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Abstract

Background: We evaluated diagnostic mammography among women with a breast lump to
determine whether performance varied across racial and ethnic groups.

Methods: This study included 51,014 diagnostic mammograms performed between 2005-2018
in the Breast Cancer Surveillance Consortium among Asian/Pacific Islander (12%), Black (7%),
Hispanic/Latina (6%), and White (75%) women reporting a lump. Breast cancers occurring within
one year were ascertained from cancer registry linkages. Multivariable regression was used to
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adjust performance statistic comparisons for breast cancer risk factors, mammogram modality,
demographics, additional imaging, and imaging facility.

Results: Cancer detection rates were highest among Asian/Pacific Islander (per 1000 exams,
84.2 [95%CI 72.0-98.2]) and Black women (81.4 95%CI 69.4-95.2]) and lowest among Hispanic/
Latina women (42.9 [95%CI 34.2-53.6]). Positive predictive values (PPV) were higher among
Black (37.0% [95%CI 31.2%-43.3%]) and White (37.0% [95%CI 30.0%-44.6%]) women and
lowest among Hispanic/Latina women (22.0% [95%CI 17.2%-27.7%]). False-positive results
were most common among Asian/Pacific Islander women (per 1000 exams, 183.9 [95%CI 126.7—
259.2]) and lowest among White women (112.4 [95%CI 86.1-145.5]). After adjustment, false-
positive and cancer detection rates remained higher for Asian/Pacific Islander and Black women
(vs. Hispanic/Latina and White). Adjusted PPV was highest among Asian/Pacific Islander women.

Conclusions: Among women with a lump, Asian/Pacific Islander and Black women were more
likely to have cancer detected and more likely to receive a false-positive result compared with
White and Hispanic/Latina women.

Impact: Strategies for optimizing diagnostic mammography among women with a lump may vary
by racial/ethnic group, but additional factors that influence performance differences need to be
identified.

Keywords

mammography; breast neoplasms; racial groups; ethnicity; breast symptom; symptom assessment;
Breast Cancer Surveillance Consortium

Introduction

Breast palpable abnormalities, or breast lumps, are one of the most common breast
symptoms reported by women (1,2). Multiple studies show that mammograms of women
with a palpable lump have higher cancer detection rates and positive predictive values
(PPVs) and lower specificity than mammograms of women without a lump (1-8). The
presence of a breast lump also significantly affects outcomes following a breast cancer
diagnosis. Women with a lump have significantly higher rates of interval breast cancers,
death due to breast cancer, and death due to any cause than women without a breast lump
(5,9).

Given these worse outcomes, the ability to identify lumps with a high likelihood of
malignancy is a key task for breast diagnostic imaging. Data suggest that mammography
performance can differ across racial and ethnic groups (10). We recently reported that,
among women who received diagnostic imaging at facilities affiliated with the Breast
Cancer Surveillance Consortium (BCSC), cancer detection rates and false-positive rates
were highest among Asian/Pacific Islander women and PPVs were highest among White
women (11). That study described mammography performance patterns among women
receiving diagnostic mammaography following an abnormal screening mammogram. How
those differences translate to those presenting symptomatically with a breast lump, which
increases the likelihood of cancer, is unknown (1).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 May 01.
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In the US, there are marked differences in breast cancer prognosis and survival according
to race and ethnicity (12-14). Diagnostic mammography is used in the clinical workup
of almost all instances of suspected breast cancer. However, whether digital diagnostic
mammography performance varies across racial and ethnic groups among women with

a breast lump and the impact of such performance differences on tumor prognostic
characteristics is unclear. Therefore, we evaluated the performance of digital diagnostic
mammaography among women in four racial and ethnic groups who reported having a
breast lump at the time of the mammogram. In addition, we used regression modeling to
explore the extent to which racial and ethnic differences in mammography performance
may be influenced by between-group differences in demographics, breast cancer risk factors,
mammogram characteristics, and use of additional breast imaging.

Based on our prior work (11), we hypothesized that there is significant variation in
performance by race and ethnicity, with the greatest diagnostic mammography accuracy
among White women. Due to the overall worse prognosis of breast cancers diagnosed
among women with a lump and higher breast cancer mortality among Black women (14,15),
understanding how digital diagnostic mammography performance, including measures of
sensitivity, false-positive results, and PPVs, varies across racial and ethnic groups among
women with a lump is critical for identifying potential strategies for reducing racial
disparities in breast cancer survival.

Materials and Methods

This study included data from women who received a diagnostic mammogram at a breast
imaging facility affiliated with the BCSC. Each registry received institutional review board
approval for all study procedures. All procedures were Health Insurance Portability and
Accountability Act compliant. All registries and the Statistical Coordinating Center received
a Federal Certificate of Confidentiality and other protections for the identities of individuals,
physicians, and facilities that contributed to this research.

