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Abstract

Introduction—Non-Latina black breast cancer patients experience a shorter survival from breast 

cancer than their non-Latina white counterparts. We compared breast cancer specific survival for 

the subset of black and white patients with estrogen and/or progesterone receptor positive tumors 

that are generally targeted with endocrine therapy.

Methods—Using data collected from a population-based cohort of breast cancer patients from 

Chicago, IL, Kaplan Meier survival curves and hazard functions were generated and proportional 

hazards models were estimated to determine the black/white disparity in time to death from breast 

cancer while adjusting for age at diagnosis, patient characteristics, treatment-related variables, and 

tumor grade and stage.

Results—In regression models, hazard of breast cancer death among ER/PR positive patients 

was at least 4 times higher for black than for white patients in all models tested. Notably, even 

after adjusting for stage at diagnosis, tumor grade, and treatment variables (including initiation of 

systemic adjuvant therapies), the hazard ratio for death from ER/PR positive breast cancer between 

black and white women was 4.39 (95% CI: 1.76, 10.9, p=0.001).
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Conclusions—We observed a racial disparity in breast cancer survival for patients diagnosed 

with ER/PR positive tumors that did not appear to be due to differences in tumor stage, grade or 

therapy initiation in black patients, suggesting that there may be racial differences in the molecular 

characteristics of hormone receptor positive tumors, such that ER/PR positive tumors in black 

patients may be less responsive to standard treatments.
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Introduction

Non-Latina black (black) women diagnosed with breast cancer experience shorter survival 

following diagnosis and are more likely to die from the disease compared to their non-Latina 

white (white) counterparts. This fact can be seen in studies of survival in patients diagnosed 

with breast cancer [1–3] and from population-based studies that show a corresponding 

disparity in breast cancer mortality rates within the U.S. population [1, 4–6]. There are many 

potential explanations for the disparity, including differences in the quality of and access to 

breast cancer care [7–15], as well as differences in the incidence of aggressive breast cancer 

subtypes in black versus white patients [2, 10, 16–20]. Particular emphasis has been placed 

on the increased incidence of triple negative (TN) breast cancers, which lack targetable 

hormone and growth factor receptors, in black women as a major driver of outcome 

disparities [21].

However, the majority of breast cancers diagnosed in the United States express the estrogen 

receptor (ER) and/or progesterone receptor (PR) [18, 19], and this is the case in both black 

and white women. These tumors generally have a more favorable outcome and frequently 

respond to endocrine treatments designed to inhibit estrogen receptor-mediated signaling 

pathways [22–25]. The use of postoperative adjuvant endocrine therapy in patients with 

hormone-dependent, early breast cancer lowers the rate of recurrence and improves survival 

[26], and widespread use of these agents are likely to have contributed substantially to the 

overall decline in breast cancer mortality observed in the U.S. over the past three decades 

[27]. One hypothesis that has not been thoroughly addressed is whether there are biological 

mechanism(s) leading to differential sensitivity to available endocrine agents between black 

and white patients with hormone-dependent breast cancer. With this in mind, we sought to 

examine whether a survival disparity existed between black and white breast cancer patients 

with ER/PR positive tumors, and to determine if such a disparity could be explained by 

differences in socioeconomic status, health care access, treatment-related variables, stage at 

diagnosis, and tumor grade.

Methods

The Breast Cancer Care in Chicago study was approved by the Institutional Review Board at 

the University of Illinois at Chicago, and has been described elsewhere [20, 28]. This 

population-based study performed case finding at all 56 diagnosing facilities in the greater 

Chicago area that diagnosed patients who were Chicago residents at diagnosis. Briefly, 
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patients were eligible if they resided in Chicago, self-identified as non-Latina white, non-

Latina black or Latina, were diagnosed with a primary in situ or invasive breast cancer 

during 2005– 2008, and were 30–79 years of age at diagnosis. For this particular analysis we 

restricted the sample to patients who self-identified as white or black and excluded Latina 

patients (n=181).

Patients provided written informed consent before administration of a 90-minute interview 

in English or Spanish using computer-assisted personal interview procedures. In all, 989 

patients completed the interview (56% response rate); of these, 849 provided written 

informed consent to medical record reviews to obtain information on pathologic stage, 

histologic grade, estrogen and progesterone status, and other aspects of diagnosis and 

treatment. At interview, patients were asked a series of yes/no questions about radiation, 

chemotherapy and hormone therapy recommendation, acceptance, and initiation (Table 1). 

