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Abstract
Purpose The role of neoadjuvant endocrine therapy in the treatment of patients with early-stage, hormone receptor-positive 
(HR +) breast cancer is not well defined. Tools to better determine which patients may benefit from neoadjuvant endocrine 
therapy versus chemotherapy or upfront surgery remain an unmet need.
Methods We assessed the rate of clinical and pathologic complete response (cCR, pCR) among a pooled cohort of patients 
with early-stage HR + breast cancer who had been randomized to neoadjuvant endocrine therapy or neoadjuvant chemo-
therapy in two earlier studies to understand better how outcomes varied by Oncotype DX Breast Recurrence Score® assay.
Results We observed that patients with intermediate RS results had no statistically significant differences in pathologic out-
comes at the time of surgery based on whether they received neoadjuvant endocrine therapy or neoadjuvant chemotherapy, 
suggesting that a subgroup of women with a RS 0–25 may omit chemotherapy without compromising outcomes.
Conclusion These data suggest that Recurrence Score® (RS) results may serve as a useful tool in treatment decision-making 
in the neoadjuvant setting.

Keywords Hormone receptor-positive breast cancer · Neoadjuvant therapy · Endocrine therapy · Oncotype · Recurrence 
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Introduction

Adjuvant endocrine therapy remains the standard of care 
for patients with early-stage, HR + breast cancer who can 
safely omit chemotherapy based on RS results; however, 
the role of neoadjuvant endocrine therapy remains unclear 
[1, 2]. Historically, neoadjuvant endocrine therapy has been 
underutilized, especially in the US, with reported use as low 

as 3% among eligible patients [3]. Park et al. found that 
46% of physicians reported using neoadjuvant endocrine 
therapy only rarely and 33% reported using sometimes [4]. 
Limited use of neoadjuvant endocrine therapy has stemmed 
from concerns regarding disease progression and unclear 
improvement in surgical outcomes, in addition to limited 
data on the optimal duration of treatment, endocrine therapy 
regimen, and the ideal patient population in terms of age and 
RS result [5–8].

The use of genomic assays has significantly impacted 
how physicians approach adjuvant treatment decisions 
for women with early-stage, HR + breast cancer; however, 
data for use in the neoadjuvant setting are limited. Tools 
to better determine which patients may benefit from neo-
adjuvant endocrine therapy versus neoadjuvant chemo-
therapy or upfront surgery followed by chemotherapy 
remain an unmet need. This secondary pooled analysis 
of randomized phase II prospective studies re-examines 
the use of neoadjuvant endocrine therapy among a cohort 
of premenopausal and postmenopausal patients with 
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early-stage HR + , human epidermal growth factor recep-
tor 2-negative (HER2-) breast cancer randomized to neo-
adjuvant endocrine therapy or neoadjuvant chemotherapy 
based on Oncotype DX® assay performed on initial core 
biopsy specimens. Performance of the 21-gene RS assay 
on biopsy specimens rather than tissue specimens follow-
ing excision has demonstrated reliable results [9–11].

Patients and methods

Data were pooled from two independent randomized 
phase II prospective studies of early-stage, HR + , HER2- 
patients with invasive breast cancer in a preoperative set-
ting, performed at Emory University’s Winship Cancer 
Institute (Emory) and Massey Cancer Center at Virginia 
Commonwealth University (VCU) from 2010 to 2012; 
the latter included patients from 6 additional collaborat-
ing sites in the US and Canada [12, 13]. Data from the 
VCU analyses were previously published by Bear et al. and 
data from the Emory studies were presented as a poster 
at ASCO in 2013 [12, 13]. Eligibility criteria were also 
compared and consistent approaches to patient exclusions 
were verified.

The VCU multi-center study included women with 
HR + (defined as > 10% tumor staining by immunohisto-
chemistry), HER2- invasive breast cancer measuring at least 
2 cm and deemed by the surgeon not suitable for breast-
conserving surgery unless size reduced by neoadjuvant 
therapy with ECOG performance status 0–1 [13]. Similarly, 
the Emory studies included women with confirmed early-
stage (T1c-3, cN0-3, cM0), HR + , HER2- breast cancer 
with ECOG performance status 0–2 and no prior chemo-
therapy, hormonal therapy, or radiation [12]. Both studies 
assigned treatment based on the RS result: patients with 
RS result values of 0–10 received neoadjuvant endocrine 
therapy (Group A), those with intermediate values of 11–24 
(Emory) or 11–25(VCU) were randomized to neoadjuvant 
endocrine therapy (Group B) or neoadjuvant chemotherapy 
(Group C), and patients with the highest RS result values 
of 25–100 (Emory) or 26–100 (VCU) received neoadjuvant 
chemotherapy (Group D).

