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Abstract

BACKGROUND: The North Carolina Breast and Cervical Cancer Control Program (NC 

BCCCP) provides breast cancer screening services to underserved women to mitigate disparities in 

access to care. The authors sought to characterize this understudied population.

METHODS: Women 21 years old or older who underwent their first breast cancer screen through 

NC BCCCP from 2008 to 2018 were included. Demographic factors associated with the timeline 

of care and odds of a breast cancer diagnosis were identified with negative binomial and logistic 

regression, respectively.
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RESULTS: Of the 88,893 women identified, 45.5% were non-Hispanic (NH) White, 30.9% were 

NH Black, 19.6% were Hispanic, 1.7% were American Indian, and 1.1% were Asian. Breast 

cancer was diagnosed in 2.5% of the women (n = 2255). Hispanic women were the least likely to 

be diagnosed with breast cancer (odds ratio vs NH White women, 0.40; 95% confidence interval 

[CI], 0.34–0.47). Among patients with breast pathology, the median time to diagnosis was 19 days 

(interquartile range [IQR], 10–33 days), and the time to treatment was 33 days (IQR, 19–54 days). 

After adjustments, a longer time to diagnosis was significantly associated with age (incidence rate 

ratio [IRR], 1.01; 95% CI, 1.01–1.02) and being NH Black (vs NH White; IRR, 1.17; 95% CI, 

1.06–1.29). A longer time to treatment was significantly associated with age (IRR, 1.01; 95% CI, 

1.01–1.01), being NH Black (vs NH White; IRR, 1.20; 95% CI, 1.10–1.31), and being Hispanic 

(vs NH White; IRR, 1.22; 95% CI, 1.05–1.41).

CONCLUSIONS: NC BCCCP participants with breast cancer received treatment within 

approximately 1 month of presentation, and this finding aligns with quality care benchmarks. 

Nevertheless, racial/ethnic disparities in timeliness of care persist, and this suggests opportunities 

for improvement.
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INTRODUCTION

Breast cancer is the cancer most commonly diagnosed among women in the United States, 

with an estimated 279,100 new cases of invasive breast cancer and 42,690 breast cancer–

related deaths anticipated in 2020 alone.1 Breast cancer mortality has decreased over the past 

several decades, in large part because of advances in screening and systemic therapy.2–4 

However, racial and ethnic disparities in breast cancer mortality have widened.5,6 Black 

women, in particular, have been shown to have worse disease-specific survival and a higher 

incidence of late-stage disease than their White counterparts.7–9 Access to insurance is a 

significant contributor to these disparities.10

The North Carolina Breast and Cervical Cancer Control Program (NC BCCCP) is the North 

Carolina state division of the National Breast and Cervical Cancer Early Detection Program. 

NC BCCCP provides free and low-cost breast cancer screening services to underserved 

women for whom no other source of health care reimbursement is available. Specifically, 

NC BCCCP offers breast cancer screening services to women aged 40 to 75 years (or 

younger than 40 years if they are symptomatic or at high risk) who are uninsured or 

underinsured, do not have Medicare Part B or Medicaid, and have a household income level 

≤ 250% of the federal poverty line.11 Services offered include clinical breast examinations, 

screening and diagnostic imaging, biopsies, and treatment referrals. Importantly, NC 

BCCCP provides a pathway toward eligibility for Breast and Cervical Cancer Medicaid 

should participants be diagnosed with cancer as part of their screening.11

The patients served by NC BCCCP represent an understudied patient population. Given the 

vital role that NC BCCCP plays in filling gaps in care for underserved women, we sought 

both to characterize the patients who underwent breast cancer screening through NC 
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BCCCP and to evaluate concordance with timeliness benchmarks set forth by the Centers for 

Disease Control and Prevention (CDC).12 Finally, we aimed to identify factors associated 

with the diagnosis and timely workup of breast cancer to inform future efforts aimed at 

addressing persistent barriers to care.