Data were from five BCSC regional registries that collect specific indications for diagnostic
mammograms: the Carolina Mammography Registry, Kaiser Permanente Washington
Registry, New Hampshire Mammography Network, San Francisco Mammography Registry,
and Vermont Breast Cancer Surveillance system. This study included diagnostic digital
mammograms (full-field digital mammograms [FFDM] or digital breast tomosynthesis
[DBT]) performed at 72 facilities affiliated with these registries between January 2005 and
August 2018 that had an indication of “evaluation of a breast problem” with the presence of
a lump reported at the time of the mammogram.

A flow diagram of study exclusion criteria is in Figure 1. Mammograms were excluded for:
(1) prior breast cancer diagnosis, mastectomy, or breast implants (N=7301); (2) diagnostic
mammogram in the preceding 90 days (N=1582); or (3) a missing Breast Imaging Reporting
and Data System (BI-RADS®) assessment (N=172). Due to the study’s focus on comparing
performance among racial and ethnic groups, mammaograms were excluded if race and
ethnicity were missing (N=5265), or if race was classified as American Indian/Alaska Native

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 May 01.
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(N=202), other race (N=534), or mixed race (N=1098) due to the small sample sizes of these
groups.

Data on demographics and health history were self-reported at the time of the diagnostic
mammogram or collected from electronic health records. These data included self-reported
race and ethnicity, age, first-degree family history of breast cancer, history of breast
procedures, and time since last mammogram. BI-RADS breast density was classified by
the interpreting radiologist. Responses to health history questions were used to calculate
the predicted risk of developing breast cancer during the next 5 years using the BCSC

risk calculator (16-18). Participants’ residential addresses were classified according to
rural-urban commuting area codes (19,20). Education and income levels within women’s
zip codes were obtained from the 2007-2011 American Community Survey (21). Whether
women received a diagnostic ultrasound or magnetic resonance imaging (MRI) within the 90
days before or after the diagnostic mammogram was determined based on the presence of
BCSC registry imaging records.

All women were followed for diagnoses of invasive breast cancer and ductal carcinoma
in situ (DCIS) in the year following the diagnostic mammogram using cancer registry and
pathology database linkages, as described previously (11).

Statistical Analysis

Race and Hispanic/Latina ethnicity were combined into a single variable for analysis, with
classifications of non-Hispanic Asian/Pacific Islander (Asian/Pacific Islander), non-Hispanic
Black (Black), Hispanic/Latina (any race) or non-Hispanic White (White). Patient and exam
characteristics were tabulated according to race and ethnicity. Means and standard deviations
were calculated for continuous variables. Diagnostic mammography performance was
evaluated based on guidelines from the American College of Radiology (22). Definitions

of each statistic evaluated are detailed in Nyante et al. (11) and the raw numbers used in each
calculation are in Supplementary Table S1. Positive mammograms were defined as those
with a final BI-RADS assessment of 4 or 5 and negative mammograms were defined as
those with a final assessment of 1, 2, or 3. If a diagnostic mammogram assessment was 0 or
missing, then the mammogram was followed for 90 days to determine the final assessment
using methods described previously (1,23). For the 0.77% of exams with a final BI-RADS
assessment of 0 during the 90-day period, we imputed a positive or negative mammogram
result based on age, mammography registry, facility, reader and cancer outcome for use

in calculating performance statistics (24). We computed 95% confidence intervals (CIs)
using generalized estimated equations with a working independence correlation structure to
account for clustering within facilities.

Logistic regression models with a binary outcome for each performance statistic as the
dependent variable and race and ethnicity as the independent variable were constructed

to determine how racial and ethnic differences in performance were influenced by other
personal, demographic, or examination-related characteristics. The models were constructed
by first adjusting for mammography registry and age (continuous age and age-squared),

then adjusting sequentially for rural/urban location of residence, geocoded education level,
geocoded income level, first-degree family history of breast cancer, BI-RADS breast density,

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 May 01.
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prior breast biopsy, type of diagnostic mammogram (FFDM vs. DBT), time since last
mammogram, receipt of a diagnostic ultrasound and/or MRI within 90 days of the diagnostic
mammogram, and imaging facility. Imaging facility was entered into the model as a

fixed effect, and only observations from facilities with at least 10 breast cancer events

were included. Models included all observations with non-missing data at each step, so

the number of observations in each sequential model varied. As a sensitivity analysis to
ensure that odds ratio differences between models were not solely due to differences in

the study sample, we also evaluated the regression models for the cancer detection rate,
false-positive rate, and positive predictive value using data from the subset of women who
had non-missing data for all adjustment factors.

