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Abstract

Background: We evaluated differences in diagnostic mammaography performance based on
women’s race/ethnicity.

Methods: This cohort study included 267,868 diagnostic mammograms performed to evaluate
screening mammogram findings at 98 facilities in the Breast Cancer Surveillance Consortium
between 2005-2017. Mammogram assessments were recorded prospectively and breast cancers
occurring within one year were ascertained. Performance statistics were calculated with 95%
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confidence intervals (CI) for each racial/ethnic group. Multivariable regression was used to control
for personal characteristics and imaging facility.

Results: Among non-Hispanic White (70%), non-Hispanic Black (13%), Asian/Pacific Islander
(10%) and Hispanic (7%) women, the invasive cancer detection rate (iCDR, per 1000
mammograms) and positive predictive value (PPV2) were highest among non-Hispanic White
women (iCDR=35.8 [95% CI=35.0,36.7]; PPVV2=27.8 [95% Cl=27.3,28.3]) and lowest among
Hispanic women (iCDR=22.3 [95% CI1=20.2,24.6]; PP\VV2=19.4 [95% CI=18.0,20.9]). Short
interval follow-up recommendations were most common among non-Hispanic Black women
(31.0% [95% C1=30.6%,31.5%] versus other groups, range 16.6% to 23.6%). False-positive
biopsy recommendations were most common among Asian/Pacific Islander women (per 1000
mammograms: 169.2 [95% C1=164.8,173.7] versus other groups, range 126.5 to 136.1). Some
differences were explained by adjusting for receipt of diagnostic ultrasound or magnetic resonance
imaging for iCDR and imaging facility for short-interval follow-up. Other differences changed
little after adjustment.

Conclusions: Diagnostic mammography performance varied across racial/ethnic groups.
Addressing characteristics related to imaging facility and access, rather than personal
characteristics, may help reduce some of these disparities.

Impact: Diagnostic mammaography performance studies should include racially and ethnically
diverse populations to provide an accurate view of the population-level effects.

Keywords

mammography; breast cancer; race; ethnicity; BCSC

Introduction

Racial and ethnic differences in breast cancer incidence and mortality are well documented.
In the US, breast cancer incidence is highest among non-Hispanic White and non-Hispanic
Black women and breast cancer mortality is highest for non-Hispanic Black women,
whereas incidence and mortality rates are lowest for Hispanic and Asian/Pacific Islander
women (1). Differences are also apparent in the types of breast cancers diagnosed. Non-
Hispanic Black women are more likely to be diagnosed with tumors that have poorer
prognostic characteristics (e.g., large size, high grade, hormone receptor negative) compared
with other groups (1). Hispanic women are more commonly diagnosed with larger breast
tumors and regional or distant stage disease when compared with non-Hispanic White
women (2—4). Efforts to determine the root causes of these differences have identified racial/
ethnic differences in risk factors, socioeconomic status, health insurance coverage, provider
actions/inaction, access to timely treatment, and access to high-quality care as contributors
(5,6). However, differences are not eliminated completely after controlling for these factors
(4,7-9), suggesting that additional causes may be involved.

Mammography plays a major role in breast cancer detection as a screening and diagnostic
tool, but its potential contributions to racial differences in breast cancer characteristics
and mortality have not been fully established. While several studies have addressed
racial/ethnic differences in the timeliness of breast cancer screening and receipt of care
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after an abnormal screening mammogram (3,10-15), little is known about differences

in other parts of the diagnostic work-up continuum, particularly outcomes following

a diagnostic mammaography examination. Studies addressing this have analyzed film

screen mammaography (a technology that is no longer used) and suggest that diagnostic
mammography performance varies across racial/ethnic groups, which could affect the
characteristics of cancers diagnosed. Diagnostic film mammography sensitivity is higher
for Black women compared with White women and specificity is lower for Black women
compared with White women (16). Other data show that rates of abnormal interpretation
and cancer detection differ for digital vs. film screen mammography (17,18). However, these
data were not reported for racial/ethnic groups, leaving the question of whether the racial
and ethnic differences reported for diagnostic performance with film screen mammography
persist for digital mammography.

