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Abstract

Background—Black women often present with advanced-stage breast cancer compared with
White women, which may result in the observed higher mortality among Black women. Age-
related factors (e.g., comorbidity) also affect mortality. Whether racial disparities in mortality are
evident within age and/or stage groups has not been reported, and risk factors for greater mortality
among Black women are not well defined.

Methods—Using the 1988-2003 Surveillance, Epidemiology, and End Results (SEER) Program
data, we conducted a retrospective, population-based cohort study to compare overall and stage-
specific breast-cancer mortality between Black and White women within each age (<40, 40-49,
50-64, and 65+) and stage (stage 0-IV and unstaged) group at diagnosis. Cox regression models
calculated unadjusted and adjusted hazard ratios (HR) and 95% confidence intervals (Cl), the
latter controlling for potential confounders of the relationship between race and survival.

Results—In the 1988-2003 SEER data, 20,424 Black and 204,506 White women were
diagnosed with first primary breast cancer. In unadjusted models, Black women were more likely
than White women to die from breast cancer (HR: 1.90, 95% CI: 1.83-1.96) and from all causes
(HR: 1.52, 95% CI: 1.48-1.55) during follow-up. In models stratified by age and stage, Black
women were at increased risk of breast-cancer-specific mortality within each stage group among
women <65 years.

Conclusion—Racial disparities in breast-cancer-specific mortality were predominantly observed
within each stage at diagnosis among women <65 years old. This greater mortality risk for Black
women was largely not observed among women =65 years of age.
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INTRODUCTION

Breast cancer is the most common noncutaneous malignancy in American women and
affects approximately one in eight women over the course of her lifetime (1). Despite overall
improvements in breast cancer survival since the early 1990s, Black women with breast
cancer are still more likely to die within five years of diagnosis than their White counterparts
(1, 2). Numerous epidemiological studies have shown that Black women are more likely to
be diagnosed at younger ages, at more advanced stages, with higher grade and larger tumor
size, with greater nodal involvement, and with a higher proportion of hormone receptor
negative tumors (2—7). The most important prognostic factor appears to be stage at
diagnosis, and many studies have attributed racial differences in survival to more advanced
stage at diagnosis among Black women (3-5, 8). While this may explain differences in
overall survival rates, there appear to be racial disparities in survival even within stage (5).

Several factors might account for the stage-specific disparity in survival between Black and
White women, including differences in distribution of comorbid conditions or other
competing risks (9), differences in biologic characteristics of the tumor (3, 7), differences in
treatment received (10, 11), lack of access to care (12) or inadequate follow-up after
abnormal screening mammography or treatment (13, 14), and overall differences in income
and insurance coverage (15). Given that there are significant differences by age in the
prevalence of comorbid conditions, in insurance coverage, in access to care, and in
mammography screening recommendations (16), and that survival after breast cancer
diagnosis is dependent on these factors as well as stage at diagnosis, a better understanding
of the role of race, age, and stage in breast cancer survival is needed. It is likely that what
leads to racial disparities in breast cancer outcomes among young women may be different
in specific ways than what leads to racial disparities in outcomes among older women. By
identifying specific subgroups of the population of breast cancer patients that have disparate
survival outcomes, we can target clinical and public health efforts to eliminate the disparities
as well as develop a better understanding of the specific biologic, social and/or behavioral
mechanisms that lead to disparities in survival in different age-race groups.

The objectives of this study were to determine whether disparities in survival between Black
and White women exist within specific age and stage groups, and to determine if there are
any discernable patterns by race in all-cause and breast-cancer-specific mortality across age
and/or stage groups.

