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Neoadjuvant endocrine treatment (NET) associates to satisfactory rates of breast conservative surgery and
conversions from inoperable to operable hormone receptor-positive (HR+)/HER2-negative breast cancer (BC),
with less toxicities than neoadjuvant chemotherapy (NACT) and similar outcomes. Hence, it has been proposed
as a logical alternative to NACT in patients with HR+/HER2- BC candidate to a neoadjuvant approach.
Nevertheless, potential barriers to the widespread use of NET include the heterogeneous nature of patient
response coupled with the long duration needed to achieve a clinical response. However, interest in NET has
significantly increased in the last decade, owing to more in-depth investigation of several biomarkers for a more
adequate patient selection and on-treatment benefit monitoring, such as PEPI score, Ki67 and genomic assays.
This review is intended to describe the state-of-the-art regarding NET, its future perspectives and potential
integration with molecular biomarkers for the optimal selection of patients, regimen and duration of (neo)
adjuvant treatments.

1. Introduction

Hormone receptor-positive (HR+) or luminal BC with no over-
expression or amplification of HER2 (HER2-) accounts for 65-70% of all
breast tumors. In early-stage disease, its mainstay of systemic treatment
is represented by endocrine therapy (ET), with chemotherapy (CT) being
useful mostly in premenopausal women, men and postmenopausal pa-
tients with high-risk of relapse (Cardoso et al., 2019a; Korde et al.,
2021a; Schettini et al., 2021). CT can be administered before (neo-
adjuvant therapy) or after surgery (adjuvant therapy) for 4-6 months,
when indicated, while ET is usually administered as adjuvant therapy

for 5-10 years. However, ET can be also started before surgery, in
certain circumstances(F. Cardoso et al., 2019a), although there are no
clear recommendations for patient selection for neoadjuvant ET (NET).
The main aim of this review is to describe the state-of-the-art regarding
NET and its future perspectives, especially in light of the increasing in-
terest towards de-escalation therapeutic strategies and implementation
of molecular biomarkers for the optimal selection and duration of (neo)
adjuvant treatments.
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1.1. The neoadjuvant paradigm in breast cancer

Neoadjuvant therapy (NAT) presents with several advantages. A
reduction of tumor burden can either allow for a more conservative
surgery or the surgical resection of an inoperable primary tumor (Bear,
2010; Fisher et al., 1997). In addition, given that the tumor remains in
place during the treatment, a pre-surgical approach allows for the
monitoring of treatment response and the interruption of inefficient
therapies in case of progression, avoiding potentially toxic treatments
that offer no clinical benefit (Cain et al., 2017). For the same reason and
the possibility of an easy access to pre-/on-/post-treatment tumor tissue
(primary site instead of organ/bone metastases), neoadjuvant ap-
proaches are also becoming an increasingly popular and invaluable
translational research platform (Buono et al., 2018). Beyond all of these
considerations, several studies showed that patients who obtain a
pathological complete response (pCR), defined as absence of invasive
carcinoma in breast and nodes after neoadjuvant therapy and posterior
surgery, might experience an improved survival (Cortazar et al., 2014a;
Pennisi et al., 2016) or might be treated with additional adjuvant
treatments if not obtaining pCR. This is especially true for HER2 positive
(HER2+) and triple negative (TN) tumors, but less clear for HR+/HER2-
disease (Cortazar et al., 2014b). At the same time the more recent
post-neoadjuvant endpoint of residual cancer burden (RCB) was inde-
pendently validated in multiple studies (Yau et al., 2022). The RCB
method allows for a standardized evaluation and quantification of the
extent of residual disease in breast and axillary lymph-nodes at surgery,
following neoadjuvant chemotherapy (NACT). RCB is a continuous score
subdivided into 4 categories ranging from O to III. An RCB score of zero
represents the achievement of pCR, while RCB categories I-1II represent
an increasing residual disease burden (Symmans et al., 2007a). In a
recent patient-level meta-analysis including more than 5000 patients
from 12 Institutions and trials, its prognostic role was confirmed,
independently from age, grade, T category, and nodal status at baseline,
including for HR+/HER2- BC (Yau et al., 2022).
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1.2. NET: Efficacy and optimal duration

While HER2+ and TN BC may achieve pCR in 50-60% of cases, in
HR+/HER2- tumors pCR is achieved just in 10-20% of patients (Gianni
et al., 2012; Schneeweiss et al., 2013). This has represented an impor-
tant limitation to the widespread use of a neoadjuvant approach in this
BC subtype, so far. However, pCR rates observed with NET are similar to
what has been usually observed with NACT in this BC subtype, with
significantly better tolerability (Spring et al., 2016a). Moreover, when
NET is administered for more than 3 months, the likelihood of
breast-conserving surgery (BCS) can range between 40% and 80% (Cain
et al., 2017; Fisher et al., 1997) with up to 77% of patients initially
non-eligible for BCS, that might become eligible for breast preservation
after NET. Though, this rate seems to be lower in those with low pro-
gesterone receptor expression levels and positive axillary lymph-nodes
(N+) (Suman et al., 2015). For these reasons, NET has been proposed
as a logical alternative to NACT in HR+/HER2- BC. In any case, while
NACT has already an established role in the European Society Medical
Guidelines (ESMO) and American Society of Clinical Oncology (ASCO)
guidelines, the role of NET is still underrated, limited to postmenopausal
women, and scarcely used in clinical practice (Cardoso et al., 2019b;
Korde et al., 2021a). Potential barriers to the widespread use of NET
include the heterogeneous nature of patient response coupled with the
long duration needed to achieve a clinical response. In fact, several
studies have been conducted to define the appropriate duration of NET,
generally demonstrating better response rates after longer treatment
periods, with overall response rates (ORR) ranging between 20% and
70% with 3-4 months of NET and up to 88% with 12 months and BCS.
However, pCR was achieved in 0-17.5% cases (Table 1), increasing with
longer drug exposition(Cataliotti et al., 2006; Eiermann et al., 2001;
Ellis et al., 2001; Masuda et al., 2012; Smith et al., 2005). Moreover,
close tumor burden monitoring must be carried out so to quickly
intervene in case of local progression before surgery, which could either
make the tumor inoperable or the patient not amenable to BCS.