To characterize the breast cancers that were detected by diagnostic mammaography, stage
at diagnosis, tumor size, tumor grade, positive lymph node status, and hormone receptor
status were tabulated among invasive cancers. Pathologic prognostic stage at diagnosis was
classified using the American Joint Committee on Cancer (AJCC) 8t edition definitions
(25). Advanced stage at diagnosis was defined as pathologic prognostic stage 11 or

higher (25). If pathologic prognostic stage was missing, advanced stage was defined

based on AJCC anatomic stage I1B or higher (26). A combined estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) variable
was constructed for the analysis of triple-negative breast cancers (27,28). We tested for
differences in the distribution of tumor characteristics by race and ethnicity using the chi-
square test.

Statistical analyses were conducted using SAS v9.4 (SAS Institute, Cary, NC). All statistical
tests were two-sided and P-values less than 0.05 were considered statistically significant.

Data Availability

Results

The data analyzed in this study may be accessed through the BCSC upon reasonable request.
Restrictions apply to the availability of these data due to patient privacy requirements.

Population characteristics

This study included 51,014 diagnostic mammograms performed among 45,571 women
(12% Asian/Pacific Islander, 7% Black, 6% Hispanic/Latina, 75% White) (Table 1). The
mean age at exam was 48.4 years (SD 12.9 years) and 52.8% of women reported having had
a mammogram in the preceding 23 months. Most diagnostic mammograms conducted were
FFDM, with DBT use ranging from 1.6% among Asian/Pacific Islander women to 11.9%
among White women. Additional use of diagnostic breast ultrasound and/or diagnostic

MRI was common — use exceeded 90% for Asian/Pacific Islander and Hispanic/Latina
women but was lower for Black women (72.0%) and White women (85.7%). Differences

in ultrasound and MRI use were similar when the population was stratified by age
(Supplementary Table S2).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 May 01.
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Diagnostic mammography performance among women reporting a lump

In this study, the biopsy recommendation rate was highest among Asian/Pacific Islander
women (26.8%, 95% CI: 20.6%, 34.0%) and lowest among White women (17.8%, 95% CI:
15.2%, 20.9%) (Table 2). However, positive predictive values for cancer diagnosis in one
year following a positive mammogram (PPV2) and cancer diagnosis in one year following

a breast biopsy (PPV3) were highest among Black and White women and lowest among
Hispanic/Latina women. The cancer detection rate was highest among Asian/Pacific Islander
(per 1000 mammograms, 84.2, 95% ClI: 72.0, 98.2) and Black (81.4, 95% CI: 69.4, 95.2)
women and lowest among Hispanic women (42.9, 95% CI: 34.2, 53.6). Trends were similar
when considering the detection of invasive breast cancers only (Table 2).

Exams conducted among Asian/Pacific Islander women had the highest false-positive rate
(per 1000 mammograms, 183.9, 95% Cl: 126.7, 259.2) whereas the false-positive rate
among White women was the lowest (112.4, 95% CI: 86.1, 145.5). Exam sensitivity

was slightly higher among Asian/Pacific Islander women but similar for Black, Hispanic/
Latina, and White women. The false-negative rate ranged between 3.1 and 6.3 per 1000
mammograms across all racial and ethnic groups. The majority (82.5%) of the 229
diagnoses following a false-negative exam were invasive breast cancer (Supplementary
Table S3). The proportion of exams that were recommended for short interval follow-up
(BI-RADS 3) was highest among Asian/Pacific Islander (9.7%, 95% CI: 5.9%, 15.7%) and
Black women (9.3%, 95% CI: 7.6%, 11.4%) and lowest among Hispanic/Latina women
(6.4%, 95% CI: 4.8%, 8.4%).

Contribution of personal and clinical characteristics to differences in mammography
performance

Some performance differences were attenuated after adjusting for mammographic registry,
including differences in the odds ratios for biopsy recommendation and PPV2 for
Asian/Pacific Islander women (vs. White women) and the odds ratios for false-positives

for Asian/Pacific Islander and Hispanic women (vs. White women) (Table 3). Other
differences became more pronounced, such as the odds ratios for short-interval follow-up
recommendation for Asian Pacific Islander (vs. White) women and false-positives for Black
(vs. White) women.

