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Abstract

Background: The U.S. Preventive Services Task Force recently issued an updated draft 

recommendation statement to initiate breast cancer (BC) screening at age 40, reflecting well-

documented disparities in BC mortality that disproportionately impact younger Black women. 

This study applied a novel approach to identify hotspots of BC diagnosed before age 50 and/or at 

an advanced stage to improve BC detection within these communities.

Methods: Cancer registry data for 3,497 women with invasive BC diagnosed or treated between 

2012 and 2020 at the Helen F. Graham Cancer Center & Research Institute (HFGCCRI) and 

who resided in the HFGCCRI catchment area, defined as New Castly County, Delaware, were 

geocoded and analyzed with spatial intensity. Standardized incidence ratios stratified by age and 

race were calculated for each hotspot.

Results: Four hotspots were identified, two for BC diagnosed before age 50, one for 

advanced BC, and one for advanced BC diagnosed before age 50. Younger Black women were 

overrepresented in these hotspots relative to the full catchment area.

Conclusions: The novel use of spatial methods to analyze a community cancer center catchment 

area identified geographic areas with higher rates of BC with poor prognostic factors and evidence 

that these areas made an outsized contribution to racial disparities in BC.
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Impact: Identifiying and prioritizing hotspot BC communities for community outreach and 

engagement activities designed to improve BC detection has the potential to reduce the overall 

burden of BC and narrow racial disparities in BC.

INTRODUCTION

In 2023, the U.S. Preventive Services Task Force (Task Force) issued an updated draft 

recommendation statement on screening for breast cancer (BC)(1). The most significant 

change from the prior 2016 Task Force statement (2) was the recommendation that all 

women initiate BC screening at age 40, down from 50. Early detection reduces BC mortality 

by detecting tumors at a more treatable stage (3–5). Initiating BC screening earlier aligns 

Task Force recommendations with guidelines from other national health organizations (e.g., 

National Comprehensive Cancer Center Network)(6), although other important differences 

remain between guidelines (e.g., screening interval). Of the multiple guidelines, Task Force 

recommendations directly impact which preventive services third-party payers are required 

to cover with no cost share to patients (7). The Task Force recommendation to initiate 

screening earlier was informed by increasing and well-documented racial disparities in BC 

mortality. Compared to White women, Black women experience a 40% higher BC mortality 

rate overall and a twofold higher BC mortality rate among women under age 50 (8). Among 

Black women, more than one in five BC cases (vs. approximately one in seven for White 

women) and more than one in four advanced-stage BC cases (vs. one in five for White 

women) are diagnosed before age 50 (9). These statistics and simulation studies highlight 

the potential for the updated Task Force BC screening guidelines to improve early detection 

for younger Black women (10,11).

Realizing the full potential benefit of Task Force recommendations could be limited by 

disparities in access to screening mammography. Common barriers to BC screening that 

disparately impact younger Black women include transportation, economic factors (e.g., 

limited paid time off, uncertainty about costs), childcare, and reservations about screening 

(e.g., mistrust, pain) (12–15). These barriers vary geographically, with less access to BC 

screening observed in communities with fewer mammography facilities (12,13), lower 

insurance rates (16), less access to primary care (17), socioeconomic disadvantage (18), 

and residential segregation (19). Deploying interventions to improve screening uptake in 

geographic areas with worse BC outcomes aligns with the National Cancer Institute (NCI) 

mandate for NCI-designated Cancer Centers to address disparities via community outreach 

and engagement within their catchment areas (20,21).

As a first step toward this end, the primary objective of this study was to apply novel 

statistical methods to identify geographic areas with elevated rates of BC diagnosed before 

age 50 and/or at an advanced stage within a cancer center catchment area (i.e., “hotspots”). 

The secondary objective was to assess whether hotspots contribute to Black-White 

disparities. This study analyzed the catchment area for the Helen F. Graham Cancer Center 

& Research Institute (HFGCCRI), a community cancer center in Delaware. We focused on 

a community cancer center because upwards of 90% cancer care in the US takes place in 

the community setting (22,23). Consistent with this finding, the HFGCCRI provides care to 

approximately 85% of the breast cancer cases in its catchment area (24), even though this 
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region has been attributed to another NCI-designated cancer center catchment area (25,26). 

