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Abstract

BACKGROUND—In a racially and ethnically diverse sample of recently diagnosed urban breast
cancer patients, we examined associations of patient, tumor biology and mammaography facility
characteristics on the probability of symptomatic discovery of their breast cancer despite a recent
prior screening mammogram.

METHODS—In the Breast Cancer Care in Chicago study, self-reports at interview were used to
define patients as having a screen-detected breast cancer or having symptomatic awareness despite
a recent screening mammogram (SADRS), in the past one or two years. Patients with symptomatic
breast cancer who did not report a recent prior screen were excluded from these analyses.
Characteristics associated with more aggressive disease (estrogen and progesterone receptor
negative status and higher tumor grade) were abstracted from medical records. Mammogram
facility characteristics that might indicate aspects of screening quality were defined and controlled
for in some analyses.

RESULTS—SADRS was more common among nH Black and Hispanic than nH White patients
(36% and 42% vs. 25%, respectively, p=0.0004). SADRS was associated with ER/PR negative
and higher grade disease. Patients screened at sites that relied on dedicated radiologists, and sites
that were breast imaging centers of excellence were less likely to report SADRS. Tumor and
facility factors together accounted for two-thirds of the disparity in SADRS (proportion
mediated=70%, p=0.02).

CONCLUSION—Facility resources and tumor aggressiveness explain much of the racial/ethnic
disparity in symptomatic breast cancer among recently screened patients. IMPACT: A more
equitable distribution of high quality screening would ameliorate but not eliminate this disparity.

Address correspondence to Garth Rauscher, SPHPI (M/C 923) Division of Epidemiology and Biostatistics, University of Illinois at
Chicago, 1603 West Taylor St, Chicago, IL 60612.

Conflict of interest statement: There are no conflicts of interest to report.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mortel et al. Page 2

Keywords
breast cancer; screening; mammography; healthcare quality; disparities

INTRODUCTION

Mammography screening is effective in the early detection of breast cancer and the balance
of the evidence suggests that it improves survival and reduces mortality from breast cancer
(1-4). Early detection enables breast cancer to be diagnosed at an early stage when treatment
is most effective (1,4,5). Despite reportedly similar mammography utilization rates among
racial and ethnic groups in the United States (6), non-Hispanic (nH) Black women both
nationally (7,8) and in Chicago die from breast cancer at a higher rate than nH Whites (9).
Symptomatic tumors tend to display characteristics of more aggressive disease (10-14).
Additional research in Chicago suggests that there exist disparities in access to high quality
mammography that may contribute to disparities in breast cancer outcomes in Chicago. In
one study, minority women and those without private insurance were found to be less likely
than nH White women and women with private insurance to obtain screening
mammography at facilities with characteristics suggesting high quality screening (15). These
characteristics included whether a facility was an academic medical center, relied
exclusively on breast imaging specialists to read mammograms, and used digital
mammaography. Another study found that the probability of potentially missed detection
(defined as an actionable lesion identified upon expert mammogram review in the same
breast and quadrant as the subsequently diagnosed breast cancer) was greater among
minority and socioeconomically disadvantaged women compared to nH white women and
those from socioeconomically advantaged backgrounds (16). Taken together, these findings
suggest that the disparity in breast cancer mortality might relate to a combination of
differences in patient, tumor biology, and healthcare quality factors.

In this study, symptomatic awareness despite a recent screen (SADRS) is defined as a
patient reported symptomatic awareness despite reporting a recent screening mammogram in
the past one or two years. We examined associations of patient, tumor biology, and
healthcare quality factors on SADRS and the extent to which tumor biology and healthcare
quality factors might account for racial/ethnic disparities in SADRS.

MATERIALS AND METHODS

Patients for this study participated in the “Breast Cancer Care in Chicago (BCCC)” study of
newly diagnosed female patients between 30 and 79 years of age at diagnosis, who resided
in Chicago, had a first primary in situ or invasive breast cancer, were diagnosed between
March 1, 2005 and February 31, 2008, and self-identified as either nH White, nH Black, or
Hispanic (17,18). The study was approved by the Institutional Review Board at the
University of Illinois at Chicago. All diagnosing facilities in the greater Chicago area
(N=56) were visited on a monthly basis and all eligible newly diagnosed cases were
ascertained by review of pathology and tumor registry records at each hospital. Patients
were further screened for eligibility and scheduled for interviews if eligible and interested.
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The 90-minute interview was administered either in English or Spanish as appropriate using
computer-assisted personal interview (CAPI) procedures. The final interview response rate
was 56% representing 989 completed interviews among eligible patients (397 nH White,
411 nH Black, 181 Hispanic, response rates 51%, 59% and 66%, respectively). Of patients
who were interviewed, 86% (n = 849) consented to medical record reviews to obtain
information on aspects of diagnosis and treatment. More details of the BCCC study have
previously been reported (17,18).

Symptomatic Awareness Despite a Recent Screen (SADRS)

Breast cancer mode of detection was based on the response to the question: “How was the
problem noticed for the very first time?” with possible response categories being: 1) | found
something, 2) My partner/spouse found something, 3) A doctor or nurse found something
during a physical exam, 4) mammogram, 5) ultrasound, 6) MRI, and 7) lung/chest x- ray.
The method of detection was defined as symptomatic if the woman reported that she or her
spouse/partner found something or that a healthcare provider found something during
physical exam, and as screen-detected if the disease was detected through a mammogram in
the absence of symptoms (no patients in the analysis sample reported discovery through an
ultrasound, MR, or chest x-ray). All of the women were asked to report when their last
mammogram had occurred prior to awareness of the problem later diagnosed as breast
cancer. Patients were defined as having a screen-detected breast cancer or having SADRS in
the past one or two years. Patients with symptomatic breast cancer in the absence of a recent
prior screen were excluded from these analyses. The final sample size was 750 with respect
to SADRS in the past two years, and 674 with respect to SADRS in the past one year (76
patients reporting a screen more than one but less than two years prior to detection were
excluded from this latter definition).