Outcomes evaluated for this analysis include clinical 
partial and complete response (cPR, cCR) and pathologic 
complete response (pCR) in the breast and axillary nodes. 
Pathology reports from surgical specimens were reviewed 
for determination of pCR, and clinical partial and complete 
response were determined by review of radiology reports in 
the medical records using RECIST criteria. Of note, patients 
in the VCU cohort were deemed not suitable for breast con-
servation without tumor shrinkage as determined by a mul-
tidisciplinary treatment team.13

Statistical analysis

Prior to combining the patients from each study into one 
analysis cohort, comparisons of the VCU and Emory 
patients were performed to assess whether the groups were 
similar enough for pooling. Due to small sample sizes, 
we were limited to conducting a simple descriptive explo-
ration of study differences. Comparisons of continuous 
variables (age, RS result, chemotherapy cycles, months 
of endocrine therapy) were performed using the Wilcoxon 
Median 2-sample test, and categorical variables (race, eth-
nicity, menopausal status, nodal stage, HR status, grade, 
RS group, randomized neoadjuvant treatment group, cCR, 
cPR, and pCR) were evaluated using the Chi-square test or 
Fisher’s exact test for cell counts < 5. Comparisons could 
not be made by overall clinical stage, as this variable was 
not reported from VCU.

No clinically significant differences were identified 
that would limit pooling of the study data. Although 
event counts were too low to perform robust regression 
models predicting study outcomes, associations between 
RS result, type of neoadjuvant therapy (comparing all RS 
groups), and pCR in the breast, lymph nodes and breast 
plus lymph nodes were evaluated using Fisher’s exact test. 
Of note, one patient who did not receive Sentinel Lymph 
Node Biopsy (SLNB) or Axillary Lymph Node Dissec-
tion (ALND) was excluded from the denominator for pCR 
Nodes.

A sensitivity analysis was performed to assess the 
impact of the differing RS result cut-points in groups B 
and C between the studies on the outcomes. In this analy-
sis, Emory patients with RS result = 25 were reassigned 
from Group D into Group C, since they were treated with 
neoadjuvant chemotherapy. Analyses were performed 
using SAS version 9.4 (SAS Institute, Cary, NC).

Both studies were designed as pilot studies to assess 
feasibility and subsequently, there were no pre-planned 
power and sample size estimates performed in the com-
bined analysis. Post hoc power calculations are controver-
sial and of limited utility.

Results

Our analysis included 109 eligible patients from both insti-
tutions (n = 50 from Emory, n = 59 from VCU). Protocol 
schema for the VCU and the Emory studies are shown 
below in Fig. 1 and Fig. 2, respectively. The CONSORT 
diagram for the combined data is shown in Fig. 3. The 
Emory cohort was younger, with a median age of 56 years 
vs 63  years in the VCU cohort (p = 0.015, Table  1). 
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The Emory cohort was also more racially diverse, with 
37.5% of patients being of African American ethnicity 
vs 18.6% in the VCU cohort (p = 0.029). Patients were 
predominantly postmenopausal (69.6% Emory vs 83.1% 
VCU, notably excluding 2 male patients from Emory, 
p = 0.103). Clinical nodal status among the Emory cohort 
was evenly divided, with 50% N0 and 50% N + , while the 
majority of VCU patients were N0 (76.3% N0 vs 22.0% 
N + , p = 0.004). Tumor grade was similar across the two 
cohorts, with the majority of patients in each group having 
Grade 2 tumors (60% Emory and 69% VCU, p = 0.340). 
Patients in the Emory study received longer courses of 
neoadjuvant endocrine therapy (median 10 months vs 
5.5  months at VCU, p < 0.001), while patients in the 
chemotherapy treatment groups in both studies received 

a median of 6 cycles of treatment (p = 0.971). There were 
no significant differences in rates of cCR or pCR between 
study cohorts. Cohort characteristics are noted below in 
Table 1.

RS groups

Patients were pooled and grouped based on RS result: 
RS < 11 (18.0% Emory and 20.3% VCU), RS 11–24 
(Emory) or 25 (VCU) (36.0% Emory and 55.9% VCU), 
and RS 25 (Emory) or 26 (VCU) or higher (46.0% Emory 
and 23.7% VCU). Patients in Group A were older (median 
64 years vs 59 years in Group D), with a higher percent-
age of low-grade tumors (47.6% grade 1 vs 5.4% grade 
1 among RS > 24/25 in Group D). Patients with high RS 
result (Group D) had a higher percentage of nodal involve-
ment (48.6%) than those with low RS result (23.8% in 
Group A). Nodal involvement among randomized patients 
with intermediate RS results differed somewhat, with 
22.2% N + in Group B and 37.5% N + in Group C. Results 
are summarized in Table 2.

Among patients with high RS result in group D, 2 
Emory patients (8.7%) achieved cCR versus 4 patients 
(28.6%) in the VCU group (p = 0.1735). Rates of cCR 
among patients with intermediate and low RS varied 
between groups with 23.5% (Emory) vs 36.4% (VCU) 
achieving cCR with intermediate-risk scores (Groups B 
and C), and 11.1% (Emory) vs 8.3% (VCU) achieving cCR 
with low RS in Group A (results not shown).

