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Abstract

Background: Black women are more likely than white women to have an aggressive subtype of breast cancer that
is associated with higher mortality and this may contribute to the observed black-white difference in mortality.
However, few studies have investigated the black-white disparity in mortality risk stratified by breast cancer subtype,
defined by estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2
(HER2) status. Furthermore, it is not known whether additional consideration of p53 protein status influences
black-white differences in mortality risk observed when considering subtypes defined by ER, PR and HER2 status.

Methods: Four biomarkers were assessed by immunohistochemistry in paraffin-embedded breast tumor tissue from
1,204 (523 black, 681 white) women with invasive breast cancer, aged 35-64 years at diagnosis, who accrued a
median of 10 years' follow-up. Multivariable Cox proportional hazards regression models were fit to assess
subtype-specific black-white differences in mortality risk.

Results: No black-white differences in mortality risk were observed for women with triple negative (ER-negative
[ER-], PR-, and HER2-) subtype. However, older (50-64 years) black women had greater overall mortality risk than
older white women if they had been diagnosed with luminal A (ER-positive [ER+] or PR+ plus HER2-) breast cancer
(all-cause hazard ratio, HR, 1.88; 95% confidence interval, Cl, 1.18 to 2.99; breast cancer-specific HR, 1.51; 95% Cl, 0.83
to 2.74). This black-white difference among older women was further confined to those with luminal A/p53- tumors
(all-cause HR, 2.22; 95% Cl, 1.30 to 3.79; breast cancer-specific HR, 1.89; 95% Cl, 0.93 to 3.86). Tests for homogeneity
of race-specific HRs comparing luminal A to triple negative subtype and luminal A/p53- to luminal A/p53+ subtype
did not achieve statistical significance, although statistical power was limited.

Conclusions: Our findings suggest that the subtype-specific black-white difference in mortality risk occurs mainly
among older women diagnosed with luminal A/p53- breast cancer, which is most likely treatable. These results
further suggest that factors other than subtype may be relatively more important in explaining the increased
mortality risk seen in older black women.
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Background

Although mortality following breast cancer diagnosis has
decreased substantially in the United States over the last
three decades, a large black-white difference remains.
Black women have higher risk of death after breast cancer
diagnosis than white women [1,2] and are more likely than
white women to have an aggressive subtype of breast can-
cer that is associated with a higher mortality [3], which
could contribute to the observed black-white mortality dif-
ference. However, only a few studies have investigated the
black-white disparity in mortality risk by breast cancer
subtype as defined by estrogen receptor (ER), progester-
one receptor (PR), and human epidermal growth factor re-
ceptor 2 (HER2) status [4-7]. Furthermore, little is known
whether additional consideration of p53 protein status has
any influence on black-white differences in mortality risk
within subtype strata.

Breast cancer is a heterogeneous disease; its subtypes
have been classified as triple negative (TN) (ER-negative
[ER-], PR-, and HER2-), luminal A (ER-positive [ER+] or
PR+ plus HER2-), luminal B (ER+ or PR+ plus HER2+),
and HER2-enriched (ER-/PR-/HER2+) subtype [8-16].
Gene expression studies using cDNA microarray technol-
ogy show that TN breast cancers are often characterized
by a “basal-like” molecular profile [17], characteristic of
the basal epithelial cell layer, including high level expres-
sion of HER1 and/or genes encoding cytokeratins 5/6 [3].
Because ¢cDNA microarray technology is not yet available
clinically for identifying basal-like subtype, the TN subtype
has become a commonly used proxy for the “basal-like”
subtype in clinical and epidemiologic studies, despite the
fact that TN subtype and basal-like subtype are discordant
in 20-30% of cases [17,18].

