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Abstract To evaluate whether differences in PAMS0
breast cancer (BC) intrinsic (Luminal A, Luminal B, Basal-
like, and HER2-enriched) subtypes help explain the Black—
White BC survival disparity. Utilizing a stratified case-
cohort design, this study included 1,635 women from the
Pathways and Life After Cancer Epidemiology cohorts,
selecting women with tumors based upon IHC classifica-
tion, recurrences, and deaths.One millimeter punches were
obtained from tumor tissue, and expression of the PAMS0
genes for molecular subtype was determined by RT-qPCR
of extracted RNA. Cox proportional hazards models were
used to analyze associations between race and BC out-
comes, adjusted for PAMS50 BC subtype. All tests of sta-
tistical significance were two-sided. Black women had a
higher prevalence of the Basal-like BC subtype. Adjusted
for potential confounding variables and disease character-
istics at diagnosis, Black women had higher risks of
recurrence (HR 1.65, 95 % CI 1.06-2.57) and breast can-
cer-specific mortality (HR 1.71, 95 % CI 1.02-2.86) than
White women, but adjusting further for subtype did not
attenuate survival disparities. By contrast, Hispanic women
had a lower risk of recurrence (HR 0.54, 95 % CI
0.30-0.96) than Whites. Among those with the Basal-like
subtype, Black women had a similar recurrence risk as
women in other race groups but a higher recurrence risk for
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all other subtypes. Hispanic women had a lower recurrence
risk within each subtype, though associations were not
significant, given limited power. Although Black women
had a higher risk of the Basal-like subtype, which has poor
prognosis, this did not explain the Black—White BC sur-
vival disparity.

Keywords Race - Ethnicity - Breast cancer survival -
Breast cancer mortality - Gene expression - Molecular
subtype - Intrinsic subtype - PAMS0

Introduction

Black women have an ~40 % higher risk of breast cancer
(BC) mortality post-diagnosis, compared with White
women [1-7], a disparity that emerged in the 1980s. By
contrast, Asian and Hispanic BC patients generally have
lower disease-specific mortality than Whites [1, 4, 8, 9].
Several possible causes of the Black—White BC survival
disparity have been investigated, including differences in
disease characteristics at presentation such as stage at
diagnosis [10-12], treatment or delays in treatment [2, 13—
17], socioeconomic status [17, 18], and presence of
comorbidities [13]. Some studies suggest that when stage,
treatment, and follow-up are similar, Black women have
similar disease-free survival to White women [19] though
studies generally find that Black women have worse overall
survival than White women [4, 19, 20]. Although this may
implicate treatment differences, it has also led researchers
to hypothesize that the disparity may be due to differences
in tumor subtype [21]. Black women, and particularly
young Black women, with BC have a lower prevalence of
ER or PR-positive tumors [22], which are associated with
better prognosis [4, 22], and a higher prevalence of the
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more aggressive triple negative BC (TNBC) or basal-like
subtype, which has poorer prognosis.

It is unclear whether variation in tumor subtype helps
explain the higher post-diagnosis BC mortality rate among
Black women. Previous studies have used surrogate sub-
type categories defined primarily by immunohistochemical
(IHC) detection of protein markers, and some have found
higher BC mortality risk for Black women within the
luminal A [23-25] and TNBC [25, 26] subtypes, though
others have reported few overall or BC-specific survival
differences among those with TNBC [24, 27]. Patterns are
still emerging, and no studies have evaluated whether
differences in subtype defined by gene expression, rather
than THC, help to explain survival disparities.

The PAMS50 assay, an RT-qPCR-based subtype classi-
fier that incorporates the expression of 50 genes based on
gene expression microarrays [28], has been shown to be
more prognostic of distant recurrence or BC death than
subtype classification by THC [29]. We investigated asso-
ciations of race and survival after BC diagnosis, accounting
for PAMS50 BC intrinsic subtypes.