HR+/Her-2 Neg. Breast Cancer 
Needing Neoadjuvant Treatment to Achieve BCT

Core Biopsy for Gene Expression 
Profile (RS)

<11 11-25 >25

Neoadjuvant 
Hormonal Therapy

Randomize Neoadjuvant 
Chemotherapy

Neoadjuvant 
Hormonal Therapy

Neoadjuvant 
Chemotherapy

SURGERY

Endpoints: Clinical Response, BCT, RCB, pCR

Fig. 1  Protocol schema from VCU study [13]

RS ≤ 10

RS 11-24

Stage I-III
HR-positive 

Breast Cancer

Exemestane

Exemestane

TC x 6 cycles

RS ≥ 25
TC x 6 cycles

Endpoints: pCR rate, clinical and radiologic response rate, breast-conserving 
surgery rate

Fig. 2  Protocol schema from Emory study [12]

50 Emory patients 
eligiblea

59 VCU patients 
eligibleb

109 Evaluable Pooled Patients

Group A
RS <11
N=21

(Emory N=9,
VCU N=12) 

Group B
RS 11-24/25

N=37
(Emory N=18, 
VCU N=19)

Group D
RS > 24/25

N=37
(Emory N=23, 
VCU N=14)

RANDOMIZED 

Group C
RS 11-24/25

N=34
(Emory N=18, 
VCU N=14)

Fig. 3  CONSORT diagram for combined a There were 4 patients ini-
tially enrolled in the Emory study who were ultimately excluded for 
the following reasons: two patients declined ongoing study participa-
tion due to their assigned treatment group; 1 patient elected to go off 
study due to low Oncotype DX result; 1 patient was treated off study 
due to a full neoadjuvant endocrine therapy arm. b 5 patients enrolled 
to the VCU study were ultimately excluded from study evaluation for 
the following reasons: 1 had delayed RS; 1 biopsy block was unable 
to be located; 1 hormone receptor discrepancy; 1 did not have a preg-
nancy test; 1 with insufficient tumor for RS



94 Breast Cancer Research and Treatment (2023) 199:91–98

1 3

Table 1  Cohort characteristics

(a) The Wilcoxon Median 2-sample test was used for P value calculation for age, recurrence score, months 
of endocrine therapy, and cycles of chemotherapy. Fisher’s exact test was used for categorical variables 
with cell counts < 5 (Hispanic, N stage, HER2 negative) and the Chi-square test was used for other categor-
ical variables (Race, Menopausal status, PR status, Grade, Oncotype Dx Recurrence Score Group, Rand-
omized patient treatment)
(b) No overall clinical stage variable reported for VCU
(c) Intermediate RS values of 11–24 (Emory) or 11–25(VCU)

Variable Emory (N = 50) VCU (N = 59) P value (a)

Age, median (range) 56 (35, 75) 64 (37, 80) 0.015
Race
 Caucasian 30 (62.5%) 48 (81.4%) 0.029
 African American 18 (37.5%) 11 (18.6%)
 Female 48 (96.0%) 59 (100%) 0.208
 Hispanic 1 (2.0%) 2 (3.4%) 1.000

Menopausal status (excludes 2 male patients in Emory cohort)
 Pre 14 (30.4%) 10 (16.9%) 0.103
 Post 32 (69.6%) 49 (83.1%)

N stage
 N0 25 (50.0%) 45 (76.3%) 0.004
 N + 25 (50.0%) 13 (22.0%)
 NX 0 (0.0%) 1 (1.7%)

Clinical  stageb

 I 1 (2.0%) N/A N/A
 II 43 (86.0%) N/A
 III 6 (12.0%) N/A

Hormone receptor status, by IHC
 ER positive 50 (100.0%) 59 (100.0%) N/A
 PR positive 41 (82.0%) 52 (88.1%) 0.367
 HER2 Negative, by IHC/FISH 50 (100.0%) 59 (100.0%) N/A

Grade
 1 11 (22.0%) 13 (22.4%) 0.340
 2 30 (60.0%) 40 (69.0%)
 3 9 (18.0%) 5 (8.6%)
 Oncotype Dx Recurrence Score, Median (range) 24 (2, 57) 18 (0, 65) 0.177

Oncotype Dx Recurrence Score Group
  < 11 9 (18.0%) 12 (20.3%) 0.042
 11–24/25c 18 (36.0%) 33 (55.9%)
 24/25 + 23 (46.0%) 14 (23.7%)

Randomized patient treatment
 Chemotherapy 11 (61.1%) 13 (39.4%) 0.138
 Endocrine therapy 7 (38.9%) 20 (60.6%)
 Cycles of chemotherapy (among patients who 

received it), Median (range)
6 (1, 6) 6 (1, 12) 0.971

 Months of endocrine therapy (among patients who 
received it), Median (range)