Analysis variables

Race/ethnicity—Patients were categorized as 1) White, non-Hispanic, 2) Black, non-
Hispanic, and 3) Hispanic or Latino. Ethnicity was defined through separate self-
identification of Hispanic ethnicity and race. Ethnicity was defined as Hispanic if the patient
self-identified as Hispanic, reported a Latin American country of origin, or reported a Latin
American country of origin for both biological parents.

Socioeconomic factors—Socioeconomic position (SEP) was defined by four variables.
At the individual level, attained education was reported in years and annual household
income was reported in categories of below $20,000, between $20,000-$50,000, and greater
than $50,000. At the census tract level for the individual’s home address, concentrated
disadvantage was defined using variables from the 2000 US Census on the percentage of
families in the census tract with incomes below the poverty line, percentage of families
receiving public assistance, percentage of persons unemployed, and percentage of female-
headed households with children. Concentrated affluence was defined based on the
percentage of families with incomes of $75,000 or more, percentage of adults with a college
education or more, and percentage of the civilian labor force in professional and managerial
occupations. For each measure an equally weighted sum across the relevant variables was
calculated and then standardized to have a mean of zero and a standard deviation of one.
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Tumor aggressiveness factors and breast density—Breast density, hormone
receptor status, histologic grade and stage at diagnosis were abstracted from patient medical
records. Breast density was abstracted from mammography reports and defined using the
BIRADS categories of fatty, scattered fibro-glandular, heterogeneously dense, and
extremely dense. Hormone receptor status was defined as positive if the tumor contained
either estrogen or progesterone receptors, or negative if negative for both receptor types.
Histologic grade was defined as low, intermediate and high. Stage at diagnosis was
categorized into AJCC categories of 0, 1, 2, and 3 and 4 combined. For descriptive analyses,
stage was dichotomized as late (stage 2,3,4) vs. early (stage 0,1). In-situ tumors (stage 0)
were excluded from some analyses.

Facility characteristics—We used data from a mammography facility survey conducted
in 2007 to define facility characteristics potentially associated with quality of
mammography. With respect to the mammogram facility that detected the breast cancer
(screen-detected) or the prior screening mammogram facility (symptomatic awareness), we
defined facility reliance on dedicated breast imagers as none, partial or sole reliance (15).
We also characterized facilities in terms of their designation as an American College of
Radiology Breast Imaging Center of Excellence (19). The Disproportionate Share (DSH)
program in state Medicaid programs provides supplemental payments to facilities with high
levels of uninsured and Medicaid patients (20). We defined facilities as disproportionate
share (DSH) facilities if they were located within hospitals that were classified as such by
the state of or if they were non-hospital sites that were public health facilities.

Statistical analyses

We tabulated the distribution of patient, tumor biological, and facility characteristics by
race/ethnicity (Table 1) and the prevalence of SADRS by patient, tumor biological, and
facility characteristics (Table 2), and reported associated p-values from Pearson Chi-Squared
tests. Next, we estimated a series of nested logistic regression models and conducted
likelihood ratio tests for the inclusion of variables representing either biological or
healthcare quality domains in the models (Table 3). For type 1 analysis, we started with a
baseline model of SADRS containing age and race/ethnicity as covariates, then added either
tumor biological or healthcare facility covariates, and conducted likelihood ratio tests to
compare these models to the baseline model. For type 3 analyses we began with a full model
containing age, race/ethnicity, tumor biological and healthcare facility covariates, then
removed either the tumor biological or healthcare facility covariates as a group and
conducted likelihood ratio tests. P-values from likelihood ratio tests <0.05 were interpreted
as indicating that a specific domain contributed to the prediction of SADRS. We ran
separate analysis for two definitions of SADRS: SADRS within one year and within two
years.

To assess potential mediation of ethnic disparities in SADRS by socioeconomic, tumor
biological or healthcare facility characteristics, we compared rescaled coefficients for these
selected domains of interest using the method described by Karlson and Holm (Table 4)(21).
In order to model variation in quality across facilities in a more granular fashion, we
modeled individual facilities as fixed effects, after collapsing several facilities with small
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numbers of breast cancers into a single group, resulting in a variable with 39 groups. All
analyses were conducted using SAS version 9 (SAS Institute, Cary NC) and Stata statistical
software, version 13 (Stata Corp, College Station, TX), and all tests were two-sided with a
threshold for significance of 0.05.

RESULTS

Distribution of Patient Characteristics

The final sample for analysis included 750 patients with data on SADRS within 2 years, and
a subset of 674 patients had data with respect to SADRS within one year.

Stage at diagnosis and SADRS among recently screened patients

As expected, patients reporting SADRS in the past one or two years were 43 and 42
percentage points more likely to be diagnosed at a later stage than screen-detected patients,
respectively (p<0.0001). After excluding in-situ breast cancers, patients reporting SADRS in
the past one or two years were 41 and 40 percentage points more likely to be diagnosed at a
later stage than screen-detected patients, respectively (p<0.0001).

