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abstract

PURPOSE The 80-gene molecular subtyping signature (80-GS) reclassifies a proportion of immunohisto-
chemistry (IHC)-defined luminal breast cancers (estrogen receptor–positive [ER+], human epidermal growth
factor receptor 2–negative [HER2–]) as Basal-Type. We report the association of 80-GS reclassification with
neoadjuvant treatment response and 5-year outcome in patients with breast cancer.

METHODS Neoadjuvant Breast Registry Symphony Trial (NBRST; NCT01479101) is an observational, pro-
spective study that included 1,069 patients with early-stage breast cancer age 18-90 years who received
neoadjuvant therapy. Pathologic complete response (pCR) and 5-year distant metastasis-free survival (DMFS)
and overall survival (OS) were assessed in 477 patients with IHC-defined ER+, HER2– tumors and in a reference
group of 229 patients with IHC-defined triple-negative breast cancer (TNBC).

RESULTS 80-GS reclassified 15% of ER+, HER2– tumors (n = 73) as Basal-Type (ER+/Basal), which had similar
pCR compared with TNBC/Basal tumors (34% v 38%; P = .52), and significantly higher pCR than ER+/Luminal
A (2%; P, .001) and ER+/Luminal B (6%; P, .001) tumors. The 5-year DMFS (%, [95% CI]) was significantly
lower for patients with ER+/Basal tumors (66% [52.6 to 77.3]), compared with those with ER+/Luminal A tumors
(92.3% [85.2 to 96.1]) and ER+/Luminal B tumors (73.5% [44.5 to 79.3]). Importantly, patients with ER+/Basal
or TNBC/Basal tumors that had a pCR exhibited significantly improved DMFS and OS compared with those with
residual disease. By contrast, patients with ER+/Luminal B tumors had comparable 5-year DMFS and OS
whether or not they achieved pCR.

CONCLUSION Significant differences in chemosensitivity and 5-year outcome suggest patients with ER+/Basal
molecular subtype may benefit from neoadjuvant regimens optimized for patients with TNBC/Basal tumors
compared with patients with ER+/Luminal subtype. These data highlight the importance of identifying this
subset of patients to improve treatment planning and long-term survival.
JCO Precis Oncol 6:e2100463. © 2022 by American Society of Clinical Oncology
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INTRODUCTION

Neoadjuvant systemic therapy selection for patients with
early-stage breast cancer requires precise classification
of breast tumor biology. Currently, breast cancer
is classified into surrogate intrinsic subtypes, on the
basis of hormone receptors (estrogen receptor [ER] and
progesterone receptor [PR]) and human epidermal

growth factor receptor (HER2) via routine immunohis-
tochemistry (IHC) and fluorescence in situ hybridization
(FISH). Advances in genomics have enabled the in-
vestigation of a robust number of biomarkers simulta-
neously, thus more accurately characterizing the actual
underlying biologic profile and signaling pathways of
a tumor. Previous gene expression profiling studies
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demonstrated that breast cancers consist of intrinsic mo-
lecular subtypes with distinct clinical outcomes.1-3

Unlike other intrinsic subtyping assays, the 80-genemolecular
classifier, BluePrint, was developed in a supervised training
method by evaluating mRNA profiles of samples with con-
cordant ER, PR, andHER2 protein expression by IHC/FISH.4,5

BluePrint precisely measures the functionality of these re-
ceptors by expression of their downstream target genes and
classifies the dominant activated pathway of tumors as
Luminal-Type, HER2-Type, or Basal-Type. Together with the
70-gene risk of recurrence signature, MammaPrint, Luminal-
Type tumors are further stratified into Luminal A-Type
(MammaPrint Low Risk) or Luminal B-Type (MammaPrint
High Risk). This is important because genomic profiling
predicts prognosis more precisely than traditional phenotypes
and is valuable in informing chemotherapy treatment
decisions.6-8 Retrospective studies report more accurate
prediction of sensitivity to neoadjuvant chemotherapy (NCT) in
breast cancer, measured by pathologic complete response
(pCR) and distant metastasis-free survival (DMFS), by
MammaPrint- and BluePrint-defined molecular subgroups,
which were significantly different from clinical phenotypes.9,10

Since a substantial number of cancers are more accurately
reclassified on the basis of genomics compared with clinical
subtyping, there are critical consequences for treatment
strategy, expected response, and eventual outcome.

The prospective Neoadjuvant Breast Registry Symphony Trial
(NBRST) is a multi-institutional US registry that showed that
BluePrint reclassified 22% of tumors from patients with breast
cancer undergoing NCT into a different molecular subtype
compared with conventional IHC/FISH classification.11,12 Two
types of breast cancers that were substantially reclassified
have a drastic change in risk status designation: (1) IHC/FISH-

defined HER2-positive tumors that were non–HER2-Type by
BluePrint,11,12 and (2) the most common breast cancer
clinical subtype, ER-positive, HER2-negative tumors, 15% of
which were reclassified as BluePrint Basal-Type, without
evidence of functional hormonal signaling.11,12 BluePrint
reclassification resulted in better prediction of NCT responses,
with tumors reassigned as BluePrint HER2-Type or Basal-
Type having higher pCR rates, irrespective of their phenotypic
profile, compared with Luminal-Type tumors. This finding
supports that accurate identification of molecular subgroups
on the basis of gene expression may improve neoadjuvant
treatment planning.11,12 Furthermore, patients with ER-
positive, HER2-negative tumors reclassified as Basal-Type
had significantly worse 3-year distant metastasis-free inter-
val, characteristic of aggressive clinically triple-negative breast
cancer (TNBC), compared with patients whose ER-positive,
HER2-negative tumors were genomically Luminal-Type by
BluePrint.13 These results reinforce that genomic-based
classification more accurately predicts treatment response
and is prognostic of outcome. Here, we compared chemo-
sensitivity and 5-year outcomes among patients with ER-
positive, HER2-negative tumors classified as BluePrint
Basal-Type or Luminal-Type, and with a reference group of
patients with triple-negative, BluePrint Basal-Type tumors.