10.0 (6.0, 20.0) 5.5 (0.7, 8.5)  < .001

Outcomes
 cCR 7 (14.3%) 17 (28.8%) 0.071
 cPR 16 (32.7%) 26 (44.1%) 0.226
 pCR Breast 5 (10.2%) 4 (7.4%) 0.616
 pCR Nodes 3 (6.1%) 3 (5.7%) 1.000
 pCR breast + nodes 4 (8.2%) 4 (7.4%) 1.000



95Breast Cancer Research and Treatment (2023) 199:91–98 

1 3

Rates of pCR

With regard to pCR, there were few events reported among 
patients with low or intermediate RS results in the pooled 
data. One patient (4.8%) in Group A was found to have pCR 
in the breast plus lymph nodes (4.8%), while no patients 
in either randomized group achieved pCR in the breast or 

breast plus lymph nodes. While there were different rates of 
pCR in the lymph nodes in the randomized groups (4.3% in 
Group B vs 13.6% in Group C), they did not reach statisti-
cal significance (p = 0.298). Patients with high RS results 
(Group D) were shown to have significantly higher rates 
of pCR in breast plus lymph nodes across groups (18.9%, 
p = 0.014). Notably, while patients on the Emory study 

Table 2  Demographic and clinical characteristics by treatment group

(a) Nonparametric testing was used for P value calculation for age, recurrence score, months of endocrine therapy, and cycles of chemotherapy. 
Fisher’s exact test was used for categorical variables with cell counts < 5
Group A = Recurrence Score < 11, Group B = Recurrence Score 11–24 (Emory study) or 11–25 (VCU study) receiving NHT, Group C = Recur-
rence score 11–24 (Emory study) or 11–25 (VCU study) receiving NCT, and Group D = Recurrence score > 24 (Emory study) or > 25 
(VCU study)

Variable Group A (N = 21) Group B (N = 27) Group C (N = 24) Group D (N = 37) P value (a)

Age, Median (range) 64 (38, 76) 59 (37, 80) 57 (40, 75) 59 (35, 72) 0.013
Race
 Caucasian 15 (71.4%) 23 (85.2%) 18 (75.0%) 22 (62.9%) 0.270
 African American 6 (28.6%) 4 (14.8%) 6 (25.0%) 13 (37.1%)
 Hispanic 1 (4.8%) 0 (0.0%) 1 (4.2%) 1 (2.8%) 0.788

Menopausal status
 Pre 3 (14.3%) 6 (22.2%) 9 (37.5%) 6 (18.2%) 0.240
 Post 18 (85.7%) 21 (77.8%) 15 (62.5%) 27 (81.8%)

N stage
 N0 16 (76.2%) 20 (74.1%) 15 (62.5%) 19 (51.4%) 0.127
 N + 5 (23.8%) 6 (22.2%) 9 (37.5%) 18 (48.6%)
 NX 0 (0.0%) 1 (3.7%) 0 (0.0%) 0 (0.0%)

Hormone receptor status, by IHC
 ER positive 21 (100.0%) 27 (100.0%) 24 (100.0%) 37 (100.0%) N/A
 PR positive 19 (90.5%) 23 (85.2%) 21 (87.5%) 30 (81.1%) 0.785
 HER2 Negative, by IHC/FISH 21 (100.0%) 27 (100.0%) 24 (100.0%) 37 (100.0%) N/A

Grade
 1 10 (47.6%) 9 (34.6%) 3 (12.5%) 2 (5.4%) 0.0002
 2 11 (52.4%) 14 (53.8%) 20 (83.3%) 25 (67.6%)
 3 0 (0.0%) 3 (11.5%) 1 (4.2%) 10 (27.0%)
 Oncotype Dx Recurrence Score, 

Median (range)
8 (0, 10) 19 (11, 25) 18 (11, 24) 33 (25, 65)  < .001

Oncotype Dx Recurrence Score Group
  < 11 21 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) N/A
 11–24/25 0 (0.0%) 27 (100.0%) 24 (100.0%) 0 (0.0%)
 24/25 + 0 (0.0%) 0 (0.0%) 0 (0.0%) 37 (100.0%)

Table 3  pCR according to treatment groups (All Eligible Patients)

(a) Fisher’s exact test was used for categorical variables with cell counts < 5
Group A = Recurrence Score < 11, Group B = Recurrence Score 11–24 (Emory) or 11–25 (VCU) receiving NET, Group C = Recurrence Score 
11–24 (Emory) or 11–25 (VCU) receiving NCT, and Group D = Recurrence Score > 24 (Emory) or > 25 (VCU)

Variable Group A (N = 21) Group B (N = 23) Group C (N = 22) Group D (N = 37) P value (a)

pCR Breast 1 (4.8%) 0 (0.0%) 0 (0.0%) 8 (21.6%) 0.0059
pCR Nodes 0 (0.0%) 1 (4.3%) 3 (13.6%) 2 (5.6%) 0.2977
pCR Breast + Nodes 1 (4.8%) 0 (0.0%) 0 (0.0%) 7 (18.9%) 0.0143
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received longer courses of neoadjuvant endocrine therapy 
(median 10 months at Emory vs 5.5 months at VCU), there 
were no significant differences in pCR across RS result sub-
groups noted between the two institutions. Table 3 summa-
rizes rates of pCR according to treatment groups.