Racial/ethnic differences in patient, facility and tumor aggressiveness factors

Compared to nH White patients, nH Black and Hispanic patients were more likely to be of
lower socioeconomic status (less likely to be privately insured, less income and education,
and more likely to live in more disadvantaged and less affluent census tracts (Table 1).
Racial and ethnic minorities were also more likely to be screened at disproportionate share
and public facilities and less likely to be screened at breast imaging centers of excellence,
university-based facilities or at facilities with dedicated breast radiologists. Racial and ethnic
minorities were also more likely to be diagnosed with more aggressive-appearing ER/PR
negative and higher grade tumors (Table 1). Breast density was available from medical
records for 475 patients, and there were no differences in the distribution of breast density
by race/ethnicity (p=0.944).

Patient, facility and tumor aggressiveness factors as predictors of SADRS

There were significant differences in SADRS by race/ethnicity, age, tumor biology, and
facility characteristics (Table 2). We discuss results relative to SADRS within the past 2
years but the trends were similar with respect to SADRS within the past year. In this
population of recently screened patients, nH Black and Hispanic patients were more likely
than nH Whites to report SADRS (36% and 42% vs. 25%, respectively, p=0.0004). Greater
breast density was positively associated with SADRS, and earlier age at diagnosis, ER/PR
negative and higher grade disease were each positively associated with SADRS. Women
screened in lower resourced institutions (disproportionate share, non-university-based, not
designated as a breast imaging center of excellence, or facilities without dedicated breast
radiologists) were more likely to report SADRS compared to women seen in higher
resourced institutions. Patients with higher incomes were less likely to report SADRS, but
education and health insurance were not associated with SADRS (Table 2).
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Multivariable Nested Models of SADRS

In type 1 and 3 analyses, we grouped the socioeconomic, tumor aggressiveness and facility
characteristics into separate domains and conducted likelihood ratio tests for nested models.
The tumor aggressiveness domain was retained as a significant predictor of SADRS in both
type 1 and type 3 analyses for SADRS within the past one or two years. The facility
characteristics domain was retained in both type 1 and type 3 analyses for SADRS within
the past 2 years. For SADRS within the past one year the facility characteristics domain was
retained in type 1 analysis (p=0.0498) and marginally retained in type 3 analysis (p= 0.0606)
(Table 3).

Proportionate reduction in the racial and racial/ethnic disparity in SADRS

In age-adjusted models of the racial/ethnic disparity in SADRS within the past one or two
years, inclusion of socioeconomic variables did not affect the estimated disparity. Inclusion
of facility characteristics marginally accounted for nearly one fourth (22% and 24%) of the
disparity in SADRS within the past one or two years, respectively (Table 4). When we
replaced facility characteristics with indicator variables for each separate facility, facility
differences accounted for 42% (p=0.199) and 55% (p=0.048) of the disparity, respectively.
Inclusion of tumor aggressiveness factors (ER/PR status and grade) significantly reduced the
disparity by 26% (p=0.005) and 18% (p=0.02), respectively. Inclusion of both facility
characteristics and tumor aggressiveness factors reduced the racial/ethnic disparity by 45%
and 39% (p=0.01 for both). When we replaced facility characteristics with indicator
variables for each separate facility, facility differences and tumor aggressiveness factors
reduced the racial/ethnic disparity by 61% (p=0.09) and 70% (p=0.02), respectively (Table
4).

DISCUSSION

In a sample of breast cancer patients who received a screening mammogram within one or
two years of their breast cancer detection, nH Black and Hispanic women were more likely
than nH Whites to report symptomatic awareness which prompted the detection of their
breast cancer. Both tumor biological factors and healthcare facility characteristics were
associated with SADRS, and tumor biological factors and healthcare facility characteristics
together accounted for nearly half of the racial/ethnic disparity in SADRS. The definition of
SADRS used here is similar to the definition of interval breast cancer except that our results
are based on patient self-reports, whereas interval breast cancer is typically defined from
medical records or other sources of documentation. Here, patients reported how they came
to discover their breast cancer and their mammography use prior to becoming aware of the
problem later diagnosed as breast cancer. In addition to a missed finding on a screening
mammogram, SADRS could be the result of an abnormal screening mammogram finding in
a woman who did not receive appropriate diagnostic follow-up and which subsequently
evolved into a symptomatic breast cancer. This second possibility distinguishes SADRS
from interval breast cancer: the definition of SADRS used in the present study is broader
and encompasses both interval breast cancer and symptomatic breast cancer developing as a
result of delayed diagnostic follow-up.
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Prior comparisons of symptomatic versus screen-detected breast cancers have often included
both women with a recent prior screening history and women without a recent prior history,
and these studies are not directly comparable to ours (10-12,22-27). Several studies have
examined the disparities with respect to interval breast cancer as an outcome on either tumor
biological factors or health care quality factors (13,14,28-32), but none of these studies
provided a comprehensive picture of the multiple factors contributing to the disparity in
symptomatic detection. These studies used a more rigorous definition of interval breast
cancer, based on documented screening mammogram dates and results, than our definition
of SADRS that relied on patient reported mode of detection and timing of prior screening
imaging. Therefore, we need to carefully consider the potential impact of self-report biases/
errors on our associations with SADRS.