METHODS

Patients

NBRST (NCT01479101) prospectively enrolled 1,091 pa-
tients with breast cancer from 67 US institutions between
June 2011 andDecember 2014. This study was conducted in
accordance with the ethical standards established in the
Declaration of Helsinki. Institutional review boards approved
the protocol at all participating institutions. Consent of trial
participation, clinical data collection, and use of tissue for
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scientific research was obtained for all patients. Of 1,091
patients enrolled, 1,069 patientsmet eligibility criteria: age 18-
90 years, diagnosed with histologically proven breast cancer,
and started or were scheduled to start neoadjuvant therapy
after MammaPrint and BluePrint testing (Fig 1). Systemic
therapy was administered at the discretion of the medical
oncologist who was not blinded toMammaPrint and BluePrint
results. The current analysis included all patients with ER-
positive, HER2-negative tumors (n = 477). As a reference
group, 229 patients with TNBCs that were BluePrint Basal-
Type were included for a total of 706 patients. Clinical
characteristics, treatment, and events were collected via case
report forms at 6 weeks after receiving MammaPrint and
BluePrint results, 4 weeks after surgery, 2-3 years after sur-
gery, and 5 years after surgery.

Clinical and Molecular Subtyping

ER and PRwas locally assessed on pretreated core biopsies
(formalin-fixed paraffin-embedded or fresh tissue) by IHC
and defined as positive if ≥ 1% of tumor cells had positive

nuclear staining on the basis of ASCO/College of American
Pathologists (CAP) guidelines.14 HER2 was determined
locally by IHC and FISH according to 2011-2014 ASCO/
CAP guidelines and defined as positive by 3+ IHC staining
or FISH positivity.15,16 IHC/FISH classified tumors as ER-
positive, PR-positive or -negative, and HER2-negative
(ER+, HER2–), or TNBC (ER–, PR–, HER2–).

MammaPrint and BluePrint, which are based on micro-
array gene expression analysis,4,8 were successfully per-
formed on RNA isolated from pretreated core biopsies at
the Agendia Laboratory (Irvine, CA). All samples were
blinded for clinical and pathologic data. MammaPrint
categorized tumors as low risk (index . 0.000) or high risk
(index ≤ 0.000). BluePrint classified tumors into Luminal-
Type, HER2-Type, or Basal-Type. MammaPrint combined
with BluePrint stratified Luminal-Type into Luminal A-Type
(Low Risk) or Luminal B-Type (High Risk).

Statistical Analysis

NBRST was designed as an observational, exploratory
study; sample size calculation was not used because only
descriptive statistics were initially planned. The primary end
point was pCR, defined as the absence of invasive carci-
noma in both breast and axilla at microscopic examination
of the surgically resected specimen, regardless of the
presence of carcinoma in situ (ypT0/isN0).17 DMFS and
overall survival (OS) were end points for 5-year follow-up.
Descriptive statistics were used to summarize age, men-
opausal status, race/ethnicity, tumor stage, grade, Mam-
maPrint and BluePrint results, and IHC/FISH subtypes. Age
differences were evaluated by using one-way analysis of
variance. Differences in the frequency of grade 3 ER+/
Luminal B tumors and grade 3 ER+/Basal tumors were
assessed by using a two-tailed proportional z-test. Differ-
ences in other clinical characteristics were determined by
using either chi-squared test or Fisher’s exact test. Sta-
tistical significance was defined by a two-sided P , .05 for
all tests. pCR rates were calculated for each patient sub-
group and compared between two subgroups using a two-
tailed z-test for proportions.

The 5-year DMFS and OS survival curves were estimated by
using the Kaplan-Meier method; log-rank test determined
survival differences. Time to DMFS was calculated from the
diagnosis date to date of first distant metastasis, death of
any cause if not recurrence, or censored at the last follow-
up date. Time to OS was calculated from diagnosis date to
death from any cause or censored at the last follow-up date.
Statistical analyses were conducted using Stata version 16
(Stata Corp, College Station, TX).

RESULTS

Clinical Characteristics

A total of 477 eligible patients had tumors defined by IHC/
FISH as ER+, HER2–. BluePrint and MammaPrint classi-
fied 29.4% (140/477) as Luminal A-Type (ER+/Luminal A),

Patients assessed for eligibility 
(N = 1,091)

Patients who did not 
meet eligibility criteria (n = 22)

Patients (n = 1,024)

Patients eligible for inclusion (n = 1,069)

Patients with clinical
data unavailable (n = 45)

Patients with 
IHC-defined 
HER2+ tumors excluded (n = 290)

Patients (n = 734)

Patients with IHC-defined
ER− or TNBC tumors that were 
classified as BluePrint Luminal- or 
HER2-Type excluded (n = 28)

Patients
with ER+, HER2– 
tumors (n = 477)

Patients with
TNBC, BluePrint Basal-Type
tumors (reference group; n = 229)

