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A B S T R A C T

Purpose
Limiteddata exist on themolecular biology, treatment, and outcomesof breast cancer inmen, andmuchof
our understanding in this area remains largely an extrapolation from data in women with breast cancer.

Materials and Methods
We studied men andwomen with hormone receptor–positive breast cancer and the 21-gene Breast
Recurrence Score (RS) results. Differences in clinical characteristics and gene expression were
determined, and distribution of RS results was correlated with 5-year breast cancer–specific survival
(BCSS) and overall survival.

Results
There were 3,806 men and 571,115 women. Men were older than women (mean age, 64.2 v 59.1
years; P , .001). RS , 18 predominated in both genders, but RS $ 31 was more frequent in men
(12.4% v 7.4%; P , .001), as were very low scores (RS , 11; 33.8% v 22.1%; P , .001). Mean
gene expression was higher in men for the estrogen receptor (ER), proliferation, and invasion
groups. ER was lowest and progesterone receptor was highest in women younger than 50 years
of age, with a progressive increase in ER with age. Men younger than 50 years of age had slightly
lower ER and progesterone receptor compared with older men. Survival data were available from
SEER for 322 men and 55,842 women. Five-year BCSS was 99.0% (95% CI, 99.3% to 99.9%)
and 95.9% (95% CI, 87.6% to 98.7%) for men with RS , 18 and RS 18-30, respectively, and for
women, it was 99.5% (95% CI, 99.4% to 99.6%) and 98.6% (95% CI, 98.4% to 98.8%), re-
spectively. RS $ 31 was associated with an 81.0% 5-year BCSS in men (95% CI, 53.3% to
93.2%) and 94.9% 5-year BCSS (95% CI, 93.9% to 95.7%) in women. Five-year BCSS and
overall survival were lower in men than in women.

Conclusion
This study reveals some distinctive biologic features of breast cancer in men and an important
prognostic role for RS testing in both men and women.

J Clin Oncol 36:1396-1404. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Breast cancer is uncommon in men, with an
estimated 2,600 patients diagnosed in the United
States in 2016,1 accounting for 1% of all new
patients with breast cancer. For unclear reasons,
the incidence of breast cancer in men seems to be
increasing.2,3 Approximately 95% of breast can-
cers diagnosed in men express the estrogen re-
ceptor (ER) and progesterone receptor (PR),
which is a higher percentage than in women4 and
suggests a key role for ER in the biology of breast
cancer in men. So far, much of our understanding
of breast cancer in men is extrapolated from

knowledge of breast cancer in women, although
recent data suggest that there are some poten-
tial distinctions.5 Additional study of the mo-
lecular characteristics of breast cancer in men is
therefore necessary to better understand this
disease.

The 21-gene Breast Recurrence Score (RS) test
provides individualized estimates of distant re-
currence risk and helps predict benefit from ad-
juvant chemotherapy in women with ER-positive
breast cancer.6-8We studied the 21-gene RS assay in
men with ER-positive breast cancer and compared
the results with those for women, and evaluated
breast cancer–specific survival (BCSS) and overall
survival (OS) from the SEER Program.
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MATERIALS AND METHODS

Study Population
Men and women with breast cancer specimens submitted for Ge-

nomic Health 21-gene RS testing in North America between June 2004 and
January 2017 were identified. The de-identified data set of patients with
reported RS results and ER-positive and/or PR-positive and human epi-
dermal growth factor receptor 2 (HER2)–negative disease, as defined by
quantitative single-gene scores determined by the 21-gene assay, included
3,806 men and 571,115 women with negative nodal involvement (N0,
including isolated tumor cells), micrometastases only (N1mi), and in-
volvement of one to three lymph nodes (1-3LN; Appendix Fig A1, online
only). Gene expression was quantified for each of the 21 genes included in
the assay by reverse transcription polymerase chain reaction on a scale
from 0 to 15 relative to reference genes, where a one-unit increment was
associated with a two-fold change in expression. The assay was conducted
on RNA extracted from formalin-fixed paraffin-embedded tumors. The RS
ranges from 0 to 100. Tumor histology was recorded by Genomic Health
pathologists reviewing the submitted patient samples according to WHO
criteria. The Genomic Health Laboratory database is updated and
maintained according to regulations and internal operating procedures.