The goal of this study was to evaluate racial/ethnic differences in the performance of
diagnostic digital mammography conducted following a recent screening mammogram.
Using prospectively collected data from six population-based breast imaging registries,

we evaluated diagnostic mammography performance statistics among non-Hispanic White,
non-Hispanic Black, Asian/Pacific Islander, and Hispanic women. Examining differences in
diagnostic digital mammography performance and tumor characteristic outcomes by race
and ethnicity may help to understand why disparities in cancer detection and quality of care
may persist for some demographic groups.

Materials and Methods

Study Population

This study was conducted using data from the Breast Cancer Surveillance Consortium
(BCSC) (19), a collaborative network of breast imaging registries that collects data

on breast imaging examinations, breast procedures, and cancer diagnoses occurring

among women seen at participating facilities. This analysis included data from digital
diagnostic mammograms (including full-field digital mammograms [FFDM] and digital
breast tomosynthesis [DBT]) performed between 2005-2017 for women aged = 18 years at
imaging facilities in six registries: Carolina Mammography Registry, Kaiser Permanente
Washington Registry, Metropolitan Chicago Breast Cancer Registry, New Hampshire
Mammography Network, San Francisco Mammography Registry, and Vermont Breast
Cancer Surveillance system. Each BCSC registry and the Statistical Coordinating Center
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. Overall, diagnostic exams from 98 imaging facilities were included in our study.

Mammograms

This study included diagnostic digital mammograms (FFDM or DBT) that occurred up to
90 days after a screening mammogram and had an indication of “additional evaluation of
a recent mammogram” (Figure 1). In addition, we included diagnostic mammograms with
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a missing indication if they occurred up to 90 days after a screening mammogram that
had a Breast Imaging and Reporting Data Systems [BI-RADS®] assessment of 0 (needs
additional imaging evaluation), 3 (probably benign), 4 (suspicious for malignancy), or 5
(highly suggestive of malignancy).

The final diagnostic BI-RADS assessment was used to determine the diagnostic
mammogram outcome. Diagnostic mammograms assigned a BI-RADS assessment of 4

or 5 were considered positive and mammograms with an assessment of 1 (negative), 2
(benign finding), or 3 were considered negative. If an assessment was BI-RADS 0 or
missing, then the diagnostic mammogram was followed for 90 days to determine the

final assessment using methods described previously (17,18). For the small number of
mammograms (N=1487, <1%) where the final BI-RADS assessment during the 90-day
period was 0, we imputed a positive/negative result based on age, facility, reader and cancer
outcome (20).

Data on demographics and health history were self-reported at each imaging visit 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. Whether women received a diagnostic ultrasound
and/or magnetic resonance imaging (MRI) within 90 days after the additional evaluation
diagnostic mammogram was determined based on registry imaging records. BI-RADS®
breast density was classified by the interpreting radiologist as almost entirely fatty (a),
scattered fibroglandular densities (b), heterogeneously dense (c), or extremely dense (d).
Responses to health history questions were used to calculate the predicted risk of developing
breast cancer during the next 5 years using the validated BCSC Risk Calculator (21-23).
All information was reported at the time of the diagnostic mammogram, except time since
a woman’s last mammogram and breast density, which were reported at the screening
mammogram immediately prior to the diagnostic mammaogram.

Breast Cancer Ascertainment

Invasive breast carcinoma and ductal carcinoma /n situ (DCIS) diagnoses occurring within
one year of the diagnostic mammogram were ascertained through linkage with state or
regional cancer registries; Surveillance, Epidemiology, and End Results registries; and
pathology databases. Anatomic stage at diagnosis was classified using the AJCC 8

edition definitions (24). Tumor size, tumor grade, axillary lymph node status, and hormone
receptor status were tabulated among invasive breast cancers only, due to the low frequency
with which these characteristics were reported for DCIS. A combined estrogen receptor,
progesterone receptor, and human epidermal growth factor receptor 2 (HER?2) variable was
constructed to identify triple-negative breast cancers. Categorizations were chosen based on
prior studies that have used immunohistochemistry markers to approximate breast cancer
molecular subtypes (25,26).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 January 01.
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Analytic Population

