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�
 ABSTRACT 

Purpose: The purpose of this study was to assess the predictive 
capability of HER2DX assay following (neo)adjuvant trastuzumab– 
pertuzumab (HP)–based therapy in HER2-positive (HER2+) early 
breast cancer. 

Experimental Design: HER2DX was analyzed in baseline pre-
treatment tumors from the PHERGain trial. Patients with stage I– 
IIIA HER2+ early breast cancer were randomized to group A 
[docetaxel, carboplatin, and HP (TCHP)] and group B (HP ± en-
docrine therapy). PET response was evaluated after two cycles. 
Group A received TCHP for six cycles regardless of PET response. 
Group B continued with HP ± endocrine therapy for six cycles (PET 
responders) or with TCHP for six cycles (PET nonresponders). The 
primary objective of this retrospective study was to associate the 
HER2DX pathologic complete response (pCR) score with pCR. The 
secondary objective was the association of the HER2DX risk score 
with 3-year invasive disease-free survival (iDFS). 

Results: HER2DX was performed on 292 (82.0%) tumors. The 
overall pCR rate was 38.0%, with pCR rates of 56.4% in group A 
and 33.8% in group B. In multivariable analysis including treat-
ment and clinicopathologic factors, the HER2DX pCR score 
(continuous variable) significantly correlated with pCR [OR, 1.29; 
95% confidence interval (CI), 1.10–1.54; P < 0.001]. HER2DX- 
defined pCR-high, -med, and -low groups exhibited pCR rates of 
50.4%, 35.8%, and 23.2%, respectively (pCR-high vs. pCR-low 
OR, 3.27; 95% CI, 1.54–7.09; P < 0.001). In patients with residual 
disease, the HER2DX high-risk group demonstrated numerically 
worse 3-year iDFS than the low-risk group (89.8% vs. 100%; HR, 
2.70; 95% CI, 0.60–12.18; P ¼ 0.197). 

Conclusions: HER2DX predicts pCR in the context of neo-
adjuvant HP-based therapy, regardless of chemotherapy addition, 
and might identify patients at higher risk of recurrence among 
patients with residual disease. 

Introduction 
Breast cancer is a heterogeneous disease, with HER2 over-

expression accounting for approximately 15% to 20% of cases (1). 
Overexpression of HER2 is a well-established independent predictor 
of disease recurrence and cancer-related mortality (2, 3). Advances 
in the development of HER2-targeted agents have significantly 
improved the prognosis of patients with HER2-positive (HER2+) 
early breast cancer. This progress has led to the exploration of de- 
escalation strategies, such as less intensive chemotherapy regimens, 
particularly in the neoadjuvant setting (4–7). 

One notable approach is the neoadjuvant dual HER2 blockade 
without chemotherapy (6), which has demonstrated remarkable 
pathological complete response (pCR) rates ranging from 20.5% to 
36.3% (4, 8, 9). However, it is important to acknowledge that these 
rates are based on phase II trials with small sample sizes and may not 
be fully representative. Nonetheless, achieving pCR is a validated 
surrogate endpoint associated with improved long-term survival 
outcomes (10–13). These findings have prompted investigations into 
chemotherapy-sparing approaches for patients with HER2+ early 
breast cancer. 

The PHERGain phase II trial represents a significant effort in evalu-
ating the feasibility of a chemotherapy-free treatment strategy for HER2+ 
early breast cancer (9). This trial employs a neoadjuvant approach based 
on dual HER2 blockade with trastuzumab–pertuzumab (HP) and 
utilizes an 18-fluorine-fluorodeoxyglucose-PET (18F-FDG-PET) and 
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5Institut D’Investigacions Biomèdiques August Pi i Sunyer Barcelona, Barce-
lona, Spain. 6Vall d’Hebron Institute of Oncology, Barcelona, Spain. 7Hospital 
Universitario Ramón y Cajal, Madrid, Spain. 8Bart Cancer Institute, Queen Mary 
University of London, London, United Kingdom. 9Division of Medical Senology, 
IEO, European Institute of Oncology, IRCCS, Milan, Italy. 10Hospital Uni-
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pCR-adapted strategy for treatment decision-making. In this trial, 
patients with HER2+ early breast cancer with at least one breast 
lesion evaluable by 18F-FDG-PET were randomized to receive either 
docetaxel, carboplatin, trastuzumab, and pertuzumab (TCHP, group 
A) or HP ± endocrine therapy (group B). Notably, PHERGain 
demonstrated promising results, with a high percentage of 18-
F-FDG-PET responders in group B achieving a pCR, and a 
noteworthy 3-year invasive disease-free survival (iDFS) rate of 
94.8% in group B despite sparing chemotherapy in around one third 
of patients (13). These findings support exploring 18F-FDG-PET- 
based and pCR-adapted strategies to identify patients with HER2+ 
early breast cancer who could safely omit chemotherapy. 