TN breast tumors, which account for 10-25% of all
invasive breast cancers [19,20], have poorer prognosis
than luminal A, the most common subtype [8,9,13]. While
ER+ breast cancers respond favorably to anti-estrogen
therapy and HER2+ breast cancers respond favorably to
trastuzumab therapy [20,21], no targeted therapies cur-
rently exist for TN breast cancer. Studies have consistently
shown that TN breast cancers comprise a higher propor-
tion of breast cancers in black women than white women
[3,4,11,22-24]. However, little research has been done
examining the extent to which black-white mortality dif-
ferences exist within each specific breast cancer subtype.
Two studies reported that the black-white differences in
all-cause mortality [4] and breast cancer-specific mortality
[6] were limited to the TN subtype. A third study reported
that the crude all-cause mortality risk was greater among
black women than white women irrespective of the sub-
types defined by ER, PR, and HER2 status [7]. The
Carolina Breast Cancer Study found instead, that the
black-white differences in breast cancer-specific mortality
occurred among women diagnosed with luminal A breast
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cancer, but not among those diagnosed with basal-like
breast cancer [5].

p53 is a tumor suppressor gene, which encodes the
p53 protein [25,26]. p53 protein is involved in gene tran-
scription, DNA synthesis/repair, genomic plasticity and
programmed cell death [27]. Mutations in p53 have been
identified in approximately 15-35% of breast cancers
[28-30] and are associated with resistance to chemother-
apy, radiotherapy [31] and poor prognosis [32]. p53 muta-
tions occur more frequently in breast cancers of black
women than in those of white women [33] and these mu-
tations are more common in breast cancers that are
ER-/PR- [34], TN [35], or basal-like [3,34] than in breast
cancers that are ER+ or PR+. p53 mutations, especially
missense mutations, are highly correlated with the p53
protein overexpression in tumor tissue [36,37]. One epide-
miologic study examined the effect of p53 status on all-
cause morality for African American (AA) women and
non-AA women, respectively, and found that having a
p53+ tumor adversely affected prognosis among AA
women but not non-AA women after controlling for mul-
tiple variables including the individual status of ER, PR and
HER?2 or subtype as determined by 3 or 5 marker panels.
No analyses were reported on whether the overexpression
status of p53 protein impacted the black-white disparity in
mortality within strata of breast cancer subtype [7].

We have previously shown that white women with inva-
sive breast cancer participating in the Women’s Contra-
ceptive and Reproductive Experiences (CARE) Study who
had higher body mass index (BMI) had higher mortality
risk than those with a normal (not overweight) BML; but
this association did not hold for black women [38]. Here,
we determine the extent to which black-white differences
in breast cancer-specific and all-cause mortality differ for
TN, luminal A, luminal B, and HER2-enriched breast can-
cers in a substudy conducted at two participating study
sites where tumor tissue was collected. We then assess
whether any black-white mortality differences that existed
for the two common breast cancer subtypes, TN and lu-
minal A, are affected by p53 protein expression status.

Methods

Study population and data collection

The participants for this analysis are women from two
study sites, Detroit and Los Angeles (LA), participating
in the Women’s CARE Study, a population-based case—
control study designed to examine risk factors for inva-
sive breast cancer among US-born black women and
white women including those of Hispanic ethnicity [39].
The Women’s CARE Study selected a stratified (by age
group) random sample of women aged 35 to 64 years
who were newly diagnosed with histologically confirmed
incident invasive breast cancer (International Classifica-
tion of Diseases for Oncology codes C50.0-C50.9)
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between July 1994 and April 1998. Black women were
oversampled to maximize their numbers in the study,
and white women were sampled to provide approxi-
mately equal numbers of women in each 5-year age cat-
egory (from 35 to 64 years). Race was based on
participants’ self-identification. From the two study sites,
the Women’s CARE Study recruited 1,921 breast cancer
patients (Detroit: 679, LA: 1,242). These two study sites
were selected to collect tumor tissue samples based on
representative case participants in the Women’s CARE
Study and the ability to obtain tumor tissue samples. All
participants provided written informed consent. The
study protocol was approved by the Institutional Review
Boards at the University of Southern California (IRB#:
HS-923048), the Karmanos Comprehensive Cancer Center
at Wayne State University (IRB# WSU HIC# H 04-09-96
(M05)-FB), the Centers for Disease Control and Prevention
(IRB#: 1862), and the City of Hope (IRB#: 08098).

Assessment of biomarkers

Paraffin-embedded tumor blocks were obtained from
pathology laboratories where diagnoses were made for
1,333 participating breast cancer cases (Detroit: 414, LA:
919), approximately 80% of those requested. Tumor
blocks were carefully reviewed and evaluated in the cen-
tralized pathology laboratory of Dr. Michael F. Press at
the University of Southern California.

