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Summary
BackgroundHER2DX is a prognostic and predictive assay in early-stage HER2-positive breast cancer based on clinical
features and the expression of 4 gene signatures (immune, proliferation, luminal differentiation and HER2
amplicon), including ERBB2 mRNA levels. Here, we evaluated the ability of HER2DX to predict efficacy of a de-
escalated, chemotherapy-free neoadjuvant regimen in HER2-positive/hormone receptor-positive breast cancer.

Methods HER2DX was evaluated on pre-treatment tumour samples from the PerELISA phase II study focused on
postmenopausal patients with operable HER2-positive/hormone receptor-positive breast cancer. Patients received
2-weeks of letrozole, and then underwent a re-biopsy for Ki67 evaluation. Patients with endocrine therapy
sensitive disease (ESD) (i.e., >20.0% Ki67 relative reduction at week 2) continued letrozole and 5 cycles of
trastuzumab and pertuzumab. Primary aim was to test the ability of HER2DX risk-score, HER2DX pCR score and
HER2DX ERBB2 mRNA score (as continuous variables and group categories) to predict pathological complete
response (pCR) in patients with ESD. Logistic regression and receiver–operator curve (ROC) analysis assessed
associations of HER2DX scores with pCR and ESD.

Findings HER2DX was evaluated in 55 patients (86.0%) enrolled in PerELISA and 40 patients (73.0%) had ESD. The
pCR rate in patients with ESD was 22.5% (9/40). In this group, HER2DX pCR score and HER2DX ERBB2 mRNA
score were significantly associated with pCR (p = 0.008 and p = 0.003, univariate logistic regression model; area under
ROC [AUC] = 0.803 and 0.896). The pCR rate in low, medium, and high HER2DX pCR score groups was 7.7% (2/26),
46.2% (6/13) and 100.0% (1/1), respectively. The pCR rate in low, medium, and high HER2DX ERBB2 score groups
was 0.0% (0/12), 7.7% (1/13) and 53.3% (8/15), respectively. HER2DX pCR score was also significantly associated
with Ki-67 response following 2-weeks of letrozole (p = 0.002, univariate logistic regression model; AUC = 0.775). The
rate of ESD in low, medium, and high HER2DX pCR score groups was 89.7% (26/29), 65.0% (13/20) and 16.7%
(1/6), respectively.

Interpretation HER2DX predicts response following neoadjuvant letrozole in combination with dual HER2 blockade
with trastuzumab and pertuzumab in early-stage HER2-positive/hormone receptor-positive breast cancer.
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Introduction
In the last 5 years, introduction of anti-HER2 therapies
such as pertuzumab, T-DM1 or neratinib has improved
survival outcomes in early-stage HER2-positive breast
cancer beyond trastuzumab and chemotherapy.1,2 How-
ever, substantial clinical and biological heterogeneity
exists in HER2-positive disease, which affects patients’
prognosis and treatment benefit.2–5 Thus, strategies to
optimize therapy and improve quality of life have been
recently explored for patients with early-stage HER2-
positive breast cancer.

One strategy being pursued is the elimination of
chemotherapy in HER2-positive disease.6,7 In this di-
rection, several neoadjuvant trials have explored the
combination of 2 anti-HER2 drugs (i.e., dual HER2
blockade) with either trastuzumab-lapatinib or
trastuzumab-pertuzumab in the absence of cytotoxic
therapy.8–14 Overall, this treatment strategy achieves pCR
rates of 20–40% after 4–6 months of therapy.8–13 How-
ever, HER2-positive breast cancer is generally chemo-
sensitive and the rates of pCR in the absence of
chemotherapy are lower than in the presence of
chemotherapy.12,15 In addition, the impact in survival of
dual HER2 blockade without cytotoxic therapy is un-
clear, and large (neo)adjuvant trials such as PHERGain
(NCT03161353) and PHERGain-2 (NCT04733118) are
still ongoing. Therefore, most patients with early-stage,
HER2-positive breast cancer are treated today with
chemotherapy regardless of hormone receptor status.

Implementing new tools to help guide the use of
cytotoxic therapy in early-stage, HER2-positive breast
cancer is of high interest. Several variables beyond
tumour burden have been associated with patients’
prognosis and/or treatment response in early-stage,
HER2-positive breast cancer. For example, the percent-
age of stromal tumour-infiltrating lymphocytes,16–18

hormone receptor status, and the intrinsic molecular
subtypes of breast cancer.15,18,19 However, biomarkers
based on single biological features are likely not enough
to identify the patient’s response to therapy and survival
and allow upfront treatment decisions at diagnosis such
as the need to use chemotherapy.