Data from medical record abstractions and from linkage to the Illinois State Cancer Registry 

also provided information on treatment recommendation and initiation. For each treatment 

type, treatment recommendation was coded “yes” if there was evidence of a 

recommendation in any of the three data sources; otherwise, recommendation was coded 

“no” if there was evidence of no recommendation in any of the data sources. Treatment 

initiation variables were similarly coded (Table 1) [29, 30].

A National Death Index Plus search was conducted in February 2015 from each patient’s 

date of diagnosis (during the years 2005–2008) through December 31, 2015. Cause of death 

was determined using provided International Classification of Disease 10 (ICD-10) codes for 

matched cases. ICD-10 codes corresponding to malignant neoplasm of breast with the prefix 

“C50” (C50.0–C50.9) were used to identify breast cancer deaths. A matched patient with 

breast cancer listed within their top three coded causes of death was considered a breast 

cancer related death. Observation time was computed as the difference in days from 

diagnosis date to death of date or censoring. Since the study had a rolling enrollment patient 

follow-up ranged between five and ten years.

Statistical analysis

The definition of analysis variables corresponding to race, age at diagnosis, income, 

education, census tract disadvantage and affluence, parity, health insurance status, time since 

last clinical breast exam, mode of detection have been described previously [20, 31]. Stage 

at diagnosis, hormone receptor status and histologic grade were defined as abstracted from 

patient medical records. Stage at diagnosis was categorized using the American Joint 

Committee on Cancer Version 7.0 categories of 0, 1, 2, 3 and 4. Hormone receptor status 

was defined by the pathologist’s interpretation at the treating hospital and coded as positive 

if the tumor contained either estrogen or progesterone receptors. Histologic grade was 

defined as low, intermediate and high. Kaplan-Meier curves were plotted for breast cancer-

specific survival and Log-rank tests were used to compare survival rates between black and 

white participants, separately for ER/PR positive and ER/PR negative breast cancer. The 

remainder of the statistical analysis focused on examining factors associated with survival 

from ER/PR positive breast cancer alone, and on using these factors to explain the disparity 

in survival from ER/PR positive breast cancer.
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Ordinal and continuous variables were categorized into discrete categories for descriptive 

analyses to compare distributions of risk factors by race and to examine predictors of death 

from ER/PR positive breast cancer within five years, before accounting for time at risk and 

censoring. Next, we examined the magnitude of the racial breast cancer mortality disparity 

by estimating hazard ratios from a series of Cox proportional hazards regression models of 

time to ER/PR positive breast cancer death. Models included the following independent 

variables: (1) race and age; (2) race, age and patient characteristics; (3) race, age, tumor 

stage and grade; (4) race, age, tumor stage and grade, and patient characteristics; and race, 

age, tumor stage and grade, and treatment variables. Patient factors included a-priori 

variables for income, education, census tract disadvantage and affluence, parity, health 

insurance status, recency of clinical breast exam, and mode of detection. When controlling 

for treatment we used a variable representing all cross-classifications of radiation, 

chemotherapy and hormone therapy initiation.

Results

There were 397 white and 411 black patients in the study, for whom ER and PR status were 

available for 299 and 303 patients, respectively. For patients with data, tumors were positive 

for ER and/ or PR for 88% of white and 72% of black patients. Figure 1 shows that the 

actuarial risk of death from breast cancer within 5 years of diagnosis was higher among 

black compared to white women diagnosed with ER/PR positive breast cancer, with 5-year 

breast cancer death rate of 11% vs. 2%, respectively (p<0.0001). There was no difference in 

survival between black and white women with ER/PR negative disease (21% vs. 20%, 

respectively, p=0.89, Figure 1). With respect to mode of detection among ER/PR positive 

breast cancer, for 163 (white) and 107 (black) screen-detected breast cancers, there were 4 

breast cancer deaths, all among black patients (p=0.01). For 101 (white) and 111 (black) 

symptomatic breast cancers, there were 9 and 26 breast cancer deaths, respectively 

(p=0.004).

