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abstract

PURPOSE The prospective Neoadjuvant Breast Registry Symphony Trial compared the 80-gene molecular
subtyping signature with clinical assessment by immunohistochemistry and/or fluorescence in situ hybridization in
predicting pathologic complete response (pCR) and 5-year outcomes in patients with early-stage breast cancer.

METHODS Standard-of-care neoadjuvant chemotherapy combined with trastuzumab or trastuzumab plus pertu-
zumab was given to patients with human epidermal growth factor receptor 2 (HER2)–positive tumors (n = 295). pCR
was the primary end point, with secondary end points of distantmetastasis-free survival and overall survival at 5 years.

RESULTS Among clinically defined HER2-positive (cHER2) tumors, the 80-gene assay identified 29.5% (87 of
295) as Luminal-Type (cHER2/gLuminal), 14.9% (44 of 295) as Basal-Type (cHER2/gBasal), and 55.6% (164
of 295) as HER2-Type (cHER2/genomically classified as HER2 [gHER2]). Patients with cHER2/gHER2 tumors
had a higher pCR rate (61.6%) compared with non-gHER2 tumors (26.7%; P, .001). Dual targeting for cHER2/
gHER2 tumors yielded a higher pCR rate (75%) compared with those treated with single HER2-targeted therapy
(54%; P = .006). For cHER2/gBasal tumors, the 42.9% pCR rate observed with dual targeting was not different
from that with trastuzumab alone (46.4%; P = .830). Among those with cHER2/gBasal tumors, 5-year distant
metastasis-free survival (68.6%; 95% CI, 49.1 to 81.9) was significantly worse than in patients with cHER2/
gLuminal tumors (88.9%; 95% CI, 78.0 to 94.6) and cHER2/gHER2 tumors (87.4%; 95% CI, 80.2 to 92.2; P =
.010), with similar corresponding overall survival differences.

CONCLUSION The 80-gene assay identified meaningful genomic diversity in patients with cHER2 disease.
Patients with cHER2/gHER2 tumors, who benefitted most from dual HER2-targeted therapy, accounted for
approximately half of the cHER2 cohort. Genomically Luminal tumors had low pCR rates but good 5-year
outcomes. cHER2/gBasal tumors derived no benefit from dual therapy and had significantly worse 5-year
prognosis; these patients merit special consideration in future trials.
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INTRODUCTION

Patients with histologically assessed human epidermal
growth factor receptor 2 (HER2)–positive (HER2+)
disease receive HER2-targeted therapy, such as
trastuzumab, which results in prolonged survival.1-3

Pertuzumab, another HER2-targeted agent, provides
dual targeting when combined with trastuzumab. The
addition of pertuzumab to trastuzumab and chemo-
therapy improved pathologic complete response
(pCR) rates and overall survival (OS) in patients with
HER2+ disease.4,5 However, dual HER2-targeted
therapy has additional financial costs and toxicities,
and the benefit is not uniform across all patients.6

Benefit from HER2-targeted treatment may vary as a
result of clinically relevant genomic diversity within
HER2+ tumors, which is not identified by standard
pathology.7,8 HER2 positivity is clinically assessed by
immunohistochemistry (IHC) and/or fluorescence
in situ hybridization (FISH). Yet, not all clinically defined
HER2+ (cHER2) tumors have functional HER2 gene
expression signatures,8-10 which may affect response to
HER2-targeted therapy. Genomic information may be
helpful in clinical management by clarifying the extent
to which patients may benefit from single or dual HER2
targeting. Moreover, cHER2 tumors with discordant
genomic signatures may not respond as favorably to
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HER2-directed treatment, suggesting a need for subtype-
specific treatment.

The Neoadjuvant Breast Registry Symphony Trial
(NBRST) enrolled 1,091 patients with early-stage breast
cancer and evaluated the prediction of response rates to
neoadjuvant therapy by comparing the combined 70-
gene risk classification (MammaPrint) and 80-gene
molecular subtyping (BluePrint) signatures with tradi-
tional IHC/FISH assessment.11,12 MammaPrint is a gene
expression–based assay that classifies tumors as having a
Low Risk or High Risk of distant recurrence.13 BluePrint is
an 80-genemolecular subtyping assay that stratifies tumors
as Luminal-Type, HER2-Type, or Basal-Type.14 In NBRST,
BluePrint and MammaPrint further classified 22% of
clinically assessed tumors as a different subtype, which
correlated more accurately with observed chemotherapy
responses than IHC-/FISH-defined tumors.12 Importantly,
IHC-/FISH-defined HER2+ tumors were the largest clinical
subtype further classified by BluePrint in NBRST, with a
substantial proportion classified as non–HER2-Type.11

During the enrollment period of NBRST, pertuzumab
was approved as a neoadjuvant therapy for HER2+ disease,
which provided the opportunity to evaluate two HER2-
targeted treatment arms: trastuzumab versus trastuzu-
mab plus pertuzumab. Here, we report pCR rates and 5-
year outcomes in the cHER2 cohort from NBRST, stratified
by BluePrint and treatment regimen, consisting of either
single or dual HER2-targeted therapy.

