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ABSTRACT
◥

Purpose: We do not yet have validated biomarkers to predict
response and outcome within hormone receptor–positive/HER2-
positive (HRþ/HER2þ) breast cancer. The PAM50-based chemo-
endocrine score (CES) predicts chemo-endocrine sensitivity in
hormone receptor–positive/HER2-negative (HRþ/HER2�) breast
cancer. Here, we evaluate the relationship of CES with response and
survival in HRþ/HER2þ breast cancer.

Experimental Design: Intrinsic subtype and clinicopathologic
data were obtained from seven studies in which patients were treated
with HER2-targeted therapy either with endocrine therapy (ET) or
with chemotherapy (CTX).CESwas evaluated as a continuous variable
and categorically from low to high scores [CES-C (chemo-sensitive),
CES-U (uncertain), and CES-E (endocrine-sensitive)]. We first ana-
lyzed each dataset individually, and then all combined. Multivariable
analyses were used to test CES association with pathologic complete
response (pCR) and disease-free survival (DFS).

Results:A total of 457 patients were included (112 with ET and
345 with CTX). In the combined cohort, CES-C, CES-U, and
CES-E were identified in 60%, 23%, and 17% of the patients,
respectively. High CES (i.e., CES-E) was associated with a lower
probability of achieving pCR independently of clinical charac-
teristics, therapy, intrinsic subtype, and study (adjusted OR ¼
0.42; P ¼ 0.016). A total of 295 patients were analyzed for DFS
with a median follow-up of 66 months. High CES was also
associated with better DFS (adjusted HR, 0.174; P ¼ 0.003)
independently of pCR, clinical characteristics and intrinsic sub-
type. In patients with residual disease, the adjusted DFS HR of
CES was 0.160 (P ¼ 0.012).

Conclusions: In HER2þ/HRþ breast cancer, CES is useful for
predicting chemo-endocrine sensitivity and provides additional
prognostication beyond intrinsic subtype and clinicopathologic
characteristics.

Introduction
Over the past 20 years, the prognosis of early-stage HER2-positive

breast cancer has been improved by the implementation of HER2-

targeted therapies in clinical practice (1) and neoadjuvant treatment
has become the standard of care (2). In patients with hormone
receptor–positive/HER2-positive (HRþ/HER2þ) breast cancer,
neoadjuvant chemotherapy plus HER2-targeting results in pathologic
complete response (pCR) rates of up to 45% (3–6) and excellent
survival outcomes. However, despite these standard therapies, 15%
to 20% of HRþ/HER2þ recur at distant sites (7–9) and standard
regimens are complex and toxic, typified by polychemotherapy and
one to three anti-HER2 drugs. Besides, although achievement of pCR
after neoadjuvant treatment is a prognostic factor in HER2þ breast
cancer, it has a stronger impact on disease-free survival (DFS) in the
HR�/HER2þ compared with the HRþ/HER2þ subgroup (10, 11).

Molecular characterization studies have identified and extensively
investigated the four main intrinsic subtypes (by PAM50 subtyping;
ref. 12) within HRþ/HER2þ disease. Within HRþ/HER2þ, around
30% of tumors are HER2-Enriched (HER2-E), the subtype associated
with high HER2/EGFR-pathway activation, increased proliferation
rates, and an immune-activated stroma with elevated tumor-
infiltrating lymphocyte levels (13–15). From a prognostic point of
view, however, the HER2-E subtype is associated with worse progno-
sis (16, 17), which appears in part to relate to drug sensitivity variability
resulting in high pCR rates in about half, with attendant good out-
comes, but much poorer outcome among those with residual dis-
ease (18). On the other hand, around 60% to 70% of HRþ/HER2þ,
tumors are luminal A or B, which are estrogen receptor-dependent
tumors, with lower HER2/EGFR pathway activation and a high rate of
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received trastuzumab emtansine) regardless of pCR status, and at least
5 years ET. These trials preceded the use of trastuzumab emtansine in
residual disease.