We excluded 127 case samples because the tumor blocks
contained only carcinoma iz situ (n = 56) or no tumor tis-
sue (n = 46); had insufficient tissue for assay (n = 3); had
other problems (n = 14); or only hematoxlin-and-eosin
stained tissue sections were received (n = 8). The expres-
sion of ER, PR, HER2, and p53 was determined for the
remaining 1,206 samples (Detroit: 367, LA: 839).

The expression of ER and PR was determined using pre-
viously published immunohistochemistry (IHC) methods
[40,41]. Immunostaining results for ER and PR expression
were interpreted in a blind fashion and scored semiquanti-
tatively on the basis of the visually estimated percentage of
positively stained tumor cell nuclei. At least 100 tumor
cells were examined for each specimen; > 1% immuno-
stained tumor cell nuclei was considered positive for ER
and PR status [42].

HER2 expression was determined by IHC using
the 10H8 monoclonal antibody [43,44] to assess HER2
membrane protein immunostaining. No (0) or weak (1+)
membrane immunostaining was considered low HER2 ex-
pression (HER2-). Moderate (2+) or strong membrane im-
munostaining (3+) was considered HER2 overexpression
(HER2+) based on previous validation results from the
same pathology laboratory, indicating over 90% specimen
samples scored as 2+ (80.6%) or 3+ (98.9%) by 10H8-IHC
showed HER-2 gene amplification by fluorescent in situ
hybridization (FISH) analysis [43].
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The expression of p53 protein was determined by IHC
using the monoclonal mouse antibodies DO7 (Oncogene
Science, Inc. Cambridge, MA) and BP 53-12-1 (Biogenex)
to measure p53 nuclear protein immunostaining. Based
on findings from previous studies, comparing p53 muta-
tions in exons 2-11 with p53 protein expression levels
[37,45], 210% nuclear staining for p53 protein was deemed
positive [46].

Tumor characteristics from SEER

The Women’s CARE Study collected tumor stage, tumor
histologic grade, and other tumor characteristics. We ex-
cluded two more women because they were missing infor-
mation on tumor stage, resulting in the final sample size
of 1,204 (523 black, 681 white) women for the analyses.

Vital status follow-up

Women were followed up annually for vital status, date
of death and cause of death using standard SEER follow-
up procedures. Women from Detroit were followed
through December 31, 2004; follow-up extended until
December 31, 2007 in LA.

Statistical analyses

We used Pearson Chi-squared tests to compare fre-
quency distributions of categorical variables between
black women and white women.

Adjusted estimates of the hazard ratio (HR) of death, a
measure of relative risk, and its 95% confidence interval
(CI), comparing black women to white women, were cal-
culated for each breast cancer subtype of interest using
Cox proportional hazards regression models [47]. Two
Cox proportional hazards regression models were ap-
plied. In Model 1, we used age (in days) at diagnosis and
at death or end of follow-up as the time scale, and strati-
fied by single years of age at diagnosis and adjusted for
study site. In the analyses of breast cancer-specific mor-
tality (International Classification of Diseases codes
ICD9-174, 1CD10-C50), women who died from other
causes were censored on their dates of death. In Model
2, we additionally adjusted for tumor stage. Tumor grade
was not included in Model 2 since it did not cause more
than a 10% change in any of the risk estimates. We
conducted the analyses for all women and separately for
two age groups (younger: 35-49, older: 50—64 years at
diagnosis). Homogeneity of race-specific HRs across dif-
ferent subtypes was evaluated using a Z test of the dif-
ferences in adjusted log race-specific HRs divided by the
square root of the sum of the variances of the two race-
specific log HRs [48]. Since 9 black women and 73 white
women reported Hispanic ethnicity, we repeated all the
analyses after excluding these 82 women. Our results
remained similar. Therefore, we present the results
based on the analyses of all participants.
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Kaplan-Meier breast cancer-specific curves [49] were
constructed to demonstrate black-white survival differ-
ences observed in older women with luminal A invasive
breast cancer.

