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As most erb-b2 receptor tyrosine kinase 2 (HER2)-positive breast cancer

(BC) patients currently receive dual HER2-targeting added to neoadjuvant

chemotherapy, improved methods for identifying individual response, and

assisting postsurgical salvage therapy, are needed. Herein, we evaluated the

41-gene classifier trastuzumab advantage risk model (TRAR) as a predic-

tive marker for patients enrolled in the NeoSphere trial. TRAR scores were

computed from RNA of 350 pre- and 166 post-treatment tumor specimens.

Overall, TRAR score was significantly associated with pathological com-

plete response (pCR) rate independently of other predictive clinico-

pathological variables. Separate analyses according to estrogen receptor

(ER) status showed a significant association between TRAR score and

pCR in ER-positive specimens but not in ER-negative counterparts.

Among ER-positive BC patients not achieving a pCR, those with TRAR-

low scores in surgical specimens showed a trend for lower distant event-

free survival. In conclusion, in HER2-positive/ER-positive BC, TRAR is

an independent predictor of pCR and represents a promising tool to select
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patients responsive to anti-HER2-based neoadjuvant therapy and to assist

treatment escalation and de-escalation strategies in this setting.

1. Introduction

The combination of trastuzumab (H), pertuzumab (P),

and chemotherapy has become the standard of care

for patients with HER2 overexpressing and/or ampli-

fied, that is, HER2-positive, breast cancer (BC) in the

neoadjuvant setting. In the phase II randomized study

NeoSphere, a 12-week long neoadjuvant course with

docetaxel (T), H and P significantly increased the rate

of pathological complete response (pCR) in the breast

as compared with TH, TP, or HP (45.8% versus

29.0%, 24.0%, 16.8%) [1], which led to FDA approval

of dual antibody-based HER2 blockade and chemo-

therapy in this patient population [2]. Since pCR cor-

relates with long-term outcome [3], increasing the

proportion of patients who respond could have long-

term benefits. The early identification of patients who

are unlikely to respond offers the potential to amend

neoadjuvant treatment to obtain improved responses.

On the other hand, undoubtedly highly effective

antibody-based HER2 blockade may be unnecessary

in patients who already benefit from a single anti-

HER2 agent.

In addition to treatment, several biological features

are implicated in response to HER2 targeting, includ-

ing tumor intrinsic subtype, hormone receptor status,

alterations in signaling pathways including PI3K, and

host factors such as immune response [4–6]. Yet the

recommendation regarding HER2-targeted agents and

chemotherapy in the (neo)adjuvant setting takes into

account just HER2 status.

The development of biomarkers for tailoring HER2-

targeted therapy cannot ignore that HER2 targeting

agents play their activity not only through the inhibi-

tion of HER pathway but also by their inherent anti-

body characteristics, which affect immune response [7–
10]. At Fondazione IRCCS Istituto Nazionale dei

Tumori—Milano (INT), we developed the 41-gene

classifier TRAR, which is able to identify HER2-

positive BC patients with differential risk of relapse

upon treatment with adjuvant H and provides reliable

predictive information over established clinical factors

in the neoadjuvant setting [11,12]. The discriminatory

capability of TRAR stands on its unique feature of

including both genes related to HER2 and estrogen

receptor (ER) signaling, (ERBB2, C17orf37, GRB7,

ESR1), and to split tumors according to their immune

infiltration and proliferation characteristics [11]. Here,

we aimed to assess whether TRAR is associated with

pCR and prognosis to single agent or dual antibody-

based HER2 blockade within the NeoSphere trial.

2. Materials and methods

2.1. Patients and samples

Details on the NeoSphere study (ClinicalTrials.gov

number NCT00545688), and its results have been pub-

lished elsewhere [1]. NeoSphere was a multicenter ran-

domized phase II study in which patients with HER2-

positive BC were stratified by operable, locally

advanced, and inflammatory disease and according to

hormone receptor status and randomized to preopera-

tive THP, TH, PH, or TP for 12 weeks. After surgery,

all patients continued treatment with four cycles of

AC followed by H to complete one year of treatment.