Given the evolving landscape of de-escalation strategies, under-
standing predictive factors for treatment response becomes impera-
tive. Among these factors, the HER2DX genomic assay has emerged 
as a promising tool (14–19). This assay, a 27-gene expression and 
clinical feature-based classifier, provides two independent scores 
predicting long-term prognosis and the likelihood of pCR in HER2+ 
early breast cancer (14). It integrates biological information related to 
immune response, luminal differentiation, tumor cell proliferation, 
and the expression of HER2 17q12-21 chromosomal amplicon, in-
cluding the ERBB2 gene, along with clinical information. 

HER2DX genomic assay has previously demonstrated 
prognostic value and the ability to predict pCR following 
trastuzumab-based therapy in various datasets (16–21). How-
ever, its performance in the context of (neo)adjuvant HP-based 
therapy, as investigated in the PHERGain trial, remains to be 
determined. In this study, we aim to evaluate the ability of 
HER2DX assay to predict outcomes in patients with HER2+ 
early breast cancer undergoing HP-based therapy, contributing 
valuable insights to the ongoing efforts in tailoring treatment 
strategies for this specific patient population. 

Materials and Methods 
Study design and patient population 

The PHERGain trial is a strategy-based, multicenter, randomized, 
noncomparative, open-label phase II study conducted across 45 
hospitals in seven European countries (Fig. 1; refs. 9, 13). The trial 
targeted women aged 18 years or older with previously untreated, 

centrally confirmed, HER2+, stage I–IIIA, invasive, operable breast 
cancer, having at least one breast lesion assessable by 18F-FDG-PET. 
Additional inclusion criteria encompassed hormone receptor status 
assessment, Eastern Cooperative Oncology Group performance 
status of 0 or 1, left ventricular ejection fraction of at least 55%, and 
adequate organ function. Exclusion criteria included metastatic 
disease (stage IV), bilateral breast cancer, and prior systemic therapy 
for invasive breast cancer. 

Patients were randomized at a 1:4 ratio and underwent an initial 
18F-FDG-PET scan before being allocated to either TCHP [doce-
taxel (75 mg/m2, intravenous), carboplatin (area under the curve 6 
mg/mL per min, intravenous), trastuzumab (600 mg fixed dose, 
subcutaneous), and pertuzumab (840 mg loading dose followed by 
420 mg maintenance doses, intravenous)] (group A) or HP ± en-
docrine therapy (group B). The study’s protocol entailed an open- 
label approach to the administration of the investigational medica-
tions every 3 weeks. This included a loading dose of pertuzumab, a 
fixed dose of trastuzumab, and allowed for dose adjustments of 
docetaxel and carboplatin in response to toxicity. Following two cy-
cles of HP ± endocrine therapy in group B, participants underwent 
another 18F-FDG-PET scan. Those showing a 18F-FDG-PET response 
continued with six more cycles of HP ± endocrine therapy before 
undergoing surgery. Patients were classified as 18F-FDG-PET re-
sponders if all target lesions exhibited a reduction from baseline of at 
least 40% of the maximum standardized uptake value on 18F-FDG- 
PET scans conducted after two cycles of study treatment, with no 
metabolic progression of non-target lesions. Those not meeting these 
criteria were classified as 18F-FDG-PET nonresponders. 

Patients who achieved pCR were treated with adjuvant HP ± 
endocrine therapy, excluding chemotherapy, to complete a year of 
anti-HER2 treatment. Conversely, if there was no 18F-FDG-PET 
response after the initial two cycles of HP ± endocrine therapy, 
patients were treated with six cycles of TCHP before surgery. In 
instances in which a pCR was not achieved and chemotherapy was 
not previously administered in the neoadjuvant phase, adjuvant 
TCHP was provided. It is important to note that T-DM1 was not 
utilized throughout the study period. 

