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Introduction
Neoadjuvant systemic treatment constitutes an 
important therapeutic strategy in patients with 
non-metastatic breast cancer. It is aimed at achiev-
ing tumor shrinkage and, possibly, conversion to 
breast-conserving surgery besides enabling early 
response evaluation for systemic treatment. 
Estrogen receptor-positive (ER+) breast cancer 
accounts for the majority of all breast cancer sub-
types.1 ER+ breast cancer, despite the lower 
response to chemotherapy, has a relatively favora-
ble outcome, with pathologic complete response 
(pCR) rates of <10%, especially in low-grade 
tumors. Unlike in other breast cancer subtypes, 
the correlation between survival outcome and 
pCR is weaker.2,3 Given the low response to 
chemotherapy in these patients, there exists a sig-
nificant body of research on the feasibility of neo-
adjuvant endocrine treatment (NET) and its 
comparable efficacy with neoadjuvant chemother-
apy (NCT), with significantly lower toxicity.4

Furthermore, although NET was an underuti-
lized tool until recently, current international 

guidelines endorse NET as a reasonable alterna-
tive for NCT,5 and novel NET regimens and 
clinical trial designs that enable appropriate 
patient selection for NET have been suggested in 
the last few years. NET has increasingly garnered 
clinical interest during the COVID-19 pandemic 
because of the medical resource limitations.6 This 
review presents an assimilation of the current evi-
dence for NET, the evolution of NET trials, and 
the clinical indications and treatment strategies 
for NET.

Efficacy of NET compared with NCT
A limited number of trials have prospectively 
compared the efficacy of NET versus NCT and 
these have reported similar results (Table 1). A 
phase II trial conducted by Semiglazov et al. ran-
domized 239 postmenopausal patients with ER+ 
breast cancer to either NET with an aromatase 
inhibitor (AI) (anastrozole or letrozole) or NCT 
(doxorubicin and paclitaxel) for 3 months and 
reported similar clinical response rates based on 
palpation [according to the World Health 
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Organization (WHO) criteria, 64% in both arms]. 
The pCR rates were low in both arms (3% versus 
6% in the NET and NCT arms, respectively).7 
The GEICAM 2006-03 trial enrolled patients 
with ER+, progesterone receptor-positive (PR+), 
human epidermal growth factor receptor 2-nega-
tive (HER2−) breast cancer, regardless of the 
menopausal status. Accordingly, a total of 95 par-
ticipants, of whom 51 were premenopausal, were 
randomized to NET with exemestane [plus ovar-
ian function suppression (OFS) if premenopau-
sal] versus NCT with epirubicin plus 
cyclophosphamide followed by docetaxel for 
6 months. In the overall study population, differ-
ences in the clinical response rates were nonsig-
nificant [66% (NCT) versus 48% (NET)]. 
Although the pCR rates were low in both groups 
(none in the NET versus one patient in the NCT 
arm), subgroup analyses showed lower response 
rates to NET in premenopausal patients [75% 
(NCT) versus 44% (NET)] and patients with 
high baseline Ki-67 levels [>10%; 67% (NCT) 
and 42% (NET)].8 Similarly, the NEOCENT 
study, which randomized 44 postmenopausal 
patients with ER+ breast cancer, reported com-
parable radiologic response rates for the NET 
and NCT groups (59% versus 55%).9

While the majority of clinical trials that evaluated 
the efficacy of NET enrolled postmenopausal 
patients, Kim et al. randomized premenopausal 
patients with ER+ HER2− breast cancer to either 
NET with tamoxifen with OFS or NCT with 

doxorubicin/cyclophosphamide followed by doc-
etaxel for 6 months and obtained similar results as 
in the GEICAM 2006-03 premenopausal patient 
subgroups: inferior radiologic response rates in 
NET groups compared with NCT groups [53% 
(NET) versus 84% (NCT) by magnetic resonance 
imaging (MRI), p < 0.001]. However, compara-
ble BCS conversion rates among patients who 
were initially identified as candidates for mastec-
tomy were observed (12% versus 14%).10

These clinical trials suggested the feasibility of 
3–6 months of endocrine treatment as neoadju-
vant therapy in postmenopausal patients with 
ER+ breast cancer, although pCR rates were low 
in both the NET and NCT arms. Despite these 
results, NET implementation in clinical practice 
has been limited as these trials used different 
inclusion criteria, treatment regimens and dura-
tions, and outcome measurements, as well as the 
lack of prognostic and predictive biomarkers for 
appropriate patient selection.

Treatment regimens

Choice of endocrine agents
Large-sized randomized trials (P024, IMPACT, 
PROACT, etc.) that compared tamoxifen and 
AI11–13 as well as a meta-analysis that included 20 
prospective NET trials4 suggested similar conclu-
sions with regard to the choice of endocrine 
agents for NET (Table 2).

Table 2. Response rates by endocrine regimens.

Trials Year N Menopausal 
status

Endocrine agent Treatment 
duration, 
months

Response 
criteria

Radiologic 
ORR by 
MRI†

Radiology 
ORR by 
US†

Clinical ORR 
by palpation†

Postmenopausal (N > 100)

 P02411 2001 337 Post Letrozole versus 
tamoxifen

4 WHO 35%
25%

55%
36%

 IMPACT12 2005 330 Post Anastrozole versus 
tamoxifen versus 
anastrozole +  
tamoxifen

3 WHO 24%
20%
28%

38%
36%
39%

 PROACT13 2006 451 Post Anastrozole versus 
tamoxifen

3 WHO 40%
35%

50%
46%

 Semiglazov7 2007 239 Post Anastrozole/
exemestane

3 WHO 40% 64%

(Continued)
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In postmenopausal patients treated with NET, 
compared with tamoxifen, AI induced higher 
response rates as well as breast-conserving sur-
gery rates; a meta-analysis showed that the odds 
ratios (ORs) for the clinical response and BCS 
rates for AI, compared with tamoxifen, was 1.69 
and 1.62, respectively.4 Nonetheless, the results 
of the IMPACT trial showed that tamoxifen–AI 
combination therapy did not generate higher 
response rates.12 Although limited data are avail-
able, similar results were observed in premeno-
pausal patients. In the STAGE trial, the clinical 
response rates were higher with 6 months of neo-
adjuvant AI (anastrozole), compared with tamox-
ifen, both with OFS, in premenopausal ER+ 
patients (70% versus 51%, p = 0.004). However, 
bone mineral density (BMD) reduction was 
greater in the anastrozole group (mean BMD at 
L-spines, −5.8% in the anastrozole group versus 
−2.9% in the tamoxifen group, p < 0.0001).19

Among AIs, steroidal AI showed comparable effi-
cacy with non-steroidal AI in terms of clinical 
response rates in the Z1031 trial that compared 
neoadjuvant letrozole, anastrozole, and exemes-
tane (clinical response rate by WHO criteria, 75% 

versus 69% versus 63%, respectively). Moreover, 
the proportion of patients who achieved endo-
crine response, represented by a Preoperative 
Endocrine Prognostic Index (PEPI) 0 (discussed 
further in the ‘Response evaluation and endpoints 
for NET’ section of this review), did not differ 
among the treatment groups (16% versus 17% 
versus 16% for letrozole, anastrozole, and exemes-
tane, respectively).15

Fulvestrant, a selective estrogen receptor degrader 
(SERD), showed similar clinical response rates 
compared with AI in postmenopausal patients in 
two prospective phase II trials.17,18 Furthermore, 
pooled analysis of these two trials showed compa-
rable relapse-free and overall survivals at 5 years.20 
In addition, the ALTERNATE trial, which 
included 1299 postmenopausal ER+ patients 
who were randomized to receive anastrozole, ful-
vestrant, or both (anastrozole–fulvestrant), 
showed similar endocrine-sensitive disease rates 
[ESDRs: defined as the proportion of patients 
achieving modified PEPI (mPEPI) 0 or pCR] for 
fulvestrant or anastrozole–fulvestrant, as com-
pared with anastrozole monotherapy (23% versus 
21% versus 19%, respectively).21

Trials Year N Menopausal 
status

Endocrine agent Treatment 
duration, 
months

Response 
criteria

Radiologic 
ORR by 
MRI†

Radiology 
ORR by 
US†

Clinical ORR 
by palpation†

 POL14 2009 115 Post Letrozole 4–6 RECIST 38% 62%

 Z103115 2011 377 Post Exemestane versus 
letrozole versus 
anastrozole

4 WHO 63%
75%
69%

 TEAM IIA16 2014 102 Post Exemestane 3–6 RECIST 70% 42% 59% 
(3 months)
68% 
(6 months)

 Quenel–Tueux17 2015 108 Post Anastrozole versus 
fulvestrant

6 RECIST 59%
50%

  Unicancer 
CARMINA 0218

2016 116 Post Anastrozole versus 
fulvestrant

6 RECIST 54%
59%

55%
54%

53%
37%

Premenopausal

 STAGE19 2012 197 Pre Anastrozole versus 
tamoxifen (both with 
OFS)

6 RECIST 64% 58%
42%

70%
51%

 Kim10 2020 187 Pre Tamoxifen + OFS 6 RECIST 53% – 71%

†Results are sequentially ordered according to the study arms presented in the ‘intervention’ column, unless otherwise indicated.
MRI, magnetic resonance imaging; N, number; OFS, ovarian function suppression; ORR, overall response rate; Pre, premenopausal; Post, 
postmenopausal; RECIST, Response Evaluation Criteria in Solid Tumors; US, ultrasonography; WHO, World Health Organization response criteria.

