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Abstract
Background: Data are lacking to describe gene expression–based breast cancer intrinsic subtype patterns for
population-based patient groups.
Methods: We studied a diverse cohort of women with breast cancer from the Life After Cancer Epidemiology
and Pathways studies. RNA was extracted from 1 mm punches from fixed tumor tissue. Quantitative reversetranscriptase PCR was conducted for the 50 genes that comprise the PAM50 intrinsic subtype classifier.
Results: In a subcohort of 1,319 women, the overall subtype distribution based on PAM50 was 53.1% luminal
A, 20.5% luminal B, 13.0% HER2-enriched, 9.8% basal-like, and 3.6% normal-like. Among low-risk endocrinepositive tumors (i.e., estrogen and progesterone receptor positive by immunohistochemistry, HER2 negative,
and low histologic grade), only 76.5% were categorized as luminal A by PAM50. Continuous-scale luminal A,
luminal B, HER2-enriched, and normal-like scores from PAM50 were mutually positively correlated. Basal-like
score was inversely correlated with other subtypes. The proportion with non-luminal A subtype decreased
with older age at diagnosis, PTrend < 0.0001. Compared with non-Hispanic Whites, African American women
were more likely to have basal-like tumors, age-adjusted OR ¼ 4.4 [95% confidence intervals (CI), 2.3–8.4],
whereas Asian and Pacific Islander women had reduced odds of basal-like subtype, OR ¼ 0.5 (95% CI, 0.3–0.9).
Conclusions: Our data indicate that over 50% of breast cancers treated in the community have luminal A
subtype. Gene expression–based classification shifted some tumors categorized as low risk by surrogate
clinicopathologic criteria to higher-risk subtypes.
Impact: Subtyping in a population-based cohort revealed distinct profiles by age and race. Cancer Epidemiol
Biomarkers Prev; 23(5); 714–24. 2014 AACR.

Introduction
Gene expression profiling has revealed intrinsic subtypes of breast cancer that improve prognostication (1–
8) and prediction of response to therapy (7, 9, 10) compared with categories defined by clinicopathologic characteristics. The luminal A subtype has best prognosis
and is, in most populations examined, the most frequent
subtype. Defining subtypes of breast tumors for participants in breast cancer epidemiologic studies is of
interest for several reasons: the distribution of subtypes
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types and risk factors, may shed light on etiologic pathways; survival differences for subtype groups should be
defined in population-based studies; the influence of
modifiable risk factors on recurrence and survival may
vary by subtype. Much of the existing data on gene
expression–based breast cancer intrinsic subtypes have
been derived from clinical trial populations or other
selected populations, for example estrogen receptor
positive (ERþ) cases only (8, 9), cases diagnosed at ages
younger than 55 years (3), or patients with node-negative or low histologic grade disease (10, 11). It is not
known how well the subtype distributions estimated
from these studies describe the population across all
ages, across a range of clinical characteristics, and across
racial and ethnic groups.
Microarray gene expression assay is the gold standard
for intrinsic subtyping, but because fresh-frozen tissue is
required, this technology is usually not feasible for large
research study populations. Instead, strategies for assigning subtypes based on clinicopathologic variables, that is
ER, progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2), and proliferation
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markers or tumor grade, have been applied in clinical and
epidemiologic studies (12–22). Limitations of the clinicopathologic subtyping approach are that staining and
scoring of immunohistochemical (IHC) markers is subject
to variability and that subtypes classified using clinicopathologic variables may not align with intrinsic subtypes
classified by gene expression–based assays (10, 23). Subtype classifiers based on quantitative reverse-transcriptase PCR (qRT-PCR) of gene products from fixed tissue are
a third strategy for intrinsic subtyping. qRT-PCR classifiers are more feasible for large studies than microarray
techniques and more quantitative than IHC (6, 24).
Although the clinical utility of qRT-PCR classifiers is an
active area of research (25–27), examples of research
applying these classifiers in epidemiology are very limited (28).
In this study, we applied the PAM50 assay, a wellcharacterized qRT-PCR intrinsic subtyping classifier that
measures expression of 50 genes selected as characteristic
of 5 breast cancer intrinsic subtypes (6, 10, 11, 29), to
archived primary tumor tissue from participants in the
Life After Cancer Epidemiology (LACE) and Pathways
breast cancer cohorts. We describe the overall distribution
of subtypes luminal A, luminal B, HER2-enriched, basallike, and normal-like, and subtype variation in relation to
clinicopathologic categories and patient characteristics.