In 2022, we developed and validated the HER2DX
genomic test,20 a single 27-gene expression and clinical
feature-based classifier able to provide 2 independent
scores to predict both long-term prognosis and likeli-
hood of pCR in HER2-positive early breast cancer. The
assay integrates clinical information (i.e., tumour size
and nodal status) with biological information tracking
immune response, luminal differentiation, tumour cell
proliferation and expression of the HER2 17q12-21
chromosomal amplicon, including the ERBB2 gene.20 In
the seminal study, the prognostic value of HER2DX was
shown in 1341 patients across 5 datasets, and the ability
to predict pCR following trastuzumab-based therapy was
shown in 558 patients across 4 datasets.20 Of note,
HER2DX was explored in 91 patients from the PAMELA
phase II trial, where patients with early-stage HER2-
positive breast cancer received neoadjuvant trastuzu-
mab-lapatinib,10 indicating that HER2DX could predict
pCR following dual HER2 blockade without chemo-
therapy. However, it is currently unknown if HER2DX,
in the absence of cytotoxic therapy, can predict response
to trastuzumab-pertuzumab, the only approved anti-
HER2 drug combination in early-stage HER2-positive
breast cancer.

Here, we aimed to evaluate the ability of HER2DX to
predict efficacy of a de-escalated, chemotherapy-free
neoadjuvant regimen in HER2-positive/hormone
receptor-positive breast cancer.
Methods
Study design and participants
PerELISA is an open label, phase II neoadjuvant study
conducted in Italy across 8 institutions14 (Supplementary
Figure 1). Postmenopausal patients ≥18 years-old were
eligible according to the following criteria: previously
untreated, histologically confirmed, infiltrating, HER2-
positive (immunohistochemistry [IHC] 3+ or in situ hy-
bridization amplification21), hormone receptor-positive
(oestrogen receptor ≥10% and/or progesterone recep-
tor ≥10%) breast cancer, stage II–IIIA, cardiac ejection
fraction within institutional normal range, normal organ
and marrow function and availability of tumour tissue
suitable for biological/molecular examination before
starting treatment. The protocol of the PerELISA study
can be found in Supplementary Material.

Patients recruited started letrozole 2.5 mg p.o. daily
for 2 weeks followed by a core-biopsy for Ki67 evalua-
tion. Ki67 was evaluated locally by IHC on formalin-
fixed paraffin-embedded (FFPE) tissue sections from a
diagnostic core biopsy and after 2-weeks of letrozole
monotherapy. Patients with tumours showing a relative
reduction >20% of Ki67 from baseline were defined as
having endocrine sensitive disease (ESD). Patients with
tumours showing a relative reduction <20% of Ki67
from baseline, were defined as having endocrine resis-
tant disease (ERD). Patients with ESD received the
combination of letrozole, trastuzumab and pertuzumab,
www.thelancet.com Vol 85 November, 2022
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Research in context

Evidence before this study
We searched PubMed for clinical trials or studies published in
English between January 1, 2010, and August 1, 2022,
assessing HER2 inhibition in early-stage breast cancer, with
the search terms “HER2-positive”, “early-stage”, “de-
escalation”, “biomarker”, “breast cancer”, and “anti-HER2
therapy”. In patients with early-stage HER2-positive breast
cancer, clinical guidelines support the use of (neo)adjuvant
anti-HER2-based targeting plus chemotherapy for most
patients. However, various strategies to de-escalate systemic
therapy have been evaluated, such as eliminating the amount,
or even the use, of chemotherapy. One of these studies, the
PerELISA phase II trial, evaluated a strategy of 5-cycles of
neoadjuvant letrozole, trastuzumab and pertuzumab in 44
patients with early-stage HER2-positive/hormone receptor-
positive breast cancer with endocrine sensitivity disease,
selected on the basis of Ki67 reduction after 2-week letrozole
exposure. The study found that 20.5% of patients achieved a
pathological complete response (pCR) and that a PAM50
HER2-enriched genomic profile, determined in baseline pre-
treatment tumour samples, was found associated with a
higher likelihood of achieving a pCR than the other subtypes
(46% vs. 14%). Another study, the PHERGain phase II trial,
treated 227 patients with early-stage HER2-positive breast
cancer with 8-cycles of neoadjuvant trastuzumab and
pertuzumab (and endocrine therapy if hormone receptor-
positive), and the pCR rate was 37.9%. Despite the successes
and limitations of these de-escalation strategies, most
patients with early-stage, HER2-positive breast cancer are still
treated with chemotherapy today; therefore, there is a need
for implementing new tools to help guide the use of cytotoxic
therapy in early-stage, HER2-positive breast cancer.