METHODS

Study Cohort

Patients with early-stage breast cancer (N = 1,091) were
enrolled into the prospective registry, NBRST (Clinical-
Trial.gov identifier: NCT01479101), across 67 US institutions

between 2011 and 2014. This study was conducted in ac-
cordance with the ethical standards established in the Dec-
laration of Helsinki. Institutional Review Boards at all
participating institutions approved the protocol, and informed
consent for trial participation, which included tissue and
clinical data collection, was obtained from all participants.
Patients aged 18-90 years without metastatic disease and
scheduled to receive neoadjuvant therapy were eligible for
inclusion, and of the 1,069 eligible patients, 1,024 had
available clinical data (Data Supplement). The current study
focuses on 295 of 1,091 (27.0%) patients with histologically/
FISH-confirmed HER2+ tumors. Patients with HER2+ tumors
received chemotherapy with either single (trastuzumab) or
dual (trastuzumab and pertuzumab) HER2-targeted therapy.
Neoadjuvant and adjuvant therapies were given at the phy-
sician’s discretion, in agreementwithNational Comprehensive
Cancer Network guidelines and standard of care. Case report
forms were used for clinical data collection, recurrence, and
death events, and clinical data were collected 6 weeks after
receiving MammaPrint and BluePrint results, 4 weeks post-
surgery, 2-3 years postsurgery, and 5 years postsurgery.

Clinical and Molecular Subtyping

Preoperative core biopsies were used to assess hormone
receptor (HR) and HER2 status by IHC or IHC/FISH, re-
spectively, per ASCO/College of American Pathologists
guidelines.15,16 IHC/FISH classified tumors as (1) estrogen
receptor–positive and/or progesterone receptor–positive,
and HER2-positive (HR+HER2+), or (2) estrogen recep-
tor–negative and progesterone receptor–negative, and
HER2-positive (HR–HER2+).

RNA from the same core biopsies was isolated for Mam-
maPrint and BluePrint assays, which was performed as
standard of care by Agendia (Irvine, CA). Tumors were
classified with MammaPrint as Low Risk (MammaPrint

CONTEXT

Key Objective
The 80-gene and 70-gene signatures (80-GS, 70-GS) further classify clinically assessed tumors, which more precisely

corresponds with chemotherapy responses. In this study, the association between the combined 80-GS and 70-GS,
chemotherapy response, and 5-year outcomes were evaluated in patients with histologically confirmed human epidermal
growth factor receptor 2–positive (HER2+) breast cancer.

Knowledge Generated
Among HER2+ tumors, 80-GS identified 44.4% as genomically Luminal-Type or Basal-Type. Genomically HER2-Type tumors

had significantly higher rates of pathologic complete response compared with clinically defined HER2+ tumors. Inde-
pendent of single or dual HER2 therapy, patients with genomically Luminal-Type tumors had excellent 5-year outcomes,
whereas genomically Basal-Type tumors had poor outcomes. By contrast, patients with genomically HER2-Type tumors
benefitted most from dual therapy.

Relevance
Genomic characterization of clinically defined HER2+ tumors identifies patients who benefit from dual therapy and a

substantial subset of patients with genomically non–HER2-Type tumors that may need alternative treatment. Under-
standing the underlying tumor biology may help tailor appropriate treatment options.
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index . 0.000) or High Risk (MammaPrint index ≤
0.000).17 BluePrint categorizes tumors as Luminal-Type,
HER2-Type, or Basal-Type.14

Objectives and End Points

The primary end point for NBRST was pCR, which is defined
as the absence of invasive carcinoma (breast and axilla) on
microscopic examination of the surgically resected tissue,
irrespective of any carcinoma in situ (ypT0/TisN0).11 Distant
metastasis-free survival (DMFS) and OS were end points for
long-term follow-up. DMFS is defined as the time from the
date of diagnosis to the date of first distant metastasis, death
of any cause, or censoring at the last follow-up date. OS is
defined as the date of diagnosis to death from any cause or
censoring at the last follow-up date.

Statistical Analysis

Clinical characteristics were summarized using descriptive
statistics. Differences in age were evaluated by one-way
analysis of variance. Other clinical characteristics were
assessed by chi-square or Fisher’s exact test. Statistical
significance was defined by two-sided P , .05 for all tests.
Therapeutic response (pCR) rates for each subgroup were
calculated. The pCR of each genomic subtype was com-
pared with the pCR rate of the remaining HER2+ population
using a two-tailed proportional z-test. For survival analyses,
5-year DMFS and OS survival curves were estimated by the
Kaplan-Meier method and the log-rank test was used to
determine survival differences. All statistical analyses were
conducted using Stata, version 16 (Stata Corp, College
Station, TX).