MATERIALS AND METHODS

Study Population

Female patients 21 years old or older who underwent their first breast cancer screening 

through NC BCCCP from 2008 to 2018 were identified. Two distinct analytic cohorts were 

created: 1) an all-comers cohort that included all patients who underwent screening and 2) a 

subset of the all-comers that included only patients diagnosed with breast pathology (ie, 

atypia or malignancy) during their first screening cycle. Atypia included atypical ductal 

hyperplasia, atypical lobular hyperplasia, and lobular carcinoma in situ, whereas malignancy 

included both ductal carcinoma in situ (DCIS) and invasive carcinoma. For both cohorts, 

records were excluded if they were missing the diagnosis date or the imaging funding source 

or if the time from enrollment to diagnosis (TTD) was >3 years. For the breast pathology 

cohort, records missing the treatment start date were also excluded. A data use agreement 

was executed between our institution and the North Carolina Department of Health and 

Human Services. This study received approval from our institutional review board.

Statistical Analysis

Patient demographic and clinical data, including age, race/ethnicity, personal and family 

history of breast cancer, imaging modality, year of screening, funding source, Breast 

Imaging Reporting and Data System imaging classifications, final pathologic diagnosis, and 

timeline of workup, were collected. Race and ethnicity were combined into 1 variable as 

follows: Asian/Pacific Islander (PI), American Indian (AI), non-Hispanic (NH) Black, NH 

White, and Hispanic. In terms of funding, all eligible patients who were enrolled in BCCCP 

by a BCCCP-affiliated provider received funding support as part of their participation in the 

program; however, the source of funding for each individual patient differed, with some 

patients fully funded by BCCCP (state and/or federal funds) and some funded by alternative 

sources, including local county, nonprofit, and charity funds. Determination of the funding 

source was a complex process based on both patient-level factors (eg, age and total cost of 

services) and provider-level factors (eg, annual allocated screening targets and provider-

dependent availability of alternative funds). Patients whose services were covered in full by 

BCCCP funds were coded as fully funded. Patients whose services were covered in full by 

alternative funding sources were coded as not funded. Patients whose services were covered 

by both BCCCP and additional outside funds were coded as partially funded. The timeline 

of workup represented the time from enrollment (the date on which the patient was enrolled 

in NC BCCCP by an affiliated provider for the specific screening cycle of interest) to several 

key dates of interest, including first imaging (the date of mammography and/or ultrasound), 

biopsy (the date of biopsy), diagnosis (the date-tissue diagnosis was reported), and treatment 

(the date on which treatment was initiated). The primary outcome measures were 1) the rate 

of breast cancer diagnoses (DCIS or invasive carcinoma), 2) the TTD, 3) the time from 
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enrollment to treatment (TTT), 4) the time from first imaging to treatment (ITT), and 5) the 

time from diagnosis to treatment (DTT).

Descriptive statistics were used to summarize the study cohort. Continuous and categorical 

variables were described as medians and interquartile ranges (IQR) and as numbers and 

percentages, respectively. Trends in program participation over time among racial/ethnic 

groups were tested with the Cochran-Armitage trend test. For the all-comers cohort, 

differences in the timeline of care and the rate of breast cancer diagnosis were compared by 

level of BCCCP funding support (non-funded vs partially funded vs fully funded), age (<50 

vs ≥50 years), and race/ethnicity (NH White vs NH Black vs Hispanic vs AI vs Asian/PI) 

with the Wilcoxon rank sum test and the χ2 test, respectively. In the breast pathology 

subgroup, differences in the timeline of care were compared by funding source, age, race/

ethnicity, and pathologic diagnosis (atypia vs carcinoma) with the Wilcoxon rank sum test. 

Logistic regression was used to identify factors independently associated with a breast 

cancer diagnosis among all-comers; we report odds ratios (ORs) and 95% confidence 

intervals (CIs). Negative binomial regression was used to identify factors associated with 

TTD, TTT, ITT, and DTT in the breast pathology cohort; we report incidence rate ratios 

(IRRs) and 95% CIs. For all analyses, 2-tailed tests were used, and the threshold for 

significance was set at level α = .05. No adjustments were made for multiple comparisons. 