In 2022, we reported the development and clinical validation
of HER2DX, a genomic assay that integrates clinical data with
genomic data and thus captures tumour features, immune
features, and pathology features all in one assay. HER2DX
uses the information captured by the assay to predict two
different clinical endpoints, namely, long-term survival
outcome and likelihood of achieving a pathological complete
response (pCR) following neoadjuvant anti-HER2-based
therapy. In addition, the HER2DX reports an ERBB2 mRNA
score as a continuous variable and with validated cut-offs. To
date, however, the value of HER2DX to predict response to
dual HER2 blockade with trastuzumab and pertuzumab in the
absence of chemotherapy is unknown, as well as the value of
HER2DX to predict endocrine sensitivity.

Added value of this study
This report shows clinical validation of HER2DX in patients
with early-stage HER2-positive/hormone receptor-positive
breast cancer treated with trastuzumab, pertuzumab and
letrozole. In addition, HER2DX provides more predictive
information compared to the PAM50 HER2-enriched subtype.

Implications of all the available evidence
The evidence suggests that HER2DX might be able to identify
upfront a substantial proportion of patients with early-stage,
HER2-positive/hormone receptor-positive breast cancer who
might not need chemotherapy if treated with dual HER2
blockade and endocrine therapy. Additional studies will
further solidify the clinical utility of HER2DX scores to help
de-escalate systemic and/or loco-regional treatments.