Since the one Emory patient with RS result 25 did not 
experience pCR, sensitivity analyses re-categorizing them 
to group C only impacted the denominators. Significance for 
differences did not shift (results not shown).

Discussion

In this study, we observed that patients with intermedi-
ate RS results had no statistically significant differences 
in pathologic outcomes at the time of surgery based on 
whether they received neoadjuvant endocrine therapy or 
neoadjuvant chemotherapy. While our study did not include 
secondary analyses of pCR based on lymph node involve-
ment or menopausal status among RS groups, the results 
suggest that a subgroup of women with a RS 0–25 may omit 
chemotherapy without compromising rates of clinical and 
pathologic complete response. This aligns with data from 
the Trial Assigning Individualized Options for Treatments 
(TAILORx), establishing no benefit of chemotherapy among 
women over the age of 50 years with HR + node-negative 
(N0) breast cancer and RS 11–25, as well as RxPONDER, 
which demonstrated that postmenopausal women with 
HR + node-positive (1–3 positive nodes) breast cancer and 
RS ≤ 25 can safely avoid chemotherapy [1, 14].

Our study findings suggest that the RS result may be an 
impactful tool to help guide treatment decisions in the neo-
adjuvant setting and reinforces the clinical feasibility of the 
RS assay using core biopsy specimens. The use of NET, 
which has been more often used in Europe than in the US, 
is a reasonable approach to downstaging some HR + tumors 
to allow de-escalation of surgery, particularly to allow breast 
conservation that might otherwise not be possible. Currently 
validated for use in the adjuvant setting, gene expression 
profiles like the Oncotype DX assay and the 70-gene sig-
nature MammaPrint assay have significantly contributed 
to better understanding of the heterogeneity among early-
stage HR + breast cancer and, in doing so, have decreased 
the number of women exposed to the potential toxicities 
of chemotherapy [15]. As the quest for precision care con-
tinues, the far-reaching potential for application of gene 
expression profiles to varying subgroups of women in the 
neoadjuvant setting remains an active area of interest.

Ongoing trials evaluating the use of neoadjuvant endo-
crine therapy in combination with cyclin-dependent kinase 
(CDK) 4/6 inhibitors have shown promising results [8, 
16, 17]. While the combination of CDK4/6 inhibitors and 
endocrine therapy prolongs progression-free survival and 

overall survival among patients with metastatic HR + breast 
cancer and more recently has demonstrated clinical benefit 
in patients with HR + N + high risk early breast cancer, the 
potential benefit of these combinations in the neoadjuvant 
setting remains unclear [18–21]. Phase II data from the Neo-
PalAna trial conclude that the combination of neoadjuvant 
palbociclib and anastrozole induces a higher rate of com-
plete cell-cycle arrest (defined as Ki67 ≤ 2.7%) than anastro-
zole alone in patients with clinical stage II/III HR + breast 
cancer [16]. The neoMONARCH trial evaluating the biolog-
ical and clinical activity of combined neoadjuvant abemaci-
clib and anastrozole in postmenopausal women with stage 
I-IIIB HR + /Her2- breast cancer demonstrated increased 
rates of complete cell-cycle arrest and decrease in Ki67, 
with 46% of intention-to-treat patients achieving a radiologic 
response [17]. These data have supported ongoing studies 
further evaluating the use of CDK4/6 inhibitors and endo-
crine therapy combinations in the neoadjuvant setting. Our 
study successfully showed the utility of the Oncotype DX 
assay in the neoadjuvant setting and highlights the feasibility 
and potential clinical impact of its application in ongoing 
research of neoadjuvant CDK4/6 inhibitors and endocrine 
therapy.

Finally, it is important to note the difference in duration of 
neoadjuvant endocrine therapy between the two institutions. 
Despite patients in the Emory cohort receiving significantly 
longer courses of neoadjuvant endocrine therapy (median 
10 months versus 5.5), there were no significant differences 
in pCR across RS result groups between the two institutions, 
and nearly three quarters of the VCU patients were able to 
receive breast-conserving treatment despite the pre-treat-
ment assessment that they would require total mastectomies. 
Duration of neoadjuvant endocrine therapy has historically 
ranged from 12 to 24 weeks, although adequate duration 
to optimize outcomes has not been defined [8]. One study 
evaluating the impact of neoadjuvant endocrine therapy on 
objective response rate (ORR) found no significant differ-
ences between short (< 9 weeks), moderate (9–27 weeks), 
and long (> 27 weeks) durations of treatment (ORR was 
56.7%, 52.1%, and 49%, respectively) [22]. In their phase 
II study evaluating neoadjuvant endocrine therapy versus 
neoadjuvant chemotherapy in postmenopausal women with 
HR + breast cancer, Semiglazov et al. noted a median time 
to clinical response of 57 days in patients receiving endo-
crine therapy [23]. Data from the Edinburgh Breast Unit 
demonstrate high response rates with reductions in tumor 
volume greater than 80% in some cases of postmenopausal 
women with estrogen receptor-rich tumors after just three 
months of NET, while Fontein et al. demonstrated improved 
clinical response and breast conservation rates following six 
months of neoadjuvant endocrine therapy when compared to 
three [24, 25]. These findings suggest that when used in the 
appropriate patient population, the duration of neoadjuvant 
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endocrine therapy may be adjusted pending other treatment 
considerations and clinical response. Ultimately, recommen-
dations for neoadjuvant endocrine therapy should be individ-
ualized, taking into consideration clinical response, potential 
side effects, surgical planning, and patient preference.