We considered a two-sided P value less than 0.05 as
statistically significant when testing for homogeneity of
HRs across subtypes of breast cancer. All statistical ana-
lyses were performed using SAS version 9.2 software
(SAS Institute, Cary, NC).

Results

Study population characteristics

During a median follow-up of 10 years (9.9 years and 10.0
years for black women and white women, respectively),
272 (141 black and 131 white) women died specifically
from breast cancer and 63 (39 black and 24 white) women
died from other causes. Compared with white women,
black women were more likely to be diagnosed with
ER-, PR-, TN, p53+, non-localized, or higher grade tumors
(all P < 0.001, Table 1). The frequency distribution of
HER2 in black women was not statistically significantly
different from that of white women overall (P = 0.16) or in
younger women 35 to 49 years of age (P = 0.98), whereas
older black women 50 to 64 years of age were more likely
to be diagnosed with HER2+ tumors than white women in
the same age group (P = 0.04).

Black-white difference in breast cancer-specific mortality
After controlling for age at diagnosis and study site,
black-white differences for breast cancer-specific mortal-
ity risk were observed among women diagnosed with lu-
minal 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 to 1.83, Table 2). The magnitude
of race-specific HR estimates for other subtypes (luminal
B and HER2-enriched) was at least as great as that for lu-
minal A but due to small numbers for these subtypes (and
thus few deaths), 95% Cls included 1.0. Analyses by age
group at diagnosis (35-49 versus 50—64 years) showed
that the black-white differences in breast cancer-specific
mortality predominately existed among older women with
luminal A tumors (HR, 2.07; 95% CI, 1.16 to 3.70), but not
in younger women diagnosed with luminal A tumor or
among women diagnosed with TN tumor regardless of
age group. When older women were further stratified by
p53 protein expression, the black-white difference in mor-
tality risk was observed among those with luminal A tu-
mors that were p53- (HR, 2.53; 95% CI, 1.27 to 5.04,
Figure 1).

Since black women are more likely than white women
to be diagnosed with advanced stages of breast cancer,
which is associated with a higher risk of mortality [50],
we additionally controlled for tumor stage in our ana-
lysis. Then, the observed black-white differences in
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breast cancer-specific mortality were attenuated. The
HR for black-white difference in older women diagnosed
with luminal A/p53- breast cancer decreased from 2.53
(95% CI, 1.27 to 5.04) to 1.89 (95% CI, 0.93 to 3.86).

Black-white difference in all-cause mortality

Similar to the results for breast cancer-specific mortality,
the black-white difference in all-cause mortality risk
after controlling for age at diagnosis and study site was
observed among older women with luminal A tumors
(HR, 2.21; 95% CI, 1.40 to 3.47, Table 3), but not among
younger women diagnosed with luminal A tumor or
among women diagnosed with TN tumor regardless of
age group. When further stratified by p53 protein ex-
pression status, the black-white difference in all-cause
mortality was observed only among older women diag-
nosed with luminal A/p53- breast cancer (HR, 2.49; 95%
CI, 147 to 4.22).

The observed black-white differences in all-cause mor-
tality were also decreased after additionally controlling
for tumor stage, but the magnitude of the decrease
appeared smaller than that observed for breast cancer-
specific mortality. The HR for black-white difference in
all-cause mortality in older women diagnosed with lu-
minal A/p53- breast cancer decreased from 2.49 (95%
CIL, 1.47 to 4.22) to 2.22 (95% CI, 1.30 to 3.79).

Test for homogeneity across subtypes

Although black-white differences in mortality after
breast cancer diagnosis were observed only among older
women diagnosed with luminal A and luminal A/p53-
subtype, no tests for homogeneity of race-specific HRs
across subtypes achieved statistical significance (results
not shown).

Discussion

In the current analysis of 1,204 women 35 to 64 years of
age, with a median follow-up of 10 years, we did not ob-
serve any statistically significant black-white differences
in cancer-specific or all-cause mortality among women
diagnosed with TN subtype. We did, however, find that
black women had statistically significant greater all-
cause mortality risk than white women among those
ages 50—64 years who were diagnosed with luminal A
tumors, and more specifically among those diagnosed
with luminal A/p53- breast cancer. However, no tests for
homogeneity of race-specific HRs comparing luminal A
to TN subtype and luminal A/p53- to luminal A/p53+
subtype achieved statistical significance.