A detailed schematic of how the final study population was identified is in Figure 1. Briefly,
we included diagnostic mammograms performed between January 2005 and June 2017 if:
(1) the participant was = 18 years old; (2) the diagnostic mammogram met our criteria

for additional evaluation of a recent screening mammogram (described above); and (3)
there was at least one year of follow-up time after the diagnostic mammogram. Diagnostic
mammograms were excluded if: (1) the individual had a prior breast cancer diagnosis,
mastectomy, or breast implants; (2) the individual had a diagnostic mammogram in the
preceding 90 days; (3) the screening mammogram prior to the diagnostic mammogram
was not a FFDM or DBT exam; or (4) the diagnostic mammogram had a final BI-RADS
assessment of 6 (biopsy-proven cancer) or missing. Mammograms with race classified as
American Indian/Alaska Native, other race, or mixed race were excluded due to the small
sample size in each group. Examinations were also excluded if race/ethnicity was missing.

Statistical Analysis

Race and Hispanic ethnicity were combined into a single variable and mammogram and
breast cancer characteristics were tabulated by racial/ethnic group. Means and standard
deviations (SD) were calculated for continuous variables. Differences in categorical variable
distributions were assessed using the chi-square test. Diagnostic mammography performance
metrics were assessed as recommended by the American College of Radiology and are
defined in Table 1 (27). Sensitivity, cancer detection rate, and false-negative rate were

also calculated considering invasive breast cancers only, to explore the influence of DCIS
diagnoses on the results. Wald 95% confidence intervals (Cls) were calculated for each
statistic using previously described methods (17,27).

To explore the degree to which between-group differences in performance statistics may be
influenced by personal or examination-related characteristics, we used logistic regression to
model the probability of a given outcome with race/ethnicity as the independent variable

and adjusting for additional factors. Regression models were constructed sequentially,

first adjusting for mammography registry and age (continuous and age-squared), then
additionally adjusting for family history of breast cancer, breast density, prior biopsy, type of
diagnostic mammogram (2-D vs. 3-D), type of screening mammogram (2-D vs. 3-D), time
since last mammogram, receipt of a diagnostic ultrasound and/or MRI. Imaging facility was
entered into the model as a fixed effect. Models included all observations with non-missing
data at each step, such that the number of observations in each sequential model varied.

Sensitivity Analysis
2.6% of the exams in this analysis were conducted among women who reported a breast
problem (e.g., pain, lump, nipple discharge, other problem not specified) at the time of
their screening mammogram. We estimated performance statistics excluding these exams
to determine whether their inclusion influenced the results. Additionally, we constructed
logistic regression models using only the subset of observations with non-missing data for
all covariates to determine whether variation in the sample used for each model influenced
the observed racial/ethnic differences in performance.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 January 01.
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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

The data analyzed in this study may be accessed through the BCSC (19) upon reasonable
request. Restrictions apply to the availability of these data due to patient privacy
requirements.

Results

Population Characteristics

A total of 267,868 digital diagnostic mammograms performed among 234,818 unique
women were included in this study (Figure 1). The population included exams from
individuals who identified as non-Hispanic White (70%), non-Hispanic Black (13%), Asian/
Pacific Islander (10%) or Hispanic (7%), with a mean age at mammography of 55 years
(SD: 11 years) (Table 2). For about half of the exams, ultrasound was used in addition to
mammography to determine the BI-RADS assessment, with receipt highest among Hispanic
women (55%) and lowest among non-Hispanic Black women (43%) (Table 2).

Diagnostic Mammography Assessments

The proportion of exams with a negative assessment was similar across racial/ethnic groups
after adjustment for mammography registry (BI-RADS 1 or 2 assessment - 55-61%, Table
3). An assessment of BI-RADS 3, typically used to denote an abnormality that should be
followed with additional imaging within 6 months, was most common among non-Hispanic
Black women (31%) and least common among Asian/Pacific Islander women (17%). 48,017
(18%) mammograms were assigned a BI-RADS assessment that indicated a suspicion of
cancer, the vast majority of which were BI-RADS 4 assessments.

