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Abstract

Introduction: Neoadjuvant endocrine therapy (NET) is recommended for the treatment of invasive breast cancer (BC), particularly
luminal subtypes, in locally advanced stages. Previous randomized studies have demonstrated the benefits of aromatase inhibitors in this
context. However, NET is typically reserved for elderly or frail patients who may not tolerate neoadjuvant chemotherapy. Identifying
non-responsive patients early and extending treatment for responsive ones would be ideal, yet optimal strategies are awaited.

Aims: This non-randomized phase 2 clinical trial aims to assess NET feasibility and efficacy in postmenopausal stage II and III
luminal BC patients, identifying predictive therapeutic response biomarkers. Efficacy will be gauged by patients with Ki67 ≤ 10%
after 4 weeks and Preoperative Endocrine Prognostic Index (PEPI) scores 0 post-surgery. Study feasibility will be determined by
participation acceptance rate (recruitment rate ≥50%) and inclusion rate (>2 patients/month).

Methods: Postmenopausal women with luminal, HER2-tumors in stages II and III undergo neoadjuvant anastrozole treatment,
evaluating continuing NET or receiving chemotherapy through early Ki67 analysis after 2 to 4 weeks. The study assesses NET
extension for up to 10 months, using serial follow-ups with standardized breast ultrasound and clinical criteria-based NET
suspension. Clinical and pathological responses will be measured overall and in the luminal tumor A subgroup. Toxicity, health-
related quality of life, and circulating biomarkers predicting early NET response will also be evaluated.
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Introduction

Breast cancer (BC) is a highly heterogeneous disease with
considerable morphological diversity. Originally, cases with
different clinical behaviors were classified into distinct mo-
lecular profiles based on cDNA microarray techniques, re-
sulting in luminal A and B, basal-like, and HER2-enriched
tumors.1-3 Subsequently, it was found that protein markers by
immunohistochemistry could be a surrogate for intrinsic
molecular subtypes with moderate concordance.4 In practice,
these subtypes are defined using immunohistochemistry.5,6

The treatment and prognosis of BC have been guided by
TNM staging, histological grade, and the primary intrinsic
molecular subtypes. Systemic treatment for early-stage BC
can be administered before (neoadjuvant therapy) or after
(adjuvant therapy) local curative treatment. Neoadjuvant
treatment offers several advantages, such as tumor reduction,
enabling conservative resection when mastectomy was ini-
tially planned, early treatment of potential micrometastases,
and, most importantly, in vivo evaluation of tumor sensitivity
to treatment.7

Currently, there is increasing recognition that patients with
hormone receptor-positive and HER2-negative (HR+/HER2-)
BC derives limited benefit from neoadjuvant chemotherapy.
An alternative approach is neoadjuvant endocrine therapy
(NET); however, the classical way of assessing therapeutic
response, by measuring pathological complete response, does
not seem to be a good therapeutic endpoint in this context,
since patients experience significant survival advantages
through endocrine therapies, though achieving a pathological
complete response is rare.8 The most well accepted method for
assessing response rates to endocrine therapy relies on the
Prognostic Index for Preoperative Endocrine Therapy (PEPI)
based on tissue evaluation.9 PEPI incorporates tumor size,
lymph node status, Ki67 levels, and ER staining score, cat-
egorizing patients into three risk groups (PEPI = 0 indicating
low recurrence risk; PEPI = 1 to 3 indicating intermediate risk,
and PEPI ≥4 indicating high risk).10 It has been identified that
Ki67 after 2 to 4 weeks of endocrine therapy correlates with
Ki67 levels at the time of surgery. Additionally, studies have
shown that patients with breast cancer and Ki67 > 10% after
2 to 4 weeks of hormone therapy have less than a 2% chance of
achieving PEPI = 0 at surgery.11,12

Liquid biopsy refers to the analysis of body fluid samples
that contain various tumor-derived materials, such as nucleic
acids, circulating tumor cells (CTCs), or extracellular
vesicles.13,14 Strategies based on biological fluids have gained
significant attention in the last decade due to their potential as
minimally invasive tools. Liquid biopsy-based approaches

have shown promise in detecting biomarkers and providing
valuable information about tumor dynamics, treatment re-
sponse, and the emergence of resistance mechanisms. By
analyzing circulating tumor DNA (ctDNA), CTCs, micro-
RNAs or exosomes, liquid biopsy techniques offer a non-
invasive and real-time assessment of tumor characteristics. In
the context of BC, liquid biopsy has the potential to enhance
personalized treatment strategies, enable early detection of
treatment resistance, and provide valuable prognostic infor-
mation. Integrating liquid biopsy into clinical trials and
treatment protocols can contribute to improved patient
management and outcomes. Currently, there is no liquid bi-
opsy capable of selecting patients sensitive to NET.