Importantly, during COVID-19 pandemic, Di Lena et al. performed a
multi-institutional matched historical cohort study where BC patients

Table 1
NET duration and clinical efficacy.
Study No. of Intervention/s Setting Phase  Duration Primary endpoint Results
patients Months
Krainick-Strobel 32 Letrozole Stage II-11I-IV 2/3 4/8 Tumor Regression, 4 mo: ORR: 55.2% BCS: 71%
UE; ER+ /PR+ BC BCS 8 mo ORR: 72.4% BCS: 80%
2008
Dixon JM; 2009 182 Letrozole HR-+/HER2- locally advanced 2 3/6/12/24 ORR 3 mo: ORR: 70%
BC BCS: 60%
>3 mo: ORR:
83%, BCS: 72%
Llombart-Cussac 70 Letrozole HR-+/HER2- early BC 2 4/12 Maximal response ORR: 76.8% (25% CR and 51.8%
A; PR)
2012 BCS: 43%
Hojo T; 50 Exemestane Stage II-IITA 2 4/6 CR, pCR 4 mo: pCR: 0%;
2013 ER+ and/or PgR+ BC BCS ORR: 42.3%);
BCS: 50%
6 mo: pCR: 4%; ORR: 48%;
BCS: 48%
Allevi G; 2013 120 Letrozole Stage II - 4/8/12 pCR 4 mo: pCR 2.5%;
HR+ BC 8 mo: pCR 5%;
12 mo: pCR 17.5%
Fontein DBY; 2014 102 Exemestane Stage II-III 2 3/6 CR 3 mo ORR: 58.7%);
HR+ BC BCS: 61.8%
>3 mo ORR: 68.3%; BCS: 70.6%
Rusz O; 42 Letrozole, Stage II-III - 12 ORR, pCR pCR: 14.3%
2015 Goserelin, HR-+/HER2- BC ORR: 88%
Tamoxifen BCS: 45%
Pariser AC; 2019 6584 NET stage II-III - >3 Tumor 1-3 mo: 20.6%
ER+ and/or PgR+ BC downstaging 12-24 mo: 34.9%

Legend. CR: complete response; ER: estrogen receptor; PgR: progesterone receptor; HR: hormone receptor; + : positive; PR: partial response; ORR: overall response
rate; BCS: breast conservation surgery; OR: objective response; pCR: pathologic complete response.
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with stage I/II BC receiving NET were prospectively identified and
matched to a historical cohort of stage I/II HR+/HER2- BC patients
treated with upfront surgery in <35 days. Despite 2.5-times longer de-
lays, patients receiving NET did not experience pathologic upstaging
during the pandemic(Lena et al., 2021).

In conclusion, while the optimal duration of NET has not been
completely established, in the majority of NET trials, patients were
treated for 3-6 months before surgery (Abrial et al., 2006; Allevi et al.,
2013; Dixon et al., 2008). Thus, all main international guidelines
recommend NET to be administered for at least 3-4 months to obtain a
relevant clinical response (Burstein et al., 2021b; Cardoso et al., 2019;
Korde et al., 2021b).

1.3. NET: Which endocrine agents?

Nowadays, the third-generation aromatase inhibitors (Als) anas-
trozole, letrozole, and exemestane (with a gonadotropin releasing hor-
mone [GnRH] analogue [GnRHa] in premenopausal patients) are
considered the standard of care for NET. In postmenopausal patients, at
least five randomized phase III trials compared Als to tamoxifen(Cata-
liotti et al., 2006; Eiermann et al., 2001; Ellis et al., 2001; Masuda et al.,
2012; Smith et al., 2005), with results consistently pointing towards the
superiority of Als in response rates. (Table 2). Interestingly, the irre-
versible, steroidal Al exemestane, showed a similar clinical response rate
to the non-steroidal Al anastrozole in a study from Semiglazov et al.
(2007) which also compared NET to NACT(Semiglazov et al., 2007).
Overall the superiority of Als vs. tamoxifen was confirmed in a recent
meta-analysis, showing better clinical and radiological response rates
(p<0.001 for both), along with superior BCS rate (p<0.001) with Als
(Spring et al., 2016b).

To note, two trials explored the use of the estrogen receptor (ER)
degrader (SERD) fulvestrant or anastrozole in the neoadjuvant setting.
The latter appeared to be slightly favoured in terms of efficacy and
tolerability, although no formal comparison was carried out (Lerebours
et al., 2016; Quenel-Tueux et al., 2015) (Table 2).

In the premenopausal setting, the STAGE trial compared Als vs.
tamoxifen in 204 women with iatrogenic menopause induced by the
GnRHa goserelin in both treatment arms. This study confirmed the
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superiority of an Al over tamoxifen in response rates (70.4% v 50.5%,
respectively), also in this clinical scenario (Masuda et al., 2012)
(Table 2).

2. Biomarkers for patients selection

In the last 2021 St. Gallen International Breast Cancer Conference,
98% of the expert panellists did not consider anymore CT as a treatment
of choice for postmenopausal women with clinical and/or genomic low-
risk HR+/HER2- tumors (Burstein et al., 2021a). However, there is a
need for better selection of patients to whom administer NET.

2.1. Baseline ER expression

Baseline ER levels are predictive of response to ET. The first evidence
of this association was obtained from a biomarker analysis of the
IMPACT(Smith et al., 2005) and the P024(Eiermann et al., 2001) trials
of neoadjuvant Als vs. tamoxifen. While large adjuvant trials showed
that an ER expression of at least 1% is sufficient to derive survival
benefit form ET(Hammond et al., 2010), the P024 and IMPACT results
indicate that higher baseline levels are associated with increased like-
lihood of objective response to NET. In light of these results, strong ER
staining was subsequently adopted as an eligibility criterion in other
NET trials, such as Z103114(FEllis et al., 2017) and ALTERNATE (Suman
et al., 2015).

2.2. Baseline Ki67 expression

In the adjuvant setting, the Ki67 expression has been used to
discriminate aggressive HR+/HER2- tumors requiring CT from those
which are likely to be cured with ET monotherapy (Dowsett et al., 2007;
Ellis et al., 2017). However, the reliability of such biomarker has long
been under debate for the considerable inter-pathologist variability
(Harris et al., 2007), until its use has been replaced by standardized gene
expression-based assays (GEA), where available (Cardoso et al., 2016a;
Dubsky et al., 2013a; Filipits et al., 2014, 2019a; Gnant et al., 2014;
Laenkholm et al., 2018; Sestak et al., 2015, 2019a; Sparano et al., 2018).
Similar unsatisfactory results have been observed in the neoadjuvant

Table 2
Randomized clinical trials comparing different endocrine agents in the neoadjuvant setting.
Clinical Trial Study Design Menopausal Intervention/s Duration Primary Endpoint and results Phase
Identifier Status
Eiermann W; 337 Participants, Postmenopausal Letrozole (A) vs. 3 mo RR by clinical palpation 3
2011 randomized, double-blind tamoxifen (B) A 55%, B 36% (OR: 2.23, 95%CI: 1.43-3.50,
P=0.0005).
Ellis MJ; 250 Participants, Postmenopausal Letrozole (A) vs. 4 mo RR by clinical palpation 3
2001 randomized, double-blind tamoxifen (B) A 60%, B 41% (P=0.004).
Smith IE; 330 Participants, Postmenopausal Anastrozole (A) or 4 mo RR by ultrasound 3
2005 randomized, tamoxifen (B) vs. A 37%, B 36% (A vs. B OR: 1.05, 95%CI: 0.61-1.81,
double-blind anastrozole + tamoxifen P=0.87), C 39% (C vs. B OR: 1.15, 95%CI: 0.67-2.00,
© P=0.61).
Cataliotti L; 450 Participants, Postmenopausal Anastrozole (A) vs. 3 mo RR by ultrasound A 39.5%, B 35.4% (A vs. BOR: 1.24, 3
2006 randomized, double-blind tamoxifen (B) 95%CI: 0.84-1.83, P=0.29).
Semiglazov VF; 239 Participants, Postmenopausal NET arm (anastrozole [A] 3 mo RR by clinical palpation in the NET group 2
2007 randomized, controlled, or exemestane [B]) A 62%, B 67% (no formal comparison).
open-label
Quenel-Tueux 108 Participants, Postmenopausal Anastrozole (A) vs. 6 mo ORR A 58.9% (95%CI: 45.0-71.9%); B 53.8% (95%CIL: 2
N; randomized, non- fulvestrant (B) 39.5-67.8%)
2015 comparative BCS A 58.9% (95%CI: 45.0-71.9%); B 50.0% (95%CI:
35.8-64.2%).
Lerebours F; 116 Participants, Postmenopausal Anastrozole (A) vs. 4 or 6 mo ORR A 52.6% (95%CI: 41.0-64.0%); B 36.8% (95%CI: 2
2016 randomized fulvestrant (B) 25.0-49.0%).
open label, non-comparative
Masuda N; 240 Participants, Premenopausal Anastrozole + goserelin 6 mo CRR with calliper A 70.4%, B 50.5% (A vs. B OR: 2-23, 3
2012 randomized, double-blind, (A) vs. 95% CI 1-22-4-06, p=0-009)