RESULTS

Clinical Characteristics

Overall, 295 eligible patients within NBRST were clinically
defined as HER2+ by IHC/FISH (cHER2), of which 55.6%
(164 of 295) were genomically classified as HER2-Type
(cHER2/gHER2) and 44.4% as non–HER2-Type by
BluePrint (29.5% [n = 87 of 295] Luminal-Type [cHER2/
gLuminal] and 14.9% [n = 44 of 295] Basal-Type [cHER2/
gBasal]; Fig 1). Of the 295 cHER2 patients, 92.5% were
classified as High Risk by MammaPrint (Table 1).

Patient clinical characteristics within cHER2/gLuminal,
cHER2/gHER2, and cHER2/gBasal tumors are summa-
rized in Table 1. Median age (52.0-54.4 years) and
menopausal status were comparable across BluePrint
subtypes (P = .513 and P = .347, respectively). In total,
64.0% of patients had HR+ tumors (n = 189) and 36.0%
had HR– tumors (n = 106). As is typical for neoadjuvant
therapy candidates, most patients had grade 2-3 tumors
(94.6%), larger tumors (T2-4; 83.1%), and positive lymph
nodes (55.6%). The clinical adjuvant online risk, calculated
per MINDACT guidelines,13 classified 89.2% of IHC-/FISH-
defined HER2+ patients as high risk.

A similar distribution of patients who received single or dual
HER2-targeted therapy was observed between BluePrint
subtypes (Table 2; P = .700). In addition to standard-of-care
HER2-targeted therapy (single or dual), 24.4% (72 of 295) of
cHER2 patients received anthracycline-based chemotherapy
followed by taxane chemotherapy, whereas 69.2% (204 of
295) received taxane-based chemotherapy (Table 2). Post-
operative therapy followed standard HER2-targeted regimens.

Therapeutic Response and 5-Year Outcome

With BluePrint

The pCR rate among cHER2 patients was 46.1% (136 of
295). When further classified by BluePrint, the molecular
subtypes were associated with more precise pCR rates
(Fig 2A). To evaluate the pCR rates within BluePrint
subtypes, the pCR rate of each subgroup (cHER2/gLu-
minal, cHER2/gHER2, or cHER2/gBasal) was compared
with the pCR rate of the remaining cHER2 patients of
different BluePrint subtypes. Patients with cHER2/gLu-
minal tumors had the lowest pCR rate of 17.2% (n = 15 of
87) relative to the remaining cHER2 patients (58.2%; n =
121 of 208; P , .001). Patients with cHER2/gHER2 tu-
mors had a significantly higher pCR rate (61.6%; n = 101
of 164) relative to patients with non-gHER2 tumors
(26.7%; n = 35 of 131; P , .001). Patients with cHER2/
gBasal tumors had a 45.5% (n = 20 of 44) pCR rate al-
though this was not significantly different when compared
with the remaining cHER2 tumors (46.2%; n = 116 of 251;
P = .926).

Next, we evaluated the corresponding 5-year DMFS and OS
rates for each BluePrint subtype. The median follow-up
time was 5.4 years (range 0.3-7.3) for both DMFS and OS

Luminal-Type
n = 87

HER2-Type
n = 164

Basal-Type
n = 44

BluePrint

HR+ HER2+
n = 189

HR– HER2+
n = 106

IHC/FISH 

FIG 1. Further classification of IHC-/FISH-defined HER2+ patients
with BluePrint. Sankey diagram depicting (Left) 295 IHC-/FISH-de-
fined HER2+ patients sorted by (Right) genomic subtype using
BluePrint into HER2-Type (cHER2/gHER2) or further classified as
Luminal-Type (cHER2/gLuminal) or Basal-Type (cHER2/gBasal).
cHER2, clinically defined HER2+; FISH, fluorescence in situ hy-
bridization; gHER2, genomically classified as HER2; HER2, human
epidermal growth factor receptor 2; HR, hormone receptor; IHC,
immunohistochemistry.
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(n = 263/295). Five-year DMFS and OS probabilities in
cHER2/gLuminal tumors were not significantly different
from those in cHER2/gHER2 tumors (P = .628 and .740,

respectively). However, patients with cHER2/gBasal tumors
had significantly worse 5-year DMFS and OS outcomes
compared with patients with cHER2/gHER2 (P = .009 and

TABLE 1. Patient Tumor Clinical Characteristics
Characteristic cHER2/gLuminal cHER2/gHER2 cHER2/gBasal Total P

No. of patients 87 164 44 295

Age, years, mean (SD) 52.0 (12.0) 52.3 (12.6) 54.4 (10.1) .513

Menopausal status, No. (%) .347*

Premenopausal 41 (47.1) 69 (42.1) 15 (34.1) 125 (42.4)

Postmenopausal 44 (50.6) 93 (56.7) 28 (63.6) 165 (55.9)

Unknown 2 (2.3) 2 (1.2) 1 (2.3) 5 (1.7)

Race/ethnicity, No. (%) .116

African American 12 (13.8) 19 (11.6) 9 (20.5) 40 (13.6)