Materials and Methods
Study population
The study population consisted of breast cancer survivors from the LACE and Pathways cohorts. LACE participants were 18 to 79 years old when diagnosed with
early-stage breast cancer (stage I with tumor size 1 cm or
greater, stage II, or stage IIIA) from 1996 to 2000. Additional eligibility criteria at the time of LACE recruitment in
2000 to 2002 were that the woman was within 39 months of
diagnosis (mean time from diagnosis to enrollment ¼ 23
months, 61% between 12 and 24 months), had completed
any chemotherapy or radiation therapy, was free of breast
cancer recurrence, and had no other cancer diagnosis
within 5 years. LACE study methods and baseline characteristics of participants have been described (30). For the
intrinsic subtyping study, we included LACE participants
recruited from the Kaiser Permanente Northern California (KPNC) Cancer Registry and the Utah Cancer Registry. The Pathways Study enrolled women diagnosed with
invasive breast cancer from 2005 to 2013 in KPNC with no
previous diagnosis of other invasive cancer, and at least 21
years of age. Most women were approached for enrollment within 2 months of diagnosis (mean time from
diagnosis to enrollment ¼ 1.8 months, maximum 7.2
months). Details of the Pathways study methods have
been described (31). For the PAM50 intrinsic subtyping
study, we included Pathways women diagnosed in 2006
to 2008. Participants provided informed consent under
protocols approved by the Kaiser Permanente Northern
California Institutional Review Board (IRB) and the University of Utah IRB.
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Self-reported race and ethnicity were obtained at study
enrollment using mailed (LACE) or in-person (Pathways)
questionnaires. Characteristics at the time of diagnosis,
including age, disease stage (American Joint Commission
on Cancer, AJCC), tumor size, node status, histologic
grade, ER status, PR status, and HER2 overexpression or
amplification in the primary tumor, were abstracted from
tumor registry data and medical records review.
A stratified random sample of women meeting eligibility criteria was selected for intrinsic subtyping. This
sample forms a subcohort that will be used for future casecohort analysis of outcomes of breast cancer recurrence
and death. ER, PR, and HER2 status based on IHC (and/or
FISH for HER2) defined the strata used for sampling, with
an 18% random sample selected among cases of the
common breast cancer phenotype that is positive for ER
or PR expression and negative for HER2 (and has low risk
of recurrence) and a 100% sample of tumors that were ER
and PR or HER2þ.
Tissue samples
For cohort members selected for the subcohort, 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, paraffinembedded (FFPE) tissue blocks from that procedure and
corresponding slides and pathology reports. Slides were
reviewed by one pathologist (R.E. Factor). Final eligibility
for the PAM50 subtyping study was determined based on
the review of slides and pathology reports. If the appearance of the primary tumor tissue in the slides indicated to
the pathologist that neoadjuvant therapy had been used
before resection, or if the area of invasive tumor was
observed to be smaller than 0.5 cm in diameter, the case
was classified as ineligible. If the pathology report indicated bilateral disease, the case was classified as ineligible.
For eligible cases, the pathologist marked an area of
representative tumor tissue on a slide. Tissue punches 1
mm in diameter were obtained from the area of the FFPE
tissue block corresponding to the marked slide. Two
punches per case, or one punch if the primary tumor was
less than 0.7 cm in diameter, were placed in plastic tubes
labeled with a sample identifying number.
Clinical tissue markers
For about 6% of cohort members, ER, PR, and/or HER2
clinical results were missing, precluding selection for the
PAM50 assay according to the stratified random sampling
scheme. We attempted to obtain tissue blocks for determination of these markers. For many of these cases with
missing data, no blocks could be obtained. If blocks were
obtained, sections were cut from the block and slides were
made to assess expression of these markers by IHC staining. Equivocal HER2 results (IHC 2þ) were subjected to
FISH for determination of HER2 amplification; those with
a HER2/CEP17 ratio greater than 2.2 were classified as
HER2þ. For n ¼ 11 cases determined by this process to be
ER and PR negative or HER2þ, placing the case in a

Cancer Epidemiol Biomarkers Prev; 23(5) May 2014

Downloaded from cebp.aacrjournals.org on May 9, 2021. © 2014 American Association for Cancer Research.

