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Abstract: Neoadjuvant hormonal therapy (NEO-HT) is a possible treatment option for
breast cancer (BC) patient with estrogen receptor positive (ER+) and HER2 negative
(HER2-) disease. The absence of solid data on the type of drugs to be used and duration
of treatment as well as lack of clear evidence of effectiveness of NEO-HT compared to
chemotherapy (CT) reserve its use for patients with old age or frail conditions. However, the
low pathologic complete response rate (pCR) obtained with tamoxifen or aromatase inhibi-
tors (Als) alone does not make NEO-HT as a suitable option for the neoadjuvant treatment of
HR+ HER2-. The use of the cyclin-dependent kinase 4 and 6 (CDK 4/6) inhibitors palbo-
ciclib, ribociclib and abemaciclib of the mammalian target of rapamycin (mTOR) inhibitor
everolimus and of the phosphoinositide 3 kinase (PI3K) inhibitor taselisib together with
endocrine therapy (ET) has become a standard in advanced breast cancer, showing clinical
effectiveness and significantly prolonging median progression-free survival compared to ET
only. In the early phase disease, the use of ET together with CDK 4/6, mTOR and PI3K
inhibitors is still investigational. Data from recent studies are promising even though less
impressive than in metastatic setting. In this context, the use of genomic-transcriptomic tools
(such as ONCOTYPE, PAMS50) and the identification of novel biomarkers (ESR1, PI3Kca,
PDGF-R) on tissue or with liquid biopsy could help to select patient prone to respond to
endocrine-combined therapy and able to achieve pCR. With our review, we aimed at
evaluating the current state of the art in the treatment of locally advanced breast cancer
with NEO-HT.

Keywords: neoadjuvant endocrine therapy, breast cancer, CDK 4/6 inhibitors, mTOR
inhibitors, PI3K inhibitors, aromatase inhibitors

Introduction

Endocrine therapy is the standard of care for estrogen receptor-positive and human
epidermal receptor-2 negative (ER+/HER2-) breast cancer (BC). Luminal A ER+
represents the most common subtype of BC, accounting for approximately 75% of
cases.' Moreover, ER+ BC has a good prognosis and lower risk of mortality than ER-
and/or progesterone receptor negative (PgR-) disease.” Endocrine therapy acts wither
by targeting the ER itself or by inhibiting the production of estrogens so that no ligand
is available to activate the receptor. The first mechanism of action is typical of
tamoxifen, a selective ER modulator, and fulvestrant, a selective ER degrader. On
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the other hand, aromatase inhibitors (Als) block the aroma-
tase enzyme and reduce estrogens level in post-menopause
while and luteinizing hormone-releasing hormone agonists
block the ovarian production of estrogens in pre-
menopause.'

The role of preoperative (neoadjuvant) treatment
for BC is a suitable treatment option for tumors of 2 cm
of diameter or more, and for the locally advanced disease,
not amenable for primary surgery. Neoadjuvant treatment
may downstage tumor size, allowing a breast conservative
surgery instead of radical mastectomy.’

Although the role of neoadjuvant chemotherapy (CT)
is well established, the use of endocrine therapy (ET),
alone or in combination in preoperative setting is still
investigational and less diffuse. Since 2001, many studies
have explored the efficacy of NEO-HT in ER+ BC, show-
ing significant response rates of good tolerability.
However, these series included small number of patients,
had low statistical power and did not lead to robust con-
clusions in this setting of disease.’

The lack of solid data on the type of drugs to be used,
on the duration of treatment and the absence of clear
evidence of effectiveness of neoadiuvant hormonotherapy
(NEO-HT) compared to CT do not allow a wide use of ET
alone in the neoadjuvant setting, reserving its administra-
tion to patients who cannot tolerate CT because of its poor
tolerability or for comorbidities. The association between
ET and new molecules such as the cyclin-dependent kinase
4 and 6 (CDK 4/6) inhibitors, the mammalian target of
rapamycin (mTOR) and phosphoinositide 3 kinase (PI3K)
inhibitors aims at increasing the effectiveness of NEO-HT.

We conducted a comprehensive review in order to
evaluate new combination treatments in the neoadjuvant
setting of ER+ BC, focusing mainly on (CDK 4/6), mTOR
and PI3K inhibitors associated with ET.