Compared to white patients, black patients with ER/PR positive breast cancer were more 

likely to have less income and education, more likely to live in disadvantaged and less 

affluent neighborhoods, more likely to be parous, more likely to be overweight and to be 

obese, less likely to have private insurance or to have had a recent clinical breast exam, more 

likely to have had their breast cancer detected through symptoms, and slightly less likely to 

have low grade or in-situ tumors (Table 2). Compared to white patients, black patients with 

ER/PR positive breast cancer were less likely to have been recommended for or to have 

initiated either radiation therapy or hormone therapy; in contrast, black patients were more 

likely to have been recommended for and to have initiated chemotherapy (Table 2).

Among women with ER/PR positive cancers, greater income and education, and residence in 

a census tract defined as more affluent and less disadvantaged, were each at least marginally 

associated with reduced risk of death from breast cancer (Table 3). Parity (p=0.02), 

increasing BMI (p=0.07) and lack of health insurance (p=0.07) were each associated or 

marginally associated with increased death from breast cancer. Symptomatic detection, later 

stage at diagnosis, and higher tumor grade were each associated with increased risk of death 

from breast cancer. For both radiation and chemotherapy, treatment recommendation was 
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associated with more lethal breast cancer, whereas recommendation for hormone therapy 

was marginally associated with protection from breast cancer-related death (Table 3).

In cox regression models, the hazard of breast cancer death among ER/PR positive patients 

was at least 4 times higher for black than for white patients in all models tested (Table 4). 

Notably, even after adjusting for tumor stage and grade and treatment variables (including 

initiation of systemic adjuvant therapies), the hazard ratio for breast cancer death between 

black and white women was 4.39 (95% CI: 1.76, 10.9, p=0.001).

Discussion

We found a substantial black-white disparity in breast cancer survival for patients diagnosed 

with ER/PR positive tumors, but not for women with ER/PR negative cancers. Others have 

reported findings consistent with this analysis, confirming the strong association between 

race and survival for women with subtypes of breast cancer that are normally associated as 

having a “favorable-prognosis”. In an analysis of 179,414 women with stage 1 breast cancer 

from the SEER 18-registry database, Iqbal and colleagues reported a hazard ratio of death 

from breast cancer of 1.57 (95% CI,1.40 to 1.75) for black women compared with white 

women [32]. The age-adjusted HR for death did not decrease when women with triple 

negative breast cancer were excluded, suggesting that the disparity was driven by the ER-

positive subset. Results from the Carolina Breast Cancer Study, which included 518 black 

and 631 white women with invasive breast cancer diagnosed between 1993 and 2001 [33], 

found a black-white difference in breast cancer-specific mortality for women diagnosed with 

luminal A breast cancer, but not for those diagnosed with basal-like breast cancer (adjusted 

HR, 1.9; 95% CI, 1.3 to 2.9 and HR, 1.3; HR, 0.8 to 2.3 for luminal A and basal-like breast 

cancer, respectively). Investigators from the Women’s CARE study [34] observed a 

difference in the age-adjusted risk of breast cancer-specific mortality among 523 black and 

681 white women diagnosed with luminal A breast cancer (HR, 1.52; 95% CI, 1.01 to 2.28), 

but not among those diagnosed with TN breast cancer (HR, 1.21; 95% CI, 0.81–1.83). While 

these population-based studies are consistent with our findings, lack of adjustment for tumor 

grade and treatment-related variables limits the ability to distinguish between racial 

differences in tumor biology, sensitivity to treatment, and adequacy of treatment as the 

underlying causes for the worse outcome observed among black women with ER/PR 

positive breast cancer [35].

Often survival models do not account for lead time bias that may result from differential 

screening. To account for potential differences in lead time bias by race, we included in our 

models two measures that were potential markers for lead time bias: mode of detection and 

history of a recent clinical breast exam. Mode of detection is also a marker for tumor 

aggressiveness because more aggressive tumors are less likely to be detected by 

mammography screening. Self-reported mammography use tends to be over-reported due to 

social desirability issues [36]; history of a clinical breast exam, a measure of access to breast 

health care that may be less prone to over-reporting, was strongly associated with survival. 