Articles
according to the following schedule: letrozole 2.5 mg
p.o. daily, trastuzumab 8 mg/kg i.v. loading dose in the
first cycle, then 6 mg/kg every 3 weeks, pertuzumab
840 mg i.v. loading dose in the first cycle, then 420 mg
i.v. every 3 weeks. Trastuzumab and pertuzumab were
administered for 5 cycles and letrozole was continued
until surgery. Patients with ERD discontinued letrozole
and received weekly paclitaxel 80 mg/m2 for 13 weeks,
combined with pertuzumab and trastuzumab (same
dose and schedule as in patients with ESD). Surgery was
performed within 3 weeks from last dose of i.v. treat-
ment. No survival follow-up after surgery is available.
Ethics
The study was performed in accordance with Good
Clinical Practice guidelines and the World Medical As-
sociation Declaration of Helsinki. All patients provided
informed consent. The study was approved by the Isti-
tuto Oncologico Veneto’s Ethical Committee with in-
ternal reference number for the approval 2013/38.
www.thelancet.com Vol 85 November, 2022
Tumour sample procedures
Gene expression assays were performed from pre-
treatment baseline FFPE tumour samples at the Trans-
lational Genomics and Targeted Therapies in Solid Tu-
mours at IDIBAPS. A minimum of ∼125 ng of total
RNA was used to measure the expression of 185 breast
cancer-related genes and 5 housekeeping genes (GAPD,
PUM1, ACTB, RPLP0 and PSMC4) using the nCounter
platform (Nanostring Technologies, Seattle, USA).20 The
gene expression for each sample was independently
normalized to the geometric mean of 5 housekeeping
genes. The data collected for the study cannot be made
publicly available.
HER2DX 27-gene assay
RNA was obtained from FFPE tumor samples. The
HER2DX standardized assay was performed using the
nCounter platform (NanoString Technologies, Seattle,
WA, USA) as previously described.20 The HER2DX
assay is based on 4 different gene signatures comprising
3
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27 genes, including the 14-gene immunoglobulin (IGG)
module (i.e., CD27, CD79A, HLA-C, IGJ, IGKC, IGL,
IGLV3-25, IL2RG, CXCL8, LAX1, NTN3, PIM2,
POU2AF1 and TNFRSF17).22 The IGG signature has
previously shown strong independent prognostic value
in a large breast cancer dataset, where patients did not
receive adjuvant systemic therapy. The other 3 genes
signatures were: a 4-gene tumor cell proliferation
signature (EXO1, ASPM, NEK2 and KIF23), a 5-gene
luminal differentiation signature (BCL2, DNAJC12,
AGR3, AFF3 and ESR1), and the 4-gene HER2 amplicon
signature (ERBB2, GRB7, STARD3 and TCAP).20 For
each signature, the normalized gene expression was
calculated for each patient. The HER2DX risk score was
calculated based on the IGG, the luminal and the pro-
liferation signatures. The HER2DX pCR likelihood
score was calculated based on HER2, IGG, luminal and
proliferation signatures. The HER2DX ERBB2 score
was calculated based on the ERBB2 mRNA levels. The
three HER2DX scores (i.e., risk-score, pCR likelihood
score [pCR score] and ERBB2 mRNA score) were re-
ported as continuous variable and according to pre-
established cut-offs.20
Outcomes
The primary objective of this study was to test the ability
of the three HER2DX scores to predict pCR following
letrozole, trastuzumab and pertuzumab in patients with
ESD. The secondary objectives were: 1) to test the ability
of the three HER2DX scores to predict response to 2-
week letrozole monotherapy; 2) to test the ability of
the three HER2DX scores to predict response to pacli-
taxel, trastuzumab and pertuzumab in ERD.
General statistical procedures
Univariate and multivariable logistic regression analyses
were used to investigate the association of each variable
(HER2DX risk-score, HER2DX pCR score, HER2DX
ERBB2 score or PAM50 HER2-enriched subtype) with
pCR. Categorical variables were expressed as number
(%) and compared by χ2 test or Fisher’s exact test.
Receiver operating characteristic (ROC) curves were
used as a performance measure, DeLong’s test was used
to compare two ROC curves. The significance level was
set to a 2-sided alpha of 0.05. We used R version 4.0.5
for all the statistical analyses.
Role of the funding source
This study received funding from Reveal Genomics.
Funders but also investigators from Padova University,
Hospital Clinic and Reveal Genomics participated in the
study design, data collection, data analysis, interpreta-
tion or writing of report. All authors had full access to all
data in the study and had final responsibility for the
decision to submit for publication.
Results
PerELISA HER2DX study population
HER2DX was evaluated in 55 patients (86.0%) enrolled
in the PerELISA trial (NCT02411344). In terms of
baseline clinical-pathological characteristics, median age
was 64.0 (49–83) and most patients had clinical stage
IIA (n = 37, 67.0%), an adenocarcinoma of no special
type (NST) histology (n = 52, 95.0%) and grade 3 disease
(n = 41, 77.0%). No statistical differences were observed
between the original trial population (n = 61) and this
HER2DX study subpopulation (n = 55) (Table 1). Forty
(73.0%) patients had ESD and their pCR rate was 22.5%
(9/40). In this 40-patient subpopulation with ESD,
50.0% of patients had HER2DX high-risk disease,
65.0% had HER2DX pCR-low disease and 37.5% had
HER2DX ERBB2-high disease (Fig. 1). In the 15-patient
with ERD, 60.0% of patients had HER2DX high-risk
disease, 20.0% had HER2DX pCR-low disease and
60.0% had HER2DX ERBB2-high disease.
HER2DX association with pCR in ESD
HER2DX pCR score and ERBB2 mRNA score as
continuous variables were significantly associated with
pCR (p = 0.008 and p = 0.003, univariate logistic regres-
sion model); area under ROC [AUC] = 0.803 and 0.896),
no significant differences were observed between ROC
AUC of HER2DX pCR score and ERBB2 mRNA
(p = 0.211, DeLong’s test) (Fig. 2). The pCR rate in low,
medium, and highHER2DX pCR score groups was 7.7%
(2/26), 46.2% (6/13) and 100.0% (1/1), respectively
(p < 0.004, Fisher’s exact test) (Table 2). The pCR rates in
low, medium, and high HER2DX ERBB2 mRNA score
groups were 0.0% (0/12), 7.7% (1/13) and 53.3% (8/15),
respectively (p = 0.001, Fisher’s exact test). Consistently,
the 7 patients with a pCR and a HER2DX pCR score
medium or high, also had a HER2DX ERBB2 high score.
Conversely, HER2DX risk-score as a continuous variable
was not associated with pCR (p = 0.710, univariate lo-
gistic regression model; AUC = 0.563). ROC AUC of
HER2DX ERBB2 mRNA was significantly higher than
ROC AUC of HER2DX risk-score (p = 0.013, DeLong’s
test). The pCR rate in low and high HER2DX risk-score
groups was 20.0% (4/20) and 25.0% (5/20), respectively
(p = 1, Fisher’s exact test) (Table 2).