We focused on Delaware for several reasons. First, Delaware is generally representative 

of the US along demographic and rural-urban characteristics (27,28). Regarding land use, 

32.3% of the Delaware population lives in a rural area compared to 31.8% of the US 

population. Demographically, 20.6% of the adult female population in Delaware is Black 

and 71.7% is White compared to 12.4% and 74.4% for the US, respectively. Adult women 

under age 50 make up 54.2% of the Delaware population compared to 56% of the US 

population. Second, Delaware leads the US for the incidence of late stage BC among 

women under age 50 (statecancerprofiles.cancer.gov), the subpopulation of BC patients for 

whom earlier detection could offer the greatest potential benefit. Third, Delaware leads 

the US in the incidence of triple-negative BC (TNBC) (29,30), an aggressive BC subtype 

that disproportionately impacts younger Black women (31) and accounts for the majority 

of the Black-White disparity in BC mortality (32). Applying this approach to a Delaware 

community cancer center catchment area can inform and prioritize local public health 

initiatives while illustrating a methodology that can be applied more broadly to other cancer 

center catchment areas.

MATERIALS AND METHODS

STUDY DESIGN AND POPULATION

This single-institution retrospective study was conducted with data from a cohort of BC 

patients who were treated at the HFGCCRI and reside in its catchment area, defined as 

New Castle County, Delaware. The HFGCCRI provides care to more than 600 analytic 

breast cancer cases annually (24), or cases that were diagnosed and/or received the first 

course of treatment at the HFGCCRI (33). As reported previously, based on data provided 

by the Delaware Cancer Registry, cases treated at the HFGCCRI represented 85% of all BC 

cases treated in the catchment area and were not significantly different from New Castle 

County BC cases not treated at the HFGCCRI for age, race, BC subtype, and stage (24). 

The HFGCCRI is a part of ChristianaCare and the study was reviewed and approved by the 

ChristianaCare Institutional Review Board (CCC# 43040) and conducted in accordance with 

the U.S. Common Rule. The need for consent was waived.

Patient records came from the HFGCCRI cancer registry for 3,497 adult female New Castle 

County residents age 20 years and older who were diagnosed with invasive breast cancer 

between 2012 and 2020. The HFGCCRI cancer registry identifies cases via multiple means, 

including an ongoing review of records from pathology and treatment areas (e.g., new 

patients in radiation oncology). At the end of each reporting year, a Disease Index review of 

International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) 

codes is conducted to identify potentially missed cases. Breast cancer cases are identified 

with an ICD-10-CM code of C50 (malignant neoplasm of breast). This time period was 

selected to maximize the study population. Prior to 2012, not all the BC characteristics 

necessary for staging purposes were consistently contained within the cancer registry. Given 

the disruptions to BC screening and diagnosis imposed by the Coronavirus Disease 2019 

(COVID-19) beginning in 2020 (34), we compared the distribution of BC cases by age and 

stage in 2020 to prior years and did not observe a significant difference.
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MEASURES

Patient measures included age at diagnosis, race, ethnicity, residential address, BC stage, 

and insurance status (private, Medicare, or Medicaid), which were abstracted from the 

HFGCCRI registry and the ChristianaCare electronic health record. BC cases were classified 

by age as <50 or ≥50, consistent with other reports (8), and as advanced if the American 

Joint Committee on Cancer prognostic pathologic stage was IIA or higher, consistent with 

the recommendation by Kerlikowske and colleagues based on a comparison of 3 different 

BC classifications in over 50,000 women with invasive BC (35). For cases that received 

neoadjuvant chemotherapy (e.g., in the treatment of TNBC), we used the clinical stage for 

classification, consistent with current practices (36). Patient addresses were geocoded to 

latitude and longitude coordinates with ArcGIS Desktop 10.8, yielding a 95% match rate. 

As reported elsewhere (37), unmatched patients did not differ from matched patients on 

demographic or clinical characteristics.