Table 2. (Continued)
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Duration of treatment
There is currently no clear consensus on the treat-
ment duration for NET. Although many prospec-
tive clinical trials implemented 3–6 months of 
NET, higher response rates were reported with 
longer-duration endocrine therapy. An exploratory 
phase IIb/III trial observed clinical response ame-
nable for BCS at 4 months of NET in more than 
half of the originally BCS-ineligible patients; how-
ever, the authors observed further response at 
8 months in patients who did not show a clinical 
response at 4 months, suggesting the clinical ben-
efit of extended duration of NET.22 Similarly, a 
phase II trial revealed a median time to maximal 
response of 4.2 months with NET, although 37% 
achieved maximal response in 6–12 months.23 The 
phase II TEAM IIA trial, which compared 
3 months versus 6 months of neoadjuvant exemes-
tane, reported higher clinical response rates in the 
6-month treatment group.16 In addition, higher 
pCR rates of 18% have been reported with 1-year 
endocrine treatment.24 Although these data sug-
gest that extended-duration NET is likely to induce 
further tumor response, the optimal NET duration 
remains to be determined because the risk for clini-
cal progression during longer treatment and the 
optimal timing for surgery needs to be balanced.

Novel neoadjuvant endocrine regimens: 
Combination with CDK4/6 inhibitors
The efficacy of three different cyclin-dependent 
kinase 4/6 (CDK4/6) inhibitors (palbociclib, abe-
maciclib, and ribociclib) has been explored in mul-
tiple phase II trials, which showed similar results. 
In the phase II PALLET trial, 307 postmenopau-
sal patients with ER+ breast cancer measuring 
>2 cm were randomized to four arms with differ-
ent induction schedules (14 weeks of letrozole 
monotherapy, 2 weeks of induction therapy with 
either palbociclib or letrozole followed by palboci-
clib–letrozole combination therapy for 14 weeks, 
or palbociclib–letrozole combination therapy for 
14 weeks). A greater decrease in Ki-67 was 
observed in palbociclib–letrozole combination 
therapy arms, compared with letrozole monother-
apy. The rates of complete cell-cycle arrest 
(CCCA), defined as posttreatment Ki-67 ⩽2.7%, 
were higher in the combination arm (90% versus 
59%, p < 0.001). However, clinical response rates 
or breast-conserving surgery rates did not signifi-
cantly differ between the palbociclib–letrozole 
combination therapy arms versus letrozole mono-
therapy arm (54% versus 49%).25 Similarly, the 
neoMONARCH trial compared 2 weeks of lead-in 

treatment with anastrozole, abemaciclib, or a com-
bination of both, followed by 14 weeks of combina-
tion treatment with anastrozole and abemaciclib 
for all groups, and identified a greater decrease in 
the Ki-67 at week 2 with higher CCCA rates in the 
abemaciclib combination arms (58–68% versus 
14%).26 The FELINE trial compared letrozole, 
with or without ribociclib, with two dosing sched-
ules (intermittent or continuous). The CCCA rate 
at 2 weeks was higher in the letrozole–ribociclib 
combination arms (92% versus 52%); however, the 
CCCA rate at surgery did not differ between arms 
(71% versus 63%), with the majority of patients 
showing a significant Ki-67 increase from 2 weeks 
of treatment to surgery in the letrozole–ribociclib 
combination arms. The PEPI-0 rates did not differ 
between arms (25% in both arms) nor did the clin-
ical response rates.27

The CORALLEEN28 and NeoPAL29,30 trials 
compared NET in combination with CDK4/6 
inhibitors versus NCT. The CORALLEEN trial 
included patients with luminal B intrinsic subtype 
only, and compared ribociclib plus letrozole ver-
sus NCT. The primary endpoint comprised the 
rates of low PAM50 risk-of-relapse (ROR) dis-
ease at surgery, which was comparable between 
the study arms (47% and 46% in the NET and 
NCT arms, respectively). The result of the 
CORALLEEN trial suggests that NET with 
CDK4/6 inhibitors can induce ‘molecular down-
staging’, which might enable safe avoidance of 
chemotherapy in patients with luminal B breast 
cancers. Molecular downstaging was more rap-
idly achieved in the NET arm, as the rate of con-
version to the luminal A subtype at day 15 was 
96% in the NET arm and 37% in the NCT arm. 
However, pCR rates were low in both NET and 
NCT arms (0% versus 6%). Although limited by 
the lack of long-term follow-up survival data, the 
authors suggested that NET with CDK4/6 inhibi-
tors can substantially induce early molecular 
downstaging in patients with luminal B breast 
cancers assessed by the standard PAM50 
(Prosigna®) assay.28

The NeoPAL trial compared NET with letrozole 
plus palbociclib for 19 weeks versus NCT with 
FEC regimen followed by docetaxel for a total of 
six cycles. Pathologic response rates, defined as 
the residual cancer burden (RCB) 0/1 at surgery, 
were numerically higher in the NCT arms (8% in 
the NET arm versus 16% in the NCT arm), 
although low in both arms. Conversely, PEPI-0 
was achieved in 18% versus 8% of NET and NCT 
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arms, respectively. However, follow-up survival 
data did not show significant differences in pro-
gression-free survival (PFS) or invasive disease-
free survival (iDFS) between the arms.29,30

To summarize, NET in combination with 
CDK4/6 inhibitors can induce early cell-cycle 
arrest, which results in an earlier, potent reduc-
tion of Ki-67. However, evidence is currently 
lacking on whether these treatments can improve 
clinical response rates or survival outcomes, and 

pCR rates to NET remain low even with the addi-
tion of CDK4/6 inhibitors or the exclusive selec-
tion of patients with luminal B breast cancers 
(Table 3). Moreover, consensus on which end-
point is optimal for these patients has not been 
reached. The clinical meaning of the early cell-
cycle arrest that was achieved with the addition of 
CDK4/6 inhibitors is unknown. Therefore, with-
out long-term outcomes, NET with CDK4/6 
inhibitors currently remains an investigational 
treatment.

Table 3. Neoadjuvant trials with CDK4/6 inhibitors (N ⩾ 50).

Trials Year N Inclusion 
criteria

Intervention Primary endpoint† Secondary 
endpoints†

pCR rate† CCCA at 
week 2†

NeoPalANA31 2017 50 Pre/
postmenopausal
ER+ HER2−
Stage II/III

Anastrozole 4 weeks →  
anastrozole +  
palbociclib 16 weeks +  
OFS, if premenopausal

CCCA (after 
anastrozole, and 
at day 15 after 
adding palbociclib): 
6% versus 87% 
(p < 0.001)

 

NeoPAL29 2018 106 Postmenopausal
ER+, HER2−
Stage II–III
Luminal B or A 
and LN+

Letrozole +  
palbociclib 19 weeks  
versus NCT (FEC →  
docetaxel)

RCB 0/1: 8% versus 
16%

Clinical response 
rate (overall 75%) 
and BCS rate (overall 
69%) (NS between 
arms); PEPI-0 
(BCSS): 18% versus 
8%; PEPI-0 (RFS): 
12% versus 16%

4% versus 6%  

PALLET25 2019 307 Postmenopausal
ER+ HER2−
⩾2 cm

Letrozole/palbociclib/
letrozole + palbociclib 
2 weeks → letrozole +  
palbociclib 14 weeks  
versus letrozole 14 weeks

Clinical response: 
54% versus 49% 
(NS)
Ki-67 change: 4.1 
versus 2.2 log-fold 
(p < 0.001)
(palbociclib 
combination 
versus letrozole, 
respectively)

In breast, 1% 
versus 3% 
(NS)
In LNs, 0% 
versus 1%
(palbociclib 
combination 
versus 
letrozole, 
respectively)

89% versus 
72% (p = 0.04) 
(palbociclib 
combination 
versus 
letrozole)

CORALEEN28 2020 106 Postmenopausal
HR+, HER2−
Stage I–IIIA
Luminal B

Letrozole + ribociclib 
24 weeks versus NCT 
(AC → paclitaxel)

Low PAM50 ROR: 
47% versus 46%

Imaging response 
rate, 57% versus 
79%; luminal A 
switch rate at day 
15, 96% versus 37%; 
PEPI-0 rate, 22.4% 
versus 17.3%

 