The primary endpoint was pCR, that is, absence of

invasive tumor cells in the breast [1]. The secondary

endpoints were 5-year progression-free survival and

disease-free survival [3]. The study was conducted in

accordance with the Declaration of Helsinki. Approval

for the protocol was obtained from independent ethics

committees. Written informed consent was obtained

from all patients at study entry, which also covered

future biomarker research.

2.2. Gene expression profile

RNA was extracted from baseline (pre-treatment)

formalin-fixed paraffin-embedded (FFPE) core biopsies

and surgical FFPE specimens of patients with residual

disease (post-treatment), and gene expression profiling

(GEP) was carried out with Affymetrix U133 Plus 2.0
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gene chips as previously described [13]. Thirteen

patients were not assessable for pCR. The 41-gene

classifier TRAR was computed as the sum + 5.856708

of the weighted logarithmic expression of 36 out of the

41 genes (Table S1) [11]. Proliferation metagene was

computed as described [14].

2.3. Statistical analysis

The association of TRAR scores, measured on a con-

tinuous scale, with pCR as well as with other categori-

cal clinico-pathological variables, was evaluated by

using the nonparametric Wilcoxon test. The strength

of the association of TRAR scores with continuous

variables was assessed by the Pearson correlation coef-

ficient (r). Univariate logistic regression analysis,

modeling pCR probability, was implemented for each

variable of interest to estimate the odds ratio (OR)

and its 95% confidence interval (CI). The predictive

performance of TRAR with respect to pCR was fur-

ther evaluated by resorting to a multivariate logistic

regression model by taking into account treatment arm

(TH arm as reference) and the available clinico-

pathological variables, that is, age (continuous), ER

status (positive versus negative), and tumor type (oper-

able as reference). TRAR was dichotomized according

to the cutoff value identified by median value and

association with other variables was evaluate by chi-

square test. Survival curves were estimated by the

Kaplan–Meier method. The prognostic performance of

TRAR with respect to distant event-free survival

(DEFS), which considers only distant relapse ignoring

locoregional relapse from the surgery as event, was

implemented estimating the hazard ratio (HR) and its

95% CI. All statistical analyses were carried out with

R software (http://www.r-project.org) by adopting a

significance level of ≤ 0.05.

3. Results

3.1. Study cohorts

A total of 417 patients were enrolled in the NeoSphere

trial, for 350 of them (84%) GEP data were obtained

before treatment, as described [13]. Eighty-seven

patients (25%) were enrolled in the TH arm, 92 (26%)

in the THP arm, 90 (26%) in the HP arm, and 81

(23%) in the TP arm. No significant differences in

terms of baseline patient characteristics and treatment

response were observed between the entire NeoSphere

and the profiled patient population (pre-treatment

cohort) [13]. Of the 299 patients not attaining pCR in

the NeoSphere trial, 193 (65%) had successful GEP of

residual disease (post-treatment cohort), including 166

with paired specimens (Fig. 1). TRAR was computed

starting from GEP data using 36 out of the 41 genes

in the signature because 5 genes (ARMET, C14orf173,

C17orf37, C2orf48, WASH2P) were not available in

the Affymetrix platform. The missing genes were not

in the core of the signature [11] and TRAR scores cal-

culated with and without these genes in already ana-

lyzed datasets [11,12] were significantly highly

correlated (Fig. S1).

Fig. 1. Consort diagram of patients and samples included in the analysis. GEP, gene expression profile; QC, quality check; CBX, core

biopsies; SX, surgical samples; RD, residual disease; pCR, pathological complete response. *, includes unknown.
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3.2. TRAR and treatment response in the overall

cohort

In the pre-treatment cohort, 104 (29.7%) patients

achieved a pCR, specifically 27 (31%), 41 (45%), 14

(16%), and 22 (27%) following treatment with TH,

THP, HP, and TP, respectively. As a continuous vari-

able, TRAR was significantly lower in patients attain-

ing a pCR overall (P < 0.0001) (Fig. 2A) and across

the different treatment arms (Fig. S2). When TRAR

was dichotomized, patients with TRAR-low primary

tumors (n = 175) resulted more likely to achieve a

pCR as compared with those with TRAR-high tumors

(n = 175) (43% versus 17%, P < 0.0001, Fig. 2B).