All statistical analyses were performed with SAS software (version 9.4; SAS Institute, Cary, 

North Carolina).

RESULTS

Demographic Characteristics

A total of 88,893 patients were included in the all-comers cohort (Supporting Fig. 1A), and 

1653 patients were included in the breast pathology cohort (Supporting Fig. 1B). Clinical 

and demographic characteristics of both cohorts are presented in Table 1. Within the all-

comers cohort, 1.1% of patients (n = 961) were Asian/PI, 19.6% (n = 17,382) were 

Hispanic, 1.7% (n = 1492) were AI, 30.9% (n = 27,476) were NH Black, 45.5% (n = 

40,411) were NH White, and 1.3% (n = 1171) were of unknown race. The median age was 

50 years (IQR, 44–56 years). In the breast pathology cohort, 1.2% of the patients (n = 20) 

were Asian/PI, 9.3% (n = 153) were Hispanic, 1.2% (n = 20) were AI, 35.3% (n = 584) were 

NH Black, 52.3% (n = 864) were NH White, and 0.7% (n = 12) were of unknown race. The 

median age was 52 years (IQR, 45–57 years). Of the 1653 patients in the breast pathology 

cohort, 1% (n = 16) were diagnosed with atypical ductal hyperplasia or atypical lobular 

hyperplasia, 4.4% (n = 72) were diagnosed with lobular carcinoma in situ, 23.4% (n = 386) 

were diagnosed with DCIS, and 71.3% (n = 1179) were diagnosed with invasive carcinoma.

Program Participation

Annual enrollment in NC BCCCP decreased from 14,315 participants in 2008 to 5808 

participants in 2018. Concomitantly, participation decreased among Asian/PI women (–4 

6.6%; P = .01), AI women (–76.2%; P < .001), NH Black women (–69.0%; P < .001), and 

NH White women (–70.2%; P < .001; Fig. 1). The proportion of Hispanic women enrolled 
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increased over time but in a nonlinear fashion with a resultant net change from 2008 to 2018 

of +1.3% (trend test P < .001).

Timeline of Care

For all-comers, the median time from enrollment to first imaging was 8 days (IQR, 1–21 

days), and among those who underwent biopsy, the median time to biopsy was 27 days 

(IQR, 14–48 days; Fig. 2). In a univariate analysis (Supporting Table 1), there were 

significant differences in the time to imaging by race/ethnicity (P < .001), with AI patients 

having the longest time (15 days; IQR, 6–32 days) and Asian/PI patients having the shortest 

time (7 days; IQR, 0–20 days). Similarly, there were significant differences in the time to 

biopsy by race/ethnicity (P < .001), with Hispanic patients having the longest time (29 days; 

IQR, 15–50 days) and AI patients having the shortest time (23 days; IQR, 14–36 days). 

Patients younger than 50 years had a slightly shorter timeline of care than patients 50 years 

old or older: the time to imaging was 8 days (IQR, 1–21 days) versus 9 days (IQR, 1–22 

days), and the time to biopsy was 26 days (IQR, 14–44 days) versus 28 days (IQR, 14–50 

days; both P values < .001). Finally, there were significant differences in the times to 

imaging and biopsy by funding source (both P values < .001), with fully funded patients 

having the longest time to imaging (9 days; IQR, 2–21 days) and partially funded patients 

having the longest time to biopsy (34 days; IQR, 20–56 days).