parallel-group

tamoxifen + goserelin (B)

Legend. BCS: breast conservative surgery; RR: response rate; CRR: clinical response rate; mo: months; ORR: overall response rate; OR: odds ratio; TTP: time to pro-
gression; OS: overall survival; CI: confidence interval.
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setting. In the P024 (Eiermann et al., 2001) and IMPACT (Smith et al.,
2005) trials, an extremely low baseline Ki67 expression (below 10%)
was able to identify a subgroup of patients with outstanding survival
rates at 5 years; however, no significant association between baseline
Ki67 levels and relapse-free survival (RFS) was observed. Such results
suggest that extremely low levels of baseline Ki67 might be a useful
biomarker to identify patients who can be safely endorsed for NET
without the need for more expensive and complex biomarkers. However,
the reliability of baseline Ki67 becomes largely unsatisfactory for levels
above 10%, and the use of more proficient biomarkers is needed in these
cases.

2.3. GEA

In the last St. Gallen Conference, 73% of the panellists voted in
favour of performing genomic assays on core biopsies to select patients
with HR+/HER2- BC for NACT vs. NET (Thomssen et al., 2021).

GEA, such as OncotypeDX® (Sparano et al., 2018), Mammaprint®
(Cardoso et al., 2016b), EndoPredict® (Dubsky et al., 2013b; Filipits
etal., 2019b; Sestak et al., 2019b) and PAM50 (Prosigna®)(Filipits et al.,
2014; Gnant et al., 2014; Lenkholm et al., 2018; Sestak et al., 2015),
accurately predict the risk of recurrence of HR+/HER2- early BC,
allowing to discriminate patients who might not need adjuvant CT from
those who are likely to benefit. Although these assays have been vali-
dated for the adjuvant setting, their use could be easily translated to the
neoadjuvant scenario, to triage patients to either NACT or NET based on
their genomic risk scores. This strategy has been tested in a pilot trial
(Bear et al., 2017), which assigned 64 HR+/HER2- BC patients not
suitable for BCS to NACT or NET based on OncotypeDX Recurrence
Score (RS). Similarly to the TAILORx adjuvant trial (Sparano et al.,
2018), patients with a midrange RS of 11-25 were randomized to either
NET or NACT. The results showed significantly lower ORR in patients
with midrange RS randomized to NET vs. NACT; however, high ORR
(72%) were observed in patients with RS<11 treated with NET, indi-
cating NET as a potentially effective strategy in this subgroup. A similar
approach has been used in the I-SPY program (Barker et al., 2009),
where eligible patients had to be affected by HR+/HER2- BC classified
as high-risk by the MammaPrint assay.

Recently, a PAM50-based chemo-endocrine score (CES) has been
developed and validated to predict sensitivity to NACT and NET (Prat
et al., 2017). Patients with high CES showed lower probability of
achieving pCR, significantly higher ORR upon NET (75%), and higher
survival rates independently of pCR (Prat et al., 2017). These data
overall suggest the potential of GEA for tailoring treatment recom-
mendations in the neoadjuvant setting in addition to classic pathology.

2.4. Tumor histology and NET: invasive lobular carcinoma

The efficacy of NET has been explored also in the context of invasive
lobular carcinoma (ILC), the second most frequent BC histotype after
invasive ductal carcinoma (IDC) (Carbognin et al., 2020). This pheno-
type accounts for 5-15% of all BC, is usually HR+ and despite showing
frequently lower mitotic index and grade than IDC, presents with
peculiar molecular features associated to worse long-term survival
(Carbognin et al., 2020). In current clinical practice, there are no
established differences in the (neo)adjuvant therapeutic approach be-
tween IDC and ILC, owing to substantial lack of data. Noteworthy, a
single arm study confined to ILC showed a mean reduction in tumor
volume at 3 months of 66%, with a clinical response rate of almost 92%
with letrozole as NET (Dixon et al., 2011). An ongoing randomized
phase 2 trial (NCT02206984) will assess whether fulvestrant is more
effective than anastrozole or tamoxifen in reducing Ki67 in ILC. The trial
is currently recruiting patients and results might have potential impli-
cations for the future management of this BC phenotype.
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3. Biomarkers for predicting long-term benefit of NET and
defining the adjuvant strategy

The neoadjuvant setting allows to evaluate on-treatment changes of
molecular tumor characteristics. This important feature has been
extensively exploited by researchers to find early biomarkers of endo-
crine sensitivity in patients with HR+ BC 21, so to pursuit risk-adapted
strategies in the (neo)adjuvant setting. Biomarkers currently available
for directing treatment decisions include, among others, on-treatment
changes of Ki67 expression, the preoperative endocrine prognostic
index (PEPI), the RCB and GEA.

3.1. On-treatment changes of Ki67 expression

In postmenopausal HR+/HER2- BC patients receiving NET, the early
suppression of Ki67 seems to be a significant predictor of treatment ef-
ficacy and long-term survival. In 2007, the investigators of the IMPACT
trial showed that lower levels of Ki67 expression after 2 weeks of NET
(assessed with on-treatment tumor biopsies) were significantly associ-
ated with higher RFS (Smith et al., 2005). One year later, the in-
vestigators of the P024 trial showed that also post-treatment Ki67 levels
on surgical specimens after 4 months of NET were significantly associ-
ated with RFS and breast cancer-specific survival (BCSS) (Eiermann
et al., 2001). Importantly, both trials showed that on-treatment Ki67
expression (either after 2 weeks or after 4 months) was more strongly
associated with long-term outcome than Ki67 expression at baseline.

The prognostic role of Ki67 determination after 2-4 weeks of NET
was further validated by the Z1031 (Ellis et al., 2017) and POETIC
(Smith et al., 2020) trials. The Z1031 was initially designed to compare
the neoadjuvant activity of different Als in postmenopausal HR+/HER2-
BC patients. Following the results of IMPACT and P024, the trial was
amended to perform a tumor biopsy 2-4 weeks after starting Al and
triage those patients with Ki67>10% to NACT. After 4.4 years of median
follow-up, patients who remained on NET due to persistent Ki67 sup-
pression (levels <10% at biopsy) showed a significantly higher RFS
compared to patients that ultimately received NACT. Importantly, this
trial settled the Ki67 expression cut-off at 10% to identify those patients
who benefit greatly from NET and may not need CT afterwards.