Additional adjustment for age resulted in higher odds ratios for the cancer detection rate

and PPV2 for Asian/Pacific Islander (vs. White women) and odds ratios closer to 1 for

the cancer detection rate and PPV2 for Hispanic women (vs. White women). Adjustment

for additional covariates beyond age and registry resulted in small changes to odds ratios
with no consistent patterns were identified, except for adjustment for facility. Controlling for
facility appeared to account for large differences in short-interval follow-up recommendation
between Asian/Pacific Islander and White women, but also resulted in higher odds ratios

for differences in cancer detection and biopsy recommendation for Asian/Pacific Islander
women (Table 3 and Supplementary Table S4). Overall, following adjustment there were no
statistically significant differences between Hispanic and White women for any performance
statistics examined. Furthermore, no statistically significant difference was detected in
sensitivity by race or ethnicity in any models. However, almost all adjusted odds ratios

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 May 01.
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were greater than 1 for Asian/Pacific Islander and Black women compared to White women.
Regression model results were similar when the data were analyzed using the subset of
participants with non-missing data for all adjustment covariates (Supplementary Table S5).

Characteristics of breast cancers diagnosed within 1 year of the diagnostic mammogram

A total of 3233 invasive breast carcinomas and 220 DCIS cases were diagnosed after one
year of follow-up of a positive diagnostic mammogram assessment. The median time from
the diagnostic mammogram to the cancer diagnosis ranged from 3 days for White women
to 7 days for Black women (Table 4). Asian/Pacific Islander women had a higher proportion
of DCIS and HER2-positive tumors and lower proportion of advanced cancers (prognostic
stage 11-1V) compared to other racial or ethnic groups. Black women had higher proportions
of tumors that were high grade, ER-negative, PR-negative, or triple negative compared with
women in other racial and ethnic groups (all p<0.02; Table 4). In contrast, no statistically
significant differences were observed in tumor size distribution (p=0.61) or positive lymph
node status (p=0.06). For all racial and ethnic groups, most tumors were >20 mm and lymph
node positivity ranged from 38% to 48% (Table 4).

Discussion

We evaluated diagnostic mammography performance to determine whether there are
differences by racial and ethnic group when women present with a breast lump. A
comparison of unadjusted statistics showed significant differences by race and ethnicity
for multiple measures, including cancer detection rate, false-positive rate, and PPVs.
Mammography registry (which correlates with geography) and age were the two factors
with the greatest influence on differences in diagnostic mammaography performance. After
accounting for registry and age differences, further adjustment for ecologic factors (such
as rural/urban residence, area-level education, and income), breast cancer risk factors,
mammogram modality, and time since last mammogram had little effect on differences

in diagnostic mammogram performance.

After controlling for differences among groups in age distribution and mammography
registry, diagnostic mammaography performance was similar for Hispanic and White women.
In contrast, age and registry-adjusted odds ratios were above 1 for Asian/Pacific Islander and
Black women compared to White women, indicating that diagnostic mammaography resulted
in more follow-up exams, more biopsies, more cancers detected, and more false-positive
results. One way to interpret this pattern is that under current diagnostic mammaography
practice for women with a breast lump, Asian/Pacific Islander and Black women are most
likely to experience both cancer detection and additional testing. This result complicates

the optimization of diagnostic processes to detect more cancers with fewer unnecessary
procedures. Race is a social construct and serves as a proxy for an array of social,
environmental, and structural processes. The elevated odds ratios after adjustment suggest
that social and structural factors that were not evaluated in this study may account for

the observed differences in mammography performance. For example, reports indicate that
receiving care at an imaging facility that lacks accreditation is associated with breast

cancer diagnostic delays and attending an unaccredited facility is more common among

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 May 01.
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Black women (29). Whether accreditation is associated with the performance measures we
evaluated is unclear, however. Additionally, radiologist reading volume (30) and workflow
patterns (31) are associated with mammography interpretation accuracy, but we did not
have access to this information in this study and were unable to investigate the extent

to which they differ among facilities that serve women of different racial and ethnic
groups. Identifying additional relevant factors, particularly modifiable ones, is essential
for developing interventions to eliminate racial and ethnic differences in mammography
performance.

Several of the racial and ethnic performance differences for diagnostic mammography
among women with a lump were similar to differences among women whose diagnostic
mammogram was to evaluate a problem identified through screening (11). For example, in
both populations, Asian/Pacific Islander women had the highest cancer detection rate and
biopsy recommendation proportion, Hispanic/Latina women had the lowest cancer detection
rate and PPVs, and White women had the lowest false-positive rate. Imaging facility was
associated with differences in recommendation for short-interval follow-up in both studies,
but among women with a lump, facility seemed to contribute to differences between Asian/
Pacific Islander and White women, but not Black and White women as was seen for
diagnostic workup following an abnormal screening mammogram (11).