Baseline assessments included core biopsies, hormone receptor 
status, and 18F-FDG-PET scans, with response evaluations based on 
both 18F-FDG-PET and magnetic resonance imaging. Patients pro-
ceeded to surgery 2 to 6 weeks after completing neoadjuvant therapy, 
followed by adjuvant HP for 1 year. The trial’s primary endpoints 
included the proportion of 18F-FDG-PET responders achieving a 
pCR in group B and 3-year iDFS in group B. Secondary end-
points involved other efficacy and surgical outcomes, safety 
evaluations, and health-related quality-of-life assessments. 

The trial employed rigorous statistical analyses, including exact 
binomial tests for the primary endpoints and logistic regression 
models for secondary endpoints, with adjustments for hormonal 
receptor status. The study is registered with EudraCT (2016-002676- 
27) and ClinicalTrials.gov (NCT03161353). 

HER2DX evaluation 
This retrospective analysis utilized baseline pretreatment formalin- 

fixed, paraffin-embedded core tumor biopsies. HER2DX was per-
formed at a central lab (Barcelona, Spain) in 292 tumor tissue samples 
(Supplementary Fig. S1). The HER2DX assay integrates clinical data 
(i.e., tumor stage and nodal status) and the expression of 27 genes 
implicated in four biological processes (immune infiltration, luminal 
differentiation, tumor cell proliferation, and HER2 amplicon 

Translational Relevance 
In HER2-positive (HER2+) early breast cancer, there is a 

critical need to identify patients eligible for dual HER2 blockade 
with trastuzumab–pertuzumab (HP) without chemotherapy. The 
PHERGain trial revealed the HER2DX genomic assay’s robust 
ability to predict pathologic complete response (pCR) during 
neoadjuvant HP therapy, independent of chemotherapy, hor-
mone receptor status, and early imaging response. HER2DX 
pCR score significantly correlated with pCR, offering a quanti-
tative measure. Notably, HER2DX’s low-risk designation dem-
onstrated a promising trend toward improved 3-year invasive 
disease-free survival, establishing its importance as a prognostic 
indicator. The assay provides insights into tumor responsiveness 
to HP and recurrence risk, potentially guiding personalized HP- 
based therapies, possibly with reduced or without chemotherapy, 
for HER2+ early breast cancer. 
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expression) and provides a risk score, a pCR likelihood score, and the 
ERBB2 score (14). 

Primary objective 
The primary objective of this analysis was to investigate the as-

sociation of HER2DX with pCR, defined as ypT0/is ypN0 per local 
assessment. 

Secondary objective 
In addition to the primary objective, an exploratory analysis was 

conducted to assess the association of the HER2DX risk score, de-
fined using the original 50-point threshold of HER2DX, and cor-
relates with 3-year iDFS. This analysis aimed to explore the potential 
prognostic value of HER2DX in predicting 3-year outcomes fol-
lowing treatment. 

Statistical analysis 
The validation of HER2DX in the PHERGain trial was an un-

planned exploratory analysis. However, we assessed the statistical 
power of the study to determine the feasibility of the analysis. With 
a sample size of 292 patients, and assuming an odds ratio (OR) of 
1.25 for the association between a 10-unit increase in HER2DX 
(continuous variable) and the pCR endpoint, the study had a sta-
tistical power >85% using a 5% two-sided alpha error. For the 
primary objective, univariable and multivariable logistic regression 
models were used to evaluate the association between HER2DX and 
pCR in terms of ORs with 95% confidence interval (95% CI). For the 
secondary objective, the Kaplan–Meier method was used to estimate 
iDFS at 3 years, and univariable Cox proportional-hazard models 

were used to obtain HRs with 95% CI. The C-statistic with 95% CI 
was estimated to evaluate the discrimination performance. No data 
imputation was performed. All tests were two-sided with a value of 
P < 0.05 considered statistically significant. All statistical analyses 
were conducted using R software 4.0.3. 

Ethical considerations 
This study adhered to ethical standards and was conducted in 

accordance with the principles outlined in the Declaration of Hel-
sinki. The use of retrospective data from the PHERGain trial was 
approved by the relevant ethics committees. Informed written 
consent was obtained from each subject. 