The results from four previous epidemiologic studies
that compared mortality risk or survival in black and
white women diagnosed with luminal A or TN or basal-
like subtype are inconsistent [4-7]. One study with 11 to
13 years of follow-up of 476 (116 black, 360 white)
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Table 1 Percent distribution of selected characteristics at diagnosis in 1,204 women with invasive breast cancer
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All women Younger women Older women
(ages 35-49 y) (ages 50-64 y)
White Black P? White Black P? White Black P
n=681 n=523 n=345 n=272 n=336 n=251
Study site 001 0.07 0.09
Los Angeles 66.7 732 64.9 717 68.5 749
Detroit 333 268 35.1 283 316 25.1
Age at diagnosis, years 0.004 <0.001
35-39 214 14.2 423 27.2 - -
40-44 159 19.5 313 375 - -
45-49 134 184 264 353 - -
50-54 187 17.6 - - 378 36.7 042
55-59 145 164 - - 29.5 343
60-64 16.2 14.0 - - 32.7 29.1
ER status <0.001 0.05 <0.001
ER- 369 48.8 464 544 27.1 426
ER+ 63.1 51.2 536 456 729 574
PR status <0.001 <0.001 <0.001
PR- 385 524 426 540 34.2 506
PR+ 61.5 476 574 46.0 65.8 494
HER2 status 0.16 0.98 0.04
HER2- 833 80.1 81.2 81.3 854 789
HER2+ 16.7 199 188 187 146 21.1
Subtypes defined by ER/PR/HER2 <0.001 0.12 <0.001
™ 238 335 304 390 17.0 275
Luminal A 595 46.7 50.7 423 68.5 514
Luminal B 9.8 10.3 11.0 99 86 10.8
HER2-enriched 6.9 9.6 78 88 6.0 104
p53 status <0.001 0.003
p53- 770 65.8 725 61.0 0.003 81.6 709
p53+ 230 34.2 275 390 184 29.1
Subtypes defined by ER/PR/HER2/p53 <0001 003 <0001
TN/p53- 144 16.6 18.0 188 10.7 14.3
TN/p53+ 94 16.8 125 20.2 6.3 132
Luminal A/p53- 499 37.7 415 313 586 446
Luminal A/p53+ 9.5 9.0 93 11.0 9.8 6.8
Luminal B/p53- 8.1 6.0 84 52 77 6.8
Luminal B/p53+ 1.8 44 26 48 09 40
HER2-enriched/p53- 46 55 46 59 45 52
HER2-enriched/p53+ 24 40 32 29 15 52
Stage <0.001 0.007 0.001
Localized 63.1 51.1 56.5 456 69.9 570
Non-localized 36.9 490 435 544 30.1 430
Grade <0.001 0.006 <0.001
Low 125 86 96 6.6 155 10.8
Intermediate 63.1 53.0 586 493 67.9 570
High 244 384 319 441 6.7 323

2p ascertained from Pearson x? test. Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER, human epidermal growth factor receptor; TN, triple
negative. Note: TN = ER-/PR-/HER2-, Luminal A = ER+ or PR+ plus HER2-, Luminal B = ER+ or PR+ plus HER2+, HER2-enriched = ER-/PR-/HER2+.
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Table 2 Adjusted HRs of breast cancer-specific mortality associated with race (black women vs. white women)

White Black Model 1° Model 2°°
Person-years  Death (No.) Person-years Death (No.) HR 95% Cl HR 95% Cl

All women 6246 131 4471 141 154 121t0197 126 099 to 1.62
Subtypes defined by ER/PR/HER2

N 1341 46 1381 57 121 081t0 183 108 071to 164
Luminal A 3853 56 2235 47 152 101t0228 123 08110186
Luminal B 643 16 481 14 167 067t0419 098 0.27to 358
HER2-enriched 408 13 375 23 227 087t0593 195 071to537
Subtypes defined by ER/PR/HER2/p53