For patients with breast pathology, the median time to imaging was 5 days (IQR, 0–11 days), 

the median time to biopsy was 18 days (IQR, 9–31 days), the median TTD was 19 days 

(IQR, 10–33 days), the median TTT was 33 days (IQR, 19–54 days), the median ITT was 26 

days (IQR, 14–44 days), and the median DTT was 9 days (IQR, 1–20 days; Fig. 2). In a 

univariate analysis (Table 2), there were no significant differences in TTD, TTT, ITT, or 

DTT by race/ethnicity (P = .54, P = .23, P = .09, and P = .13, respectively). The median 

TTD and TTT values for all groups fell within the CDC’s 60-day standard.12 Similarly, there 

were no significant differences in TTD, TTT, ITT, or DTT between patients with atypia and 

malignancy (TTD, 18 days [IQR, 12–37 days] vs 20 days [IQR, 10–33 days], P = .68; TTT, 

34 days [IQR, 16–57 days] vs 33 days [IQR, 19–54 days], P = .98; ITT, 28 days [IQR, 14–

47 days] vs 26 days [IQR, 14–44 days], P = .66; DTT, 9 days [IQR, 0–19 days] vs 8 days 

[IQR, 1–21 days], P = .45). An age < 50 years was associated with a shorter timeline of care 

in comparison with an age ≥ 50 years (TTD, 18 days [IQR, 8–30 days] vs 21 days [IQR, 11–

36 days]; TTT, 30 days [IQR, 17–48 days] vs 35 days [IQR, 20–58 days]; ITT, 24 days 

[IQR, 12–40 days] vs 28 days [IQR, 15–48 days]; all P values < .001), although there was 

no significant difference in DTT (P = .14). There were also significant differences in the 

timeline of care by funding source (all P values < .01), with nonfunded patients having the 

shortest TTD (12 days; IQR, 5–22 days), TTT (22 days; IQR, 12–38 days), ITT (18 days; 

IQR, 10–34 days), and DTT (7 days; IQR, 2–15 days), whereas fully funded patients had the 

longest TTD (21 days; IQR, 12–36 days) and TTT (35 days; IQR, 20–57 days) and partially 

funded patients had the longest ITT (29 days; IQR, 19–48 days) and DTT (12 days; IQR, 3–

21 days).

In multivariate models (Table 3), NH Black race (vs NH White; IRR, 1.17; 95% CI, 1.06–

1.29), age (IRR, 1.01; 95% CI, 1.01–1.02), and funding status (vs not funded; IRR for fully 
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funded status, 1.75; 95% CI, 1.52–2.02; IRR for partially funded status, 1.55; 95% CI, 1.33–

1.80) were associated with longer TTD (all P values < .01). Similarly, NH Black race (IRR, 

1.2; 95% CI, 1.1–1.31), Hispanic ethnicity (IRR, 1.22; 95% CI, 1.05–1.41), age (IRR, 1.01; 

95% CI, 1.01–1.01), and funding status (vs not funded; IRR for fully funded status, 1.52; 

95% CI, 1.34–1.73; IRR for partially funded status, 1.44; 95% CI, 1.26–1.65) were 

associated with longer TTT (all P values < .01). Additionally, NH Black race (vs NH White; 

IRR, 1.2; 95% CI, 1.09–1.31), age (IRR, 1.01; 95% CI, 1–1.01), and funding status (vs not 

funded; IRR for fully funded status, 1.31; 95% CI, 1.15–1.49; IRR for partially funded 

status, 1.41; 95% CI, 1.22–1.62) were associated with longer ITT (all P values < .01). 

Finally, NH Black race (vs NH White; IRR, 1.27; 95% CI, 1.09–1.48) was associated with 

longer DTT (P < .01).

Breast Pathology

Among all-comers, breast cancer was diagnosed in 2255 women (2.5%). Rates of breast 

cancer diagnosis varied significantly among racial/ethnic groups (P < .001; Supporting Table 

1), ranging from 3.0% in NH White patients to 1.1% in Hispanic patients. Rates of breast 

cancer diagnosis also differed significantly by funding source (P < .001), with the highest 

rates of cancer observed among nonfunded patients (5.5%) and the lowest rates observed 

among partially funded patients (1.6%). There were higher rates of breast cancer diagnosis 

in patients 50 years old or older in comparison with patients younger than 50 years (2.7% vs 

2.4%; P = .006). After adjustments, age (OR, 1.01; 95% CI, 1.01–1.02), a personal history of 

breast cancer (OR, 3.25; 95% CI, 2.7–3.89), a family history of breast cancer (OR, 1.55; 

95% CI, 1.39–1.74), and a nonfunded status (OR, 2.75; 95% CI, 2.46–3.07; all P values 

< .001) remained significantly associated with breast cancer diagnosis (Supporting Table 2). 