The POETIC trial was specifically designed to validate Ki67 expres-
sion after short-term NET as a prognostic biomarker. In this study, 4300
postmenopausal HR-+/HER2- BC patients were randomized to receive
either an AI for 2 weeks before surgery, or no pre-surgical treatment.
This short-course NET allowed to identify three prognostic subgroups of
patients in the NET arm, based on surgical Ki67 levels. Namely, patients
whose Ki67 was <10% both at baseline and after 2 weeks of NET pa-
tients whose Ki67 was initially >10% but shrunk down to 10% after 2
weeks of NET and patients whose Ki67 remained >10% upon 2 weeks of
NET. Patients from the first group showed the highest survival rates,
with a 5-year recurrence risk (RR) of 4.3% (95% confidence interval
[CI]: 2.9 - 6.3%); patients from the second group showed an interme-
diate prognosis, with a 5-year RR of 8.4% (95%CI: 6.8-10.5%), while
those whose Ki67 remained >10% displayed the worst prognosis, with a
RR at 5 years of 21.5% (95%CI: 17.1 — 27.0%). Furthermore, almost all
patients with Ki67<10% remained Ki67-low at week 2, indicating little
value for on-treatment biopsy for this group (Smith et al., 2020).

Taken together, these trials clearly demonstrate that Ki67 assessment
after 2-4 weeks of NET is a valuable biomarker of treatment efficacy and
long-term survival for those patients with a baseline Ki67>10%. How-
ever, its use in clinical practice is currently limited by the lack of pre-
analytical and analytical reproducibility, and by a significant inter-
observer variability in the interpretation of Ki67 immunohistochem-
ical (IHC) scoring (Dowsett et al., 2011; Harris et al., 2007).

To note, novel cyclin-dependent kinase (CDK)4/6-inhibitors (pal-
bociclib, ribociclib and abemaciclib) in combination with ET have
recently become the new standard of care for the first/second-line
treatment in HR+/HER2- metastatic BC, following unprecedented
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benefit observed in progression-free survival (PFS) and overall survival
(0S) (Giuliano et al., 2019; Schettini et al., 2020). Consequently, there is
growing interest in exploring the biologic activity and clinical efficacy of
CDK4/6-inhibitors in combination with NET. While some preliminary
trials have already been published and will be further discussed (Hurvitz
et al., 2020; Johnston et al., 2019; Ma et al., 2017), others are currently
ongoing. As these agents dramatically suppress tumor cell proliferation,
the Ki67 cut-off of 10% might have become out of date. Therefore, most
neoadjuvant trials evaluating the efficacy of NET + CDK4/6-inhibitors,
have settled a Ki67 expression <2.7% as a new surrogate endpoint for
CDK4/6-inhibitors efficacy, indicating a complete cell cycle arrest
(CCCE) (Hurvitz et al., 2020; Johnston et al., 2019; Ma et al., 2017).
However, Ki67 remains an exploratory biomarker in this setting.

3.2. The preoperative endocrine prognostic index (PEPI) score

The P024 and IMPACT trials have served respectively as the devel-
opment (Eiermann et al., 2001) and validation (Smith et al., 2005)
datasets of the PEPI score, a multivariable prognostic model incorpo-
rating post-treatment pathological stage and biomarker status in pa-
tients treated with NET. Among baseline and post-treatment variables
tested in the P024 trial, only post-treatment Ki67, post-treatment ER,
residual tumor size and residual nodal status were independently asso-
ciated with survival and were therefore selected to derive the PEPI score
(Table 3). Then, such score was used to identify three prognostic groups
(PEPI score 0, 1-3 and >4) that in the P024 trial were associated with a
risk of relapse at 5 years of 10%, 23% and 48%, respectively (p<0.001),
and with a risk of breast cancer-related death of 2%, 11% and 17%,
respectively (p<0.001). The prognostic performance of PEPI score was
then confirmed in the IMPACT trial, where patients achieving a PEPI-0
after NET showed an impressive RFS of 97% at 3 years, while patients
with a score >4 had a significantly worse RFS of 83% (p=0.002). A
further validation of the PEPI score was performed in the Z1031 trial
(Ellis et al., 2017), where patients achieving a PEPI-0 after NET had a
significantly lower relapse rate at 5 years as compared with patients
with a PEPI score >0 (3.7% versus 14.4%, p=0.014).

On-treatment Ki67 expression and post-treatment PEPI-score may be
seen as different turning points in the treatment decision-making of
postmenopausal women with HR+/HER2- BC. The Ki67 expression after
only 2-4 weeks of NET allows for an early identification of those patients
who are extremely unlikely to achieve a PEPI-0 with NET, and should
therefore triaged to either NACT or upfront surgery. On the other hand,
the PEPI-score, provides a more complete prognostic prediction by
integrating multiple clinical and molecular variables from the surgical
sample, and allows to identify those patients with an excellent prognosis
(PEPI-0 group) who may not need adjuvant CT after NET. The ongoing

Table 3
The preoperative endocrine prognostic index.

Variable Points

Pathological tumor size

pT1/pT2 0
pT3/pT4 3
Pathological nodal status

Negative 0
Positive 3
Ki67 expression (%)

0-2.7 0
>2.7-7.3 1
>7.3-19.7 1
>19.7-53.1 2
>53.1 3
ER expression, Allred score

0-2 3
3-8 0

PEPI groups: 1 (PEPI=0), 2 (PEPI=1-3), 3 (PEPI>4)

Legend. ER: estrogen receptor; p: pathological.
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ALTERNATE trial is aiming to further validate on-treatment Ki67 and
post-treatment PEPI-score as biomarkers to guide the (neo)adjuvant
therapeutic strategy. This study will treat 1362 postmenopausal stage II-
III HR+/HER2- BC patients with either 6-month neoadjuvant anas-
trozole, fulvestrant or the combination followed by the same treatment
in adjuvant setting (Suman et al., 2015). Patients with Ki67>10% on
breast biopsy after 4 weeks (mandatory) or 12 weeks (optional) have to
switch to NACT. At the same time, women having completed 6 months
of NET and found to have positive axillary nodes or Ki67>2.7% in re-
sidual disease after surgery will receive adjuvant CT (Suman et al.,
2015).

As for on-treatment Ki67, few data are currently available on the
prognostic role of PEPI score in patients treated with NET + CDK4/6-
inhibitors. Surprisingly, the FELINE trial showed no significant benefit
from the addition of ribociclib to letrozole in terms of PEPI score(Khan
et al., 2020). Follow-up is ongoing, and survival data are awaited to
elucidate the prognostic performance of PEPI score following
CDK4/6-inhibitors-based NET.