Data availability 
Data are not publicly available, as participants of this study did 

not agree for their data to be shared publicly. Data can be requested 
from the corresponding author for academic use only, subject to a 
data transfer agreement and ethics committee approval. 

Results 
HER2DX genomic assay was successfully evaluated in 292 of 356 

tumors, representing an 82.0% inclusion rate (Table 1). The median 
patient follow-up period extended to 3.6 years. 

HER2DX pCR score predictive capacity for pCR 
The overall pCR rate was 38.0%, with pCR rates of 56.4% in 

group A and 33.8% in group B. HER2DX pCR score, assessed both 
as a continuous and categorical variable, demonstrated a significant 
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*Patients with hormone receptor–positive early breast cancer allocated to group B received endocrine therapy concomitantly (except when on
 chemotherapy).Endocrine therapies given were letrozole for postmenopausal women and tamoxifen for premenopausal women.

†Patients who were responders, according to adapted European “Organization” for the Research and Treatment of Cancer criteria had a reduction
  in maximum standardized uptake value ≥40% from baseline after cycle 2.

‡Patients who obtained a pCR (ypT0/is ypN0).

§Endocrine therapy and radiotherapy administered as per hormone receptor status and institutional practices, respectively.     

Figure 1. 
PHERGain study design. 
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association with pCR in both univariate and multivariate logistic 
regression analyses (after adjusting for treatment and clinicopath-
ologic factors such as hormone receptor status, treatment group, 
and 18F-FDG-PET response; Table 2). In multivariable analysis, 
HER2DX pCR score, as a continuous variable, significantly corre-
lated with pCR (OR, per 10-unit increase, 1.29; 95% CI, 1.10–1.54; 
P < 0.001), adjusting for treatment and clinicopathologic factors. 
HER2DX-defined pCR-high, -med, and -low groups exhibited pCR 
rates of 50.4% (58/115), 35.8% (34/95), and 23.2% (19/82), respec-
tively (pCR-high vs. pCR-low OR, 3.27; 95% CI, 1.54–7.09; P < 
0.001). In group A (n ¼ 55), the pCR rates of HER2DX pCR-high, 
-medium, and -low disease were 73.9% (17/23), 56.3% (9/16), and 
31.3% (5/16), respectively (Fig. 2A; OR HER2DX pCR-high vs. 
-low, 6.23; 95% CI, 1.6–27.8; P ¼ 0.011). 

In group B (n ¼ 237), the pCR rates of HER2DX pCR-high, 
-medium, and -low disease were 44.6% (41/92), 31.7% (25/79), and 
21.2% (14/66), respectively (Fig. 2B; OR HER2DX pCR-high vs. 
-low, 2.99; 95% CI, 1.5–6.3; P ¼ 0.003). Moreover, among patients 
in group B with an 18F-FDG-PET response and who did not receive 
neoadjuvant chemotherapy (n ¼ 185), the pCR rates of HER2DX 
pCR-high, -medium, and -low disease were 44.4% (32/72), 32.3% 
(20/62), and 26.4% (14/53), respectively (Fig. 2C; OR HER2DX 
pCR-high vs. -low, 2.23; 95% CI, 1.1–4.9; P ¼ 0.040). Finally, among 
group B patients without an 18F-FDG-PET response, which received 
neoadjuvant chemotherapy (n ¼ 46), the pCR rates of HER2DX 
pCR-high, -medium, and -low disease were 45.0% (9/20), 29.4% (5/ 
17), and 0.0% (0/13), respectively (Fig. 2D). 

In the multivariable analysis, HER2DX pCR score was signifi-
cantly associated with pCR rates regardless of hormone receptor 
status (Table 2). HER2DX pCR score distribution in hormone 

receptor–positive and hormone receptor–negative status and pCR 
rates in each group are shown in Supplementary Fig. S2. 

Additionally, we performed three multivariable models for pCR 
prediction. Model 1 included clinicopathologic data but did not 
include HER2DX. Model 2 included clinicopathologic data and 
HER2DX pCR score as a categorical variable. Model 3 included 
clinicopathologic data and HER2DX pCR score as a continuous 
variable (Supplementary Table S1). In terms of the discrimination 
performance, the C-statistics for model 2 (0.71; 95% CI, 0.65–0.77) 
and model 3 (0.70; 95% CI, 0.64–0.77) were numerically better than 
those obtained with model 1 (0.69; 95% CI, 0.63–0.76), although not 
statistically significant (P ¼ 0.13; Supplementary Table S2). 