Methods
Study population

The molecular subtyping study population included BC
survivors from the Life After Cancer Epidemiology
(LACE) and Pathways cohorts. LACE participants inclu-
ded women diagnosed with early stage invasive BC from
1996 to 2000. They were recruited primarily from the
Kaiser Permanente Northern California (KPNC) Cancer
Registry (83 %) and the Utah Cancer Registry (12 %) from
2000 to 2002. Eligibility criteria included 1) ages
18-70 years at enrollment; 2) diagnosis of early-stage
primary BC (stage I > 1 cm, II, or IIIA); 3) enrollment
11-39 months post-diagnosis (mean time to diagno-
sis = 23 months); 4) completion of BC treatment (except
adjuvant hormonal therapy); 5) no evidence of recurrence;
and 6) no history of other cancers <5 years prior to
enrollment. Further details are provided elsewhere [30].
For the Pathways cohort, women with invasive BC were
recruited from the KPNC patient population from January
2006 to May 2013. Cases were ascertained rapidly by
scanning of electronic pathology reports. Eligibility criteria
for the study included current KPNC membership,
>21 years of age at diagnosis, and having a first primary
invasive BC with no prior history of cancer other than non-
melanoma skin cancer. Women were typically enrolled
within two months of diagnosis. Further details are provided
elsewhere [31]. For the molecular subtyping population, we
included Pathways women diagnosed from 2006 to 2008.
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Women with no IHC information, with no suitable
tumor block available, who did not consent to the study,
and for whom the PAMS50 was not measurable, were
excluded. Additional exclusions for molecular subtyping
were invasive tumor <0.5 cm diameter, bilateral disease, or
neoadjuvant therapy. Participants provided informed con-
sent under protocols approved by institutional review
boards at KPNC and the University of Utah.

Selection of participants

We used a stratified case-cohort study design [32], an alter-
native to the nested case—control study design in studies
examining multiple outcomes (e.g., recurrence and survival)
[33, 34], with strata defined by IHC subtype [22, 32]. In brief,
participants included 1) a random sample of women with the
most common luminal A subtype based on IHC classification
(positive for ER or PR and negative for HER2); 2) women
with the luminal A subtype with an event of interest (BC
recurrence or BC death); and 3) all women who had non-
luminal A tumors, with follow-up for outcomes of interest.
More specific details about selection of participants have been
previously published [35]. This cohort of 1,635 women was
followed for recurrences and deaths through August 2012. Of
these women, 370 had a recurrence and 510 died of any cause,
with 274 BC deaths (53.7 %).

Tissue samples

For selected cohort members, we contacted the hospital
where surgery for resection of the primary tumor was
performed, or the institution’s pathology storage facility, to
obtain formalin-fixed, paraffin-embedded (FFPE) tissue
blocks, and slides from the surgical resection of the pri-
mary tumor. Slides were reviewed by a pathologist (REF)
who marked an area of representative tumor tissue on a
slide. For eligible cases, 1 mm punches were obtained from
areas of representative tumor tissue. Two punches per case,
or one punch if the primary tumor was <0.7 cm in diam-
eter, were placed in plastic tubes labeled with a sample
identifying number. If the area of invasive tumor was
<0.5 cm in diameter, then the case was deemed ineligible.

Clinical tissue markers

Hormone receptor status (ER and PR) and HER2
expression were obtained from medical record review and
either the KPNC Cancer Registry (KPNC cases) or Utah
Cancer Registry (Utah cases). For KPNC breast surgical
specimens, ER, PR, and HER?2 status were determined by
IHC at the KPNC regional IHC lab; at Utah, by hospital
pathology departments or ARUP Laboratories, Inc. (Salt
Lake City, UT).
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Gene expression assay (PAMS0 subtype)

The tissue punch was deparaffinized, and tissue was
digested for RNA extraction as previously described [29].
Reverse-transcriptase polymerase chain reaction (RT-PCR)
of extracted RNA was conducted to determine expression
of the 50 target genes that comprise the PAMS50 [36].
Details of RT-PCR methods have been provided elsewhere
[29, 37]. Quality control included a negative control (no
template) and a positive control (reference DNA template)
for each gene in each plate, and PCR of five housekeeping
genes from each tissue sample. Laboratory personnel were
blinded to clinical information and received only a study
identifying number to track the sample. Each batch of
tissue samples sent to the lab included a mix of IHC types
including events and non-events.

Intrinsic subtype classification

To determine PAMS50 molecular subtypes, we used a
method of correlation of gene expression patterns to cen-
troids from archetype samples of each subtype in an
independent RT-qPCR training set [29]. For each sample,
this algorithm generated a categorical subtype call, a
Pearson correlation to each subtype in the training set, and
a continuous quantitative score (between 1 and 10) for the
expression of ESR1, PGR, ERRB2, and proliferation
genes. PAMS0 subtypes included the Luminal A, Luminal
B, Basal-like, and HER2-enriched subtypes. A prolifera-
tion score was computed based on the average of gene
expression scores associated with proliferation.