A special note regarding the ethnicity measure is warranted. Ethnicity is collected during the 

registration process and prior research conducted at our health system showed that Hispanic/

Latina patients are often misclassified as non-Hispanic (White) (38). This issue has been 

well documented across US health care databases (39) and represents an important barrier to 

identifying disparities by ethnicity (40). The North American Association of Central Cancer 

Registries (NAAACR) developed an algorithm to improve the identification of Hispanic/

Latino patients (41). Unfortunately, we did not have access to the necessary datapoints (e.g., 

birthplace) to implement this algorithm. Therefore, we reported on the ethnicity data we had 

available, recognizing this likely represented an underestimate of the true Hispanic/Latina 

population of BC patients.

STATISTICAL ANALYSIS

Descriptive statistics were used to characterize BC patients by age and stage. Next, the 

geographic distribution of BC cases were characterized within the HFGCCRI catchment 

area with the method of spatial intensity. Spatial intensity is a spatial statistical function 

defined to represent the expected number of events per unit area at a location, which is often 

estimated using the kernel density approach, hence the alias spatial kernel density estimation 

(KDE) (42,43). Spatial intensity calculates a distance-weighted count of events per unit area, 

with events here representing BC cases. A fine mesh of generic locations is placed over the 

study region, spatial intensity estimated at each location, and the results mapped to display 

continuous spatial variation in concentrations of events (i.e., not aggregated to geographic 

units). The spatial intensity estimates were edge-corrected to better accommodate estimation 

near the catchment area boundary (44). The bandwidth parameter of the intensity function 

controls the level of smoothing. An adaptive bandwidth (i.e., varies by location) was used 

for this application given the variation in population density and BC cases, ranging from 

more dense in the northern part of the county to less dense in the rural, southern part of the 

county (45,46).

Spatial intensity was estimated for the binary stratifications of age, stage, and age/stage, 

defined as follows: 1) <50 vs. ≥50, 2) advanced vs not advanced, and 3) <50/advanced vs. 

all other cases. Next, the ratio of intensities by these age, stage, and age/stage categories 
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(e.g. spatial intensity of age <50 BC cases relative to the spatial intensity of age ≥50 BC 

cases), were used to nonparametrically estimate and visualize spatial variation in risk for 

each comparison, an approach common in spatial epidemiologic applications and often 

expressed as log relative risk (24,43,47). The log-transform is used in an effort to make the 

relative risk surface more symmetric while also reducing the influence of outlying values 

on visualization.35,38 Tolerance regions, denoting areas with significantly higher risk for 

cases classified by the age, stage, and age/stage categories were identified using asymptotic 

methods and labeled as ‘hotspots’ (37,45). These hotspots represent areas where the ratios 

of BC cases by age, stage, and age/stage were significantly greater (p<.05) than the ratio 

observed across the full catchment area. The demographic and clinical characteristics of BC 

cases by age, race, and stage in each hotspot were examined.

To complement the hotspot analysis, population demographics by age and race were 

obtained for New Castle County at the Census block group level from the 2010 decennial 

Census (48) and standardized incidence ratios (SIRs) were calculated for each hotspot based 

on catchment area BC rates and adjusting for age and race (49). Hotspot population totals 

were estimated by prorating block group totals based on the pecent of their area contained 

within the identified hostpsot boundaries. The SIRs provide estimates of the ratio of the 

observed to expected number of BC cases.

DATA AVAILABILITY

The data generated in this study are not publicly available and cannot be shared to protect 

the privacy of the individuals included in this study. The measures in this study, including 

residential address and clinical data, are protected health information that if made available 

could comporomise patient confidentiality.

RESULTS

Table 1 reports the demographic and clinical characteristics for the 3,497 identified 

invasive BC cases. Approximately 18% of these cases were among women under 50, 

44% were advanced, and 10% were among women under 50 and advanced. Among the 

cases diagnosed before 50, approximately 25% were <40 and 75% 40–49. Black women 

were moderately overrepresented among <50, advanced, and the <50/advanced groups, 

accounting for 25.9%, 26.5% and 28.6% of these cases, respectively, compared to 22.6% of 

all BC cases. Conversely, White women were underrepresented for these groups, accounting 

for 66.9%, 69.3%, and 64.3% of these cases, respectively, compared to 73.5% of all 

cases. Patients belonging to the Other/Unknown racial group represented <4% of all cases. 