Breast cancer that is diagnosed in younger women tends to be more aggressive and more
likely to evade detection with screening mammography than in older women (14,30). In our
sample of recently screened patients, as expected, SADRS was more likely in younger
women. Likewise, tumor characteristics associated with aggressiveness of disease appeared
to influence mode of detection in our study. Patients with ER/PR negative or high-grade
tumors were more likely to report SADRS than patients with ER/PR positive and lower
grade tumors. Similarly, patients in our study with heterogeneously or extremely dense
breasts were more likely to report SADRS than patients with fatty or scattered fibro-
glandular breasts. This finding is consistent with what has been previously reported in other
studies examining the role of breast density on cancers occurring between screens (interval
cancer) (32-34).

We also found that factors associated with quality of screening appear to influence mode of
detection among screened patients. Prior studies have found associations between radiologist
characteristics, practice characteristics, image characteristics, patient characteristics, and
likelihood of interval cancer/mammaography accuracy (5,28,35-39). Screening performance
can depend on whether facilities offer screening alone vs. screening and diagnostic
mammograms or multimodality screening and diagnosis, the extent to which facilities rely
on breast imaging specialists, and frequency of audit reviews (35-39).

We used four variables to model healthcare quality associated with SADRS, and these were
each associated with SADRS in the expected direction. Patients screened at sites that relied
on dedicated radiologists, that were breast imaging centers of excellence, and that were not
disproportionate share facilities were each less likely to report SADRS. Together these
variables accounted for about one-fourth of the racial/ethnic disparity ion SADRS. When we
modeled variation in healthcare quality in a more detailed manner by using individual
facility indicators, facility variation appeared to account for about half of the racial/ethnic
disparity in SADRS.

Prior studies conducted in Chicago suggest the existence of a differential access to quality
mammography services between minority women and nH White women. In a study
assessing the distribution of mammography services by race/ethnicity and health insurance
in Chicago, minority women were less likely than nH Whites to obtain mammograms at
university-based facilities, at facilities that relied exclusively on breast imaging specialists,
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and at facilities where digital mammography was available (15). Previous analyses of a
small subsample of patients from the current study found that nearly half of prior screening
mammogram images that were originally interpreted as normal showed some evidence of a
potentially missed cancer, that is, an actionable lesion in the same breast and quadrant as the
subsequently diagnosed breast cancer (16). Our results are consistent with these findings and
could offer some insight into the outcome disparities in breast cancer in Chicago.

Method of detection and timing of the most recent prior mammogram were both self-
reported. We went to great lengths to get accurate self-reports of method of detection
through careful design of the question based on prior cognitive interviews and by allowing
for a range of possibilities for how a patient might become aware of the problem later
diagnosed as breast cancer. We attempted to limit any tendency for over-reporting of screen-
detection due to socially desirable reasons by asking first about whether the problem was
discovered by the patient, her partner, or her doctor via clinical breast exam, before
mentioning potential discovery through mammography or other imaging modalities. The
definition of a recent prior screening mammogram was also based on self-reports; thus,
forward-telescoping of the date of most recent screening examination likely caused some
women without a recent prior mammogram to be included in the definition of SADRS. If
this process were non-differential with respect to characteristics examined it would tend to
attenuate associations observed. However, if, as prior research suggests, ethnic minorities
were more likely than nH Whites to forward telescope prior mammography (40-42), then
any estimated disparity would tend to be inflated. However, the apparent mediation of the
disparity in SADRS by tumor aggressiveness variables (abstracted from medical records)
and facility characteristics suggest that at least part of the disparity is real and is due to
differences in these domains.

To our knowledge this is the first study to examine socioeconomic status, facility
characteristics and tumor biology and their potential role in mediating a racial and ethnic
disparity in screen-detection of breast cancer. Our results implicate both facility resources
and tumor aggressiveness in SADRS in explaining the racial/ethnic disparity in SADRS in
this study. Results suggest that elimination of inequities in access to high quality
mammaography screening would reduce the racial/ethnic disparity in symptomatic breast
cancer among screened women by as much as half.

Regular, high-quality mammography is even more important for patients at risk for more
aggressive forms of breast cancer, e.g., racial/ethnic minorities, since tumors in these women
are harder to detect and more likely to arise as interval breast cancer or SADRS. Racial/
ethnic minorities are also more likely to be screened at lower-resource facilities that may be
associated with increased SADRS. Factors potentially amenable to improvement are largely
those related to quality of mammography and they include encouraging facilities to recruit
breast imaging specialists and breast focused radiologists, requiring rigorous auditing as part
of the Mammaography Quality Standards Act, and mammography focused continuing
education for mammography technologists and radiologists. MQSA inspects mammogram
images only once every three years and only a small sample of images that are hand- picked
in advance by the facility. Lower-performing institutions might be able to pass image quality
inspection regardless of actual practice, and these might serve a disproportionate share of
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ethnic minority patients. Illinois recently became the first state in the nation to implement a
statewide mammaography quality surveillance program tied to increased Medicaid
reimbursement, with the goal of improving the quality of mammaography and timeliness of
follow-up (43).

Differences in facility characteristics accounted for much of the disparity in symptomatic
breast cancer among recently screened patients, and a more equitable distribution of high
quality screening would reduce this disparity. At the same time, the tendency for more
aggressive breast cancer in nH Black and Hispanic patients resulted in a roughly equal
contribution to explaining the disparity. Our results suggest that even if a more equitable
distribution of high quality screening were available, a substantial disparity would remain in
symptomatic breast cancer among recently screened patients.