NeoMONARCH26 2020 223 Postmenopausal
HR+ HER2−
Stage I–IIIB

Anastrozole + abemaciclib  
versus abemaciclib versus  
anastrozole 2 weeks →  
anastrozole + abemaciclib 
14 weeks

Mean changes in 
Ki-67: −93% versus 
−91% versus −63%

Overall radiologic 
response, 46% in the 
ITT population

In breast and 
axilla, 4%

68/58% 
versus 14% 
(p < 0.001)

FELINE27 2020 120 Postmenopausal
ER+ HER2−
>2 cm or LN+

Letrozole + ribociclib 
(intermittent or 
continuous) versus 
letrozole 24 weeks

PEPI-0 at surgery: 
25% versus 26% 
(NS)

 

†Results are sequentially ordered according to the study arms presented in the ‘intervention’ column, unless otherwise indicated.
AC, doxorubicin and cyclophosphamide; BCS, breast-conserving surgery; BCSS, breast cancer-specific survival; CCCA, complete cell-cycle arrest; ER, estrogen receptor; 
FEC, 5-fluorouracil, epirubicin, and cyclophosphamide; HER2, human epidermal growth factor receptor 2; ITT, intent-to-treat; LN, lymph node; N, number; NCT, 
neoadjuvant chemotherapy; NET, neoadjuvant endocrine therapy; NS, not significant; PEPI, preoperative endocrine prognostic index; RCB, residual cancer burden; RFS, 
recurrence-free survival; ROR, risk-of-relapse.
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Novel neoadjuvant endocrine regimens: Other 
targeted therapies and novel endocrine agents
Few trials have investigated the role of phosphoi-
nositide 3-kinase inhibitors in combination with 
NET. In the LORELEI trial, 334 postmenopau-
sal ER+ patients were randomized to letrozole 
with or without taselisib. A marginal increase in 
the radiologic response rates by MRI at 16 weeks 
was observed in the taselisib combination arm 
(50% versus 39%, OR: 1.55, p = 0.049). However, 
pathologic response rates were low in both groups 
(2% versus 1%), and both groups had similar 
Ki-67 change after 3 weeks.32 The NEO-ORB 
trial randomly assigned 257 postmenopausal 
patients with HR+ breast cancer to NET with 
letrozole with or without alpelisib for 24 weeks. 
As a result, the addition of alpelisib to letrozole 
did not result in improved radiologic response 
rates or pCR rates compared with letrozole mon-
otherapy, regardless of the presence of PIK3CA 
mutation (response rates to alpelisib combination 
versus letrozole monotherapy, 43% versus 45% for 
mutants, 63% versus 61% for wild type sub-
groups). The decrease in Ki-67 was similar across 
arms. Of note, only 52% of the cohort completed 
24 weeks of alpelisib treatment.33

As for novel agents, the phase II coopERA trial 
compared 2 weeks of window-of-opportunity 
phase with oral giredestrant, a novel oral SERD, 
versus anastrozole (n = 221). Both groups were 
then followed by 16 weeks of combination treat-
ment with palbociclib administered with each 
agent. Ki-67 suppression at 2 weeks and the rates 
of CCCA were greater in the giredestrant arm 
compared with those in the anastrozole arm. 
However, the objective response rate did not dif-
fer between the treatment arms.34 Additionally, a 
small phase II window-of-opportunity trial com-
pared 2 weeks of preoperative AZD9496, an oral 
SERD, with fulvestrant before curative surgery, 
but failed to demonstrate the superiority of 
AZD9496 with regard to the ER H-score reduc-
tion and decrease in Ki-67 levels.35

Lastly, with the growing interest in the HER2-
directed antibody-drug conjugates in advanced 
‘HER2-low’ cancers – a population that was pre-
viously considered HER2-negative – a neoadju-
vant trial that compares trastuzumab deruxtecan 
(T-DXd), with or without AI, in patients with 
ER+, HER2-low breast cancer is currently 
underway. In the phase II TRIOS-US B-12 
TALENT trial, HR+ HER2-low pre- and post-
menopausal patients were randomized to receive 

6–8 cycles of T-DXd, with or without anastrozole 
(plus OFS if premenopausal).36 The interim 
results, which were reported in the 2022 San 
Antonio Breast Cancer Symposium, showed that 
the addition of endocrine therapy (ET) to T-DXd 
did not increase treatment efficacy, given that the 
primary endpoint – the pCR rate – was 68% in 
the T-DXd alone arm versus 58% in the T-DXd 
with anastrozole arm.37

Response evaluation and endpoints for NET

Pathologic response
In luminal A breast cancer treated with NAC, the 
pCR rates are known to be low and are not well-
correlated with survival outcomes.3 pCR rates are 
low with NET, as discussed earlier, but the clini-
cal outcome of these patients is favorable without 
achieving pCR. Similarly, the prognostic implica-
tion of residual disease on pathology specimens 
after NET is unclear. In the NeoPAL trial com-
paring NET with letrozole plus palbociclib versus 
NCT, rates of RCB 0/1 were low in both arms 
(8% versus 16%), and were not associated with 
PFS or iDFS.29,30 In the exploratory pooled anal-
yses of CAMINA02 and HORGEN trials,20 both 
of which compared neoadjuvant anastrozole and 
fulvestrant in postmenopausal women with HR+ 
HER2− breast cancers, the pathological response 
assessed by the Sataloff classification was also not 
associated with recurrence-free survival (RFS).

Clinical and radiologic response
Previous large-sized NET trials reported discrep-
ancies in the clinical response rates, ascertained 
by palpation, and the radiologic response 
rates,11,12,13,19 as all of these methods have some 
limitations for response assessment. For example, 
clinical response rates by palpation can be inac-
curate for reasons, such as treatment-related 
changes in the tumor, and although MRI is known 
as the most accurate imaging method, the extent 
of residual disease might not be accurately deline-
ated because of reasons including fibrotic change 
and non-mass enhancement. Furthermore, 
response evaluation in the axilla by imaging is a 
challenging issue.38,39 Although tumor shrinkage 
with neoadjuvant systemic treatment allows a 
reduction in the surgical extent and possibly facil-
itates conversion to breast-conserving therapy, it 
is unclear whether the clinical tumor response 
assessment can be a surrogate marker for survival 
in patients with breast cancer treated with 
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neoadjuvant treatment, especially in the context 
of NET.

Preoperative Endocrine Prognostic Index
In the P024 trial, the baseline Ki-67 was not asso-
ciated with RFS, whereas the post-NET Ki-67 
was significantly associated with RFS. As such, a 
post-NET prognostic index called PEPI was sug-
gested that incorporated other prognostic factors, 
including ER status, pathological tumor size, and 
nodal status. A low (0), intermediate (1–3), and 
high (⩾4) PEPI was significantly associated with 
relapse rates in NET-treated patients in the P024 
trial data and was validated in the IMPACT trial 
dataset.40 Moreover, the prognostic significance of 
the PEPI was validated in the Z1031 trial which 
compared neoadjuvant exemestane, letrozole, and 
anastrozole. The recurrence rates of patients with 
PEPI 0 were low without chemotherapy (after 
5.5 years of follow-up, 4% versus 14% recurred 
among patients with PEPI 0 and >0, respectively), 
suggesting that these patients were likely to have 
favorable survival outcomes with endocrine treat-
ment alone.41 Based on these data, multiple recent 
clinical trials now include PEPI as the efficacy 
endpoint for NET. Considering the low pCR rates 
in patients with ER+ HER2− breast cancers and 
the significant differences in RFS according to the 
posttreatment PEPI, PEPI is now widely used as a 
marker to assess the NET response.42

The ALTERNATE trial used a mPEPI, which 
excluded the ER status from the original PEPI. It 
was proposed as the study intervention included 
fulvestrant, a SERD,21 and retrospective analyses 
of the P024/POL trial data suggested the prog-
nostic value of mPEPI.43 The primary endpoint, 
the ESDR (defined as the proportion of patients 
who acquired mPEPI-0 or pCR) did not differ 
between the three treatment arms (anastrozole, 
fulvestrant, and combination of both for NET) 
and long-term survival data is awaited.