We then evaluated the ability of HER2DX pCR score,
and HER2DX ERBB2 mRNA score, to predict pCR
independently of the PAM50 HER2-enriched subtype. In
a previous report, we showed that PAM50 HER2-
enriched tumours have a higher pCR rate compared to
PAM50 non-HER2-enriched tumours (45.5% vs 13.8%:
odds ratio [OR] = 5.21, 95% confidence interval [CI]
1.1–27.6, p = 0.042, multivariable logistic regression
model).8–14 In this 40-patient subpopulation with ESD,
the PAM50 subtype distribution was 2.5% (1/40) Basal-
like, 27.5% (11/40) HER2-enriched, 25% (10/40)
Luminal A, 37.5% (15/40) Luminal B and 7.5% (3/40)
www.thelancet.com Vol 85 November, 2022
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Original trial population HER2DX trial subpopulation Statistics

Overall Molecular
responders

Molecular
non-responders

Overall Molecular
responders

Molecular
non-responders

N = 61 N = 44 N = 17 N = 55 N = 40 N = 15

Median age, y (range) 64 (49–83) 66 (50–83) 60 (49–78) 64 (49–83) 67 (50–83) 62 (49–78) Two-tailed t-test (all p > 0.05)

Clinical stage, n (%)

IIA 41 (67) 31 (70) 10 (59) 37 (67) 28 (70) 9 (60) Fisher’s exact test

IIB 16 (26) 10 (23) 6 (35) 16 (29) 10 (25) 5 (33) (All p > 0.05)

IIIA 4 (6) 3 (7) 1 (6) 2 (4) 2 (5) 1 (7)

Histology, n (%)

Ductal 56 (92) 40 (91) 16 (94) 52 (95) 37 (93) 15 (100) Fisher’s exact test

Lobular/other 5 (8) 4 (9) 1 (6) 3 (5) 3 (8) 0 (0) (All p > 0.05)

Histologic grade,a n (%)

G2 14 (24) 13 (30) 1 (6) 12 (23) 12 (31) 0 (0) Fisher’s exact test

G3 45 (76) 30 (70) 15 (94) 41 (77) 27 (69) 14 (100) (All p > 0.05)

an = 2 patients do not have histologic grade data.

Table 1: Baseline clinical and tumour characteristics.

Articles
Normal-like. In a bivariate model that included HER2DX
pCR score and the PAM50 HER2-enriched variable,
HER2DX pCR score was found significantly associated
with pCR (OR = 1.06, 95% CI 1.0–1.12, p = 0.017,
bivariate logistic regression model), but not PAM50
HER2-enriched (OR = 1.87, 95% CI 0.3–12.5, p = 0.520,
bivariate logistic regression model). In a bivariate model
which included HER2DX ERBB2 mRNA score and the
PAM50 HER2-enriched variable, HER2DX ERBB2
mRNA score was found significantly associated with pCR
(odds ratio [OR] = 1.11, 95% confidence interval [CI]
1.0–1.22, p = 0.006 multivariable logistic regression
model), but not PAM50 HER2-enriched (OR = 5.53, 95%
CI 0.7–60.03, p = 0.106, multivariable logistic regression
model). No other clinical-pathological baseline pre-
treatment variable such as tumour stage, nodal stage,
oestrogen receptor, progesterone receptor expression,
and Ki67 expression was found associated with pCR.
n=20
(50%)

n=20
(50%)

n=26
(65%)

(

n=1 (2

HER2DX risk-score HER2DX pCR

MeLow

A B

Fig. 1: Distribution of the HER2DX scores in patients with ESD recruited
(c) HER2DX ERBB2 mRNA score.

www.thelancet.com Vol 85 November, 2022
HER2DX association with 2-week response to
letrozole monotherapy
HER2DX pCR score as continuous variables was
significantly associated with Ki67 response to 2-weeks of
letrozole monotherapy (p = 0.002, univariate logistic
regression model; area under ROC [AUC] = 0.775)
(Fig. 2). The Ki67-defined response rate in low, me-
dium, and high HER2DX pCR score groups was 89.7%
(26/29), 65.0% (13/20) and 16.7% (1/6), respectively
(p = 0.001, Fisher’s exact test) (Table 2). HER2DX
ERBB2 score was not found associated with response to
letrozole (p = 0.146, univariate logistic regression
model; area under ROC [AUC] = 0.655). The response
rate in low, medium, and high HER2DX ERBB2 mRNA
score groups was 85.7% (12/14), 76.5% (13/17) and
62.5% (15/24), respectively (p = 0.321, Fisher’s exact
test). Finally, HER2DX risk-score as a continuous vari-
able was not associated with response to letrozole
n=13
32.5%)