This is a preliminary phase 2 clinical trial with a single-arm
experimental design aiming to determine the efficacy of NET
with anastrozole based on patients achieving Ki67 ≤ 10% after
4 weeks and PEPI score 0. It also seeks to evaluate the fea-
sibility of incorporating tumor biopsies and serial breast ul-
trasounds into the NET approach through assessment of
recruitment and acceptance rates. As secondary objectives, we
will assess clinical, radiological, and pathological response
rates in all included patients, as well as in the subgroup of
patients with luminal A tumors. We will evaluate health-
related quality of life (HRQOL), treatment toxicity, adher-
ence to anastrozole, conversion rate to conservative surgeries,
and explore new biomarkers for endocrine therapy response.

Methods and Analysis

Study Setting

Patients are recruited at the Barretos Cancer Hospital (BCH), a
public tertiary oncology hospital that serves Brazilian patients
from all regions of the country and is considered a reference in
Latin America. The Attenuated Total Reflection-Fourier
Transform Infrared (ATR-FTIR) analyses will be conducted
at the Laboratory of Nanobiotechnology (Federal University
of Uberlandia, Uberlandia, Minas Gerais, Brazil), and the
miRNA analyses at the Molecular Oncology Research Center
(BCH, Barretos, SP, Brazil). All biological samples are being
stored at the Biobank of Barretos Cancer Hospital.15

Study Population

Inclusion Criteria
· Age greater than or equal to 18 years.
· Patients with histologically confirmed unilateral pri-

mary invasive breast carcinoma are eligible. Patients
with multicentric and/or multifocal tumors are also
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eligible if all histopathologically examined lesions meet
the following pathological criteria:

Estrogen receptor-positive (Allred ≥6). If Allred is not
available in the initial biopsy, any tumor with ≥66% ER
expression meets this criterion; progesterone receptor-positive
(any percentage); HER2-negative: negative in situ hybrid-
ization test or immunohistochemistry (IHC) status of 0 or 1+.
If IHC is 2+, a negative in situ hybridization test (FISH, CISH,
or SISH) is required to confirm HER2-negative status; his-
tological grade according to Scarf-Bloom-Richardson 1 or 2;
and Ki-67 antigen <50% on immunohistochemistry.

· TNM staging according to the eighth Edition cT2-4c
cN0-3 M0.

· Clinically palpable tumor larger than 2 cm by pal-
pation and/or imaging examination.

· Functional capacity assessed by Eastern Cooperative
Oncology Group Performance Status (ECOG-PS) of
0-2.

· Adequate hematological, renal, and hepatic function.
· Absence of any psychological, familial, sociological, or

geographical condition that could potentially hinder
adherence to the study protocol and follow-up schedule.

· Tissue acquisition: The patient must agree to provide
the necessary research biopsies at baseline, week 4
(rebiopsy), and surgery for biomarker research and
biorepository.

Exclusion Criteria
· Inflammatory breast cancer.
· Excisional biopsy of the current BC.
· Hormone replacement therapy of any kind, megestrol

acetate, or raloxifene within 1 week before inclusion.
· Axillary staging procedure before study entry. Note:

Fine-needle aspiration or needle core biopsy of the
axillary lymph node is allowed.

· Cutaneous breast implants that prevent necessary
research biopsies or may interfere with palpation of the
breast lesion.

· Any treatment for cancer before study entry.
· History of prior invasive BC.
· Patient with any other serious and/or uncontrolled

concomitant medical condition that, in the Investiga-
tor’s opinion, may cause unacceptable safety risks,
contraindicate the patient’s participation in the clinical
study, or compromise adherence to the protocol or limit
life expectancy to ≤5 years.

Patient Recruitment

Potentially eligible participants are identified during weekly
multidisciplinary breast oncology meetings as well as through
the active search for postmenopausal patients diagnosed with
HR + BC. Subsequently, the cases are reviewed by the

research coordinators and study investigators before ap-
proaching and inviting patients to participate in the study.

Interventions

Study Drug and Treatment Strategy. Upon signing the Informed
Consent Form (ICF), participants have up to 14 days to un-
dergo screening procedures, which include staging tests re-
quested by the clinical oncologist, laboratory tests, breast US,
mammography, breast MRI, and the placement of metallic
clips on the tumor.