Short-term endocrine response assessment 
with Ki-67
As the PEPI is available after 3–4 months or more 
of NET followed by surgery, the role of the early-
treatment Ki-67 response was explored as a 
marker for an early endocrine response. The POL 
trial and IMPACT trial data showed that the 
Ki-67 after 2–4 weeks of NET were associated 
with PEPI, and a nonresponse indicated with a 
Ki-67 >10% was associated with a higher PEPI 

and poorer RFS.14,43,44 Accordingly, prospective 
clinical trial designs using Ki-67 after a brief 
course of NET to select patients with endocrine 
resistance and to guide subsequent neoadjuvant 
treatment strategies in ER+ BC patients were 
proposed. In the Z1031B trial, patients with Ki-67 
>10% at 2–4 weeks post-NET were switched to 
NCT, which comprised about 20% of the patient 
population.41 In the ALTERNATE trial where 
patients were randomized to the three NET arms 
(anastrozole, fulvestrant, or a combination of 
both), the Ki-67 was assessed at baseline, at 4- 
and 12-weeks post-NET, and at surgery. Patients 
with Ki-67 >10% at weeks 4 or 12 were recom-
mended to switch to NCT45; similar to the results 
of the Z1031B trial, approximately 22% of patients 
were included in this category.46

The POETIC trial implemented a ‘window-of-
opportunity’ design using a short course of preop-
erative NET with AI in patients with operable 
ER+ breast cancer. A total of 4480 patients were 
randomized (2:1) to 2 weeks preoperative AI fol-
lowed by surgery or upfront surgery. The authors 
showed that paired baseline and 2-week post-AI 
Ki-67 is prognostic for survival (6Y recurrence 
rates by Ki-67 at baseline and Ki-67 at weeks, low-
low: 4.3%; high-low: 8.4%; high-high: 21.5%).47

The WSG-ADAPT HR+ HER2− endocrine trial 
combined the Oncotype DX® recurrence score (RS), 
clinical staging, and Ki-67 response after a short 
course of NET to ‘adapt’ perioperative treatment 
strategy in HR+ breast cancer patients. The authors 
suggested that patients who can forego chemother-
apy can be successfully identified without a signifi-
cant impact on the survival outcomes, as patients 
whose RS were intermediate (12–25) and were endo-
crine responders (Ki-67post <10% at 3 weeks) showed 
comparable survival outcomes as those of patients 
with low RS (<12) among patients with clinical N0–
1 disease.48 As discussed above, recent trials using 
novel agents such as CDK4/6 inhibitors also incor-
porate brief lead-in phases of 2–4 weeks of ET and 
analyze Ki-67post as a marker of early endocrine 
response to the study treatments.25–27,31

To summarize, Ki-67 assessment at 2–4 weeks 
post-ET allows early assessment of endocrine 
response and helps to tailor further neoadjuvant/
adjuvant treatment strategy in ER+ breast can-
cer, while serving as a prognostic biomarker. 
Furthermore, continuing efforts have been made 
to standardize and automatize the analysis to 
improve the analytical validity of Ki-67.49

https://journals.sagepub.com/home/tam


H Jeong and S-B Kim 

journals.sagepub.com/home/tam 9

Outcome of endocrine-resistant patients 
switched to NCT
Although the reported clinical progression rates 
during NET are not high (0–9%),7,8,25,28 prospec-
tive trials showed that approximately 20% of 
patients treated with NET were endocrine nonre-
sponders, with Ki-67 >10% after 2–4 weeks of 
NET.21,41,48 These endocrine nonresponders 
remain a challenging subgroup. Adaptive clinical 
trial designs where these patients were switched to 
NAC yielded only unsatisfactory outcomes. The 
pCR rates after switching to NAC remain low (5–
6%) in these patients and, despite additional 
chemotherapy, survival outcomes are inferior com-
pared with that of endocrine responders (Table 4).

Changes in the gene expression profiling
In the CORALEEN trial that compared 24 weeks 
of NET with ribociclib and letrozole versus NCT 
in 106 postmenopausal patients with luminal B 
breast cancer, genomic profiling by Prosigna® 
PAM50 ROR score was undertaken at baseline, 
day 15, and at surgery. NET resulted in compara-
ble rates of ‘molecular downstaging’, showing a 
similar proportion of patients converted to low 
ROR at surgery (primary endpoint, 46% versus 
47% with NET and NCT), suggesting the feasi-
bility of ‘molecular downstaging’ as potential 
endpoints for neoadjuvant trials, although the 
long-term implications are undetermined.28

Serum thymidine kinase 1 activity
An elevated level of serum thymidine kinase 1 
(TK1) activity, a cell-cycle-regulated enzyme that 

is involved in DNA precursor synthesis and a 
marker of cell proliferation,50 is known to be a poor 
prognostic factor in advanced breast cancer,51 and 
its role as a predictor for endocrine resistance has 
been suggested.52 In the NeoPalAna trial, patients 
with ER+ HER2− breast cancer received 4 weeks 
of anastrozole followed by 16 weeks of anastrozole 
and palbociclib. A significant reduction in the TK1 
activity was observed on day 15 after palbociclib 
plus anastrozole, whereas no statistically signifi-
cant differences in TK1 activity were observed 
after the anastrozole monotherapy treatment 
period. In addition, a high level of concordance 
was observed between Ki-67 level and serum TK1 
activity (concordance level, 89.8%), suggesting the 
role of TK1 as a predictor for response to CDK4/6 
inhibitors in the neoadjuvant setting.53

Markers for patient selection for NET

Menopausal status
Most NET trials were conducted in postmenopau-
sal patients and, although NET with AI showed 
comparable clinical response with NCT in post-
menopausal patients,4 the limited evidence from 
previous data indicated inferior response rates to 
NET compared with NCT in premenopausal 
patients.8,10 However, more recent trials showed 
clinically meaningful results, which suggest that 
the efficacy of NET in premenopausal can be 
improved with an appropriate choice of agents in 
combination with OFS and that the endocrine 
responsiveness, after a short course of preoperative 
endocrine treatment, can help patient selection 
among premenopausal patients (Table 5).

Table 4. Outcome of nonresponders to ET after switching to chemotherapy.

Trials Intervention Proportion endocrine 
nonresponders

Proportion of patients 
switched to NAC

pCR rates to 
chemotherapy

Survival outcome

Z1031B41 Switch to NAC if weeks 
2–4 Ki-67 >10%

49/245 (20%) 35/49 (71%) 6% Among 49 endocrine nonresponders, 
11 RFS events during 4.4-year follow-
up (versus responders, p = 0.004)

ALTERNATE46 Switch to NAC if week 
4 or 12 Ki-67 >10%

286/1299 (22%) 168/286 (59%) 5% –

WSG-ADAPT48 Among patients with 
N0–1, RS12–25, if week 
3 Ki-67 ⩽10%, ET only; 
if >10%, chemotherapy

ET nonresponders, 
N = 694 (33% of N0–1, 
RS12–25 patients; 
23% of all N0–1 
patients)

– – ET responders (NET) versus 
nonresponders (NCT): 5Y iDFS, 92.6% 
versus 90.3% (p = NS)
5Y dDFS, 95.6% versus 92.8% (p = 0.049)
5Y OS, 97.3% versus 96.7% (p = NS)

dDFS, distant disease-free survival; ET, endocrine therapy; iDFS, invasive disease-free survival; NAC, neoadjuvant chemotherapy; NCT,  
neoadjuvant chemotherapy; NET, neoadjuvant endocrine therapy; NS, not significant; OS, overall survival; pCR, pathologic complete response;  
RFS, recurrence-free survival; RS, Oncotype DX® recurrence score.
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The STAGE trial showed superior efficacy with 
anastrozole compared with tamoxifen (both with 
OFS) in premenopausal patients, similar to the 
postmenopausal patients (clinical response rates, 
70% versus 51%, p = 0.004).19 Dellapasqua et al. 
explored the role of degarelix, a GnRH antago-
nist, in comparison with triptorelin, a GnRH ago-
nist for OFS. A shorter time to adequate OFS in 
the degarelix group was observed, although this 
did not result in clinically meaningful improve-
ment of tumor response rates or Ki-67 reduction 
rates.56

Most recently, pooled analysis of WSG-ADAPT 
and ADAPTcycle trial suggested that the endo-
crine response rates (defined as posttreatment 
Ki-67 ⩽10%) of premenopausal patients treated 
with OFS was similar to that of AI-treated post-
menopausal patients, thus highlighting the need 
for OFS and the feasibility of NET in appropri-
ately selected premenopausal patients.57 
Moreover, 5-year follow-up of the WSG-ADAPT 
trial data48 suggested that, among the subgroup of 
patients ⩽50 years of age, patients who were 
RS16–25 endocrine responders showed compara-
ble survival outcomes to that of patients with 
RS < 11 or 12–25 endocrine responders without 
chemotherapy – a subset of patients who often 
receive adjuvant chemotherapy in current clinical 
practice based on the results of TAILORx data.58 
Currently, a phase II trial exploring the role of 
palbociclib and letrozole combination with OFS 
in premenopausal patients, stratified by Oncotype 
Dx® RS, is ongoing (NCT03628066).

Taken together, NET had not been routinely rec-
ommended as a preferred neoadjuvant approach 
in premenopausal patients outside a clinical trial 
owing to insufficient data supporting its efficacy 
compared to NCT. Recent data indicate the pos-
sibility for improved efficacy of NET in these 
patients with appropriately selected regimens, 
along with OFS. In addition, assessment of early 
endocrine response using a short-course preop-
erative endocrine treatment, in combination with 
genomic assays, allows the identification of 
patients who would have favorable outcomes 
without chemotherapy. Although NET should be 
implemented cautiously in premenopausal 
patients, these strategies can facilitate patient 
selection and may broaden the indications for 
perioperative ET in this population.