Effect of upfront versus delayed chemotherapy based on 
HER2DX pCR score 

The pCR rate was 56.4% (31/55) in patients who underwent six 
cycles of upfront TCHP (group A). Conversely, for patients in group 
B lacking a PET response after two cycles of HP and subsequently 
receiving six cycles of TCHP, the pCR rate was 28.0% (14/50), a 
statistically significant difference (OR, 3.32; 95% CI, 1.5–7.5; P ¼
0.004). This distinction was clearer within the subset of patients with 
HER2DX pCR-high disease: a 74.0% pCR rate (17/23) was observed 
in group A, compared with a 45.0% pCR rate (9/20) in group B 
patients who, after not responding to two cycles of HP, were treated 
with six cycles of TCHP (OR, 3.47; 95% CI, 1.0–12.5; P ¼ 0.053). 
Conversely, no significant difference in pCR rates was observed for 
HER2DX pCR-low disease between patients in group A and those in 
group B without a PET response and then treated with TCHP 
[26.0% (7/27) vs. 21.2% (14/66); OR, 1.3; 95% CI, 0.5–3.7; P ¼
0.626]. 

HER2DX ERBB2 score predictive capacity for pCR 
The ERBB2 score, assessed both as a continuous and as a pre-

defined categorical variable (i.e., 80.1% ERBB2-high, 14.7% ERBB2- 
medium, and 5.2% ERBB2-low), demonstrated a significant associ-
ation with pCR in both univariate and multivariate logistic 
regression analyses (after adjusting for treatment and clinicopath-
ologic factors such as hormone receptor status, treatment group, 
and 18F-FDG-PET response; Table 3). In group A (n ¼ 55), the pCR 
rate of HER2DX ERBB2-high disease was 65.9% (27/41) versus 
25.0% (1/4) in ERBB2-low disease (OR, 5.8; 95% CI, 0.7–123.1; P ¼
0.144; Fig. 3A). In group B (n ¼ 237), the pCR rate of HER2DX 
ERBB2-high disease was 36.8% (71/193) versus 9.1% (1/11) in 
ERBB2-low disease (OR, 5.82; 95% CI, 1.1–107.9; P ¼ 0.096; 
Fig. 3B). Moreover, among group B patients with an 18F-FDG-PET 
response who did not receive neoadjuvant chemotherapy (n ¼ 185), 
the pCR rate of HER2DX ERBB2-high disease was 37.6% (59/157) 

Table 1. Patient characteristics. 

Trial 
population 

HER2DX 
study 

population 

Treatment group n % n % 

Overall 356 100 292 82 
Group A 71 20 55 19 
Group B 285 80 237 81 

Group B PET responder 227 80 187 79 
Group B PET nonresponder 58 20 50 21 

Tumor stage 
cT1 49 14 45 15 
cT2 245 69 199 68 
cT3 62 17 48 17 

Nodal status 
cN0 184 52 144 49 
cN1 151 42 130 45 
cN2 21 6 18 6 

Hormone receptor status 
Negative 120 34 98 34 
Positive 236 66 194 66 

pCR rates based on treatment 
Overall 151 42 111 38 
Group A 50 70 31 56 
Group B 101 35 80 34 

Group B PET responder 86 38 66 35 
Group B PET nonresponder 15 26 14 28 

Table 2. HER2DX pCR score association with pCR. 

HER2DX pCR score OR per 10-unit increase P value 

Univariate Continuous variable 1.31 (1.15–1.50) <0.001 
Multivariatea Continuous variable 1.29 (1.10–1.54) <0.001 
Univariate Low Reference — 

Medium 1.85 (0.96–3.63) 0.069 
High 3.37 (1.82–6.45) <0.001 

Multivariatea Low Reference — 
Medium 1.84 (0.95–3.63) 0.080 
High 3.27 (1.54–7.09) <0.001 

aAdjusted for the treatment arm, PET response, and hormone receptor status. 
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versus 16.7% (1/6) in pCR-low disease (OR, 3.01; 95% CI, 0.5–58.4; 
P ¼ 0.320; Fig. 3C). Lastly, among group B patients without an 
18F-FDG-PET response and, therefore, who also received neo-
adjuvant chemotherapy (n ¼ 46), the pCR rate of HER2DX ERBB2- 
high disease was 33.3% (12/36) versus 0.0% (0/5) in ERBB2-low 
disease (Fig. 3D). 

