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Abstract

Purpose: Differences in tumor biology, genomic architecture, and health care delivery patterns
contribute to the breast cancer mortality gap between White and Black patients in the US.
Although this gap has been well documented in previous literature, it remains uncertain how large
the actual effect size of race is for different survival outcomes and the four breast cancer subtypes.

Methods: We established a breast cancer patient cohort at the University of Chicago
Comprehensive Cancer Center. We chose five major survival outcomes to study: overall survival,
recurrence-free survival, breast-cancer-specific survival, time-to-recurrence and post-recurrence
survival. Cox proportional hazards models were used to estimate the hazard ratios between Black
and White patients, adjusting for selected patient, tumor and treatment characteristics, and also
stratified by the four breast cancer subtypes.

Results: The study included 2795 stage I-111 breast cancer patients (54% White and 38% Black).
After adjusting for selected patient, tumor and treatment characteristics, Black patients still did
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worse than White patients in all five survival outcomes. The racial difference was highest within
the HR-/HER2+ subgroup, in both overall survival (hazard ratio = 4.00, 95% CI: 1.47-10.86) and
recurrence-free survival (hazard ratio = 3.00, 95% CI: 1.36-6.60), adjusting for age at diagnosis,
cancer stage and comorbidities. There was also a significant racial disparity within the HR+/
HER2- group in both overall survival and recurrence-free survival.

Conclusions: Our study confirmed that racial disparity existed between White and Black breast
cancer patients in terms of both survival and recurrence, and found that this disparity was largest
among HR-/HER2+ and HR+/HER2- patients.
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INTRODUCTION

Breast cancer continues to be the most common malignancy and remains the second leading
cause of cancer death among women in the US [1]. Despite the fact that breast cancer
mortality rate has been decreasing, national statistics show that this improvement in survival
mostly favored White patients compared with the other racial groups, with Black patients
still experiencing high mortality rates [1]. To understand the causes of this racial disparity,
previous studies have shown that Black women are more likely to be diagnosed with breast
cancer with poorer prognostic features, such as advanced stage, larger tumor size, and more
comorbidities [2]. Access to care and treatment, and socioeconomic factors are also relevant
[3], and some even argue that if equal treatment were received, equal outcomes would follow

[4].

Despite the many studies conducted to understand the causes of this racial disparity, there
are still unanswered questions on this topic. One important knowledge gap is how racial
disparities differ across the four breast cancer subtypes: HR+/HER2- [estrogen receptor
(ER) or progesterone receptor (PR) positive (together referred as hormone receptor (HR)
positive) and human epidermal growth factor receptor 2 (HER?2) negative]; HR+/HER2+
(ER or PR positive and HER2 positive); HR-/HER2+ (ER and PR negative and HER2
positive); and TNBC (triple-negative breast cancer, ER and PR negative and HER2
negative). Previous studies have already shown that subtypes can contribute to racial
disparity. For example, it is well known that TNBC is the most aggressive breast cancer
subtype and Black women are more likely to have TNBC compared to White women [5-7].
However, whether racial disparity exists within each subtype remains unclear as previous
studies have reported inconsistent findings [6, 8-10].

Another question that has been under-addressed is post-recurrence survival. Several early
studies found that age at recurrence, disease-free-interval (the time from initial diagnoses to
recurrence), recurrence site (local vs. distant), as well as tumor size, axillary lymph node
status and ER/PR status at diagnosis can predict patient survival after disease recurrence
[11-13]. However, very few of them, if any, have investigated whether or not racial
disparities persist in post-recurrence survival and what factors could explain the disparity.
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This study aims to answer these questions by using a multi-ethnic cohort of breast cancer
patients established at the University of Chicago. Through analyzing the clinical and
epidemiological data collected via electronic medical records and interviews, we examined
differences in multiple survival outcomes between non-Hispanic Black (Black) and non-
Hispanic White (White) patients within the four breast cancer subtypes. We also examined
racial differences in post-recurrence survival.