FIG 1. CONSORT diagram. 1,091 patients were assessed for eligibility,
of whom 22 were excluded because they did not meet the inclusion
criteria, and 45 were excluded because clinical data were unavailable.
Patients with IHC-defined HER2+ tumors (n = 290) were excluded.
Patients with IHC-defined ER- or TNBC tumors that were classified as
BluePrint Luminal- or HER2-Type were excluded. A total of 706 pa-
tients were included in the analysis, of whom 477 had ER+,
HER2– tumors. The remaining 229 patients had TNBC tumors that
were BluePrint Basal-Type and were included as the reference group.
ER, estrogen receptor; HER2, human epidermal growth factor receptor
2; IHC, immunohistochemistry; TNBC, triple-negative breast cancer.
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TABLE 1. Clinical Characteristics for Patients

Characteristics
ER+ HER2–/BP
Luminal A-Type

ER+ HER2–/BP
Luminal B-Type

ER+ HER2–/BP
Basal-Type TNBC/BP Basal-Type Total P a

No. of patients 140 262 73 229 704

Age, mean (SD) 57.7 (12.6) 54.0 (13.0) 49.9 (13.1) 51.2 (11.2) .088

Menopausal status, No. (%)

Pre 47 (16.4) 104 (36.2) 40 (13.9) 96 (33.4) 287 .031

Post 91 (22.2) 157 (38.3) 33 (8.0) 129 (31.5) 410

Unknown 2 (28.6) 1 (14.3) 0 4 (57.1) 7

Race/ethnicity, No. (%)

Caucasian 120 (23.2) 187 (36.1) 55 (10.6) 156 (30.1) 518 .001b

African American 8 (7.7) 39 (37.5) 10 (9.6) 47 (45.2) 104

Asian 3 (23.1) 7 (53.8) 2 (15.4) 1 (7.7) 13

Hispanic 7 (12.1) 25 (43.1) 4 (6.9) 22 (37.9) 58

Others 2 (18.2) 4 (36.4) 2 (18.2) 3 (27.3) 11

cT stage, No. (%)

T1 17 (16.7) 30 (29.4) 8 (7.8) 47 (46.1) 102 .024

T2 76 (19.1) 143 (36.0) 46 (11.6) 132 (33.2) 397

T3 42 (25.3) 69 (41.6) 14 (8.4) 41 (24.7) 166

T4 5 (13.9) 17 (47.2) 5 (13.9) 9 (25.0) 36

Unknown 0 3 (100.0) 0 0 3

cN stage, No. (%)

N0 69 (24.4) 76 (26.9) 30 (10.6) 108 (38.2) 283 , .001c

N1 52 (16.1) 146 (45.2) 29 (9.0) 96 (29.7) 323

N2 7 (15.6) 20 (44.4) 8 (17.8) 10 (22.2) 45

N3 3 (18.8) 3 (18.8) 3 (18.8) 7 (43.8) 16

NX 9 (26.5) 14 (41.2) 3 (8.8) 8 (23.5) 34

Unknown 0 3 (100.0) 0 0 3

cN stage, No. (%)

LN-negative 69 (24.4) 76 (26.9) 30 (10.6) 108 (38.2) 283 , .001

LN-positive 62 (16.1) 169 (44.0) 40 (10.4) 113 (29.4) 384

Histologic grade, No. (%)

G1 39 (63.9) 19 (31.1) 1 (1.6) 2 (3.3) 61

G2 76 (32.1) 119 (50.2) 6 (2.5) 36 (15.2) 237

G3 17 (4.5) 109 (28.5) 66 (17.3) 190 (49.7) 382 , .001d

GX 8 (33.3) 15 (62.5) 0 1 (4.2) 24

MammaPrint risk, No. (%)

Low risk 140 0 0 0 140 , .001

High risk 0 262 73 229 564

NOTE. For each clinical characteristic, percentages were calculated by row. Differences in age assessed by using one-way ANOVA.
Abbreviations: ANOVA, analysis of variance; BP, BluePrint; cN, clinical nodal stage; cT, clinical T stage; ER, estrogen receptor; FISH,

fluorescent in situ hybridization; G, grade; HER2, human epidermal growth factor receptor 2; HR–, hormone receptor–negative; HR+, hormone
receptor–positive; IHC, Immunohistochemistry; LN, lymph node; SD, standard deviation; TNBC, triple-negative breast cancer.

aStatistical analysis, using either Fisher’s exact or chi-squared test, excluded unknown patients in all comparisons.
bCompared between African American and Caucasian patients.
cCompared between N0 and N1.
dCompared between G3 ER+ HER2–/BP Luminal B-Type and G3 ER+ HER2–/BP Basal-Type.
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54.9% (262/477) as Luminal B-Type (ER+/Luminal B),
0.4% (2/477) as HER2-Type (ER+/HER2), and 15% (73/
477) as Basal-Type (ER+/Basal). Because of the small
sample size, ER+, HER2– tumors that reclassified to HER2-
Type (n = 2) were excluded in downstream analysis. Pa-
tients with TNBC tumors that were confirmed Basal-Type
(TNBC/Basal) by BluePrint (n = 229) were included as a
reference group. All ER+/Basal and TNBC/Basal tumors
were high risk by MammaPrint (Table 1). Within ER+/Lu-
minal tumors, 65.2% (262/402) were MammaPrint
High Risk.
The median age was comparable across each subgroup
(Table 1). However, premenopausal patients had a higher
proportion of ER+/Basal samples than postmenopausal pa-
tients (P = .031). Compared with Caucasian patients, African
American patients had a significantly lower frequency of ER+/
Luminal A tumors (7.7% v 23.2%) and a higher percentage of
TNBC/Basal tumors (45.2% v 30.1%; Table 1; P = .001). For
each subgroup, most patients had T2-T3 tumors (76%-84%)
and a substantial proportion had lymph node involvement
(44%-65%), characteristic of high-risk tumors. Although a
substantial percentage (109/262; 41.6%) of ER+/Luminal B
tumors were poorly differentiated (grade 3), ER+/Basal tumors
comprised significantly more grade 3 tumors (66/73; 90.4%)
in comparison (Table 1 and Fig 2A; P , .001). ER+/Basal
tumors had a broad range of IHC ER-positive staining from1%
to 99%, with 45.2% of tumors showing . 10% ER positivity
(Fig 2B).