METHODS

Study population

We conducted a retrospective, population-based cohort study of women diagnosed with a
first primary breast cancer between January 1, 1988 and December 31, 2003. We analyzed
data from nine registries of the Surveillance, Epidemiology, and End Results (SEER)
Program, including San Francisco-Oakland, Connecticut, Metropolitan Detroit, Hawaii,
lowa, New Mexico, Seattle (Puget Sound), Utah, and Metropolitan Atlanta. We included
only White or Black women being treated for their first primary and only tumor at
presentation (SEER Sequence Number = 00) recorded within the SEER public-use dataset
(N=226,324). We further excluded death-certificate-only or autopsy-only cases (N=1,394).
The total sample used in the analysis was 224,930 women.
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In addition to SEER registry, demographic information included age, race, and marital
status. Age at diagnosis was grouped into < 40 years, 40-49 years, 50-64 years and 65+
years to reflect differences in mammography-screening guidelines and access to Medicare.
All women younger than 40 years of age were grouped together, as they represent a special
high-risk population for which routine mammography screening is currently not
recommended (16, 17). As described in the previous section, we included only women who
were recorded as “Black” or “White” in the SEER registry. Marital status was grouped as
married, not married (includes single, divorced, separated, widowed), or unknown.

Breast tumors were classified by stage at diagnosis (AJCC categories of Stage 0, I, II, 111, IV
and unstaged), size (in cm), grade (1, I1, 111, or unknown), and estrogen receptor (ER) and
progesterone receptor (PR) status (positive, negative, or unknown), as well as laterality (left,
right, or bilateral with unknown lateral origin and stated to be a single primary/unknown),
and nodal involvement (yes or no). Tumor size was categorized for the analysis as <2 cm, 2—
5 cm, >5-10 cm, >10-25 cm, diffuse/widespread, or unknown.

Treatment characteristics were classified by receipt of surgery and receipt of radiation
therapy. Two SEER variables, “site-specific surgery” (for 1983-1997 records) and “surgery
of the primary site” (for 1998-2003 records), were recoded to form a single, dichotomous
variable categorizing women as receiving or not receiving any surgery on the primary site.
Patients who received any type of surgical resection of the primary breast tumor (e.qg.,
mastectomy or partial mastectomy) were categorized as having had surgery. Patients who
did not receive any formal resection of their primary tumor or who only underwent breast
biopsies for tissue diagnosis were categorized as not having surgery. Women whose surgery
status was not recorded were categorized as ‘unknown’. Patients were categorized as having
received or not received radiation therapy (including external-beam radiation, radioactive
implants, radioisotopes, or other radiation). Margin status after primary tumor resection,
location of and surgery on metastatic disease sites, and use of chemotherapy or hormonal
therapy were not recorded in the SEER database.

Survival time was calculated in the SEER dataset using the date of diagnosis and one of the
following: date of death, date last known to be alive, or date used as cut-off for this datafile
(December 31, 2003). Survival time was recorded in months and years; we used these data
to compute survival in months. Vital status was present in the SEER dataset as “dead” or
“alive.” We also determined whether death was due to breast cancer or other causes using
the “Cause of Death” recode variable in SEER (26000 for breast cancer). Breast-cancer-
specific mortality was compared with being alive at the end of follow-up, lost to follow-up,
and having died of other causes.

Statistical analyses

Chi-square tests were used to compare the distribution of patient demographic, tumor
characteristics, and treatment characteristics between Black and White women within each
age group. Cox regression models were generated to describe the relationship between race
and risk of death among women by age and stage at diagnosis and to account for differences
in follow-up/survival time; these models were used to calculate hazard ratios (HRs) and 95%
confidence intervals (95% CIs). Separate models were generated for the outcomes of all-
cause mortality and breast-cancer-specific mortality. We report both crude (cHR) and
adjusted hazard ratios (aHR), the latter controlling for potential confounders of the
relationship between race and survival Potential confounders were selected a priori based
upon the scientific literature regarding variables associated with racial disparities in survival.
In the event that a specific model did not converge, we used data-based methods to select
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potential confounders based on their specific relationships with both race and survival
within this dataset. Death during the study period was the event of interest, and persons who
were lost to follow-up during the study period or were still alive at the end of the study
period (December 31, 2003) were considered censored. P values <0.05 were considered to
be statistically significant. All analyses were conducted using SPSS 13.0™ statistical
software.