Acknowledgments

This work was supported by two grants from the National Cancer Institute at the National Institutes of Health to the
University of Illinois at Chicago to G.H. Rauscher (grants 1P50CA106743, 2P50CA106743) and the Agency for
Health Research and Quality to G.H. Rauscher (Grant # 1 RO1 HS018366-01A1).

We thank the Illinois women diagnosed with breast cancer whose information was reported to the Illinois State
Cancer Registry, thereby making this research possible.

BIBLIOGRAPHY

1. Nelson HD, Tyne K, Naik A, Bougatsos C, Chan BK, Humphrey L, et al. Screening for breast
cancer: an update for the U.S. Preventive Services Task Force. Ann Intern Med. 2009; 151:727-37.
W237-42. [PubMed: 19920273]

2. Berry DA, Cronin KA, Plevritis SK, Fryback DG, Clarke L, Zelen M, et al. Effect of screening and
adjuvant therapy on mortality from breast cancer. N Engl J of Med. 2005; 353:1784-92. [PubMed:
16251534]

3.Shen Y, Yang Y, Inoue LY, Munsell MF, Miller AB, Berry DA. Role of detection method in
predicting breast cancer survival: analysis of randomized screening trials. J Natl Cancer Inst. 2005;
97:1195-203. [PubMed: 16106024]

4. Smith RA, Duffy SW, Gabe R, Tabar L, Yen AM, Chen TH. The randomized trials of breast cancer
screening: what have we learned? Radiol Clin North Am. 2004; 42:793-806. [PubMed: 15337416]

5. Elmore JG, Armstrong K, Lehman CD, Fletcher SW. Screening for breast cancer. JAMA. 2005;
293:1245-56. [PubMed: 15755947]

6. Richardson LC, Rim SH, Plescia M. Vital Signs: Breast Cancer Screening Among Women Aged
50--74 Years --- United States, 2008. MMWR Morb Mortal Wkly Rep. 2010; 59:813-6. [PubMed:
20613705]

7. Baquet CR, Mishra SI, Commiskey P, Ellison GL, DeShields M. Breast cancer epidemiology in
blacks and whites: disparities in incidence, mortality, survival rates and histology. J Natl Med
Assoc. 2008; 100:480-8. [PubMed: 18507200]

8. DeSantis C, Ma J, Bryan L, Jemal A. Breast cancer statistics, 2013. CA Cancer J Clin. 2014; 64:52—
62. [PubMed: 24114568]

9. Ansell D, Grabler P, Whitman S, Ferrans C, Burgess-Bishop J, Murray LR, et al. A community
effort to reduce the black/white breast cancer mortality disparity in Chicago. Cancer Causes
Control. 2009; 20:1681-8. [PubMed: 19688184]

10. Allgood PC, Duffy SW, Kearins O, O'Sullivan E, Tappenden N, Wallis MG, et al. Explaining the

difference in prognosis between screen-detected and symptomatic breast cancers. Br J Cancer.
2011; 104:1680-5. [PubMed: 21540862]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mortel et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 10

Joensuu H, Lehtimaki T, Holli K, Elomaa L, Turpeenniemi-Hujanen T, Kataja V, et al. Risk for
distant recurrence of breast cancer detected by mammography screening or other methods. JAMA.
2004; 292:1064-73. [PubMed: 15339900]

Redondo M, Funez R, Medina-Cano F, Rodrigo I, Acebal M, Tellez T, et al. Detection methods
predict differences in biology and survival in breast cancer patients. BMC Cancer. 2012; 12:604.
[PubMed: 23244222]

Chiarelli AM, Edwards SA, Sheppard AJ, Mirea L, Chong N, Paszat L, et al. Favourable
prognostic factors of subsequent screen-detected breast cancers among women aged 50-69. Eur J
Cancer Prev. 2012; 21:499-506. [PubMed: 22273849]

Porter PL, El-Bastawissi AY, Mandelson MT, Lin MG, Khalid N, Watney EA, et al. Breast tumor
characteristics as predictors of mammographic detection: comparison of interval- and screen-
detected cancers. J Natl Cancer Inst. 1999; 91:2020-8. [PubMed: 10580027]

Rauscher GH, Allgood KL, Whitman S, Conant E. Disparities in screening mammography services
by race/ethnicity and health insurance. Journal Womens Health. 2012; 21:154-60.

Rauscher GH, Khan JA, Berbaum ML, Conant EF. Potentially missed detection with screening
mammography: does the quality of radiologist's interpretation vary by patient socioeconomic
advantage/disadvantage? Ann Epidemiol. 2013; 23:210-4. [PubMed: 23453384]

Rauscher GH, Ferrans CE, Kaiser K, Campbell RT, Calhoun EE, Warnecke RB. Misconceptions
about breast lumps and delayed medical presentation in urban breast cancer patients. Cancer
Epidemiol Biomarkers Prev. 2010; 19:640-7. [PubMed: 20200436]

Dookeran K, Silva A, Warnecke RB, Rauscher GH. Race/Ethnicity and Disparities in Mastectomy
Practice in the Breast Cancer Care in Chicago Study. Ann Surg Oncol. 2014; 22:66—74. [PubMed:
25135847]

Breast Imaging Center of Excellence - American College of Radiology. [Internet]. [cited 2015 Mar
9]. Available from: http://www.acr.org/quality-safety/accreditation/bicoe

Illinois Department of Healthcare and Family Services. [Internet] [cited 2015 Mar 9]. Available
from: http://www2.illinois.gov/hfs/MedicalProvider/MedicaidReimbursement/Pages/dsh.aspx

Karlson KB, Holm A. Decomposing primary and secondary effects: a new decomposition method.
Research in Social Stratification and Mobility. 2011; 29:221-37.