All study participants are receiving oral anastrozole (1 mg/
day) continuously until the day prior to the surgical procedure
or exclusion from the study. Within 2-4 weeks, a re-biopsy is
conducted. If a patient exhibits a ki-67 > 10% in the rebiopsy,
the NET is suspended. The patient is then excluded from the
study and directed towards neoadjuvant chemotherapy
(standard care) or immediate surgery, contingent upon the
assessment of the attending clinical oncologist and surgeon. In
such cases, all data collected at baseline, along with the
therapeutic response assessed by Ki-67 to identify novel
predictors, will be analyzed in the study. If a patient has ki-
67 ≤ 10%, they continue participating in the study.

At 4 months, a breast US is performed; if there is stable
disease (SD), the patient’s surgery is scheduled to take place at
6 months. If there is a partial response (PR), the patient continues
to receive NET. At the 6-month breast US, if there is a reduction
of ≥10% in the largest diameter compared to the 4-month breast
US, the patient continues anastrozole until the next evaluation
(8 months). If the reduction is less than 10% or an increase that
does not qualify as progressive disease (PD), surgery is
scheduled to take place at 8 months. If there is PD based on
clinical examination at any time during the study, a breast US is
performed for confirmation. If the breast US confirms PD, the
patient is referred for surgery within 30 days (Figure 1).

Adjuvant Treatment. Adjuvant chemotherapy and radiotherapy
are being recommended based on the institutional protocol
and multidisciplinary discussions (departmental procedures).
If the modified PEPI score is 0, it will be suggested by the
protocol that the patient does not receive chemotherapy (al-
though it is not mandatory) but instead receives adjuvant
endocrine therapy. For adjuvant endocrine therapy, patients
will receive a total of 5 years of adjuvant anastrozole as the
standard. However, if there is disease progression during NET,
the choice of medication will be at the discretion of the clinical
oncologist.

Toxicity Assessment. The adverse events are being graded
according to Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0.16 The following clinically
significant adverse events will be monitored at all visits:
Arthralgia; Musculoskeletal pain; Fatigue; Hot flashes; Vag-
inal discharge; Nausea; Headache; Insomnia; Anxiety; De-
pression; and Weight gain.
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The Portuguese for Brazil Patient-Reported Outcomes
version of the CTCAE (PRO-CTCAE Item Library Version
1.0)17 is being completed alongside CTCAE to specifically
assess the same events mentioned in CTCAE, except for
weight gain, as it is not covered in PRO-CTCAE.

All patients complete the PRO-CTCAE at each monthly
study visit. Additionally, adverse events are evaluated by the
investigators using the CTCAE at the same time points.

Serious adverse events (SAEs) must be reported as a no-
tification through the CEP/CONEP Brasil platform, in accor-
dance with Circular Letter No. 13/2020 (National Commission
for Ethics in Research, Ministry of Health, Brazil). While SAEs
are reported within 48 hours, non-serious adverse event reports
are submitted to the Ethics Committee biannually.

Assessment of Anastrozole Adherence. During each study visit,
the study nurse counts the anastrozole tablets used by patients.
The adherence rate is calculated using this formula: number of
tablets used/number of tablets that should have been used in

the period. Adherence rate for the entire study is determined
by summing across all periods. The adherence criteria con-
sidered are as follows: adequate (>80%), reasonable (50%–

80%), and poor (<50%).

Study Outcomes

Primary Outcomes
· To evaluate the efficacy of NET with anastrozole as a

function of the rate of patients with ki67 ≤ 10% after
4 weeks and PEPI score 0 on the surgical specimen.

· Assess the feasibility of the study by assessing ac-
ceptance to participate in the study (recruitment
rate ≥50%) and inclusion rate of >2 patients/month.

Secondary Outcomes
· Clinical response rate per Response Evaluation Criteria

in Solid Tumors (RECIST) version 1.1 (partial response
+ complete response) by physical examination, US and

Figure 1. Schematic diagram of the conduct based on the breast ultrasound response evaluation. The rationale is to extend neoadjuvant
endocrine therapy in patients with clinical response up to 10 months; however, surgery is anticipated in cases of little benefit. 1, Blood
collection before starting anastrozole; 2, blood and tissue collection at the time of rebiopsy; 3, blood and tissue collection immediately before
early surgery; 4, blood and tissue collection immediately before surgery.
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MRI between baseline and final assessment (before
surgery).

· Clinical response rate per RECIST 1.1 (partial response
+ complete response) by physical examination, US and
MRI between baseline and final assessment (before
surgery) in the group of patients classified as
Luminal A.

· Evaluate the median time (in days) until the best re-
sponse was obtained by physical examination and
breast US, and longitudinally evaluate the medians of
the largest diameters, tumor volume, and the percent-
ages of tumor reduction.