Univariate logistic regression analysis showed that the

likelihood of attaining a pCR was 55% lower for each

TRAR unit increment (OR: 0.45, 95% CI: 0.34-0.60)

(Table 1). In the multivariate analysis adjusted for rel-

evant clinico–pathological characteristics including ER

status, treatment arm, age and tumor type, TRAR and

ER-positive status remained each independently associ-

ated with lower pCR (OR 0.61 and 0.40, respectively),

independently of other variables (Table 1).

3.3. TRAR and treatment response in ER-positive

and ER-negative subgroups

TRAR was significantly associated with ER both as a

continuous and as a dichotomized variable (Fig. 3).

TRAR scores were significantly higher in ER-positive

(n = 161) as compared to ER-negative (n = 189) cases

(P < 0.0001) (Fig. 3A and D). TRAR scores were sig-

nificantly associated with pCR in ER-positive both as

continuous (P = 0.0007) (Fig. 3B) and dichotomous

variable (P = 0.01099) (Fig. 3E), but not in ER-

negative cases (Fig. 3C and F) (test for interaction,

P = 0.0280 and P = 0.1547, respectively). In ER-

positive cases, TRAR was associated with lower pCR

(OR: 0.33, 95% CI: 0.17–0.63) in univariate analysis,

(Table 1). In multivariate analysis, a significant associ-

ation with lower pCR was found only for TRAR (OR:

0.40, 95% CI: 0.20–0.79, Table 1). In ER-negative

tumors, no variables were significantly associated with

pCR (Table 1). Similar results were obtained with

TRAR dichotomous variable: TRAR-high was associ-

ated with lower pCR only in ER-positive cases both in

univariate (OR: 0.26, 95% CI: 0.10–0.72) and in multi-

variate analyses (OR: 0.33, 95% CI: 0.11–0.96,
Table S2).

3.4. Changes of TRAR score in patients not

achieving pCR

The post-treatment cohort (n = 193) differed from the

pre-treatment cohort (n = 350), with fewer TRAR-low

cases (24% vs 50%, P = 0.0005), as expected given

high pCR rates among this subgroup, even among

ER-positive cases (8% vs 15%, P = 0.09). Comparison

of matched pre- and post-treatment tumors (n = 166)

demonstrated a significant increase in TRAR scores in

A B

P

P

Fig. 2. Predictive performance of TRAR. (A) Box-plots of the distribution of TRAR score in patients with residual disease (RD) and

pathological complete response (pCR) in the overall analyzed pre-treatment cohort (n = 350). Shown are the 25th and the 75th percentiles

of the distribution (box), the median (horizontal line), and the extreme values (whiskers). p-value by Wilcoxon test. (B) Frequency of pCR in

TRAR-low and TRAR-high subgroups. p-value by chi-square test.
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post-treatment cohort overall, according to ER status

(Fig. 4A) and treatment arms (Fig. S3). Specifically, a

TRAR switch from low to high status occurred in 30/

62 (48%) cases, while the opposite in 6/104 (6%) cases

(P < 0.0001); among ER-positive cases 8/13 (62%)

turned to TRAR-high, and 3/95 (3%) to TRAR-low

(P = 0.0005), while the corresponding rates were 22/49

(45%), and 3/9 (33%) in ER-negative cases (n = 58)

(Fig. 4B).

Of note, TRAR correlated with the expression levels

of ESR1 and ERBB2 in both the pre-treatment

(r = 0.80, P < 0.0001 and r = �0.55, P < 0.0001,

Table 1. Association of TRAR and clinico-pathological variables with pathological complete response (pCR): Univariate and multivariate

logistic regression model. OR, odds ratio; CI, confidence interval; ER, estrogen receptor; T, taxanes; H, trastuzumab; P, pertuzumab; LABC,

locally advanced breast cancer; IBC, inflammatory breast cancer.