Data collection
Race/ethnicity and other covariates

Self-reported data on race and ethnicity, other sociode-
mographic variables, and reproductive and lifestyle factors
were obtained at study enrollment using mailed (LACE) or
in-person (Pathways) questionnaires. Disease characteris-
tics at diagnosis including age, disease stage, tumor size,
node status, histologic grade, estrogen receptor (ER) status,
progesterone receptor (PR) status, and HER2 overexpres-
sion or amplification in the primary tumor were abstracted
from tumor registry data and medical records review.
Comorbidity was assessed by the Charlson index [38].

BC outcomes and clinical characteristics

Information on clinical factors was obtained through
KPNC electronic data sources for KPNC participants or
from medical chart review for non-KPNC participants.
Data included breast surgery (lumpectomy, mastectomy),

tumor size, number of positive lymph nodes, hormone
receptor status, and adjuvant treatment (i.e., chemotherapy,
radiation therapy, hormonal therapy, and Herceptin).
Tumor stage was calculated according to criteria of the
American Joint Committee on Cancer (AJCC).

Recurrences were ascertained by a mailed semi-annual
or annual health status questionnaire asking participants to
report events occurring in the preceding 6 or 12 months,
respectively. Non-respondents were called by telephone to
complete questionnaires. Medical records were reviewed to
verify reported outcomes.

Mortality

Participant deaths were determined through the KPNC
mortality file, a family member responding to a mailed
questionnaire or a phone call to the family. Death certifi-
cates or physician notes were obtained to verify primary
and underlying causes of death (International Classification
of Diseases, 9th revision). Overall mortality included death
from any cause. BC-specific mortality included death
attributable to BC as a primary or underlying cause on the
death certificate. A physician reviewer was consulted when
the cause of death was unclear.

Statistical analyses

All analyses incorporated sampling weights and the strat-
ified sampling design for unbiased estimation of population
parameters and valid estimates of standard errors. This
included estimates of frequency distributions of baseline
characteristics and IHC-PAMS50 concordance measures
using the “svy” commands in Stata software (StataCorp,
College Station, TX). Cox proportional hazards regression
were used to estimate hazard ratios (HR) and 95 % confi-
dence intervals (CI) for associations of race and recurrence,
BC-specific mortality, and overall mortality. Time since
diagnosis was the time scale used in the regression models,
allowing for delayed entry into the cohort (i.e., left trun-
cation). Point and interval estimation of regression
parameters accounted for the case-cohort study design with
stratified sampling of the subcohort using the methods of
Borgan et al. [32], as implemented in SAS subroutines
developed by Langholz and Jia [39]. We compared age-
adjusted models to those adjusted for age, education,
income, stage, tumor size, number of positive nodes, grade,
comorbidity, and reproductive and lifestyle factors. We
then evaluated models adjusted additionally for PAMS50
subtype, relative to the Luminal A subtype, and then sep-
arately for continuous PAMS50 scores. We also adjusted for
a proliferation score in additional analyses. We conducted
additional analyses, separately considering risks for early
(in the first 5 years after diagnosis) and late (=5 years)
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Table 1 Selected baseline
characteristics by category of
race/ethnicity (n = 1,635)

Race/ethnicity

White Black Hispanic  Asian/PI ~ Other  p value

n (%)

Family history of breast cancer (%)

Comorbidity (%)
Demographic variables
Age (years)
<50
50-64
65+
Education
HS or less
Some college
College degree
Post graduate
Severity of disease
AJCC Stage
I (%)
I (%)
I (%)
IV (%)
IHC Subtype
ER+, PR+, and HER2—
ER+ or PR+ and HER2+
ER—, PR— and HER2+
ER—, PR—, and HER2—
Nodal involvement
0 nodes
1 node
2 or more
Tumor grade
Well-differentiated
Moderately differentiated
Poorly/undifferentiated
Treatment
Chemotherapy (%)
Radiation (%)
Type of surgery (%)
None
Lumpectomy
Mastectomy
Hormonal therapy (%)
Behavioral and related factors
Body mass index (kg/m?)
<25
25-30
30+

Physical activity (MET h/week)

Quartile 1
Quartile 2

1,176 (72) 128 (8) 138(8)  149(9) 44 (3)

24.8 15.9 11.4 14.6 7.9 0.004
14.3 20.2 11.9 9.6 7.9 0.27
19.0 27.8 40.0 29.1 30.8 <0.001
45.2 48.3 36.3 55.6 46.0

