan and rural regions has been highlighted as well.
However, there has been a scarcity in studies examining the
regional variation with respect to race across the entirety
of the country. Several studies have attempted to identify
potential reasons for the variances in the incidence of breast
cancer diagnoses across various states. The rural and urban
area divide has been hypothesized to be an important factor,
with the highest risk being found in the urbanized areas [44].

To our knowledge, there are limited reports stratifying
regional differences in breast cancer mortality in the US
according to sociodemographic characteristics, such as race/
ethnicity, age, and treatment/management [1]. Our study
contributes to the limited literature, showing that the South
of the country bore the major burden of breast cancer deaths
when it came to the younger population and racial minori-
ties; African Americans followed by Hispanics.

In our study, a large population of 99,543 individuals,
mostly females and AA’s was studied. Given that AAs made
up 12.4% of the US population in 2020, the 16.91% popula-
tion of AAs included in the study is a good representation
of the group. With the exception of the southern region,

Northeast Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, Pennsylvania

Midwest Ohio, Indiana, Illinois, Wisconsin, Minnesota, Iowa, Missouri, North Dakota, South Dakota, Kansas

South Delaware, Maryland, District of Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, Florida, Ken-
tucky, Tennesse, Alabama, Mississippi, Arkansas, Louisiana, Oklahoma, Texas

West

Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada, Washington, Oregan, California, Alaska, Hawaii
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which made up 38% of the overall population, the whole
population under study was distributed similarly across the
various US regions.

According to our study's noteworthy findings, the pop-
ulations with the higher odds of all-cause mortality were
men, older people, African Americans, and the population
belonging to the West. It was seen that AAs had higher odds
of dying in all regions when compared to Caucasians. (OR
1.391, 1.286—1.504) This was consistent with the informa-
tion seen in the American Cancer Society’s breast cancer
statistics [1], the only data source that breaks down breast
cancer fatalities by race and area from 2016 through 2020.
According to the data, except for Washington, AAs consist-
ently had a higher death rate than Caucasians in every state
in the US. It's important to note that the data presented here
was stated in terms of death rates rather than odds ratios.
Another study conducted by Sighoko et al. revealed that
in 10 different US cities, non-Hispanic black women had
a higher rate of breast cancer mortality than non-Hispanic
white women [22]. Our study showed that AA females non-
significantly (1.502 (0.793-2.844) had higher odds, and His-
panics had significantly lower odds of all-cause mortality
than Caucasian females [22].

It is interesting to note that regional differences in racial
disparities owing to non-cancer diagnoses such as cardio-
vascular diseases, has also been studied and should be fac-
tored in while talking about all-cause mortality owing to
metastatic breast cancer. Although the racial disparities due
to cardiovascular disease are on the decline in all regions of
the country [45], some studies have noted that the southern
part of the country is still lagging when it comes to mortal-
ity reduction [46]. Some studies have also alluded to the
rural—urban divide in cardiovascular deaths [47].

A similar study to ours was conducted over a population
of 218,879 based on SEER data from 11 different regions
from the years 1990 to 2001 [48]. This study had similar
findings to ours, highlighting that AAs consistently had the
poorest survival in most regions. They did not find signifi-
cant variations in breast cancer survival among the vari-
ous regions except for Detroit, which had higher mortality
than other regions. They attributed it to the presence of a
greater number of young black women and the region hav-
ing the second highest proportion of stage 4 and unstaged
cancer. Contrarily in our study, being from the South and
West increased the odds of all-cause mortality compared to
the Northeast. To get a better understanding of the patterns
in breast cancer mortality, it was crucial to conduct a study
looking at the most recent trends over the past few years.

Our study had limitations associated with administra-
tive claims data, which contains codes produced for billing
and documentation purposes. Being a retrospective study,
we can only report an association between races and all-
cause mortality in metastatic breast cancer patients. In-depth
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research is required to check whether racial differences occur
in different regions. Since ICD-10-CM codes were used to
identify all the diagnoses and associated comorbid condi-
tions, the possibility of coding errors cannot be overlooked.
Various codes, like Family History of Primary Malignancy,
are non-specific and do not point toward breast, ovarian, or
endometrial cancer specifically. We require a more thorough
investigation into how factors other than race, such as SES,
urbanization, use of all forms of therapy, tumor grade, and
hormone receptor status, affect regional disparities, similar
to the study conducted on the Californian population [44].
This would help identify possible causes behind these differ-
ences and better address confounding variables. In addition,
the presence of major cancer institutes in the region and their
impact on the breast cancer disparities is another factor that
should be explored and weighed in future studies.

Conclusion

It is crucial to identify regional disparities with respect to
race in diagnosis, treatment, and mortality before we devise
a paradigm to tackle this dissonance. Encouragement of
guideline-based screening for all, along with ensuring con-
tinuity of care, access to health insurance that targets regions
with significant disparities in cancer and health-related out-
comes, and a diversified patient representation in clinical
trials, are crucial to eliminate these disparities.
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