METHODS
Study population

Covariates

The Chicago Multiethnic Epidemiologic Breast Cancer Cohort (ChiMEC) study was
initiated as a hospital-based case-control study designed to investigate high-penetrance
breast cancer susceptibility genes and common genetic variants for breast cancer, and was
continued as a follow-up of the breast cancer cohort. The study protocol was approved by
the institutional review board of the University of Chicago. In brief, patients with breast
cancer diagnosed or treated at the University of Chicago Hospitals were enrolled at the high-
risk clinic since 1992 and the breast center since 2008, with most of them coming from the
Chicago metropolitan area (82.4% of the patients living in Illinois and 12.7% in Northwest
Indiana in the study). Clinical, pathological, and treatment data were collected via electronic
medical records. Epidemiological risk factor data were collected via questionnaire. A
biobank was established, including blood and tumor samples, fresh frozen tissue and
formalin-fixed, paraffin-embedded tumor blocks. The enroliment and follow-up of the
patients are on-going. The flowchart of the study’s inclusion criteria is shown in
Supplemental Figure 1. Of the 4372 breast cancer patients who were diagnosed between
1993 to 2019 and enrolled in the cohort, 3483 had invasive non-metastatic (stage I-111) breast
cancer and were considered for this study. Patients diagnosed before 2000 and those with
missing subtype information were excluded from the analysis. Native American patients and
male patients were also excluded from the analysis because of the small sample size. After
these exclusions, 2795 patients were in the analytical cohort.

Demographic data were collected through survey at baseline and confirmed by medical
records, including race, ethnicity, gender and age at diagnosis. Clinical, pathological, and
treatment data were collected using medical records, including date of diagnosis, year of
diagnosis, AJCC stage, histological grade, statuses of ER, PR, and HER2, chemotherapy,
and radiotherapy. When conducting stratified analysis by subtype, PR status was additionally
adjusted for patients in the two HR+ subtypes. This is because previous literature has shown
that ER+/PR~- tumaors could be associated with poorer survival than ER+/PR+ tumaors,
although they are both classified as HR+ subtypes [14, 15]. The statuses of ER/PR were
based on pathological report. As the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) issued guidelines in 2010, lowering the cutoff point for
ER/PR positivity from 10% positive nuclei to 1% positive nuclei [16], most borderline ER+
or PR+ (1%-9% positive) in this study were classified as positive. Comorbidity status was
represented as Deyo/Charlson comorbidity index [17], which was a cumulative score of 15
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health conditions at date of breast cancer diagnosis. Patient insurance status was defined
using their primary payer information at diagnosis based on the medical records.

Survival outcomes

Patients were followed via several routes including hospital-based cancer registry, records of
clinical visits, and periodic search of National Death Index. Cause of death (COD) was
defined based on the following criteria: A patient was considered as having died of breast
cancer if the patient: 1) had evidence of breast cancer at last follow up and had no other co-
morbidities, 2) had evidence of breast cancer at last follow up and had local/regional or
distant recurrence or no remission, or 3) had distant metastasis and had no other co-
morbidities. A patient was identified as having died from other diseases if the patient 1) had
no evidence of breast cancer at last follow up and had other co-morbidities, 2) had no
evidence of breast cancer at last follow up and had no recurrence or only in situ recurrence.
For other situations, COD was considered as unknown.

We examined five major survival outcomes: 1) overall survival, defined as the time from the
date of diagnosis to the date of death from any causes or date of last follow-up; 2)
recurrence-free survival, defined as the time from the date of diagnosis to the first
appearance of one of the following: invasive recurrence of breast cancer (local, regional or
distant), death from any causes or date of last follow-up; 3) breast-cancer-specific survival,
defined as the time from the date of diagnosis to the date of death due to breast cancer or
date of last follow-up; 4) time-to-recurrence, defined as the time from the date of diagnosis
to the date of recurrence or date of last follow-up; 5) post-recurrence survival, defined as the
time from the date of recurrence to the date of death from any causes or date of last follow-
up. We also examined death-of-other-causes survival, defined as the time from the date of
diagnosis to the date of death due to causes other than breast cancer or date of last follow-up.