PerELISA (NCT02411344; ref. 21) was a single-arm phase II study
of 64 patients with stage I to III HRþ/HER2þ disease. After diagnostic
core biopsy including baseline Ki67 evaluation, the patients started
letrozole for 2 weeks followed by a core biopsy for Ki67 central
evaluation. Patients defined as molecular responders (Ki67 relative
reduction >20% from baseline) started therapy with the combination
of letrozole, trastuzumab, and pertuzumab. Trastuzumab and pertu-
zumab were administered every 3 weeks for five cycles; letrozole, was
continued until surgery was performed (within 3 weeks of the last dose
of trastuzumab and pertuzumab). Patients defined as molecular non-
responders discontinued letrozole and received weekly paclitaxel
combined with pertuzumab and trastuzumab.

SOLTI-1114 PAMELA (NCT01973660; ref. 22) was a single-arm
phase II neoadjuvant trial within HER2þ breast cancer, where 151
patients were treated with lapatinib and trastuzumab for 18 weeks.
Patients with HRþ breast cancer (N ¼ 75) also received neoadjuvant
letrozole or tamoxifen according to menopausal status.

CALGB 40601 (NCT00770809; refs. 3, 18) was a phase III trial
where 305 women (176 with HRþ tumors) with stage II to III HER2þ
disease were randomized to receive paclitaxel weekly for 16 weeks with
trastuzumab, lapatinib, or both. Patients were recommended to receive
doxorubicin plus cyclophosphamide for four cycles and completion of
one year trastuzumab adjuvantly.

CherLOB study (NCT00429299; ref. 23) was a randomized phase II
study of 121 patients with stage II to IIIA,HER2þBC, 72 ofwhichwere

Table 1. Clinical–pathologic characteristics and subtypes
distribution of the overall study cohort.

Parameter Parameter value Pooled N (%)

Age, years <50 211 (46.2)
≥50 245 (53.8)

Stage, % I 46 (10.1)
II 337 (73.7)
III 74 (16.2)

Tumor size T1 81 (17.7)
T2 289 (63.2)
T3 62 (13.6)
T4 13 (2.8)
Missing 12 (2.6)

Nodal status Negative 232 (50.8)
Positive 216 (47.3)
Missing 9 (1.9)

HER2 treatment Trastuzumab alone 169 (37.0)
Lapatinib alone 43 (9.4)
Trastuzumab and lapatinib 145 (31.7)
Trastuzumab and pertuzumab 100 (21.9)

Chemotherapy No 112 (24.5)
Anthracyclines/taxanes 187 (40.9)
Taxanes 158 (34.6)

pCR ypT0/is Yes 165 (36.1)
No 292 (63.9)

PAM50 Luminal A 110 (24.1)
Luminal B 109 (23.9)
HER2-E 224 (49)
Basal-like 14 (3.1)

CES CES-E 78 (17.0)
CES-U 105 (23.0)
CES-C 274 (60.0)

Translational Relevance

Hormone receptor–positive/HER2-positive (HRþ/HER2þ)
breast cancer is clinically and biologically heterogeneous, with
increasingly complex treatment and efforts to tailor therapy-
based primarily on clinical features. To date no predictive and/
or prognostic biomarkers have been validated within this subgroup
of patients, and with multiple treatment options, predictors of
response and/or survival are urgently needed. Here, we present the
PAM50-based chemo-endocrine score (CES) clinical validation in
457 patients with early HRþ/HER2þ breast cancer treated with
neoadjuvant anti–HER2-based therapy either combined with
endocrine therapy or chemotherapy. Our study found CES to be
strongly associatedwith pathologic complete response and disease-
free survival beyond other clinicopathologic and genomic biomar-
kers. In particular, high CES scores may be clinically useful in
identifying patients with a low risk of recurrence despite not
achieving a pCR after neoadjuvant therapy, and who may not
need treatment escalation with additional systemic therapies such
as T-DM1.

PIK3CA mutations (19), and which are associated with lower pCR 
rates to anti-HER2 treatment but better prognosis (16–18). Finally, less 
than the 10% are basal-like, which are characterized by the high 
expression of proliferation-related genes, intermediate expression of 
HER2-related genes, and low expression of luminal-related genes.