· To assess the Time to Deterioration of Quality of Life
(TDQOL) by considering the value of worsening
HRQOL in the summed scores of the EORTC QLQ-
C30 and BR-45 with a cut-off of 10 points.

· To evaluate the rate of conservative surgery among
patients treated with anastrozole and the rate of mas-
tectomy conversion or inoperability for conservative
surgery after anastrozole.

· Evaluate the treatment adherence rate measured by the
number of pills used/number of pills that should be used in
the evaluated period, being considered adequate as >80%.

· To identify potential predictive biomarkers of response
in Ki67 reduction on re-biopsy through the analysis of
miRNA expression using NanoString technologies and
isolated extracellular vesicles using the ATR-FTIR.

Sample Size

This study is based on the hypothesis that patients with TNM
II and III HR + BC may be spared from receiving chemo-
therapy based on their response to NET. The minimum sample
size for this phase II, non-comparative preliminary study was
estimated through probability analysis using the formula N =
z2 * p * (1-p)/e2; where z is the Z score for a specific con-
fidence level, p is the assumed population proportion, and e is
the desired margin of error. Given the results of the Alternate
study,18 where the response rate to NET (number of patients
with PEPI 0 in the surgical specimen/total number of patients
who initiated NET) was 18.6% (P = 0.186), with an alpha error
of 5% (z = 1.96) and a maximum error of ±10% (e = 0.10), the
minimum required sample size for the study is 59 patients.

Trial Status

The first patient was recruited on July 20, 2022, and currently
33 patients have been enrolled in the study, which is ongoing. It
is anticipated that participant recruitment will be concluded by
August 2024, and the final surgery will take place in July 2025.

Data Collection Methods and Measurements

Pathological Response Assessment. The evaluation of the
pathological response will be primarily conducted using the

PEPI score (tumor size, nodal status, ki-67 (%), and estrogen
receptor status)9 (Table 1). Additionally, study pathologists
will categorize the tumors according to Residual Cancer
Burden,19 and CPS-EG.20,21

Clinical and Radiological Response Assessments. The assessment
of response will follow the RECIST version 1.1, considering
Complete Response (CR), Partial Response (PR), Stable Disease
(SD), or Progressive Disease (PD).22,23 Each evaluation method
will have an assessed response (clinical examination, breast US,
and breast MRI). Target lesions will be selected based on their
size (lesions with the largest diameter) and must serve as re-
producible repeated measurements. Up to 2 lesions in the breast
can be identified as target lesions. Pathological axillary lymph
nodes should not be designated as target lesions, and their
measurements should not be included in the sum of diameters.

Health-Related Quality of Life (HRQOL). Evaluation of HRQOL
will be conducted using the European Organization for
Research and Treatment of Cancer Quality of Life Core
Questionnaire (EORTC QLQ-C30)24 and the Breast Cancer
Specific Module (EORTC QLQ-BR45) at baseline and every
2 months until surgery.

The EORTC QLQ-C30 comprises 30 items, covering
5 functional scales, 3 symptom scales, a global health status
scale, and individual items addressing common cancer-related
symptoms. Responses are rated on a Likert scale ranging from
0 to 4 points, while items related to quality of life and overall
health status use a 7-point Likert scale, with scores ranging
from 0 to 100 (higher scores indicating better health-related
quality of life and global health status, respectively).24,25

The EORTC QLQ-BR45 is an additional module specif-
ically designed for assessing breast cancer patients undergoing
chemotherapy, radiotherapy, and/or endocrine therapy.26 It
comprises 45 questions that assess body image, sexual
functioning, sexual enjoyment, future perspective, side effects
of systemic therapy, breast symptoms, arm symptoms, hair
loss-related disruption, as well as hormonal therapy-related
symptoms, skin, and sexual symptoms due to low hormone
levels. The following domains will be used for the planned
HRQOL analyses in the study:

· EORTC QLQ-C30: global health status, physical
functioning, emotional functioning, cognitive func-
tioning, role functioning, fatigue, nausea and vomiting,
pain, and insomnia.

· EORTC QLQ-BR45: target therapy scale, particularly
the sub-scale of endocrine therapy-related symptoms.

Ki-67 Immunohistochemical Protocol. Histological sections with
a thickness of 3 micrometers from formalin-fixed paraffin-
embedded tissue samples undergo a deparaffinization process
and antigen retrieval at a temperature of 95°C for 60 minutes.
The signal detection kit used is OptiView (Ventana Medical
Systems, USA), integrated into the BenchMark Ultra platform
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(Ventana Medical Systems, USA). The antibody utilized is
anti-Ki-67, clone 30-9 (Ventana Medical System, USA).