3.3. RCB score

RCB was demonstrated to predict disease recurrence and survival
across all breast cancer subtypes (Symmans et al., 2017, 2007b). It in-
cludes residual primary tumor size, residual primary tumor cellularity,
the number and size of nodal metastases. An RCB of 0 (i.e. equal to pCR)
or I proved to be associated with better event-free survival (EFS) than
RCB II-1II in HR+/HER2- BC (Yau et al., 2022). Unfortunately, little is
known about its prognostic value after NET.

In the NeoPAL study, the only trial so far to have adopted the RCB
score as efficacy endpoint for NET + CDK4/6-inhibitors, patients treated
with neoadjuvant letrozole and palbociclib showed decreased RCB 0/1
rates compared with patients treated with NACT (7.7% versus 15.7%,
respectively), although clinical response was similar between arms
(Cottu et al., 2018).

Recently, the I-SPY Consortium developed a statistical tool, defined
Treatment Efficacy Score (TES), to quantify the difference between the
entire distribution of pathologic responses in terms of different RCB
values observed in trial arms. The authors demonstrated that the higher
the TES in a reference arm, the greater the shift to lower RCB values in a
corresponding experimental arm. This tool seemed to be able to accu-
rately identify less effective regimens, independently of pCR rate
improvement. Furthermore, the correlation between TES and survival
was higher than the correlation between the pCR rate difference and
survival. Potentially, this tool may become an early surrogate endpoint
to predict trial arm level survival differences, but further validation and
incorporation in other studies is required (Marczyk et al., 2022).

3.4. GEA

GEA are currently under active investigation in the neoadjuvant
setting to assess the prognostic role of molecular downstaging, i.e. the
switch from a high genomic risk at baseline to a lower genomic risk
following neoadjuvant treatment.

Although data on molecular downstaging are limited, there is a
strong rationale supporting the use of this endpoint. First, on-treatment
Ki67 and post-treatment PEPI score have been validated only on patients
treated with NET monotherapy (Dowsett et al., 2007; Ellis et al., 2008).
However, to compare the efficacy of treatment options in the neo-
adjuvant setting, including NET monotherapy, NACT, and the combi-
nation of NET + CDK4/6-inhibitors, a common post-treatment
biomarker is needed. Secondly, the negative results of both the neo-
PAL (Cottu et al., 2018) and FELINE (Khan et al., 2020) trials suggest
that neither PEPI nor RCB might be suitable endpoints to assess
CDK4/6-inhibitors efficacy. In addition, the lack of adequate repro-
ducibility of pathological-based biomarkers remains an unsolved issued
that hampers their use in clinical practice (Dowsett et al., 2011; Harris
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et al., 2007). As GEA are standardized and have proven to predict
long-term outcomes regardless of treatment received (Lankholm et al.,
2018; Sestak et al., 2015), they seem to overcome all these limitations.

A small analysis conducted on 59 postmenopausal HR+/HER2- BC
patients treated with neoadjuvant exemestane for 16 weeks showed that
both post-treatment OncotypeDX RS and the combination of baseline
and post-treatment RS were superior predictors of long-term survival as
compared with PEPI score (Ueno et al., 2019). Another small neo-
adjuvant trial (n = 20) has evaluated post-treatment changes in post-
menopausal women treated with letrozole + palbociclib both in terms of
PEPI-score and EndoPredict (EP) score(Chow et al., 2018).
Post-treatment PEPI and EP scores showed a significant discordance,
with 6 patients with post-treatment intermediate PEPI-score and 3 pa-
tients with high PEPI-score showing low genomic risk at the EP assay.
Although these trials are exploratory, they provided the first evidence
that molecular downstaging might diverge from pathological bio-
markers and might be more proficient in predicting prognosis after
neoadjuvant treatment.

The CORALEEN trial (Prat et al., 2020) represents the first pro-
spective neoadjuvant trial to adopt molecular downstaging as primary
efficacy endpoint. This trial randomized 106 postmenopausal patients
with HR+/HER2- BC Luminal B by PAMS50 (Schettini et al., 2022) to
either standard NACT or letrozole + ribociclib for 24 weeks. Molecular
downstaging, defined as the switch from baseline high/intermediate
risk-of-relapse (ROR) group to a low ROR group, occurred at similar
rates in the ribociclib + letrozole and CT arms (46.9% vs. 46.1%). The
survival data are immature, but the long-term outcomes of CORALEEN
will be crucial to elucidate the role of molecular downstaging as surro-
gate endpoint in early-stage HR+/HER2- BC.

Noteworthy, based on the CORALEEN results, the phase II trial
RIBOLARIS (NCT05296746), which recently started patients accrual,
will test PAM50 molecular downstaging after a ribociclib-based NET as a
tool to tailor the post-surgical systemic treatment strategy. Patients with
stage II HR+/HER2- BC with grade 2 or 3 and Ki67>20% will be
recruited to receive 24 weeks of letrozole + ribociclib + /- GnRHa. After
surgery, patients with a PAM50 ROR considered as low will continue
adjuvant ribociclib + ET for 2.5 years and then will only receive ET for
>2.5 years, with a primary objective of distant metastasis-free survival
(DMFS) at 5 years >90.6%. Within the so-called non-responder cohort
with a PAM50 ROR-medium or high after NET, adjuvant CT will be
administered, followed by 2.5 years of ribociclib + ET and >2.5 years of
ET.

Finally, gene-expression data collected in post-treatment samples
might provide useful insights on the mechanisms of resistance to neo-
adjuvant treatments and potentially drive post-neoadjuvant therapeutic
strategies. In the NeoPalana (Ma et al., 2017) and the NeoMONARCH
trials (Hurvitz et al., 2020), patients failing to achieve cell cycle arrest
upon neoadjuvant CDK4/6-inhibitors showed significantly higher
expression in a set of proliferation genes whose expression is tran-
scriptionally regulated by E2F transcription factor 1 (E2F1), indicating a
crucial role of persistent E2F1 activity in CDK4/6 inhibitor-resistant
tumors.

Interestingly, the ongoing NCT03900637 trial is a multicenter phase
2 study adopting the genomic assay MammaPrint as a tool to increase
the BCS rate by a personalized neoadjuvant strategy. Similarly, Onco-
type DX is being used in the DxCARTES trial (NCT03819010) to explore
the ability of palbociclib in combination with letrozole to induce global
molecular changes measured by either the Oncotype DX Breast Recur-
rence Score® at time of surgery, after 6 months of treatment.

3.5. Combination of GEA and Ki67 or other molecular and
histopathological biomarkers

Interestingly, in the WSG-ADAPT-HR+/HER2- trial, a short-course
3-week NET, integrated with a combination of clinical features, GEA
and Ki67 dynamics, proved to be potentially useful for efficiently
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tailoring the postsurgical therapeutic strategy.

All patients received 3-week NET after diagnostic biopsy, followed
by surgery. Then, patients with <3 positive lymph-nodes (NO-1) at
surgery and an Oncotype DX RS of <11 on the excised tumor, or RS
12-25 and Ki67<10% after 3-week NET (experimental arm) received ET
also in the adjuvant setting, without CT. Conversely, patients with NO-1
RS 12-25 and Ki67>10% after 3-week NET (ET non-responders)
received adjuvant CT followed by ET, like RS>25 or >3 positive
lymph-nodes (N2-3). Long term outcomes did not differ between the
experimental arm and ET non-responders for age>50 years, while ET
was even superior to CT for age<50 years (Nitz et al., 2022). Indeed,
5-year-invasive Disease-Free Survival (iDFS) was 92.6% in experimental
vs. 93.9% in control arm (non-inferiority p=0.05). Importantly, in case
of RS 12-25 and 3-week Ki67>10%, 5-year iDFS was 90.3%, despite
receiving both adjuvant ET and CT (Dowsett, 2022).