With regard to ethnicity, consistent with the limitations noted above, Hispanic women 

appeared to be underrepresented overall. Only 2.5% of the BC patients in this cohort 

were identified as Hispanic, much lower than the approximately 10% of the population 

that Hispanics represent in New Castle County. Even accounting for lower BC incidence 

among Hispanic (vs. non-Hispanic) women,(50) these findings appear to confirm that a 

meaningful proportion of Hispanic women were misclassified as non-Hispanic. To the extent 

that these descriptive statistics can be interpreted, recognizing that misclassification may 

vary by patient subgroup, Hispanic women appeared to be overrepresented among the <50, 
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advanced, and <50/advanced groups. Finally, about half of patients were covered through 

private insurance, a third via Medicare, and 3% by Medicaid.

Hotspot Detection

Figure 1 visualizes each of the hotspots described below. Table 2 reports demographic and 

clinical characteristics for the BC cases within each of the four identified hotspots. Table 3 

lists the age and race demographics for the adult (≥ 18 years old) female population in each 

of the identified hotspots.

Hotspot 1, located in the western part of the county, corresponding to a region known as 

Glasgow, represents a geographic area with a significantly greater ratio of <50 (N=29) to 

≥50 (N=84) BC cases than observed in the catchment area. In this hotspot, 25.7% of the 

cases were <50 (vs. 18% countywide). More than half of the <50 cases in this hotspot 

were diagnosed at an advanced stage. Black women were overrepresented in this group, 

accounting for 31% of <50 BC cases, compared to 28.6% of <50 BC cases countywide. 

Black women represent 18.2% of the general population in this hotspot.

Hotspot 2 was located in the more southern part of the county, encircling the town 

of Middletown. Similar to hotspot 1, hotspot 2 represented a geographic area with a 

significantly greater ratio of <50 (N=48) to ≥50 (N=143) BC cases. Also similar to hotspot 

1, more than half of the <50 cases were diagnosed at an advanced stage. In this hotspot, 

Black women were again overrepresented, accounting for 33.6% of the <50 BC cases (vs. 

28.6% countywide). Black women represented 24.1% of the general population in this 

hotspot.

Hotspot 3 was located in the northern part of the county, covering a part of the city of 

Wilmington. This hotpsot represented a geographic area with a significantly greater ratio 

of advanced (N=38) to non-advanced (N=31) BC cases. In this hotspot, 55% of cases were 

diagnosed at an advanced stage, compared to 44% for the county. All but 3 of the 69 cases 

in hotspot 3 were Black (95.7%), greater than even the very high degree of residential 

segregation in this hotspot where the general population is 88.6% Black.

Hotspot 4 was located in the southern part of the county, covering a part of Middetown, 

and enclosed entirely within hotspot 2. This hotspot represents a geographic area with a 

significantly greater ratio of <50/advanced BC cases (N=18) to all other BC cases (i.e., 

≥50 and/or non-advanced; N=86), representing 17% of cases (vs. 10% countywide). Black 

women accounted for 44.4% of the <50/advanced group in this hotspot, compared to 28.6% 

of these cases countywide. Black women represented 28.7% of the general population in this 

hotspot.

Hotspot SIRs

Table 4 presents the observed, expected, and the age-race adjusted SIRs (observed divided 

by expected ratios) for the BC cases in the four hotspots. In hotspots 1 and 2, where higher 

rates of <50 BC cases were observed, the adjusted SIR was 1.32 (95% CI: 1.08, 1.57) and 

1.72 (95% CI: 1.47, 1.96), indicating that there were 32% and 72% more <50 BC cases, 

respectively, than would be expected based on the underlying population. When stratified by 

Siegel et al. Page 6

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



age and race, the largest SIR ratios for both hotspots was for the <50 Black group, where 

approximately 2.5 more cases were observed than expected.

In hotspot 3, where higher rates of advanced BC cases were observed, the adjusted SIR 

was 0.93 (95% CI: 0.71, 1.57). Unlike the other hotspots that were defined either solely 

(hotspots 1 and 2) or in part (hotspot 4) by age, hotspot 3 was defined entirely by stage. A 

non-significant adjusted SIR for hotspot 3 indicates that the total number of BC cases were 

consistent with population expectations (i.e., adjusting for age and race), whereas the ratio 

of the spatial intensities results reported above indicate that the ratio of advanced to non-

advanced cases in this geographic area was significantly higher than observed countywide. 