Thus, HRþ/HER2þ disease is clinically and biologically heteroge-
neous and further subclassifications are needed to better tailor current 
and future treatments. We previously reported a chemo-endocrine 
score (CES), which is based on the PAM50 gene expression-based 
assay plus expression of signatures related to response to chemother-
apy or endocrine therapy (ET) in the neoadjuvant setting (20). In 
hormone receptor–positive/HER2-negative (HRþ/HER2�) disease, 
where decision-making centers on value of chemotherapy added to ET, 
high CES was associated with ET sensitivity and low CES was 
associated with high chemotherapy sensitivity beyond PAM50 risk 
of relapse (ROR) score, and beyond intrinsic subtype. In HRþ/HER2þ 
disease, treatment options include either chemotherapy or ET added to 
HER2-targeting drugs, noting however, that we do not have an 
effective method to predict the likelihood of response or outcome to 
either approach. In this report, we evaluated the association of CES 
with pCR and DFS following anti–HER2-based therapy given with 
either chemotherapy or ET in HRþ/HER2þ breast cancer across seven 
studies.

Materials and Methods
Study designs and participants

Clinicopathologic characteristics and PAM50 gene expression data 
from 457 patients with HRþ/HER2þ early breast tumors were 
obtained from seven independent neoadjuvant studies summarized 
in Table 1 and Supplementary Table S1. The main inclusion criteria of 
the seven cohorts have been reported previously (3, 21–26), and all 
were either entirely or partly comprised of patients with HRþ/HER2þ 
that were analyzed in this study. The trials differed by neoadjuvant 
therapy, which included HER2-targeting in all plus either chemother-
apy or ET. Adjuvant therapy sometimes included chemotherapy but in 
all trials these patients were recommended to receive a total of 1 year of 
anti-HER2 adjuvant therapy with a trastuzumab-based regimen (none



positive score were identified as being more Luminal A-like and as
more endocrine-sensitive than chemotherapy-sensitive. In contrast,
samples with a negative score were identified as more Basal-like
and thus as more chemotherapy-sensitive than endocrine-sensitive.
CES was evaluated as a continuous variable, and as group categ-
ories [CES-E (endocrine sensitive), CES-U (uncertain), and CES-C
(chemo-sensitive)] using the previously reported cutoffs (CES-E vs.
CES-U group, cutoff ¼ 0.70; CES-U vs. CES-C group, cutoff ¼ 0.30;
ref. 20). These cutoffs were based on tertile groups determined in
HRþ/HER2� GEICAM 2006-03 samples.

Statistical analysis
To compare the distribution of variables between two groups, we

used Fisher exact test. Proportions and 95% confidence interval (CI)
were also provided. Univariate and multivariable logistic regression
analyses were done to investigate the association of each variable with
pCR. ORs and 95% CIs were calculated for each variable. Univariate
and multivariable Cox proportional hazard regression analyses were
performed to investigate each variable’s association with DFS. The
significance level was set to a two-sided a of 0.05. Pearson correlation
was assessed to analyze the relationship between continuous variables.
To evaluate the accuracy of pCR predictors, the AUC was used. We
used R version 3.3.1 for all the statistical analyses.

Results
Clinicopathologic characteristics of the combined cohort

A total of 457 patients withHRþ/HER2þ breast cancer treatedwith
anti–HER2-based neoadjuvant regimens were included in the analysis
(Table 1; Supplementary Table S1). All datasets included all clinico-
pathologic variables and pCR status. The mean age was 52.1 years and
most patients had tumors no larger than 5 cm (80.9%T0–T2). 53.6% of
patients received dual HER2-blockade with trastuzumab combined
with pertuzumab or lapatinib, and 24.5% of patients received dual
HER2-blockade treatment without chemotherapy (in the neoadjuvant
setting).

Distribution of CES within HRþ/HER2þ breast cancer
Of the 457 HRþ/HER2þ tumors analyzed in the overall study

cohort (Table 1; Supplementary Table S1), 17.0% were CES-E, 23.0%
were CES-U, and 60.0% were CES-C. Figure 1A provides a compar-
ison of CES across the different studies. Although CES distributions
differed by the trial population (P ¼ 0.032), all CES groups were
represented in each of the seven cohorts.

As expected, a relationship betweenCES, intrinsic subtype andROR
was seen (Fig. 1B; Supplementary Fig. S1). CES and ROR were found
highly negatively correlated (correlation coefficient ¼ �0.76). The
results revealed that in the ROR-low group (N ¼ 33), 84.8% of cases
were identified as CES-E and 100% were of the Luminal A subtype. In
the ROR-high (N¼ 199), 92% of the samples were identified as CES-C;
nonluminal and Luminal B subtypes represented 73% and 27% of the
ROR-high/CES-C cases, respectively. In the ROR-intermediate group
(N¼ 225), high heterogeneity was observedwith all CES groups evenly
represented. In terms of intrinsic subtype biology, Luminal A, Luminal
B, and nonluminal subtypes represented 32%, 21%, and 47%, respec-
tively (Fig. 1C) in the ROR-intermediate group.