715

Published OnlineFirst February 12, 2014; DOI: 10.1158/1055-9965.EPI-13-1023

Sweeney et al.

category with 100% sampling frequency, the case was
selected for PAM50.
Gene expression assay
The tissue punch was deparaffinized and tissue was
digested for RNA extraction as described previously (11).
qRT-PCR was conducted for the 50 target genes that
comprise the PAM50 (6). Details of qRT-PCR methods
have been provided elsewhere (11, 32). Quality control
included a negative control (no template) and a positive
control (reference DNA template) for each gene in each
plate, and qRT-PCR of 5 housekeeping genes from each
tissue sample. Laboratory personnel were blinded to
clinical information and received only a sample identification number to track the sample. Each batch of tissue
punches sent to the laboratory for PAM50 assay included
a mix of clinicopathologic types.
Subtype classification variables
We defined 2 subtype classification variables for use in
data analysis. The first was clinicopathologic subtype,
based on clinical characteristics, and the second was
subtype based on the PAM50 gene expression assay. The
characteristics used to define clinicopathologic subtype
were IHC results for ER and PR, IHC and/or FISH results
for HER2, and tumor grade. Following St. Gallen conference recommendations (33) with a recent modification
(34), we defined a low-risk, endocrine positive, that is
surrogate luminal A, clinicopathologic subtype category
as PRþ, HER2, and well or moderately differentiated.
A higher-risk endocrine positive or clinicopathologic surrogate luminal B category included tumors with ERþ or
PRþ and any of PR, HER2þ, or tumor grade of poorly
or undifferentiated. A third clinicopathologic category
included HER2þ, endocrine-negative tumors, that is
ER, PR, and HER2þ, and a fourth group was "triple
negative" or ER, PR, and HER2. To classify intrinsic
subtypes from the gene expression data, we applied
centroid-based algorithms to the calibrated log-expression ratio for the 50 genes (6). This process generates, for
each sample, 5 continuous-scale normalized subtype
scores representing degree of correlation of gene expression with that of archetypal luminal A, luminal B, HER2enriched, basal-like, and normal-like breast tumors.
Tumors were classified as the subtype with the highest
normalized subtype score.
Data analysis
All analyses incorporated the original sampling
weights and the stratified sampling design for unbiased
estimation of population parameters and valid estimates
of standard errors (with "svy" commands in Stata software, StataCorp.). Frequency distributions of intrinsic
subtypes were estimated for the overall cohort and within
subgroups defined by clinicopathologic categories and by
race and ethnicity. We calculated the k statistic to describe
agreement between the clinicopathologic and intrinsic
subtypes. Tumors categorized by PAM50 as normal-like,
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a subtype with no corresponding clinicopathologic category, were excluded from the k calculation. Sensitivity
and specificity were calculated for subtype classification,
dichotomized as yes or no, treating clinicopathologic
classification from IHC as the "test" and PAM50 subtype
as the gold standard.
In addition to analyses that treated each intrinsic subtype as a discrete category, we examined the distributions
of the 5 continuous-scale normalized subtype scores from
the PAM50 assay. Kernel-smoothed probability density
functions were constructed, showing the distribution of
the scores for each intrinsic subtype within the groups of
subjects defined by subtype categories. Pairwise associations between subtype scores were assessed with Pearson
correlation coefficients.
We described associations of participant and tumor
characteristics with intrinsic subtypes by fitting a multinomial logistic regression model. This is similar to the case–
case analysis approach widely used for dichotomous tumor
characteristics (35), extended to the 5 subtype categories via
the multinomial model. Treating the most prevalent subtype, luminal A, as the base outcome, we estimated ageadjusted OR and 95% confidence intervals (CI) for each of
the non-luminal A subtypes. Association between continuous-scale subtype scores and participant characteristics
were also assessed in linear regression models.