For the analysis of outcomes, the National Cancer Institute’s SEER
population of patients with breast cancer diagnosed between 2004 and
2012 was linked to the 21-gene RS results from the Genomic Health
Laboratory (2004 to 2013) by a third party, Information Management
Services (IMS; Calverton, MD; Appendix Fig A1). IMS met Federal In-
formation Security Act standards for data security and individual SEER
registries information technology security requirements. RS is a required
data element for cancer surveillance. Manual collection by cancer registrars
is suboptimal (incomplete and time consuming). The linkage ensured data
on population level and vastly increased the effectiveness of data collection.
IMS released the de-identified, linked data set to the study team for an-
alyses after SEER approval.9 Overall, the linkage success rate was high.

The SEER study population included 322 men and 55,842 women
from all the individual registries with ER- and/or PR-positive invasive
breast cancer as defined by both the SEER-reported ER and PR (positive or
borderline) immunohistochemistry results and 21-gene assay quantitative
ER and PR score. Patients were excluded if they had any of the following
characteristics: (1) had distant metastases at diagnosis, (2) were affected by
Hurricane Katrina, (3) were older than 99 years of age at diagnosis, (4) had
zero years of survival time, (5) had autopsy data only, or (6) were without
a state death certificate. Patients with HER2-positive disease as determined
by the single-gene HER2 score of the 21-gene assay were excluded. HER2
status was unavailable in SEER before 2010. The smaller number of pa-
tients in the SEER study population is attributed to three factors: (1) SEER
constitutes only 30% of the US population; (2) RS was ordered on fewer
than half of the patients, especially in the earlier years; and (3) the re-
quirement for more than 1 year of survival follow-up.

Statistical Analysis
Descriptive statistics were used to summarize patient characteristics

as well as gene expression and RS distribution. The x2 test was used to
compare categorical characteristics, and Student t test was used to compare
continuous variables between genders.

Five-year BCSS was calculated using cause of death data in the SEER
registry, which is derived from linkage with state death certificates and the
National Center for Health Statistics’ National Death Index.10 These
analyses used a variable derived by the SEER program that uses a mapping
to dichotomize causes of death as breast cancer specific or other-cause
specific. In the estimates of BCSS, outcome is censored at the time of
other-cause deaths or last known follow-up. OSwas estimated by including
all deaths as events regardless of cause.

Survival analysis was performed on eligible patients and was stratified
by the 21-gene RS cut points: RS, 18, RS 18-30, or RS$ 31, and by lymph

node status. Actuarial estimates of survival and 95% CIs were calculated
through 5 years. A two-degrees-of-freedom log-rank test was used to
determine differences across the three categorical RS groups, and CIs were
computed using the log-log transformation.

All analyses were performed using SAS, Version 9.4 (SAS Institute, Cary,
NC). All statistical tests were two sided, with a .05 level of significance. Analyses
were performed on de-identified Genomic Health data with institutional
review board approval (Aspire Institutional Review Board, Santee, CA).

RESULTS

Distribution of Age, Histologic Subtypes, and Nodal
Status

A total of 3,806 men and 571,115 women with ER-positive breast
cancer and RS results were included in this analysis (Table 1).Menwere
older thanwomen at the time of diagnosis (mean age, 64.2 v 59.1 years;
P, .001; Table 1). Women had a second earlier peak at approximately
age 50, with no similar second earlier peak in men (Fig 1A).

Infiltrating ductal carcinoma was the most common histology in
both genders, but predominated in men (87.6% v 81.3%; P , .001),
whereas lobular cancer was rarely encountered in men compared with
women (1.2% v 8.2%; P, .001; Table 1). Papillary histology was more
common in men (4.4% v 0.7%; P , .001), whereas other special
subtypes were rare (Table 1). Most patients had N0 disease (73.2% of
men and 80.1% of women), but lymph node involvement (1-3LN) was
more common in men (12.1% v 8.7%; P , .001; Table 1).