Among patients with ER+/Luminal A tumors and ER+/
Luminal B tumors, a majority (69.3% and 90.8%,

respectively) received NCT (Data Supplement). Most pa-
tients (97.3%) with ER+/Basal tumors and all patients with
TNBC/Basal tumors received NCT. Among patients who
received NCT in each subgroup, most (90.3%-98.6%)
received anthracycline- and/or taxane-containing regi-
mens. For patients receiving postoperative adjuvant ther-
apy, treatment was based on IHC/FISH subtype (Data
Supplement).

Chemosensitivity and 5-Year Outcome

Following neoadjuvant treatment, patients with ER+/Basal
tumors achieved a pCR rate of 34% (25/73), which was
comparable with the pCR rate observed in TNBC/Basal
tumors (38%; 88/229; P = .52) and significantly higher
than the pCR rate in ER+/Luminal A (2%; 3/140; P, .001)
and ER+/Luminal B tumors (6%; 15/262; P , .001;
Fig 3A). Interestingly, the only patient with an ER+/Basal
tumor who received neoadjuvant endocrine therapy (Data
Supplement) exhibited progressive disease at surgery,
defined as a 25% increase in the longest tumor diameter or
detection of new lesions.

We next evaluated 5-year OS and DMFS. The median
(range) follow-up was comparable in all subgroups: 5.5
(0.6-7.5) years in the ER+/Luminal A group (n = 125),
5.3 (0.3-8.6) years in the ER+/Luminal B group (n =
230), 4.9 (0.4-7.1) years in the ER+/Basal group (n =
61), and 5.0 (0.4-6.9) years in the TNBC/Basal group
(n = 204). DMFS was significantly different among the
four subgroups of patients (P , .001; Fig 3B). ER+/
Luminal A tumors exhibited the highest 5-year DMFS
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(92.3%; 95% CI, 85.2 to 96.1), followed by TNBC/Basal
tumors (75.0%; 95% CI, 68.0 to 80.7) and ER+/Luminal
B tumors (73.5%; 95% CI, 44.5 to 79.3), whereas ER+/
Basal tumors had the worst 5-year DMFS probability
(66.6%; 95% CI, 52.6 to 77.3; Fig 3B, Data Supple-
ment). Similarly, the 5-year OS for patients with ER+/
Luminal A tumors was 96.0% (95% CI, 89.7 to 98.5)
compared with 83.0% (95% CI, 76.6 to 87.8) in ER+/
Luminal B tumors (Fig 3C, Data Supplement). By con-
trast, 5-year OS was lower in TNBC/Basal tumors
(76.2%; 95% CI, 59.0 to 82.0) and worst in ER+/Basal
tumors (69.8%; 95% CI, 55.8 to 80.1) despite similar
neoadjuvant treatment regimens (Data Supplement).
Within the first 3 years, 70.6% (12/17) of death or distant

recurrence events occurred among ER+/Basal tumors, a
temporal pattern more similar to that observed in TNBC/
Basal tumors, with 61.0% (25/41) of events occurring
within the first 3 years, compared with ER+/Luminal B
tumors, with 38.7% (12/31) of events occurring during
the same time period.
Patients with ER+/Luminal B tumors who did not achieve
pCR had disease-related events earlier than those who
achieved pCR. However, at 5 years, DMFS was similar
between ER+/Luminal B tumors that achieved pCR
versus those with residual disease (75% v 73.5%, re-
spectively; P = .672; Fig 4A, Data Supplement). By
contrast, patients with ER+/Basal tumors who had a pCR
exhibited a clinically significant better 5-year DMFS
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(82.6%; 95% CI, 55.3 to 94.1) compared with those with
residual disease (59.0%; 95% CI, 41.7 to 72.8),
with a 23.6% benefit albeit not statistically significant
(P = .075; Fig 4A). OS evaluation demonstrated similar
results (Fig 4B, Data Supplement). Additionally, 5-year
DMFS and OS evaluation revealed that, regardless of ER
status, patients with BluePrint Basal-Type tumors who
achieved pCR exhibited significantly improved 5-year
probability of DMFS and OS compared with those with
residual disease (Figs 4C and 4D, Data Supplement).
The recurrence profile was similar between ER+/Basal
and TNBC/Basal tumors that did not achieve a pCR.
Interestingly, despite achieving pCR, 5-year DMFS and
OS was significantly lower in ER+/Basal tumors (82.6%

and 82.6%, respectively) compared with TNBC/Basal
tumors (98.6% and 98.4%, respectively; P = .006 for
DMFS and P = .005 for OS; Figs 4C and 4D).