Results
The combined LACE and Pathways cohorts include
women diagnosed with breast cancer at ages 25 to 91
years, with the largest proportion diagnosed between 50
and 59 years of age (Table 1). In addition to the nonHispanic White majority of the participants, the cohort has
representation of African American, Hispanic, Asian or
Pacific Islander, and American Indian or Alaska Native
women. The cohort includes all stages at diagnosis, with
over 90% diagnosed at AJCC stages I or II. Of 1,622
subjects selected for the intrinsic subtyping by PAM50,
103 were determined to be ineligible on pathology review
because of insufficient area of invasive tumor in available
blocks, 14 because of neoadjuvant therapy, and 6 because
of bilateral disease. Fifty-six study participants did not
consent for the tumor tissue assay, and blocks could not be
obtained for another 105 participants. Laboratory assay
failure prevented PAM50 subtyping for only 19 cases.
After accounting for the stratified sampling scheme, the
subcohort of 1,319 participants with PAM50 results was
similar to the parent cohort with respect to age, race and
ethnicity, and clinical characteristics (Table 1), with a
mean age at diagnosis of 59 years.
The distribution of PAM50-based intrinsic subtypes in
the cohort was estimated to be 53.1% luminal A, 20.5%
luminal B, 13.0% HER2-enriched, 9.8% basal-like, and 3.6%
normal-like (Table 2). In an analysis restricted to the 697
cases who were enrolled in the study within 1 year after
diagnosis, the distribution was 52.8% luminal A, 21.6%
luminal B, 12.7% HER2-enriched, and 8.5% basal-like and
4.3% normal-like (P ¼ 0.41 for comparison to those enrolled
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Table 1. Characteristics at time of diagnosis for LACE and Pathways breast cancer cohort participants and
a subcohort subtyped by PAM50 gene expression–based classiﬁer

Age at diagnosis (years)
<40
40–49
50–59
60–69
70–79
80þ
Race and ethnicity
White, non-Hispanic
Black or African American
Hispanic
Asian or Paciﬁc Islander
American Indian or Alaska Native
Other or missing
AJCC stage
I
II
III
IV
Missing
Tumor size
2 cm
>2 cm
Tumor markers from IHC/FISHc
ERPRþ HER2
ERPRþ HER2þ
ERPR HER2
ERPR HER2þ
Missing

Subcohorta
n ¼ 1,319

LACE study
n ¼ 2,135

Pathways study
n ¼ 2,172

Combined cohort
n ¼ 4,307

%

%

%

Raw %

Weightedb %

4.6
18.6
30.4
28.4
18.0
0

4.9
17.5
29.9
28.0
15.0
4.7

4.7
18.0
30.1
28.2
16.5
2.4

6.9
20.2
31.5
25.3
13.9
2.2

5.0
17.0
30.8
27.6
16.6
3.0

79.6
5.4
6.5
6.5
1.0
1.0

67.6
6.9
11.5
10.7
2.1
0.9

73.7
6.2
9.0
8.6
1.6
1.0

69.2
8.7
9.3
9.9
1.7
1.1

72.6
6.9
8.8
9.2
1.6
0.8

46.6
50.6
2.9
0.0
0

50.7
33.9
9.3
1.7
4.3

48.7
42.2
6.1
0.9
2.2

44.3
47.6
7.2
0.9
0

49.8
43.6
6.2
0.5
0

65.0
35.0

64.5
31.5

64.8
33.2

59.7
40.3

66.1
33.9

67.5
11.1
10.9
3.7
6.7

72.7
9.3
12.5
4.5
0.9

70.1
10.2
11.7
4.1
3.8

33.0
26.0
30.7
10.3
0

74.8
9.8
11.5
3.9
0

a

Subjects with PAM50 subtyping results. The subcohort sample was chosen with the following selection probabilities by clinical
subtype: ERPRþ HER2, 18%; ERPRþ HER2þ, 100%; triple negative, 100%; ERPR HER2þ, 100%.
b
Estimated distribution of characteristics in the subcohort after accounting for stratiﬁed sampling.
c
Categories based on tumor ER and PR expression, as determined by clinical IHC, and for HER2 overexpression by IHC and/or FISH.
ERPRþ includes subjects with ERþ and/or PRþ; ERPR includes subjects with both ER and PR.

one or more years after diagnosis). Among the tumors
classified as low-risk endocrine positive or surrogate luminal A by clinicopathologic factors (Table 2), 76.5% were
classified as luminal A by PAM50, and a minimal percentage were classified as basal-like, 0.3%. Within the group
classified as endocrine positive, higher-risk or surrogate
luminal B by clinicopathologic factors, only 36.2% were
classified as luminal B by PAM50, with appreciable proportions classified as luminal A or HER2-enriched. For the
cohort members with clinicopathologic HER2 positive,
endocrine negative tumors, 75.7% were HER2-enriched
by PAM50. Among participants with triple negative
tumors, 69.9% were basal-like by intrinsic subtype. The
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k statistic for agreement between clinicopathologic and
intrinsic subtype categories across 4 groups was 0.49. The
sum of sensitivity and specificity for the clinicopathologic
categories was highest for triple-negative as a surrogate
classifier of basal-like subtype (Table 2). When we considered the distribution of intrinsic subtypes within racial and
ethnic groups (Fig. 1), the proportions with basal-like
subtype among African American women and Asian
women, 30.4% (95% CI, 21.0–41.7) and 5.0% (95% CI,
3.0–8.2), respectively, had CIs that excluded the proportion
classified as basal-like among non-Hispanic Whites.
There was substantial overlap in the distribution of
continuous-scale luminal A scores between tumors
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Clinicopathologic categories (columns), deﬁned in methods, are based on ER and PR expression, as determined by IHC, HER2 overexpression by IHC, and/or FISH, and tumor grade.
Sensitivity and speciﬁcity, treating clinicopathologic category as test and the most similar PAM50 subtype classiﬁcation as the gold standard.
b