35.7 239 23.6 15.3 31.3

19.7 242 39.3 12.5 11.9 <0.001
39.3 47.0 42.0 29.6 53.8

19.2 14.7 11.8 43.5 242

21.8 14.2 7.0 14.5 10.1

50.7 354 39.7 54.9 43.6 0.06
422 55.7 532 343 52.4

6.8 7.9 5.6 10.5 2.6

0.4 1.0 1.4 0.3 1.3

52.2 314 455 47.7 39.3 0.002
329 344 35.8 36.8 39.7

39 4.5 4.7 6.6 4.0

11.0 29.7 14.0 8.9 17.1

64.8 584 64.8 67.1 63.9 0.94
254 31.1 28.2 214 30.8

7.5 8.9 6.0 8.9 4.0

22.3 14.5 23.5 16.4 34.0 0.07
43.5 334 329 48.5 20.7

26.4 46.8 359 30.7 325

48.2 584 52.1 59.4 532 0.27
49.2 44.1 374 36.2 41.0 0.08
0.8 0.5 0.0 0.7 0.0 0.91
56.6 59.4 62.3 52.7 55.1

42.6 40.1 37.7 46.6 44.9

76.9 51.7 68.6 80.5 66.1 <0.001
41.2 21.1 19.9 59.6 38.7 <0.001
30.3 26.2 34.7 28.9 18.1

28.5 52.7 454 11.4 43.2

22.7 42.2 17.2 333 10.1 0.03
25.8 17.2 32.6 235 29.5
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Table 1 continued Race/ethnicity
White Black Hispanic Asian/PI Other p value
Quartile 3 25.2 21.8 16.8 23.3 30.8
Quartile 4 26.3 18.8 334 19.9 29.5
Smoking (%)
Never 48.3 35.8 65.1 82.1 524 <0.001
Ever 455 52.7 33.8 13.2 41.6
Current 6.2 11.4 1.1 4.7 6.1
Alcohol intake (g/d)
<0.5 39.2 69.1 66.4 74.3 51.9 <0.001
<6 28.9 25.0 27.7 18.3 294
>6 g/d 31.9 5.9 5.9 7.4 18.8
Reproductive factors
Ever used HT (%) 60.8 40.6 47.1 31.8 57.7 <0.001
Ever used birth control (%) 69.9 72.5 69.7 51.0 88.0 0.001
Postmenopausal (%)
Yes 72.3 68.1 53.7 61.1 72.7 <0.001
No 20.8 22.0 44.1 344 24.6
Unclear 7.0 9.9 22 4.5 2.6
Age at first pregnancy
Nulliparous 17.9 12.9 15.8 18.6 26.5 <0.001
<26 years 51.2 70.9 62.1 29.6 48.0
26 years or more 30.9 16.3 22.1 51.8 25.6
Breastfeeding
Never 444 55.7 38.7 42.0 48.5 0.47
<6 months 20.5 19.8 24.0 28.7 18.1
6 or more months 35.1 24.4 37.3 29.3 335
Parity
0 17.9 12.8 15.8 18.5 26.5 0.05
12 46.0 414 35.7 57.3 52.8
34 36.1 45.8 48.4 242 20.7

Mantel-Haenzel ;(2 test

events, since we found evidence that the relative hazard of
events, compared with the Luminal A subtype, decreases
over time in the total sample.

Since the two parent cohorts—the LACE and Pathways
cohorts—included women with BC diagnosed at different
points in time (1996-2000 vs. 2006-2008), enrolled at
different timepoints relative to diagnosis (~2 months vs.
2 years following diagnosis), we initially conducted
analyses separately for each cohort. Since the overall
Black—White survival disparity did not differ markedly by
cohort, the cohorts were combined in all subsequent
analyses.

We also conducted analyses stratified by subtype, but
due to power limitations, these analyses were adjusted for
age and stage only. Finally, we stratified by education (high
school (HS) or some college vs. college graduate or grad-
uate-level education), age (< vs. > median = 58.8 years),

stage (Stages I and II vs. III and IV), and treatment (che-
motherapy, radiation, hormone therapy—yes or no). We
attempted to stratify by income, but relatively few women
were in the lower income groups. When associations dif-
fered across strata, we used Likelihood ratio ;(2 tests to
evaluate interaction terms of stratification variables and
race. All tests of statistical significance were two-sided.