.5%)

n=13
(32.5%)

n=12
(30%)

n=15
(37.5%)

-score HER2DX ERBB2-score

Highd

C

in the PerELISA trial. (a) HER2DX risk-score; (b) HER2DX pCR-score;

5
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A B C

D E F
AUC=0.494
p=0.708

AUC=0.775
p=0.002

AUC=0.655
p=0.146

AUC=0.563
p=0.710

AUC=0.803
p=0.008

AUC=0.896
p=0.003

Fig. 2: Performance of the HER2DX scores to predict response. (a) HER2DX risk-score and pCR in patients with ESD; (b) HER2DX pCR-score and
pCR in patients with ESD; (c) HER2DX ERBB2 mRNA score and pCR in patients with ESD; (d) HER2DX risk-score and response to letrozole in all
patients; (e) HER2DX pCR-score and response to letrozole in all patients; (f) HER2DX ERBB2 mRNA score and response to letrozole in all
patients. ROC AUC and p-values (univariate logistic regression model) are reported.
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(p = 0.708, univariate logistic regression model;
AUC = 0.494). The response rate in low and high
HER2DX risk-score groups was 76.9% (20/26) and
69.0% (20/29), respectively (p = 0.558, Fisher’s exact
test).
Letrozole + Trastuzumab + Pertuzumab (n

HER2DX risk-score N No pCR pCR

High-risk 20 15 (0.0%) 5 (25

Low-risk 20 16 (80.0%) 4 (20

HER2DX pCR score

pCR-high 1 0 (0.0%) 1 (10

pCR-med 13 7 (53.8%) 6 (46

pCR-low 26 24 (92.3%) 2 (7.7

HER2DX ERBB2-score

ERBB2-high 15 7 (46.7%) 8 (53

ERBB2-med 13 12 (92.3%) 1 (7.7

ERBB2-low 12 12 (100.0%) 0 (0.

PAM50 subtype

HER2-enriched 11 6 (54.5%) 5 (45

Others 29 25 (86.2%) 4 (13

ET, endocrine therapy.

Table 2: Association of the three HER2DX scores (risk-score, pCR-score and ER
and pertuzumab or 2-week letrozole in the PerELISA trial.
HER2DX association with pCR in ERD
Fifteen patients (27.0%) had ERD and the pCR rate was
80.0% (12/15). HER2DX risk-score, pCR score and
ERBB2 mRNA score as continuous variables were not
found associated with pCR following paclitaxel,
= 40) 2-week letrozole (n = 55)

N No ET response ET response

.0%) 29 9 (31.0%) 20 (69.0%)

.0%) 26 6 (23.1%) 20 (76.9%)

0.0%) 6 5 (83.3%) 1 (16.7%)

.2%) 20 7 (35.0%) 13 (65.0%)

%) 29 3 (10.3%) 26 (89.7%)

.3%) 24 9 (37.5%) 15 (62.5%)

%) 17 4 (23.5%) 13 (76.5%)

0%) 14 2 (14.3%) 12 (85.5%)

.5%) 22 11 (50%) 11 (50%)

.8%) 33 4 (12.1%) 29 (87.9%)

BB2 mRNA) with response to either neoadjuvant letrozole, trastuzumab

www.thelancet.com Vol 85 November, 2022
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trastuzumab and pertuzumab (data not shown). The pCR
rate in low, medium, and high HER2DX pCR score
groups was 66.7% (2/3), 85.7% (6/7) and 80.0% (4/5),
respectively (p = 1, Fisher’s exact test). The pCR rates in
low, medium, and high HER2DX ERBB2 mRNA score
groups were 50.0% (1/2), 75.0% (3/4) and 88.9% (8/9),
respectively (p = 0.499, Fisher’s exact test). Finally, the
pCR rate in low and high HER2DX risk-score groups
was 83.3% (5/6) and 77.8% (7/9), respectively (p = 1,
Fisher’s exact test).
Discussion
This study tests the ability of HER2DX to predict
response to the combination of trastuzumab and per-
tuzumab in the absence of cytotoxic therapy in patients
with early-stage HER2-positive/hormone receptor-
positive breast cancer. Specifically, we found that high
HER2DX pCR and ERBB2 mRNA scores were both
significantly associated with response to this treatment
strategy and were better predictors of response than the
previously described PAM50 HER2-enriched subtype.
At the same time, we found that a low HER2DX pCR
score predicted early Ki67 response to letrozole mono-
therapy. Finally, we did not observe an association of
HER2DX prognostic risk-score with treatment response,
confirming prior results20,23,24 where predictors of long-
term outcome in early-stage HER2-positive breast can-
cer were found to be distinct from predictors of
response to neoadjuvant anti-HER2-based treatments.