However, within the <50 Black group specifically, the SIR was 1.14, indicating there were 

14% more BC cases than expected.

In hotspot 4, where higher rates of <50/advanced BC cases were observed, the SIR was 1.99 

(95% CI: 1.61, 2.37), indicating that approximately twice as many <50/advanced BC cases 

were observed as expected. Higher rates of cases were observed for all groups, with the 

largest SIRs observed for Black (3.19) and White (2.47) women <50.

DISCUSSION

This study applied a novel spatial approach to identify BC hotspots defined by age and 

stage for a community cancer center catchment area in Delaware, the state that leads the 

US for the incidence of late stage BC among women under 50 (50) and other important BC 

disparities (30). Whereas other approaches to hotspot detection have estimated the spatial 

intensity of advanced cancer cases (51), the approach employed in this study considered 

the ratio of spatial intensities for BC by age and stage. This approach controls for several 

potential confounders (e.g., population density) and offers greater confidence for identifying 

geographic areas that have a statistically significant higher-than-expected number of early-

onset and/or advanced BC cases. Utilizing this approach, four BC hotspots were identified 

in the catchment area, two of which were defined by age, one by stage, and one by age and 

stage.

In the two hotspots defined just by age (hotspots 1 and 2), more than a quarter of cases 

were diagnosed before age 50. In both of these hotspots, Black women were even more 

overrepresented than observed for the full catchment area, accounting for nearly a third of 

these cases. Approximately 2.5 as many cases among Black women under 50 were observed 

in these hotspots as would be expected, providing evidence that these hotspots contribute to 

the overall racial disparity in BC. These findings underscore the importance of implementing 

the Task Force recommendations to initiate BC screening at age 40 for women who reside 

in these hotspots, notably younger Black women. For women under 40, the Task Force 

recommends that primary care clinicians should conduct BC risk assessments to determine 

if a referral to genetic counseling would be appropriate based on personal and family history 

(52). Implementing this recommendation also has particular relevance for women under 50 

who reside in these hotspots, as approximately 25% of BC cases under 50 were diagnosed in 

women under 40.
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In the hotspot defined by stage, more than half of the BC cases were diagnosed 

at an advanced stage and approximately 97% of the cases were Black. This hotspot 

covers a portion of Wilmington, the largest city in the catchment area. For comparison, 

approximately 58% of Wilmington’s residents are Black (53) and 89% of the general 

population who reside within the hotspot are Black, indicating that even given very high 

rates of residential segregation within this section of Wilmington, Black women were 

still overrepresented. Factors related to structural racism, including persistent trends in 

segregation, poverty, and the cumulative exposure to multiple harmful exposures contribute 

to worse BC outcomes and other health disparities in this area (54–56). Thus, improving BC 

early detection in this hotspot will likely require multilevel interventions.

In the hotspot defined by age and stage, which was enclosed within a larger hotspot defined 

just by age within the town of Middletown, nearly one in five of the BC cases were 

diagnosed at an advanced stage among women under 50. As with other hotspots, Black 

women were even more overrepresented in this group than they were across the catchment 

area, with more than three times as many observed cases as expected. The Middletown 

finding was unexpected because, compared to Wilmington, it is a smaller and much more 

affluent town (53) with relatively good access to mammography facilities (19). That said, 

Middletown has undergone rapid population growth in recent decades, with its population 

sextupling and diversifying over the last 30 years primarily through in-migration (57). 

This raises new questions about whether compositional or contextual effects apply (58). 

That is, the Middletown hotspots may be a compositional artifact of some risk factor 

shared by a disproportionate share of the in-migrating population (e.g., prior exposure or 

ancestry). Alternatively, a contextual factor inherent to Middletown may have contributed to 

the observed pattern, such as toxic environmental exposures or, given the rapid population 

growth, inadequate primary care resources to facilitate access to mammography facilities. To 

address these questions, new research is currently underway taking a model-based approach 

to describe the spatial variation in BC risk by evaluating a range of patient (e.g., history of 

screening) and environmental (e.g., primary care access) factors.