Recently, new data regarding 10 study arms including 987 patients
from the I-SPY2 neoadjuvant study platform were published. All BC IHC
subtypes were enrolled, with 38% being HR+/HER2-. Patients had been
treated with standard chemotherapy (control), poly (ADP-ribose) poly-
merase (PARP)-inhibitors, immunotherapy, anti-HER2 agents and other
experimental targeted agents, including AK strain transforming (AKT)-
inhibitors, angiopoietin 1/2 (ANG1/2)-, insulin growth factor 1 receptor
(IGF1R)- and heat shock protein 90 (Hsp90)-inhibitors added to stan-
dard NACT(Wolf et al., 2022). A complex integration of baseline
mechanism-of-action-based gene expression signatures obtained with
microarray assays, proteins/phosphoproteins and standard histopatho-
logical biomarkers was carried out, in order to develop different treat-
ment response-predicting subtypes (RPSs). These novel biomarkers
provided a better match for the tested drugs than the standard
HR/HER2-based subtypes, so to maximize pCR rate for a given drug, or
regimen, in each given BC IHC-based subgroup. This strategy led to an
improvement in the overall pCR rate from 51% to 63% (Wolf et al.,
2022). Given these encouraging data, a prospective evaluation of the
response-predictive subtyping scheme will be pursued in an upcoming
version of the I-SPY2 trial that includes a sequential multiple assignment
randomize trial (SMART) scheme and adapts treatment within individ-
ual patients on the basis of biology and response. Unfortunately, stan-
dard NET was not tested in this trial, but this approach might be useful to
maximize NET efficacy in HR+/HER2- disease and tailor novel NET
strategies based on the combination with standard ET agents and novel
targeted drugs (as further discussed) and might be pursued in the next
future.

3.6. Circulating tumor DNA

Circulating tumor DNA (ctDNA) in blood is a promising biomarker
for prognosis and prediction of treatment response, especially in meta-
static disease, where levels in blood are higher and can be more easily
detected than in early-stage disease(Arpino et al., 2022; Martinez-Saez
et al., 2021). However, recent evidences pointed out a potential ability
in detecting tumor relapses earlier compared to standard radiologic
imaging, suggesting a potential role for the monitoring of minimal re-
sidual disease (MRD) after NAT and posterior surgery, as well as the
possibility to anticipate the treatment of tumor relapse, with the po-
tential to improve patients outcomes (Garcia-Murillas et al., 2015;
Ignatiadis et al., 2021). In the neoadjuvant setting, several studies have
investigated the role of ctDNA in the prediction of disease recurrence in
patients treated with standard NACT (Garcia-Murillas et al., 2015;
Magbanua et al., 2021; McDonald et al., 2019; Papakonstantinou et al.,
2022). In 2020 Magbanua et al. (2021) found out that the lack of ctDNA
clearance was a significant predictor of metastatic recurrence, while
clearance correlated with improved survival, even in patients who did
not achieve pCR (Magbanua et al., 2021). Similarly, Garcillas et al. in a
prospective cohort of 55 early-stage BC patients receiving NACT,
showed that the detection of ctDNA after NACT was associated to met-
astatic relapse (Garcia-Murillas et al., 2015). Moreover, tracking tumor
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mutations in serial samples increased the sensitivity for relapse predic-
tion compared to clinical/radiologic relapse and the identification of
genomic events in MRD could help predicting the genetic events of the
metastatic relapse in a more accurate way than by sequencing primary
tumor samples (Garcia-Murillas et al., 2015). Consistently, another
study showed that post-neoadjuvant ctDNA levels were lower in patients
achieving pCR compared to those with residual disease at surgery, with
the major on-treatment decrease in ctDNA levels observed in cases ul-
timately obtaining pCR (McDonald et al., 2019). Recently this year
another small trial confirmed the role of ctDNA as a biomarker of early
relapse, in a cohort of 44 patients (Cailleux et al., 2022). Moreover, they
found out a significant correlation between ctDNA detection at baseline
and both higher tumor proliferation index and more aggressive subtype
(Cailleux et al., 2022).

A systematic review and meta-analysis investigating the prognostic
value of ctDNA in patients with early BC receiving NACT found out that
the detection of ctDNA correlated with worse RFS and worse OS, but not
with the achievement of pCR (Papakonstantinou et al., 2022).

Although evidences are promising, few is known with regard to
ctDNA and prediction of response to NET. Finally, it is worth mentioning
that different methods for ctDNA analysis exist, with no clear gold
standard.

Taken together, these data suggest the ctDNA assessment in early
disease, although promising, requires further evaluation in prospective
trials, an optimization of detection methods and more evidence in early-
stage HR+/HER2- BC, especially in cohorts treated with NET before
entering the clinical practice scenario.

4. Improving the efficacy of NET: Combination treatments

CDK4/6-inhibitors have been tested in the neoadjuvant setting in
combination with NET (Chow et al., 2018; Cottu et al., 2018; Curigliano
et al., 2016; Hurvitz et al., 2020; Khan et al., 2020; Ma et al., 2017; Prat
et al., 2020). Several studies provided evidence of activity for these
combinations, although clinical results have been disappointing up to
this point.

The PALLET trial showed that the addition of palbociclib to letrozole
over 14 weeks led to a significant Ki67 reduction, suggesting an anti-
proliferative effect. Clinical response rate was not improved, though
(Johnston et al., 2019). Similarly, in the NeoPalAna trial, palbociclib
enhanced cell cycle control over anastrozole monotherapy. Neverthe-
less, palbociclib should be given continuously up to surgery in order to
maintain the anti-proliferative effect (Ma et al., 2017). In the NeoPAL
trial, the combination of letrozole and palbociclib led to a profound
decrease in Ki67 levels, at least equivalent to that obtained by NACT,
translating into very encouraging BCSS and RFS. Nevertheless, pCR was
low with both NET and NACT (Cottu et al., 2018). In addition, Chow
et al. tried to test the efficacy of neoadjuvant palbociclib through the
assessment of complete cell cycle arrest (CCCA) as well as changes in the
EP assay clinical score (EPclin) before and after the treatment (Chow
et al., 2018). They found a statistically significant decrease in Ki67 and
EPclin after treatment, associated with an effective clinical response.
Moreover, the authors suggested that the EPclin score may be more
accurate than the PEPI score in estimating prognosis, as it is unlikely to
rebound during the drug washout period before surgery (Chow et al.,
2018).

The neo-MONARCH trial revealed that abemaciclib, alone or in
combination with anastrozole, may obtain a significant decrease in Ki67
expression, leading to a potent CCCA after 2 weeks of treatment
compared with anastrozole alone (Hurvitz et al., 2020).