Unlike diagnostic exams to evaluate a suspicious imaging finding on a screening
mammogram (11), the high cancer detection rate among Asian/Pacific Islander women with
a lump remained after excluding DCIS diagnoses. Additionally, the proportions of exams
recommended for short-interval follow-up were similar among Asian/Pacific Islander, Black,
and White women with a lump. In contrast, the short-interval follow-up recommendations
were starkly higher for Black women compared to other groups undergoing diagnostic
mammography after an abnormal screening mammogram (11). Finally, among women with
a lump, adjustment for facility affected odds ratios for multiple performance statistics,
whereas among women evaluated for a screening abnormality, the facility influence was
limited to the recommendation for short-interval follow-up.

In this population, Black and White women were less likely to receive an ultrasound
alongside their diagnostic mammogram when compared with Asian and Hispanic women.
This was unexpected because ultrasound is considered a standard addition to the clinical
workup of younger women and women with a breast lump (32-36). Our study does not
have access to information that might explain why ultrasound was not performed on some
women. However, the results of our regression models suggest that differences in the
prevalence of ultrasound during diagnostic workup had little influence on racial and ethnic
differences in mammography performance observed in this study.

Although cancer detection was similarly high among Asian/Pacific Islander and Black
women, the prognostic profiles of the detected tumors were noticeably different between the
groups. Black women were more likely to be diagnosed with tumors that were advanced
stage, high grade, hormone receptor negative or triple-negative, or node-positive compared
with Asian/Pacific Islander women. This result mirrored patterns of stage at diagnosis

and hormone receptor reported for the general population (13,14) and women evaluated

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 May 01.
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for a screening abnormality (11). These data highlight the disparities in tumor prognosis
regardless of the reason for a diagnostic mammogram. Improving disparities in tumor
prognostic factors will likely require interventions before diagnostic mammography and may
require fundamental changes in exposure to risk factors that determine tumor biology.

This study must be interpreted considering several limitations. We excluded 21% of
diagnostic mammograms due to missing information on self-reported lump, usually because
the facility did not provide the information to the BCSC. This creates the potential for
selection bias, particularly if the demographics of facilities that did and did not report

lump information differ. The number of DBT diagnostic exams during the study period was
low, so the degree to which the findings apply to diagnostic DBT are unclear. Although
DBT has become prevalent across the U.S., a prior BCSC study showed that women who
are Asian/Pacific Islander, living in small rural areas, or have less than a high school
education have less access to DBT (37). Until this access gap narrows, studies that include
FFDM are still relevant for understanding how imaging may be related to breast cancer
disparities. In a screening setting, DBT has been associated with lower rates of abnormal
interpretation and higher rates of cancer detection when compared with full-field digital
mammography (38-40). It is unclear if these same qualities hold true for diagnostic DBT
and FFDM to evaluate a lump, but if they do, it is possible that the racial and ethnic gap

in false-positive rates may be diminished in a population managed with diagnostic DBT.
Information on ultrasound and MRI use was based on having a registry record of the exam
and some facilities may not capture procedures conducted at facilities not affiliated with the
registry. However, we expect that most imaging facilities with diagnostic mammography can
also perform ultrasound (41).Therefore, this potential misclassification would affect only
receipt of MRI, which is not recommended for routine diagnostic imaging of a lump (41).
Body mass index (BMI) was not available for all mammography registries included in this
analysis. Therefore, we did not account for racial and ethnic group differences in BMI,
which is lowest in Asian women and highest in Black women (42). Elevated BMI increases
cancer and advanced breast cancer rates (43), which could account for some differences in
diagnostic performance across racial and ethnic groups.

These limitations were balanced by several strengths. The BCSC is one of the largest U.S.
sources of detailed mammography data linked to cancer outcomes, which allowed us to
analyze Asian/Pacific Islander and Hispanic women as distinct groups alongside Black and
White women. The data included patient-reported breast problems, which allowed us to
identify exams associated with a symptomatic lump. The data were collected prospectively,
minimizing the possibility of recall bias in symptom reporting among women who were
eventually diagnosed with cancer. We used American Community Survey data to adjust for
community-level income and education level to evaluate how socioeconomic status may be
associated with differences in performance, but we saw little influence of income, education,
and other patient characteristics on between-group differences in performance.