Having had a clinical breast exam implies that you have a breast health conscious primary 

care provider which would tend to lead to recommendation and utilization of 

mammography.
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Several studies have shown racial/ethnic differences in the use of adjuvant treatments, which 

could explain observed differences in survival between black and white patients in the 

population-based studies cited above [37, 38]. However, data from randomized clinical trials 

of adjuvant chemotherapy, where treatment is protocol-specified and uniformly delivered, 

show similar results to population studies [39, 40]. Sparano and colleagues performed a 

retrospective, secondary survival analysis on a large cohort of women with stage I-III breast 

cancer who participated in an NCI-sponsored randomized phase III clinical trial of adjuvant 

chemotherapy with various taxane-containing chemotherapy regimens [40]. Among 2807 

women with ER-positive/HER2-negative disease (161 black and 2646 non-black), self-

identification of black race was significantly associated with worse breast cancer-specific 

survival (HR of death from breast cancer = 1.65, 95% CI; 1.11 to 2.46, P = .013). There was 

no association between race and survival for women with TN or HER2-positive disease. 

However, the study was not able to separate the effect of race from socioeconomic factors. 

Albain reported similar findings in a secondary analysis of women participating in a series 

of randomized trials of adjuvant therapy for breast cancer conducted by the Southwest 

Oncology Group [39]. The authors reported the largest disparity existed between black and 

white women with ER-positive breast cancer (HR for death=1.74 and 1.61 for pre-and 

postmenopausal women, resp.). The association of poor survival with black race persisted 

after limited adjustment for socioeconomic factors (education and income). There is 

substantial evidence of differential adherence to oral hormonal treatment by race [8, 41, 42] 

and the aforementioned studies were not able to account for this potential contributor to 

survival disparities.

These studies are also consistent with the hypothesis that hormone-dependent breast cancers 

arising in black women are more resistant to treatment than tumors from their white peers. 

There is evidence from gene expression profiling studies that black women with ER-positive 

breast cancer overall have biologically more aggressive disease than white women [43]. 

With respect to potential biological mechanisms, these studies could not distinguish between 

differences in tumor aggressiveness vs. resistance to treatment as a mechanism contributing 

to poor outcomes in black women with ER-positive disease. Our study adds to the existing 

literature by adjusting for key potential confounders, including a measure of tumor 

aggressiveness (tumor grade), treatment, and robust adjustment for socioeconomic factors. 

This analysis provides support for the hypothesis that differential sensitivity to treatment 

contributes to the survival disparity that exists between black and white women with 

hormone-dependent breast cancer, and provides strong rationale for laboratory studies to 

elucidate mechanisms of resistance at the cellular and molecular levels in an effort to 

understand and ameliorate racial disparities in survival.

There is mounting evidence suggesting that biologic mechanisms are activated in “favorable 

prognosis” tumors such as ER-positive/Luminal A subtype breast cancers arising in black 

woman, arming those tumors with greater metastatic potential or intrinsic resistance to 

endocrine treatment when compared to their white counterparts [39, 40]. Nonetheless, the 

mechanisms of resistance to endocrine therapy that promote tumor recurrence in ER-positive 

early breast cancer are poorly understood. Emerging evidence suggests several potential 

avenues of investigation for exploring the molecular basis of the putative higher rate of 

endocrine resistance in black breast cancer patients. Gain-of-function mutations in the ligand 
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binding domain of the ESR1 gene, which encodes for ER alpha, are now known to represent 

a mechanism of acquired resistance to endocrine therapy in metastatic breast cancer [44]. 

Genomic alterations in ESR1 are an uncommon finding in primary tumors, but are seen 

frequently in tumors following endocrine treatment [45]. The emergence of ESR1 mutant 

clones during adjuvant endocrine treatment could promote recurrence and could be explored 

as a possible biologic mediator of racial disparities.