All (n = 350)
Univariate Multivariate*

Biomarker OR (95% CI) P-value OR (95% CI) P-value

TRAR

TRAR (continuous) 0.45 (0.34-0.60) 3.57E-08 0.61 (0.43-0.88) 0.008

ER IHC

ER IHC (pos vs neg) 0.24 (0.14-0.40) 7.04E-08 0.40 (0.20-0.77) 0.006

Arm

THP (vs TH) 1.79 (0.97-3.30) 0.063 1.80 (0.93-3.48) 0.084

HP (vs TH) 0.41 (0.20-0.85) 0.016 0.41 (0.19-0.87) 0.021

TP (vs TH) 0.83 (0.43-1.62) 0.581 0.79 (0.38-1.61) 0.512

Age

Age (continuous) 0.98 (0.96-1.01) 0.161 0.98 (0.96-1.01) 0.188

Type

LABC (vs OPERABLE) 1.28 (0.78-2.09) 0.336 0.10 (0.58-1.72) 0.993

IBC (vs OPERABLE) 0.94 (0.38-2.35) 0.894 0.95 (0.34-2.58) 0.909

ER-positive (n = 161)
Univariate Multivariate**

Biomarker OR (95% CI) P-value OR (95% CI) P-value

TRAR

TRAR (continuous) 0.33 (0.17-0.63) 0.0008 0.40 (0.20-0.79) 0.009

Arm

THP (vs TH) 1.83 (0.59-5.66) 0.292 1.56 (0.47-5.17) 0.472

HP (vs TH) 0.26 (0.05-1.38) 0.115 0.24 (0.04-1.33) 0.102

TP (vs TH) 1.03 (0.30-3.53) 0.960 0.75 (0.20-2.83) 0.668

Age

Age (continuous) 0.96 (0.92-1.03) 0.070 0.97 (0.93-1.02) 0.279

Type

LABC (vs OPERABLE) 1.14 (0.43-2.98) 0.797 0.99 (0.34-2.87) 0.990

IBC (vs OPERABLE) 0.00 (0.00-Inf) 0.988 0.00 (0.00-Inf) 0.992

ER-negative (n = 189)
Univariate Multivariate**

Biomarker OR (95% CI) P-value OR (95% CI) P-value

TRAR

TRAR (continuous) 0.79 (0.52-1.20) 0.259 0.79 (0.51-1.21) 0.269

Arm

THP (vs TH) 1.90 (0.86-4.20) 0.114 1.84 (0.82-4.11) 0.138

HP (vs TH) 0.45 (0.19-1.08) 0.075 0.44 (0.18-1.69) 0.070

TP (vs TH) 0.76 (0.33-1.77) 0.526 0.74 (0.31-1.73) 0.486

Age

Age (continuous) 0.99 (0.96-1.02) 0.515 0.99 (0.96-1.02) 0.609

Type

LABC (vs Operable) 1.06 (0.57-1.93) 0.864 0.98 (0.52-1.86) 0.959

IBC (vs Operable) 1.68 (0.53-5.35) 0.379 1.78 (0.53-5.98) 0.352

Multivariate analysis adjusted by (*) ER, treatment arm, age and type; (**) treatment arm, age and type.
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respectively) and post-treatment (r = 0.74, P < 0.0001

and r = �0.68, P < 0.0001, respectively) cohorts. Nev-

ertheless, while unresponsive ER-positive cases classified

as TRAR-low at surgery tended to maintain the same

low ESR1 and high ERBB2 expression levels of their

pre-treatment counterparts, those classified as TRAR-

high at surgery were more likely to show reduced levels

of ERBB2 expression as compared to pre-treatment

counterparts (Fig. 5). TRAR–low tumors expressed sig-

nificantly higher level of proliferation genes than

TRAR-high tumors (Fig. S4). Notably, while prolifera-

tion metagene levels were significantly decreased in

TRAR-high tumors at surgery compared to baseline

(P < 0.0001), the opposite was observed in TRAR-low

P

P P P

P P

A B C

D E F

Fig. 3. Predictive performance of TRAR according to tumor ER expression. (A) Box-plots of the distribution of TRAR score in pre-treatment

patients (n = 350) with estrogen receptor-positive (ER+) and estrogen receptor-negative (ER�) tumors. P-value by Wilcoxon test. (B-C) Box-

plots of the distribution of TRAR score in patients with residual disease (RD) and pathological complete response (pCR) in the ER+ (n = 161,

