
Abstract
Purpose To determine the influence of race on breast

cancer treatment and on recurrence and breast cancer

specific death.

Patients and Methods The study population consisted

of 6,054 African-American or white women who were

diagnosed with breast cancer and received at least one

of the treatments including mastectomy or breast

conservative surgery, radiation, adjuvant chemother-

apy, neo-adjuvant chemotherapy, and adjuvant endo-

crine therapy at M.D. Anderson Cancer Center

between June 1997 and February 2005. The clinical

outcomes were disease-free survival and breast-cancer-

specific survival. Logistic regression analysis was per-

formed to investigate if race was associated with the

selection of each primary treatment while adjusting for

tumor characteristics at diagnosis. Cox proportional

hazards model was used to determine the effect of race

on recurrence-free survival and breast-cancer-specific

survival controlling for tumor characteristics, presence

of co-morbidity conditions and use of these treatments.

Results The use of any primary treatment for breast

cancer was not significantly different by race after

adjusting for tumor characteristics and co-morbidity

conditions. Although tumor characteristics at diagnosis

explained the major differences in clinical outcomes,

race remained an independent prognostic factor for

breast-cancer-specific survival (P = 0.002), and a mar-

ginally significant factor for disease-free survival

(P = 0.063) in multivariate analyses.

Conclusion Equal treatment may not lead to equal

clinical outcomes given similar tumor characteristics at

diagnosis. To reduce racial differences in breast cancer

recurrence and survival, it is important to have a better

understanding of differences in tumor biology by race

and to promote the use of early detection programs

among African-American women.
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Introduction

As the most frequently diagnosed cancer and the sec-

ond leading cause of cancer death among North

American women, breast cancer remains a major

public health concern. Research literature has shown a

disturbing trend of higher breast cancer recurrence rate

and greater mortality among African-American wo-

men compared with white women. Important risk

factors contributing to this racial disparity include, but

not restricted to, differences in tumor characteristics at

diagnosis, and treatments received afterward.

Shavers and Brown [1] reviewed the literature on

racial disparities in cancer treatments and the clinical
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outcomes. It has been observed there is a more ad-

vanced stage of disease at diagnosis among minorities

compared to whites [2–5]. Their conclusions about

disparities in treatments and clinical outcomes were

mixed: some studies reported statistically significant

differences in cancer treatment and survival by race [6–

12], while others reported no racial disparities in

treatment or in survival [13–17]. Differing conclusions

may result from different data sources, heterogeneities

in the study populations, and/or different methods of

analysis. Most of the studies were limited to data ob-

served before 2000, and some lacked complete tumor

biological information at diagnosis.

In this study, we used an up-to-date breast cancer

database from one of the largest cancer institutions in

the United States. This database includes detailed

information on patients’ tumor biology and character-

istics at diagnosis, their co-morbidity conditions, their

treatments related to breast cancer, and times-to-

recurrence and death. Our purpose is to describe the

influence of race on breast cancer treatment and clin-

ical outcomes, while adjusting for tumor characteristics

and co-morbidity conditions at diagnosis.

Patients and methods

Data source

A comprehensive database at the Department of

Breast Medical Oncology contains detailed informa-

tion on patients who have received their primary

treatments at M.D. Anderson Cancer Center

(MDACC). For this study, we focused on a cohort of

women who had been diagnosed with primary breast

cancer either at MDACC or elsewhere, and had re-

ceived their primary treatments at MDACC between

June 1997 and February 2005. Following approval by

the institutional review board of MDACC, we re-

trieved the records of 6,422 female patients with breast

cancer who had indicated that their race was white or

African-American (AA) from the database retrospec-

tively. The identified patients had received at least one

of their primary breast cancer therapies at MDACC.

We excluded patients who had been treated for

recurrent disease only. The total number of patients

included in the final analysis was 6,054. The median

follow-up time was 40 months (range 0.6–104 months).

Definitions of outcomes

The primary clinical outcomes of interest were disease-

free survival (DFS), the time from diagnosis of breast

cancer to disease recurrence or death, whichever oc-

curred first, and breast-cancer-specific survival (BCSS),

the time from diagnosis to death due to breast cancer.