Statistical analysis

Baseline tumor, patient and treatment characteristics were compared between racial/ethnic
groups using chi-square tests for categorical variables and analysis of variance for
continuous variables. Cox proportional hazards models were used to estimate the hazard
ratios and the corresponding 95% confidence intervals (CI) between Black and White
patients in overall survival, recurrence-free survival, breast-cancer-specific survival, death-
of-other-causes, time-to-recurrence analysis as well as post-recurrence survival. Selected
patient, tumor and treatment characteristics were sequentially adjusted for to understand
their individual contribution to racial disparities. We also conducted subgroup analyses to
compare the Black and White patients using Kaplan-Meier graphs and Cox models,
stratifying by the four main breast cancer subtypes. Statistical analyses were conducted
using the STATA 16 software package (StataCorp, College Station, TX).

Of the 2795 invasive non-metastatic breast cancer patients analyzed, 1521 (54.4%) were
non-Hispanic White and 1067 (38.2%) were non-Hispanic Black. Given that there were only
121 Asian patients and 86 Hispanic patients, the following analysis will only focus on the
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Black and White patients. The mean age at diagnosis was older for Black (59.6 years) than
White patients (55.5 years) (Table 1). As expected, the percentage of TNBC patients was
much higher among Blacks (25.8%) compared to Whites (14.1%), while the proportion of
HR+/HER2- patients was higher in White (69.8%) compared to Black patients (57.5%). For
other tumor characteristics, compared to Whites, Black patients were more likely to be
diagnosed with a higher grade and at a more advanced stage; while they were not
significantly different in terms of receiving chemotherapy and radiotherapy. In addition,
Black patients were more likely to have higher comorbidity burden, and more likely to rely
on Medicaid and Medicare rather than private insurance.

The median follow-up time of the cohort was 6.9 years (interquartile range: 3.9-10.5) and
Black and White patients had similar duration of follow-up. Although there was no minimal
amount of follow-up time required for the study, the most recent date of diagnosis for the
patients was October 10, 2019 while the date of last contact was March 11, 2020, providing
us with the opportunity to follow up the patients for a sufficient amount of time. Among the
cases that were alive, 99.8% had a follow-up time of more than 3 months. Overall, 311
patients had recurrent breast cancers and 472 patients died, among which 229 died of breast
cancer. The hazard ratios estimated in Cox proportional hazards models sequentially
adjusting for important patient and tumor characteristics are provided in Table 2. After
adjusting for age at diagnosis, tumor stage, subtype, grade, comorbidities, treatment received
(whether received chemotherapy or not, whether received radiotherapy or not), calendar year
at diagnosis and insurance status, Black patients still had a significantly worse outcome than
White patients in overall survival, recurrence-free survival and breast-cancer-specific
survival. The racial disparity was most severe in breast-cancer-specific survival (adjusted
hazard ratio = 1.66, 95% CI: 1.23-2.24), adjusting for the covariates mentioned above.
Through sequentially adjusting for these characteristics, we found that age at diagnosis,
tumor stage, subtype, comorbidities and insurance status were the most important factors
that contributed to the racial disparity.

Racial disparities in outcomes were found in all molecular subtypes, but the effect sizes
varied. As is shown in Figures 1 and 2, the difference in hazards between Blacks and Whites
was most extreme within the HR-/HER2+ subgroup, in terms of overall survival (hazard
ratio = 4.00, 95% CI: 1.47-10.86) and recurrence-free survival (hazard ratio = 3.00, 95% CI:
1.36-6.60), adjusting for age at diagnosis, cancer stage and comorbidities. After adjusting
for age, stage, comorbidities and PR status (only for the HR+ subtypes), there was a
significant racial disparity within the HR+/HER2- subgroup in overall survival and
recurrence-free survival, while no significant racial disparities in hazards were found for the
HR+/HER2+ and TNBC subgroups. The same pattern in racial disparity was also found in
breast-cancer-specific survival, death-of-other-causes survival, and time-to-recurrence
analysis (Supplemental Figures 2-4).