Correlation of CES and pCR
In trials of chemotherapy plus HER2-targeting, pCR rates were

significantly lower in the CES-E group (8%), compared with CES-U
(31%) and CES-C groups (55%; P < 0.001). This relationship was also

HRþ. These patients received preoperative chemotherapy with weekly 
paclitaxel followed by FEC plus trastuzumab, lapatinib, or both. 
Treatment after surgery was left to treating physician discretion.

SOLTI-1002 Opti-HER (NCT01669239; ref. 24) was a phase II 
single-arm study of six 3-week cycles of non-pegylated liposomal 
doxorubicin, paclitaxel, trastuzumab, and pertuzumab as neoadjuvant 
therapy for 83 patients with stage II to IIIB HER2þ breast cancer, 57 of 
which were HRþ.

The Hospital Clinic of Barcelona (HCB) cohort (25) is a consecutive 
series of 76 HRþ/HER2þ tumor samples from 84 patients treated with 
neoadjuvant anti-HER2 chemotherapy according to routine clinical 
practice.

The Catalan Institute of Oncology (ICO) cohort (26) includes 44 
HRþ/HER2þ baseline tumors from a consecutive series of 150 
patients with stage II to IIIC HER2þ breast cancer treated with 
trastuzumab added to neoadjuvant chemotherapy with weekly pacli-
taxel for 12 weeks followed by four cycles of FEC.

These studies were undertaken following the Good Clinical Practice 
guidelines and the World Medical Association Declaration of Helsinki. 
All patients provided written informed consent. Approvals for the 
studies were obtained from independent ethics committees. This study 
is reported according to REMARK recommendations (27).

Endpoints
This study’s primary aim was to investigate the association of CES 

as a continuous variable to pCR in primary HRþ/HER2þ breast 
cancer treated with one or two HER2 targeting agents plus either ET 
or CTX. Secondary aims were to determine the association of CES 
groups to pCR using the previously reported cut-offs, association with 
letrozole monotherapy response and CES in PerELISA, and to test the 
relationship of CES to DFS.

pCR was defined as no invasive cells at a microscopic examination of 
the primary tumor at surgery (ypT0/Tis). DFS was defined as the 
interval from surgery to ipsilateral invasive breast tumor recurrence, 
regional recurrence, distant recurrence, or death of any cause, which-
ever occurred first. The studies with survival follow-up were CALGB 
40601, CherLOB, HCB, and ICO.

PAM50 intrinsic subtyping
All tumors were assigned to an intrinsic molecular subtype of breast 

cancer (Luminal A, Luminal B, HER2-E, Basal-like) and the normal-
like group using the research-based PAM50 subtype predictor. The 
PAM50 subtyping assay was performed using the nCounter as 
described previously (22, 28, 29), except in CALGB 40601 and 
CherLOB. In CALGB 40601, the RNA-seq gene expression data from 
the PAM50 genes was first extracted and then normalized using a 
HER2 � ER subgroup-specific gene centering method (i.e., four 
subgroups) followed by the PAM50 predictor (18, 30). In CherLOB, 
a research-based PAM50 microarray-based assay was used (31). Orig-
inal subtype calls obtained from each study were used. Patients with 
Normal-like intrinsic subtype, which consists mostly of normal tissue, 
were eliminated from the analysis. The PAM 50 ROR was calculated 
using weighted coefficients to the four subtypes and a proliferation 
score using a previously reported and validated formula (12, 32).

Chemo-endocrine sensitive score
The CES was calculated as reported previously (20). From the 

PAM50 classification algorithm, we calculated the correlation coeffi-
cients (CC) of each sample to the PAM50 Luminal A and Basal-like 
subtype centroids. We then subtracted the two values to determinate 
the CES (CES ¼ CC to Luminal A – CC to Basal-like). Samples with a



When we did the same analysis limited to patients who received
HER2 targeting plus neoadjuvant CTX and dual HER2 blockade,
HER2-E intrinsic subtype, high ROR, trial, and low CES (as a
continuous variable or as group categories) were statistically signifi-
cantly associated with pCR in univariate analysis (Supplementary
Table S2). In a multivariable model including these five variables,
HER2-Emolecular subtype and CES remained significantly associated
with pCR, andRORwas not; the adjustedORofCES for achieving pCR
was 0.41 (95% CI, 0.19–0.89; P ¼ 0.024; Supplementary Table S2).