Patients received one or a combination of following

treatments consisted of surgery, including mastectomy

or breast-conserving surgery (BCS), radiation, adju-

vant chemotherapy, adjuvant endocrine (referring to

anti-estrogen or aromatase inhibitor) therapy, and neo-

adjuvant chemotherapy.

Demographics, co-morbidity and tumor

characteristics at diagnosis

Demographic data included age at diagnosis, and race

(AA, white). The information for race was self-re-

ported by the patient. We retrieved data indicating the

presence of several common co-morbid conditions,

including hypertension, diabetes and heart disease.

Tumor characteristics data included the American

Joint Committee on cancer tumor stage by TNM

(tumor size, node, metastasis) system, nodal status,

estrogen receptor (ER) status, progesterone receptor

(PR) status, HER2 status, nuclear grade, lymphatic

invasion, vascular invasion, and skin involvement. Tu-

mor staging for patients in receipt of neo-adjuvant

therapy was based on clinical stage, where the tumor

size was measured before surgery. Otherwise, tumor

staging was based on pathological staging, where

tumor size was measured at surgery.

Statistical models

To assess the relationship between a patient’s race, her

tumor characteristics and the treatment she received,

we used a chi-square test or Fisher’s exact test to

compare the distributions of tumor characteristics at

diagnosis and the treatment by race. We used univar-

iate and multivariate logistic regression models and the

estimated odds ratios (OR) to investigate if race was a

significant factor in the selection of each primary

treatment option while adjusting for covariates. The

covariates included in the multivariable logistic analy-

ses included age at diagnosis, tumor characteristics,

and co-morbid conditions (diabetes, hypertension and

heart disease). We used the Cox proportional hazards

model to determine the effect of race on DFS and

BCSS, with or without adjusting for the above poten-

tial risk factors and major treatments that patients re-

ceived. We calculated the relative risk (RR) of DFS or

BCSS and their 95% confidence intervals (CI) between

AA and white patients. All P values are two-sided. We

performed the statistical analyses using SAS 9.0.
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Results

Demographics and tumor characteristics

at diagnosis

Table 1 lists age and tumor characteristics by race. The

racial composition of the study cohort was 88% white,

and 12% African-American. The mean age at diag-

nosis for AA women was 52, which was 3 years youn-

ger than that of white women at diagnosis (P < 0.001).

Among patients received neo-adjuvant therapies, AA

women tended to have larger tumors than white wo-

men, but the difference was not statistically significant.

Excluding patients who received neo-adjuvant thera-

pies, the pathologic tumor sizes for whites were sig-

nificantly smaller than those for AAs (1.71 vs. 2.18 cm;

P < 0.001). Among invasive cancers, the proportion of

stage III/IV disease was larger for AA women than for

white women (23% vs. 14%; P < 0.001), who had a

higher proportion of stage I breast cancer. There

was also a statistically significant difference in node-

positive breast cancer between AAs and whites.

Breast cancers in AA women were less likely to

have ER positive tumors than white women (53% vs.

65%; P < 0.001). Similar trend was observed for PR

positive tumors by race (45% vs. 54%; P < 0.001). The

data for HER2 status (measured by fluorescence in situ

hybridization, FISH) were available for about 35% of

the patients across the race groups. There was no sta-

tistically significant difference in the percentages of

HER2 gene amplification by race. AA women had a

significantly higher proportion of poorly differentiated

tumors than white women (63% vs. 47%; P < 0.001).

There were no statistically significant differences by

race for lymphatic invasion, vascular invasion and skin

involvement. AA women were more likely than white

women to have co-morbid conditions such as diabetes

and hypertension.

Treatment patterns

As expected, there were racial differences in the re-

ceipt of treatment in the overall comparisons, shown in

Table 2, because the comparisons were not adjusted by

tumor characteristics at diagnosis, which were different

by race. Although the difference in the rate of surgery

between AA and white women was not large (97% vs.

99%), it was statistically significant (P < 0.001). A

further subset analysis showed that there were no sta-

tistically significant differences in the proportion of

patients undergoing surgery within the subgroups of

patients with in situ and stage III/IV tumors. Among

patients with stage I/II tumors, slightly more AA

women had not undergone surgery (1.9%) compared

to white women (0.2%) (P < 0.001). Examining the 16

patients with stage I/II tumors who did not receive

surgery, we found that a higher percentage of AA than

white patients had one (or more than one) of the co-

morbid conditions (5/9 vs. 1/7), which prevented the

surgery.