Diagnostic Mammography Performance

Exam performance statistics varied by racial/ethnic group (Table 4). A diagnostic
mammogram resulting in a recommendation for biopsy was most common among Asian/
Pacific Islander women (22.4%, versus other groups range 16.9% — 17.5%). Biopsy receipt
was slightly lower among Hispanic women compared with other women, but the median
time between a positive mammogram and biopsy was similar across groups (Supplementary
Table S1). Cancer yield among positive mammograms, as measured by PPV2 and PPV 3,
was highest among non-Hispanic White women (PPV2: non-Hispanic White 27.8% versus
other groups range 19.4% — 24.3%; PPV3: non-Hispanic White 30.5% versus other groups
range 20.9% — 25.9%). All three statistics were lowest among Hispanic women.

The cancer detection rate was highest among Asian/Pacific Islander women (54.3 per 1000)
and lowest among Hispanic women (32.8 per 1000). When considering invasive cancers
only, the cancer detection rate was highest among non-Hispanic White women (35.8 per
1000 mammograms) and lowest among Hispanic women (22.3 per 1000). Mammograms
from Asian/Pacific Islander women also had the highest sensitivity (overall and invasive

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 January 01.
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cancers only)and highest false-positive rate. The false-negative rate (overall and invasive
cancers only) was highest among non-Hispanic Black women.

A short interval follow-up recommendation was most common among non-Hispanic Black
women (31.0%, versus other groups range 16.6% — 23.6%). However, among those with
mammograms recommended for short interval follow-up, the short interval follow-up cancer
yield was similar for non-Hispanic Black, non-Hispanic White, and Asian/Pacific Islander
women and lowest among Hispanic women.

When we examined the impact of patient-level and facility-level characteristics on
differences in performance statistics across racial/ethnic groups, we found that the greatest
influences were receipt of ultrasound and/or MRI during the diagnostic work-up and
imaging facility where women received their diagnostic mammogram (Figure 2 and
Supplementary Table S2). Adjusting for ultrasound and/or MRI reduced the Black-White
difference in cancer detection rates (model 7 odds ratio [OR] 0.84 (95% confidence interval
[CI1 0.79 — 0.90] versus model 8 OR 0.98 (95% CI 0.91 — 1.05)). Adjusting for imaging
facility attenuated Black-White differences in the short interval follow-up recommendation
proportion (model 8 OR 1.39 [95% CI 1.35 — 1.43] versus model 9 OR 1.03 [95% CI 0.99
—1.07]) and Hispanic-White differences in biopsy recommendation proportion (model 8 OR
0.90 [95% CI 0.86 — 0.94] versus model 9 OR 1.01 [95% CI 0.96 — 1.06]). Adjustment for
other factors did little to explain racial/ethnic differences in mammography performance.
The data were similar when regression models included only the subset of observations
with non-missing data for all covariates (Supplementary Table S3) and when women who
reported a breast problem at the time of screening were excluded (Supplementary Table S4).

Breast Cancer Characteristics

A total of 9027 invasive breast cancers and 3633 DCIS were detected by diagnostic
mammography (Supplementary Table S5). Asian/Pacific Islander women had the highest
proportion of DCIS diagnoses (43.0%, versus other groups range 27.6% — 33.5%).

When considering only invasive breast cancers, non-Hispanic Black women had the
highest proportions of advanced stage at diagnosis, high tumor grade, hormone receptor
negative, triple-negative, and lymph node positive tumors when compared with other racial/
ethnic groups. Non-Hispanic White and Asian/Pacific Islander women had more favorable
tumor characteristic profiles, with a smaller mean invasive tumor size and similarly high
proportions of lymph node negative and low-grade cancers. However, HER2+ tumors were
more common among Asian/Pacific Islander women (14.5%, versus other groups range
10.4% — 12.1%). Hispanic women were more likely to have tumors >20 mm in size
compared with other women (25.9%, versus other groups range 20.1% — 24.3%).

Discussion

The role that diagnostic mammography may play in contributing to racial and ethnic
differences in breast cancer incidence and breast cancer survival is understudied. We
evaluated diagnostic mammography performance among four racial/ethnic groups to
clarify how differences in diagnostic work-up after a recent screening may influence
those disparities. We found variation in diagnostic mammography performance by racial/
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ethnic group, and in most cases the variation was not explained by women’s individual
characteristics. Imaging facility and concurrent use of ultrasound or MRI during the
diagnostic process were the only two factors that explained differences in performance.
While access to care has been identified as a barrier to breast cancer care in other settings,

it is important to note that the women in this study had undergone breast cancer screening
and were engaged with a breast imaging facility. These data suggest interventions that target
the imaging facility and use of additional imaging modalities may have success in reducing
some diagnostic disparities.