Limitations of this study include the narrow scope in 
assessing pCR, lack of long-term follow-up and limited 
number of premenopausal patients. We did not assess the 
differences in side effects (both immediate or long-term) 
between treatment groups, nor did we evaluate for differ-
ences in disease recurrence. While the difference in RS 
result groupings (11–24 for Emory, 11–25 for VCU) created 
an inconsistency between studies, the sensitivity analysis 
illustrated that it had no impact on the results. Due to the low 
number of patients as described above and events for each 
study, we were unable to provide more than a descriptive 
explanation of the study differences. We explored adjusted 
analyses accounting for random effects of study and fixed 
effects for variables including length of endocrine therapy to 
determine the impact of differences between studies on pool-
ing the data, but were unable to achieve model convergence. 
Finally, secondary analyses of data from previously designed 
studies can be subject to bias, even though these two studies 
had similar objectives. Despite these limitations, this study 
importantly highlights the potential for the Oncotype DX 
assay use in the neoadjuvant setting for therapeutic decision-
making and the impact this may have on further personal-
izing treatment plans for a large group of patients with breast 
cancer.

Conclusion

Our results demonstrate that the use of the Oncotype DX 
Breast Recurrence Score assay in the neoadjuvant setting 
may help guide treatment decisions when considering the 
use of neoadjuvant endocrine therapy versus neoadjuvant 
chemotherapy. Patient age and planned duration of endo-
crine therapy as well as patient preferences should be con-
sidered when determining neoadjuvant treatment plans. 
Ongoing studies evaluating the use of neoadjuvant endocrine 
therapy with CDK4/6 inhibitors will offer further insight 
into optimal neoadjuvant treatment strategies in HR + breast 
cancer [16, 17, 26]. Subsequent phase III evaluation of the 
role of genomic assays in the neoadjuvant setting is feasi-
ble and may help determine whether neoadjuvant endocrine 
therapy + CDK 4/6 inhibitors could replace neoadjuvant 
chemotherapy for patients with higher RS values.

Authors' contribution All authors contributed to the study conception 
and design. The first draft of the manuscript was written by Caitlin Tay-
lor and all authors commented on previous versions of the manuscript. 
All authors read and approved the final manuscript.

Funding The authors have not disclosed any funding.

Data availability Enquiries about data availability should be directed 
to the authors.

Declarations 

Conflicts of interest Author Russell is an employee of and owns stock 
in Exact Sciences. Author Foreman is a former employee of Exact Sci-
ences. Author Meisel has conflicts of interest caused by honoraria as 
follows: AstraZeneca, Clovis, Genentech, Glaxo SmithKline, Novartis, 
Pfizer, Puma, Sanofi Genzyme, and Seagen. She also has conflicts of 
interest caused by research grants or other funding from Seagen, Pfiz-
er, and Olema. The remaining authors have no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sparano JA, Gray RJ, Makower DF et al (2018) Adjuvant chemo-
therapy guided by a 21-gene expression assay in breast cancer. 
N Engl J Med 379(2):111–121. https:// doi. org/ 10. 1056/ NEJMo 
a1804 710

 2. Korde LA, Somerfield MR, Carey LA et al (2021) Neoadjuvant 
chemotherapy, endocrine therapy, and targeted therapy for breast 
cancer: ASCO guideline. J Clin Oncol 39(13):1485–1505. https:// 
doi. org/ 10. 1200/ JCO. 20. 03399

 3. Chiba A, Hoskin TL, Heins CN, Hunt KK, Habermann EB, 
Boughey JC (2017) Trends in neoadjuvant endocrine therapy use 
and impact on rates of breast conservation in hormone receptor-
positive breast cancer: a national cancer data base study. Ann Surg 
Oncol 24(2):418–424. https:// doi. org/ 10. 1245/ s10434- 016- 5585-5

 4. Park KU, Gregory M, Bazan J et al (2021) Neoadjuvant endocrine 
therapy use in early stage breast cancer during the covid-19 pan-
demic. Breast Cancer Res Treat 188(1):249–258. https:// doi. org/ 
10. 1007/ s10549- 021- 06153-3