Several clinical trials have evaluated the use of dual
HER2 blockade in early-stage HER2-positive breast
cancer in the absence of chemotherapy.8–14 The first trial
(i.e., TBCRC-006) was reported by Rimawi and col-
leagues8 in 2013. This study evaluated the combination
of neoadjuvant trastuzumab and lapatinib (and endo-
crine therapy if hormone receptor-positive) for 12 weeks
in 66 patients with stage II-III HER2-positive breast
cancer and showed a pCR rate of 27.0%. Subsequent
neoadjuvant phase II trials such as TBCRC-0239 and
PAMELA10 confirmed these findings. However, the lack
of statistical significance in the ALTTO phase III pivotal
trial,25 which evaluated the combination the addition of
lapatinib to trastuzumab compared to trastuzumab,
precluded the approval of lapatinib for the treatment of
early-stage HER2-positive breast cancer. This unfortu-
nate result limited further exploration of the lapatinib–
trastuzumab combination to avoid chemotherapy in
early disease. Since then, de-escalation trials of cytotoxic
therapy such as PerELISA,14 PHERGain13 and WSG-
ADAPT-HER2-positive/HR-negative11,12 have focused on
dual HER2 blockade with trastuzumab and pertuzumab,
a combination approved by FDA and EMA for the
treatment of early-stage HER2-positive breast cancer.
Similar to the lapatinib–trastuzumab combination, the
part rates with trastuzumab-pertuzumab range from 20
to 40%.11–14 However, three facts limit the clinical
www.thelancet.com Vol 85 November, 2022
implementation of this treatment strategy. First, the
pCR rates when chemotherapy is added to dual HER2
blockade are much higher than without chemo-
therapy.12,15,26 Second, the value of pCR in the absence of
chemotherapy is still unknown, especially in HER2-
positive/hormone receptor-positive disease. Finally,
long-term survival outcomes when patients are treated
with dual HER2 blockade without chemotherapy are
pending. Thus, most patients with stage I-III HER2-
positive breast cancer receive chemotherapy today.

The results from the HER2DX pCR score reveal an
inverse relationship between endocrine sensitivity
and anti-HER2 sensitivity in HER2-positive/hormone
receptor-positive breast cancer; namely, the higher the
HER2DX pCR score, the more anti-HER2 sensitive the
tumour is, and the less endocrine sensitive it is, and
vice-versa. The explanation most likely relies on 2 of
the 4 gene signatures of the HER2DX assay, namely the
luminal signature and the HER2 amplicon signature,
which drive the HER2DX pCR score on opposite di-
rections.20 Thus, low HER2DX pCR scores are identi-
fying tumours with higher expression of the luminal
signature and lower expression of the HER2 amplicon
signature, whereas high HER2DX pCR scores identify
tumours with lower expression of the luminal signature
and higher expression of the HER2 amplicon signature.
Previous preclinical studies have described the inverse
relationship between the activation of the estrogenic
receptor signalling pathway and the HER2 signalling
pathway.27 Thus, HER2DX pCR score senses this deli-
cate balance between both pathways within HER2-
positive/hormone receptor-positive disease.