Asian 4 (4.6) 5 (3.1) 0 9 (3.1)

White 66 (75.9) 118 (72.0) 33 (75.0) 217 (73.6)

Hispanic 4 (4.6) 22 (13.4) 2 (4.6) 28 (9.5)

Others 1 (1.2) 0 0 1 (0.3)

Clinical subtype, No. (%) , .001

HR+HER2+ 84 (96.6) 86 (52.4) 19 (43.2) 189 (64.1)

HR–HER2+ 3 (3.4) 78 (47.6) 25 (56.8) 106 (35.9)

Histologic grade, No. (%) , .001**

Grade 1 4 (4.6) 2 (1.2) 1 (2.3) 7 (2.4)

Grade 2 42 (48.3) 65 (39.6) 4 (9.1) 111 (37.6)

Grade 3 38 (43.7) 91 (55.5) 39 (88.6) 168 (56.9)

Grade X 3 (3.4) 6 (3.7) 0 9 (3.1)

cT stage, No. (%) .576**

T1 17 (19.5) 25 (15.2) 3 (6.8) 45 (15.3)

T2 49 (56.3) 87 (53.1) 27 (61.4) 163 (55.3)

T3 13 (14.9) 33 (20.1) 10 (22.7) 56 (19.0)

T4 7 (8.1) 15 (9.2) 4 (9.1) 26 (8.8)

TX 1 (1.2) 4 (2.4) 0 5 (1.7)

cN stage, No. (%) .087**

N0 41 (47.1) 55 (33.5) 22 (50.0) 118 (40.0)

N1 38 (43.7) 89 (54.3) 15 (34.1) 142 (48.1)

N2 4 (4.6) 10 (6.1) 3 (6.8) 17 (5.8)

N3 1 (1.2) 2 (1.2) 2 (4.6) 5 (1.7)

NX 3 (3.5) 8 (4.9) 2 (4.6) 13 (4.4)

MammaPrint risk, No. (%) , .001

Low risk 19 (21.8) 3 (1.8) 0 22 (7.5)

High risk 68 (78.2) 161 (98.2) 44 (100.0) 273 (92.5)

Clinical AOL risk .345**

Low risk 8 (9.2) 11 (6.7) 1 (2.3) 20 (6.8)

High risk 75 (86.2) 145 (88.4) 43 (97.7) 263 (89.2)

Unknown 4 (4.6) 8 (4.9) 0 12 (4.1)

NOTE. Patients with missing data (*) or clinically unknown data (**) were not included in chi-square or Fisher’s exact tests.
Abbreviations: AOL, Adjuvant! Online; cHER2, clinically defined HER2+; gBasal, genomically defined Basal-Type; gHER2, genomically

defined HER2-Type; gLuminal, genomically defined Luminal-Type; HER2, human epidermal growth factor receptor 2; HR, hormone receptor;
HR+, hormone receptor–positive; HR–, hormone receptor–negative; SD, standard deviation.

4 © 2022 by American Society of Clinical Oncology

Whitworth et al



P = .007, respectively) and cHER2/gLuminal tumors (P =
.007 and P = .002, respectively; Figs 2B and 2C). Patients
with cHER2/gBasal tumors had a 5-year DMFS of 68.6%
(95% CI, 49.1 to 81.9), which was significantly worse than
those with cHER2/gHER2 (87.4%; 95% CI, 80.2 to 92.2)
and cHER2/gLuminal tumors (88.9%; 95% CI, 78.0 to
94.6; P = .010; Fig 2B). OS was in line with DMFS out-
comes, with the 5-year OS probability of 70.6% (95% CI,
50.8 to 83.6) in patients with cHER2/gBasal tumors, 92.7%
(95% CI, 86.4 to 96.2) in patients with cHER2/gHER2, and
93.7% (95% CI, 84.1 to 97.6) in patients with cHER2/
gLuminal tumors (P , .001; Fig 2C).

Association Between Therapeutic Response and

5-Year Outcomes

We assessed the association of pCR and 5-year outcomes
in BluePrint subtypes, independent of therapy. The 5-year
DMFS in patients with cHER2/gLuminal tumors was 100%
with pCR versus 86.3% (95%CI, 73.2 to 93.2) with residual
disease (Fig 3A; P = .185), and the OS probability was
100% with pCR versus 92.3% (95% CI, 80.6 to 97.1) with
residual disease (Fig 3B; P = .329). In patients with cHER2/
gHER2 tumors, the probability of DMFS was 9.3% higher in
those who achieved a pCR (91.0%; 95% CI, 81.9 to 95.6)
compared with those with residual disease (81.7%; 95%
CI, 67.4 to 90.1; P = .086; Fig 3C). OS in patients with
cHER2/gHER2 tumors was not significantly different be-
tween patients who achieved a pCR (93.2%; 95% CI, 84.4
to 97.1) versus those who did not (92.1%; 95% CI, 80.1 to
97.0; Fig 3D; P = .598). The probability of DMFS in patients
with cHER2/gBasal tumors was substantially higher in
those who achieved a pCR (84.9%; 95% CI, 51.2 to 96.0)
compared with those who had residual disease (56.3%;
95% CI, 30.7 to 75.6; P = .066; Fig 3E). In addition, OS in
patients with cHER2/gBasal tumors was significantly
greater in patients who achieved a pCR (91.7%; 95% CI,
53.9 to 98.8) compared with those who did not (54.8%;
95% CI, 29.2 to 74.5; Fig 3F; P = .023).

