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Abstract

Background: Treatment delays affect breast cancer survival and constitute poor-quality care.
Black patients experience more treatment delay, but the relationship of geography to these
disparities is poorly understood.

Methods: We studied a population-based, retrospective, observational cohort of patients with
breast cancer in North Carolina between 2004 and 2017 from the Cancer Information and
Population Health Resource, which links cancer registry and sociodemographic data to multipayer
insurance claims. We included patients >18 years with Stage I-111 breast cancer who received
surgery or chemotherapy as their first treatment. Delay was defined as >60 days from diagnosis

to first treatment. Counties were aggregated into nine Area Health Education Center regions. Race
was dichotomized as Black versus non-Black.

Results: Among 32,626 patients, 6190 (19.0%) were Black. Black patients were more likely
to experience treatment delay >60 days (15.0% of Black vs. 8.0% of non-Black). Using race-
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stratified modified Poisson regression, age-adjusted relative risk of delay in the highest risk region
was approximately twice that in the lowest risk region among Black (relative risk, 2.1; 95% Cl,
1.6-2.6) and non-Black patients (relative risk, 1.9; 95% Cl, 1.5-2.3). Adjustment for clinical and
sociodemographic features only slightly attenuated interregion differences. The magnitude of the
racial gap in treatment delay varied by region, from 0.0% to 9.4%.

Conclusions: Geographic region was significantly associated with risk of treatment delays for
both Black and non-Black patients. The magnitude of racial disparities in treatment delay varied
markedly between regions. Future studies should consider both high-risk geographic regions and
high-risk patient groups for intervention to prevent delays.
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INTRODUCTION

Delays in breast cancer diagnosis and treatment compromise survival and constitute poor-
quality care. Delays of 30 to 60 days in time to treatment are associated with decrements

in disease-specific and overall survival.1= Delays in the time between surgery and adjuvant
chemotherapy,>2 and in completion of all therapy,10 have also been linked to higher risk of
breast cancer recurrence and worsened survival. The relationship of treatment delays to poor
outcomes is consistent across studies from institutional, registry, and clinical trial settings,
and has been confirmed in meta-analyses of pooled data.>

Black patients are at disproportionate risk of treatment delays across the breast cancer care
delivery spectrum. State-specific studies in Georgia,}1 New Jersey,12.13 North Carolina,1415
and California? have all demonstrated an elevated risk of surgical delays among Black
women, with particular concern for younger women. A study from the National Cancer
Database® and a cohort study across multiple urban areas!’ drew similar conclusions.
Racial disparities in the timeliness of breast surgery persist even in health systems that
theoretically provide uniform access to care, such as the US military health system.18
Racial disparities have also been documented in the timeliness of adjuvant chemotherapy
and radiation, 1920 and we have previously reported that Black women are more likely to
experience delays in completion of all therapy compared with others with similar treatment
plans.1® These treatment delays are a contributory factor to the well-known and persistent
disparity in breast cancer survival among Black women.21:22

Itis likely that racial and ethnic disparities in timely access to cancer care are influenced

by the characteristics of the health system and communities within which individuals seek
cancer care. Black and Hispanic patients with breast cancer receive surgical care at different
hospitals than non-Hispanic White peers, are less involved with selection of their surgeon
and treatment facility, and rely less or reputation when selecting care.?3 These differences
in site of care are impactful; patients in public hospitals experience more frequent delays

in breast surgery compared with private institutions,24 and adjustment for hospital-level

and health system-level characteristics partially attenuates the association of race with
treatment delay.1%:20 However, previous studies relating racial disparities in treatment delay
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to different geographies and health systems have been limited to single cities or to older
patients. We hypothesized that among a large, diverse, and geographically dispersed patient
population, the risk of treatment delay would vary depending on geographic subregion

and would vary differently for Black versus non-Black patients. Therefore, we designed a
large population-based cohort study to examine how the time from diagnosis to treatment
initiation varied along the two axes of race and geographic region, using multipayer
insurance claims from Black and non-Black women with newly diagnosed breast cancer

in a populous state with considerable racial and geographic diversity in North Carolina from
2004 to 2015.

Study population

We assembled a retrospective cohort of all Stage I-111 breast cancer cases between 2004

and 2015 in the North Carolina Central Cancer Registry. Patient records were linked

to the University of North Carolina Lineberger Comprehensive Cancer Center’s Cancer
Information and Population Health Resource, which links registry data to multiple-payer
insurance claims from private health insurance plans, Medicare fee for service and managed
care plans, and Medicaid. Annually, these payers cover approximately 65% of the state’s
total population and 72% of the insured population. The Cancer Information and Population
Health Resource data resource has been described previously.25 For this study, geographic
location of the patient’s home address was estimated from the census tract centroid to
protect privacy.