DISCUSSION

We evaluated the association of BluePrint and Mam-
maPrint reclassification with pCR and 5-year outcome
among patients with ER+, HER2– breast cancer. Blue-
Print reclassified 15% of ER+, HER2– tumors as Basal-
Type on the basis of underlying gene expression pat-
terns. Similarly, analysis of 5,836 ER+, HER2– early-
stage breast cancer specimens from the The Cancer
Genome Atlas database revealed that the 80-gene sig-
nature reclassified 16% as Basal-Type.18 In the I-SPY2
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trial, 29% of HR+, HER2– tumors from 375 patients were
reclassified as Basal-Type.19 One explanation for the
observed IHC and BluePrint discordant rates is low ER
protein expression. However, we report that BluePrint
can detect ER+/Basal tumors with ER positivity up to
99%, a large proportion (45.2%) of which had ER
positive staining in . 10% of the tumor specimen. This
indicates that a significant contributor to basal molecular
reclassification is the failure of the ER, which is present
but nonfunctional, to elicit downstream transcriptional
responses. Compared with ER+ BluePrint Luminal-Type
tumors, ER+/Basal samples displayed a significantly
higher frequency of the dominant-negative ER�7 splice
variant,13,20 which has been shown to inhibit estrogen-
dependent transcriptional activation by wild-type ER.21

Despite differences in functional response, both ER�7
variant and wild-type ER are detected by IHC. These data
suggest that BluePrint can precisely identify a subgroup
of patients with breast cancer that present with non-
functional ER and downstream transcriptional activity
more characteristic of Basal-Type tumors, potentially
affecting treatment decisions.

Comprehensive whole transcriptome analysis in 1,500
patients with ER+ breast cancer tumors further support
ER+/Basal tumors as a biologically distinct subtype.
Clustering analysis showed high similarity in the tran-
scriptional profile between ER+/Basal and ER–/Basal tu-
mors, translating into limited gene expression differences.
By contrast, the highest variance was observed between
ER+/Basal and ER+/Luminal B tumors, corresponding to
substantial gene expression differences associated with
increased immune responses and cell proliferation and
downregulation of estrogen response in ER+/Basal tumors
relative to ER+/Luminal B tumors.22

The diverse molecular biology between these two ER+
subtypes may contribute to the significantly higher che-
mosensitivity rates observed in ER+/Basal tumors com-
pared with ER+/Luminal tumors, consistent with
contrasting pCR rates observed between clinically defined
TNBC and luminal breast cancers.23 Previous studies
demonstrated similar pCR rates in patients with ER+/Basal
tumors, ranging from 29%-41%.19 Furthermore, all ER+/
Basal tumors in this study were High Risk by MammaPrint
and therefore predicted to benefit from chemotherapy.8 By
contrast, MammaPrint Low Risk, ER+/Luminal A tumors
had a low response to NCT, yet exhibited superior 5-year
outcomes. These patients may omit chemotherapy, as
demonstrated by excellent 9-year DMFS in MammaPrint
Low Risk patients treated with endocrine therapy alone in
the MINDACT trial.24

Patients with either ER+/Basal or TNBC/Basal tumors that
achieved pCR had significantly improved survival com-
pared with those with residual disease, in line with other
evidence demonstrating a strong correlation of pCR with
long-term outcomes in TNBC.25 However, patients with

ER+/Luminal B tumors had comparable 5-year DMFS and
OS, whether or not they achieved pCR. Notably, among
patients with ER+ breast cancer with residual disease,
BluePrint further distinguished 5-year outcomes on the
basis of molecular subtype. Specifically, Basal-Type tumors
that did not achieve pCR exhibited poor outcomes, re-
gardless of ER status, which was significantly worse than
that observed for ER+/Luminal B tumors with residual
disease. This striking finding highlights the importance of
using genomic profiling to distinguish ER+ breast cancers
that are intrinsically Basal-Type since they cannot be
identified solely by clinicopathologic features, such as ER
expression or grade. Additionally, patients with ER+/Basal
tumors with residual disease may be good candidates to
receive additional adjuvant chemotherapy such as cape-
citabine, which demonstrated significantly improved
disease-free survival and OS in clinically HER2-negative
and TNBC patients with residual disease in the CREATE-X
trial.26

Overall, our results strongly indicate that ER+/Basal and
ER+/Luminal subtypes should not be treated uniformly and
that ER+/Basal tumors may benefit from chemotherapy
options emerging for TNBC. The biologic similarities of
ER+/Basal to TNBC/Basal subtype suggest these tumors
may display improved response to a doxorubicin and cy-
clophosphamide with taxane regimen compared with
docetaxel and cyclophosphamide, as was demonstrated in
the ABC trials for patients with TNBC and extensive nodal
involvement.27 In silico gene expression analysis of a meta-
data set predicted ER+/Basal tumors to more likely benefit
from PARP inhibitors, platinum salts, and immune therapy
compared with ER+/Luminal tumors.18 Furthermore, we
report that the ER+/Basal tumor in the one patient who
received neoadjuvant endocrine therapy progressed. Be-
cause ER+/Basal tumors are more likely to harbor a
functionally dominant negative variant of ER, these patients
may not benefit from hormonal therapy or may display
endocrine resistance. Bertucci et al18 reported that patients
with ER+, genomic Luminal tumors significantly benefitted
from adjuvant hormone therapy (8% improvement in 5-
year distant recurrence-free interval), whereas patients with
ER+, genomic Basal tumors did not. Finally, despite
achieving pCR, patients with ER+/Basal tumors had sig-
nificantly worse DMFS and OS compared with those with
TNBC/Basal tumors in the current analysis. The only
noteworthy difference between these groups was, in con-
trast to patients with TNBC, ER+ patients received adjuvant
endocrine therapy. Further studies are required to inves-
tigate the effect of adjuvant hormone therapy on the clinical
outcome of patients with genomic Basal-Type tumors.