Description of the study population

Characteristics of the study population, including demographics, tumor characteristics,
treatment characteristics, and survival outcomes are summarized in Table 1. A total of
224,930 Black or White women with a first primary (and only) occurrence of breast cancer
diagnosed between 1988 and 2003 were included in the analysis. Of these, 9.1% (n=20,424)
of the sample was Black. In addition, 6.2% was < 40 years of age, 19.4% was 40-49 years,
33.2% was 50-64 years, and 41.2% was 65+ years of age at diagnosis. Black women were
more likely than White women to be diagnosed in the < 40 (10.8% vs. 5.7%) and 40-49
(24.6% vs. 18.9%) age groups, while White women were more likely to be diagnosed in the
65+ age group (42.2% vs. 31.1%) (p<0.001). Within each age group, Black women were
more likely to be unmarried, diagnosed at a more advanced stage, have larger tumors, higher
grade tumors, and positive lymph nodes compared with White women (p<0.001 for each).
Black women were less likely to have ER-or PR-receptor positive tumors and less likely to
have received surgery or radiation therapy than White women (p<0.001 for each).

Overall and breast-cancer-specific mortality

A total of 56,773 women died of all causes and 28,802 (51%) died of breast cancer. Across
all age groups, a greater percentage of Black women died due to all causes and due to breast
cancer specifically compared to White women (Table 1 and Figures 1-6). Interestingly, in
each of the <65 age groups, Black women were more likely to die of other causes (although
mortality due to other causes was generally uncommon in both racial groups in women <65
years of age), but there was no significant racial difference in mortality due to other causes
among women in the 65+ age group. Overall, for all age and stage groups combined, the
crude risk of death due to all causes and the crude risk of death due to breast cancer
specifically was higher in Black women compared to White women [cHRgji-cause = 1.52
(95% CI 1.48-1.55); cHRpreastcancer = 1.90 (95% CI 1.83-1.96)].

Racial disparities in all-cause and breast-cancer-specific mortality by age and stage

Crude and adjusted hazard ratios for the associations between race and risk of death for all-
cause mortality and for breast-cancer-specific mortality are provided by age and stage in
Table 2. The aHR are presented in bold font in the table.

In unadjusted and adjusted models, Black women were at increased risk of both all-cause
mortality and breast-cancer-specific mortality at each stage among women <65 years of age.
In the 65+ age group, Black women diagnosed with in situ or stage Il breast cancer were at
greater risk of dying from breast cancer than White women diagnosed at the same stage of
disease. The disparities in survival between Black and White women in the 65+ age group
for all other stages were not statistically significant.

DISCUSSION

Even as recent studies indicate that the overall rate of breast cancer mortality is declining
nationwide, socioeconomic and racial disparities not only persist but are, in fact, worsening
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(18). Chu et al. (19) recently examined racial and ethnic disparities in cancer survival by
measuring excess cancer burden and trends in cancer rates for nine cancer sites, including
breast. Racial disparities in cancer mortality continued to increase during the 1995-2000
time period compared to the 1990-1994 time period (calculated as a ratio of the average
annual cancer mortality rate for 1995-2000 relative to the rate for 1990-1994) for colorectal
cancer, prostate cancer, and breast cancer for each racial/ethnic minority (19).

The greater likelihood that Black women are diagnosed with late-stage disease has been
shown to be a major contributor to their lower survival rates (2-5, 10). The reasons for this
phenomenon are likely complex and multifactorial. Some have attributed racial differences
in stage at diagnosis to racial differences in the utilization of mammography screening (20).
Smith-Bindman et al. (20) found that 34% of African-American women received inadequate
mammographic screening prior to their diagnosis of breast cancer. When they stratified their
analysis by frequency of previous mammography screening, the observed greater likelihood
of being diagnosed with advanced cancers among African-American women compared with
White women was attenuated or eliminated. In contrast, other surveys have found only small
differences in mammography use between White and non-White women (21, 22), and in
their analysis of Behavioral Risk Factor Surveillance System data, Schootman et al. (12)
reported that, by 2000, racial/ethnic disparities in the prevalence of mammography
utilization had disappeared. However, these latter studies were based on self-reported
mammography screening and inquired only about recent use, not adherence to
recommended screening guidelines over time. Self-reported data about mammography
screening are prone to recall bias, particularly among low-income African-American women
(23). Inadequate diagnostic follow-up after abnormal screening results also might result in a
delay in presentation (13) resulting in a late-stage diagnosis.