ER expression level
In the P024 trial, a linear relationship between 
the ER expression, assessed by the Allred score, 
with response rates to NET (letrozole or tamox-
ifen) was observed.11 Similarly, the IMPACT trial 
showed that a higher ER expression, which was 
assessed by the H-score, was associated with 
higher response rates to NET.12 Based on these 
results, later trials such as Z1031 or ALTERNATE 
incorporated an Allred score ⩾6 in the inclusion 
criteria.15,45

Functional imaging
In a small substudy of the NEOCENT trial, the 
utility of 16α-18F-fluoro-17β-estradiol (18F-
FES) positron emission tomography, a functional 
imaging method that allows visualization of ER 
expression status, for prediction of pathologic 
response to NCT has been suggested. In this fea-
sibility analysis, none of the patients with baseline 
low FES uptake (non-FES avid tumors) 
responded to NET (0/5), whereas they responded 
to NCT (5/7).59

Ki-67
Exploratory analysis of the GEICAM 2006-03 
trial showed higher clinical response rates to 
NCT compared with NET in patients with higher 
baseline Ki-67 (>10%; 67% for NCT versus 42% 
for NET, p = 0.075), whereas patients with low 
baseline Ki-67 showed comparable response rates 
(63% for NCT versus 58% for NET, p = 0.74).8 
However, P024 trial data showed that baseline 
Ki-67 was not associated with RFS, whereas post-
treatment Ki-67 showed significant association 
with RFS, and was therefore incorporated into a 
post-NET prognostic model, ‘PEPI’.40

Compared with the limited use of baseline Ki-67 
for endocrine response prediction, multiple trials 
now use the posttreatment Ki-67 level after 
2–4 weeks of ET as a marker of early endocrine 
response, as discussed earlier. This early endocrine 
response evaluation using Ki-67 supports the clini-
cal decision for subsequent perioperative systemic 
treatment strategy (e.g. whether to switch to chem-
otherapy),41,45,48 allows prognostication of patients 
with a short-term preoperative treatment,47,48,57 
and serves as an earlier marker for the efficacy of 
investigational neoadjuvant regimens.25–27,32,31
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Intrinsic subtypes
The intrinsic subtypes of breast cancer were ini-
tially suggested using microarray-based analyses 
in 2000.60 The Prosigna gene signature assay was 
later developed by analyzing the differential 
expression of 50 genes (PAM50 gene signature) 
and is now used to differentiate intrinsic subtypes 
of breast cancers in practice, as well as to provide 
risk-of-recurrence (ROR) scores for predicting 
the probability of distant recurrence.61,62 Among 
patients with ER+ breast cancers, luminal sub-
types are known to respond better to NET com-
pared with non-luminal subtypes. In the Z1031 
trial, all patients with basal-like and HER2-
enriched subtypes demonstrated endocrine resist-
ance with high posttreatment Ki-67 values after 
NET.15 In the phase II LETLOB trial that com-
pared the efficacy of letrozole with or without 
lapatinib in postmenopausal patients with ER+, 
HER2− breast cancers, non-luminal breast can-
cers showed significantly lower response rates to 
NET compared with luminal breast cancers.63

Z1031 investigators also showed that, compared 
with those who had luminal B subtypes, a higher 
proportion of patients with luminal A breast can-
cer achieved endocrine response (PEPI 0) to neo-
adjuvant AI (27% versus 11%). However, the 
clinical response rate or BCS rate did not differ 
between the two groups.15 In the CORALEEN 
trial, patients with luminal B subtypes showed 
substantial rates of ‘molecular downstaging’ with 
NET with ribociclib and letrozole, which was 
comparable to NCT (conversion rates to the low 
ROR group at surgery, 47% versus 46% with 
NET and NCT, respectively). However, the pCR 
rates in the breast and axilla were low in both 
arms (0% and 6% in the NET and NCT groups, 
respectively).28 Similarly, the NeoPAL trial which 
compared NET with letrozole plus palbociclib for 
19 weeks versus NCT in luminal B or node-posi-
tive luminal A breast cancers (approximately 89% 
of the study population had luminal B subtypes), 
reported low rates of pCR rates in both NET and 
NCT arms (4% versus 6%). In addition, survival 
outcomes (PFS or iDFS) did not differ between 
the two arms.29

These data suggest that intrinsic subtypes assessed by 
gene expression profiles are associated with the effec-
tiveness of NET, as non-luminal subtypes respond 
significantly less to NET compared with luminal A/B 
subtypes. Although response rates to NET were 
higher in luminal A subtypes, NET is a useful treat-
ment strategy both in luminal A and B subtypes. In 

addition, recent data suggest that changes in the gene 
expression profiles, that is, ‘molecular downstaging’ 
can also be used as a marker for response to neoadju-
vant systemic treatment.

Oncotype Dx® RS
The Oncotype Dx® RS, is a 21-gene-based assay 
originally developed for prognostication of tamox-
ifen-treated, node-negative ER+ patients.64 It is 
now widely used for risk prediction for recurrence 
and guiding adjuvant chemotherapy decisions in 
ER+, lymph node-negative, or up to three lymph 
node-positive breast cancers.58,65 In the neoadju-
vant setting, few studies suggested the association 
between baseline RS and NET response.

Ueno et al.66 observed that a low RS (<18) at 
baseline was associated with higher clinical 
response rates to NET (59% versus 20%) as well 
as the BCS rates (91% versus 47%), compared 
with patients with a high RS (⩾31). In addition, 
the authors suggested that the combined pre- and 
posttreatment RS was associated with DFS, inde-
pendent of other prognostic factors.67 Similarly, 
in the transNEOS study, a translational analysis 
of the phase III NEOS trial in which postmeno-
pausal ER+ breast cancer patients were treated 
with neoadjuvant letrozole for 6 months with or 
without adjuvant chemotherapy, participants 
with low baseline RS (<18) achieved higher radi-
ologic response rates compared with patients with 
high RS (⩾31; 55% versus 22%).68

A small pilot study by Bear et al. used the baseline 
RS score for neoadjuvant treatment selection, 
and patients with RS11–25 were randomized to 
either NET or NCT, whereas patients with 
RS < 11 and >25 received NET and NCT, 
respectively. Although limited by the small sam-
ple size, patients with low RS showed high 
response rates to NET (83%), whereas patients 
with intermediate RS had lower clinical response 
rates with NET than with NCT (50% versus 
73%).69

Finally, the WSG-ADAPT HR+ HER2− endo-
crine trial combined RS with clinical stage and 
endocrine response assessed by Ki-67 after 
3 weeks of induction ET (Ki-67post) to guide sys-
temic treatment decisions in pre- and postmeno-
pausal ER+ HER2− breast cancer patients.48 
Among patients with N0–1 diseases, patients 
were treated with ET alone if their RS was low 
(<12; control arm) or intermediate (RS12–25) 
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and responsive to ET (Ki-67post ⩽10%; experi-
mental arm), whereas patients who were N2–3, 
N0–1 with high RS (>25), or N0–1 with interme-
diate RS(12–25) nonresponsive to ET (Ki-67post 
>10%) received chemotherapy. With 5 years of 
follow-up, comparable survival outcomes were 
observed between the control and experimental 
arm, without significant difference in the 5Y inva-
sive DFS rates (94% versus 93%) and 5Y distant 
DFS rates (96% versus 96%), and this provides 
clinical evidence for perioperative strategy with 
ET alone without chemotherapy in selected 
patients with intermediate RS. As discussed ear-
lier, the result was consistent in the subgroup of 
patients aged ⩽50 years. The subsequent trial, 
WSG-ADAPTcycle, aims to further broaden the 
indication for perioperative ET without chemo-
therapy in ER+ breast cancers by comparing the 
ribociclib–ET combination versus chemotherapy 
in ‘intermediate-risk’ ER+ HER2 breast cancers. 
These ‘intermediate-risk’ patients are those at 
higher risk compared with the ‘experimental arm’ 
of the previous WSG-ADAPT trial, such as 
patients with RS ⩽25 endocrine nonresponders, 
RS >25 endocrine responders with N0–1 disease, 
and RS ⩽25 endocrine responders with N2–3 
disease.70