TN/p53- 825 24 664 30 138 07610 251 132 0.70to 247
TN/p53+ 516 22 717 27 104 056t0193 103 055to1.95
Luminal A/p53- 3262 39 1814 33 150 092to244 122 074t0204
Luminal A/p53+ 591 17 421 14 110 040to 297 081 0.28 to 2.39
Younger women (ages 35-49 yrs) 3066 83 2248 84 145 106t0 199 121 087to 1.66
Subtypes defined by ER/PR/HER2

N 861 33 785 39 130 080to212 1.1 0.67 to 1.84
Luminal A 1623 31 1069 22 116 065t0 205 101 0.56 to 1.80
Subtypes defined by ER/PR/HER2/p53

TN/p53- 513 17 372 19 138 067t0285 139 06610295
TN/p53+ 349 16 413 20 114  056to235 107 051to225
Luminal A/p53- 1329 23 792 12 086 041t0180 077 036to1.63
Luminal A/p53+ 294 8 277 10 1.04 023t0463 080 0.17to03.72
Older women (ages 50-64 yrs) 3181 48 2223 57 171 116t0253 138 093to0204
Subtypes defined by ER/PR/HER2

N 480 13 596 18 100 047t0210 103 048to0220
Luminal A 2231 25 1167 25 207 1.16t0370 151 083to274
Subtypes defined by ER/PR/HER2/p53

TN/p53- 313 7 292 1 156  052t0467 134 041to437
TN/p53+ 167 6 304 7 079 023t0271 087 024to3.14
Luminal A/p53- 1934 16 1022 21 253 127t0504 189 09310386
Luminal A/p53+ 297 9 144 4 116 031t0435 090 0.15to 548

HRs are from multivariable Cox proportional hazards regression models using age (in days) at diagnosis and at death or end of follow-up as the time scale and
stratified by single years of age at diagnosis. ?Adjusted for study site. >Additionally adjusted for tumor stage. Abbreviations: HR, hazard ratio; Cl, confidence
interval. ER, estrogen receptor; PR, progesterone receptor; HER, human epidermal growth factor receptor; TN, triple negative. Note: TN = ER-/PR-/HER2-, Luminal
A = ER+ or PR+ plus HER2-, Luminal B = ER+ or PR+ plus HER2+, HER2-enriched = ER-/PR-/HER2+.

Atlanta women diagnosed between 1990 and 1992 with
invasive breast cancer at ages 20-54 years found that
risk of all-cause mortality was greater among black
women than among white women for both luminal A
cancer (unadjusted HR, 1.6; 95% CI, 1.1 to 2.4) and TN
breast cancer (unadjusted HR, 2.1; 95% CI, 1.3 to 3.3).
The racial difference disappeared for luminal A breast
cancer after adjustment for age, stage, and grade (ad-
justed HR, 1.1; 95% CI, 0.7 to 1.6), whereas it persisted
for TN breast cancer even after additional adjustment
for poverty level, treatment, and comorbidities (adjusted
HR, 2.0; 95% CI, 1.0 to 3.7) [4]. A second, smaller study
followed 124 (88 black, 36 white) women ages 26—82

years with invasive TN breast cancer treated at the Uni-
versity of Tennessee Cancer Institute, Memphis, be-
tween 2003 and 2008 for a median of 23 months [6].
Older black breast cancer patients (=55 years at diagno-
sis) with TN breast cancer had poorer breast cancer-
specific survival than older white women. A third study
compared 331 lower income AA women with 203 lower
income non-AA women consisting of 115 Hispanic and
88 non-Hispanic white women, who were treated for
breast cancer at a large urban public hospital providing
care to the medically uninsured in metropolitan Chicago
between 2000 and 2005 [7]. This study found that AA
women had a higher crude all-cause mortality risk than
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Figure 1 Kaplan-Meier breast cancer-specific survival of older black women vs. older white women diagnosed with luminal A invasive

J

non-AA women (HR, 1.45; 95% CI, 1.03 to 2.05) irre-
spective of the subtypes defined by ER, PR, and HER2
status. Results from the Carolina Breast Cancer Study,
which followed 1,149 (518 black, 631 white) women with
invasive breast cancer from diagnosis between 1993 and
2001 through 2006, are consistent with our results. This
study found that the black-white difference in breast
cancer-specific mortality was observed for women diag-
nosed with luminal A breast cancer, but not for those di-
agnosed with basal-like (ER-/PR-/HER2- plus HERI1+
and/or CK 5/6+) breast cancer (age-, date of diagnosis-,
and stage at diagnosis-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) [5].