Digital Ki-67 Assessment Procedure in Tumor Re-Biopsy
Samples. Immunohistochemical slides undergo a high-
resolution scanning process using the Aperio CS2 platform
(Leica Biosystems, Germany) at a magnification of ×400. The
resulting scanning files will be imported into the QuPath
v0.4.3 analytical software in DAB-brightfield representation.
The employed analytical methodologies will include the
positive_cell_detection and single_threshold algorithms,
which quantitatively evaluate the extent of cell positivity.
These algorithms will be applied to the region with the highest
concentration of positive neoplastic cells (hotspot), manually
selected by the responsible pathologist. The outcomes will be
reported as a percentage.

Definition of Luminal A Cases. For the immunohistochemical
definition of Luminal A subtype tumors, the following three
items need to be present: (1) Positive Estrogen Receptor (ER);
(2) Negative HER2; and (3) Ki67 < 14% or KI-67 between
14%–19% and Progesterone Receptor (PR) ≥20%. The mo-
lecular subtype (Luminal A, Luminal B, Basal-like, and
HER2-enriched) will be determined, and the ROR (risk of
recurrence) score will be calculated based on the PAM50.27,28

Molecular Analyses. The blood samples from baseline and
rebiopsy will be used for liquid biopsy analyses (as described
below). The other biological samples will be archived in the
study’s biorepository (as approved by the Research Ethics
Committee).

Sample Collection and Processing

Plasma total RNA isolation will be performed using the
miRNAeasy Serum/Plasma kit (Qiagen). The extracted RNA

was stored at �80°C until use. The RNA concentration and
purity of each sample were assessed using the NanoDrop 2000
(Thermo Fisher Scientific, USA) and Qubit (Thermo Fisher
Scientific, USA), respectively.

Evaluation of Cell-Free MicroRNAs (cfmiRNA) Profile by Nano-
String Technology. The miRNA expression can be assessed
using the nCounter® miRNA Expression Assays panel
(NanoString Technologies, Seattle, WA, USA). This panel
consists of 800 targets for different cancer-associated miRNAs
(https://www.nanostring.com/products/miRNA) and allows
the expression analysis of different miRNAs in different types
and subtypes of tumors. In summary, around 100 ng of total
RNA will be subjected to tag binding and hybridization with
the Reporter CodeSet and Capture ProbeSet of the assay, then
processed using the NanoString PrepStation and immobilized
on the nCounter cartridge according to manufacturer’s in-
structions (NanoString Technologies, Seattle, WA, USA).
Finally, the assay will be placed in the nCounter® Digital
Analyzer for image capture and data acquisition. Statistical
analyzes of differential miRNA expression will be performed
using the limma package of Bioconductor in the R environ-
ment, assuming a significance level of P < 0.05 between the
evaluated groups.

Extracellular Vesicle (EV) Evaluation. EV will be precipitated
using the ExoQuick™ Exosome Precipitation Solution (cat.
no. EXOQ5A-1; System Biosciences). Briefly, plasma sam-
ples will be centrifuged at 3000 × g for 15 min at 4°C to
remove clotted materials and cell debris. Thrombin will be
used to pre-treat plasma samples to make them compatible
with ExoQuick exosome precipitation. A volume of 4 μl
Thrombin will be added to 0.5 mL plasma and incubated at
room temperature for 5 min while mixing, then centrifuge at
10000 r/min for 5 min. The supernatant will be transferred to a
new, clean tube. A volume of 126 μl ExoQuick Exosome
Precipitation Solution will be added to 500 μl plasma pre-
treated with Thrombin and the mixture will be refrigerated for
30 min. The mixture will be centrifuged at 1500 × g for 30 min
at 4°C, and the supernatants will be discarded. The residual
solution will be centrifuged at 1500 × g for 5 min at 4°C, and
the supernatant will be removed. The exosome pellet will
resuspend in 500 μl PBS. Finally, EV will be separated with
qEV Size Exclusion Chromatography (cat. no. ICO-70; Izon
Science). Briefly, 500 μl of samples will be centrifuged at
10000×g for 10 minutes prior to loading onto a qEV column,
then allowed to run into the column and start collecting the
samples fractions. For validation of EV separation, they will
be analyzed byWestern blotting (CD63, APOA1), NanoSight,
and Transmission electron microscopy.

The isolated vesicles will be analyzed by ATR-FTIR using
the Cary 630 equipment (Agilent Technologies) coupled to the
diamond sensor, which functions as an internal reflection
element for attenuated total reflectance. The MicroLab soft-
ware (Agilent Technologies) will be used for data capture. The

Table 1. Preoperative Endocrine Prognostic Index (PEPI) Score.