The MONALEESA-1 trial showed a decrease in the percentage of cells
expressing the Ki67 proliferation marker, following treatment with
letrozole in combination with ribociclib(Curigliano et al., 2016). The
CORALLEEN randomized phase II trial validated the hypothesis that
patients with PAM50 Luminal B/HR+/HER2- BC may obtain a molec-
ular downstaging of their disease with ribociclib + letrozole, similar to
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what observed with CT, but with less toxicity(Prat et al., 2020). Further
confirmation is seek with the ongoing RIBOLARIS trial (NCT05296746).

The FELINE trial found that the addition of ribociclib to ET did not
result in any difference in term of BCS rate or PEPI score at the time of
surgery. However, survival analysis has not been published yet(Khan
et al., 2020).

Overall, these studies used different surrogate endpoints to evaluate
efficacy of the tested treatments and none of the biomarkers adopted has
demonstrated a clear correlation with survival, so far. Moreover, none of
these trials directly showed a clear improvement in OS for such com-
binations, if compared to NET alone or NACT and, lastly, follow-up was
not adequate to draw meaningful conclusions.

The mammalian target of rapamycin (mTOR)-inhibitor everolimus,
as well as some phosphatidylinositol-3-kinase (PI3K)-inhibitors, when
combined to ET showed higher efficacy than ET alone in the metastatic
setting (Giuliano et al., 2019; Schettini et al., 2021).

In 2009 Baselga et al. evaluated the efficacy of the mTOR inhibitor
everolimus in 270 postmenopausal women with operable HR+/HER2-
BC, who were randomly assigned to receive 4 months of NET with
letrozole and either everolimus or placebo (Baselga et al., 2009). The
everolimus-based combination increased clinical response by palpation
(68.1% vs. 59.1%, p=0.062, significant with alfa level 0.1), at the cost of
higher toxicity (Baselga et al., 2009). Two trials involving stage I-III
postmenopausal HR+/HER2- BC patients, investigated the addition of
the a-selective PI3K-inhibitors taselisib and alpelisib to a NET strategy.
The addition of taselisib to letrozole was associated with higher ORR
compared to ET alone in all patients (50% vs. 39%, p=0.049) as well as
in the phosphatidylinositol-3-kinase catalytic alpha (PIK3CA)-mutant
subset (56% vs. 38% p=0.033), but no significant differences were
observed in pCR between the two groups, with higher toxicity in the
taselisib arm (Saura et al., 2019). Alpelisib in combination with letrozole
did not improve ORR both in the overall (43% vs. 45%, respectively) and
PIK3CA-mutant (63% vs. 61%, respectively) populations, with higher
toxicity compared to ET alone and comparable low pCR rates in both
arms. In addition, the decrease in Ki67 was similar across treatment
arms and cohorts (Mayer et al., 2019). Considering poor results in tumor
downstaging and pCR rates, along with unfavorable risk-benefit bal-
ance, mTOR- and PI3K-inhibitors do not seem to be a suitable thera-
peutic partner for ET in the neoadjuvant setting. Study results are
resumed in Table 4.

Other trials exploring new drugs or combinations are currently
ongoing (Table 5). Immunotherapy with anti-programmed death (PD)1/
PD-ligand(PD-L)1 immune-checkpoint inhibitors are being studied in
combination with NET. The ULTIMATE trial (NCT02997995) is an open
label, phase 2 trial, investigating the use of anti-PD-L1 human mono-
clonal antibody durvalumab associated with Als in patients with CD8 +
T cell infiltration obtained with an immune-attractant. Similarly, the
NCTO03874325 trial is exploring the efficacy and the safety of the same
combinations using the PEPI score after 6 months as a primary endpoint.
The ImmunoADAPT trial (NCT03573648) is a pilot study of avelumab,
palbociclib, and ET aiming to evaluate the number of patients with a
response to treatment by breast magnetic resonance imaging (MRI).
Moreover, other target agents, such as tyrosine kinase inhibitors, anti-
vascular endothelial growth factor receptor (VEGF) and ROS proto-
oncogene 1 (ROSI1)-inhibitors are also under investigation. The rear-
ranged during transfection (RET)-inhibitor lenvatinib, combined with
ET, is being evaluated in the NCT02562118 trial, as preclinical studies
showed a cross-talk between RET and ER which might have potential
therapeutic implications(Spanheimer et al., 2014).

The ROSALINE trial (NCT04551495) is a neoadjuvant study focusing
on the use of a ROS1 inhibitor in combination with ET in ILC, as ROS1-
inhibitors have been found to produce profound anti-tumor effects in
multiple models of E-cadherin-defective BC. Furthermore, the NeoTEE
phase 2 trial (NCT04465097) will assess the efficacy of tucidinostat, an
oral subtype-selective histone deacetylase (HDAC)-inhibitor, in associ-
ation to exemestane, following promising results in the advanced setting
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Table 4
Clinical trials with CDK4/6-, mTOR- and PI3K-inhibitors in combination with endocrine agents in the neoadjuvant setting.
Clinical Trial Study Design and menopausal Intervention/s Duration ~ Primary Endpoint and results Phase
Identifier status
Johnston S; 307 Participants, randomized, Letrozole + palbociclib (A) vs. letrozole (B) 14w CRR A 54.3% vs. B 49.5% (P=0.20) Ki- 2
2019 multinational, postmenopausal 67 changes: A 2.2 (IQR: —3.4 to —1.0),
B 4.1 (IQR: —5.0 to —2.8) (P<0.001)
Ma CX; 50 Participants, randomized, Anastrozole + palbociclib (A) vs. anastrozole (B) 5-6 mo CCCA after 15 days: A 87%, B 26% 3
2017 postmenopausal (P<0.001)
Sa H; 223 Participants, randomized, Anastrozole + abemaciclib (A) vs. anastrozole (B) 14w Ki-67 reduction rate: A 92.6% (90%ClI, 2
2020 open-label, postmenopausal —95 to —90) vs. B 63.2% (90% CI, —73
to —49)
Cottu P; 106 Participants, randomized, Letrozole + palbociclib (A) vs. letrozole (B) 19w RCB (0/1) A 7.7% (95%CI 0.4-14.9) 2
2018 prospective, parallel, non- vs. B 15% (95%CI 5.7-25.7)
comparative, postmenopausal
Curigliano G; 14 Participants, randomized, Letrozole + ribociclib 400 mg (A) vs. letrozole + N/A Ki-67 reduction rate A 96% (range 2
2016 postmenopausal ribociclib 600 mg (B) vs. letrozole (C) 78-100%; n = 6), B 92% (range
75-100%; n = 3), C 69% (range
38-100%; n = 2)
Prat A; 106 Participants, randomized, Letrozole + ribociclib (A) vs. AC — Paclitaxel (B) 24w Low-ROR risk after surgery A 46.9% 2
2020 open-label, postmenopausal (95%CI 32-5-61-7) vs. B 46.1% (95%CI
32:9-61-5)
SOLTI 530 Participants, non- Letrozole + ribociclib + /- GnRHa — Surgery — 24w 5-year DMFS in molecular responders 2
Cooperative randomized, open-label, pre/ Letrozole + ribociclib + /- GnRHa for 2.5 years, then (i.e. post-surgery ROR-low)
Research Group  postmenopausal and men standard ET completion in PAM50 ROR-low (A), or
adjuvant CT — Letrozole -+ ribociclib for 2.5 years, then
standard ET completion in PAM50 ROR-med/high (B)
Chow LWC; 20 Participants, open-label, Letrozole (A) + palbociclib (B) 16 w CRR 85%; CR 40% (P<0.0001); PEPI 2
2018 single-arm, postmenopausal score categories: 0 = 1 patient, 1-3 =7
patients, >4 = 12 patients
Khan QJ; 116 Participants, randomized, Letrozole + ribociclib (A) vs. letrozole (B) 24w PEPI score 0 after surgery: A 25.4% vs. 2
2020 biomarker-based, B 25.8% (P=0.96)
postmenopausal
Mayer Al 46 Participants, Alpelisib (A), letrozole (B) 4-8w DLT, MTD (ongoing) 1
2014 Interventional, single Group
Assignment, Open Label,
postmenopausal
Baselga J; 267 Participants, Letrozole + everolimus (A) vs. letrozole (B) 4m OR A 68.1% (95%CI 60.3-75.9) B 2
2009 Interventional, Randomized, 59.1% (95%CI 50.7-67.5), (P=0.0616)
Parallel Assignment,
postmenopausal
Saura C; 334 Participants, Letrozole + taselisib (A) vs. letrozole (B) 16w OR A 83 (50%) vs B 66 (39%); pCR A 2
2019 Interventional, Randomized, 2% vs B 1%
Parallel Assignment,
postmenopausal