Therapeutic Response and 5-Year Outcomes by

Treatment Arm

To determine if a subset of patients with cHER2 tumors
have improved outcomes with dual anti-HER2 therapy, we
evaluated therapeutic response and outcomes stratified by
HER2-targeted therapy and BluePrint molecular subtype.
Of the 295 patients, 176 (59.7%) received single HER2-
targeted therapy and 111 (37.6%) received dual targeted
therapy, which was equally represented across BluePrint
molecular subtypes (Fig 4A). Overall, patients treated with
dual therapy had higher pCR rates (59.5%) versus those
treated with single targeted therapy (39.2%; Fig 4B; P ,
.001). When stratified by BluePrint, however, patients with
cHER2/gLuminal or cHER2/gHER2 tumors treated with
dual therapy achieved significantly higher pCR rates
(34.4% and 75.4%, respectively) compared with patients
treated with single targeted therapy (7.7% and 54.2%; P =
.002 and P = .006, respectively). By contrast, we observed
no significant improvement in pCR rate in patients with
cHER2/gBasal tumors with the addition of pertuzumab
(42.9%) versus trastuzumab alone (46.4%; Fig 4C;
P = .830).

The 5-year DMFS probability differed by 19.6%-25.4% be-
tweenBluePrint subtypes treatedwith single (P= .058) versus
dual HER2-targeted therapy (P = .056; Figs 4D and 4E). We
observed a similar range of 21.9%-26.7% in 5-year OS be-
tweenBluePrint subtypes treatedwith single (P= .007) versus
dual HER2-targeted therapy (Figs 4F and 4G; P = .030).
Patients with cHER2/gLuminal tumors had comparable 5-
year DMFS outcomes with single (88.4%; 95% CI, 71.9 to
95.5) or dual targeted therapy (88.0%; 95% CI, 67.1 to 96.0;
Figs 4D and 4E and Data Supplement; P = .810). In addition,
patients with cHER2/gLuminal tumors had excellent 5-year
OS outcomes regardless of single (94.5%; 95% CI, 79.8 to
98.6) or dual targeted therapy (91.8%; 95% CI, 70.9 to 97.9;
Figs 4F and 4G, Data Supplement; P = .650). The 5-year
DMFS in patients with cHER2/gHER2 tumors given

TABLE 2. HER2-Targeted Treatment and Neoadjuvant Chemotherapy Regimen Backbones
Treatment cHER2/gLuminal cHER2/gHER2 cHER2/gBasal Total P

No. of patients 87 164 44 295

HER2-targeted, No. (%) .700a

H 52 (59.8) 96 (58.5) 28 (63.6) 176 (59.7)

H + P 32 (36.8) 65 (39.6) 14 (31.8) 111 (37.6)

Unknowna 3 (3.4) 3 (1.8) 2 (4.5) 8 (2.7)

Chemotherapy backbone, No. (%) .386

Anthracycline-based 18 (20.7) 42 (25.6) 12 (27.3) 72 (24.4)

Taxane-based 60 (69.0) 115 (70.1) 29 (65.9) 204 (69.2)

Others 9 (10.3) 7 (4.3) 3 (6.8) 19 (6.4)

Abbreviations: cHER2, clinically defined HER2+; gBasal, genomically defined Basal-Type; gHER2, genomically defined HER2-Type;
gLuminal, genomically defined Luminal-Type; H, trastuzumab; HER2, human epidermal growth factor receptor 2; P, pertuzumab.

aPatients received HER2-targeted therapy, but it is unknown whether they received single or dual therapy; this category was not included in the
chi-square test.
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trastuzumab was 86.2% (95% CI, 75.5 to 92.4) compared
with 92.1% (95% CI, 80.2 to 97.0) with trastuzumab plus
pertuzumab (Figs 4D and 4E and Data Supplement; P =
.355). The OS in patients with cHER2/gHER2 tumors was
94.6% (95% CI, 86.0 to 97.9) with single targeted therapy
versus 91.7% (95% CI, 79.4 to 96.8) with dual targeted
therapy (Figs 4F and 4G and Data Supplement; P = .597).
Patients with cHER2/gBasal tumors had the worst 5-year
outcomes regardless of the addition of pertuzumab, with
68.8% (95% CI, 42.6 to 84.9) DMFS probability with tras-
tuzumab versus 66.7% (95% CI, 32.9 to 86.3) with tras-
tuzumab and pertuzumab (Figs 4D and 4E and Data
Supplement; P = .895) and similar OS (72.7%; 95%CI, 45.8
to 87.8 v 65.0%; 95% CI, 31.0 to 85.4, respectively; Figs 4F
and 4G and Data Supplement; P = .684). Despite small
numbers, when BluePrint subtypes were stratified by HR

status, patients with HR+HER2+, gHER2 tumors had the
greatest 5-year DMFS benefit with pertuzumab (12.3%; P =
.084) compared with gLuminal tumors (–2.1%; P = .670)
and gBasal tumors (8.7%; P = .705), albeit not significant
(Data Supplement).