Results

Race/ethnic groups included White (n = 1,176), Black
(n = 128), Hispanic (n = 138), Asian/Pacific Islanders
(PD) (n = 149), and other (n = 44) women. White women
were more likely to have a family history of BC but were
less likely to be diagnosed at an early age than other
women. On average, White and Asian/PI women had
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Table 2 Race/ethnicity and
relative hazard of recurrence,
breast cancer death, and overall
death, in women classified by
the PAMS50 subtype

(n = 1,635)

? Adjusted for age (continuous)
MV I adjusted additionally for
education, income, cancer stage
(I (ref), 11, III), tumor size

(<2 cm (ref), 2+ cm), nodes
(none (ref), 1-4, 5+), grade (1
(ref), 2, 3+), chemotherapy (no
(ref), yes), radiation (no (ref),
yes), hormone therapy (no (ref),
yes)), comorbidity (Charlson
score (continuous)), age at first
birth, parity (continuous), breast
feeding (months, continuous),
smoking (never (ref), past,
current), BMI (<25, 25— <30
(ref), 30+ kg/mz), alcohol
(none (ref), any), and physical
activity (quartiles, Q1 = ref).
MV 1II adjusted for variables in
MV I and additionally for
PAMS0 breast cancer subtype
((Luminal A (ref), Luminal B,
Basal-like, HER2-enriched)
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Race/ethnicity
White  Black Hispanic Asian/PI Other

n 1,176 128 138 149 44
Recurrence 252 34 23 28 11

HR, age-adjusted” 1.00 1.67 0.65 0.82 1.32

95 % CI (1.09-2.55)  (0.40-1.07)  (0.52-1.28)  (0.65-2.70)

HR, MV-adjusted model I 1.00 1.69 0.52 1.03 1.68

95 % CI (1.08-2.64)  (0.29-0.94)  (0.61-1.75)  (0.78-3.62)

HR, MV-adjusted model II 1.00 1.65 0.54 1.06 1.58

95 % CI (1.06-2.57)  (0.30-0.96)  (0.63-1.77)  (0.76-3.33)

HR, Model II, Pathways cohort 1.00 2.22 0.96 0.93 1.85

95 % CI (1.114.46) (0.42-2.18)  (0.39-2.24)  (0.50-6.90)

HR, Model II, LACE cohort 1.00 1.72 0.38 1.04 1.68

95 % CI (0.81-3.65)  (0.12-1.17)  (0.42-2.53)  (0.45-6.31)

HR, Model II, <5 years 1.00 2.78 0.41 1.13 1.97

95 % CI (1.19-6.51)  (0.14-1.22)  (0.44-2.92) (0.41-9.50)

HR, Model II, >5 years 1.00 1.63 0.64 1.09 1.53

95 % CI (0.97-2.74)  (0.33-1.24)  (0.59-2.03)  (0.67-3.50)
Breast cancer death 208 30 16 14 6

HR, age-adjusted 1.00 1.87 0.68 0.64 1.11

95 % CI (1.16-3.03)  (0.38-1.21)  (0.35-1.15)  (0.46-2.72)

HR, MV-adjusted model I 1.00 1.74 0.49 0.66 1.52

95 % CI (1.05-2.90)  (0.24-0.99) (0.32-1.36)  (0.61-3.82)

HR, MV-adjusted model II 1.00 1.71 0.61 0.69 1.68

95 % CI (1.02-2.86)  (0.32-1.14)  (0.34-1.40) (0.68-4.17)

HR, Model II, Pathways cohort 1.00 1.72 1.18 0.54 1.11

95 % CI (0.694.32) (0.42-3.29) (0.16-1.80)  (0.12-10.45)

HR, Model II, LACE cohort 1.00 1.80 0.33 0.66 1.55

95 % CI (0.82-3.93)  (0.09-1.13)  (0.20-2.16)  (0.46-5.21)

HR, Model II, <5 years 1.00 2.20 0.36 0.71 1.54

95 % CI (1.064.55)  (0.12-1.05)  (0.25-1.99)  (0.35-6.77)

HR, Model II, >5 years 1.00 1.31 0.68 0.56 1.56

95 % CI (0.64-2.68)  (0.28-1.69)  (0.20-1.58)  (0.41-5.89)
Overall death 395 43 30 24 15

HR, age-adjusted 1.00 1.45 0.68 0.60 1.56

95 % CI (0.94-2.25)  (0.43-1.09)  (0.37-0.98)  (0.83-2.92)