Our data suggest that non-Hispanic Black women may experience more potential harms
related to diagnostic mammography than other groups. Exams conducted among non-
Hispanic Black women had the lowest sensitivity and highest false-negative rate, indicating
that this group may experience a delayed diagnosis more often. Others have shown that
delayed diagnosis due to longer intervals between screening examinations results in higher
proportions of advanced stage, high grade, and lymph node positive cancers among non-
Hispanic Black women compared to other racial/ethnic groups (3). Consistent with that
finding, the non-Hispanic Black women in our study had the highest proportion of tumors
that were diagnosed at an advanced stage or were high grade or lymph node positive.
Non-Hispanic Black women also had the highest proportion of recommendations for

short interval follow-up. This assessment requires women to return for additional imaging
in approximately 6 months. However, the short interval follow-up cancer yield for non-
Hispanic Black women was not higher than any other group, suggesting that the additional
financial costs, time, and stress associated with a short interval follow-up assessment were
not balanced by benefits in additional cancers detected.

Our model-based analysis suggests that imaging facility characteristics may play a role in
the higher frequency of short interval follow-up that was observed among non-Hispanic
Black women. We did not have detailed information on the characteristics of each imaging
facility in this study. However, prior studies have shown that Black women are less likely to
obtain mammograms at facilities accredited by the National Consortium of Breast Centers
or American College of Radiology’s Breast Imaging Center of Excellence programs and
therefore may receive a lower quality of care (28). Facility characteristics, including whether
the facility was at an academic institution, a center of breast excellence, and had dedicated
radiologists were stronger predictors of a recently screened woman presenting with breast
cancer symptoms than socioeconomic factors such as income, education level, and insurance
coverage (29). Structural factors have also been shown to have a negative association with
breast cancer mortality, though this association is likely mediated by more than just the
diagnostic process. Additional efforts are needed to identify the specific structural inequities
that lead to disparities in diagnostic mammaography performance. Enacting system-level
interventions to address those inequities has the potential to reduce some of the disparities
we observed in this study. However, because Black women experience delays at every step
of the detection, diagnosis, treatment, and care pathway (30), larger coordinated efforts may
be needed to see a meaningful impact on known mortality disparities.

Many performance statistics were lowest among Hispanic women. This group had the
lowest biopsy recommendation proportion, PPVs, and cancer detection rate, indicating
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that Hispanic women were least likely to receive a biopsy recommendation, and that if

they did receive a biopsy recommendation, they were least likely to have breast cancer.
Adjustment for imaging facility partially explained Hispanic-White differences in cancer
detection rates, but detection rates remained significantly lower for the Hispanic group in
the final multivariable model. Sensitivity for Hispanic women was comparable to that of
non-Hispanic White women and higher than that of non-Hispanic Black women, suggesting
that the low cancer detection rate and PPVs are not due to a failure to detect breast cancer
when it is present. It is possible that there are simply fewer breast cancers to be detected
among Hispanic women compared to the other women in this study. This hypothesis is
supported by the fact that the Hispanic women were younger and had the lowest predicted
breast cancer risk of the four groups. However, Hispanic women had the largest mean tumor
size and the second highest proportion of advanced stage tumors. This result suggests a
need for earlier breast cancer detection among Hispanic women, although any efforts to
increase early detection must be balanced with the potential risks of over-detection and
overdiagnosis.

In the BCSC, Asian/Pacific Islander women were the most likely to receive a
recommendation for a biopsy following a diagnostic mammogram. While cancer was

often diagnosed (Asian/Pacific Islander women had the highest cancer detection rate and
sensitivity), other statistics suggest that the high frequency of biopsies may result in an
unnecessary work-up. Asian/Pacific Islander women had the highest false-positive rate

and the highest proportion of DCIS among cancers diagnosed. When considering invasive
cancers only, Asian/Pacific Islander women no longer had the highest detection rate. The
reasons for these patterns among Asian/Pacific Islander women are unclear. High rates of
breast cancer screening do not explain the high proportion of DCIS diagnoses — data from
a nationally representative survey show that Asian/Pacific Islander women do not participate
in screening more often than non-Hispanic White or non-Hispanic Black women (31).
Furthermore, all participants in our analysis received a screening mammogram prior to the
diagnostic mammogram and thus had made the individual decision to seek preventive care.