DISCUSSION

Among patients with IHC-/FISH-defined HER2+ tumors,
those genomically classified as HER2-Type by BluePrint
had the highest pCR rates compared with cHER2/gLuminal
and cHER2/gBasal tumors, which also translated into ex-
cellent 5-year DMFS and OS outcomes, in line with studies
using the PAM50 genomic classifer.18,19 Patients with
cHER2/gHER2 tumors who achieved a pCR had a clinical
benefit (9.3% increase in 5-year DMFS) compared with
patients with residual disease. In addition, patients with

B
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\cHER2/gHER2 tumors treated with dual therapy exhibited
the highest pCR rates, and although they did not have
statistically significant 5-year DMFS benefit compared with
single HER2-targeted therapy, the magnitude was 5.9%
greater with dual therapy. Results from this NBRST study
identified a larger clinical benefit in patients with HER2-Type
tumors than that observed in the APHINITY trial, which
reported a 0.9% benefit with the addition of pertuzumab to
3-year invasive disease-free survival (IDFS) and 3% benefit
at 6 years.20,21 Molecular subtyping was performed using
BluePrint on patients with HER2+ breast cancer enrolled in
the APHINITY trial, which demonstrated patients with
genomically HER2-Type tumors benefited most from the
addition of pertuzumab to trastuzumab (hazard ratio 0.56;
95% CI, 0.27 to 1.15) compared with patients with cHER2/
gLuminal (hazard ratio 0.93; 95% CI, 0.61 to 1.41) or
cHER2/gBasal tumors (hazard ratio 0.89; 95% CI, 0.44 to
1.79).22 In the current study, patients with cHER2/gHER2
tumors had good 5-year OS, regardless of therapy. However,
as concluded in the 6-year interim analysis of APHINITY,
longer follow-up may be needed to assess OS, which did not
reach statistical significance in either study.21 Together,
these data suggest that the population of patients who
benefit most from dual HER2-targeted therapy has
genomically defined HER2-Type breast cancer.

Biologic diversity of HER2+ breast cancers has been de-
scribed using BluePrint and other genomic assays such as
PAM50, which consistently show a population of IHC/FISH-
defined HER2+ patients with functionally activated Luminal
or Basal pathways.8,23-25 Importantly, within this cHER2
NBRST cohort, BluePrint further classified 44.4% as either
Luminal-Type or Basal-Type. BluePrint was performed on
preoperative core biopsies, suggesting that this genomic
diversity is not evident by IHC/FISHmethods. Consistent with
recent studies, even patients with cHER2/gLuminal tumors
had the lowest pCR rates relative to cHER2/gHER2 or
cHER2/gBasal tumors and they had good 5-year DMFS and
OS outcomes, independent of the HER2-targeted therapy
regimen or pCR rate, suggesting that these patients may
derive the most significant benefit from endocrine therapy.19

Patients with cHER2/gBasal tumors had poorer 5-year
DMFS and OS probabilities compared with those with
cHER2/gLuminal and cHER2/gHER2 tumors, regardless of
the addition of pertuzumab. Dual HER2-targeted therapy did
not increase the proportion of patients with cHER2/gBasal
tumors who achieved a pCR, and those with residual disease
had significantly worse outcomes. These results indicate that
treatment responses observed in patients with cHER2/
gBasal tumors may be due to the chemotherapy backbone,
rather than the HER2-targeted therapy, and these patients

did not appear to benefit from the addition of pertuzumab to
trastuzumab and chemotherapy. These data highlight the
importance of identifying the genomic subtype, as cHER2/
gBasal tumors represent a distinct subset within IHC-/FISH-
defined HER2+ tumors requiring further investigation in light
of their unique clinical behavior and therapy response.