The Role of ET Alone

Early NEO-HT studies assessed the role of tamoxifen as
a treatment of choice for older women, showing clinical
response rates of more than 30% and overall survival
similar to that achieved with the surgery-tamoxifen
sequence but with worse loco-regional disease control.*
Recent trials evaluated the effectiveness of Als against
tamoxifen. The IMPACT study compared the effectiveness
of anastrozole vs (vs) tamoxifen vs the combination of
anastrozole and tamoxifen in the neoadjuvant ER+ BC.
The conversion to conservative surgery for mastectomy-
candidate patients was greater in the arm with anastrozole

compared to tamoxifen alone and to the combination
(46%, 22% and 26%, respectively).” Similarly, in the
PROACT study, which evaluated 3 months of preoperative
treatment with anastrozole versus (vs) tamoxifen, conver-
sion to conservative surgery for patients not immediately
resectable was greater in the arm with anastrozole (44% vs
31%).° Similar results were obtained with letrozole vs
tamoxifen in study P024.”

Only 2 Phase II studies directly compared ET alone to
CT in a neoadjuvant setting. The first trial enrolled 239
postmenopausal patients with stage Ila-Illb ER+ BC to
receive Als for 3 months or anthracyclines-based CT
plus paclitaxel. The primary endpoint was pCR. No sig-
nificant differences were found between the 2 treatment
arms.® Similar results emerged from the GEICAM/2006-
03 study that randomized 96 pre- and postmenopausal
patients to receive exemestane for 24 weeks or CT based
on anthracyclines and taxanes. The primary endpoint of
the study was the clinical response but no statistical differ-
ences in the two treatment arms were observed (48% of
responses in the exemestane arm, 66% in the chemother-
apy arm, p=0.075).°

Few years ago, a large meta-analysis including 20
prospective, randomized, NEO-HT clinical trials and
3490 patients was conducted. Compared with the combi-
nation CT, NEO-HT as monotherapy with Als had similar
clinical response rate (odds ratio [OR] 1.08), radiological
response rate (OR 1.38) and breast conservative surgery
(OR 0.65) but with lower toxicity. Als were associated
with a significantly better clinical, radiological and breast
conservative surgery rates compared to tamoxifen. The
incidence of pCR was low (<10%)."

CDK 4/6, PI3K and mTOR Inhibitors
in ER+ BC

Cyclin D-CDK 4/6 Retinoblastoma
Pathway

In normal breast tissue, cyclin D1 and CDK4 are important for
the proliferation of the luminal epithelium (Figure 1). '3
During the G1 phase of the cell cycle, cyclin D binds to
the cyclin-dependent kinase 4 (CDK4) creating an activated
complex cyclin D-CDK4.'* The activated complex phos-
phorylates the retinoblastoma protein (RB). In its hypo-
phosphorylates state, RB creates an inactive and stable
complex with the E2F transcription factor, blocking cell
replication. On the contrary, RB phosphorylated removes
the inhibition of E2F transcriptional activity and promotes
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Figure | The role of cyclin D|-CDK4/6—RB and PI3K/AKT/mTOR pathways in BC. ER transcriptional activity and signaling through HER2/PI3K/AKT/mTOR increase cyclin
DI levels, activating CDK4/6 and promoting cellular progression to the S phase. Combined inhibition of CDK4/6 and nodes in the PI3K pathway can suppress mTORCI
activity as well as RB phosphorylation, inhibiting two promoters of S phase progression.

Abbreviations: EGFR, epidermal growth factor receptor; ER, estrogen receptor; HER, human epidermal growth factor receptor; mTOR, mammalian target of rapamycin;

PI3K, phosphoinositide-3-kinase; RB, retinoblastoma protein; TSC2, tuberous sclerosis complex 2.

cell replication. Active E2F induces transcription of cyclin
E, promoting the transition to the S phase of the cell cycle.'?

CDK4/6 inhibitors act by blocking RB phosphorylation
and thus causing the GI1 cell cycle arrest resulting in
a cellular senescence process.'® In vitro, cancer cells
with a non-functioning RB protein are resistant to
CDK4/6 inhibitors probably because the canonical target

of these agents is missing.'”'®

The enzymatic activity of CDK4/6 is regulated by
different mechanisms.'® First, several signaling pathways
positively regulate the activity of CDK4/6 by increasing
the expression of CCNDI1 (encoding cyclin D) and/or
increasing the stability of the cycline D. These signaling
pathways usually start from tyrosin-kinase receptors (such
as EGFR and HER2), the PI3K-AKT-mTOR axis and the
ER (Figure 1).2%%!
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In particular, cyclin D1 is a transcriptional target of ER
and estrogens promote the transit from G1 phase to
S phase in ER-positive breast cancer cells.”> On the con-
trary, anti-estrogen therapies such as tamoxifen, Als and
fulvestrant reduce cyclin D expression leading to cell cycle
arrest in G1 phase.” Finally, about 15% of breast cancers
have amplification of CCND1 itself and these tumors show
higher levels of cyclin D1 proteins.*