0.23/0.99
0.59/0.73
34.5–46.7
30.6–42.3
13.7–22.0
1.3–6.2
1.4–5.9
40.5
36.2
17.5
2.9
2.9
0.74/0.74
71.4–81.0
11.2–19.3
2.1–6.6
0.0–2.0
2.8–7.8
76.5
14.8
3.7
0.3
4.7
49.8–56.5
17.7–23.6
11.3–15.0
8.8–10.8
2.5–5.4
53.1
20.5
13.0
9.8
3.6
Luminal A
Luminal B
HER2E
Basal-like
Normal-like
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a

1.7–5.2
3.0–7.2
16.6–24.5
65.2–74.2
1.2–4.2
2.2
7.4
75.7
14.7
0.0

0.7–6.7
4.0–13.2
67.8–82.2
9.7–21.7

3.0
4.7
20.3
69.9
2.2

0.83/0.96

Sens/Specb
95% CI
%
Sens/Specb
%
PAM50 subtype

95% CI

%

95% CI

Sens/Specb

%

95% CI

Sens/Specb

%

95% CI

Triple negative
n ¼ 405
HER2þ, endocrine 
n ¼ 138
High-risk endocrine þ
n ¼ 480
Low-risk endocrine þ
n ¼ 298
Subcohort
n ¼ 1,319

Clinicopathologic categorya

Table 2. Distribution of breast cancer intrinsic subtypes from PAM50 gene expression assay in the population-based LACE and Pathways
studies, in a subcohort overall and by clinicopathologic categories

Sweeney et al.

Figure 1. Distribution of breast cancer intrinsic subtypes from PAM50
assay in a population-based cohort by race and ethnicity, LACE
and Pathways studies.

classified as luminal A and normal-like (Fig. 2A). For
luminal B and HER2-enriched scores (Fig. 2B and C),
overlap was observed between tumors classified in different subtypes. The distribution of the basal-like score
among tumors classified by PAM50 as basal-like was
distinct, exhibiting almost no overlap with the distributions for other subtypes (Fig. 2D). Tumors with subtypes
other than normal-like exhibited a broad range of normallike scores (Fig. 2E). The continuous-scale PAM50 subtype
scores for luminal A, luminal B, HER2-enriched, and
normal-like were positively correlated with each other,
whereas the basal-like score was inversely correlated with
each of the other subtype scores (Fig. 2F).
Age at diagnosis was strongly related to intrinsic subtype. Using luminal A as the comparison group, there
were significant trends of decreasing odds of having a
breast tumor of luminal B (P ¼ 0.001), HER2-enriched (P ¼
0.05), or basal-like (P < 0.0001) subtype with older age at
diagnosis (Table 3). In age-adjusted models, African
American women with breast cancer had significantly
higher odds of having a basal-like tumor versus a luminal
A tumor, OR ¼ 4.39 (95% CI, 2.29–8.29), compared with
non-Hispanic Whites. Hispanic women were somewhat
more likely to have any of the non-luminal A subtypes,
that is luminal B, HER2-enriched, or basal-like, in univariate analysis, but the differences were attenuated after age
adjustment and did not reach statistical significance.
Asian and Pacific Islander women with breast cancer had
significantly reduced relative odds of having basal-like
versus luminal A tumors, OR ¼ 0.48 (95% CI, 0.25–0.92).
Results for American Indian and Alaska Native women
were somewhat suggestive of higher prevalence of nonluminal A subtypes, but confidence intervals were large
because of small numbers in this racial group in the
cohort. In linear regression models, luminal A subtype
score was positively associated with age at diagnosis (P ¼
0.01) and inversely associated with African American race
(P < 0.001) among women with non-LumA subtype. Basallike subtype score was inversely associated with age at
diagnosis (P ¼ 0.005) among women with non-basal-like
subtype.
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0.9
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E

0

F
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Figure 2. Distributions of normalized, continuous-scale scores for breast cancer intrinsic subtypes estimated from PAM50 assay results, LACE and Pathways
cohort. A–E, each panel shows, for one continuous-scale intrinsic subtype score obtained from PAM50, the kernel-smoothed probability density function
of that score within PAM50 intrinsic subtype category groups of tumors, indicated by color. F, correlation coefﬁcients for the subtype scores.