As treatment recommendations and available targeted
therapies for HER2+ disease rapidly change, it is im-
portant to understand the population of patients who will
benefit most from all forms of HER2-targeted therapy. An
interim analysis from the KATHERINE trial demonstrated
that patients with residual disease after neoadjuvant
therapy, most of whom were HR+HER2+, who were given
adjuvant trastuzumab emtansine (T-DM1) had better 3-
year IDFS compared with standard trastuzumab
therapy.26 On the basis of data presented here, it is
reasonable to speculate as to whether genomic subtyping
could further identify a subpopulation of patients within
the KATHERINE trial who benefitted most from T-DM1.
Specifically, would patients with genomically Luminal
tumors (cHER2/gLuminal) with residual disease benefit
with T-DM1 as much as patients with genomically HER2
tumors? Another antibody-drug conjugate (ADC), trastu-
zumab deruxtecan, has not only exhibited benefit in pa-
tients with HER2+ breast cancer who had previously been
treated with HER2-targeted therapies, but it has also
demonstrated activity in non-HER2 subtypes (HER2 low,
1-2+ by IHC).27,28 Considering that patients with HR-
HER2+ disease from the KATHERINE trial had improved
IDFS with T-DM1,26 benefit from ADCs in patients with
cHER2/gBasal tumors may be possible since they express
the HER2 receptor and harbor an underlying activated
Basal biology that may be more responsive to the targeted
chemotherapy payload. However, this would need to be
evaluated in trials comparing an ADC candidate with
standard-of-care HER2-targeted therapy, such as the
DESTINY-Breast02 or KRISTINE trials. Given the disap-
pointingly small benefit that pertuzumab added in the
APHINITY trial, which changed treatment guidelines,
further genomic classification may be useful in finding
those who benefit most.29 In this study, we show the
genomic diversity that occurs in a cHER2 population and
identify patients with the greatest magnitude of benefit
from pertuzumab.

Because of the nature of observational registry trials, some
limitations of the NBRST study include missing or un-
known data and the limited number of patients for the
study of non-HER2 BluePrint subtypes within the cHER2
subset. As a result, although we did evaluate cHER2

FIG 4. (Continued). proportional z-test. Five-year probabilities of (D and E) DMFS and (F and G) OS stratified by BluePrint molecular subtype and
(D and F) treatment with H or (E and G) treatment with H + P. cHER2, clinically defined HER2+; DMFS, distant metastasis-free survival; gBasal,
genomically defined Basal-Type; gHER2, genomically defined HER2-Type; gLuminal, genomically defined Luminal-Type; H, trastuzumab; HER2,
human epidermal growth factor receptor 2; OS, overall survival; P, pertuzumab; pCR, pathologic complete response.
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patients by BluePrint and HR status because of the distinct
outcomes that have been described between HR+HER2+
and HR–HER2+ patients, the results were not statistically
significant.6,8,24 Second, the long-term follow-up analyses
were not the primary objective of NBRST, and the study was
not powered to evaluate outcomes. Thus, although we see a
substantial increase in 5-year DMFS benefit among patients
with cHER2/gHER2 tumors treated with dual targeted
therapy compared with the APHINITY trial, it was not sta-
tistically significant. Nevertheless, the 5-year DMFS and OS
outcomes varied among the cHER2 patients, and BluePrint
was able to better predict outcomes than by histology.

In conclusion, in this study, we identified a subgroup of
patients with cHER2/gLuminal tumors who had good 5-year

prognosis regardless of pCR rate, which may help inform
adjuvant therapy decisions. We also identified a subgroup of
patients, cHER2/gBasal, whose outcomes were not im-
proved by dual HER2-targeted therapy and for whom al-
ternative treatment strategies and treatment escalation may
be necessary. In addition, we identified the subgroup of
HER2+ patients with BluePrint, cHER2/gHER2, who are
most likely to benefit from dual HER2-targeted therapy,
which was approximately half of the cHER2 population.
Genomic subtyping with BluePrint identifies biologic diver-
sity within cHER2 breast cancers, providing further classi-
fication and precision in correlating subtypes with
therapeutic response and long-term outcomes beyond tra-
ditional IHC/FISH subtyping.
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APPENDIX 1. INSTITUTIONAL INVESTIGATORS