In the same analysis limited to those who received neoadjuvant ET
(rather thanCTX) andHER2 blockade, in univariate analysis, HER2-E
intrinsic subtype, high ROR, study, and low CES (as a continuous
variable or as group categories) were statistically significantly associ-
ated with pCR. In multivariable analysis, HER2-E molecular subtype
remained significantly associated with pCR. CES. However, in the

B C

0

50

100

150

200

Luminal A Luminal B HER2-E Basal-like
0 20 40 60 80

PAM50 risk of recurrence

1.0

0.5

0.0

–0.5

–1.0

–1.5

N
um

be
r o

f p
at

ie
nt

s

R = –0.76, P < 0.001 

A

0

1

CALGB
40601

CherLOB HCB ICO OptiHER PAMELA PerELISA

N = 33 N = 225 N = 199

P

C
ES

C
ES

Figure 1.

PAM50 ROR, intrinsic subtype, and CES in 457 primary breast cancers. A, CES stratified by study. The two horizontal lines indicate the cutoffs of each CES group.
P value was calculated by comparing mean values across all studies. B, A scatter plot of CES score and ROR score, colored by subtype. The two horizontal lines
indicate the cutoffs of each CES group. The two vertical lines indicate the cutoffs of each PAM50 ROR group. Red line represents the regression line. Pearson
correlation coefficient (R) with significance (P value) is presented. C, Number of patients in each CES group based on ROR. Each bar is colored according to the
subtype distribution.

seen in trials of ET plus HER2-targeting (PAMELA, PerELISA molec-
ular responders; Fig. 2). pCR was higher among patients with CES-E 
who were selected as molecular responders to letrozole alone in 
PerELISA, and approached the pCR rates of CES-C, although the 
numbers are small.

We next evaluated the association of baseline clinicopathologic 
characteristics, intrinsic subtype, ROR, and CES with pCR. In uni-
variate analysis, neoadjuvant chemotherapy, HER2-E intrinsic sub-
type, high ROR, trial, and low CES (as a continuous variable or as 
group categories) were statistically significantly associated with pCR 
(Table 2). In a multivariable model including these five variables, 
HER2-E molecular subtype, neoadjuvant chemotherapy, and CES 
remained significantly associated with pCR, and ROR was not; the 
adjusted OR of CES for achieving pCR was 0.39 (95% CI, 0.19–0.81; 
P ¼ 0.011; Table 2).



absence of chemotherapy, CES was not independently associated with
pCR either as a continuous or categorical variable (Supplementary
Table S3). Finally, the AUC of CES to predict pCR was 0.71 (95% CI,
0.66–0.75) in the entire cohort, 0.70 in studies with neoadjuvant
chemotherapy, and 0.69, and in studies without chemotherapy (Sup-
plementary Fig. S2). The AUC for ROR to predict pCR were 0.63 (95%
CI, 0.58–0.67) in the entire cohort.

CES and endocrine sensitivity (PerELISA)
To further explore the CES’s ability to predict endocrine sensitivity

and resistance in HRþ/HER2þ, we evaluated the 51 (83.5%) samples
from the PerELISA trial. Patients in this study received letrozole for
2 weeks followed by a core biopsy for Ki67 evaluation. Patients were
defined as molecular responders if there was a Ki67 relative reduction
>20% from baseline. As expected, CES was significantly associated
with Ki67 decrease after 2 weeks in univariate analysis as a continuous
variable (OR ¼ 27.45; 95% CI, 3.50–215.51; P ¼ 0.001; Fig. 3). All
patients with CES-E (n ¼ 5) or CES-U (n ¼ 10) tumors had a Ki67
relative reduction >20%. However, in the CES-C (n ¼ 36) only the
58.3% of patients had Ki67 relative reduction >20%.