RS Distribution
The average RS in the 3,806 menwas comparable to that in the

571,115 women (16.8 v 17.0; P = .08), and most men (58.0%) and
women (58.2%) had RS , 18 (Fig 1B). Significantly more men
than women had high RS $ 31 (12.4% v 7.4%; P , .001; Fig 1B).
This relative predominance of high RS results in men was en-
countered across age groups but was most prominent in men

Table 1. Age, Nodal Status, and Histologic Types in Men and Women With
RS Testing

Characteristic Men (n = 3,806) Women (n = 571,115) P

Mean age, years 64.2 59.1 , .001
Nodal status, No. (%)
Negative (N0) 2,786 (73.2) 457,174 (80.05) , .001
Microscopic (N1mi) 226 (5.9) 23,058 (4.0) , .001
Positive (1-3 nodes) 462 (12.1) 49,574 (8.7) , .001
Unknown 332 (8.7) 41,309 (7.2) , .001

Histologic type, %
Ductal 87.6 81.3 , .001
Papillary 4.4 0.7 , .001
Mixed histology 2.3 4.2 , .001
Mucinous 1.9 2.7 .004
Classic lobular 1.2 8.2 , .001
Cribriform 0.9 0.3 , .001
Micropapillary 0.6 0.3 , .001
Solid lobular 0.3 0.3 .42
Tubular 0.1 0.6 , .001
Atypical medullary 0.1 0.2 .13
Pleomorphic lobular 0.0 0.5 —

Metaplastic 0.0 0.0 —

Unknown 0.6 0.7 .46

Abbreviation: RS, Recurrence Score.
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younger than 40 years of age (Figs 1C and 1D). Conversely, very
low RS results (RS , 11), and specifically, RS 0, were more
common in men than in women, except in those younger than 40

years of age (Fig 1D). These differences in RS distribution between
men and women were observed in the N0, N1mi, and 1-3LN
subsets (data not shown).
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Fig 1. Age and Recurrence Score (RS) distribution in men (n = 3,806) and women (n = 571,115). (A) The number of patients plotted on the y-axis against age on the x-axis
for men (left side of graph) and women (right side of graph). (B) A pie chart for the breakdown of RS distribution in men (left side) versus women (right side), with RS, 18 in
blue, RS 18-30 in gold, and RS$ 31 in gray. (C) The number of patients on the y-axis plotted against RS results on the x-axis formen (left side of graph) andwomen (right side
of graph). (D) RS by age group on the y-axis against gender on the x-axis. Age groups plotted are, 40, 40 to 49, 50 to 59, 60 to 69, and $ 70 years, with proportion of RS
ranges (RS , 11, RS 11-17, RS 18-25, RS 26-30, and RS $ 31) shown for each age group. Men are represented in gold and women in blue.
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Individual Gene Expression
Mean quantitative gene expression was approximately 0.5

units higher (40% greater in absolute amounts) in the 3,806 men
than the 571,115 women for the ER gene group, for the pro-
liferation gene group, and for stromelysin in the invasion gene
group (Fig 2A). The pattern of gene expression as a function of
age, however, was different depending on the genes considered.
Quantitative ER expression was relatively low in women younger

than 50 years of age but increasedwith age (Fig 2B). PR had the reverse
pattern, with higher quantitative PR expression in those younger than
age 50. ER and PRwere slightly lower inmen younger than 50 years of
age than in older men, but interpretation was limited by the smaller
numbers and greater variance in the youngest (younger than 40 years)
and oldest (older than 80 years) age groups (Fig 2B). Expression levels
for the proliferation, overall ER, HER2, and invasion gene groups did
not differ as a function of age for either men or women (Fig 2C).
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Fig 1. (Continued).
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BCSS and OS
Survival data from SEER was available for 322men and 55,842

women, and there was a wide range of RS results in both genders.
Men had a higher proportion of larger tumors and grade 3 tumors
than women (Tables 2 and 3). Figure 3A shows the 5-year BCSS for
both men and women by nodal status and RS groups. Although the
number of events in men with breast cancer was relatively small,
estimates for BCSS differed significantly across risk groups, re-
gardless of nodal status (P = .003 in the overall group). Five-year
BCSS was 99.0% (95% CI, 99.3% to 99.9%) and 95.9% (95% CI,
87.6% to 98.7%) in men with RS , 18 and RS 18-30, respectively,
and 81.0% in men with RS $ 31 (95% CI, 53.3% to 93.2%). In
women, the RS, 18 and RS 18-30 groups had largely similar 5-year
BCSS of 99.5% (95% CI, 99.4% to 99.6%) and 98.6% (95% CI,
98.4% to 98.8%), respectively (P, .001), whereas the 5-year BCSS
in the RS$ 31 group was 94.9% (95% CI, 93.9% to 95.7%), better
than that observed in men (Fig 3A). The lower BCSS in men and
women with RS$ 31 was observed despite the more prevalent use
of chemotherapy in this highest risk group (Tables 2 and 3).