Evidence suggests that other pathways and mechanisms could contribute to tumors that 

respond poorly to endocrine therapy. For example, Aurora Kinase B appears to play an 

important role in tamoxifen resistance [46], raising the possibility that differential activation 

of the Aurora Kinase B pathway observed between black and white patients may mediate the 

higher rate of endocrine resistance seen in black patients with ER-positive breast cancer 

[47]. Likewise, increased expression of the CRYBB2 gene in luminal breast cancers from 

African American compared to Caucasian patients may also play a role [48, 49]. While the 

role of CRYBB2 in oncogenesis is unknown, gene knock-out studies in mice have revealed 

an important role for CRYBB2 in estrogen-regulated pathways [50], making this an 

attractive candidate for further study. Another gene of interest is SQLE, which encodes for a 

key enzyme in the cholesterol biosynthetic pathway. SQLE expression is associated with 

race in Luminal A breast cancers, and high expression is associated with higher mortality in 

black women [48]. Moreover, there is no differential expression of SQLE transcripts in 

normal breast tissue, suggesting that this reflects a biologically relevant difference between 

Luminal tumors arising in black and white women rather than racial variation in gene 

expression at the population level. Mechanistically, SQLE could contribute to poor 

therapeutic response by altering local oxysterols levels, which have been shown to promote 

metastatic breast cancer [51]. Hyperactivation of the FoxM1 transcription factor is a key 

transcriptional hub in basal breast cancer [52]. Emerging evidence suggests that FoxM1 

expression is also a strong predictor of poor survival in hormone-dependent breast cancer 

[53, 54] and promotes resistance to endocrine treatment. These findings provide rationale for 

studying FoxM1 as a potential mechanism of resistance to endocrine therapy among black 

women with ER-positive breast cancer.

Conclusion

While inequities exist along the breast cancer care continuum that have led to disparities in 

survival for women of color who are diagnosed with breast cancer, it is becoming apparent 

that biologic factors also contribute to the problem and that cancer biologists should play a 

more prominent role in cancer disparities research if we are to maximize true equity in 

breast cancer care. Our findings should stimulate basic and translational scientists to pursue 

disparities research in order to elucidate the underlying mechanisms of resistance and to 

develop effective treatment strategies.
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FIGURE 1. 
Kaplan Meier estimates for the black, white breast cancer survival disparity, separately for 

ER/PR positive and ER/PR negative breast cancer patients. Panel A: There were 39 breast 

cancer deaths among 482 ER/PR positive patients; the p-value (log rank test) for the black-

white disparity < 0.0001. Panel B: There were 25 breast cancer deaths among 120 ER/PR 

negative patients; the p-value (log rank test) for the black-white disparity = 0.89.
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Table 1

Definition of treatment variables according to source of information in the Breast Cancer Care in Chicago 

study

Radiation, Chemotherapy or 
Hormone Therapy Treatment Offered/Recommended Initiated

In-Person Interviews Were you offered [treatment] or was it suggested that 
you accept this treatment? Yes/No

If patient agreed to have [treatment]: Have 
you begun [this treatment] yet? Yes/No

Medical Record Abstraction
Evidence that [this treatment] was recommended (e.g. 
documented receipt, treatment plan or provider note)? 
Yes/No

Evidence that [treatment] was initiated (e.g. 
start date, type, dose)? Yes/No

Illinois State Cancer Registry

Recommendation coded as “Yes”: Treatment 
administered; Not administered (as part of first source) 
but recommended; Not administered but recommended 
it and was refused; Recommended, but unknown if 
administered. Recommendation coded as “No”: Not 
administered-not part of first course; Not administered-
contraindicated.

Treatment initiation coded as “Yes”: 
Treatment was administered; Initiation coded 
as “No”: Not administered-not part of first 
course; Not administered-contraindicated; 
Not administered-patient died; Not 
administered (as part of first source) but was 
recommended; Not administered but 
physician recommended it and was refused.

Final Treatment Variable “Yes” if yes according to any of the 3 sources, 
otherwise No.

“Yes” if yes according to any of the 3 sources, 
otherwise No.
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Table 2

Differences in patient, clinical, tumor, and treatment-related characteristics by race among 482 patients 

diagnosed with ER/PR positive breast cancer in the Breast Cancer Care in Chicago study (2005–2008)