The level of ERBB2 mRNA was found the best pre-
dictor of response to the trastuzumab-pertuzumab
combination in the absence of chemotherapy (i.e.,
AUC = 0.896). Virtually all cases (i.e., 8/9) who achieved
a pCR were found to have HER2DX ERBB2 mRNA-high
disease, according to the pre-established cut-offs. Thus,
in the absence of chemotherapy, the probability of
achieving a pCR if the tumour is HER2DX ERBB2
mRNA low or medium, which represents 62.5% of pa-
tients with HER2-positive/hormone receptor-positive
disease, is only 4.0% (1/25), whereas the probability of
achieving a pCR in HER2DX ERBB2 mRNA-high dis-
ease is 53.3% (8/15). At the same time, it is important to
highlight those 30.0% of patients in PerELISA who had
HER2DX ERBB2 mRNA-low tumours. According to
HER2DX, ERBB2 mRNA-low tumours should be
considered clinically HER2-negative since the distinc-
tion between the HER2DX ERBB2 mRNA-low versus
ERBB2 mRNA-medium categories is based on an
optimal cut-off to identify clinically HER2-positive tu-
mours from HER2-negative tumours, according to the
ASCO/CAP HER2 definition.21 This is an important
finding as the field is moving away from a binary clas-
sification of HER2 (i.e., positive versus negative) and
new entities are arising such as HER2-low disease,28,29
7
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the latter of which is now being targeted by potent anti-
HER2 antibody drug-conjugates. Importantly, we have
recently shown that HER2DX ERBB2 score are associ-
ated with response to T-DM1 in advanced HER2+ dis-
ease regardless of HER2 IHC (2+ vs 3+).30 Therefore,
robust, and reproducible means of determining the
levels of HER2 with a standardized assay with a larger
dynamic range of HER2 expression by immunohisto-
chemistry might become necessary soon.

The HER2DX results in PerELISA might also open
the door to better select patients for treatment strategies
such as trastuzumab-pertuzumab without chemotherapy
in early-stage and advanced HER2-positive/hormone
receptor-positive breast cancer. In early disease, pro-
spective clinical trials could select patients with HER2DX
low-risk disease, HER2DX ERBB2 mRNA-high and
HER2DX pCR-high tumours and demonstrate that
trastuzumab-pertuzumab treatment without chemo-
therapy achieves outstanding long-term survival out-
comes. In addition, knowing the baseline pre-treatment
levels of ERBB2 could help decide whether to continue
with dual HER2 blockade (i.e., ERBB2 mRNA-high) or
not (i.e., ERBB2mRNA low or medium) after achieving a
pCR after standard anti-HER2-based chemotherapy but
further testing is needed. Patients withHER2DX low-risk
and ERBB2 mRNA-low or ERBB2 mRNA-medium tu-
mours, the benefit from adjuvant pertuzumab might be
very small, if any. In the advanced setting, the PERTAIN
phase II clinical trial31 showed that first-line trastuzumab-
pertuzumab and endocrine therapy without induction of
chemotherapy might benefit some patients. However,
despite this treatment strategy being recommended by
the 5th ESO-ESMO international consensus guidelines
for advanced for advanced breast cancer (ABC5) for
highly selected patients,32 identification of these patients
in the clinical setting is not easy without a biomarker. In
this context, identification of patients with HER2DX
ERBB2 mRNA-high disease could help make the
decision to avoid chemotherapy in this context in
selected patients. A similar clinical scenario where
HER2DX ERBB2 mRNA score might be helpful is for
indicating the approved lapatinib–trastuzumab combi-
nation33 without chemotherapy in late-line.

Our study has some limitations worth noting. First,
the PerELISA clinical trial has a small sample size (i.e.,
n = 55), especially the group of patients with endocrine
resistant tumours (i.e., n = 15), which precludes finding
significant statistical associations. Second, we used all
the samples available from the PerELISA trial for the
correlative analysis. However, the lack of formal design
through pre-planned analysis prohibits inference of
negative results. Second, patients outside from a clinical
trial do not typically receive a short course of letrozole
monotherapy before starting neoadjuvant therapy. Thus,
the PerELISA population is not representative from the
general population, yet most patients (i.e., ∼70%) with
HER2-positive/hormone receptor-positive breast cancer
in PerELISA had endocrine sensitivity tumours. Finally,
there is no long-term survival data and the value of pCR
in this context is still unclear.

To conclude, HER2DX is a strong predictor of
response to endocrine therapy in combination with dual
HER2 blockade with trastuzumab-pertuzumab in
HER2-positive/hormone receptor-positive early-stage
breast cancer. The combination of HER2DX prognostic
risk-score, pCR score and ERBB2 mRNA score might
help better tailor systemic therapy in this context and
identify candidates for avoiding chemotherapy, a ther-
apy associated with short- and long-term toxicities and
impact in quality of life. Further studies will delineate
the clinical utility of HER2DX in this and other HER2-
positive breast cancer settings.
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