 5. Dowsett M, Ellis MJ, Dixon JM et al (2020) Evidence-based 
guidelines for managing patients with primary ER+ HER2- breast 
cancer deferred from surgery due to the COVID-19 pandemic. NPJ 
Breast Cancer 6:21. https:// doi. org/ 10. 1038/ s41523- 020- 0168-9

 6. Goldbach MM, Burkbauer L, Bharani T et al (2021) Effectiveness 
of a short duration of neoadjuvant endocrine therapy in patients 
with HR+ breast cancer-an NCDB analysis (2004–2016). Ann 
Surg Oncol. https:// doi. org/ 10. 1245/ s10434- 021- 10287-5

 7. Davey MG, Ryan EJ, Boland MR, Barry MK, Lowery AJ, Kerin 
MJ (2021) Clinical utility of the 21-gene assay in predicting 
response to neoadjuvant endocrine therapy in breast cancer: a 
systematic review and meta-analysis. Breast 58:113–120. https:// 
doi. org/ 10. 1016/j. breast. 2021. 04. 010

 8. Spring LM, Gupta A, Reynolds KL et al (2016) Neoadjuvant 
endocrine therapy for estrogen receptor-positive breast cancer: a 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1804710
https://doi.org/10.1056/NEJMoa1804710
https://doi.org/10.1200/JCO.20.03399
https://doi.org/10.1200/JCO.20.03399
https://doi.org/10.1245/s10434-016-5585-5
https://doi.org/10.1007/s10549-021-06153-3
https://doi.org/10.1007/s10549-021-06153-3
https://doi.org/10.1038/s41523-020-0168-9
https://doi.org/10.1245/s10434-021-10287-5
https://doi.org/10.1016/j.breast.2021.04.010
https://doi.org/10.1016/j.breast.2021.04.010


98 Breast Cancer Research and Treatment (2023) 199:91–98

1 3

systematic review and meta-analysis. JAMA Oncol 2(11):1477–
1486. https:// doi. org/ 10. 1001/ jamao ncol. 2016. 1897

 9. Jakubowski DM, Bailey H, Abran J et al (2020) Molecular char-
acterization of breast cancer needle core biopsy specimens by the 
21-gene Breast Recurrence Score test. J Surg Oncol. https:// doi. 
org/ 10. 1002/ jso. 26050

 10. Anderson JS, S.; Millward, C.; Labusch, M.; Chen, I.; Watson, 
D.; Baehner, F. Molecular Characterization of Breast Cancer Core 
Biopsy Specimens by Gene Expression Analysis Using Standard-
ized Quantitative RT-PCR. Cancer Research 2009;69 (December 
2009):24_Supplement.

 11. Stull TG, Goodwin MC, Anderson JM et al (2011) Comparison of 
oncotype DX Recurrence scores between surgical and core biopsy 
specimens in breast cancer patients. Cancer Res. https:// doi. org/ 
10. 1158/ 0008- 5472. SABCS 11- P3- 06- 05

 12. Zelnak AB, Murali S, Styblo TM et al (2013) Phase II trial evalu-
ating the use of 21-gene recurrence score (RS) to select preopera-
tive therapy in hormone receptor (HR)-positive breast cancer. J 
Clin Oncol. https:// doi. org/ 10. 1200/ jco. 2013. 31. 15_ suppl. 562

 13. Bear HD, Wan W, Robidoux A et al (2017) Using the 21-gene 
assay from core needle biopsies to choose neoadjuvant therapy for 
breast cancer: a multicenter trial. J Surg Oncol 115(8):917–923. 
https:// doi. org/ 10. 1002/ jso. 24610

 14. Kalinsky K, Barlow WE, Gralow JR et al (2021) 21-Gene assay 
to inform chemotherapy benefit in node-positive breast cancer. N 
Engl J Med 385(25):2336–2347. https:// doi. org/ 10. 1056/ NEJMo 
a2108 873

 15. Tsai M, Lo S, Audeh W et al (2018) Association of 70-gene sig-
nature assay findings with physicians’ treatment guidance for 
patients with early breast cancer classified as intermediate risk 
by the 21-gene assay. JAMA Oncol 4(1):e173470. https:// doi. org/ 
10. 1001/ jamao ncol. 2017. 3470

 16. Ma CX, Gao F, Luo J et al (2017) NeoPalAna: neoadjuvant pal-
bociclib, a cyclin-dependent kinase 4/6 inhibitor, and anastrozole 
for clinical stage 2 or 3 estrogen receptor-positive breast cancer. 
Clin Cancer Res 23(15):4055–4065. https:// doi. org/ 10. 1158/ 1078- 
0432. CCR- 16- 3206

 17. Hurvitz SA, Martin M, Press MF et al (2020) Potent cell-cycle 
inhibition and upregulation of immune response with abemaciclib 
and anastrozole in neoMONARCH, phase II neoadjuvant study in 
HR(+)/HER2(-) breast cancer. Clin Cancer Res 26(3):566–580. 
https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 19- 1425