Among patients who had undergone surgery, AA

women were more likely than white women to have

had a mastectomy plus radiation rather than a mas-

tectomy alone (22% vs. 17%; P = 0.002). It was not

unexpected, because more AA women than white

women had tumors of advanced stages at diagnosis.

Among patients with stage III/IV tumors, AA women

were more likely to have had BCS with radiation than

mastectomy (24% vs. 13%; P = 0.007).

There were no statistically significant differences in

the use of adjuvant chemotherapy by race, either in the

overall analysis or the analysis by stage. Among pa-

tients treated with adjuvant chemotherapy, more than

40% had received anthracycline-based therapies only,

about 44% received both anthracycline- and taxane-

based chemotherapy, 10% received taxane-based

agents only, and the other 10% received other regi-

mens. No difference was observed in the choice of

chemotherapy regimens by race.

Among patients with ER- or PR-positive tumors,

AA women were somewhat less likely than white wo-

men to have received adjuvant endocrine treatments

(71% vs. 78%, P = 0.001), especially for patients with

stage III/IV tumors (59% vs. 70%, P = 0.039). Among

patients with both ER- and PR-negative tumors, no

statistically significant difference was observed in the

receipt of endocrine therapy by race. The use of initial

endocrine therapy is also listed by menopausal status,

the type of agent and race. Tamoxifen and aromatase

inhibitors (AI) were standard agents for endocrine

therapies. No statistically significant difference was

observed in their use by race. AA women were more

likely than white women to have received neo-adjuvant

chemotherapy (30% vs. 23%; P < 0.001). The differ-

ences were not statistically significant by race condi-

tional on disease stage at diagnosis.

Treatment selection is a complicated decision, and

depends on tumor characteristics at diagnosis, and the

existence of co-morbid conditions. The multivariate

analyses (in Table 3) showed that the association be-

tween race and any of the individual treatment option

was not statistically significant. Among surgery pa-

tients, disease stage, nodal status, and tumor size were

significantly associated with the choice of mastectomy

versus BCS with or without radiation. Although AA

patients tended to have BCS (versus mastectomy)
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Table 1 Demographic and tumor characteristics by race

Variable White (n = 5,314) AA (n = 740) Total (n = 6,054) P

No. % No. % No. %

Age at diagnosis (yrs)
# of observed 5,314 740 6,054

Mean ± SD 54.6 ± 12.2 51.8 ± 12.2 54.2 ± 12.2 <0.001

Clinical tumor size (cm)—among patients with neo-adjuvant therapies
# of observed 1,206 217 1,423

Mean ± SD 4.29 ± 2.63 4.66 ± 2.91 4.35 ± 2.67 0.085
Pathologic tumor size (cm)—among patients without neo-adjuvant therapies
# of observed 3,703 462 4,165