An analysis comparing the outcomes of 405 black
women with 4,412 nonblack women who had stage I-III
breast cancer and who participated in a National Cancer
Institute-sponsored randomized phase III trial also pro-
vides supporting evidence for our results [51]. Breast
cancer-specific and overall survival was lower in black
women with luminal A disease than in nonblack women,
but no racial differences were observed for women with
other subtypes of breast cancer.

Based on our knowledge, this is the first study to
examine if the overexpression status of p53 protein im-
pacts the black-white disparities in mortality of TN or
luminal A breast cancer. Our data showed that p53 pro-
tein expression status could impact black-white mortal-
ity differences, and this was most evident for older
women diagnosed with luminal A breast cancer. A pos-
sible explanation for no black-white difference in mortal-
ity risk for older women with luminal A/p53+ tumor is
that luminal A/p53+ tumor is currently less likely to be
treatable for either black women or white women since

mutations in p53 are associated with resistance to
chemotherapy, radiotherapy, and poor prognosis [31,32].
The reasons for a statistically significantly higher risk in
all-cause mortality rather than in breast cancer-specific
mortality in older black women diagnosed with luminal
A/p53- tumor than their white counterparts, could be
related to several adverse factors for overall survival,
such as more comorbidities [7,52] and less access to ad-
equate health care because of lower socioeconomic sta-
tus [53]. The adjustments for all these factors could
attenuate the observed black-white difference in all-
cause mortality risk. Unfortunately, we have data only
for potential comorbidities diagnosed prior to breast
cancer and for education which can serve as as a rough
proxy for social economic status. In our study, the HR
for black-white difference in all-cause mortality in older
women diagnosed with luminal A/p53- breast cancer de-
creased from 2.22 (95% CI, 1.30 to 3.79) to 1.64 (0.90 to
3.01) and the HR for black-white difference in breast
cancer-specific mortality in older women diagnosed with
luminal A/p53- breast cancer decreased from 1.89 (95%
CL 093 to 3.86) to 1.50 (95% CI, 0.66 to 3.43), after
additionally adjusting for the number of comorbidities
(zero, one, two or more including hypertension, myocar-
dial infarction, stroke, diabetes, and cancers other
than nonmelanoma skin cancers) and education (<high
school, technical school/some college, college graduate;
results not shown).

This study had several limitations. First, we were unable
to request tissue for all eligible women diagnosed with in-
vasive breast cancer in the two study sites because of
funding constraints. However, we obtained paraffin-
embedded tissue for 80% of the samples requested. Sec-
ond, we did not have breast cancer treatment information
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Table 3 Adjusted HRs of all-cause mortality associated with race (black women vs. white women)
White Black Model 1° Model 2°°

Person-years  Death (No.) Person-years Death (No.) HR 95% Cl HR 95% Cl
All women 6246 155 4471 180 165 132t0206 142 11310178
Subtypes defined by ER/PR/HER2
N 1341 50 1381 66 125 085to184 1.12 076to 1.66
Luminal A 3853 75 2235 70 175 125t0246 154 109to0 218
Luminal B 643 16 481 16 174 07010 4.31 107 032to0 353
HER2-enriched 408 14 375 28 269 106t0685 241 090 to 640
Subtypes defined by ER/PR/HER2/p53
TN/p53- 825 26 664 34 145 082to254 138 0.77to 249
TN/p53+ 516 24 717 32 104 058t0188 104 057to01.89
Luminal A/p53- 3262 55 1814 52 173 1.16t0258 162 1.08to 243
Luminal A/p53+ 591 20 421 18 145 060to 354 099 037to0270
Younger women (ages 35-49 yrs) 3066 90 2248 95 149 1.10to 201 127 094to1.73
Subtypes defined by ER/PR/HER2
N 861 34 785 43 136 084to218 116 0.71to 1.89
Luminal A 1623 36 1069 28 133 079t0223 120 0.71to203
Subtypes defined by ER/PR/HER2/p53
TN/p53- 513 18 372 21 144 072t0287 143 0.70to 290
TN/p53+ 349 16 413 22 121 060to 247 113  054to0 236
Luminal A/p53- 1329 28 792 17106 056 to 201 1.05 054 to 202
Luminal A/p53+ 294 8 277 1 132 032to542 092 0.21to4.06
Older women (ages 50-64 yrs) 3181 65 2223 85 189 136t0262 162 11710226
Subtypes defined by ER/PR/HER2
N 480 16 596 23 1.04 054t0202 107 055to211
Luminal A 2231 39 1167 42 221 140t0 347 188 1.181t0 299
Subtypes defined by ER/PR/HER2/p53
TN/p53- 313 8 292 13 166 061t0o454 148 050 to 441
TN/p53+ 167 8 304 10 077 02710220 079 02710 230
Luminal A/p53- 1934 27 1022 35 249 147t0422 222 130to 379
Luminal A/p53+ 297 12 144 7 154 048t0 491 144  025to 8.11