Dawson SJ, Duffy SW, Blows FM, Driver KE, Provenzano E, LeQuesne J, et al. Molecular
characteristics of screen-detected vs symptomatic breast cancers and their impact on survival. Br J
Cancer. 2009; 101:1338-44. [PubMed: 19773756]

Coates RJ, Uhler RJ, Brogan DJ, Gammon MD, Malone KE, Swanson CA, et al. Patterns and
predictors of the breast cancer detection methods in women under 45 years of age (United States).
Cancer Causes Control. 2001; 12:431-42. [PubMed: 11545458]

Reeves MJ, Newcomb PA, Remington PL, Marcus PM. Determinants of breast cancer detection
among Wisconsin (United States) women, 1988-90. Cancer Causes Control. 1995; 6:103-11.
[PubMed: 7749049]

Thind A, Diamant A, Hog L, Maly R. Method of detection of breast cancer in low-income women.
J Womens Health. 2009; 18:1807-11.

Breen N, Yabroff KR, Meissner HI. What proportion of breast cancers are detected by
mammography in the United States? Cancer Detect Prev. 2007; 31:220-4. [PubMed: 17573202]
Roth MY, Elmore JG, Yi-Frazier JP, Reisch LM, Oster NV, Miglioretti DL. Self-detection remains
a key method of breast cancer detection for U.S. women. J Womens Health. 2011; 20:1135-9.
Taplin SH, Rutter CM, Finder C, Mandelson MT, Houn F, White E. Screening mammaography:
clinical image quality and the risk of interval breast cancer. AJR Am J Roentgenol. 2002;
178:797-803. [PubMed: 11906848]

Boyd NF, Guo H, Martin LJ, Sun L, Stone J, Fishell E, et al. Mammographic density and the risk
and detection of breast cancer. N Engl J Med. 2007; 356:227-36. [PubMed: 17229950]

Domingo L, Blanch J, Servitja S, Corominas JM, Murta-Nascimento C, Rueda A, et al.
Aggressiveness features and outcomes of true interval cancers: comparison between screen-
detected and symptom-detected cancers. Eur J Cancer Prev. 2013; 22:21-8. [PubMed: 22584215]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.


http://www.acr.org/quality-safety/accreditation/bicoe
http://www2.illinois.gov/hfs/MedicalProvider/MedicaidReimbursement/Pages/dsh.aspx

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mortel et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 11

Lowery JT, Byers T, Hokanson JE, Kittelson J, Lewin J, Risendal B, et al. Complementary
approaches to assessing risk factors for interval breast cancer. Cancer Causes Control. 2011,
22:23-31. [PubMed: 20978835]

Mandelson MT, Oestreicher N, Porter PL, White D, Finder CA, Taplin SH, et al. Breast density as
a predictor of mammographic detection: comparison of interval- and screen-detected cancers. J
Natl Cancer Inst. 2000; 92:1081-7. [PubMed: 10880551]

Olsen AH, Bihrmann K, Jensen MB, Vejborg I, Lynge E. Breast density and outcome of
mammography screening: a cohort study. Br J Cancer. 2009; 100:1205-8. [PubMed: 19293800]
Rosenberg RD, Hunt WC, Williamson MR, Gilliland FD, Wiest PW, Kelsey CA, et al. Effects of
age, breast density, ethnicity, and estrogen replacement therapy on screening mammographic
sensitivity and cancer stage at diagnosis: review of 183,134 screening mammograms in
Albuquerque, New Mexico. Radiology. 1998; 209:511-8. [PubMed: 9807581]

Miglioretti DL, Gard CC, Carney PA, Onega TL, Buist DS, Sickles EA, et al. When radiologists
perform best: the learning curve in screening mammogram interpretation. Radiology. 2009;
253:632-40. [PubMed: 19789234]

Smith-Bindman R, Chu P, Miglioretti DL, Quale C, Rosenberg RD, Cutter G, et al. Physician
predictors of mammographic accuracy. J Natl Cancer Inst. 2005; 97:358-67. [PubMed: 15741572]
Esserman L, Cowley H, Eberle C, Kirkpatrick A, Chang S, Berbaum K, et al. Improving the
accuracy of mammography: volume and outcome relationships. J Natl Cancer Inst. 2002; 94:369—
75. [PubMed: 11880475]

Beam CA, Conant EF, Sickles EA. Association of volume and volume-independent factors with
accuracy in screening mammogram interpretation. J Natl Cancer Inst. 2003; 95:282-90. [PubMed:
12591984]

Elmore JG, Jackson SL, Abraham L, Miglioretti DL, Carney PA, Geller BM, et al. Variability in
interpretive performance at screening mammography and radiologists' characteristics associated
with accuracy. Radiology. 2009; 253:641-51. [PubMed: 19864507]

Rauscher GH, Johnson TP, Cho Y1, Walk JA. Accuracy of self-reported cancer-screening histories:
a meta-analysis. Cancer Epidemiol Biomarkers Prev. 2008; 17:748-57. [PubMed: 18381468]
Zapka JG, Bigelow C, Hurley T, Ford LD, Egelhofer J, Cloud WM, et al. Mammography use
among sociodemographically diverse women: the accuracy of self-report. Am J Public Health.
1996; 86:1016-21. [PubMed: 8669504]

McPhee SJ, Nguyen TT, Shema SJ, Nguyen B, Somkin C, Vo P, et al. Validation of recall of
breast and cervical cancer screening by women in an ethnically diverse population. Prev Med.
2002; 35:463-73. [PubMed: 12431895]

Rauscher GH, Murphy AM, Orsi JM, Dupuy DM, Grabler PM, Weldon CB. Beyond MQSA:
Measuring the quality of breast cancer screening programs. AJR Am J Roentgenol. 2014;
202:145-151. [PubMed: 24261339]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.