Mean ± SD 1.71 ± 1.42 2.18 ± 2.01 1.77 ± 1.51 <0.001
Tumor stage
In situ 687 12.9 96 13.0 783 12.9
Stage I 1,884 35.5 197 26.6 2,081 34.4
Stage II 1,989 37.4 270 36.5 2,259 37.3
Stage III/IV 736 13.9 173 23.4 909 15.0
Unknown 18 0.3 4 0.5 22 0.4 <0.001
Nodal status
Negative 3,446 64.8 450 60.8 3,896 64.3
Positive 1,860 35.0 288 38.9 2,148 35.5
Unknown 8 0.2 2 0.3 10 0.2 0.035
ER status
Positive 3,454 65.0 391 52.8 3,845 63.5
Negative 1,233 23.2 255 34.5 1,488 24.6
Unknown 627 11.8 94 12.7 721 11.9 <0.001
PR status
Positive 2,884 54.3 329 44.5 3,213 53.1
Negative 1,774 33.4 312 42.1 2,086 34.4
Unknown 656 12.3 99 13.4 755 12.5 <0.001
ER/PR status
ER- or PR-positive 3,690 69.4 432 58.4 4,122 68.1
ER- and PR-negative 998 18.8 214 28.9 1,212 20.0
ER- or PR-unknown 626 11.8 94 12.7 720 11.9 <0.001
HER2 status (FISH)
Negative 1,409 26.5 198 26.8 1,607 26.5
Positive 411 7.7 60 8.1 471 7.8
Unknown 3,494 65.8 482 65.1 3,976 65.7 0.809
Nuclear grade
Well/moderately differentiated 2,690 50.6 253 34.2 2,943 48.6
Poorly differentiated 2,469 46.5 466 63.0 2,935 48.5
Unknown 155 2.9 21 2.8 176 2.9 <0.001
Lymphatic invasion
No 4,286 80.6 569 76.9 4,855 80.2
Yes 959 18.1 140 18.9 1,099 18.2
Unknown 69 1.3 31 4.2 100 1.6 0.346
Vascular invasion
No 4,472 84.2 600 81.1 5,072 83.8
Yes 768 14.4 109 14.7 877 14.5
Unknown 74 1.4 31 4.2 105 1.7 0.613
Skin involvement
No 5,028 94.6 676 91.4 5,704 94.2
Yes 221 4.2 34 4.6 255 4.2
Unknown 65 1.2 30 4.0 95 1.6 0.475
Diabetes
No 5,010 94.3 623 84.2 5,633 93.1
Yes 304 5.7 117 15.8 421 6.9 <0.001
Hypertension
No 3,818 71.8 393 53.1 4,211 69.6
Yes 1,496 28.2 347 46.9 1,843 30.4 <0.001
Heart disease
No 4,701 88.5 662 89.5 5,363 88.6
Yes 613 11.5 78 10.5 691 11.4 0.425

Abbreviations: AA – African-American; SD – standard deviation; ER – estrogen receptor; PR – progesterone receptor; HER2 – human
epidermal growth factor receptor 2; FISH – fluorescence in situ hybridization
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more frequently than did whites (OR, 0.87; 95% CI,

0.73–1.03), the difference was not statistically signifi-

cant after adjusting for tumor characteristics. There

was no statistically significant difference in the

regression model between AA and white women in

receiving BCS plus radiation versus BCS only (OR,

1.08; 95% CI, 0.75–1.60), whereas tumor stage, grade,

age, and presence of diabetes were significant factors

determining the use of adjuvant radiation after BCS.

Multivariate analyses showed little difference in the

receipt of adjuvant chemotherapy by race (OR, 0.94;

95% CI, 0.78–1.13), and neo-adjuvant chemotherapy

by race (OR, 0.96; 95% CI, 0.78–1.18) after controlling

for tumor characteristics at diagnosis and co-morbid

conditions. As expected, whether a patient had re-

ceived adjuvant endocrine therapy was associated with

ER, PR and menopause status. Race was not an

independent variable in the model for endocrine

therapy after adjusting for the above factors (OR, 0.89;

95% CI, 0.71–1.12).

Clinical outcomes

Among the 6,054 patients in the cohort, 674 events

(recurrence or death) and 350 breast-cancer-specific

deaths had been observed over the median follow-up

of 40 months. Without adjusting for other factors,

disease-free survival distributions differed by race. AA

women had a significantly increased relative risk of

recurrence (or death) compared to that of white wo-

men (RR, 2.04; 95% CI, 1.69–2.47; P < 0.001) in the

model without adjusting for the covariates. In a Cox

proportional-hazards model (model 2 of Table 4), the

effect of race was attenuated with a marginally signif-

icant effect (RR, 1.24; 95% CI, 0.99–1.56; P = 0.063),

whereas DFS was statistically associated with tumor

Table 4 Cox proportional
hazards regression models of
DFS

Abbreviations: DFS –
Disease-free survival; AA –
African-American; ER –
estrogen receptor; PR –
progesterone receptor; BCS –
breast-conserving surgery

Variable Relative risk (95% confidence interval)

Model 1 (unadjusted) Model 2 (adjusted for tumor
characteristics and major treatments)