In summary, age and BCSC registry explained most of the differences in diagnostic
mammography performance between Hispanic and White women. However, the higher
rates of biopsy recommendation, cancer detection, and false-positive results seen among
Asian/Pacific Islander and Black women were not explained by any of the factors measured
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in this study, including the additional use of ultrasound in the presence of a lump. Further
research that considers multiple performance statistics is needed to determine the degree to
which ultrasound is an effective adjunct to diagnostic mammography in community settings.
Future research is also needed to address the role of factors that we were unable to evaluate,
including imaging facility characteristics, BMI, and other social determinants of health,

that may explain the performance differences for Black and Asian women. Additionally,
exploration of racial and ethnic differences in diagnostic mammography performance by
age groups, breast density category, and other factors known to affect mammography
performance may further clarify some of the patterns we observed in this study. Despite
similarly high rates of cancer detection for Asian/Pacific Islander and Black women, the
tumor profiles of Black women displayed a poorer prognosis, similar to previously published
patterns. Thus, efforts to reduce racial and ethnic disparities in breast cancer survival will
require targeted efforts to reduce the risk of poor prognosis tumors in addition to improving
the accuracy of cancer detection among women with a breast lump.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Diagnostic mammograms from 2005 to 2018 classified as “evaluation of a
breast problem” with the presence of a self-reported lump among women
> 18 years old with > 1 year of follow-up N=67,168

Prior breast cancer
diagnosis

(Excluded N=5292)

Prior mastectomy
(Excluded N=178)

Breast implants
(Excluded N=1831)

Prior diagnostic
mammogram within <90
days (Excluded N=1582)

Final BI-RADS
assessment missing
(Excluded N=172)

Race or ethnicity missing
(Excluded N=5265)

Race was American
Indian, Alaskan Native,
Other race, or Mixed
race (Excluded N=1834)

Final analytic sample

51,014 mammograms among 45,571 women

Figure 1. Diagnostic mammogram inclusion criteria.

This study included digital diagnostic mammograms performed at an imaging facility

affiliated with the Breast Cancer Surveillance Consortium (BCSC) among women who
reported a breast lump. Eligible mammograms were performed between 2005 and 2018 and
did not have another diagnostic mammogram in the preceding 90 days.
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Table 1.

Characteristics for 51,014 diagnostic mammograms performed to evaluate a breast lump among 45,571
women in the Breast Cancer Surveillance Consortium, 2005-2018.

Race and Ethnicity

Characteristic Overall Asian/Pacific | lander Black Hispanic/L atina White
Total mammograms 51014 6271 3355 3242 38146
N (%) N (%) N (%) N (%) N (%)
Age (years)
<40 13826 (27.1) 1844 (29.4) 920 (27.4) 1126 (34.7) 9936 (26.0)
40-49 17035 (33.4) 2352 (37.5) 1059 (31.6) 1234 (38.1) 12390 (32.5)
50-59 10475 (20.5) 1204 (19.2) 690 (20.6) 568 (17.5) 8013 (21.0)
60-69 5825 (11.4) 520 (8.3) 431 (12.8) 218 (6.7) 4656 (12.2)
70-79 2548 (5.0) 237 (3.8) 177 (5.3) 69 (2.1) 2065 (5.4)
>80 1305 (2.6) 114 (1.8) 78 (2.3) 27(0.8) 1086 (2.8)
Mean (SD) 48.4 (12.9) 46.7 (11.9) 48.6 (13.2) 44.7 (10.8) 49.0 (13.2)
Probability of college or higher education in zip code@®
0-55% 9587 (19.9) 1439 (24.0) 1433 (44.4) 532 (17.7) 6183 (17.2)
56-70% 13270 (27.6) 1568 (26.1) 1100 (34.1) 747 (24.8) 9855 (27.5)
71-80% 13458 (28.0) 1858 (31.0) 377 (11.7) 1012 (33.6) 10211 (28.5)
81-100% 11810 (24.5) 1135 (18.9) 318 (9.9) 721 (23.9) 9636 (26.9)
Missing 2889 (5.7) 271 (4.3) 127 (3.8) 230(7.1) 2261 (5.9)
Median family income based in zip code?
< $60,000 11691 (24.3) 847 (14.1) 1950 (60.4) 550 (18.3) 8344 (23.3)
$60,001-$80,000 13524 (28.1) 1507 (25.1) 722 (22.4) 758 (25.2) 10537 (29.4)
$80,001-$100,000 10830 (22.5) 2163 (36.1) 314 (9.7) 856 (28.4) 7497 (20.9)
> $100,000 12038 (25.0) 1482 (24.7) 242 (7.5) 848 (28.2) 9466 (26.4)
Missing 2931 (5.7) 272 (4.3) 127 (3.8) 230(7.1) 2302 (6.0)
Rural/urban residence
Urban 39416 (80.7) 5972 (98.8) 2490 (75.3) 2814 (92.0) 28140 (77.2)
Large rural 3756 (7.7) 32(0.5) 622 (18.8) 120 (3.9) 2982 (8.2)
Small rural 2399 (4.9) 19 (0.3) 125 (3.8) 39 (1.3) 2216 (6.1)
Isolated rural 3298 (6.7) 19 (0.3) 71(2.1) 86 (2.8) 3122 (8.6)
Missing 2145 (4.2) 229(3.7) 47(1.4) 183 (5.6) 1686 (4.4)
First-degree family history of breast cancer
No 40136 (83.8) 5360 (90.9) 2678 (85.4) 2598 (87.3) 29500 (82.2)
Yes 7775 (16.2) 537 (9.1) 456 (14.6) 377 (12.7) 6405 (17.8)
Unknown 3103 (6.1) 374 (6.0) 221 (6.6) 267 (8.2) 2241 (5.9)
History of breast biopsy or aspiration
No 36456 (72.0) 4689 (75.0) 2507 (74.8) 2397 (74.3) 26863 (71.1)
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Race and Ethnicity