HER2DX risk score association with 3-year iDFS 
Data on 3-year iDFS were available for 272 patients with a total of 

12 iDFS events. In this subgroup, pCR was significantly associated 
with better iDFS compared with residual disease (HR, 0.13; 0.02– 
0.98, P ¼ 0.048). HER2DX low-risk and high-risk represented 36.8% 

and 63.2% of cases, respectively. Notably, 92% (11/12) of iDFS 
events occurred in patients with residual disease (Fig. 4A). According 
to the HER2DX risk score, all 12 patients experiencing an iDFS 
event had HER2DX high-risk disease. Moreover, among patients 
with residual disease, HER2DX high-risk had a 3-year iDFS of 
89.8% compared with 100.0% in HER2DX low-risk (HR, 2.70; 95% 
CI, 0.6–12.2; P ¼ 0.197; Fig. 4B). 

Discussion 
This study, which was retrospectively designed and embedded 

within the PHERGain trial, was undertaken to explore the predictive 
potential of the HER2DX genomic assay for neoadjuvant dual HER2 
blockade using HP in patients with HER2+ early breast cancer. 
Briefly, our results confirm a significant association between 
HER2DX pCR score and the likelihood of achieving pCR, regardless 
of hormone receptor status, 18F-FDG-PET response, and treatment 
regimen. In addition, the HER2DX risk score shows promise in 
classifying patients with residual disease with distinct 3-year survival 
outcomes. 

In the analysis of HER2DX-defined pCR risk groups, our study 
revealed distinct pCR rates in each subgroup. This prognostic ca-
pability remained consistent across diverse treatment groups, irre-
spective of the incorporation of chemotherapy. Particularly 
noteworthy were the findings observed in group A, in which pa-
tients receiving TCHP exhibited a striking pCR rate of 74.0% in the 
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Figure 2. 
pCR rates across HER2DX pCR score groups. A, All patients in group A; B, all 
patients in group B; C, patients in group B with a 18F-FDG-PET response; D, 
patients in group B without a 18F-FDG-PET response. 

Table 3. HER2DX ERBB2 score association with pCR. 

HER2DX ERBB2 score OR per 10-unit increase P value 

Univariable Continuous variable 1.38 (1.18–1.64) <0.001 
Multivariablea Continuous variable 1.35 (1.14–1.61) <0.001 
Univariable Low Reference — 

Medium 2.23 (0.51–15.74) 0.337 
High 4.68 (1.26–30.39) 0.045 

Multivariablea Low Reference — 
Medium 2.30 (0.48–18.06) 0.301 
High 4.90 (1.22–33.24) 0.048 

aAdjusted for the treatment arm, PET response, and hormone receptor status. 
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Figure 3. 
pCR rates across HER2DX ERBB2 score groups. A, All patients in group A; B, 
all patients in group B; C, patients in group B with a 18F-FDG-PET response; D, 
patients in group B without a 18F-FDG-PET response. 
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HER2DX pCR-high category, in stark contrast to the 31.0% rate 
observed in the pCR-low category. Importantly, these rates were 
notably diminished in the absence of chemotherapy. Accordingly, in 
group B with a 18F-FDG-PET response receiving a total of eight 
cycles of HP without chemotherapy, and selected by, the pCR rate in 
the HER2DX pCR-high category was 44.4%. These findings un-
derscore the intrinsic link between anti-HER2 sensitivity and che-
motherapy responsiveness (22). Moreover, these results emphasize 
that the administration of chemotherapy might not salvage pCR 
rates in patients lacking a 18F-FDG-PET response after two cycles of 
HP, thereby highlighting the interplay between anti-HER2 sensi-
tivity and the role of chemotherapy in achieving optimal treatment 
outcomes, and the need to select the right treatment upfront at 
diagnosis. 