Although the overall impact of mammography screening on stage at diagnosis is not
discernible using the SEER data, we observed that Black women were more likely to be
diagnosed with late-stage breast cancer compared with White women and that this
difference was seen across all age groups, including women <40 years (who are not likely to
have routine screening mammography) and women >40 years (who are recommended to
undergo yearly screening mammography). However, we did observe that the percentage of
women, both Black and White, who were diagnosed at Stage Il or 111 generally decreased as
age increased (more women diagnosed at Stage 1) which may indicate that older women in
both racial groups are more likely to get screened than their younger counterparts. Despite
the finding that Black women are more likely to be diagnosed at more advanced stage, late
stage at diagnosis alone does not account for the differences in breast-cancer-specific
mortality between Black and White women. For the most part, Black women <65 years of
age were more likely to die from their breast cancer within each stage of disease and within
each age category. This disparity was attenuated and of borderline significance among
women with stage | breast cancer in the 50-64 age group. Among women >65 years of age,
Black women were at greater risk of dying from breast cancer compared with White women
if diagnosed with in situ or stage Il breast cancer but not at other stages of disease. For older
women diagnosed with stage 111 or IV disease, in particular, one might expect an extremely
poor clinical prognosis regardless of race, and with the greater likelihood of co-morbidities
in the face of regional or metastatic disease, a racial disparity in survival outcomes would
not be expected. Unfortunately, comorbidity information is not available in the SEER
database, therefore we could not include comorbidity in our analysis. Information about
comorbid conditions is available in the SEER-Medicare linked data, though analysis would
be limited to patients >65 years old.

Socioeconomic status and health insurance coverage also have been shown to be an
important factor in cancer disparities (12-15). Socioeconomic status impacts not only access
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to cancer screening programs, but can also affect access to optimal treatment and follow-up.
Socioeconomic barriers can exist at the patient, provider, and health system levels and are
pervasive among racial and ethnic minorities because of existing public health policies that
impact populations of lower educational attainment, lower rates of employment, and reduced
health insurance coverage (24, 25). Patient factors include perceived lack of urgency,
competing health or other problems, lack of time, and cancer fear and anxiety (26). Kerner
et al. (27) found that Black women with high cancer anxiety were 50% less likely to
complete a diagnostic evaluation within 90 days compared with Black women with lower
cancer anxiety scores. Physician behaviors and quality of care also can contribute to
disparities in breast cancer mortality, and minority women are more likely to receive a
course of surgical and radiation treatment that does not meet the 2000 National
Comprehensive Cancer Network standards (28). Indeed, we observed in these SEER data
that Black women in each age group were less likely to have had surgical excision of their
breast cancer (Table 1). Finally, health system barriers, including patient self-pay costs, lack
of access to a primary care physician, and complex treatment schedules lead to
fragmentation of care and worse outcomes among racial and ethnic minorities (29).
Although we were unable to account for these specific factors in the current study, future
research might be designed to measure their contribution to poorer survival among Black
women within each stage at diagnosis.