In the post-recurrence survival analysis for recurrent patients only, we found the existence of
a strong racial disparity in post-recurrence survival (Figure 3). The median survival time for
Black patients after recurrence was 1.8 years (95% ClI: 1.4-3.0), while for White patients it
was 3.6 years (95% ClI: 2.6-5.3), with an unadjusted hazard ratio of 1.55 (95% CI: 1.15—
2.11). Through sequentially adjusting for important patient and tumor characteristics (Table
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3), we found that age at recurrence, recurrence site, disease-free-interval and insurance
status contributed the most in explaining the survival difference between Black and White
recurrent patients. After adjusting for these factors, a weak racial disparity persisted (hazard
ratio= 1.31, 95% CI: 0.93-1.84), although not statistically significant.

Discussion

Based on a cohort of breast cancer patients recruited at the University of Chicago with a
median follow-up time of 6.9 years, we found substantial racial differences between White
and Black patients in overall survival, recurrence-free survival, breast-cancer-specific
survival and time-to-recurrence. We also found racial differences in post-recurrence survival.
Adjusting for selected patient, tumor and treatment characteristics reduced, but did not
eliminate these racial differences. Adjusting for the calendar year at diagnosis (or calendar
year at recurrence in post-recurrence survival analysis) did not make much difference in the
effect size, implying that the treatment improvement over time did not substantially
contribute to reducing racial disparities.

It is noteworthy that, of the survival outcomes examined, the disparity between Black and
White patients was strongest in terms of breast-cancer-specific mortality, while fairly weak
in time-to-recurrence survival. The risk of recurrence is related to the first line treatment
received, while breast-cancer-specific mortality could also be affected by the later lines of
treatments. Therefore, a possible explanation of why the racial disparity was greater in
breast-cancer-specific mortality is that racial disparity has been reinforced through multiple
sequences of treatments. Indeed, we confirmed that racial difference also persisted in post-
recurrence survival. This could be related to difference in treatment quality, adherence to
treatment as well as access to primary care after tumor eradication. This could also explain
why racial difference was greatly reduced after controlling for insurance status in post-
recurrence survival, since insurance status could be viewed as an indicator of the patient’s
socioeconomic status and the quality of treatment they have received.

Another major finding of the study is that the strength of racial differences varied among the
four breast cancer subtypes. In terms of both overall survival and recurrence-free survival, a
significant disparity was found within the HR+/HER2- group while not in the HR+/HER2+
group. This is consistent with what was shown in previous literature [6, 8-10]. The study
also found no significant racial differences within the TNBC subgroup after adjusting for
age, stage and comorbidities. This is consistent with most previous studies [8, 9]. One large
study using the California Cancer Registry found that significant racial differences in
outcomes existed among stage 111 TNBC patients, although it did not observe any racial
differences among TNBC patients of other stages [6].

The most interesting finding of the study is that a large gap in survival and recurrence risk
was found within HR-/HER2+ patients. Previous studies addressing this question have
conflicting results, with some being consistent with our findings that HR—-/HER2+ patients
experience the largest racial disparity [8], some finding a weak association [10], while some
found no significant racial disparity [6, 9]. A possible explanation to reconcile this is that the
results will be unstable in studies [10] if HR+ and HR— patients were compared without
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further stratifying by HER2 status, as we have shown that racial disparity could be very
different for HR-/HER2+ and TNBC patients. Short follow-up time [6] or small sample size
[9] might also affect a study’s power to observe survival differences.