B) and ER� (n = 189, C) cohorts. P-values by Wilcoxon test. (D) Frequency of ER status in TRAR-low and TRAR-high groups (n = 350). P-

value by chi-square test. (E-F) Frequency of pCR in patients with TRAR-low and TRAR-high and ER+ (n = 161, E) and ER� (n = 189, F)

tumors. P-values by chi-square test.
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cases with a significant increase in proliferation level at

surgery (P = 0.0096) (Fig. S4).

3.5. TRAR and DEFS

At a median follow-up of 61 months (range 60–63), no
significant difference in terms of DEFS was found

according to TRAR subgroups (Fig. S5A). Neverthe-

less, among ER-positive cases, patients with TRAR-

high tumors at baseline in pre-treatment cohort,

despite achieving the lowest pCR rate (12%), tended

to have a longer DEFS as compared to those with

TRAR-low tumors (HR: 0.41, 95% CI: 0.16–1.05,
P = 0.06). The prognosis of patients with TRAR-low

tumors was especially dismal when baseline TRAR-

low status remained unaltered by neoadjuvant treat-

ment (Fig. S5B), suggesting a potential intrinsic resis-

tance to the HER2 targeted therapy. To further

examine the relationship between TRAR and progno-

sis, we tested the outcome according to pCR

P P P

A

B

Fig. 4. TRAR modulation by treatment in patients with residual disease at surgery. (A) Box-plots of the distribution of TRAR score in pre-

treatment biopsies (baseline) and at surgery in the overall cohort (n = 166), in ER+ (n = 108) and in ER� (n = 58) subgroups. P-values by

Wilcoxon test. (B) Alluvial diagram of the change in TRAR classification between basal biopsies (Baseline) and samples at surgery in the

overall cohort (n = 166), in ER+ (n = 108) and in ER� (n = 58) subgroups.
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(Fig. S5C). Remarkably, there was no difference in

terms of DEFS among patients achieving a pCR,

whereas in the absence of pCR, a trend toward worse

outcome (P = 0.1259) was seen among TRAR-low

over TRAR-high patients.

4. Discussion

Our findings confirm the predictive value of the TRAR

classifier already identified in small retrospective studies

[11] and in the large phase III NeoALTTO trial [12].

TRAR significantly associated with pCR independently

of treatment arm, both as continuous and as dichoto-

mized variable. Notably, the predictive value of TRAR

showed a significant interaction with ER status. To our

knowledge, this is the first report to suggest that a par-

simonious gene assay might help to identify a subset of

patients with nonmetastatic HER2- and ER-positive

disease that can benefit the most from HER2-targeted

based neoadjuvant chemotherapy.

TRAR score was significantly different in the ER-

positive and ER-negative subgroups, supporting the

described differences in gene expression pattern of

HER2-positive breast cancer according to ER expres-

sion [15,16]. These differences may explain the lower

pCR rates reported in ER-positive as compared to

ER-negative cases in the NeoSphere and other trials,

including NeoALTTO [17] and GEPARSIXTO [18].

Notably, TRAR is likely to identify a group of HER2-

positive and ER-positive tumors that are not exqui-

sitely driven by ER signaling and thus benefit the most

from HER2 targeting therapies. This could be

explained by the ability of TRAR to mirror not only

ER expression/function through the expression of

ESR1 and related genes but also HER2 and related

genes also recapitulating their interplay, which is rele-

vant in response determination [19,20].