The analysis of 3-year iDFS reinforces the clinical relevance of 
HER2DX in guiding treatment decisions. As expected, patients 
with residual disease exhibited a markedly inferior iDFS com-
pared with those achieving pCR, affirming the prognostic impact 
of treatment response. Within the residual disease subgroup, a 
particularly noteworthy observation was that all patients expe-
riencing iDFS events had HER2DX high-risk disease, under-
scoring the assay’s adeptness in identifying individuals at 

elevated risk of recurrence. Consequently, HER2DX risk strati-
fication within the residual disease subgroup unveiled a numer-
ically superior 3-year iDFS in low-risk patients (100%) as 
opposed to high-risk patients (89.8%), demonstrating a HR of 
2.70. Of note, patients with residual disease following neo-
adjuvant treatment did not receive adjuvant T-DM1, in align-
ment with the treatment guidelines and drug approval status 
applicable at the time the PHERGain study was conducted. In 
summary, individuals characterized by HER2DX pCR high- and 
HER2DX low-risk disease profiles may emerge as optimal can-
didates for de-escalation treatment strategies, specifically with 
HP without chemotherapy, presenting a prospect for more tai-
lored and targeted therapeutic interventions. 

The findings from the HER2DX in the PHERGain study align 
with outcomes from previous validation studies (16–18, 21). A 
comprehensive patient-level meta-analysis involving 765 patients 
across seven studies has demonstrated that the HER2DX pCR score 
significantly correlates with pCR across various trastuzumab-based 
therapies, including dual HER2 blockade with lapatinib and tras-
tuzumab, even in the absence of chemotherapy (16). It is note-
worthy that the distribution of HER2DX pCR score categories 
within the PHERGain study mirrors the proportions observed in 
other studies, with approximately one third of patients falling into 
each of the three categories. Furthermore, the HER2DX risk score 
has consistently shown an association with survival outcomes, in-
dependent of clinicopathologic factors, including pCR status. In a 
subset of 150 patients who did not achieve pCR, those classified as 
low-risk by HER2DX experienced better event-free survival out-
comes compared with their high-risk counterparts, with event-free 
survival rates at 6 years being 93.5% versus 78.8%, respectively (16). 
It is noteworthy that 9% of these patients were treated with adjuvant 
T-DM1 (16). Currently, the assay is under prospective evaluation in 
the CompassHER2-pCR trial (NCT04266249) and the DEFINITIVE 
trial (23), aiming to fine-tune the chemotherapy regimen in the 
neoadjuvant setting. 

Although our study provides valuable insights into the predictive 
capacity of the HER2DX genomic assay in the context of neo-
adjuvant dual HER2 blockade with HP, it is important to ac-
knowledge certain caveats and limitations that may impact the 
interpretation and generalizability of our findings. First, our analysis 
relied on retrospective data from the PHERGain trial, introducing 
inherent limitations associated with this study design. Although 
efforts were made to minimize biases and ensure data accuracy, the 
retrospective nature of the study warrants careful consideration of 
potential confounding variables. Second, certain subgroup analyses, 
particularly within the context of treatment groups (group A and 
group B with or without 18F-FDG-PET response), involved rela-
tively small sample sizes with limited statistical power and precision. 
Therefore, findings from subgroup analyses should be interpreted 
with caution. Third, the addition of HER2DX did not statistically 
improve the discrimination of the model, although the analysis was 
underpowered to detect these differences. Fourth, the short follow- 
up of patients and low number of events preclude evaluating as-
sociations of the HER2DX risk score with patients’ outcomes, re-
gardless of the pCR status. In a recent retrospective study, the 
HER2DX risk score was found significantly associated with long- 
term survival outcome in patients with residual disease (16). Despite 
these caveats and limitations, our study contributes valuable infor-
mation about the potential clinical utility of the HER2DX assay in 
guiding treatment decisions for early-stage HER2+ breast cancer, 
and prospective validation is warranted. 
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Figure 4. 
Three-year iDFS in the PHERGain trial with HER2DX results. A, According to 
pCR status; B, according to HER2DX risk score in patients with residual dis-
ease (RD). 
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To conclude, the ability of HER2DX to predict treatment re-
sponse and 3-year outcomes, especially in the context of HP-based 
therapy, holds promise for individualizing treatment decisions. As 
the field progresses, incorporating genomic assays like HER2DX 
into routine clinical practice may facilitate a more precise and tai-
lored approach to the management of HER2+ early breast cancer. 
Future research should focus on validating these findings in larger 
cohorts and exploring the integration of HER2DX into broader 
clinical algorithms for treatment decision-making. 
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