What are the underlying reasons for racial differences in outcomes among HR-/HER2+ and
HR+/HER2- breast cancer patients to be most severe? Both subtypes can be treated
effectively through targeted therapy [18], suggesting that racial difference may exist in
response to targeted therapy. This could be related to difference in toxicity level -- as
previous research has suggested, Black patients have a higher rate of cardiotoxicity when
undergoing HER2-targeted therapy like trastuzumab compared to White patients [19-21]. In
addition, the response rate to hormonal therapy is also determined by the actual percentage
of ER positivity [22, 23], and studies showed that Black and White patients have
differentiated distributions of ER positivity with immunohistochemistry defined ER+
tumors. One study showed that, among ER-positive patients, “borderline ER+” (patients
with ER-positivity between 1-10%) were more prevalent in Blacks than in Whites (7.2% in
White vs. 13.2% in Black) [23], although no significant racial difference in proportion of ER
positivity was found in some other studies [24, 25]. Nevertheless, even if the proportion of
“borderline patients” were similar, since “borderline ER+” were pathologically
heterogeneous within themselves, Black patients with “borderline ER+” tumors were found
to be associated with poorer endocrine therapy response compared to their White
counterparts [25]. Another explanation lies in the difference in adherence to treatment, since
suboptimal adherence is a major threat to the efficacy of the treatment. Previous literature
has pointed out that in general, Black patients were more likely to be undertreated than
White patients due to various socio-economic reasons like lack of access, financial barriers
and lower trust of the health care system [4, 6, 10, 26]. This is especially a problem in
hormonal treatments like tamoxifen, where the length of a complete course of treatment is 5
years, although whether there is racial disparity in adherence to hormonal treatment
remained unclear [27-29]. Therefore, our next step of research is to further explore the
adherence to treatment for Black and White patients in the ChiMEC cohort using detailed
clinical records.

A major strength of this study is that it established a cohort of breast cancer patients that are
diverse in terms of their racial/ethnic origin. This is of great significance as the cohort has a
fairly large proportion of Black patients, which enable us to investigate the racial disparities
experienced by breast cancer patients and within individual subtypes. In addition, detailed
clinical records have been collected for these patients who have been followed by a fairly
long period of time, providing the study the power to investigate the effects of tumor and
treatment characteristics with both accurate data and also to observe long-term outcomes.

The study had several limitations. First, since we only controlled for insurance status to
represent the patient’s socioeconomic status, it remains unknown what other unmeasured
socioeconomic factors are relevant in explaining the racial disparities. In addition, we were
unable to adjust for any difference in lifestyle factors that could have affected survival
outcomes. Being unable to account for individual socio-economic and lifestyle factors is a
common drawback when the data source is mainly clinical records. Therefore, we also
attempt to collect data on some relevant socio-economic and lifestyle factors through
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interview and surveys. Since this process is still ongoing and not all of the patients in the
study have completed their questionnaires, these epidemiological data will be analyzed in
future studies. Another limitation is that the determination of cause of death was not based
on death certificates, but assigned by the researcher based on the patient’s cancer status at
last follow-up and whether they had other comorbidities. However, even though
misclassification could exist because of the rather conservative way of assignment we are
taking, there is no reason to suspect it to be differentiated between racial groups. Thus,
information bias should not be a major threat to our study. Lastly, the sample size and
number of events within the HR+/HER2+ subgroup and the HR-/HER2+ subgroup are
rather small. This limits the study’s power to detect a statistically significant difference in
hazards between Black and White HR+/HER2+ patients, despite that a difference seems to
exist according to the Kaplan-Meier curves. Meanwhile, the strong racial disparity found
among HR—/HER2+ patients need to be confirmed by further studies of larger sample size
so that more confounders can be adjusted for.

In conclusion, the study showed explicitly that Black breast cancer patients experienced
worse outcomes in terms of both survival and recurrence compared to White patients,
especially for HR-/HER2+ and HR+/HER2- patients. Adjusting for selected patient, tumor
and treatment characteristics reduced, but did not eliminate, this racial disparity. This
implies that future studies should be conducted to assess the role of other biological and
socioeconomic factors that could account for the persistence of this disparity (e.g. access to
care, quality of care) and help in developing intervention methods to close the disparity gap.
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Cox proportional hazards models were used adjusting for age at diagnosis, cancer stage, PR
status and comorbidities in HR+/HER2- and HR+/HER2+ subtypes; adjusting for age at
diagnosis, cancer stage and comorbidities in HR-/HER2+ and TNBC subtype. The adjusted
hazard ratio (95% CI) was 1.56 (1.22-2.00) for HR+/HER2- subtype, 1.42 (0.74-2.70) for
HR+/HER2+ subtype, 4.00 (1.47-10.86) for HR—/HER2+ subtype, and 1.26 (0.84-1.88) for