Several clinical characteristics at diagnosis were associated with intrinsic subtype (Table 3). Higher histologic
tumor grade was associated with increased prevalence of
luminal B, HER2-enriched, and basal-like subtypes
(PTrend < 0.0001 for each). luminal B, HER2-enriched, and
basal-like subtypes were relatively more prevalent among
tumors with higher stage at diagnosis (PTrend < 0.0001,
<0.0001, and 0.06, respectively). When we considered 2 of
the component characteristics of stage at diagnosis, tumor
size, and positive lymph nodes, tumors greater than 2 cm
in diameter were more likely than smaller tumors to have
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luminal B, HER2-enriched, and basal-like subtypes.
Increasing number of positive nodes was associated with
luminal B (PTrend ¼ 0.01) and HER2-enriched subtypes
(PTrend ¼ 0.007), but not with basal-like subtype. The odds
of having the normal-like subtype was inversely associated with stage at diagnosis (P ¼ 0.04) but was not
significantly associated with age, race, or any other clinical
characteristic (data not shown).
We conducted a subanalysis among cohort members
whose clinicopathologic tumor features placed them in
the low-risk endocrine positive or surrogate luminal A
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74.9
25.1
70.2
22.8
6.9

797
522
832
321
139

33.2
46.9
9.4
10.5

162
453
630
72

57.2
37.8
5.0
0.1

75.5
5.6
7.3
9.5
1.0
1.0

913
115
123
131
22
37

562
607
90
12

2.9
14.2
28.3
31.9
19.1
3.6

91
266
415
334
184
29

%b

n

59.0
25.3
15.6

54.3
45.7

36.1
52.0
10.8
1.1

9.9
47.7
38.6
3.8

74.3
2.9
10.4
9.6
2.5
0.3

8.1
20.7
32.4
20.8
15.5
2.4

%b

LumB

1
1.18
2.48

1
2.36

1
2.04
3.05
24.50

1
3.19
12.80
1.23

1
0.51
1.29
0.89
2.9
0.30

2.48
1.27
1
0.57
0.71
0.57

ORc

Reference
0.73–1.90
1.30–4.71
0.01

Reference
1.56–3.56

Reference
1.34–3.12
1.45–6.40
2.23–269.6
<0.0001

Reference
1.65–6.15
6.14–26.5
0.41–3.72
<0.0001

Reference
0.19–1.33
0.63–2.62
0.46–1.73
0.45–10.3
0.05–1.76

0.98–6.29
0.72–2.27
Reference
0.33–0.97
0.39–1.30
0.17–1.95
0.001

95% CI

LumB vs. LumA

58.0
29.9
12.2

55.8
44.2

38.5
55.0
5.7
0.9

8.8
39.2
47.4
4.6

70.1
6.1
10.6
9.0
2.9
1.3

5.5
16.3
31.6
28.8
15.2
2.6

%b

HER2E

1
1.50
2.05

1
2.29

1
2.09
1.60
20.70

1
3.06
18.50
1.68

1
1.15
1.46
0.93
2.74
1.47

1.72
1.03
1
0.81
0.71
0.65

ORc

Reference
0.97–2.32
1.11–3.76
0.007

Reference
1.53–3.41

Reference
1.40–3.11
0.81–3.17
2.24–192.2
<0.0001

Reference
1.40–6.69
8.30–41.3
0.53–5.30
<0.0001

Reference
0.55–2.38
0.71–3.01
0.55–1.54
0.61–12.4
0.37–5.87

0.68–4.34
0.59–1.79
Reference
0.49–1.32
0.39–1.29
0.19–2.30
0.05

95% CI

HER2E vs. LumA

72.9
19.8
7.4

56.0
44.0

44.0
49.6
5.2
1.2

1.2
11.7
82.5
4.7

60.9
21.3
10.5
4.7
2.0
0.6

10.8
26.5
35.0
17.5
9.5
0.6

%b

Basal

1
0.68
0.87

1
2.06

1
1.47
1.05
14.90

1
6.31
217.40
13.20

1
4.38
1.47
0.48
1.95
0.77

3.05
1.51
1
0.44
0.41
0.13

ORc

Reference
0.43–1.07
0.48–1.60
0.19

Reference
1.43–2.96

Reference
1.01–2.12
0.51–2.15
1.59–139.1
0.06

Reference
2.11–18.8
74.6–633.8
3.44–50.9
<0.0001

Reference
2.29–8.39
0.82–2.63
0.25–0.92
0.52–7.33
0.13–4.80

1.40–6.65
0.93–2.46
Reference
0.27–0.72
0.22–0.76
0.028–0.61
<0.0001

95% CI

Basal vs. LumA

b

LumA, luminal A; LumB, luminal B; HER2E, HER2-enriched; Basal, basal-like. The normal-like subtype accounted for fewer than 5% of subtype results and is not shown.
Estimated distribution of characteristics within the subtype category after correction for sampling weights.
c
Prevalence ORs for cross-sectional association between subject or clinical characteristic at diagnosis and non-luminal A subtype.

a

Age at diagnosis
<40
40–49
50–59
60–69
70–79
80þ
PTrend
Race/ethnicity
White
Black or African American
Hispanic
Asian or Paciﬁc Islander
American Indian or Alaska Native
Other
Grade
Well-differentiated
Moderately differentiated
Poor/undifferentiated
Unknown
P trend
Stage
I
II
III
IV
PTrend
Tumor size
2 cm
>2 cm
Positive lymph nodes
0
1–3
4þ
PTrend

LumA

Total

Intrinsic subtypea from PAM50

Table 3. Demographic and clinical characteristic associations with breast cancer intrinsic subtype from PAM50 assay, LACE and Pathways
cohort: ORs for non-luminal A subtypes versus luminal A
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category, to evaluate predictors of being classified as
worse-prognosis non-luminal A (i.e., luminal B, HER2enriched, or basal-like) subtypes by the PAM50 assay
(data not shown). Among tumors that were low-risk,
endocrine-positive from clinicopathologic data, younger
age at diagnosis (PTrend ¼ 0.007) showed a significant
trend of being classified by the PAM50 assay as a
worse-prognosis subtype.