Cohort creation is illustrated in Figure S1. Briefly, we identified patients diagnosed with
Stage I-111 breast cancer as their first or only primary cancer diagnosis in 2004-2015 and
aged 18 years or older at diagnosis. Eligible patients were required to have insurance
between 1 month prediagnosis and 12 months postdiagnosis to ensure capture of treatments
through insurance claims, and to receive surgery or chemotherapy as their first treatment.
We required that patients be enrolled in any included insurance plan during any 10 of

the 13 months. This flexible enrollment criterion improved the retention of Black patients
and Medicaid beneficiaries without otherwise substantively changing sample characteristics.
Patients were excluded if diagnosed by death certificate or autopsy, missing information

on county or date of diagnosis, if they had no therapeutic surgery within 12 months, or

had radiation before other therapy. The included billing codes are listed in Table S1. This
study was considered exempt by the University of North Carolina institutional review board
(#20-1242).

Study outcome

Our primary outcome of interest was the risk of treatment delay, defined based on

the threshold of treatment >60 days from diagnosis associated with survival decrements
in prior studies.1# Time to treatment was defined as the duration between the registry-
documented diagnosis date and the first treatment date from claims. Here, we refer to
treatment delays in terms of risk and percentage points interchangeably. Treatments of
interest were identified through International Classification of Diseases, Ninth Revision,
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Clinical Moadification procedure and Current Procedural Terminology/Healthcare Common
Procedure Coding System codes broadly categorized as breast-conserving surgery,
mastectomy, and chemotherapy (Table S1).

Study exposures

The main exposures of interest were the geographic region of residence at diagnosis and race
of the patient. Because North Carolina contains 100 counties, some with low populations
and no cancer care facilities, counties were grouped into the nine Area Health Education
Center (AHEC) regions of North Carolina. AHEC regions are groups of contiguous counties
partitioned within the state to address and support medical education and the delivery of
health care,26 and counties within an AHEC region tend to have similar health services
characteristics. Here, we refer to the AHEC regions using a numbering system for clarity
and ease of interpretation. Patient self-reported race was obtained from the cancer registry
and was dichotomized as Black or non-Black.

Other variables

Patient characteristics included the first treatment type (chemotherapy, breast-conserving
surgery, or mastectomy), age, Stage (1, Il, 111), and hormone receptor status (negative,
positive). Because HER? status was only available for the latest years of registry data, it
was not included as a clinical covariate. Patient sociodemographic characteristics included
insurance type, distance to first treatment, urbanicity, and Social Deprivation Index (SDI)
of the patient’s census tract. Distance was measured in miles from the patient ZIP code
centroid to the ZIP code centroid for the claim corresponding to first treatment and
categorized as (<5, 5-<10, 10-<20, and =20 miles). Urbanicity was measured at tract

level using Rural Urban Commuting Area code of patient’s residence.2’ The SDI is

a validated composite measure of neighborhood socioeconomic variation incorporating
income, education, employment, housing, household characteristics, and transportation.28-30
The SDI ranges from 0 to 1, with the higher value suggesting greater deprivation.

Statistical analysis:

Patient characteristics were described using the median and interquartile range for
continuous variables and frequencies and percentages for categorical variables. Results were
tabulated overall and stratified by race. Black-non-Black differences in characteristics were
assessed using XZ and Mann-Whitney U'tests.

To evaluate racial differences in treatment delay across regions, we used multivariable
modified Poisson regression including race, AHEC region, and their interaction to estimate
the risk of delays but sequentially adjusting for (model A) patient age at diagnosis, (model
B) clinical factors, and (model C) sociodemographic factors. Following the Institute of
Medicine’s guidance on treating race as a social construct inclusive of sociodemographic
characteristics,3! we prioritized multivariable model B, which adjusted for age and clinical
variables only. However, we also conducted exploratory analyses (model C), adjusting

for sociodemographic characteristics likely to vary by race and/or geography, including
insurance type, SDI, distance to care, and urbanicity, to assess whether adjustment for these
factors attenuated the observed relationships. We then estimated predicted percentage of
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Black and non-Black patients in each AHEC region with treatment delays from model B,
and constructed choropleth maps to illustrate the race-specific geographic risk distribution as
well as the racial risk difference across regions. We also estimated risk of treatment delay
across clinical factors and across AHEC regions within race groups. The multicollinearity of
candidate covariates in multivariable models was assessed using a variance inflation factor
threshold of 5, where no variables required removal.