OS estimates were significantly different between RS groups,
regardless of nodal status for both men and women (P = .02
and , .001, respectively; Fig 3B). The 5-year OS was 92.6% and
86.0% for men with RS, 18 and RS 18-30, respectively, compared
with 69.9% for men in the RS $ 31 group. For women, the 5-year
OS was 95% and 94.2% in the RS , 18 and RS 18-30 groups,
respectively, compared with 89.9% in the RS$ 31 group (Fig 3B).

DISCUSSION

In this large genomic study, we characterized the molecular fea-
tures of breast cancer in men versus women using the 21-gene RS
assay and correlated our findings with clinical characteristics and
with disease survival in the subset of patients with available data

from the SEER database. Men with breast cancer were older than
women, which may reflect a second peak at diagnosis at ap-
proximately 50 years of age in women and no similar earlier peak in
men. The difference for this age distribution is unclear, but may
reflect the distinct physiologic milieu of the estrogen environment
in women related to menopausal status and no equivalent state in
men. The use of screening mammography in women starting at 40
years of age may also be a contributing factor.12 Interestingly, there
is evidence of increased breast cancer incidence in bothwomen and
men in recent decades, although the increase in men has been
reported primarily in men older than 50 years.1,3 This suggests that
in younger men, a more constant etiologic factor, such as genetics,
may predominate, whereas in women and older men, other eti-
ologies might be at play to explain the increasing incidence, such as
yet-unknown environmental factors common to both sexes.

A larger proportion of men than women had RS $ 31,
particularly men younger than 40 years of age. Although a larger
proportion of men than women $ 60 years of age had RS , 11,
including RS 0, a similar proportion of men and women younger
than 40 years of age had very low RS results (Fig 1D). These
observed differences in RS distribution suggest that men may have
more biologically distinct ER-positive disease subtypes that can be
defined by RS results: a very low RS disease subtype in older men
and a high RS disease subtype in younger men. BRCA2mutations,
which occur in 4% to 16% of men with breast cancer,13 may help
explain the observed RS distribution with age in our study and
suggest that BRCA2-associated breast cancer may be a distinct
entity in younger men.14 This is supported by the increased fre-
quency of a biologically more aggressive phenotype for BRCA2-
associated breast cancer in general, characterized by high tumor
grade and stage, as well as the association with younger age at
diagnosis, compared with patients without BRCA2 mutation.15-17

Recent studies have also shown that women with breast cancer and
BRCA mutations have a much higher proportion of RS results
$ 31,18-20 and on the basis of our data, future studies should next

Table 2. Tumor Size, Grade, and Reported Chemotherapy Use by Nodal Status
and RS Group in Men Included in the Survival Analysis

Characteristic RS , 18 RS 18-30 RS $ 31

Node negative (n = 276)
No. of men 166 78 32
Size . 2 cm, % 30.7 29.5 58.1
Grade 3, % 19.1 32.0 68.8
CT use: yes, %* 7.8 28.2 68.8

Node positive (N1mi, 1-3LN; n = 46)
No. of men 24 12 10
Size . 2 cm % 41.7 33.3 70.0
Grade 3 (%) 21.7 33.3 44.4
CT use: yes, %* 33.3 50.0 60.0

All patients (n = 322)
No. of men 190 90 42
Size . 2 cm, % 32.1 30.0 61.0
Grade 3, % 19.5 32.2 63.4
CT use: yes, %* 11.1 31.1 66.7

NOTE. Among all men, 2.7% are missing grade and 1.2% are missing size. All
percentages are reported based on the number of available results.
Abbreviations: 1-3LN, one to three positive lymph nodes; CT, chemotherapy;
RS, Recurrence Score results.
*Percent chemotherapy use reported as yes versus no/unknown as a pro-
portion of patients in that RS group. Chemotherapy use is known to be
underreported in SEER.11