Discussion
Existence of the breast cancer intrinsic subtypes luminal
A, luminal B, HER2-enriched, and basal-like has been
validated across multiple laboratory methods (36, 37) and
multiple study populations, including confirmation that
the subtypes initially characterized in European and
North American populations are also present in breast
cancers in Asian women (38). However, this study is the
first, to our knowledge, to describe intrinsic subtypes
based on a gene expression assay in a U.S. population–
based study, and in a study population that includes
representation of multiple racial and ethnic groups.
Our estimated prevalence of intrinsic subtype luminal
A, 53.1% of all breast cancers, is higher than the fraction
estimated by most prior studies, whereas the fraction with
normal-like subtype in our cohort, 3.6%, is lower. Others
have suggested that categorization as normal-like may be
an artifact of contamination of tumor RNA with RNA
from normal breast cells (11, 39, 40). The low percentage of
normal-like results in this study suggests that the strategy
of obtaining a tissue punch from the FFPE tumor block,
guided by the pathologist’s marked slide, was effective in
minimizing normal tissue contamination. The inverse
association between normal-like subtype and tumor
stage in this study may be an indication of contamination
of the tumor punch with normal tissue when smaller
tumors are sampled.
Population selection likely contributes to the high prevalence of luminal A in this study compared with other
datasets. Specifically, selection of clinical trial populations
with restrictions such as lymph-node positive cases (10,
11) or young cases (3) for intrinsic subtype studies, and the
general tendency for clinical trial participants to be younger than the overall cancer population (41, 42), would
result in skewing study populations toward more aggressive, non-luminal A subtypes. A study population more
similar to ours was based on a population-based cancer
registry in Sweden with no age or stage restrictions and a
mean age at diagnosis of 58 years (23). In that study, if
normal-like results were excluded, the distribution of
subtypes (from microarray analysis of fresh tissue) would
be 44% luminal A, 19% luminal B, 16% HER2-enriched,
and 21% basal-like.
Although this study used population-based recruitment, cohort exclusions and enrollment processes may
have resulted in a sample set that deviates somewhat from
the true population distribution. Specifically, exclusions
of tumors with less than 0.5 cm of invasive tumor or
neoadjuvant chemotherapy, exclusion of late-stage cases
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and of cases older than 79 years from the LACE cohort,
and missed enrollment for the LACE cohort of potentially
eligible cases who died within about 2 years after diagnosis, introduce a limitation for describing the population
distribution of subtypes. The small tumors and older
women excluded would be more likely to be luminal A
subtype, whereas advanced-stage cases and those who
died within a short time after diagnosis probably include
more poor prognosis, non-luminal A subtypes, so that
there is no uniform direction of bias expected from these
exclusions. In analysis of women enrolled within the first
year after diagnosis, the distribution of subtypes did not
differ significantly, and the proportion of luminal A
remained 53%.
Although the literature on intrinsic subtyping initially
emphasized classification and distinguishing between
subtypes, and discrepancies of subtype classification for
the same tumor in cross-platform validation studies are
seen as problematic for clinical application (39), withinsubtype molecular heterogeneity is increasingly recognized (32, 36, 43). The overlapping probability density
functions for luminal A, luminal B, and HER2-enriched
from this large, population-based study support the interpretation that, within these subtypes, a tumor of one
subtype can have varying degrees of expression of genes
characteristic of other subtypes (32). In a previous study,