To better understand the relationship of geographic and racial variation in treatment delays,
we made a series of cross-region comparisons: (1) within-region percentage point gap in
estimated risk of delay between Black and non-Black patients and (2) within-race difference
in risk of delay across regions, using the region with the lowest overall risk of delay (region
1) as the reference group. The 25 total comparisons were adjusted for multiple tests using
the conservative Bonferroni approach as well as the less conservative false-discovery rate
adjustment32; the false-discovery rate adjustments are presented in this manuscript. All
analyses were conducted using SAS v9.4 (Cary, North Carolina) and maps were generated
using ArcMAP 10.8.1.

Cohort characteristics

Cohort characteristics are summarized in Table 1. Among 32,626 patients, 6190 (19.0%)
were Black. The non-Black subcohort included 98% White, 1% American Indian, and 1%
Asian/Pacific Islander patients. Compared with non-Black patients, Black patients were
younger (64 vs. 68 years), more likely to have chemotherapy as their first treatment (14.8%
Vvs. 7.6%), had Stage 111 disease (15.2% vs. 9.3%) and hormone receptor-negative tumors
(29.3% vs. 15.6%), Medicaid insurance (46.7% vs. 14.9%), and to live within 5 miles

of their treatment site (30.6% vs. 25.2%). More than one-half of Black patients (52.0%),
compared with 18.6% of non-Black patients, resided in a census tract in the highest category
of social deprivation. Black patients were more likely to experience a treatment delay >60
days (15.0% of Black patients vs. 8.0% of non-Blacks), and median time to treatment was
also longer (30 vs. 26 days).

Influence of clinical factors and sociodemographic characteristics on geographic
differences in treatment delay

Table 2 displays predicted risks and risk ratios from Poisson regression models A, B, and

C for all AHEC regions across both racial subgroups. In models minimally adjusted for age
(model A), relative risk of treatment delay in the highest-risk region (region 9) was more
than double that of the referent region (region 1) among Black patients (relative risk [RR],
2.1; 95% Cl, 1.6-2.6) and almost doubled among non-Black patients (RR, 1.9; 95% CI, 1.5-
2.3). Adjustment for clinical features (model B) minimally attenuated regional differences in
risk of delay for Black patients (RR, 2.0; 95% ClI, 1.5-2.5 for the highest risk compared with
the referent region); the risk estimate did not change among non-Black patients. Additional
adjustment for sociodemographic characteristics (model C) did not further attenuate regional
differences in risk of delay in either group. In exploratory analyses, we further tested the
interactions of race by insurance type, and geography by insurance type, in model C to
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evaluate whether the relationship of these factors to delays differed by insurance type.

The interaction of geographic region with insurance was significant; we then stratified
model C by insurance type. Generally, insurance-stratified models showed a consistent
pattern of racial disparities in the risk of delay across all three insurance categories, and
persistently higher risk in regions 7 through 9 across insurance types. There were some
insurance-specific variations in relative performance among regions: the elevated risk for
Black patients in region 3 was limited to those with Medicare or Medicaid, and region 5
performed among the worst in the state for non-Blacks with private insurance, but not for
other groups. However, definitive conclusions from this exploratory analysis are limited by
small sample sizes. Stratified tables for model C are included in Table S3 and effect sizes for
all covariates are presented in Table S4.

Race and regional differences

Figure 1 presents choropleth maps comparing the estimated risk of treatment delay adjusted
for age and clinical features for Black (Figure 1B) and non-Black patients (Figure 1C)
across regions, as well as the magnitude of racial risk difference in treatment delays within
each region (Figure 1A). The proportion of patients with treatment delays was significantly
greater for Black patients in every AHEC region, with the exception of region 2, in which
only 2.7% (93/3362) of patients were Black. However, the magnitude of the Black-non-
Black gap varied across the state (Figure;1A), ranging from no significant difference in
region 2 to a 9.4% in region 9.

Figure 2 shows paired estimates of treatment delays for Black and non-Black patients by
region. In four of the nine AHEC regions, >14% of Black patients experienced delays, and
the highest risk region (region 9) had an 18.5% risk of delay after adjustment for age and
clinical factors. Table S2 presents the percent difference and adjusted p value for racial and
regional comparisons. The absolute difference in risk of delay between the best-performing
and worst-performing region was 9.0% for Black patients but only 4.3% for non-Black
patients.

Risk of treatment delay in clinical subgroups

We examined the risk of delays >60 days by clinical subgroups (Figure 3). For both Black
and non-Black patients, risk of delay increased with disease stage, and delays were more
likely in patients whose first treatment was mastectomy, as well as patients younger than age
50 years. Although associations of clinical features with treatment delay were similar among
Black and non-Black women, the absolute risk of treatment delay was higher among Black
women in every clinical subgroup.