HRs are from multivariable Cox proportional hazards regression models using age (in days) at diagnosis and at death or end of follow-up as the time scale and
stratified by single years of age at diagnosis. ?Adjusted for study site. >Additionally adjusted for tumor stage. Abbreviations: HR, hazard ratio; Cl, confidence
interval. ER, estrogen receptor; PR, progesterone receptor; HER, human epidermal growth factor receptor; TN, triple negative. Note: TN = ER-/PR-/HER2-, Luminal
A = ER+ or PR+ plus HER2-, Luminal B = ER+ or PR+ plus HER2+, HER2-enriched = ER-/PR-/HER2+.

available and therefore did not adjust for treatments in our
analyses. Although we have presumed that controlling for
age, stage of disease, and the status of the four tumor
markers has provided some control for treatment, previous
studies have reported that black women may receive less
optimal treatment than white women [54-58]. Black
women are more likely to delay the initiation of treatment
[54], less likely to receive surgery [55] or optimal adjuvant
systemic therapy [56], less likely to adhere to recommen-
ded treatment regimens [57], and more likely to terminate
treatment prematurely [58] than white women. If any
black-white differences in treatment existed in our partici-
pants, the HRs for a black-white difference in mortality risk

could be overestimated, but it is unlikely that this bias
would differ across tumor subtypes. Third, although our
HRs for a black-white difference in both breast cancer-
specific and all-cause mortality suggest that a large black-
white difference in mortality risk may exist in women
diagnosed with HER2-enriched tumors, the number of
deaths was limited for this analysis. Fourth, due to funding
limitations, we evaluated p53 protein expression, but not
p53 mutations. Although previous research shows that p53
protein expression and p53 mutation status determined by
FISH analysis are strongly correlated, our assessment of
p53 protein expression by IHC may have misclassi-
fied some tumors. Fifth, although the agreement in the
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classification for ER and PR status between the SEER regis-
try and centralized laboratory was substantial [59], we re-
peated the analyses for TN and luminal A and their
subtypes defined by p53 status using ER/PR status from
SEER instead of those from the centralized laboratory for
the 918 women who had both ER and PR expression status
in SEER; we obtained similar results (data not shown). Fi-
nally, our study provides evidence suggesting that black-
white differences in mortality vary by tumor subtypes
among older women. However, the number of deaths
among older black women with TN subtype was small
resulting in limited statistical power to detect statistically
significant difference in race-specific HRs between luminal
A and TN breast cancer. The number of deaths among
older black women with luminal A/p53+ subtype was also
small resulting in limited statistical power to detect signifi-
cant difference in race-specific HRs between luminal A/
p53- and luminal A/p53+ subtype. Therefore, confirmation
of our results will require larger studies to demonstrate sta-
tistically meaningful differences.

Conclusions

Our findings suggest that the black-white difference in
mortality risk is mainly among women 50 years or older
diagnosed with luminal A/p53- breast cancer, a subtype
for which treatments exist. These results further suggest
that factors other than subtype may be relatively more
important in explaining the increased mortality risk seen
in older black women.
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