Our analysis had limitations that may affect the interpretation of the results. Due to the

time period covered by our study, DBT examinations were a small proportion of the
mammograms studied. Thus, generalizability of these results to diagnostic performance at
the growing number of imaging facilities that use DBT today may be limited. Data from
studies of screening mammography suggest that DBT results in higher positive predictive
values and higher cancer detection rates when compared with 2-D digital mammography
alone (32-36). However, whether these differences are similar for diagnostic imaging or
whether they vary by race or ethnic group remains to be seen. Diagnostic mammography
indication was not reported in detail for some registries. For these records, we inferred

the indication of additional evaluation of a recent mammogram based on the sequence and
findings of prior exams. This approach may have failed to classify some women as having
an additional evaluation if details of the screening exam findings were incomplete. However,
only 3.7% of exams without a specific indication did not meet the criteria of being an
additional evaluation, thus the number of potentially misclassified exams is low. We required
that exams have a record of a prior screening mammogram, which may have excluded
women who received their screening mammogram at an imaging facility not affiliated
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nyante et al. Page 10

with a BCSC registry. We lacked information about why some participants did not receive
recommended diagnostic procedures. Additional research that directly elicits patient and
provider feedback on why care was not provided is needed to fully understand the causes

of the differences described in this study. We were not able to compare characteristics of
breast cancers diagnosed after a false-negative mammogram due to the small numbers of
cases, particularly among Asian/Pacific Islander and Hispanic women. We did not adjust for
interpreting radiologist in our multivariable models. Future studies should examine the effect
of the interpreting radiologist characteristics, which may be distinct from facility effects.

The strengths of this study include the analysis of data from more than 260,000 diagnostic
mammograms, which enabled precise estimation of performance statistics, even for

less populous racial/ethnic groups such as Asian/Pacific Islander and Hispanic women.
Ninety-eight breast imaging facilities from across the US contributed data, increasing the
generalizability of our results. Participant, radiologist, and examination data were collected
using a standardized format, ensuring that the interpretation of each data element was
comparable across registries. Data were collected prospectively, eliminating the risk of
recall bias, and included patient-reported and radiologist-reported items, allowing for a
comprehensive evaluation of the diagnostic work-up process. We included information

on diagnostic breast ultrasound and MRI imaging that may have contributed to the final
assessment, providing additional insight into the differential results for statistics related

to short-term follow-up and cancer detection. Examination outcomes were based on
information from multiple sources, including pathology databases and cancer registries, to
increase the chances that all newly diagnosed breast cancers were ascertained.

In conclusion, diagnostic mammography performance varied among the four racial/ethnic
groups in this study. Our findings indicate that factors associated with the imaging facility,
rather than individual characteristics, may explain some of these differences, particularly
since the study population consisted of women who had already received a screening
mammogram. Performance did not fall below the minimal acceptable standards proposed by
Carney et al. (37) for any group, but the differences suggest that approaches for maximizing
early detection of cancer while limiting the burden of false-positive exams and overdiagnosis
differ based on women’s race and ethnicity. This underscores the need to ensure that

the studies that provide the evidence base for mammaography recommendations include
populations with sufficient racial and ethnic diversity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Diagnostic mammograms from 2005-2017 classified as "additional evaluation of a recent
mammogram" (N=191,704}) or "diagnostic, NOS" (N=120,302) among women 2 18 years old with
a prior screening mammogram within 90 days and 2= 1 year of follow-up

N=312,006

Prior breast cancer diagnasis Prior mastectomy (Excluded
(Excluded N=12,217) N=1,438)

Prior diagnostic
mammogram within < 90
days (Excluded N=63)

Breast implants (Excluded
N=2,809)

Prior screening used film-

screen mammaography or Race/ethnicity missing
was not specified (Excluded (Excluded N=16,491)
N=4,750})

Race/ethnicity was American
Indian, Alaska Native, other
race, or mixed race (Excluded|

N=5,600})

Final BI-RADS assessment
was 6 (biopsy-proven cancer)|
or missing (Excluded N=770)