A limitation of this study is the relatively small number of
ER+/Basal patients because of the observational registry
trial design. Furthermore, the study design introduced
variability in the neoadjuvant and adjuvant treatment
strategies for each tumor subtype, and treating physicians
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were not blinded to MammaPrint and BluePrint results.
Therefore, we could not determine the impact of treatment
differences on chemosensitivity or outcome among patients
with ER+/Basal or ER+/Luminal tumors. However, future
studies will assess the effectiveness of a docetaxel and
carboplatin regimen compared with standard-of -care
chemotherapy in patients with ER+/Basal tumors, as
measured by using pCR and 5-year outcome, which
demonstrated superior pCR rates in patients with
TNBC.28,29 Patients for this study are currently being en-
rolled through the prospective FLEX trial (NCT03053193),

which captures full genomic profiles and comprehensive
clinical data from all non–stage 4 breast cancer patients
who receive MammaPrint with or without BluePrint as
standard of care.30

In conclusion, BluePrint identified a subgroup of ER+
patients with distinct treatment response and 5-year out-
comes, which could not otherwise be detected by using
traditional clinical or pathologic methods. These results
reinforce the importance of using genomic assays such as
the 80-gene signature to diagnose patients with breast
cancer more accurately and optimize treatment strategies.

AFFILIATIONS
1Nashville Breast Center, Nashville, TN
2Targeted Medical Education, Cupertino, CA
3Dallas Surgical Group, Dallas, TX
4Bon Secours Cancer Institute, Richmond, VA
5Breast and Melanoma Specialist of Charleston, Charleston, SC
6Lenox Hill Hospital/Northwell Health, New York, NY
7Comprehensive Cancer Center, Palm Springs, CA
8Ascension St John Hospital Great Lakes Cancer Management
Specialists, Grosse Pointe Woods, MI
9Akron General Medical Center, Akron, OH
10Cleveland Clinic Akron General, Akron, OH
11Breast Care Specialists, Allentown, PA
12St Clair Hospital, Pittsburgh, PA
13Texas Tech University, Lubbock, TX
14Ashikari Breast Center, Sleepy Hollow, NY
15Zucker School of Medicine, Hofstra University, Hempstead, NY
16Breast Institute, University of Oklahoma Health Sciences, Oklahoma
City, OK
17Stephenson Cancer Center, Oklahoma City, OK
18Regional Breast Care, Fort Myers, FL
19Genesis Care, Fort Myers, FL
20Fred and Pamela Buffet Cancer Center and Eppley Institute for
Research in Cancer at University of NebraskaMedical Center, Omaha, NE
21The Breast Institute at JFK Medical Center, Atlantis, FL
22Baptist MD Anderson Cancer Center, Jacksonville, FL
23Exempla Saint Joseph Hospital, Denver, CO
24Vail Health, Vail, CO
25Northwell Health Physician Partners, Mount Kisco, NY
26St Mary Medical Alliance Cancer Specialists, Langhorne, PA
27Agendia Inc, Irvine, CA

CORRESPONDING AUTHOR
William Audeh,MD,MS,Medical Affairs, Agendia Inc, 22Morgan, Irvine,
CA 92618; e-mail: william.audeh@agendia.com.

SUPPORT
Supported by Agendia Inc (NCT01479101).

DATA SHARING STATEMENT
A data sharing statement provided by the authors is available with this
article at DOI https://doi.org/10.1200/PO.21.00463.

AUTHOR CONTRIBUTIONS
Conception and design: Pat W. Whitworth, Laura A. Lee, Andrea R.
Menicucci, Erin B. Yoder, William Audeh
Provision of study materials or patients: Pat W. Whitworth, Peter D.
Beitsch, Laura A. Lee, Carrie L. Dul, Mary K. Murray, Rakhshanda

Layeequr Rahman, Pond R. Kelemen, William C. Dooley, Kenneth H.
Cowan, Beth-Ann Lesnikoski, Beth B. Dupree, Lisa E. Blumencranz
Collection and assembly of data: Pat W. Whitworth, Peter D. Beitsch,
James V. Pellicane, Carrie L. Dul, Mary K. Murray, Mark A. Gittleman,
Raye J. Budway, Pond R. Kelemen, William C. Dooley, David T. Rock,
Kenneth H. Cowan, Andrew Y. Ashikari, Beth B. Dupree, Erin B. Yoder,
Christine Finn, Kate Corcoran, Lisa E. Blumencranz
Data analysis and interpretation: Pat W. Whitworth, Peter D. Beitsch, Paul
L. Baron, Laura A. Lee, Rakhshanda Layeequr Rahman, William C.
Dooley, David T. Rock, Beth-Ann Lesnikoski, Julie L. Barone, Beth B.
Dupree, Shiyu Wang, Andrea R. Menicucci, Erin B. Yoder, William Audeh
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST
The following represents disclosure information provided by authors of
this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. I = Immediate
Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s
conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.
org/po/author-center.
Open Payments is a public database containing information reported by
companies about payments made to US-licensed physicians (Open
Payments).