Current use of NET in clinical practice and 
limitations
NET was significantly underutilized in clinical 
practice, and it was primarily considered for older 
patients with comorbidities. A National Cancer 
Database (NCDB) analysis showed that only a 
small proportion (1.2%) of patients with non-
metastatic breast cancer received NET.71 
Although several clinical trials have generated 
promising efficacy data for NET in the past two 
decades, only a small increase in NET use was 
observed during the period.72 These findings are 
attributed to the limitations of NET. First, NET 
requires longer time to achieve tumor response 
compared with NCT. In addition, in many NET 
trials, the primary endpoint was the clinical 
response rate, which is not an optimal surrogate 
marker for long-term survival. Furthermore, the 
decision for adjuvant chemotherapy after NET 
remains uncertain. Limited evidence is available 
for the clinical interpretation of genomic testing 
results from either surgical specimens or diagnos-
tic biopsy specimens in the context of NET. 
However, more recent data provide insights for 
the appropriate adjuvant treatment decision by 
utilizing endocrine sensitivity and genomic 

biomarkers. Survival analyses of the Z1031 trial 
showed that although most patients who achieved 
PEPI 0 did not receive chemotherapy, these indi-
viduals still demonstrated excellent survival out-
comes.41 Importantly, the long-term survival data 
of the ALTERNATE trial, which omitted adju-
vant chemotherapy for patients who achieved 
mPEPI 0 with NET, are eagerly awaited as these 
data will provide valuable information that could 
guide post-NET adjuvant treatment decisions. 
Furthermore, novel trial designs that incorporate 
brief course preoperative ET showed that early 
endocrine response assessment in combination 
with genomic assays may help adjuvant treatment 
decisions.47,57

NET during COVID-19 pandemic
Due to the scarcity of medical resources during 
the COVID-19 pandemic, guidelines recom-
mended delaying of elective surgeries and to con-
sider initiating NET if necessary.73 A survey 
conducted among US physicians reported that 
approximately 91% of the respondents answered 
that their practices changed during the pandemic 
to consider delaying of surgery.6 In alignment 
with these findings, a separate study observed a 
4.4-fold increase in the utilization of preoperative 
systemic therapy in the initial phases of the pan-
demic, with a significant proportion of this change 
attributed to the use of NET.74 Multiple evidence 
supported this approach by showing that delaying 
surgery with NET was feasible in the pandemic 
setting. For example, a multicenter cohort study 
in European countries showed that, with a median 
period of 53 days of preoperative ET, only 2% of 
patients required expedited surgery.75 In addi-
tion, a matched historical cohort study showed 
that the outcome of early breast cancer patients 
treated with NET (median time to surgery, 
68 days) was comparable to that of historical con-
trol who underwent upfront surgery (median time 
to surgery, 26.5 days).76 Furthermore, a prospec-
tive observational study showed that patients with 
clinical node-negative breast cancer who received 
NET with multidisciplinary decision had similar 
rates for sentinel node positivity with historical 
control in the pre-COVID-19 era.77

Summary and future directions
A growing body of evidentiary data supports the use 
of NET as an effective, safe alternative treatment 
option for ER+, HER2− breast cancer. Moreover, 
NET trials can facilitate the early evaluation of the 
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clinical efficacy of newer agents, and novel NET 
regimens in combination with CDK4/6 inhibitors 
and other targeted agents are currently actively 
being explored (Table 6). The use of genomic 
assays and early evaluation of endocrine sensitivity 
based on the Ki-67 response in the preoperative set-
ting helps us to select patients who may safely forgo 
chemotherapy without compromising clinical out-
comes. These adaptive trial designs that incorporate 
the clinical and the molecular characteristics of each 
patient allow a more tailored perioperative treat-
ment strategy in ER+ breast cancer. Trials now in 
progress, as well as further research, will help 
broaden the indications for NET.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Hyehyun Jeong: Writing – original draft.

Sung-Bae Kim: Writing – review & editing.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
HJ has no competing interests; S-BK received 
research funding from Novartis, Sanofi-Aventis, 
and DongKook Pharm Co., has been a consult-
ant on advisory boards for Novartis, AstraZeneca, 
Lilly, Dae Hwa Pharmaceutical Co., Ltd, ISU 
Abxis, OBI Pharma, Beigene, and Daiichi-
Sankyo, and owns stocks of Genopeaks and 
NeogeneTC.

Availability of data and materials
Not applicable.

ORCID iDs
Hyehyun Jeong  https://orcid.org/0000-0001- 
7277-6463

Sung-Bae Kim  https://orcid.org/0000-0001- 
5588-8332

References
 1. Howlader N, Altekruse SF and Li CI , et al. US 

incidence of breast cancer subtypes defined by 
joint hormone receptor and HER2 status. J Natl 
Cancer Inst 2014; 106: dju055.

 2. Cortazar P, Zhang L, Untch M, et al. 
Pathological complete response and long-term 
clinical benefit in breast cancer: the CTNeoBC 
pooled analysis. Lancet 2014; 384: 164–172.

 3. Minckwitz Gv, Untch M, Blohmer J-U, et al. 
Definition and impact of pathologic complete 
response on prognosis after neoadjuvant 
chemotherapy in various intrinsic breast cancer 
subtypes. J Clin Oncol 2012; 30: 1796–1804.

 4. Spring LM, Gupta A, Reynolds KL, et al. 
Neoadjuvant endocrine therapy for estrogen 
receptor-positive breast cancer: a systematic 
review and meta-analysis. JAMA Oncol 2016; 2: 
1477.

 5. Korde LA, Somerfield MR, Carey LA, et al. 
Neoadjuvant chemotherapy, endocrine therapy, 
and targeted therapy for breast cancer: ASCO 
guideline. J Clin Oncol 2021; 39: 1485–1505.

 6. Park KU, Gregory M, Bazan J, et al. Neoadjuvant 
endocrine therapy use in early stage breast cancer 
during the COVID-19 pandemic. Breast Cancer 
Res Treat 2021; 188: 249–258.

 7. Semiglazov VF, Semiglazov VV, Dashyan GA, et 
al. Phase 2 randomized trial of primary endocrine 
therapy versus chemotherapy in postmenopausal 
patients with estrogen receptor-positive breast 
cancer. Cancer 2007; 110: 244–254.

 8. Alba E, Calvo L, Albanell J, et al. Chemotherapy 
(CT) and hormonotherapy (HT) as neoadjuvant 
treatment in luminal breast cancer patients: 
results from the GEICAM/2006-03, a 
multicenter, randomized, phase-II study. Ann 
Oncol 2012; 23: 3069–3074.

 9. Palmieri C, Cleator S, Kilburn LS, et al. 
NEOCENT: a randomised feasibility and 
translational study comparing neoadjuvant 
endocrine therapy with chemotherapy in ER-rich 
postmenopausal primary breast cancer. Breast 
Cancer Res Treat 2014; 148: 581–590.

 10. Kim HJ, Noh WC, Lee ES, et al. Efficacy of 
neoadjuvant endocrine therapy compared with 
neoadjuvant chemotherapy in pre-menopausal 
patients with oestrogen receptor-positive and 
HER2-negative, lymph node-positive breast 
cancer. Breast Cancer Res 2020; 22: 54.

 11. Eiermann W, Paepke S, Appfelstaedt J, et al. 
Preoperative treatment of postmenopausal breast 
cancer patients with letrozole: a randomized 
double-blind multicenter study. Ann Oncol 2001; 
12: 1527–1532.

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-7277-6463
https://orcid.org/0000-0001-7277-6463
https://orcid.org/0000-0001-5588-8332
https://orcid.org/0000-0001-5588-8332


TherapeuTic advances in 
Medical Oncology Volume 15

16 journals.sagepub.com/home/tam

 12. Smith IE, Dowsett M, Ebbs SR, et al. 
Neoadjuvant treatment of postmenopausal 
breast cancer with anastrozole, tamoxifen, or 
both in combination: the immediate preoperative 
anastrozole, tamoxifen, or combined with 
tamoxifen (IMPACT) multicenter double-blind 
randomized trial. J Clin Oncol 2005; 23: 5108–
5116.

 13. Cataliotti L, Buzdar AU, Noguchi S, et al. 
Comparison of anastrozole versus tamoxifen as 
preoperative therapy in postmenopausal women 
with hormone receptor-positive breast cancer: 
the pre-operative “Arimidex” compared to 
Tamoxifen (PROACT) trial. Cancer 2006; 106: 
2095–2103.

 14. Olson JA, Budd GT, Carey LA, et al. Improved 
surgical outcomes for breast cancer patients 
receiving neoadjuvant aromatase inhibitor 
therapy: results from a multicenter phase II trial. 
J Am Coll Surg 2009; 208: 906–914.

 15. Ellis MJ, Suman VJ, Hoog J, et al. Randomized 
phase II neoadjuvant comparison between 
letrozole, anastrozole, and exemestane for 
postmenopausal women with estrogen receptor-
rich stage 2 to 3 breast cancer: clinical and 
biomarker outcomes and predictive value of 
the baseline PAM50-based intrinsic subtype 
– ACOSOG Z1031. J Clin Oncol 2011; 29: 
2342–2349.

 16. Fontein DBY, Charehbili A, Nortier JWR, et 
al. Efficacy of six month neoadjuvant endocrine 
therapy in postmenopausal, hormone receptor-
positive breast cancer patients – a phase II trial. 
Eur J Cancer 2014; 50: 2190–2200.