Page 12

¢S 19 144 Ve M0S-0¢
€ Ge 0T 18T Moec>
T000°0> awoau|
9€ LS 8 6.7 [A5S
0¢ T¢ €T €ET 1)
144 TC 14 GET [4%4
T000°0> uoneonpy
1S 79 €6 299 SleAlld
€¢ €¢ S LTT aland
0¢ €T 4 TL SUON
1000°0> ©2dURINSUI U)[eaH
$ 10108} 91WOU0IS0100S
€T €T T €9 asuap Ajpwanx3
a4 9 ve TLT asusp AjsnosuaboisloH
9¢ 14 St 80¢ Jeinpue|Boiquy paIsneds
6 9 L e Aied
AususQ 1seaig
oy Ly 144 Gee 6.-09
e €€ [43 e 65-0S
9¢ 0¢ e 69T 6v-G¢
aby
9 or 14 Lee y'e'z abers
¥S 09 7 X474 1'0 9brIS
T000°0> sisoubelp 1e abeis
[4% 9¢ 514 Ve SSA
89 79 =7 10S ON
#0000 eSdAvs

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.

Mortel et al.

aneA-d % (¢€T=N)oluedsiH 9% (Y0E=N) >oe|g HU % (FTE=N)@UYM HU N

"(8002-5002) Apnis obealyD ul ased Jsour) 1sealg
ay1 u1 sisoubelp 113y) 01 Jolid U3aIIS UL B YIM Sjusired Jaoued Jsealq Buowe sansLIsIoRIeyd Jown) pue Alijioe) ‘quaired Ul SaouaJalyIp dluyla/jeloey

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 13

Mortel et al.

ti% 514 9¢€ L€2 deJspoIN
[4% 67 0€ 6¢T Mo
G800°0 (£'2'T) apeso 2160J0ISIH
8T 14 6 96 annebau ajgnoq
28 G 16 9% annisod y10q Jo Jayn3
T000°0> sniels yd/y3
S 1010R} SSOUBAISSS JBBe Jowin |
0c 91 0¢ 8T souel|al 810S
S 99 99 A% [eled
Y4 6T T LET SUON
08100 s1s160]01pe) PajedIpap Uo ddueljay
8 [44 144 S0¢ S3A
6 8L 69 SvS ON
T000°0> paseg-Ausianiun
T€ T€ 144 1G¢ 90U3||99X3 JO Jalua) 1sealg
69 69 69 08y d0Ud| 189X
10 J9)uaD Isealg e 10N
02200 uoneubisa@
*14 e 8 18T aleys areuoiodoldsiq
¥S 99 26 L¥S aleys sjeuonodoidsiq 10N
T000°0> uoneubisa@
SolIs1eIOE ey A)|1e
S L 187 LST uesw anoge ds T<
¥8 8 69 vs uesw 8y} Jo ds T Uy
7 11 0 67 ueaw molag s T<
T000°0> ERIEI TV
8 514 T 44" uesw snoge ads 1<
S8 99 L9 €67 uesw 8y} Jo ds T Uy
8 T 4 1T ueaw Mmojag ds T<
T000°0> abejuenpesig
€T €T Si% €0¢ M0G<
aneA-d % (CET=N)dluedsiH 9% (OE=N) 30|19 HU % (TE=N)®UUM HU N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.



Page 14

Mortel et al.

‘passaiddns aJe GT'0< SanjeA-d "a|qelieA Juapuadap e se AIoIuLyIa/aoel YIim
uolssalfiai 0115160] EUILIOU BIA PUBJ) J0J 1S3] B WOJ) 8Je S3|CeLieA paaplo Bulurewsal ay) 1oy sanjeA-d sealaym ‘1sa) pasenbs-1yD [eisushb e wouy ale sajqelieA AJeulq |[e 0} PUe S3|qeLIEA g 8Say] 1oy sanjen-d,,

(0] 8¢ ee 602 uybiH

aneA-d % (¢€T=N)oluedsiH 9% (FOE=N) >oe|g HU % (FTE=N)@UYM HU N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.



Page 15

Mortel et al.

13 9% 9¢ 40 M0S-0¢
Ge 18T 8¢ 9T Moec>
9600 G600 awoou|
T€ 6.¥ 124 ey [45S
Ge €eT 9 LTT el
123 SET 9¢ Tt 4%
uoleonpg
[43 299 124 10S SleAlld
€€ LTT S¢ ¥0T algnd
LE TL 6¢ €9 SUON

E9oURINSUI Y)[eaH

$ 0108} 91WOU0I30100S

144 €9 € 95 asuap Ajpwanx3g
6¢ T.T 43 ¥ST asuap AjsnoausbolaloH
14 80¢ 8T 06T Jeinpue|Boiquy paisneas
ve €€ vT 62 Ayeq
97000 G000°0 AisuaQ 1sealg
ve  Gee 6T  2IE 6.-09
6e  9ve 0e  GI2 650G
6 69T 0g  I¥T 6v-5¢
20000 9£00°0 abvy
v oeet 9 6TT oluedsiH
9€  v0E lz 192 oe|g Hu
TN 485 8T 88 3NUM HU
0000 0000 efnouya
anfeAd % N anfeAd % N
sreaA z 1sedayy ulyim Teal 1sed oy UIYIM

U9 I35 1UB29 1 B 911dsap SSaUd leme Jeoued 1ses g d1rewoldwiAs

(8002
—G002) Apms obealy) ui ared Jsdue) 1sealg ayl Ul Uaalds Juddal e 911dsap ssauaseme d11ewoldwAs pue si01oe) ssauanlssalbbe Jowny pue Aljioe) ‘quaied

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.