It is important to note that we could not exclude a

benefit of applying TRAR to patients with ER-

negative tumors, as we recently reported in other data-

set [12]. Indeed, contrary to other studies [21–24], in

the NeoSphere trial ERBB2, which is a core gene of

TRAR score, was not significantly associated with

pCR [25], and the PAM50 molecular classifier

Fig. 5. Correlation between TRAR score, ESR1 and ERBB2 genes. (A-B) Pearson correlation analysis between TRAR score and ESR1 (A)

and ERBB2 (B) in pre-treatment (n = 350) and post-treatment (n = 193) cohorts according to ER status. Horizontal dot lines separate TRAR-

low from TRAR-high patients. r, Pearson correlation coefficients and related P-values are shown.
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provided no predictive information overall [26]. More-

over, TRAR was previously tested in tumor biopsy of

patients treated with chemotherapy in combination

with trastuzumab [11] or other type of dual blockade,

that is, trastuzumab plus lapatinib [12]. Therefore, the

predictive value of TRAR only in ER-positive tumors

of NeoSphere study might be dependent on the anti-

HER2 drug used and limited to dual HER2-blocking

antibodies. Hence, prospective evaluation of the pre-

dictive findings of our study in a randomized trial is

warranted, as no similar cohort are currently available

for external validation.

Intriguingly, a trend toward lower DEFS was found

for TRAR-low cases, though the study was underpow-

ered for survival. The paradox of higher sensitivity to

neoadjuvant HER2-targeted therapy and poor progno-

sis in the TRAR-low subgroup could be explained by

the high relapse among those with residual disease, as

already observed for HER2-enriched cases in CALGB

40601 and NeoSphere trials [26,21]. Hence, it may be

easier to achieve pCR in TRAR-low tumors, especially

in ER-positive cases, but if pCR does not occur, then

patients are more likely to relapse early. This finding is

in line with the baseline aggressive features of TRAR-

low tumors, that is, high HER2 oncogene dependence,

low ER activity, and high proliferation [11] and their

poor prognosis if untreated [11].

From the clinical point of view, this finding leads

to three major considerations. First, TRAR at sur-

gery may reflect the importance of adjuvant endo-

crine therapy, which probably exerts its benefit in

patients with TRAR-high remnants, which increased

luminal features after neoadjuvant therapy, rather

than TRAR-low remnants that being intrinsically

resistant to anti-HER2 therapies maintain low ESR1

expression and increase proliferation. Interestingly,

higher pCR rate but also higher risk of relapse

despite chemoendocrine treatments were predicted

among ER-positive/HER2-negative patients by other

genomic classifiers related to proliferation and ER

activity [14,27,28], supporting a role for these features

in explaining TRAR-low poor prognosis. Next, geno-

mic characterization of surgical specimens could help

to identify actionable targets and to foster drug

development for residual tumors after HER2-targeted

(neoadjuvant) therapy. In this sense, the HER2-

targeted therapy-induced luminal phenotype has been

already associated to increase sensitivity to CDK4/6

inhibition [29,30]. Finally, if TRAR prognostic value

will be validated, TRAR could be developed as a tool

to aid salvage adjuvant treatment, which has already

proven to ameliorate patient prognosis at least in a

portion of cases not achieving pCR [31]. This

adjuvant treatment escalation could be especially rele-

vant for patients with TRAR-low tumors at surgery.

Some caveats of our study require special consider-

ation. The different platform did not allow us to test

the validity of previous generated TRAR cutoff and

the use of the median cutoff could have reduced its

predictive value. Moreover, the small sample size of

treatment arms, and the lack of a validation series did

not allow to test whether the interaction between

TRAR and ER is limited to the dual HER2-blocking

antibodies.

5. Conclusion

In conclusion, we independently confirm in NeoSphere

trial, the clinical validity of TRAR in predicting pCR

to anti-HER2-based chemotherapy beyond that pro-

vided by standard pathologic markers. TRAR repre-

sents a promising tool to stratify ER-positive/HER2-

positive patients by likelihood of response to anti-

HER2-based neoadjuvant therapy and to contribute to

define treatment escalation and de-escalation strategies

in this setting. The clinical utility of this genomic test

in predicting also long-term benefit (i.e., DEFS and

overall survival) warrants further investigation.
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