Tumor characteristics certainly play a role in breast-cancer survival. Black women are more
likely than White women to have breast cancers with unfavorable biologic parameters,
including negative ER and PR status, high nuclear grade, and high S-phase fraction (3, 7).
Our results corroborate these findings across all age categories. Gene expression analysis
has identified several breast cancer subtypes, including basal-like, human epidermal growth
factor receptor-2 positive/estrogen receptor negative (HER2+/ER—), luminal A, and luminal
B (30). These subtypes differ markedly in prognosis and in the repertoire of therapeutic
targets they express, with the luminal A subtype having the best prognosis (31). The basal-
like subtype has been associated with poor clinical outcome, which is likely attributable to
its high proliferative capacity, as well as the lack of directed therapies since basal-like
tumors do not typically express ER or over-express HER2 (31). Carey et al. (32) recently
examined the prevalence of breast cancer subtypes within racial and menopausal subsets in
496 incident cases of invasive breast cancer from the Carolina Breast Cancer Study. The
basal-like breast cancer subtype was more prevalent among pre-menopausal African-
American women compared with post-menopausal African-American women and non-
African-American women of any age, whereas the luminal A subtype was less prevalent
(32). This finding could account for our observed disparities in breast-cancer-specific
mortality, especially in the <40 year group where the rate of ER/PR negative tumors was
highest.

One of the most interesting findings of our analysis was that our highest within-stage
disparity in breast-cancer-specific mortality was observed between Black and White women
with early-stage breast cancer. The adjusted hazard ratios were highest in the 40-49 age
group with in situ disease. Although the absolute proportions of patients dying with in situ
disease are small (Figure 1), this is still likely to be clinically relevant given that 15-20% of
all mammographically detected cancers are ductal carcinoma in situ (33). The reasons for
this disparity in survival for non-invasive breast cancer are not clearly known. Pocock et al.
(34) found that Black women with ductal carcinoma in situ were 64% more likely to
undergo a delay to surgery (>50 days) compared with White women. Joslyn (35) analyzed
women with ductal carcinoma in situ in the 1973-2000 SEER database and found that Black
and Asian/Pacific island women were significantly more likely to receive breast
conservation surgery, although Black women were less likely to receive follow-up radiation
therapy. This translated to a significantly increased risk of death for Black women (35).
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Black women in our study were less likely to undergo radiation therapy compared to White
women across all age categories, and this could contribute to the survival disparity for in situ
and early-stage invasive disease, since the increased local recurrence rate after lumpectomy
without radiotherapy translates to a decrease in 15-year survival (36).

Suboptimal systemic treatment also may account for the poorer survival observed in Black
women with early-stage disease. Hershman et al. (37) analyzed the association of early
systemic treatment termination and treatment duration with all-cause mortality in patients
with stage | and |1 breast cancer. A substantial fraction (28%) of women with early-stage
breast cancer terminated their chemotherapy prematurely, and that early termination was
associated with Black race and poorer survival (37). One major limitation of our study is the
inability to control for variations in systemic treatment regimens. Types of systemic
regimens, receipt of fewer than the expected number of cycles, and delay in receiving the
expected number of cycles could potentially account for the observed racial disparities in
survival, but the SEER program does not collect this type of information.

In spite of this lack of potentially relevant information in the SEER database, our analysis,
which controlled for several variables associated with survival, demonstrated significantly
poorer survival for Black women <65 years of age at all stages of disease within each age
group. The differences were most pronounced for younger women with early-stage disease,
and this should be the focus of future prospective studies. A better understanding of the
patient, physician, tumor, and treatment factors contributing to the disparity in survival
outcomes between Black and White women may lead to interventions that reduce racial
disparities in breast cancer survival.
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Figure 1.

Proportion of women with In Situ breast cancer who died of breast cancer, by age and race,
SEER, 1988-2003.
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Figure 2.

Proportion of women with Stage | breast cancer who died of breast cancer, by age and race,
SEER, 1988-2003.
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Figure 3.
Proportion of women with Stage Il breast cancer who died of breast cancer, by age and race,
SEER, 1988-2003.
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Figure 4.

Proportion of women with Stage 111 breast cancer who died of breast cancer, by age and
race, SEER, 1988-2003.
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Fig 5.
Proportion of women with Stage IV breast cancer who died of breast cancer, by age and
race, SEER, 1988-2003.
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Proportion of women with Unstaged breast cancer who died
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Table 2

Page 19

Crude and Adjusted” Hazard Ratios and 95% Confidence Intervals for the Relationship of Race (Black vs.
White) with All-cause and Breast Cancer-specific Mortality by Age and Stage, 1988-2003 SEER.