There are several study limitations. First, single-site designs often have limited external 

validity, which is by definition true for the detection of hotspots in a single cancer center 

catchment area. However, given the representativeness of the population demographics and 

land use in this catchment area, these methods may have broad applicability to other cancer 

center catchment areas. Second, given privacy protections established by the Delaware 

Cancer Registry, the data for this study came from only those patients diagnosed or treated 

at the HFGCCRI, increasing the risk of a biased sample. This risk is mitigated by the 

large share of patients in the catchment area who received their care at the HFGCCRI 

and a comparison that showed that cancer center and state registry cases did not differ by 

demographic or clinical characteristics (24). Nevertheless, it remains unclear if the sample 

was representative in terms of insurance coverage or spatially representative of all cases in 

the catchment area, notably within the hotspots. Third, it cannot be assumed that higher 

rates of BC diagnosed before age 50 or at an advanced stage reflect inadequate screening 

in the identified hotspots. Even with annual screening mammorgraphy beginning at age 

40, aggressive forms of BC can emerge in the interval between screenings, a particular 

concern for women with higher lifetime risk of BC (59). Clarifying this issue in future 
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research by considering patient-level measures of screening history and BC risk factors (e.g., 

family history) will be important for the development of effective interventions. And fourth, 

when estimating the ratio of the observed to expected number of BC cases in each hotspot 

stratified by both age and race, the number of cases in several of the cells were relatively 

small. This raises concerns about unstable SIR estimates. This concern may be compounded 

by any inaccuracies in the underlying Census data.

In addition to these limitations, important sociodemographic data were not available for 

this study population, including measures of socioeconomic status (SES) and ethnicity. Past 

research has found an association between SES and risk of advanced-stage BC diagnoses 

(60). While less is known about the relationship between SES and the incidence of BC 

diagnosed before age 50, several modifiable BC risk factors that have links to have SES 

may impact the development of early-onset BC (61). Unfortunately, measures of SES are 

not routinely collected at the HFGCCRI. The secondary objective of this study was to 

assess whether hotspots contribute to Black-White disparities in BC mortality (8). Extending 

these analyses to ethnicity may have produced important findings but was limited by the 

available patient demographic data. Hispanic women are more likely to be diagnosed with 

BC before age 50, at an advanced stage, and both under 50 and at an advanced stage (9). 

Hispanic women are also more likely to be diagnosed with more aggressive BC subtypes 

and experience delays in the treatment of BC (62). While Hispanic women as a whole 

have lower BC incidence and mortality rates (8), reporting such statistics without regard to 

race, ancestry, nativity, enclave residence, and time in the US masks important heterogeneity 

(62–64). With higher quality ethnicity data, spatial methods can help identify communities 

where Hispanic women are at greater risk for disparate BC outcomes.

In conclusion, the novel application of advanced spatial methods for the identification 

of BC hotspots can help to prioritize communities for targeted community outreach and 

engagement as a form of precision health (65). These methods can be applied to other 

cancer center catchment areas and for other cancer types where area-level factors may 

impact early detection (e.g., colorectal cancer) (66). The findings from this study further 

showed that younger Black women were even more overrepresented in the BC hotspots 

than was observed for the entire catchment area. This raises the promising prospect that 

prioritizing hotspots has the potential to both reduce the overall burden of BC and narrow 

racial disparities.
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Figure 1. 
Spatial variation in risk of BC by age and stage and detected hotspots for New Castle 
County, DE (2012–2020). A. Hotspots for BC diagnosed before age 50. B. Hotspot for 
BC diagnosed at an advanced stage. C. Hotspot for BC diagnosed under age 50 and at 
an advanced stage. Spatial variation is visualized as the log relative risk for each type of 

hotspot, with red outlines representing regions with statistically significant higher risk.
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Table 1.