HR, MV-adjusted model I 1.00 1.33 0.54 0.79 2.62

95 % CI (0.82-2.17)  (0.30-0.97) (0.44-142) (1.35-5.10)

HR, MV-adjusted model II 1.00 1.34 0.55 0.83 2.50

95 % CI (0.83-2.18)  (0.31-1.00)  (0.47-1.46) (1.27-4.91)

HR, Model II, Pathways cohort 1.00 2.16 1.02 0.49 4.01

95 % CI (1.044.45) (0.43-2.38) (0.15-1.53) (1.37-11.71)

HR, Model II, LACE cohort 1.00 1.09 0.47 1.25 2.32

95 % CI (0.48-2.44) (0.18-1.24)  (0.53-2.95)  (0.74-7.23)

HR, Model II, <5 years 1.00 1.18 0.52 1.09 2.69

95 % CI (0.61-2.32)  (0.24-1.11)  (0.53-2.26)  (0.87-8.33)

HR, Model II, >5 years 1.00 1.43 0.63 0.67 3.16

95 % CI (0.80-2.58)  (0.29-1.36)  (0.28-1.62)  (1.31-7.61)
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Table 3 Race/ethnicity and Race/ethnicity
relative hazard of recurrence by
PAMS50 intrinsic subtype White Black Hispanic Asian/PI Other
(n = 1,635)
N Luminal A 456 32 39 52 13
Recurrence 136 15 4 9 2
HR 1.00 1.45 0.29 0.62 1.42
95 % CI (0.59-3.55) (0.08-1.06) (0.24-1.55) (0.26-7.77)
N, Luminal B 268 19 32 40 6
Recurrence 103 10 11 14 1
HR 1.00 2.99 0.72 1.31 0.45
95 % CI (0.91-9.85) (0.21-2.46) (0.34-4.99) (0.03-6.90)
N, Basal-like 205 53 37 16 9
Recurrence 45 15 5 1 1
HR 1.00 0.81 0.49 0.28 0.73
95 % CI (0.10-6.49) (0.17-1.42) (0.04-2.25) (0.10-5.61)
N, HER2-enriched 247 24 30 41 15
Recurrence 56 5 4 7 6
Model adjusted for age HR 1.00 1.36 0.59 1.15 2.39
g"ﬁtli)““ous) and stage (I (ref), 95 % CI (0.37-5.05) (0.06-5.57) (0.45-2.99) (0.22-25.6)

higher levels of education, lower BMI, lower parity, and
were more commonly diagnosed with Stage I cancer
compared with Blacks or Hispanics. Black women were
more likely to have any comorbidity, BMI > 30 kg/m?,
and to have been a smoker than other women. White
women had a higher proportion with ER and/or PR-positive
BC tumors, whereas Black women were more likely to
have TNBC; correspondingly, Black women were less
likely to have been treated with tamoxifen or aromatase
inhibitors. There were no other race differences for BC
treatment (Table 1).

Adjusted for age, Black women had higher risks of
recurrence and BC mortality, whereas Hispanic women had
a lower risk of recurrence (Table 2). In analyses adjusted
additionally for BC severity, treatment, comorbidity, and
socioeconomic, reproductive, and lifestyle factors, results
were qualitatively similar (Model I, Table 2). Because
Herceptin was only routinely given to women after 2000
and thus pertinent to Pathways participants only, we did not
adjust for Herceptin, though additional adjustment for
Herceptin in a sensitivity analysis did not qualitatively
influence associations.

Further adjustment for PAMS50 subtype did not atten-
uate associations (Model II, Table 2). Black women had a
significantly higher risk of recurrence (HR 1.65, 95 % CI
1.06-2.57) and BC-specific death (HR 1.71, 95 % CI
1.02-2.86) compared with White women. By contrast,
Hispanic women had a lower risk of recurrence (HR 0.54,
95 % CI 0.30-0.96) than Whites. Associations also did
not differ when adjusted for proliferation score, either in
analyses including all intrinsic subtypes or among the

Luminal subtypes only (data not shown). Associations
between Black race and outcomes did not differ by cohort,
though the inverse association between Hispanic race and
outcomes was apparent only in the LACE cohort
(Table 2).