Characteristic Overall Asian/Pacific | lander Black Hispanic/L atina White
Yes 14170 (28.0) 1567 (25.0) 844 (25.2) 829 (25.7) 10930 (28.9)
Unknown 388 (0.8) 15(0.2) 400.1) 16 (0.5) 353 (0.9)

Diagnostic mammogram modality
Digital 45856 (89.9) 6169 (98.4) 3012 (89.8) 3052 (94.1) 33623 (88.1)
DBT¢ 5158 (10.1) 102 (1.6) 343 (10.2) 190 (5.9) 4523 (11.9)

Time since last mammogram
No prior mammogram 11045 (23.6) 1720 (29.4) 558 (20.3) 929 (31.4) 7838 (22.3)
< 12 months 12086 (25.8) 1306 (22.3) 668 (24.3) 581 (19.7) 9531 (27.1)
12-23 months 12620 (27.0) 1683 (28.7) 696 (25.3) 754 (25.5) 9487 (26.9)
24-36 months 3960 (8.5) 438 (7.5) 279 (10.2) 268 (9.1) 2975 (8.4)
> 36 months 7061 (15.1) 713 (12.2) 547 (19.9) 423 (14.3) 5378 (15.3)
Unknown 4242 (8.3) 411 (6.6) 607 (18.1) 287 (8.9) 2937 (7.7)

Breast density
Almost entirely fat 3972 (8.7) 150 (2.9) 316 (11.0) 204 (7.0) 3302 (9.5)
Scattered fibroglandular densities | 13831 (30.2) 768 (14.8) 1215 (42.3) 861 (29.4) 10987 (31.6)
Heterogeneously dense 19335 (42.3) 2262 (43.5) 1071 (37.3) 1358 (46.4) 14644 (42.2)
Extremely dense 8591 (18.8) 2023 (38.9) 269 (9.4) 504 (17.2) 5795 (16.7)
Unknown 5285 (10.4) 1068 (17.0) 484 (14.4) 315 (9.7) 3418 (9.0)

BCSC 5-year predicted breast cancer risk (%)
<1 18692 (48.4) 2770 (61.7) 1189 (50.0) 1740 (71.0) 12993 (44.4)
1.00 - 1.66 11290 (29.3) 1390 (31.0) 763 (32.1) 503 (20.5) 8634 (29.5)
1.67 - 2.49 5615 (14.5) 272 (6.1) 297 (12.5) 170 (6.9) 4876 (16.7)
2.50 - 3.99 2568 (6.7) 53 (1.2) 117 (4.9) 36 (1.5) 2362 (8.1)
>4.00 429 (1.1) 2(0.0) 12 (0.5) 2(0.1) 413 (1.4)
mean (sd) 1.2 (0.9) 0.9 (0.5) 1.1(0.7) 0.8 (0.6) 1.3(0.9)
Unknown 12420 (24.3) 1784 (28.4) 977 (29.1) 791 (24.4) 8868 (23.2)

Diagnostic US/MRI? within +/- 90 days of exam
No 7045 (13.8) 387 (6.2) 938 (28.0) 245 (7.6) 5475 (14.4)
US only 43600 (85.5) 5850 (93.3) 2400 (71.5) 2983 (92.0) 32367 (84.9)
MRI (with and without US)€¢ 369 (0.7) 34(0.5) 17(05) 14(04) 304 (0.8)

aBased on 2007-2011 American Community Survey data

bAverage probability of college or higher education

CDBT — digital breast tomosynthesis

a . -
US — ultrasound; MRI — magnetic resonance imaging

6348 exams with MRI and US
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Characteristics of 3453 breast cancers detected by diagnostic mammography among women being evaluated
for a breast lump in the Breast Cancer Surveillance Consortium, 2005-2018.