All-cause Mortality

(1.29-2.74)

(1.17-2.07)

<40yrs 40-49 yrs 50-64 yrs 65+ yrs
Stage at Diagnosis
In Situ 1.59 (0.61-4.17) 1.31 3.46 (2.13-5.63) 3.42 2.99 (2.30-3.88) 2.61 1.39 (1.20-1.62) 1.27
(0.49-3.51) (1.98-5.92) (1.96-3.47) (1.09-1.49)
| 2.01 (1.49-2.70) 2.01 2.64 (2.19-3.19) 2.19 1.84 (1.60-2.12) 1.43 1.14 (1.05-1.24) 1.00
(1.44-2.82) (1.78-2.70) (1.23-1.66) (0.91-1.09)
1l 1.48 (1.30-1.68) 1.45 1.81 (1.64-1.99) 1.53 1.65 (1.53-1.79) 1.39 1.29 (1.20-1.38) 1.13
(1.26-1.68) (1.37-1.70) (1.27-1.52) (1.05-1.21)
1 1.67 (1.39-2.01) 1.70 1.83 (1.58-2.12) 1.48 1.80 (1.59-2.03) 1.59 1.32 (1.19-1.47) 1.09
(1.35-2.13) (1.26-1.74) (1.39-1.83) (0.97-1.22)
v 1.72 (1.37-2.15) 1.56 1.40 (1.20-1.64) 1.23 1.38 (1.24-1.55) 1.23 1.10 (0.99-1.21) 0.95
(1.23-1.98)"" (1.02-1.48) (1.08-1.39) (0.85-1.06)
Unstaged 2.38 (1.78-3.20) 1.88 2.11 (1.68-2.66) 1.56 2.49 (2.10-2.97) 1.80 1.13 (1.01-1.27) 0.93

(1.48-2.19)

(0.82-1.05)

Breast-Cancer-specific Mortality

Stage at Diagnosis

(1.40-3.14)

(1.05-1.96)

In Situ 2.16 (0.45-10.42) 1.42 4.31(1.77-10.48) 7.25 2.83 (1.25-6.44) 3.07 2.22 (1.25-3.91) 2.26
(0.29-7.02) (2.52-20.80) (1.23-7.68) (1.21-4.21)

| 2.03 (1.48-2.80) 2.08 2.30 (1.83-2.90) 1.90 1.74 (L40-2.17) 1.25 1.45 (119-1.77) 1.21
(1.45-2.98) (1.47-2.46) (0.99-1.58) (0.99-1.49)

I 1.44 (1.26-1.64) 1.44 1.69 (1.52-1.88) 1.44 1.56 (1.42-1.72) 1.34 1.44 (1.29-1.60) 1.20
(1.24-1.67) (1.28-1.62) (1.21-1.49) (1.07-1.34)

11 1.52 (1.25-1.85) 1.53 1.81(1.54-2.11) 1.43 1.73(1.51-1.97) 1.54 1.38 (1.21-1.58) 1.09
(1.20-1.95) (1.21-1.71) (1.33-1.79) (0.94-1.27)

v 1.66 (1.31-2.11) 1.50 1.44 (1.23-1.70) 1.26 1.39 (1.24-1.56) 1.24 1.06 (0.95-1.18) 0.95
(1.17-1.93)"" (1.03-1.53) (1.08-1.41) (0.84-1.07)

Unstaged 2.49 (1.82-3.41) 2.10 2.01 (1.56-2.60) 1.43 2.73 (2.22-3.35) 1.86 1.26 (1.07-1.48) 1.07

(1.47-2.36)

(0.89-1.27)

Note. Adjusted hazard ratios are presented in bold font.

*
All models are adjusted for marital status, SEER registry, tumor size, tumor grade, node involvement, ER status, PR status, receipt of radiation
treatment, and receipt of surgery unless otherwise noted

Fk

Adjusted for marital status and SEER registry only, because model failed to converge with other covariates added
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