Stratified by PAMSO0 subtype, recurrence risks in Black
versus White women appeared elevated for all PAMS0
subtypes except for the Basal-like tumors, though analyses
were underpowered and nonsignificant (Table 3). Exam-
ining follow-up in the first five years, we noted signifi-
cantly higher risks of recurrence (HR 2.78, 95 % CI
1.19-6.51) and BC mortality (HR 2.20, 95 % CI
1.06-4.55) comparing Black versus White women
(Table 2), whereas risks >5 years were elevated but not as
strong.

In other stratified analyses, the Black—White disparity
was evident only in women who were younger (recurrence,
p-interaction = 0.008; BC mortality, p-interaction = 0.02)
(Table 4). Also, the magnitude of the associations between
Black race and outcomes appeared stronger among those
with later stage cancer (recurrence, p-interaction = 0.02;
BC mortality, p-interaction = 0.002) (Table 4). There was
no apparent effect modification by treatment or education
level (data not shown).

Conclusions
Similar to most previous studies, Black women had

higher risks of recurrence and BC mortality after diag-
nosis, compared with White women. By contrast,
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Table 4 Race/ethnicity and
relative hazard of recurrence
and breast cancer death,
stratified by age and stage
(n = 1,635)

Model I adjusted additionally
for stage (I (ref), II, III), tumor
size (<2 cm (ref), 2+ cm),
nodes (none (ref), 1-4, 5+),
grade (1 (ref), 2, 3+),
chemotherapy (no (ref), yes),
radiation (no (ref), yes), and
hormone therapy (no (ref), yes)
* p-interaction, based on
Likelihood Ratio y* test of
dichotomous stratification
variable by race

Race/ethnicity
White Black Hispanic Asian/PI Other p*
n Age < median = 58.8 years 512 84 89 104 26
Recurrence 107 26 16 18 7
HR, MV-adjusted model I 1.00 250 1.00 1.19 1.68 0.008
95 % CI (1.364.57) (0.48-2.10) (0.60-2.36) (0.64—4.46)
Breast cancer death 74 20 10 8 4
HR, MV-adjusted model I 1.00 3.10 1.10 0.82 1.34 0.01
95 % CI (1.61-6.00) (0.45-2.70) (0.32-2.08) (0.41-4.34)
N, Age > median = 58.8 years 657 43 49 45 17
Recurrence 164 12 6 9 3
HR, MV-adjusted model I 1.00 097 0.29 0.68 0.92
95 % CI (0.39-2.37) (0.10-0.85) (0.19-2.43) (0.22-3.77)
Breast cancer death 134 10 6 6 1
HR, MV-adjusted model I 1.00 1.00 0.36 0.56 1.16
95 % CI (0.36-2.76) (0.12-1.10) (0.11-2.74) (0.20-6.88)
N, Stage I, II 512 84 89 104 26
Recurrence 107 26 16 18 7
HR, MV-adjusted model I 1.00 1.64 0.52 1.14 1.39 0.02
95 % CI (1.00-2.69) (0.27-0.97) (0.69-1.90) (0.66-2.94)
Breast cancer death 74 20 10 8 4
HR, MV-adjusted model I 1.00 1.92 0.34 0.67 1.16 0.002
95 % CI (0.21-4.05) (0.04-2.77) (0.19-2.40) (0.15-9.21)
n, Stage III, IV 657 43 49 45 17
Recurrence 164 12 6 9 3
HR, MV-adjusted model I 1.00  4.12 0.59 0.52 3.75
95 % CI (0.86-19.8) (0.09-3.88) (0.02-14.2) (0.24-58.9)
Breast cancer death 134 10 6 6 1
HR, MV-adjusted model I 1.00 441 1.34 0.57 1.31
95 % CI (0.70-27.7) (0.13-14.1) (0.01-33.4) (0.31-148.1)

Hispanic women had a lower risk of recurrence. Clas-
sifying tumors into subtypes by a more robust gene
expression assay and then adjusting for PAMS50 intrinsic
tumor subtype did not explain the Black—White BC
survival disparity. Although analyses within PAMS50
subtypes did not produce significant results, given lim-
ited power, Black women had a higher recurrence risk
for three of the four subtypes, suggesting that the risk
was not restricted to a specific subtype. By contrast, the
elevated risk in Black versus White women was apparent
only in younger women, and there was evidence that the
risk was greater among those with later stage cancer.
Our study is the first to evaluate associations by PAMS0
subtype. Further work is needed to uncover other pos-
sible reasons behind racial disparities in BC survival or
whether racial disparities differ across populations of
women; this could help to elucidate potential BC sur-
vival mechanisms.