Pat W. Whitworth
Employment: Integra LifeSciences
Leadership: Integra LifeSciences
Stock and Other Ownership Interests: Targeted Medical Education, Inc,
Cerebrotech Medical Systems, Medneon, Integra LifeSciences
Honoraria: Puma Biotechnology
Consulting or Advisory Role: ImpediMed, Prelude Therapeutics, Becton
Dickinson
Research Funding: Prelude Therapeutics, Agendia, Medneon
Travel, Accommodations, Expenses: Targeted Medical Education, Inc

Peter D. Beitsch
Employment: InVitae
Leadership: Targeted Medical Education, Inc
Stock and Other Ownership Interests: Targeted Medical Education, Inc,
InVitae
Research Funding: InVitae
Expert Testimony: Dune Medical Devices, ImpediMed
Uncompensated Relationships: Medneon

James V. Pellicane
Stock and Other Ownership Interests: PreludeDx
Honoraria: Agendia, PreludeDx

Neoadjuvant Outcome in ER+, Genomic Basal-Type Breast Cancers

JCO Precision Oncology 9

https://www.clinicaltrials.gov/ct2/show/NCT03053193
mailto:william.audeh@agendia.com
https://www.clinicaltrials.gov/ct2/show/NCT01479101
https://ascopubs.org/doi/full/10.1200/PO.21.00463
http://www.asco.org/rwc
https://ascopubs.org/po/author-center
https://ascopubs.org/po/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/


Speakers’ Bureau: Agendia, PreludeDx

Paul L. Baron
Honoraria: Myriad Genetics
Consulting or Advisory Role: Myriad Genetics
Speakers’ Bureau: Myriad Genetics
Travel, Accommodations, Expenses: Myriad Genetics

William C. Dooley
Leadership: Shaga Medical, LLC
Stock and Other Ownership Interests: Shaga Medical
Research Funding: Agendia, Xoft
Patents, Royalties, Other Intellectual Property: Patent pending:
microendoscopy system

Kenneth H. Cowan
Stock and Other Ownership Interests: United Health Group
Consulting or Advisory Role: Merck
Research Funding: Merck

Beth-Ann Lesnikoski
Employment: HCA Healthcare
Stock and Other Ownership Interests: HCA Healthcare
Research Funding: Agendia (Inst), Seattle Genetics (Inst)
Open Payments Link: https://openpaymentsdata.cms.gov/physician/
246359

Beth B. Dupree
Honoraria: Medtronic

Shiyu Wang
Employment: Agendia

Stock and Other Ownership Interests: Agendia

Andrea R. Menicucci
Employment: Agendia

Erin B. Yoder
Employment: Agendia
Stock and Other Ownership Interests: Agendia
Travel, Accommodations, Expenses: Agendia

Kate Corcoran
Employment: Agendia

Lisa E. Blumencranz
Employment: Agendia

William Audeh
Employment: Agendia
Leadership: Agendia
Stock and Other Ownership Interests: Agendia
Consulting or Advisory Role: Celanese, Private Health
Research Funding: Agendia
Travel, Accommodations, Expenses: Agendia

No other potential conflicts of interest were reported.

ACKNOWLEDGMENT
The prospective NBRST registry trial (NCT01479101) is sponsored by
Agendia Inc. We are grateful to all the women who participated in this
study, in addition to all the investigators, surgeons, pathologists, and
research nurses.

REFERENCES
1. Weigelt B, Baehner FL, Reis-Filho JS: The contribution of gene expression profiling to breast cancer classification, prognostication and prediction: A ret-

rospective of the last decade. J Pathol 220:263-280, 2010

2. Sorlie T, Perou CM, Tibshirani R, et al: Gene expression patterns of breast carcinomas distinguish tumor subclasses with clinical implications. Proc Natl Acad
Sci USA 98:10869-10874, 2001

3. Perou CM, Sorlie T, Eisen MB, et al: Molecular portraits of human breast tumours. Nature 406:747-752, 2000

4. Krijgsman O, Roepman P, Zwart W, et al: A diagnostic gene profile for molecular subtyping of breast cancer associated with treatment response. Breast Cancer
Res Treat 133:37-47, 2012

5. Mittempergher L, Delahaye LJ, Witteveen AT, et al: Performance characteristics of the BluePrint® breast cancer diagnostic test. Transl Oncol 13:100756, 2020

6. van ’t Veer LJ, Dai H, van de Vijver MJ, et al: Gene expression profiling predicts clinical outcome of breast cancer. Nature 415:530-536, 2002

7. van de Vijver MJ, He YD, van’t Veer LJ, et al: A gene-expression signature as a predictor of survival in breast cancer. N Engl J Med 347:1999-2009, 2002

8. Cardoso F, van’t Veer LJ, Bogaerts J, et al: 70-Gene signature as an aid to treatment decisions in early-stage breast cancer. N Engl J Med 375:717-729, 2016

9. Gluck S, de Snoo F, Peeters J, et al: Molecular subtyping of early-stage breast cancer identifies a group of patients who do not benefit from neoadjuvant
chemotherapy. Breast Cancer Res Treat 139:759-767, 2013

10. Yao K, Goldschmidt R, Turk M, et al: Molecular subtyping improves diagnostic stratification of patients with primary breast cancer into prognostically defined
risk groups. Breast Cancer Res Treat 154:81-88, 2015

11. Whitworth P, Stork-Sloots L, de Snoo FA, et al: Chemosensitivity predicted by BluePrint 80-gene functional subtype and MammaPrint in the Prospective
Neoadjuvant Breast Registry Symphony Trial (NBRST). Ann Surg Oncol 21:3261-3267, 2014