CES association with DFS
To better understand the relationship between prognosis and

chemo-endocrine sensitivity in HRþ/HER2þ breast cancer, we
pooled survival data from CALGB 40601, ICO, HCB, and CHERLOB
for a total of 295 primary breast cancers treated with neoadjuvant
chemotherapy plus HER2 blockade. The median follow-up was
72.7 months: 82.2 months for CALGB 40601, 66.6 months for
CHERLOB, 38.6 months for HCB, and 89.3 months for ICO. CES
(as a continuous variable or as group categories) was found signifi-
cantly associatedwithDFS (Fig. 4A; Supplementary Table S3). TheHR
between the CES-C group versus the CES-E group was 7.02 (95% CI,
1.70–28.95; P < 0.001). In multivariable analysis, pCR, baseline nodal
status, and CES provided independent predictive information for DFS,

but intrinsic subtype and RORdid not; the adjustedHRof CES forDFS
was 0.17 (95% CI, 0.06–0.55; P ¼ 0.003; Supplementary Table S4).

Because pCR is a known prognostic factor in HRþ/HER2þ breast
cancer, combined survival analyses by pCR and CES status were
carried out (Fig. 4B). In the pCR and non-pCR group, patients with
a CES-E andCES-U tumor have better survival than thosewithCES-C.
Within patients that achieved a pCR, no variable was found to be
significantly associated with DFS in univariate analyses. Within
patients with residual disease, CES (as a continuous variable or as
group categories) was found to be significantly associated with DFS in
univariate and multivariable analyses after adjustment for ROR,
PAM50 intrinsic subtypes, and the other clinicopathologic variables
(adjusted HR, 0.14; 95% CI, 0.04–0.51; P ¼ 0.003; Supplementary
Table S5). Among them, nodal status before treatment was signi-
ficantly associated with DFS (adjusted HR, 2.21; 95% CI, 1.13–4.34;
P¼ 0.021). Finally, no statistically significant interaction (P ¼ 0.783)
was observed between CES (as a continuous variable) and pCR in
DFS analysis.

Discussion
As described previously (33), the creation of drugs effective against

HER2þ breast cancer has become more prevalent within the last
10 years. For example, since trastuzumab first arose, metastatic and/or
early disease settings have borne witness to more compelling and
tolerable anti-HER2 drugs and thereby, significant, and positive
impact on survival outcomes (34–36). Nevertheless, HRþ/HER2þ
disease is clinically and biologically heterogeneous and current treat-
ments do not confer the same degree of benefits onto all patients (37).
For example, it is unclear how to choose between an ET or CTX
backbone to add to theHER2-targeting. Optimized treatment tailoring
using biomarkers will welcome the conception of prospective trials
that aim to advance precision medicine in this subgroup of patients
with breast cancer.
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Rates of pCR according to the CES group in the seven neoadjuvant clinical studies, in chemotherapy HER2 neoadjuvant trials, and in the endocrine HER2 neoadjuvant
trials. Bars denote 95% CIs.



The prognostic abilities of the CES have been clinically validated
in several studies in HRþ/HER2� early breast cancer as providing
value beyond PAM50 ROR and intrinsic subtype (20, 38). In these
previous studies, high CES values were associated with endocrine
sensitivity and chemo-resistance and the low values associated
with endocrine resistance and chemo-sensitivity. This study
uniquely extended these findings to HER2þ disease treated with
HER2-directed therapy, which had not been previously examined.
Overall, we found that in HRþ/HER2þ early breast cancers, CES-E
tumors show far lower sensitivity to anti–HER2-based regimens in
terms of pCR rates. In the PerELISA trial, HER2þ/ERþ patients
with a Ki67 drop after 2 weeks of letrozole (molecular responders)
continued on letrozole, and trastuzumab/pertuzumab were added
for another 12 weeks; nonresponders were switched to paclitaxel
with trastuzumab/pertuzumab (21). In this small but biologically
intriguing molecular triaging study, CES was highly associated
with likelihood of molecular response to ET, as expected. After
molecular triaging, the pCR rate was 25% among molecular

Table 2. Logistic regression analyses of pCR including CES, intrinsic subtypes, and ROR in the entire cohort.