Variable Category

PEPI Score -
points

RFS BCSS

Tumor size ypT1-2 0 0
ypT3-4 3 3

Regional lymph nodes Negative 0 0
Positive 3 3

Ki-67 0%–2.7% 0 0
>2.7% a 7.3% 1 1
>7.3% a 19.7% 1 2
>19.7% a 53.1% 2 3
>53.1% 3 3

ER, allred score 3-8 0 0
0-2 3 3

Legend: RFS = Relapse free survival. BCSS = Breast cancer specific survival.
ER = Estrogen receptor.
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air spectrum will be used as background before analyzing each
sample. The spectra will be analyzed in the wavenumber
region from 4000 cm�1 to 650 cm�1, with 128 scans and a
resolution of 4 cm�1. The obtained spectra will undergo
preprocessing, including positive Rubberband baseline cor-
rection and normalization by minimum and maximum using
Orange data mining software version 3.26. This software will
also be used to apply derivatives when necessary, using the
Savitzky-Golay filter.

Statistical Methods

Most of the study analyses are descriptive, with response rates
calculated along with their respective 95% confidence inter-
vals. Response rates will be compared based on molecular
classification (intrinsic subtype) in Luminal Avs non-Luminal
A using Chi-square or Fisher’s exact tests. Specifically, re-
sponses by clinical examination, breast ultrasound, and breast
MRI will be categorized as CR/PR vs SD/PD. Regarding
pathologic response, the categorizations will be PEPI score
0 vs PEPI score >1; Residual Cancer Burden (RCB) 0/I vs
RCB II/III. Additionally, logistic regression analyses will be
conducted with responses as outcomes and molecular subtype
as a predictor variable, adjusted for T staging (cT2 vs cT3-4b)
and N staging (cN0 vs cN1-3).

Concordance between clinical response evaluation
methods and pathological evaluations will be measured using
weighted Kappa test.

HRQOL indices will be assessed over time and presented
graphically. TDQOL will be calculated using the cut-off point
of 10, with baseline as the reference point, according to
previous studies.29,30 Event-free survival times will be esti-
mated using the Kaplan-Meier method, and the curves will be
compared using the log-rank test.

Toxicities will be described in absolute values and per-
centages according to CTCAE categories, specifically (1) any
category; (2) G2-4; (3) G3/4, separately. Besides an aggre-
gated measure for the entire study duration, toxicities will be
reported at specific time points (2, 4, 6, 8, and 10 months). To
quantify the burden of chronic low-grade events, the area
under the curve (AUC) for each adverse event, as measured by
CTCAE, will be calculated and graphically illustrated.31 To
offer a descriptive view of the severity and progression of
adverse events (measured by both CTCAE and PRO-
CTCAE), toxicity “heatmaps” will be generated as outlined in
previous studies.31,32 CTCAE grades zero to 4 will correspond
to PRO-CTCAE responses of “not at all,” “a little bit,”
“somewhat,” “quite a bit,” and “very much,” respectively. The
longitudinal CTCAE and PRO-CTCAE heatmaps will be
shown side by side, with patients arranged in the same se-
quence for easier visual comparison.

Biomarker analyses will be divided into (1) development
(test) and (2) validation phases. The sample will be divided into
30 patients for the development cohort (potential biomarker
[miRNA and EVs] search by NanoString and ATR-FTIR,

respectively) and 29 patients for the validation of biomarkers by
real-time PCR. For accuracy determination, samples classified
withKi67 ≤ 10% in the rebiopsy by immunohistochemistry will
be considered as the “gold standard.” Therefore, the biomarkers
identified in the development phase will be evaluated in terms
of sensitivity, specificity, positive predictive value, negative
predictive value, along with their respective 95% confidence
intervals. Additionally, the continuous values of each biomarker
variable will be assessed regarding the Area Under the Receiver
Operating Characteristic (AUROC) curve.

A P-value <0.05 will be considered statistically significant.
The statistical software SPSS v.21 will be used for the sta-
tistical analyses.

Ethics and Dissemination

The present study is conducted in accordance with the
guidelines of Resolution CNS 466/12 (Brazilian National
Health Council) and received approval from the Research
Ethics Committee of the BCH (HCB number 2283/2021;
approval number 5.213.699). This research protocol is reg-
istered with the Brazilian Registry of Clinical Trials (ReBEC,
RBR-5pygzhj); UTN WHO International Clinical Trials
Registry Plataform: U1111-1275-1903.