use of subtype scores resulted in better-fitting prognostic
models compared with subtype category (6). Researchers
should further consider applying not just subtype classification but also subtype scores, and individual gene
expression data obtained from assays such as PAM50,
when investigating tumor characteristics in relation to
prognostic and etiologic characteristics.
Results from this study confirm the Swedish population-based study’s report of a significant association of
older age at diagnosis with luminal A subtype (23). A
recent report described changes in gene expression patterns in normal breast tissue with age (44). These results
taken together suggest that future research should consider the links between normal tissue context and tumor
subtype.
Our observation of a significant, 4-fold higher prevalence of PAM50 basal-like subtype among African Americans is consistent with the high proportion of clinicopathologic basal-like phenotypes among African Americans
first described in a population-based study in North Carolina (12). We observed a reduced odds of having a basallike tumor, versus luminal A, among Asian and Pacific
Islander women. A high proportion of clinicopathologic
luminal A subtypes and/or low prevalence of triple negative breast cancers has been reported among Asian populations in the United States (45) and in Asia (22, 46).
Among participants whose clinical tumor markers
placed them in the clinicopathologic endocrine positive,
low risk or surrogate luminal A category, about 1 in 5 were
shifted to higher-risk luminal B, HER2-enriched, or basallike subtypes based on subtyping by PAM50 assay. This
shift in subtype is clinically significant because a St. Gallen
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conference (33) recommended that subtypes be used for
early breast cancers to distinguish tumors for which
adjuvant chemotherapy is indicated. In our analysis of
cases with clinicopathologic endocrine positive, low-risk
surrogate luminal A tumors that shifted to other subtypes
based on PAM50 results, women with younger age at
diagnosis were more likely to shift to the higher-risk
subtypes.
Study resources were not sufficient to support uniform
IHC assessment of ER, PR, and HER2 across the full
cohort. Instead, we relied on clinical determination from
the time of diagnosis. Changes in scoring of ER, PR, or
HER2 over time are a limitation in the data, as is our
reliance on only "positive" or "negative" results, given that
details on percent of cells stained or HER2 score were not
consistently found in the medical records review.
Studies of qRT-PCR–based intrinsic classifiers indicate promise for prognosis, but reviewers have suggested that more evidence is needed to support application of these classifiers in clinical decision making
(25). The potential application of PCR-based classifiers
for epidemiologic studies is intriguing. To our knowledge, this is the first study to apply such a tool in a large,
population-based study. We were successful in obtaining PAM50 subtype results for a high proportion of
cases in a population-based study using FFPE tumor
blocks, many of which had been stored 10 to 12 years.
Thus, PAM50 assay is a feasible classifier for epidemiologic studies. Subtype differences by age and by race
were distinct. Epidemiologic studies have reported that
the influence of breast cancer risk factors varies by
clinicopathologic subtype (13, 15, 16, 21, 22, 47–50).
PCR-based intrinsic classifiers may prove a more sensitive tool for describing etiologic heterogeneity.
In conclusion, the PAM50 qRT-PCR assay proved feasible in an epidemiologic study. Luminal A was the
intrinsic subtype for the majority of a population-based
study cohort, but intrinsic subtyping shifted some tumors
categorized as low risk by clinicopathologic criteria to
higher-risk subtypes. Gene expression–based subtyping

in a population-based cohort supported the concept of
molecular heterogeneity within subtypes and revealed
distinct intrinsic subtype profiles by age and race.
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