TNBC subtype.
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Figure 2. Recurrence-Free Survival Curve for Black and White Patients by Breast Cancer

Subtype

Cox proportional hazards models were used adjusting for age at diagnosis, cancer stage, PR
status and comorbidities in HR+/HER2- and HR+/HER2+ subtypes; adjusting for age at
diagnosis, cancer stage and comorbidities in HR-/HER2+ and TNBC subtypes. The
adjusted hazard ratio (95% CI) was 1.53 (1.22-1.91) for HR+/HER2- subtype, 1.04 (0.61-
1.77) for HR+/HER2+ subtype, 3.00 (1.36-6.60) for HR—/HER2+ subtype, and 1.06 (0.75-

1.50) for TNBC subtype.
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Figure 3. Post-Recurrence Survival Curve for Black and White among 311 Patients with
Recurrent Breast Cancer

In Cox proportional hazards models adjusting for age at recurrence, recurrence site, disease-
free-interval, cancer stage, cancer subtype, year at recurrence and insurance status, the
adjusted hazard ratio (95% CI) was 1.31 (0.93-1.84).
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Table 1.

Demographic and Clinical Characteristics of 2795 Breast Cancer Patients in the ChiMEC Cohort by Race and
Ethnicity

Factor White (n=1521) Black (n=1067) Asian (n=121) Hispanic (n=86) p-value
Age at diagnosis, mean (sd) 55.5(12.8) 59.6 (14.2) 50.7 (12.7) 53.4 (14.8) <0.001
Year at diagnosis, mean (sd) 2011.4 (4.7) 2010.6 (4.8) 2011.9 (4.2) 2012.1 (4.5) <0.001
Breast Cancer Subtype <0.001
HR+/Her2— 1062 (69.8%) 613 (57.5%) 81 (66.9%) 59 (68.6%)
HR+/Her2+ 157 (10.3%) 102 (9.5%) 21 (17.4%) 8 (9.3%)
HR-/Her2+ 88 (5.8%) 77 (7.2%) 8 (6.6%) 3(3.5%)
TNBC 214 (14.1%) 275 (25.8%) 11 (9.1%) 16 (18.6%)
PR Status among HR+ patients 0.140
PR- 198 (16.2%) 150 (21.0%) 15 (14.7%) 10 (14.9%)
PR+ 1020 (83.7%) 563 (78.7%) 87 (85.3%) 57 (85.1%)
missing 1(0.1%) 2(0.3%) 0 (0.0%) 0 (0.0%)
Tumor Grade <0.001
1 224 (14.7%) 123 (11.5%) 16 (13.2%) 11 (12.8%)
2 655 (43.1%) 413 (38.7%) 53 (43.8%) 35 (40.7%)
3 462 (30.4%) 434 (40.7%) 38 (31.4%) 30 (34.9%)
missing 180 (11.8%) 97 (9.1%) 14 (11.6%) 10 (11.6%)
Tumor Stage 0.021
1 718 (47.2%) 432 (40.5%) 52 (43.0%) 33 (38.4%)
2 595 (39.1%) 453 (42.5%) 53 (43.8%) 40 (46.5%)
3 208 (13.7%) 182 (17.0%) 16 (13.2%) 13 (15.1%)
Carlson Comorbidity Index <0.001
0 1270 (83.5%) 747 (70.0%) 108 (89.3%) 68 (79.0%)
1 104 (6.8%) 122 (11.4%) 9 (7.4%) 6 (7.0%)
>2 147 (9.7%) 198 (18.6%) 4 (3.3%) 12 (14.0%)
Type of surgery <0.001
Lumpectomy 766 (50.4%) 573 (53.7%) 44 (36.4%) 41 (47.7%)
Mastectomy 723 (47.5%) 430 (40.3%) 74 (61.2%) 43 (50.0%)
No or unknwon 32 (2.1%) 64 (6.0%) 3(2.5%) 2 (2.3%)
Chemotherapy 0.26
No 718 (47.2%) 468 (43.9%) 52 (43.0%) 35 (40.7%)
Yes 803 (52.8%) 599 (56.1%) 69 (57.0%) 51 (59.3%)
Radiotherapy 0.15
No 559 (36.8%) 388 (36.4%) 55 (45.5%) 27 (31.4%)
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Factor White (n=1521) Black (n=1067) Asian (n=121) Hispanic (n=86) p-value
Yes 950 (62.4%) 678 (63.5%) 65 (53.7%) 59 (68.6%)
missing 12 (0.8%) 1(0.1%) 1(0.8%) 0 (0.0%)
Insurance <0.001
Uninsured 6 (0.4%) 4 (0.4%) 0 (0.0%) 1(1.2%)
Any Medicaid 42 (2.8%) 260 (24.4%) 5 (4.1%) 10 (11.6%)
Medicare 377 (24.8%) 374 (35.1%) 19 (15.7%) 20 (23.3%)
Private Insurance 1056 (69.4%) 396 (37.1%) 94 (77.7%) 53 (61.6%)
Other/Unknown 40 (2.6%) 33 (3.0%) 3(2.5%) 2 (2.3%)
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Hazard Ratios between Black and White Patients for Different Survival Outcomes Sequentially Adjusted for
Demographic and Clinical Characteristics among 2795 patients