Hispanic patients had the lowest odds of breast cancer diagnosis (vs NH White patients; OR, 

0.40; 95% CI, 0.34–0.47; P < .001).

DISCUSSION

In our review of nearly 90,000 women, we found that NC BCCCP provides care to a diverse 

cohort of North Carolinians. The diversity of the program has increased over time, with 

increasing participation among Hispanic women reflecting the growing North Carolina 

Hispanic population,13 although total annual enrollment has declined since the passage of 

the Patient Protection and Affordable Care Act (ACA) in 2010.14,15 Of the 88,893 patients 

who underwent breast cancer screening from 2008 to 2018, breast cancer was diagnosed in 

2255 women, or 2.5% of the program participants. Concordant with national data,1 the 

incidence of breast cancer was highest among older and NH White women.

When considered both as a whole and by racial/ethnic groups, the vast majority of NC 

BCCCP participants received timely care, with patients receiving their diagnosis and 

treatment within the benchmarks set forth by both the CDC (a 60-day standard for both 

diagnosis and treatment) and other national entities, such as the National Quality Measures 

for Breast Centers (a 14-day standard from diagnosis to treatment and a 28-day standard 

from abnormal mammogram to treatment).12,16 However, after adjustments, we did observe 

relative racial/ethnic disparities in the timeliness of workup, which highlight opportunities to 
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improve equity in breast cancer detection and treatment. NH Black and Hispanic women 

experienced delays in workup in comparison with NH White women, with NH Black 

women having longer TTD, TTT, ITT, and DTT and Hispanic women having longer TTT. 

Thus, even within a program designed to target populations in which the barriers of cost and 

insurance are disproportionately experienced, racial/ethnic disparities in quality of care 

persist, and this indicates that nonfinancial barriers must also be mitigated to achieve 

equitable outcomes. We believe that ours is both the first large-scale study to analyze the NC 

BCCCP patient population and one of the first to characterize the vital care provided by a 

division of the National Breast and Cervical Cancer Early Detection Program in the post-

ACA era.

Despite advances in breast cancer care, socioeconomic factors such as insurance status 

continue to play a key role in driving disparities in outcomes.17 The ACA expanded 

eligibility for Medicaid14; however, 12 states, including North Carolina, have yet to adopt 

Medicaid expansion, and this has left a substantial number of people in the coverage gap 

with an individual income above that required for Medicaid eligibility but below the federal 

poverty line.18 Safety net programs such as NC BCCCP provide essential breast cancer 

screening services to patients who fall within this coverage gap and are at risk for poor 

outcomes.19 These programs are understudied; therefore, the characteristics of the patients 

that they serve, the quality of the services that they provide, and the disparities that may exist 

therein are unknown.

Racial/ethnic differences in the timeliness of workup have been demonstrated in several 

previous studies.20–22 In a retrospective analysis of the National Cancer Database, Fedewa et 

al23 demonstrated that NH Black and Hispanic women had a higher risk of treatment delays 

following biopsy, with such delays serving to perpetuate disparities in outcomes.24,25 

Although the authors enumerated a myriad of factors that contributed to delays in care, 

insurance status was highlighted as a key variable that was independently associated with 

treatment delays.

Programs such as NC BCCCP play an important role in providing care to uninsured and 

underinsured women.10,19 However, our findings demonstrate that expanding access to care 

is not a panacea, and mitigating insurance as a barrier is not enough to achieve equity. 