Page 16

Mortel et al.

Author Manuscript

02000 87000 (£'2'1) apeso 2160j0ISIH
Ly 96 474 88 annebau ajgnoq
0¢ T9Y 44 5447 annisod yloq Jo Jayn3g

17000 900000 snjeis ¥d/d3a

S J010B} SSAUBASSa JABe Jown |
14 8€T 6T 8¢T 8ouel|al 8]0S
[43 7A4 124 174 [eled
[44 LET Ge (445 SUON

L7000 92000 sis16ojoIpel pajedlpap Uo aduel|ay
14 S0¢ 6T 68T SSA
Ge 1] LZ 1514 ON

69000 88700 paseg-AusIaniun
8¢ 19¢ 6T 8¢¢ 30U3|[89X3 JO JBIUD Jseald
Ge 08y 8¢ ey 30U 89X

10 JauaD Isealg e 10N
9€30°'0 ¥0T0'0 uolreubisaq
6€ 18T 0g 79T aleys areuoiuodoldsiq
1€ L¥S 24 96V aseys ayeuoniodoidsiq 10N
00S0°0 9.0T°0 uolreubisaq
SolIs1e1oe eyo A1l| e
14 1GT 0¢ yA4) uesw anoge ds T<
123 [4%°] 9 08y uesw 8y Jo ds T Uy
e 67 62 14 uesw molaqg ds T<

¥9¥0°0 2110 ouaN| Y
13 44" 8¢ 12T ueaw anoge s T<
€€ €67 14 6EY uesw 8y Jo @s T Uy
9 €T |4 90T ueaw moaq ds T<

2¢.LTT0 9T€C0 afejueApesig
LZ €0¢ 0¢ 98T M0G<

aneA-d % N aneA-d % N

steah z 1sedayl ulyiim

U9 I3S 1UB29 1 B 911dsap SSaUd Jeme Jeoued 1ses g d1rewoldwiAs

Teal 1sed oy UIYIM

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.



Page 17

Mortel et al.

‘passaiddns ale GT'0<

sanfeA-d "uoissaiBal ons1Bo| BIA pualy J0) 158} B WO 81 Sa|qeLIeA palaplo Bulurews ay 1oy sanjea-d seatsym ‘1sa) pasenbs-1yD [eJaush e wouy ale sa|gerieA Aseulq ||e 1oy pue s3|qeleA Z 8say) 10} sanfen-d,,

Author Manuscript

6 602 e 181 ubtH

0e  lg€2 XA A4 DEIEY

€2 62T /T 6IT Mo
aneA-d % N anreA-d % N

steah z 1sedayl ulyiim

U9 I3S 1UB29 1 B 911dsap SSaUd Jeme Jeoued 1ses g d1rewoldwiAs

Teal 1sed oy UIYIM

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Mortel et al. Page 18

Table 3

Comparison of nested multivariable models of Symptomatic awareness despite a recent screen in the Breast
Cancer Care in Chicago study (2005-2008).

Symptomatic breast cancer awar eness despite a recent screen

Within the past year Within the past 2 years
N P-Value? N P-Value?
Type 1 analysis
Add socioeconomic factors? 453 503
Add facility characteristics® 453 0.0498 503 0.0147
Add tumor aggressiveness
factorsd 453 0.0001 503 0.0003
Type 3 analysis
Remove socioeconomic factors 453 503
Remove facility characteristics 453 0.0606 503 0.0116
Remove tumor aggressiveness
factors 453 0.0002 503 0.0005

a . Lo . .
From a Chi-Squared likelihood ratio test comparing two nested models. P-values >0.15 are suppressed.

b .. . . .
Individual level income and education, and census tract disadvantage and affluence.
Status as Disproportionate Share and as a Breast Imaging Center of Excellence, reliance on dedicated breast radiologists.

dtumor grade and ER/PR status.
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Table 4

Proportionate reduction in the racial/ethnic disparity in symptomatic awareness despite a recent screen.

Symptomatic awar eness despite a recent screen

Within the past year (N=453)  Within the past 2 years (N=503)

Domains pra P-Value? pra P-Value?

Domains modeled one at a time

Socioeconomic Status 4% 2%
Facility characteristics 22% 0.15 24% 0.09
Individual Facility® 42% 55% 0.05
Tumor aggressiveness 26% 0.005 18% 0.02
Domains modeled together 45% 0.01 39% 0.01
Facility characteristics 21% 23%
Tumor aggressiveness 24% 16%
Domains modeled together 61% 0.09 70% 0.02
31% 50%

Individual Facility©

Tumor aggressiveness 30% 20%

aProportionate reduction in the ethnic disparity in symptomatic awareness despite a recent screen, based on the method of rescaled coefficients.
b . - . .
P-value from a test of difference between the reduced model and the full model containing all mediators of interest. P-values>0.15 are suppressed.

Indicator variables for individual mammogram facilities.
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