Table 3. Tumor Size, Grade, and Reported Chemotherapy Use by Nodal Status
and RS Group in Women in the Survival Analysis

Characteristic RS , 18 RS 18-30 RS $ 31

Node negative (n = 49,404)
No. of women 27,308 18,268 3,829
Size . 2 cm, % 21.3 22.0 33.3
Grade 3, % 8.7 20.5 58.6
CT use: yes, %* 6.5 34.5 70.3

Node positive (N1mi, 1-3LN; n = 6,437)
No. of women 3766 2251 420
Size . 2 cm, % 31.8 35.4 49.9
Grade 3, % 9.3 20.3 54.5
CT use: yes, %* 22.5 47.9 77.4

All patients (n = 55,841
No. of women 31074 20519 4249
Size . 2 cm, % 22.5 23.4 34.9
Grade 3, % 8.8 20.5 58.2
CT use: yes, %* 8.4 36.0 71.0

NOTE. Among all women, 2.8% were missing grade and 0.6% were missing
size. All percentages are based on the number of available results.
Abbreviations: 1-3LN, one to three positive lymph nodes; CT, chemotherapy;
RS, Recurrence Score results.
*Percent CT use reported as yes versus no/unknown as a proportion of patients
in that RS group. CT use is known to be underreported in SEER.11
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Fig 3. Breast cancer-specific survival (BCSS) and overall survival (OS) by Recurrence Score (RS) group and nodal status in men (n = 322) and women (n = 55,842). (A)
BCSS (y-axis) plotted against time in months from cancer diagnosis (x-axis) according to RS and nodal status in men (top panel) versus women (lower panel). Left-side
graphs are for N0, middle graphs are for N1mi and N1-3, and right-side graphs are for all nodal groups together (N0, N1mi, and N1-3). (B) Overall survival (y-axis) plotted
against RS and nodal status in men (top panel) versus women (lower panel). Left-side graphs are for N0, middle graphs are for N1mi and N1-3, and right-side graphs are for
all nodal groups together (N0, N1mi, and N1-3). RS , 18 (blue), RS 18-30 (gold), and RS $ 31 (gray). Log rank P values for each survival graph are shown.
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examine the association between BRCA mutations and RS results
in men with breast cancer. Other genetic mutations seem to be
associated with breast cancer in men such as CHEK2 and PALB2,
but not BRCA1, which seems to be infrequently encountered in
men compared with women.16,21 With increasing age, breast cancer
in men starts resembling breast cancer in older women and may
reflect increasing independence from genetic risk factors.22

Confirming prior observations, the most common breast
cancer histology in men is ductal carcinoma, which primarily
reflects the smaller proportion of lobular carcinoma in men.12,23

For yet unclear reasons, papillary histology seems to be more
common in men than in women, in keeping with prior obser-
vations.23 Other histologic subtypes are exceedingly rare in men.

Mean gene expression levels were higher in men than in
women for both the ER and proliferation gene groups, with higher
expression of stromelysin from the invasion group in men. The
mean expression of HER2 and GRB7 were similar between men
and women, which reflects the exclusion of HER2-positive tu-
mors. Interestingly, the pattern of ER and PR expression as
a function of age differed between the two genders. ER was lowest
in younger women, whereas PR was highest in this group. After 50
years of age, however, PR expression decreased and stayed rel-
atively constant, whereas ER expression continued to increase
with age. Men younger than 50 years of age had slightly lower ER
and PR expression compared with older men. Higher PR ex-
pression in younger women may reflect the premenopausal
hormonal milieu and is similar to prior observations in younger
women with ER-positive/PR-positive breast cancer, compared with
women with ER-positive/PR-negative disease.24 The exclusion of
HER2-positive breast cancer from this cohort might have affected
the trends in ER because of the known reciprocal relationship
between hormone receptor expression and HER2.25

The 21-gene RS provided clear prognostic information in our
cohort, with a significantly different 5-year BCSS determined by RS
in both men and women. Patients with RS, 18 and RS 18-30 have
an excellent prognosis regardless of nodal status, suggesting in-
dolent disease biology and better outcomes than the RS $ 31
group. The number of events in men was small, but the prognostic
impact of RS$ 31 was evident for both men and women. Because
chemotherapy use was more often reported as yes in the RS $ 31
group than in the RS , 18 and RS 18-30 groups, the prognostic
utility of RS results is evident despite adjuvant chemotherapy use
(Tables 2 and 3).