Characteristics of HFGCCRI breast cancer patients in New Castle County, Delaware (2012–2020)*

Age < 50 (N=629) Age >= 50 (N=2868) All (N=3497)

Adv (N=350) Non-Adv 
(N=279)

Total Adv (N=1189) Non-Adv 
(N=1679)

Total

Age at Diagnosis

Mean (SD) 41.3 (6.2) 43.7 (4.9) 42.4 (5.8) 66.5 (11.1) 67.0 (10.0) 66.8 (10.5) 62.4 (13.5)

Race, n %

Black 100 (28.6) 63 (22.6) 163 (25.9) 307 (25.8) 322 (19.2) 629 (21.9) 792 (22.6)

White 225 (64.3) 196 (70.3) 421 (66.9) 842 (70.8) 1309 (78.0) 2151 (75.0) 2572 (73.5)

Other/Unknown 25 (7.1) 20 (7.2) 45 (7.2) 40 (3.4) 48 (2.9) 88 (3.1) 133 (3.8)

Ethnicity, n %

Hispanic 21 (6.0) 13 (4.7) 34 (5.4) 19 (1.6) 34 (2.0) 53 (1.8) 87 (2.5)

Non Hispanic 328 (93.7) 266 (95.3) 594 (94.4) 1164 (97.9) 1641 (97.7) 2805 (97.8) 3399 (97.2)

Unknown 
Ethnicity

1 (0.3) 0 (0.0) 1 (0.2) 6 (0.5) 4 (0.2) 10 (0.3) 11 (0.3)

Race & Ethnicity, n %

Black-Non 
Hispanic

98 (28.0) 63 (22.6) 161 (25.6) 306 (25.7) 321 (19.1) 627 (21.9) 788 (22.5)

Black-Hispanic 1 (0.3) 0 (0.0) 1 (0.2) 1 (0.1) 0 (0.0) 1 (0.0) 2 (0.1)

Black-Unknown 
Ethnicity

1 (0.3) 0 (0.0) 1 (0.2) 0 (0.0) 1 (0.1) 1 (0.0) 2 (0.1)

White-Non 
Hispanic

207 (59.1) 183 (65.6) 390 (62.0) 821 (69.0) 1275 (75.9) 2096 (73.1) 2486 (71.1)

White-Hispanic 18 (5.1) 13 (4.7) 31 (4.9) 16 (1.3) 33 (2.0) 49 (1.7) 80 (2.3)

White-Unknown 
Ethnicity

0 (0.0) 0 (0.0) 0 (0.0) 5 (0.4) 1 (0.1) 6 (0.2) 6 (0.2)

Other/Unknown-
Non Hispanic

23 (6.6) 20 (7.2) 43 (6.8) 37 (3.1) 45 (2.7) 82 (2.9) 125 (3.6)

Other/Unknown-
Hispanic

2 (0.6) 0 (0.0) 2 (0.3) 2 (0.2) 1 (0.1) 3 (0.1) 5 (0.1)

Other/Unknown-
Unknown 
Ethnicity

0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 2 (0.1) 3 (0.1) 3 (0.1)

Insurance, n %

Medicaid 26 (7.4) 6 (2.2) 32 (5.1) 48 (4.0) 24 (1.4) 72 (2.5) 104 (3.0)

Medicare 7 (2.0) 8 (2.9) 15 (2.4) 490 (41.2) 740 (44.1) 1230 (42.9) 1245 (35.6)

Private 304 (86.9) 245 (87.8) 549 (87.3) 545 (45.8) 730 (43.5) 1275 (44.5) 1824 (52.2)

Unknown Payer 13 (3.7) 20 (7.2) 33 (5.2) 106 (8.9) 185 (11.0) 291 (10.1) 324 (9.3)

*
HFGCCRI = Helen F. Graham Cancer Center & Research Institute; Adv = advanced stage, defined as stage ≥IIA; Non-Adv = non-advanced stage, 

defined as stage I
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Table 2.

Characteristics of breast cancer patients in identified hotspots, New Castle County, DE (2012–2020)*

Hotspot 1 (N=113) Hotspot 2 (N=191) Hotspot 3 (N=69) Hotspot 4 (N=104)

< 50 
(N=29)

>= 50 
(N=84) Total

< 50 
(N=48)

>= 50 
(N=143) Total

Adv 
(N=38)

Non-
Adv 

(N=31) Total

<50 & 
Adv 

(N=18)
Others 
(N=86) Total

Age at Diagnosis

Mean 
(SD)

43.2 
(5.1)

63.6 
(8.9)

58.4 
(12.0)

43.6 
(4.2)

67.9 
(10.1)

61.8 
(13.8)

58.9 
(13.5)

64.7 
(14.5)