 18. Finn RS, Martin M, Rugo HS et al (2016) Palbociclib and Letro-
zole in advanced breast cancer. N Engl J Med 375(20):1925–1936. 
https:// doi. org/ 10. 1056/ NEJMo a1607 303

 19. Johnston SRD, Harbeck N, Hegg R et al (2020) Abemaciclib 
combined with endocrine therapy for the adjuvant treatment of 
HR+, HER2-, node-positive, high-RISK, early breast cancer 
(monarchE). J Clin Oncol 38(34):3987–3998. https:// doi. org/ 10. 
1200/ JCO. 20. 02514

 20. Neven P, Johnston SRD, Toi M et  al (2021) MONARCH 2: 
subgroup analysis of patients receiving abemaciclib plus fulves-
trant as first-line and second-line therapy for HR(+), HER2(-)-
advanced breast cancer. Clin Cancer Res 27(21):5801–5809. 
https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 20- 4685

 21. Harbeck N, Rastogi P, Martin M et al (2021) Adjuvant abemaci-
clib combined with endocrine therapy for high-risk early breast 
cancer: updated efficacy and Ki-67 analysis from the monarchE 
study. Ann Oncol 32(12):1571–1581. https:// doi. org/ 10. 1016/j. 
annonc. 2021. 09. 015

 22. Goldbach MM, Burkbauer L, Bharani T et al (2021) Effective-
ness of a short duration of neoadjuvant endocrine therapy in 
patients with HR+ breast cancer-an NCDB analysis (2004–2016). 
Ann Surg Oncol 28(13):8651–8662. https:// doi. org/ 10. 1245/ 
s10434- 021- 10287-5

 23. Semiglazov VF, Semiglazov VV, Dashyan GA et al (2007) Phase 2 
randomized trial of primary endocrine therapy versus chemother-
apy in postmenopausal patients with estrogen receptor-positive 
breast cancer. Cancer 110(2):244–254. https:// doi. org/ 10. 1002/ 
cncr. 22789

 24. Dixon JM (2004) Role of endocrine therapy in the neoadjuvant 
surgical setting. Ann Surg Oncol 11(1 Suppl):18S-23S. https:// 
doi. org/ 10. 1007/ BF025 24791

 25. Fontein DB, Charehbili A, Nortier JW et al (2014) Efficacy of six 
month neoadjuvant endocrine therapy in postmenopausal, hor-
mone receptor-positive breast cancer patients–a phase II trial. Eur 
J Cancer 50(13):2190–2200. https:// doi. org/ 10. 1016/j. ejca. 2014. 
05. 010

 26. Cottu P, D’Hondt V, Dureau S et al (2018) Letrozole and palbo-
ciclib versus chemotherapy as neoadjuvant therapy of high-risk 
luminal breast cancer. Ann Oncol 29(12):2334–2340. https:// doi. 
org/ 10. 1093/ annonc/ mdy448

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1001/jamaoncol.2016.1897
https://doi.org/10.1002/jso.26050
https://doi.org/10.1002/jso.26050
https://doi.org/10.1158/0008-5472.SABCS11-P3-06-05
https://doi.org/10.1158/0008-5472.SABCS11-P3-06-05
https://doi.org/10.1200/jco.2013.31.15_suppl.562
https://doi.org/10.1002/jso.24610
https://doi.org/10.1056/NEJMoa2108873
https://doi.org/10.1056/NEJMoa2108873
https://doi.org/10.1001/jamaoncol.2017.3470
https://doi.org/10.1001/jamaoncol.2017.3470
https://doi.org/10.1158/1078-0432.CCR-16-3206
https://doi.org/10.1158/1078-0432.CCR-16-3206
https://doi.org/10.1158/1078-0432.CCR-19-1425
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1200/JCO.20.02514
https://doi.org/10.1200/JCO.20.02514
https://doi.org/10.1158/1078-0432.CCR-20-4685
https://doi.org/10.1016/j.annonc.2021.09.015
https://doi.org/10.1016/j.annonc.2021.09.015
https://doi.org/10.1245/s10434-021-10287-5
https://doi.org/10.1245/s10434-021-10287-5
https://doi.org/10.1002/cncr.22789
https://doi.org/10.1002/cncr.22789
https://doi.org/10.1007/BF02524791
https://doi.org/10.1007/BF02524791
https://doi.org/10.1016/j.ejca.2014.05.010
https://doi.org/10.1016/j.ejca.2014.05.010
https://doi.org/10.1093/annonc/mdy448
https://doi.org/10.1093/annonc/mdy448

	Using Oncotype DX breast recurrence score® assay to define the role of neoadjuvant endocrine therapy in early-stage hormone receptor-positive breast cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Statistical analysis

	Results
	RS groups
	Rates of pCR

	Discussion
	Conclusion
	References