N White (N=264) % Black (N=218) %

Age at diagnosis

 <50 136 30 26

 50–59 146 31 30

 60–79 200 39 44

Education <0.0001

 <12 45 4 16

 12 97 13 28

 >12 338 82 56

Income <0.0001

 <20,000 96 10 32

 <75,000 217 36 56

 >75,000 156 49 12

Concentrated affluence <0.0001

 <1 SD below mean 26 1 11

 Within 1 SD of mean 332 57 83

 >1 SD above mean 124 42 6

Concentrated disadvantage <0.0001

 <1 SD below mean 91 33 1

 Within 1 SD of mean 295 66 56

 >1 SD above mean 96 1 43

Family History Breast Cancer

 None 360 72 78

 Weak 83 18 17

 Strong 33 8 6

Parity <0.0001

 Parous 354 61 89

 Nulliparous 128 39 11

Body Mass Index <0.0001

 Normal 166 48 18

 Over 136 24 34

 Obese 177 27 48

Insurance <0.0001

 None 36 4 11

 Public 70 4 27

 Private 376 92 61

Last clinical exam 0.0002

 Within two years 371 83 69

 Longer/never 111 17 31
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N White (N=264) % Black (N=218) %

Mode of detection 0.005

 Screening 270 62 49

 Symptoms 212 38 51

Tumor grade 0.09

 Low 114 28 19

 Moderate 204 41 44

 High 142 28 31

Stage at diagnosis 0.16

 0 (in-situ) 297 64 58

 1 130 26 28

 2–4 48 9 11

Radiation 0.05

 Not recommended 113 22 26

 Recommended1 79 13 20

 Initiated2 290 65 54

Chemotherapy 0.005

 Not recommended 249 58 44

 Recommended1 39 7 9

 Initiated2 194 35 46

Hormone Therapy 0.01

 Not recommended 72 10 21

 Recommended1 151 33 29

 Initiated2 259 56 50

P-values >0.2 are suppressed.

1
Recommended but not initiated by the patient.

2
Evidence that the treatment was initiated
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Table 3

Associations of patient, clinical, and tumor, and treatment-related characteristics with death from breast cancer 

within 5 years of diagnosis, for 30 deaths among 482 ER/PR positive breast cancer patients.

N BC Death % P-Value

Race <0.0001

 White 264 2

 Black 218 11

Age at diagnosis

 <50 136 6

 50–59 146 8

 60–79 200 5

Education 0.08

 <12 45 9

 12 97 10

 >12 338 5

Income 0.13

 <20,000 96 9

 <75,000 217 6

 >75,000 156 4

Concentrated affluence 0.06

 <1 SD below mean 26 8

 Within 1 SD of mean 332 8

 >1 SD above mean 124 2

Concentrated disadvantage 0.08

 <1 SD below mean 91 2

 Within 1 SD of mean 295 7

 >1 SD above mean 96 8

Family History Breast Cancer

 None 360 6

 Weak 83 10

 Strong 33 3

Parity 0.02

 Parous 354 8

 Nulliparous 128 2

Body Mass Index 0.07

 Normal 166 5

 Over 136 9

 Obese 177 10

Insurance 0.07

 None 36 14

 Public 70 7

 Private 376 5
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N BC Death % P-Value

Last clinical exam 0.003

 Within two years 371 4

 Longer/never 111 13

Mode of detection <0.0001

 Screening 270 1

 Symptoms 212 12

Tumor grade 0.002

 Low 114 3

 Moderate 204 4

 High 142 11

Stage at diagnosis <0.0001

 0 (in-situ) 297 1

 1 130 9

 2–4 48 25

Radiation 0.01

 Not recommended 113 5

 Recommended1 79 16

 Initiated2 290 7

Chemotherapy <0.001

 Not recommended 249 3

 Recommended1 39 10

 Initiated2 194 14

Hormone Therapy 0.15

 Not recommended 72 14

 Recommended1 151 7

 Initiated2 259 7

P-values >0.2 are suppressed
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Table 4

Hazard ratios for breast cancer death comparing black to white patients with ER/PR positive tumors after 

adjusting for patient characteristics and tumor grade.

N HR 95% CI P-Value

Model adjusted for

 Age 482 4.29 (2.03, 9.06) <0.0001

 Age and patient characteristics1 461 4.84 (1.81, 12.9) 0.002

 Age, stage and tumor grade 455 4.76 (1.95, 11.6) 0.001

 Age, stage, grade and patient characteristics 436 7.10 (2.28, 22.0) 0.001

 Age, stage, grade, and treatment variables2 455 4.39 (1.76, 10.9) 0.001

1
Education, income, tract disadvantage and affluence, family history of breast cancer, mode of detection and history of clinical breast exam.

2
Controlling for a single variable representing all cross-classifications of radiation, chemotherapy and hormone therapy initiation.
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