Previous work has identified numerous other potentially modifiable barriers to timely 

treatment, including a lack of support with childcare, household responsibilities, job-related 

demands, and care coordination.26–28 Thus, the racial/ethnic minority women served by NC 

BCCCP may still disproportionately face other challenges that keep them from attaining 

equitable outcomes. Importantly, the existing relationships between NC BCCCP, its 

providers, and the communities that they serve will be vital in mediating efforts toward 

health equity and providing the infrastructure needed to address the specific needs 

demonstrated by these patients.

Interestingly, NC BCCCP funding was associated with longer TTD, TTT, and ITT in 

adjusted analyses. Because the allocation of patient-level NC BCCCP funding is a multistep 

process based on both patient- and provider-level characteristics, the factors contributing to 

these discrepancies in timeliness are likely multiple and interrelated. Prior work has 

Tait et al. Page 7

Cancer. Author manuscript; available in PMC 2022 July 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



demonstrated that provider-level aspects such as geographic distance from the screening 

facility and scheduling availability can affect breast cancer workup.29–31 Additionally, 

patient-level factors, including attitudes toward breast cancer screening, comorbidities, and 

compliance, can contribute to workup delays.31,32 Further work is needed to investigate the 

discrepancies in timeliness associated with patient-level funding support within NC BCCCP.

Notably, although timeliness of workup is a validated quality metric,16 it is not the only 

measure of care quality. In fact, implementation of certain quality care metrics 

recommended by clinical practice guidelines, such as multidisciplinary care coordination,33 

can lengthen the time to treatment. Thus, there may be benefits associated with NC BCCCP 

participation that are not reflected in the data presented here. Future work is needed to fully 

capture NC BCCCP participant experiences, including a qualitative assessment of patient 

perspectives.

Our study included several limitations. First, there was a high rate of missingness in the 

provider-reported NC BCCCP data, reflecting a lack of consistent reporting and limiting our 

ability to describe differences in key clinical characteristics. Similarly, there was a high rate 

of data entry error (eg, diagnosis before enrollment and a tissue diagnosis discordant with 

the diagnostic disposition) that limited our analyzable sample size. Furthermore, important 

patient-level characteristics such as the location of residence and structural characteristics 

such as the provider or screening site were not available within the database and thus could 

not be included in our regression models. Finally, data were entered directly by individual 

providers and were subject to provider-level interpretation and variation.

In summary, our study is the first to analyze the large, diverse cohort served by NC BCCCP, 

a program that aims to provide breast cancer screening services to underinsured and 

uninsured women. We have found that NC BCCCP provides high-quality care, meeting 

national benchmarks for time to diagnosis and treatment. However, we have also found that 

disparities in the timeliness of workup persist along racial/ethnic lines even within a program 

that eliminates the barriers of cost and lack of insurance that prevent many women from 

accessing screening services. Future efforts must be directed toward identifying unmet needs 

within this patient population and deploying interventions to target those needs via 

established relationships between NC BCCCP, its providers, and the patients that they serve 

with the ultimate goal of achieving racial/ethnic parity and improving equity for breast 

cancer screening and treatment.
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LAY SUMMARY:

• This review of approximately 90,000 participants in a breast cancer screening 

program for uninsured and underinsured women highlights the importance of 

safety net programs in providing timely care to underserved patients.

• The authors found that the North Carolina Breast and Cervical Cancer 

Control Program met timeliness benchmarks from the Centers for Disease 

Control and Prevention across all racial/ethnic groups. However, non-

Hispanic Black women experienced relative delays in the time to diagnosis, 

and both non-Hispanic Black women and Hispanic women experienced 

relative delays in the time to treatment.

• These findings demonstrate how racial/ethnic disparities in the timeliness of 

care can persist even within a program intended to reduce barriers to access.
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Figure 1. 
Program participation over time by race/ethnicity, North Carolina Breast and Cervical 

Cancer Control Program, 2008–2018. PI indicates Pacific Islander.

Tait et al. Page 12

Cancer. Author manuscript; available in PMC 2022 July 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Median timeline of care from enrollment, North Carolina Breast and Cervical Cancer 

Control Program, 2008–2018.
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