Legend. BCS: breast conservative surgery; CCCA: complete cell cycle arrest (Ki-67 <2.7%); CI: confidence interval; CRR: clinical response rate; CR: complete response;
FEC: 5-fluorouracil, epirubicin and cyclophosphamide; DLT: Dose limiting toxicity; MTD: Maximum tolerated dose; N/A: not available; OR: overall response; w- weeks;
mo: months; —: followed by; IQR: interquartile range; ROR: risk of recurrence; PEPI: preoperative endocrine prognostic index; RCB: residual cancer burden; RR:
Response Rate; pCR: Pathologic Complete Response; med: medium; GnRHa: gonadotropin releasing hormone analogue; ET: endocrine therapy; CT: chemotherapy;

DMFS: Distant Metastasis-Free Survival.

(Jiang et al., 2019).

Finally, as novel selective SERDs alternative to fulvestrant are
showing promising efficacy results in metastatic HR+/HER2- BC trials,
there is raising interest in assessing the efficacy of these drugs in the
neoadjuvant setting, as well (Garcia-Fructuoso et al., 2022).

5. Conclusions

Based on the available evidence, NET may be considered a less toxic
but equally effective alternative to NACT, leading to satisfactory rates of
BCS and conversions from inoperable to operable HR+/HER2- BC, as
well as a way to provide researchers with invaluable translational
research opportunities. Duration should be of 3-4 months and preferred
agents should be Als, with a GnRHa in premenopausal women and men.
Patients with higher hormone receptor levels and lower Ki67 (<10%)
might be more suitable for NET. However, robust conclusions to guide
an appropriate patient selection cannot be drawn yet. Moreover, the
optimal strategy to evaluate tumor response is still an open challenge,
both in terms of timing (i.e. when to carry out the first revaluation and
frequency of further controls) and methodology (i.e. physical explora-
tion with calliper, breast ultrasounds or magnetic resonance,

mammography). Furthermore, differently from HER2+ and TN BC, pCR
has failed to predict prognosis for HR+/HER2- BC, and other biomarkers
are needed to identify patients potentially candidate to further escalated
or de-escalated strategies in the post-neoadjuvant setting. In this
context, the use of genomic and/or transcriptomic approaches (e.g. gene
expression assays, gene-expression-based signatures etc.) coupled with
the identification of tissue-based and clinical parameters (e.g. on-
treatment and post-surgery Ki67, basal and post-surgery ER, post-
surgery residual tumor burden etc.), as well as baseline, on-treatment
and post-surgical ctDNA levels, could help better selecting patients for
NET or NACT and/or tailoring post-surgical therapeutic strategies. Re-
sults from the ADAPT trial seem to support this approach (Dowsett,
2022; Nitz et al., 2022). Other results from several phase II and III
ongoing studies are eagerly awaited to better elucidate the role of NET in
the clinical practice scenario (Spring et al., 2016b).
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Table 5
Selected ongoing trials with targeted agents in neoadjuvant setting.
Experimental Clinical Trial Study Design Intervention/s Setting Primary Endpoint Phase  Status
Therapeutic Class Identifier
NCT02997995 61 Participants, Durvalumab Post-menopausal women  pCR 2 Completed
(Ultimate) Interventional, Single-arm with Stage II-III,
assignment HR+HER2- BC
Immunotherapy NCT03573648 40 Participants, Avelumab + Stage II-III CCR 2 Recruting
(ImmunoADAPT) Randomized, Parallel Palbociclib + HR+HER2- BC
Assignment, Open label ET
NCT03874325 17 Participants, Durvalumab +ET Stage II-I1I PEPI score 2 Active, not
Interventional, Sequential HR+HER2- BC recruiting
Assignment, Open Label
SERDs NCT04797728 24 Participants, Elacestrant Early Stage HR+HER2- Ki67<2.7% 1 Recruting
(ELIPSE) Interventional, Single-arm BC
assignment
NCT04436744 221 Giredestrant, Early Stage HR-+HER2- Ki-67 score 2 Active, not
(coopERA Breast Participant, anastrozole, BC recruting
Cancer) Randomized, Parallel palbociclib
Assignmen, Open label
NCT04647487, 90 LY3484356 Stage I-IIT Change in Estrogen 1 Recruiting
(EMBER-2) Participant, HR+HER2- BC Receptor
Randomized, Parallel Expression
Assignment, Open label
NCT04191382 150 Amcenestrant Stage I-1II Change in Ki67 2 Terminated
(AMEERA-4) Participants, Interventional HR-+HER2- BC
Randomized Parallel
Assignment
Tyrosine Kinase NCT02562118 40 Participants, Lenvatinib Stage II-III CRR 172 Recruiting
inhibitors Interventional, Single Group HR+HER2- BC
Assignment, Open Label
ROS inhibitors NCT04551495 45 Participants, Entrectinib Multifocal unilateral or RCB 2 Recruiting
(ROSALINE) Interventional, Single Group bilateral breast
Assignment, Open Label HR+HER2- LABC
Histone NCT04465097 30 Participants, Tucidinostat Stage II-I1T ORR evaluated by 2 Recruiting
deacetylase NeoTEE Interventional, Single Group HR+HER2- BC MRI
inhibitors Assignment, Open Label

Legend. CCR: Clinical Complete Response; CRR: Clinical response rate, CRR; HR: hormone receptors; + : positive; -: negative; LABC: Locally advanced breast cancer;
BC: breast cancer; ORR: Objective Response Rate; RCB: Residual cancer burden; MRI: magnetic resonance imaging; ET: endocrine therapy; PEPI: preoperative
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