Site No. Site PI Name

2 Coastal Carolina Breast Center Angela Mislowsky, MD; Craig Brackett, MD

3 Signature Breast Care Regina Hampton, MD

4 Dallas Surgical Group Peter Beitsch, MD

5 Breast Care Specialists Mark Gittleman, MD; Cara Guifoyle, MD

6 Nashville Breast Center Pat Whitworth, MD

7 Reinsch Pierce Family Center for Breast Health Stephanie Akbari, MD

8 Tolnich Surgical Associates Lisa Tolnitch, MD; Gayle Dilalla, MD

9 Breast & Melanoma Specialist of Charleston Paul Baron, MD

10 Advanced Breast Care of Georgia Dr Richard Fine

11 Bon Secours Virginia Breast Center James Pellicane, MD

12 Long Beach Memorial Medical Center Bichlien Nguyen, MD

13 Rockwood Clinic Renu Sinha, MD

14 The Breast Place Jennifer Beatty, MD

15 Monterey Peninsula Hospital Dr Michael Stuntz

16 Ashikari Breast Center Pond Kelemen, MD; Andrew Ashikari, MD

17 Surgical Specialists of Northern Virginia David C. Weintritt, MD, FACS

18 Sutter Roseville Medical Center Dr Kristie Bobolis

19 Texas Health Physicians Group Walton Taylor, MD

20 Blue Ridge Cancer Center Paul Richards, MD

21 Virginia Breast Care Linda Sommers, MD

22 Advanced Breast Care Specialists Mary Ahn, MD; Sara Frederickson, MD; Gale England, MD

23 Breastlink John Link, MD; Amy Bremner, MD (Temecula site);
James Waisman, MD (Manhattan Beach site)

24 The Breast Institute at JFK Medical Center Beth Ann Lesnikoski

25 Baptist Health South Florida Cristina Lopez-Penalver, MD

26 University Surgical Consultants Gary Grad, MD; George Salti, MD

27 Virtua Health Arnold Baskies, MD; Maureen Kling, MD (Moorestown
site); Eric Miller, MD (Lumberton site)

28 Michiana Hematology Oncology PA (formerly Northern
Indiana Cancer Research Consortium)

Michael Rotkis, MD

29 21st Century Oncology David T. Rock, MD

30 Northeast Georgia Medical Center Charles Nash, MD

31 Saint Luke’s Cancer Institute John W Shook, MD

32 Fresno Breast Surgery Steven Hagar, MD; Margaret Hadcock, MD

33 Center for Breast Care at Anderson Cancer Institute Elena Rehl, MD

34 Lynchburg Hematology Oncology Clinic Dr John MacNeill and Dr Dwight Oldham

35 *CTA states Kathryn A. Wagner, MD, as the institution Kathryn A. Wagner, MD

36 Advocate Lutheran General Hospital Heidi Memmel, MD

37 St Clair Hospital Raye Budway, MD

38 Summerlin Hospital Souzan El-Eid, MD; Joseph Contino, MD

39 Wheaton Franciscan Healthcare Jodi Brehm, MD

40 Radiation Oncology of San Antonio Marta Dahiya

41 Dekalb Medical Jayanthi Srinivasiah, MD

42 McAllen Oncology Eugenio Galindo, MD

(Continued on following page)
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(Continued)
Site No. Site PI Name

43 Presbyterian Intercommunity Hospital Dr Wang Sub PI: Dr. Dustin Stevenson

44 Wellness Oncology Hematology Ashkan Lashkari, MD

45 East Houston General Surgery Leonidas Miranda, MD

46 Christian Hospital Timothy Rearden, MD

47 Memorial Hospital/Detroit Clinical Research Center Craig Gordon, MD; Daniel Williams, MD

48 Columbia St Marys Cancer Center Varsha Shah, MD

49 Texas Tech University Rakhshanda Rahman, MD; Subhasis Misra, MD

50 Evansville Surgical Associates David Carlson, MD

51 Comprehensive Cancer Center—Palm Springs Laura Lee, MD

52 21st Century Oncology Amol Rakkar, MD

53 Swedish Cancer Institute J. David Beatty, MD; Kristine Rinn, MD

54 University of Nebraska Ken Cowan, MD

55 St Mary Medical/Alliance Cancer Specialists Robert Reilly, DO; Beth Dupree, MD

56 Arizona Comprehensive Cancer Center Clarence Sarkodee Adoo, MD

57 St John Region Carrie Dul, MD

58 Waukesha Memorial Hospital/ProHealth Regional
Cancer Center

Tim Wassenaar, MD; Kelli Pettit, MD

59 RMH Hahn Cancer Center Heidi Rafferty, MD

60 Stamford Health Paul Weinstein, MD

61 SHARP Memorial Robert Barone, MD

62 Redwood Regional/St Jude Charles Elboim, MD

63 Medical Center Bay Area Breast Surgeons Inc Lisa Bailey, MD; Jon Grief, MD

64 Bellin Memorial Hospital Hassan Tahsildar, MD

65 McLaren Health Care Justin Klamerus, MD

66 Exempla Saint Joseph Hospital Julie Barone, MD

67 ACMH Cancer Center Diane Buchbarker, MD

68 Lakes Research Dr Eloy Roman

69 Hematology/Oncology of North Shore Edward Kaplan, MD

70 University of Oklahoma Health Sciences William Dooley, MD

72 Austin Cancer Center Allison Gorrebeck, MD; Christopher Rudd, MD

73 Greenwich Hospital Beverly Drucker, MD

74 Thomas Jefferson University-Kimmel Cancer Center Rebecca Jaslow, MD

75 Akron General Medical Center Mary Murray, MD

76 Providence Cancer Institute Andrew Muskovitz, MD

77 Hematology Oncology Associates of Central New York Jeffrey Kirshner, MD

78 Halifax Health Ruby Anne Deveras, MD

79 New York Hospital Queens Dr Beth Siegel

80 Willis-Knighton Cancer Center Robert Nickelson, MD

81 Florida Hospital Memorial Medical Center
Comprehensive Cancer Center

Mudussara Khan, MD; Padmaja Sai, MD

82 St Vincent Healthcare Kenneth Jones, MD

83 The University of Toledo Iman Mohamed, MD

84 Alta Bates Summit Comprehensive Cancer Center Eileen Consorti, MD

85 Southeast Georgia Health System Antonio Moran, MD
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