The responsible researchers are committed to ensuring the
privacy of the participants, carefully preserving the confi-
dentiality of their data and information. It is important to
emphasize that the patients involved will receive necessary
medical attention independent of their participation in the
study, and their decision to withdraw or refuse participation
will not result in any harm to their treatment. All eligible
individuals will be invited to participate by the investigators in
the study and, on a voluntary basis, will sign the ICF.

The findings of the trial will be disseminated through peer-
reviewed scientific journals and conferences. Furthermore, the
study findings will be shared with the Brazilian government,
given that the study is funded by the BrazilianMinistry of Health.
The study also holds potential for technological innovation
through the identification of biomarker profiles linked to en-
docrine therapy sensitivity, which may lead to patent filings.

Data Management

All study data is entered into REDCap (Research Electronic
Data Capture)33 spreadsheets by a trained research coordi-
nator, and consistency is verified by second researcher. The
final trial dataset will be accessed by the principal investigator,
the main study coordinator, and the biostatisticians who will
carry out the statistical analyses.

Data Monitoring and Auditing

An independent monitoring committee comprising staff from
the Center for Research Support (NAP) of BCH will oversee
the collection and analysis of the study data at two moments.
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The committee is independent of the authors and the funder.
Periodic and final reports, including study results, are sub-
mitted for approval to the study funding agency. No interim
data analysis is planned for this study.

The reporting of this study conforms to SPIRIT
guidelines.34

Discussion

Given that many patients with HR+/HER2- BC receive ne-
oadjuvant chemotherapy with little clinical benefit and po-
tential negative impact on their HRQOL, strategies that select
the most suitable patients for treatment with NET are awaited.
Thus, the present preliminary study aims to evaluate the ef-
ficacy and feasibility of the neoadjuvant use of an aromatase
inhibitor for postmenopausal women with luminal-HER2
negative BC in TNM stages II and III.

Although the role of neoadjuvant endocrine therapy (NET)
is established in postmenopausal patients with HR+/HER2-
breast tumors, particularly those with a low proliferative in-
dex, it is still more commonly used in practice for treating
older patients or those with comorbidities.35 Several previous
clinical trials36-39 and a meta-analysis40 have demonstrated
that aromatase inhibitors are more effective than tamoxifen,
yielding higher clinical and radiological response rates as well
as higher rates of breast conservation surgeries. Additionally,
phase 2 randomized clinical trials41,42 have shown that che-
motherapy does not appear to be superior to NET in post-
menopausal patients with luminal BCs. In recent years, the
focus of research in NET has been on the combination of
cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) and endo-
crine therapy. In the NEOPAL trial,43,44 the combination of
letrozole and palbociclib was equivalent to standard chemo-
therapy in terms of response rates and survival times in a
cohort of BC patients predominantly classified molecularly as
luminal B. In the CORALLEEN trial,45 the combination of
neoadjuvant letrozole plus ribociclib resulted in similar mo-
lecular responses compared to standard chemotherapy in lu-
minal B BC patients according to PAM50. However, we
believe it is still necessary to define the profile of responders to
aromatase inhibitors and the best way to assess responsiveness
to endocrine therapy before adding a CDK4/6 inhibitor into
routine practice, mainly due to the increased costs in health
care systems with limited resources, such as the Brazilian
system.

Most studies on NET have used an aromatase inhibitor for a
duration of 3 to 6 months. However, two important studies
have explored the concept of extending the duration of NET
and its relationship with therapeutic response. Carpenter
et al46 evaluated patients with HR + BC who were ineligible
for conservative surgery. These patients were treated with
neoadjuvant letrozole and followed until they were considered
eligible for conservative surgery. The median duration of NET
was 7.5 months. Dixon et al47 prospectively evaluated
182 patients undergoing NET. Of these, 63 received letrozole

for more than 3 months. The median reduction in clinical
volume was 52% in the first three months and 50% from three
to 6 months. Further consistent reductions were observed
between 6 and 12 months (37%) and between 12 and
24 months (33%). Therefore, we chose to extend the duration
of NET for more than 6 months and defined a maximum
period of 10 months due to logistical considerations in a
clinical study. A novel protocol with standardized criteria to
determine whether treatment should continue or be dis-
continued based on clinical and ultrasonography responses is
being used.