12. Whitworth P, Pellicane JV, Baron P, et al: 5-Year outcomes in the NBRST trial: Preoperative MammaPrint and BluePrint breast cancer subtype is associated
with neoadjuvant treatment response and survival. Proceedings of the 2020 San Antonio Breast Cancer Virtual Symposium, San Antonio, TX, 2020

13. Groenendijk FH, Treece T, Yoder E, et al: Estrogen receptor variants in ER-positive basal-type breast cancers responding to therapy like ER-negative breast
cancers. NPJ Breast Cancer 5:15, 2019

14. Hammond ME, Hayes DF, Dowsett M, et al: American Society of Clinical Oncology/College of American Pathologists guideline recommendations for im-
munohistochemical testing of estrogen and progesterone receptors in breast cancer (unabridged version). Arch Pathol Lab Med 134:e48-72, 2010

15. Wolff AC, HammondME, Hicks DG, et al: Recommendations for human epidermal growth factor receptor 2 testing in breast cancer: American Society of Clinical
Oncology/College of American Pathologists clinical practice guideline update. J Clin Oncol 31:3997-4013, 2013

16. Wolff AC, Hammond ME, Schwartz JN, et al: American Society of Clinical Oncology/College of American Pathologists guideline recommendations for human
epidermal growth factor receptor 2 testing in breast cancer. J Clin Oncol 25:118-145, 2007

17. Giuliano AE, Connolly JL, Edge SB, et al: Breast Cancer-Major changes in the American Joint Committee on Cancer eighth edition cancer staging manual. CA
Cancer J Clin 67:290-303, 2017

18. Bertucci F, Finetti P, Goncalves A, et al: The therapeutic response of ER+/HER2- breast cancers differs according to the molecular Basal or Luminal subtype.
NPJ Breast Cancer 6:8, 2020

19. van’t Veer L, Esserman L, Berry D: BluePrint Basal Subtype Predicts Neoadjuvant Therapy Response in ∼400 HR+HER2- Patients across 8 Arms in the I-SPY 2
TRIAL. Dublin, Ireland, EORTC-NCI-AACR Symposium, 2018

Whitworth et al

10 © 2022 by American Society of Clinical Oncology

https://openpaymentsdata.cms.gov/physician/246359
https://openpaymentsdata.cms.gov/physician/246359
https://www.clinicaltrials.gov/ct2/show/NCT01479101


20. Groenendijk FH, Zwart W, Floore A, et al: Estrogen receptor splice variants as a potential source of false-positive estrogen receptor status in breast cancer
diagnostics. Breast Cancer Res Treat 140:475-484, 2013

21. Garcia Pedrero JM, Zuazua P, Martinez-Campa C, et al: The naturally occurring variant of estrogen receptor (ER) ERDeltaE7 suppresses estrogen-dependent
transcriptional activation by both wild-type ERalpha and ERbeta. Endocrinology 144:2967-2976, 2003

22. O’Shaughnessy J, Kaklamani VG, Yuan Y, et al: Molecular profiles of genomically high risk ER+ HER2- breast cancer tumors classified as functionally basal or
luminal B by the 80-gene signature. J Clin Oncol 39, 2021 (suppl; abstr 563)

23. AsaokaM, Gandhi S, Ishikawa T, et al: Neoadjuvant chemotherapy for breast cancer: Past, present, and future. Breast Cancer (Auckl) 14:1178223420980377,
2020

24. Piccart M, van ’t Veer LJ, Poncet C, et al: 70-Gene signature as an aid for treatment decisions in early breast cancer: Updated results of the phase 3 randomised
MINDACT trial with an exploratory analysis by age. Lancet Oncol 22:476-488, 2021

25. Spring LM, Fell G, Arfe A, et al: Pathologic complete response after neoadjuvant chemotherapy and impact on breast cancer recurrence and survival: A
comprehensive meta-analysis. Clin Cancer Res 26:2838-2848, 2020

26. Masuda N, Lee SJ, Ohtani S, et al: Adjuvant capecitabine for breast cancer after preoperative chemotherapy. N Engl J Med 376:2147-2159, 2017

27. Blum JL, Flynn PJ, Yothers G, et al: Anthracyclines in early breast cancer: The ABC trials-USOR 06-090, NSABP B-46-I/USOR 07132, and NSABP B-49 (NRG
Oncology). J Clin Oncol 35:2647-2655, 2017

28. Sharma P, Lopez-Tarruella S, Garcia-Saenz JA, et al: Pathological response and survival in triple-negative breast cancer following neoadjuvant carboplatin plus
docetaxel. Clin Cancer Res 24:5820-5829, 2018

29. Sharma P, Lopez-Tarruella S, Garcia-Saenz JA, et al: Efficacy of neoadjuvant carboplatin plus docetaxel in triple-negative breast cancer: Combined analysis of
two cohorts. Clin Cancer Res 23:649-657, 2017

30. D’Abreo N, Crozier JA, Brufsky A, et al: The FLEX real-world data platform explores new gene expression profiles and investigator-initiated protocols in early
stage breast cancer. J Clin Oncol 38, 2020 (suppl; abstr TPS7088)

n n n

Neoadjuvant Outcome in ER+, Genomic Basal-Type Breast Cancers

JCO Precision Oncology 11


	Distinct Neoadjuvant Chemotherapy Response and 5 ...
	INTRODUCTION
	METHODS
	Patients
	Clinical and Molecular Subtyping
	Statistical Analysis

	RESULTS
	Clinical Characteristics
	Chemosensitivity and 5

	DISCUSSION
	REFERENCES