Final Analytic Sample

N=267,868 diagnostic mammograms conducted among 234,818 individual women

Figure 1. Diagnostic mammogram inclusion and exclusion criteria.
This study included digital diagnostic mammograms performed at an imaging facility

affiliated with the Breast Cancer Surveillance Consortium (BCSC) between 2005 and 2017.
All diagnostic mammograms were follow-ups to a digital screening mammogram that had
occurred within the prior 90 days. NOS, not otherwise specified.
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Figure 2. Adjusted diagnostic mammography performance statistics by race/ethnicity for
267,868 diagnostic mammograms performed among 234,818 women in the BCSC (2005-2017).

We compared cancer detection rate (panel A), invasive cancer detection rate (panel B),
sensitivity (panel C), false-positive rate (panel D), short interval follow-up recommendation
proportion (panel E), biopsy recommendation proportion (panel F), and PPV2 (panel G)
among racial/ethnic groups while adjusting for patient characteristics to evaluate whether
the characteristics might explain some of the differences present in the study population.
Full definitions of each outcome are in Table 1. In each model, the performance statistic
for non-Hispanic Black (circle), Asian/Pacific Islander (square), and Hispanic (triangle)
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groups was compared with the performance statistic for White individuals (reference group).
Adjustment was performed sequentially, where each model also adjusted for the factors
listed in the prior model.
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Table 1.

Definitions of diagnostic mammography performance statistics.

Statistic Definition

Biopsy recommendation proportion Proportion of mammograms that had a positive assessment (BI—RADSa4 or 5)

Positive predictive value 2 (PPV2) Proportion of mammograms recommended for biopsy or surgical consultation that were followed by a
breast cancer diagnosis within 1 year

Positive predictive value 3 (PPV3) Proportion of biopsies performed following a positive mammogram that were followed by a diagnosis
of breast cancer within 1 year

Cancer detection rate Number of breast cancers diagnosed following a positive mammogram assessment, per 1000
mammograms performed

Sensitivity Number of breast cancers detected by mammography divided by the total number of breast cancers
diagnosed

False-positive rate Number of positive mammograms that were not followed by a breast cancer diagnosis within 1 year,

per 1000 mammograms

False-negative rate Number of negative mammograms that were followed by a breast cancer diagnosis within 1 year, per
1000 mammograms

Short interval follow-up

. . a
recommendation proportion Proportion of mammograms with a BI-RADS™ assessment of 3

Short interval follow-up cancer yield  Proportion of mammograms recommended for short interval follow-up that were followed by a breast
cancer diagnosis within 1 year

aBI—RADS — Breast Imaging Reporting and Data Systems
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Table 2.

Personal characteristics associated with 267,868 diagnostic mammograms performed as an additional
evaluation of a prior screening mammogram among 234,818 women in the Breast Cancer Surveillance
Consortium, 2005-2017.
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Race and Ethnicity