Race and Ethnicity

Characteristic Overall As:gn;ﬁ;gﬁc Black Hispanic White P-value

# mammogr aphically detected cancers 3453 527 273 139 2514

Median days between diagnostic

mammogram and cancer diagnosis 4(0,9) 6 (0, 14) 7(1,14) 5(1,9) 3(0,8)

(interquartile range)

Cancer stageat diagnosis 4 <0.001
DCIS (0) 220 (6.5) 61 (11.8) 18 (6.8) 11 (8.0) 130 (5.3)

Early (1) 2085 (61.8) 317 (61.2) 132 (50.0) | 81(59.1) | 1555 (63.3)
Advanced (11-1V) 1071 (31.7) 140 (27.0) 114 (432) | 45(32.8) | 772(31.9)
Unknown 77(22) 9(1.7) 9(3.3) 2(14) 57(2.3)

Invasive tumor size (mm) 2 0.606
1-10 319 (10.1) 53 (11.7) 22 (8.9) 9(7.3) 235 (10.1)
>10-20 967 (30.7) 141 (31.1) 69(28.0) | 36(29.0) | 721(31.0)
>20 1865 (59.2) 260 (57.3) 155 (63.0) | 79(63.7) | 1371 (58.9)

Unknown 82(25) 12(26) 9(3.5) 4(31) 57(24)
Mean (SD) 29.3 (19.3) 27.5 (16.6) 32.4 (21.6) | 30.6 (19.2) | 29.2 (19.5)

Tumor grade? 0.019
Low 504 (16.4) 66 (14.9) 25(105) | 23(18.9) | 390(17.2)
Intermediate 1287 (41.9) 186 (42.0) 91(38.2) | 46(37.7) | 964 (42.6)

High 1277 (41.6) 191 (43.1) 122 (51.3) | 53(43.4) | 911(40.2)
Unknown 165 (5.1) 23(4.9) 17(6.7) 6(4.7) 119 (5.0)

Estrogen receptorb <0.001
Positive 2434 (78.3) 349 (76.9) 145 (63.0) | 98(80.3) | 1842 (80.0)

Negative 675 (21.7) 105 (23.1) 85(37.0) | 24(19.7) | 461 (20.0)
Unknown 124 (3.8) 12(26) 25 (9.8) 6(4.7) 81 (3.4)

Progesterone receptorb <0.001
Positive 2170 (69.9) 317 (69.8) 119 (52.0) | 92(75.4) | 1642 (71.4)

Negative 936 (30.1) 137 (30.2) 110 (48.0) | 30(24.6) 659 (28.6)
Unknown 127(3.9) 12(26) 26 (10.2) 6(4.7) 83(3.5)

Positive lymph node status® 0.059
No positive lymph nodes 1811 (57.1) 284 (62.0) 128 (52.0) 69 (54.8) 1330 (56.8)
> 1 positive lymph nodes 1360 (42.9) 174 (38.0) 118 (48.0) 57 (45.2) 1011 (43.2)

Unknown 62(1.9) 8(1.7) 9(3.5) 2(1.6) 43(1.8)

HER2? 0.002

Positive 483 (17.6) 106 (23.7) 29(16.1) | 15(125) | 333(16.7)
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Race and Ethnicity

Characteristic Overall As:gn;ﬁ;gﬁc Black Hispanic White P-value

Negative 2262 (82.4) 341 (76.3) 151 (83.9) | 105 (87.5) | 1665 (83.3)

Unknown 488 (15.1) 19(4.1) 75 (29.4) 8(6.3) 386 (16.2)
ER/PR/HER2" <0.001

ER+ and/or PR+, HER2- 1862 (68.0) 281 (63.0) 101 (56.1) | 86 (71.7) | 1394 (69.9)

ER+ and/or PR+, HER2+ 333(12.2) 69 (15.5) 19 (10.6) | 12(10.0) | 233(11.7)

ER-, PR-, HER2- 395 (14.4) 59 (13.2) 50 (27.8) | 19(15.8) | 267 (13.4)

ER-, PR—, HER2+ 150 (5.5) 37 (8.3) 10 (5.6) 3(2.5) 100 (5.0)

Unknown 493 (15.2) 20(4.3) 75 (29.4) 8(6.3) 390 (16.4)

aPathoIogic prognostic stage, AJCC 8th edition. If pathologic prognostic stage was missing, advanced cancer status was defined based on anatomic
stage 11B or higher.

b Lo .
Tabulated among invasive breast cancer diagnoses only

Abbreviations: DCIS - ductal carcinoma in situ; SD - standard deviation; HER2 — human epidermal growth factor receptor 2; ER — estrogen
receptor; PR — progesterone receptor.
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