Univariate analysis Multivariable analysis
Variables N pCR rate OR Lower 95% Upper 95% P OR Lower 95% Upper 95% P

Chemotherapy
No 112 20.54% 1 — — — 1 — — —
Yes 373 43.43% 2.707 1.631 4.490 <0.001a 5.086 1.097 23.576 0.031a

ROR-P (cont. variable per unit) 457 — 1.029 1.018 1.041 <0.001a 0.999 0.977 1.014 0.523
ROR-P (group)
ROR-P low 33 6.06% 1 — — —

ROR-P intermedium 225 33.77% 7.906 1.843 33.920 <0.005
ROR-P high 199 43.71% 12.040 2.804 51.694 <0.001a

Subtype
Non-Her2E 233 20.17% 1 — — — 1 — — —

HER2E 224 52.67% 4.405 2.912 6.663 <0.001a 2.945 1.733 5.005 <0.001a

CES (cont. variable per unit) 457 — 0.216 0.138 0.338 <0.001a 0.391 0.188 0.808 0.016a

CES (group)
CES-E 78 7.69% 1 — — —

CES-U 105 24.76% 3.949 1.537 10.144 0.004a

CES-C 274 48.54% 11.319 4.761 26.907 <0.001a

Study
CALGB 40601 131 39.69% 1 — — — 1 — — —

CherLOB 46 23.91% 0.477 0.223 1.023 0.057 0.653 0.278 1.534 0.328
HCB 76 35.52% 0.837 0.222 1.023 0.551 0.694 0.363 1.326 0.268
ICO 42 35.71% 0.844 0.410 1.737 0.695 0.745 0.341 1.625 0.460
OptiHER 35 71.43% 3.798 1.685 8.560 0.001a 3.542 1.470 8.535 0.004a

PAMELA 76 18.42% 0.343 0.174 0.675 0.001a 1.693 0.309 9.255 0.543
PerELISA 51 41.17% 1.063 0.551 2.054 0.855 3.105 0.796 12.104 0.102

Age (cont. variable) 457 — 0.984 0.968 1.000 0.0519
Stage baseline

I 46 36.95% 1 — — —

II 337 35.6% 0.943 0.322 1.066 0.858
III 81 37.84% 1.038 0.485 2.222 0.923

Tumor size at baseline
cT1–2 370 37.02% 1 — — —

cT3–4 75 29.33% 0.706 0.411 1.211 0.206
Nodal status at baseline

0 232 33.62% 1 — — —

1–2 216 38.42% 1.232 0.837 1.813 0.290
Anti-HER2

1 227 37.00% 1 — — —

2 258 39.14% 1.021 0.696 1.497 0.916

aP values <0.05 are statistically significant.

Herein, we evaluated the association of CES with response and 
survival outcomes in a large combined dataset of newly diagnosed 
patients with HRþ/HER2þ disease treated with anti-HER2 neoadju-
vant therapy and made the following observations. First, the CES 
predicts pCR in HRþ/HER2þ breast cancer and its predictive value is 
independent of standard clinicopathologic variables, and PAM50 ROR 
or intrinsic subtype. The maintained relationship of CES and pCR in 
patients treated on ET plus anti-HER2 drugs (rather than chemother-
apy plus anti-HER2) suggests that the CES predictive capability is 
driven more by HER2 than by HR. Second, CES provided independent 
prognostic information beyond standard clinicopathologic variables, 
intrinsic subtype, and ROR. Third, within patients that do not achieve 
a pCR, the CES can identify a group of patients with excellent DFS 
without trastuzumab emtansine (T-DM1). Although additional val-
idation of this prognostic tool is needed, this may be the CES’ greatest 
clinical utility given the absence of prognostic biomarkers to identify 
those truly benefiting from the current standard of escalating to 
T-DM1 for those with residual disease.



responders, with relatively similar pCR rates across CES groups
selected on the basis of having excellent molecular response to
ET. Among molecular nonresponders, who by definition had
inadequate response to ET alone and went on to chemotherapy
plus HER2-targeting, virtually all had CES-C tumors and a remark-
able pCR rate of 81%.

These findings support that CESmay help us improve treatment for
early stage HER2þ breast cancer, in whom new strategies are needed
to optimize and de-intensify treatments. This is already a reality in
HRþ/HER� disease, where gene expression-based assays are rou-
tinely used to personalize treatment and, most importantly, to estab-
lish the benefits and needs of adjuvant chemotherapy (39). As noted,
pCR is a well-validated clinically relevant endpoint that impacts on
extent of surgery and the need for additional adjuvant therapy. A
consistent finding over the past decade is the importance of intrinsic
subtype in predicting pCR, and that HER2-E tumors have higher pCR
rates (between 28% and 72%) when treated with anti-HER2 therapies
(with/without chemotherapy), comparedwith other subtypes (33).We
also found this to be true here. In our study, CES provided predictive
information independent of the HER2-E subtype, despite both being
based in part on PAM50 subtyping.