Non-Hispanic

Asian/Pacific

Characteristic Overall Non-Hispanic White Black Islander Hispanic
(N=267,868) (N=188,268) (N=34,573) (N=27,391) (N=17,636)
N (%) N (%) N (%) N (%) N (%)
Age (years)
<40 7771 (2.9) 5305 (2.8) 1070 (3.1) 723 (2.6) 673 (3.8)
40-49 88,649 (33.1) 60,820 (32.3) 10,189 (29.5) 9688 (35.4) 7952 (45.1)
50-59 80,741 (30.1) 56,112 (29.8) 10,460 (30.3) 9195 (33.6) 4974 (28.2)
60-69 57,777 (21.6) 41,606 (22.1) 7821 (22.6) 5581 (20.4) 2769 (15.7)
70-79 25,984 (9.7) 19,044 (10.1) 4064 (11.8) 1830 (6.7) 1046 (5.9)
>80 6946 (2.6) 5381 (2.9) 969 (2.8) 374 (1.4) 222 (1.3)
Mean (SD) 55.3 (11.3) 55.6 (11.4) 56.2 (11.5) 53.9 (10.2) 52.0 (10.4)
First-degree family history of
breast cancer
No 212,929 (82.8) 145,724 (81.0) 28,656 (83.7) 23,592 (90.1) 14,957 (88.2)
Yes 44,383 (17.2) 34,188 (19.0) 5600 (16.3) 2590 (9.9) 2005 (11.8)
Unknown 10556 8356 317 1209 674
History of breast biopsy or
aspiration
No 20,1632 (78.4) 137,152 (76.4) 27,709 (80.7) 22,241 (84.2) 14,530 (84.6)
Yes 55,679 (21.6) 42,266 (23.6) 6615 (19.3) 4163 (15.8) 2635 (15.4)
Unknown 10557 8850 249 987 471
Type of additional evaluation
Digital (2-D) 257,930 (96.3) 180,026 (95.6) 33,914 (98.1) 26,785 (97.8) 17,205 (97.6)
DBT? (3-D) 9938 (3.7) 8242 (4.4) 659 (1.9) 606 (2.2) 431 (2.4)
Type of previous screening
mammogram
Digital (2-D) 255,336 (95.3) 177,527 (94.3) 34,081 (98.6) 26,650 (97.3) 17,078 (96.8)
DBT? (3-D) 12,532 (4.7) 10,741 (5.7) 492 (1.4) 741 (2.7) 558 (3.2)
Time since last mammogram
(months)
No prior mammogram 30,760 (12.4) 17,917 (10.2) 4600 (15.2) 4678 (18.4) 3565 (22.1)
<12 6408 (2.6) 4531 (2.6) 810 (2.7) 691 (2.7) 376 (2.3)
12-23 148,535 (59.8) 110,318 (62.5) 17,327 (57.1) 13,121 (51.6) 7769 (48.2)
24-35 31270 (12.6) 21,952 (12.4) 3463 (11.4) 3729 (14.7) 2126 (13.2)
>35 31,413 (12.6) 21,746 (12.3) 4152 (13.7) 3228 (12.7) 2287 (14.2)
Unknown 19482 11804 4221 1944 1513

Diagnostic US/MRIbWithin 90
days
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Race and Ethnicity

Non-Hispanic Asian/Pacific
Characteristic Overall Non-Hispanic White Black Islander Hispanic
(N=267,868) (N=188,268) (N=34,573) (N=27,391) (N=17,636)
N (%) N (%) N (%) N (%) N (%)
None 139,024 (51.9) 97,314 (51.7) 19,439 (56.2) 14,403 (52.6) 7868 (44.6)
UsS only 126,620 (47.3) 89,255 (47.4) 14,848 (42.9) 12,846 (46.9) 9671 (54.8)
MR (with or without US®) 2224 (0.8) 1699 (0.9) 286 (0.8) 142 (0.5) 97 (0.6)
Breast density
Almost entirely fat 14,986 (6.0) 11,064 (6.3) 2179 (6.5) 637 (2.6) 1106 (6.7)
defscft‘it;‘;red fibroglandular 102,455 (40.9) 73,641 (41.7) 15,784 (47.3) 6645(27.3) 6385 (38.8)
Heterogeneously dense 113,398 (45.2) 78,209 (44.3) 14,057 (42.1) 13,285 (54.6) 7847 (47.7)
Extremely dense 19,938 (8.0) 13,705 (7.8) 1354 (4.1) 3751 (15.4) 1128 (6.9)
Unknown 17,091 11,649 1199 3073 1170
BCSC 5-year predicted breast
cancer risk (%)
<1 84,929 (36.3) 50,655 (30.9) 11,324 (36.8) 12,561 (53.6) 10,389 (65.5)
1.00 - 1.66 85,279 (36.4) 59,987 (36.6) 11,894 (38.6) 9037 (38.6) 4361 (27.5)
1.67 - 2.49 43,090 (18.4) 34,877 (21.3) 5747 (18.7) 1537 (6.6) 929 (5.9)
2.50 - 3.99 18,157 (7.8) 16,044 (9.8) 1652 (5.4) 281 (1.2) 180 (1.1)
>4.00 2657 (1.1) 2444 (1.5) 176 (0.6) 26 (0.1) 11 (0.1)
Unknown 33,756 24261 3780 3949 1766
Mean (SD) 1.4 (0.8) 1.5 (0.9) 1.3(0.7) 1.0 (0.5) 0.9 (0.5)

“pBT - digital breast tomosynthesis

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

('1379 exams with MRI and US
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