 17. Quenel-Tueux N, Debled M, Rudewicz J, et al. 
Clinical and genomic analysis of a randomised 
phase II study evaluating anastrozole and 
fulvestrant in postmenopausal patients treated 
for large operable or locally advanced hormone-
receptor-positive breast cancer. Br J Cancer 2015; 
113: 585–594.

 18. Lerebours F, Rivera S, Mouret-Reynier MA, 
et al. Randomized phase 2 neoadjuvant trial 
evaluating anastrozole and fulvestrant efficacy 
for postmenopausal, estrogen receptor-positive, 
human epidermal growth factor receptor 
2-negative breast cancer patients: results of the 
UNICANCER CARMINA 02 French trial 
(UCBG 0609). Cancer 2016; 122: 3032–3040.

 19. Masuda N, Sagara Y, Kinoshita T, et al. 
Neoadjuvant anastrozole versus tamoxifen in 
patients receiving goserelin for premenopausal 
breast cancer (STAGE): a double-blind, 
randomised phase 3 trial. Lancet Oncol 2012; 13: 
345–352.

 20. Lerebours F, Pulido M, Fourme E, et al. 
Predictive factors of 5-year relapse-free survival in 
HR+/HER2− breast cancer patients treated with 
neoadjuvant endocrine therapy: pooled analysis 
of two phase 2 trials. Br J Cancer 2020; 122: 
759–765.

 21. Ma CX, Suman VJ, Leitch AM, et al. 
ALTERNATE: Neoadjuvant endocrine 
treatment (NET) approaches for clinical stage 
II or III estrogen receptor-positive HER2-
negative breast cancer (ER+ HER2− BC) in 
postmenopausal (PM) women: alliance A011106. 
J Clin Oncol 2020; 38: 504–504.

 22. Krainick-Strobel UE, Lichtenegger W, 
Wallwiener D, et al. Neoadjuvant letrozole in 
postmenopausal estrogen and/or progesterone 
receptor positive breast cancer: a phase IIb/
III trial to investigate optimal duration of 
preoperative endocrine therapy. BMC Cancer 
2008; 8: 62.

 23. Llombart-Cussac A, Guerrero A, Galan A, et al. 
Phase II trial with letrozole to maximum response 
as primary systemic therapy in postmenopausal 
patients with ER/PgR[+] operable breast cancer. 
Clin Transl Oncol 2012; 14: 125–131.

 24. Allevi G, Strina C, Andreis D, et al. Increased 
pathological complete response rate after a 
long-term neoadjuvant letrozole treatment in 
postmenopausal oestrogen and/or progesterone 
receptor-positive breast cancer. Br J Cancer 2013; 
108: 1587–1592.

 25. Johnston S, Puhalla S, Wheatley D, et al. 
Randomized phase II study evaluating palbociclib 
in addition to letrozole as neoadjuvant therapy 
in estrogen receptor-positive early breast cancer: 
PALLET trial. J Clin Oncol 2019; 37: 178–189.

 26. Hurvitz SA, Martin M, Press MF, et al. 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 
2020; 26: 566–580.

 27. Khan QJ, O’Dea A, Bardia A, et al. 
Letrozole + ribociclib versus letrozole + placebo 
as neoadjuvant therapy for ER+ breast cancer 
(FELINE trial). J Clin Oncol 2020; 38: 505–505.

 28. Prat A, Saura C, Pascual T, et al. Ribociclib plus 
letrozole versus chemotherapy for postmenopausal 
women with hormone receptor-positive, HER2-
negative, luminal B breast cancer (CORALLEEN): 
an open-label, multicentre, randomised, phase 2 
trial. Lancet Oncol 2020; 21: 33–43.

 29. Cottu P, D’Hondt V, Dureau S, et al. Letrozole 
and palbociclib versus chemotherapy as 

https://journals.sagepub.com/home/tam


H Jeong and S-B Kim 

journals.sagepub.com/home/tam 17

neoadjuvant therapy of high-risk luminal breast 
cancer. Ann Oncol 2018; 29: 2334–2340.

 30. Delaloge S, Dureau S, D’Hondt V, et al. Survival 
outcomes after neoadjuvant letrozole and 
palbociclib versus third generation chemotherapy 
for patients with high-risk oestrogen receptor-
positive HER2-negative breast cancer. Eur J 
Cancer 2022; 166: 300–308.

 31. Ma CX, Gao F, Luo J, et al. NeoPalAna: 
neoadjuvant palbociclib, a cyclin-dependent 
kinase 4/6 inhibitor, and anastrozole for clinical 
stage 2 or 3 estrogen receptor-positive breast 
cancer. Clin Cancer Res 2017; 23: 4055–4065.

 32. Saura C, Hlauschek D, Oliveira M, et al. 
Neoadjuvant letrozole plus taselisib versus 
letrozole plus placebo in postmenopausal 
women with oestrogen receptor-positive, HER2-
negative, early-stage breast cancer (LORELEI): a 
multicentre, randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet Oncol 2019; 20: 
1226–1238.

 33. Mayer IA, Prat A, Egle D, et al. A phase II 
randomized study of neoadjuvant letrozole plus 
alpelisib for hormone receptor-positive, human 
epidermal growth factor receptor 2-negative 
breast cancer (NEO-ORB). Clin Cancer Res 2019; 
25: 2975–2987.

 34. Fasching PA, Bardia A, Quiroga V, et al. 
Neoadjuvant giredestrant (GDC-9545) plus 
palbociclib (P) versus anastrozole (A) plus P in 
postmenopausal women with estrogen receptor-
positive, HER2-negative, untreated early breast 
cancer (ER+/HER2− eBC): final analysis of 
the randomized, open-label, international phase 
2 coopERA BC study. J Clin Oncol 2022; 40: 
589–589.

 35. Robertson JFR, Evans A, Henschen S, et 
al. A randomized, open-label, presurgical, 
window-of-opportunity study comparing the 
pharmacodynamic effects of the novel oral SERD 
AZD9496 with fulvestrant in patients with newly 
diagnosed ER(+) HER2(−) primary breast 
cancer. Clin Cancer Res 2020; 26: 4242–4249.

 36. Hurvitz SA, Wang LS, Chan D, et al. TRIO-US 
B-12 TALENT: phase II neoadjuvant trial 
evaluating trastuzumab deruxtecan with or 
without anastrozole for HER2-low, HR+ 
early-stage breast cancer. J Clin Oncol 2022; 40: 
TPS623.

 37. Bardia A, Hurvitz S, Press MF, et al. Abstract 
GS2-03: GS2-03 TRIO-US B-12 TALENT: 
neoadjuvant trastuzumab deruxtecan with or 
without anastrozole for HER2-low, HR+ early 
stage breast cancer. Cancer Res 2023; 83:  
GS2-03.

 38. Chagpar AB, Middleton LP, Sahin AA, 
et al. Accuracy of physical examination, 
ultrasonography, and mammography in 
predicting residual pathologic tumor size in 
patients treated with neoadjuvant chemotherapy. 
Ann Surg 2006; 243: 257–264.

 39. Scheel JR, Kim E, Partridge SC, et al. MRI, 
clinical examination, and mammography for 
preoperative assessment of residual disease and 
pathologic complete response after neoadjuvant 
chemotherapy for breast cancer: ACRIN 6657 
trial. AJR Am J Roentgenol 2018; 210: 1376–
1385.

 40. Ellis MJ, Tao Y, Luo J, et al. Outcome prediction 
for estrogen receptor-positive breast cancer based 
on postneoadjuvant endocrine therapy tumor 
characteristics. J Natl Cancer Inst 2008; 100: 
1380–1388.

 41. Ellis MJ, Suman VJ, Hoog J, et al. Ki67 
proliferation index as a tool for chemotherapy 
decisions during and after neoadjuvant aromatase 
inhibitor treatment of breast cancer: results from 
the American College of Surgeons Oncology 
Group Z1031 trial (Alliance). J Clin Oncol 2017; 
35: 1061–1069.

 42. Ellis MJ. Lessons in precision oncology from 
neoadjuvant endocrine therapy trials in ER+ 
breast cancer. Breast 2017; 34: S104–S107.

 43. Goncalves R, DeSchryver K, Ma C, et al. 
Development of a Ki-67-based clinical trial assay 
for neoadjuvant endocrine therapy response 
monitoring in breast cancer. Breast Cancer Res 
Treat 2017; 165: 355–364.

 44. Dowsett M, Smith IE, Ebbs SR, et al. Prognostic 
value of Ki67 expression after short-term 
presurgical endocrine therapy for primary breast 
cancer. J Natl Cancer Inst 2007; 99: 167–170.

 45. Suman VJ, Ellis MJ and Ma CX. The 
ALTERNATE trial: assessing a biomarker driven 
strategy for the treatment of post-menopausal 
women with ER+/Her2− invasive breast cancer. 
Chin Clin Oncol 2015; 4: 34.