DISCUSSION

In a diverse, population-based cohort of breast cancer patients, we found that although
racial disparities in treatment delay were widespread, the likelihood of treatment delay, as
well as the magnitude of racial disparity, varied considerably across geographic subregions.
Previous population-based studies have described geographic disparities in late-stage
diagnosis and breast cancer mortality, with patients of color being more likely to live in
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geographic hotspots of poor outcomes.33:34 However to our knowledge, this is the first
large population-based study to describe variation in a key indicator of breast cancer quality
by race and geography simultaneously. Although the magnitude of racial disparities in
treatment timeliness varied between regions, some degree of racial disparity was observed
in every region with a significant Black population and interregion variations in timeliness
were larger among Black patients than among non-Black patients.

Disparities in the quality of cancer care, whether by race or geography, are often

attributed to the sociodemographic characteristics of marginalized patient populations, and
it is common practice to include risk adjustment for sociodemographic characteristics

in outcome-based oncology quality measures.3® Individual sociodemographics certainly
predict the risk of treatment delays at the patient level.36 However, it is notable that

in our study, adjustment for patient-level characteristics did not attenuate the observed
geographic differences in treatment timeliness for either racial group. On the contrary,
significant interregion differences in timeliness and racial parity persisted after adjustment
for sociodemographic factors. These findings suggest that structural features of local health
care systems, rather than variation in patient characteristics, may be key explanatory factors
for geographic disparities in treatment delays and other cancer outcomes. Ongoing research
by our group will explore region-level and health system characteristics predictive of timely
and equitable breast cancer care.

We chose a threshold of treatment delay, 60 days, that has been consistently linked to poor
outcomes and should represent clearly unacceptable cancer care. Despite this conservative
threshold, our findings suggest that treatment delays are alarmingly common in patients

at high risk for breast cancer death, including young Black women and patients with

Stage 111 disease. We note that the two regions with the greatest disparities in treatment
delay, as well as the highest absolute risk of treatment delay for Black patients, surround
large urban centers (regions 3 and 9). Although this requires confirmation, these findings
suggest that interventions to facilitate access for Black patients and those with high clinical
risk in complex urban health systems, such as patient navigation, should be prioritized to
combat treatment disparities and improve outcomes at the state level. Such interventions are
challenging to design and sustain and will require adaptation to the local health care system
structure as well as to specific patient needs.

As with any large retrospective study of cancer care delivery, our work has limitations.
These findings may not be replicable across other states or care settings or across other
tumor types. The data presented in this manuscript reflect the care experience of insured
patients, and thus the substantive barrier posed by lack of insurance and its relationship

to racial disparities in cancer care, is outside the scope of this study. However, we have
compared our estimates of median time to treatment and risk of treatment delay by race
with treatment data from the state cancer registry, which include uninsured patients, and
found the patterns of delay by race and region to be generally similar. Cancer care that was
delivered without charge to the patient’s insurer also would not be captured in our analysis.
However, sensitivity analyses using cancer registry-ascertained treatment data, which have
different limitations but do include uninsured patients, suggest a similar magnitude of
racial disparities in treatment delay and similar geographic patterns of delay in the state.

Cancer. Author manuscript; available in PMC 2024 November 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reeder-Hayes et al.

Page 8

No large secondary data source can fully explore the patient experience and the complex
reasons for delays in care, and it is vitally important to pair these research methods with
community-engaged research to uncover and target root causes of delayed and inequitable
care.

In summary, we found that, in a large, population-based cohort of patients with newly
diagnosed breast cancer in a large state with racial and geographic diversity, the likelihood
of a clinically impactful delay in initiating breast cancer treatment, as well as the magnitude
of disparity in delays between Black and non-Black patients, varied significantly by
geographic subregion. Importantly, regional differences in timeliness were not explained

by the clinical or sociodemographic characteristics patients. The substantial geographic
variation we observed in the delivery of timely and equitable breast cancer care suggests that
these outcomes are modifiable and should be a clinical and policy priority for intervention
in regions of high risk. High priorities for future research include defining problem areas of
delay and disparity in other cancer types, further exploration of region-level and local health
system characteristics associated with treatment delay, and the development of targeted,
effective, and sustainable interventions in high-risk regions and patient groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Choropleth maps illustrating the magnitude of racial disparity by region (A), and
distributions among Black (B) and non-Black (C) patients. Estimates 0f% delayed are
adjusted for age, stage, first treatment type, and hormone receptor status. Darker areas
indicate more delays or greater difference in delays. NS indicates nonsignificant Black-non-
Black difference after false discovery rate adjustment. All other region differences were

statistically significant.
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FIGURE 2.
Predicted treatment delays among Black and non-Black patients across regions. 2Estimates

adjusted for age, first treatment type, stage at diagnosis, and hormone receptor status. NS
indicates nonsignificant difference in risk by race for AHEC region 2 after false-discovery
rate adjustment. *Indicates statistically significant difference. AHEC, Area Health Education
Center.
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