In men with breast cancer, RS , 18 and RS 18-30 were as-
sociated with an OS of 92.6% and 86.0%, respectively, with
a significant decrease to 69.9% in the RS$ 31 group. Furthermore,
BCSS was 81.0% (95% CI 53.3% to 93.2%) for men with RS equal
to or .31, whereas for women with RS of equal to or .31 it was
94.9% (95% CI 93.9% to 95.7%). The numbers in men are small,
but it seems that women do better than men in the RS$ 31 group.
The explanation for this finding is not clear, but could possibly be
related to excess use of aromatase inhibitors (AIs) inmen instead of
tamoxifen on the basis of a perception of superiority extrapolating
from data in women.26 Tamoxifen is associated with improved
survival in men with breast cancer,26 whereas AI use was inferior to
tamoxifen in the adjuvant setting.30 The inferiority of AIs versus
tamoxifen in men may be related to gonadal physiology resembling
premenopausal women, which would dictate the need for gonadal

suppression should an AI be used in men.27 It is important to note
that tamoxifen should be used as the standard adjuvant endocrine
therapy for men with breast cancer, and the use of AIs should be
discouraged until more data become available. Another possible
explanation for the inferior BCSS in men compared with women in
the RS $ 31 group may be related to rates of adherence to ta-
moxifen in men, although data are limited.28

Not surprisingly, men have lower 5-year OS than women,
which reflects their older age at diagnosis, and more competing
causes of mortality. This higher all-cause mortality observed in
men with breast cancer is similar to prior observations.29

It is important to note that there are limitations to our study.
First, although these data focus on men and women with hormone
receptor–positive/HER2-negative breast cancer, we want to em-
phasize that this does not reflect the whole population with this
disease because RS testing was only ordered, on average, in fewer than
half of the patients, with less frequent testing in the earlier years.
Patterns of testing inmen versus womenmay also be variable because
there are no clear guidelines for testing in men. Other limitations are
that SEER constitutes 30% of the US population, and recurrence
events are not recorded, only mortality. Furthermore, adjuvant
systemic therapy data in SEER are limited, particularly on endocrine
therapy, but also details of chemotherapy regimens used. Finally,
there are, to date, a small number of events inmenwith breast cancer
with relatively short-term follow-up in the lifetime of ER-positive
breast cancer. Longer-term follow-up of these data are needed.

In conclusion, this is a large genomic study that provides new
insights into the molecular biology, treatment, and outcomes of
breast cancer in men and women. In addition to the biologic dis-
tinctions observed for breast cancer in men versus women, our study
shows that both men and women with lower RS results have low
mortality fromER-positive breast cancer, andmany can be spared the
risks associated with overtreatment, particularly from chemotherapy.
Although there are limitations to our study, it may be appropriate to
limit the use of chemotherapy in appropriately selected patients with
RS 0-30, including those with 1-3LN. Future adjuvant trials in ER-
positive breast cancer may need to focus on targeting endocrine
resistance in those patients with RS $ 31 and may need to consider
the weight of competing mortality risk when investigating the value
of any additional treatment beyond endocrine therapy.
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Appendix

Genomic Health Laboratory
Invasive breast cancer with RS results

2004-2017
HR-positive, HER2-negative, 0-3LN

(N = 574,921)
2004-2017

SEER 0-3LN
(N = 276,978)

SEER with RS results
(N = 56,164)

Merge
with
SEER

SEER HR-positive 
nonmetastatic

disease diagnosis
2004-2012

(N = 312,364)

SEER
Diagnosed with primary
invasive breast cancer

between 2004 and 2013
(N = 482,102)

Fig A1. Genomic Health Laboratory data were merged with SEER registry data,
resulting in patients diagnosed between 2004 and 2013, with and without Re-
currence Score (RS) testing. Final analytic cohorts are represented in shaded
boxes: Genomic Health Laboratory cohort (n = 574,921) and SEER cohort with RS
results (n = 56,164). 0-3LN, zero to three positive lymph nodes; HER2, human
epidermal growth factor receptor 2; HR, hormone receptor.
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