 46. Ma CX, Suman V, Leitch AM, et al. Abstract 
GS4-05: neoadjuvant chemotherapy (NCT) 
response in postmenopausal women with clinical 
stage II or III estrogen receptor positive (ER+) 
and HER2 negative (HER2−) breast cancer 
(BC) resistant to endocrine therapy (ET) in the 
ALTERNATE trial (Alliance A011106). Cancer 
Res 2021; 81: GS4-05.

 47. Smith I, Robertson J, Kilburn L, et al. Long-
term outcome and prognostic value of Ki67 
after perioperative endocrine therapy in 
postmenopausal women with hormone-sensitive 
early breast cancer (POETIC): an open-label, 

https://journals.sagepub.com/home/tam


TherapeuTic advances in 
Medical Oncology Volume 15

18 journals.sagepub.com/home/tam

multicentre, parallel-group, randomised, phase 3 
trial. Lancet Oncol 2020; 21: 1443–1454.

 48. Nitz UA, Gluz O, Kümmel S, et al. Endocrine 
therapy response and 21-gene expression assay 
for therapy guidance in HR+/HER2− early breast 
cancer. J Clin Oncol 2022; 40: 2557–2567.

 49. Nielsen TO, Leung SCY, Rimm DL, et al. 
Assessment of Ki67 in breast cancer: updated 
recommendations from the International Ki67 in 
Breast Cancer Working Group. J Natl Cancer Inst 
2021; 113: 808–819.

 50. Jagarlamudi KK and Shaw M. Thymidine kinase 
1 as a tumor biomarker: technical advances offer 
new potential to an old biomarker. Biomark Med 
2018; 12: 1035–1048.

 51. Bjohle J, Bergqvist J, Gronowitz JS, et al. Serum 
thymidine kinase activity compared with CA 15-3 
in locally advanced and metastatic breast cancer 
within a randomized trial. Breast Cancer Res Treat 
2013; 139: 751–758.

 52. McCartney A, Biagioni C, Schiavon G, et al. 
Prognostic role of serum thymidine kinase 1 
activity in patients with hormone receptor-
positive metastatic breast cancer: analysis of the 
randomised phase III Evaluation of Faslodex 
versus Exemestane Clinical Trial (EFECT). Eur 
J Cancer 2019; 114: 55–66.

 53. Bagegni N, Thomas S, Liu N, et al. 
Serum thymidine kinase 1 activity as a 
pharmacodynamic marker of cyclin-dependent 
kinase 4/6 inhibition in patients with early-stage 
breast cancer receiving neoadjuvant palbociclib. 
Breast Cancer Res 2017; 19: 123.

 54. Torrisi R, Bagnardi V, Pruneri G, et al. 
Antitumour and biological effects of letrozole 
and GnRH analogue as primary therapy in 
premenopausal women with ER and PgR positive 
locally advanced operable breast cancer. Br J 
Cancer 2007; 97: 802–808.

 55. Shimizu D, Ishikawa T, Tanabe M, et al. 
Preoperative endocrine therapy with goserelin 
acetate and tamoxifen in hormone receptor-
positive premenopausal breast cancer patients. 
Breast Cancer 2014; 21: 557–562.

 56. Dellapasqua S, Gray KP, Munzone E, et al. 
Neoadjuvant degarelix versus triptorelin in 
premenopausal patients who receive letrozole 
for locally advanced endocrine-responsive breast 
cancer: a randomized phase II trial. J Clin Oncol 
2019; 37: 386–395.

 57. Gluz O, Nitz UA, Christgen M, et al. Impact of 
age, recurrence score (RS) and ovarian function 
suppression (OFS) on endocrine response to 
short preoperative endocrine therapy (ET): 

analysis of ADAPT and ADAPTcycle trials. Ann 
Oncol 2022; 33: S1382–S1383.

 58. Sparano JA, Gray RJ, Makower DF, et al. 
Adjuvant chemotherapy guided by a 21-gene 
expression assay in breast cancer. N Engl J Med 
2018; 379: 111–121.

 59. Chae SY, Park SH, Lee HS, et al. Association 
between tumor 18F-fluorodeoxyglucose 
metabolism and survival in women with estrogen 
receptor-positive, HER2-negative breast cancer. 
Sci Rep 2022; 12: 7858.

 60. Perou CM, Sorlie T, Eisen MB, et al. Molecular 
portraits of human breast tumours. Nature 2000; 
406: 747–752.

 61. Wallden B, Storhoff J, Nielsen T, et al. 
Development and verification of the PAM50-
based Prosigna breast cancer gene signature 
assay. BMC Med Genomics 2015; 8: 54.

 62. Filipits M, Nielsen TO, Rudas M, et al. The 
PAM50 risk-of-recurrence score predicts risk for 
late distant recurrence after endocrine therapy 
in postmenopausal women with endocrine-
responsive early breast cancer. Clin Cancer Res 
2014; 20: 1298–1305.

 63. Guarneri V, Generali DG, Frassoldati A, et al. 
Double-blind, placebo-controlled, multicenter, 
randomized, phase IIb neoadjuvant study of 
letrozole-lapatinib in postmenopausal hormone 
receptor-positive, human epidermal growth factor 
receptor 2-negative, operable breast cancer. J Clin 
Oncol 2014; 32: 1050–1057.

 64. Paik S, Shak S, Tang G, et al. A multigene assay 
to predict recurrence of tamoxifen-treated, node-
negative breast cancer. N Engl J Med 2004; 351: 
2817–2826.

 65. Kalinsky K, Barlow WE, Gralow JR, et al. 21-
Gene assay to inform chemotherapy benefit in 
node-positive breast cancer. N Engl J Med 2021; 
385: 2336–2347.

 66. Ueno T, Masuda N, Yamanaka T, et al. 
Evaluating the 21-gene assay Recurrence Score® 
as a predictor of clinical response to 24 weeks of 
neoadjuvant exemestane in estrogen receptor-
positive breast cancer. Int J Clin Oncol 2014; 19: 
607–613.

 67. Ueno T, Saji S, Masuda N, et al. Changes in 
Recurrence Score by neoadjuvant endocrine 
therapy of breast cancer and their prognostic 
implication. ESMO Open 2019; 4: e000476.

 68. Iwata H, Masuda N, Yamamoto Y, et al. 
Validation of the 21-gene test as a predictor 
of clinical response to neoadjuvant hormonal 
therapy for ER+, HER2-negative breast cancer: 

https://journals.sagepub.com/home/tam


H Jeong and S-B Kim 

journals.sagepub.com/home/tam 19

the TransNEOS study. Breast Cancer Res Treat 
2019; 173: 123–133.

 69. Bear HD, Wan W, Robidoux A, et al. Using 
the 21-gene assay from core needle biopsies to 
choose neoadjuvant therapy for breast cancer: 
a multicenter trial. J Surg Oncol 2017; 115: 
917–923.

 70. Harbeck N, Gluz O, Christgen M, et al. 
ADAPTcycle: adjuvant dynamic marker-adjusted 
personalized therapy (ADAPT) comparing 
endocrine therapy plus ribociclib versus 
chemotherapy in intermediate-risk HR+/HER2− 
early breast cancer (EBC). J Clin Oncol 2020; 38: 
TPS601.

 71. Goldbach MM, Burkbauer L, Bharani T, et al. 
Effectiveness of a short duration of neoadjuvant 
endocrine therapy in patients with HR+ breast 
cancer: an NCDB analysis (2004–2016). Ann 
Surg Oncol 2021; 28: 8651–8662.

 72. Chiba A, Hoskin TL, Heins CN, et al. 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 2017; 24: 
418–424.

 73. Sheng JY, Santa-Maria CA, Mangini N, et 
al. Management of breast cancer during the 
COVID-19 pandemic: a stage- and subtype-
specific approach. JCO Oncol Pract 2020; 16: 
665–674.

 74. Caswell-Jin JL, Shafaee MN, Xiao L, et al. 
Breast cancer diagnosis and treatment during the 
COVID-19 pandemic in a nationwide, insured 
population. Breast Cancer Res Treat 2022; 194: 
475–482.

 75. Dave RV, Elsberger B, Taxiarchi VP, et al. 
Bridging pre-surgical endocrine therapy for 
breast cancer during the COVID-19 pandemic: 
outcomes from the B-MaP-C study. Breast Cancer 
Res Treat 2023; 199: 265–279.

 76. Di Lena E, Hopkins B, Wong SM, et al. 
Delays in operative management of early-stage, 
estrogen receptor-positive breast cancer during 
the COVID-19 pandemic: a multi-institutional 
matched historical cohort study. Surgery 2022; 
171: 666–672.

 77. Bardoli A and Muttalib M. Neoadjuvant 
endocrine therapy (NET) in breast cancer 
– COVID setting. Eur J Surg Oncol 2022; 48: 
e2–e3.

Visit Sage journals online 
journals.sagepub.com/
home/tam

 Sage journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