61.5 
(14.2)

43.8 
(3.4)

61.9 
(13.1)

58.8 
(13.8)

Race, n %

Black 9 
(31.0)

17 
(20.2)

26 
(23.0)

17 
(35.4)

35 
(24.5)

52 
(27.2)

37 
(97.4)

29 
(93.5)

66 
(95.7)

8 
(44.4)

22 
(25.6)

30 
(28.8)

White 18 
(62.1)

65 
(77.4)

83 
(73.5)

29 
(60.4)

104 
(72.7)

133 
(69.6) 1 (2.6) 2 (6.5) 3 

(4.3)
8 

(44.4)
62 

(72.1)
70 

(67.3)

Other/
Unknown 2 (6.9) 2 (2.4) 4 

(3.5) 2 (4.2) 4 (2.8) 6 
(3.1) 0 (0.0) 0 (0.0) 0 

(0.0)
2 

(11.1) 2 (2.3) 4 
(3.8)

Stage, n %

Advanced 15 
(51.7)

28 
(33.3)

43 
(38.1)

26 
(54.2)

62 
(43.4)

88 
(46.1)

38 
(100.0) 0 (0.0) 38 

(55.1)
18 

(100.0)
33 

(38.4)
51 

(49.0)

Non-
Advanced

14 
(48.3)

56 
(66.7)

70 
(61.9)

22 
(45.8)

81 
(56.6)

103 
(53.9) 0 (0.0) 31 

(100.0)
31 

(44.9) 0 (0.0) 53 
(61.6)

53 
(51.0)

*
Adv = advanced stage, defined as stage ≥IIA; Non-Adv = non-advanced stage, defined as stage I
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Table 3.

Census Population Summary for the Hotspots in New Castle County, DE (2012–2020)*

Hotspot 1 (Pop=5969) Hotspot 2 (Pop=7727) Hotspot 3 (Pop=4658) Hotspot 4 (Pop=3789) County (Pop=216453)

Race Group, n (%)

Black 1088 (18.2) 1861 (24.1) 4127 (88.6) 1086 (28.7) 49881 (23.0)

White 4277 (71.7) 5344 (69.2) 347 (7.4) 2407 (63.5) 147541 (68.2)

Others 603 (10.1) 521 (6.7) 184 (4.0) 295 (7.8) 19031 (8.8)

Age Group, n (%)

<50** 3830 (64.2) 4990 (64.6) 2888 (62.0) 2537 (67.0) 124341 (57.4)

>=50 2139 (35.8) 2737 (35.4) 1770 (38.0) 1251 (33.0) 92112 (42.6)

*
Population data is rounded to integer for presentation purpose

**
Inclusive of the female adult population (≥ 18 years old)
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Table 4.

Standardized Incidence Ratios in Identified Hotspots in New Castle County, DE (2020)*

Hotspot 1 Hotspot 2 Hotspot 3 Hotspot 4

Obs Exp SIR (CI) Obs Exp SIR (CI) Obs Exp SIR (CI) Obs Exp SIR (CI)

Age Race 
Adjusted 113 85.40

1.32 
(1.08, 
1.57)

191 111.18
1.72 

(1.47, 
1.96)

69 74.43
0.93 

(0.71, 
1.15)

104 52.28
1.99 

(1.61, 
2.37)

<50 Black 9 3.65 2.47 17 6.64 2.56 15 13.11 1.14 12 3.76 3.19

<50 White 18 14.38 1.25 29 17.75 1.63 1 1.17 0.85 21 8.49 2.47

<50 Other/
Unknown 2 1.40 1.42 2 1.26 1.59 0 0.39 0.00 2 0.72 2.79

>=50 Black 17 13.11 1.30 35 19.72 1.77 51 54.61 0.93 18 12.25 1.47

>=50 White 65 49.92 1.30 104 63.56 1.64 2 4.03 0.50 49 25.80 1.90

>=50 Other/
Unknown 2 2.94 0.68 4 2.24 1.79 0 1.12 0.00 2 1.25 1.60

*
Obs = observed cases; Exp = expected cases. SIR = standardized incidence ratio, CI= 95% confidence interval; SIRs were estimated based on 

catchment area BC rates and adjusted for age and race
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