Race
White 1.00 1.00
AA 2.04 (1.69–2.47) 1.24 (0.99–1.56)
Tumor stage
In situ or stage I – 1.00
Stage II – 1.81 (1.33–2.45)
Stage III/IV – 3.24 (2.31–4.55)
Nodal status
Negative – 1.00
Positive – 1.62 (1.28–2.06)
Nuclear grade
Well/moderately differentiated – 1.00
Poorly differentiated – 1.53 (1.23–1.89)
ER/PR status
ER- or PR-positive – 1.00
ER- and PR-negative – 1.39 (1.10–1.76)
Lymphatic invasion
No – 1.00
Yes – 1.73 (1.44–2.08)
Surgery and radiation
BCS alone – 1.00
BCS + radiation – 0.38 (0.26–0.54)
Mastectomy alone – 0.43 (0.30–0.61)
Mastectomy + with radiation – 0.58 (0.41–0.83)
No surgery – 1.11 (0.53–2.33)
Adjuvant chemotherapy
Yes – 1.00
No – 1.24 (1.03–1.49)
Adjuvant endocrine therapy
Yes – 1.00
No – 1.78 (1.41–2.25)
# of total patients 6,054 5,131
# of events 674 553
P-value for race <0.001 0.063
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stage, nodal status, nuclear grade, ER and PR status,

and lymphatic invasion. No surgery and BCS alone

were associated with an elevated risk of recurrence or

death compared with BCS combined with radiation, or

mastectomy with or without radiation. Model 2 also

indicated extra benefits from chemotherapy and

endocrine therapy, in delaying recurrence and death.

AA women had worse BCSS than white women in

an unadjusted analysis (RR, 2.48; 95% CI, 1.94–3.19;

P < 0.001). In multivariate analyses, presented in

Model 2 of Table 5, AA women had an attenuated but

still significantly increased hazard of death from breast

cancer compared to white women after adjusting for

stage, nodal status, grade, ER and PR status, lymphatic

invasion, and primary treatments received (RR, 1.57;

95% CI, 1.18–2.10; P = 0.002). Similar to DFS, more

aggressive surgical treatment than BCS alone (or no

surgery), and additional adjuvant therapies increased

the survival of patients with breast cancer.

Discussion

M.D. Anderson Cancer Center has one of the largest

multidisciplinary breast centers in the United States.

Compared to the studies based on single hospitals or

cancer centers, our study used the most recently

available data, and had a largest cohort size [10–12, 16,

18, 19]. Our analyses indicate that the use of primary

treatments for breast cancer is not significantly differ-

ent by race after adjusting for tumor characteristics and

other risk factors. The result is fairly consistent with

the observation by Giordano et al. [20] that the overall

guideline concordance rates for primary treatments are

high, especially for patients younger than 75 years. The

multivariate survival models that included primary

treatments and known tumor characteristics at diag-

nosis showed that the difference in DFS by race was

marginally significant, but attenuated compared to the

differences without adjusting for the factors. However,

Table 5 Cox proportional
hazards regression models of
BCSS

Abbreviations: BCSS –
Breast-cancer-specific
survival; AA – African-
American; ER – estrogen
receptor; PR – progesterone
receptor; BCS – breast-
conserving surgery

Variable Relative risk (95% confidence interval)

Model 1 (unadjusted) Model 2 (adjusted for tumor
characteristics and major treatments)

Race
White 1.00 1.00
AA 2.48 (1.94–3.19) 1.57 (1.18–2.10)
Tumor stage
In situ or stage I – 1.00
Stage II – 4.29 (2.56–7.17)
Stage III/IV – 8.36 (4.87–14.35)
Nodal status
Negative – 1.00
Positive – 1.57 (1.16–2.13)
Nuclear grade
Well/moderately differentiated – 1.00
Poorly differentiated – 1.95 (1.41–2.70)
ER/PR status
ER- or PR-positive – 1.00
ER- and PR-negative – 1.27 (0.93–1.72)
Lymphatic invasion
No – 1.00
Yes – 1.64 (1.29–2.10)
Surgery and radiation
BCS alone – 1.00
BCS + radiation – 0.45 (0.28–0.73)
Mastectomy alone – 0.51 (0.32–0.81)
Mastectomy + with radiation – 0.61 (0.38–0.97)
No surgery – 1.16 (0.48–2.76)
Adjuvant chemotherapy
Yes – 1.00
No – 1.75 (1.36–2.26)
Adjuvant endocrine therapy
Yes – 1.00
No – 2.43 (1.76–3.36)
# of total patients 6,054 5,131
# of events 350 294
P-value for race <0.001 0.002
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race was still an independent significant prognostic

factor for BCSS after adjusting for the other factors.