@ Springer

There is general agreement that Black women have
worse BC survival than White women, though the magni-
tude of the disparity has differed by study. In most cases,
adjustment for sociodemographic and clinical factors has
not explained the association though some investigators
report attenuation of the association with covariate
adjustment [40, 41]. When factors such as stage and
treatment have been identical, investigators have reported
similar disease-free survival [19] but poorer overall sur-
vival in Black versus White women [4, 19, 20].

Studies differ as to whether this disparity is evident for
all tumor subtypes using the IHC classification, and no
clear pattern has yet emerged [23, 25, 27]. In previous
studies, Black women have been shown to have worse
survival among those with the luminal A and TBNC sub-
types. However, our findings [42], in which PAMS50 clas-
sification resulted in a larger percentage being classified
as having Luminal B or HER2-enriched BC than by
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IHC-based classifications, suggest that results may depend
on the method of subtype classification.

We found that the Black—White disparity was evident in
younger, but not older, women. Our findings are consistent
with some [2, 5] though not all [24] studies. In one study [2]
of women >65 years, Black women who had received
chemotherapy had no worse mortality than White women,
though those that did not receive chemotherapy had signif-
icantly worse survival. When we stratified by treatment, we
did not find differences by chemotherapy. Although treat-
ment and factors that influence both decisions about, delays
in, and receipt of treatment may influence the Black—White
disparity, we did not have this detailed information avail-
able. Future work should consider in greater detail how race
and ethnicity influence the course of treatment.

Although the PAMSO intrinsic subtype classifier did not
explain the Black—White disparity, subtype is nonetheless an
important reason behind the disparity. In the general popu-
lation, 15-20 % of women diagnosed with BC are diagnosed
with TNBC [43]. Among the younger, African-American
women in our study, 36 % were diagnosed with the Basal-
like subtype, which has the worst clinical prognosis [44].

In contrast to these findings, Hispanic women had a
lower recurrence risk, compared with Whites, consistent
with several [1, 4, 8, 9] but not all [45-47] studies. We
were also unable to explain the lower risk of recurrence in
Hispanic women by tumor subtype with adjustment for
numerous covariates. In previous work, Chlebowski et al.
[4] reported lower mortality in Hispanic women, explain-
able by differences in reproductive history. However,
reproductive factors such as use of hormonal therapy and
oral contraceptives, age at first pregnancy, breastfeeding,
and parity did not explain the difference observed in this
cohort. Studies of race and health have often shown better
outcomes in Hispanics compared with Whites despite
lower socioeconomic levels [48], known as the “Hispanic
paradox.” Reasons suggested have included stronger social
networks, healthy migrant effects, back-migration, and
reproductive and other factors [9, 49]. Interestingly, the
lower recurrence risk was present only in women from the
LACE study, who were enrolled approximately two years
post-diagnosis; recurrence rates in Hispanics in the Path-
ways study were similar to Whites. It is possible that
Hispanic women have a survival advantage conditional on
surviving past treatment, but this question should be
examined in greater depth.

More work is needed in larger, multiethnic cohorts to
clarify racial differences in BC survival and reasons for
those differences. Additionally, in order to more fully
address reasons behind disparities, investigators must
carefully analyze patterns of disparities across health care
systems, geographic regions, and individual-level variables
such as education and income. Our study provides support

that a focus on young Black women to reduce recurrence
and BC mortality in this patient population may be war-
ranted. More in-depth examination of the course of treat-
ment may also produce insights [15, 50].

Strengths of this study include the large sample size of
BC survivors, use of the PAMS50 subtype, excellent mea-
sures of numerous BC clinical characteristics, and the
ability to adjust for lifestyle, reproductive, and demo-
graphic characteristics. Despite the relatively large sample
size, we had limited power to examine analyses of race and
BC outcomes stratified by BC subtype. Future studies
should include larger racial minority subgroups.

In summary, in this large multiethnic study of women with
invasive BC, Black women had a higher risk of recurrence
and worse BC survival regardless of PAMS50 intrinsic tumor
subtype. However, Hispanic women had a lower risk of
recurrence compared with Whites. Our findings suggest that
with improved classifiers of tumor subtype, racial differ-
ences in BC outcomes are present across all subtypes, and
prevalence of subtype does not fully explain racial disparities
in BC survival. Further work is needed to uncover other
possible reasons for BC survival disparities.
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