Variables adjusted in model

Hazard Ratio for Black vs. White (95% CI)

Overall Survival

Recurrence-Free Survival

Breast-Cancer-Specific

Survival

Time-to-Recurrence
Analysis

Unadjusted

Adjusted for age at diagnosis
+ stage
+ subtype
+ grade

+ Carlson comorbidity
index

+ chemotherapy
+ radiotherapy
+ year at diagnosis

+ insurance status

2.14 (1.77-2.58)
1.81 (1.50-2.19)
1.73 (1.43-2.09)
1.63 (1.34-1.97)
1.61 (1.33-1.96)
151 (1.24-1.84)

1.50 (1.24-1.83)
1.53 (1.26-1.86)
1.53 (1.25-1.86)
1.35 (1.10-1.66)

1.85 (1.57-2.19)
1.69 (1.43-2.00)
1.61 (1.36-1.90)
151 (1.27-1.79)
1.49 (1.26-1.77)
1.40 (1.18-1.66)

1.39 (1.17-1.66)
1.41 (1.19-1.68)
1.41 (1.18-1.67)
1.30 (1.08-1.56)

2.31 (1.76-3.03)
2.27 (1.73-2.99)
2.08 (1.58-2.74)
1.83 (1.39-2.42)
1.81 (1.37-2.40)
1.78 (1.35-2.36)

1.77 (1.34-2.35)
1.80 (1.36-2.39)
1.84 (1.39-2.43)
1.66 (1.23-2.24)

151 (1.20-1.91)
1.60 (1.27-2.02)
1.47 (1.16-1.85)
1.32 (1.04-1.67)
1.30 (1.03-1.65)
1.28 (1.01-1.63)

1.28 (1.01-1.63)
1.29 (1.02-1.64)
1.28 (1.01-1.63)
1.23 (0.96-1.59)
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Table 3.

Hazard Ratios between Black and White in Post-Recurrence Survival among 311 Patients with Recurrent
Breast Cancer Sequentially Adjusted for Demographic and Clinical Characteristics
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Variables adjusted in model

Hazard Ratio for Black vs. White (95% CI)

Unadjusted
Adjusted for age at recurrence
+ recurrence site
+ disease-free-interval
+ stage
+ subtype

+ year at recurrence

+ insurance status

1.55 (1.15-2.11)
1.46 (1.07-1.98)
1.58 (1.16-2.15)
1.47 (1.08-2.01)
1.50 (1.09-2.05)
1.51 (1.10-2.06)
1.51 (1.10-2.06)
1.31 (0.93-1.84)
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