Both the 21-gene Oncotype DX Breast Recurrence Score
(RS)48 and the 12-gene EndoPredict molecular score49 have
been identified as useful molecular predictor tools for iden-
tifying the best candidates for NET. For Oncotype DX, 55% of
patients with a recurrence score (RS) of less than 18 achieved
partial or complete response, compared with 22% of those
with an RS above 31 (P < 0.001). Additionally, in multi-
variable analyses, continuous RS results were among the
variables associated with clinical response. Regarding En-
doPredict, patients classified as low and high risk had a 27.3%
and 7.7% chance, respectively, of achieving residual cancer
burden (RCB) 0/1 (P < 0.001). In the ALTERNATE trial,50 the
percentage change in Ki67 at week 4 from pretreatment
Ki67 levels was �84.8% and �76.7% in Luminal A and
Luminal B, respectively. Furthermore, among patients with
pretreatment Ki67 levels >10%, the rate of Ki67 > 10% at
week 4 was 13.5% in Luminal A and 43.7% in Luminal
B. Although these findings were not statistically compared,
they strongly suggest that PAM50 classification of Luminal A
or B is a useful tool for predicting good NET responders. In the
ANNE trial, PAM50 analyses will be performed on baseline
tumor samples to investigate biological subtype and risk of
relapse (ROR). These results will be correlated with ongoing
Ki67 response, as well as clinical, radiological, and pathologic
response.

Among the distinctive aspects of this study, the researchers
intend to standardize tumor rebiopsy within 2-4 weeks and
employ digital immunohistochemistry analysis of Ki67. Most
importantly, the authors aim to identify potential biomarkers
of endocrine sensitivity at the time of rebiopsy, thus avoiding
the need for future tumor resampling.

Anticipated outcomes of this study are expected to sig-
nificantly influence the design of a subsequent, larger ran-
domized clinical trial. Essential aspects encompass the
standardization of rebiopsy procedures, the utilization of
digital Ki67 analysis, and the carefully delineated clinical and
ultrasonography follow-up process to determine the optimal
timing for surgery. The results regarding efficacy and feasi-
bility will subsequently guide the formulation of the ensuing
study.

The present research protocol has its limitations. The
primary limitation is the small sample size and limited po-
tential for generalizability. However, this should not neces-
sarily be seen as a shortcoming of the study, but rather as an
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inherent characteristic of this type of research, as it is a
preliminary phase 2 study. We strongly believe that con-
ducting a preliminary study is essential for the design and
planning of a larger, subsequent study, allowing for better
management of costs and human resources. A specific limi-
tation is the lack of assessment of EndoPredict or Oncotype
DX in the baseline samples to compare with the
PAM50 results (molecular subtypes and ROR score), as well
as microRNA and ATR-FTIR findings as potential novel NET
predictors of response. Nonetheless, given the availability of
sufficient biological material, it is possible that additional
funding could be secured for these future analyses, contingent
upon ethical approval. Another limitation of the study is that
the adjuvant treatment is not predefined by the protocol and is
left to the discretion of the treating oncologist. Although there
is a suggestion to forgo chemotherapy for patients with a PEPI
score of 0, the research therapeutic protocol itself concludes
with surgical management.

In conclusion, the standardized framework to be es-
tablished within this ongoing study may serve as a
foundation for the future integration of cyclin inhibitors,
mTOR or PI3K inhibitors, and other innovative drugs into
upcoming trials. This framework could be implemented
either initially (as a first-line therapy) or after the failure of
initial endocrine therapy (based on ki-67 rebiopsy or de-
pendent on a novel liquid biopsy biomarker). This ap-
proach would streamline treatment strategies and enhance
patient care.

Appendix

Abbreviations

NET Neoadjuvant endocrine therapy
BC Breast cancer
PEPI Preoperative Endocrine Prognostic

Index
CTCs Circulating tumor cells
ctDNA Circulating tumor DNA
BCH Barretos Cancer Hospital
ATR-FTIR Attenuated Total Reflection-Fourier

Transform Infrared
IHQ Immunohistochemistry
FISH Fluorescence In Situ Hybridization
CISH Chromogenic In Situ Hybridization
SISH Silver In Situ Hybridization
ECOG-PS Eastern Cooperative Oncology Group

Performance Status
CR Complete Response
SD Stable disease
PR Partial response
PD Progressive disease
CTCAE Common Terminology Criteria for

Adverse Events

PRO-CTCAE Patient-Reported Outcomes version of
the Common Terminology Criteria for
Adverse Events

TDQOL: Time to Deterioration of Quality of Life
US: Ultrasound
MRI Magnetic resonance image
HRQOL: Health-related quality of life
EORTC QLQ-C30 European Organization for Research

and Treatment of Cancer Quality of Life
Core Questionnaire

ROR Risk of recurrence
cfmiRNA Cell-Free MicroRNAs
EV Extracellular Vesicle
AUROC: Area Under the Receiver Operating

Characteristic
miRNAs microRNAs
mRNAs messenger RNAs.
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