There is currently an effort to de-escalate the treatment in
HRþ/HER2þ early disease, with different trials studying combina-
tions with dual HER2 blockade, or antibody-drug conjugates and/or
with hormone therapy. For example, the phase II clinical trial PHER-
GAIN (NCT03161353; ref. 40) is evaluating the combination of
pertuzumab and trastuzumab (and ET if HRþ) without chemotherapy
for those patients who achieve a pCR or the phase II TOUCH
(NCT03644186; ref. 41) trial is examined the role of neoadjuvant
therapy with palbociclib, letrozole, pertuzumab, and trastuzumab
versus paclitaxel, trastuzumab and pertuzumab in postmenopausal
women with HRþ/HER2þ breast cancer. Presumably, patients with
CES-E tumors will have a greater benefit from combinations with
hormonal therapy compared with patients with CES-C tumors.

We were also able to examine CES and survival outcomes. Patients
that achieve pCR appear to do well regardless of CES status. However,
we found that CES was prognostic in patients with residual disease,
which represents �50% of HRþ/HER2þ breast cancer. This might
have implications for management of these patients. Our study
suggests a low risk of cancer recurrence in the CES-E group with
residual disease, which represented 25% of the residual disease pop-
ulation. Although the KATHERINE trial demonstrated that admin-
istration of adjuvant T-DM1 in patients with residual disease after
neoadjuvant treatment was superior to trastuzumab regardless of HR
status (35), it is possible that the absolute benefit of adjuvant T-DM1
might be low in CES-E HER2þ early breast cancer and may permit
omission of this expensive drug with additional toxicity.

Our study has several limitations. First, the clinical cohorts in this
study were powered for heterogeneous primary endpoints, which
have been evaluated in primary publications. Second, although the
data presented here validates CES from a clinical perspective, and
the PAM50 assay on the nCounter platform allows the clinical
implementation in a highly reproducible manner (42, 43), further
analytical validation of the CES methodology needed. Third, our
data are mostly based on trastuzumab or the combination of
trastuzumab plus lapatinib, and our findings will require confir-
mation in additional studies that test the combination of trastu-
zumab plus pertuzumab. Moreover, most of our trials included
chemotherapy with HER2-targeting; pursuing findings in all-
biologic regimens (i.e., no chemotherapeutics) will require larger
sample sizes from cohorts of that type. Fourth, other promising
molecular biomarkers, such as stromal tumor infiltrating lympho-
cytes and immune gene signatures, were not uniformly available,
and thus were not examined in this study.

Another important consideration of our study is that these cutoffs
are based on tertiles in HRþ/HER2� disease from the original
publication and we did not attempt to identify an optimal cutoff(s)
for CES in HRþ/HER2þ, but rather focused on the association of the

OR = 27.45, 95% CI, 3.50–215.51, P = 0.001

CES

Figure 3.

Probability of response (Ki67 relative reduction >20% from baseline) after 2weeks of letrozole inmonotherapy as a function of CES in patients in the PerELISA study.
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Figure 4.

Survival curves in the combined HRþ/HER2þ breast cancer data set in 295 patients. A, DFS according to CES group status. B, DFS according to pCR and CES
group status. Estimates of DFS were from Kaplan–Meier curves and tests of differences by two-sided log-rank test. Vertical ticks represent censoring events.
DFS was defined as the interval from surgery to ipsilateral invasive breast tumor recurrence, regional recurrence, distant recurrence, or death of any cause,
whichever occurred first.

continuous expression of CES with each endpoint. In any case, the fact 
that all seven testing sets gave very similar results and were found 
independently of the platform/protocol used argues in favor of a robust 
finding. In addition, considering that the CES is not scaled per dataset, 
it can be applied to any new dataset after calculating PAM50 subtype 
predictor.

To conclude, CES at diagnosis provides useful prognostic and 
predictive information for HRþ/HER2þ patients. Further studies are 
needed to determine the role of CES in treatment decision-making at 
diagnosis in this population.
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