This observation suggests that unknown or unmea-

sured factors other than the treatment received and

tumor characteristics at diagnosis attribute to the

residual racial difference in breast cancer death and

recurrence.

The literature about differences in the utilization of

treatments based on racial designation has been

inconsistent. Several studies found racial differences in

breast cancer treatment, especially in the receipt of

BCS with or without radiation [6, 8, 9, 13, 21, 22],

whereas others found few differences in treatments

after adjusting for tumor characteristics [16, 17, 19,

23, 24]. Population-based studies are more likely to

identify differences in treatment by race compared to

the studies based on single hospitals. For population-

based studies that often cover multiple regions and

hospitals, the variations in patterns of treatment can be

a result of the unequal access to care due to variations

in socio-economic status. Our multivariate models

showed no statistically significant difference in the

utilization of BCS versus mastectomy, as well as BCS

plus adjuvant radiation versus BCS alone by race. This

observation is similar to that of Du and Simon [16]

based on the Karmanos Cancer Institute experience

and that of Bradley et al. [13] based on the Surveillance

Epidemiology and End Results database, but opposite

to that of Simon et al [25].

Although the current literature about racial dispar-

ity in clinical outcomes has been mixed, there has been

a consistent trend showing that AA women have had a

somewhat worse clinical prognosis even after adjusting

for tumor characteristics at diagnosis and treatment

received. In fact, whether the effect of race is ‘‘statis-

tically significant’’ essentially depends on the sample

size of a study. It is more important to examine and

compare the magnitude of the effect of race among

these studies. In our analyses, AA women had a 24%

increased risk of recurrence or death and 57% in-

creased risk of breast-cancer-death compared to those

of white women in Model 2 of Tables 4 and 5. Inter-

estingly, our estimated effects of race are quite con-

sistent with those in the models adjusted for tumor

characteristics and/or treatment in other studies, which

had the estimated increased risk of recurrence (or

death) ranged from 20% to 43% [6–8, 10, 14, 16]. The

anomaly for the magnitude of the effect of race among

these studies is well within the expected random

uncertainty.

First among several limitations to our study is a lack

of longer follow-up for this cohort of patients with an

overall 11% recurrence (or death) and 5% breast-

cancer-specific death. Second, conclusions from this

study are based on the data from a single Compre-

hensive Cancer Center and may not be extrapolated to

the general population. However, the advantage of

using data from one large cancer center is that we can

focus on differentiating the biological characteristics of

the tumor and treatment patterns by race, and identi-

fying the causes for survival disparities by race. In this

setting, all patients treated at M.D. Anderson should

have had access to the same quality of care. The third

limitation is the lack of precise information from the

database on patients’ screening histories and the

method of detection of breast cancer, which may pro-

vide insight into, and explain some of the remaining

differences in the clinical outcomes. Finally, clinical

and pathology staging may be somewhat incomparable

for neo-adjuvant and non-neo-adjuvant patients.

In summary, there were no major differences in the

patterns of care and predictors of the treatment for

breast cancer by race at M.D. Anderson Cancer Cen-

ter. Although tumor characteristics at diagnosis ex-

plained the substantial differences in clinical outcomes

and were the most important risk factors, race re-

mained an independent prognostic factor for breast-

cancer-specific survival, and a marginally significant

factor for disease-free survival. The potential factors

related to the clinical outcomes may include additional

unknown or unmeasured tumor biological character-

istics associated with the natural history of breast

cancer, but differing by race, such as ER and PR status.

Other potential differences by race may be explained

by the use of screening mammography and clinical

breast examination in early detection programs. The

method of detection has been found to be an inde-

pendent prognostic factor in predicting BCSS in addi-

tion to tumor characteristics at diagnosis [26].

Our findings do not imply that equal treatment leads

to equal clinical outcomes given similar disease. To

reduce racial differences in breast cancer recurrence

and survival, it may not be sufficient to provide equal

treatment after diagnosis to all women. Rather,

achieving a better understanding of differences in

tumor biology by race and promoting the use of early

detection programs among AA women will hopefully

minimize this health disparity [27].
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