PI3K-AKT-mTOR Pathway
The mammalian target of rapamycin (mTOR), a kinase in
the phosphoinositide-3-kinase (PI3K)/AKT signaling path-
way, integrates growth factor stimulation with energy and
nutrient signaling to control cell growth and proliferation
(Figure 1).° In BC, the PI3K/AKT/mTOR pathway mod-
ulates responses to signals communicated through the ER
and the human epidermal growth factor receptor (HER)
family of receptors (HER-2 in particular),”*’ and this
pathway is important in the clinical sensitivity of breast
cancer cells to antiendocrine therapy. Preclinical studies
have shown that breast cancer cells with upregulated AKT
signaling are resistant to hormonal therapy, but sensitivity
may be restored by treatment with everolimus or other
mTOR inhibitors.”®

The efficacy of mTOR inhibitors plus hormonal thera-
pies in HR+ advanced BC has been known for several
years and the combination is routinely used in clinical
practice. Recently, about 40% of patients with ER+
HER2- BC have been identified as carriers of activating
mutations in the PI3K gene and the effectiveness of PI3K
inhibitors emerged both in advanced BC and in the neoad-
juvant setting and will be discussed later.

ER+ Advanced BC
Clinical Data of CDK 4/6 Inhibitors in

Advanced ER+ BC

The first generation of CDK 4/6 inhibitors revealed futility
due to the toxicity and selectivity of drugs.”” Next-generation
CDK inhibitors were developed with greater selectivity
towards isoforms 4 and 6, resulting in more effective and
less toxic compounds.” To date, there are three CDK4/6
inhibitors available in clinical practice, palbociclib, ribociclib
and abemaciclib, which are slightly different in pharmacoki-
netics profiles and toxicities. All these three agents demon-
strated effectiveness in first and subsequent metastatic lines,
with an approximate doubling of PFS compared to ET alone.
Following the results of PALOMA-1,>° PALOMA-2*! and

PALOMA-3,*? palbociclib was approved by FDA in the
United States and EMA in Europe for the treatment of
patients with metastatic BC ER-positive HER2-negative in
combination with Als or fulvestrant. Ribociclib has been
approved by the FDA and EMA for the same indications as
palbociclib, based on the results of MONALEESA-2,*
MONALEESA-3** and MONALEESA-7.*> The Phase 3
MONARCH study demonstrated the clinical efficacy and
safety of abemaciclib, achieving similar results in combina-
tion with Als and fulvestrant.>®

Clinical Data of PI3K and mTOR

Inhibitors in Advanced ER+ BC

Targeting the PI3K-AKT-mTOR axis in ER-positive breast
cancer demonstrated significant results in both advanced
and early BC. The study published by Baselga et al in
2009, conducted in a neoadjuvant setting, accurately pre-
dicted outcomes of using everolimus plus exemestane in
advanced ER+ HER2- BC.?” In particular, in the phase 3
BOLERO-2 study, the addition of everolimus to exemes-
tane showed a higher PFS in patients with HR-positive
tumors but not in those with PI3KCA mutations, suggest-
ing that a direct inhibition of PI3K could be the preferred
option in these patients.>®*°

Two recent phase 3 studies evaluated the efficacy and
safety of different PI3K inhibitors in patients with pre-
treated ER+ HER2- advanced BC.

The multicenter, placebo-controlled, BELLE-3 trial
evaluated the efficacy and safety of buparlisib (pan-PI3K
inhibitor) plus fulvestrant in 432 patients with ABC pre-
treated with endocrine therapy and mTOR inhibitors. The
study was positive in its primary endpoint demonstrating an
increase in median PFS in favor of buparlisib plus fulves-
trant vs placebo plus fulvestrant (3.9 months vs. 1.8 months;
HR 0.67, 95% CI 0.53-0.84, p=0.00030). Despite these
positive data, the safety profile of buparlisib plus fulvestrant
(G3-4 adverse events in 61% of patients) did not support the
development of the combination in this setting while pro-
viding the rationale for the use of PI3K inhibitors plus
endocrine therapy in patients with PIK3CA-mutation.*’

The SOLAR-1 study evaluated the efficacy of alpelisib
(a-specific PI3K inhibitor) vs placebo both plus fulvestrant
in patients with ER+ HER2- ABC who had a disease that
had relapsed or progressed during or after the receipt of an
endocrine therapy. Patients were enrolled in two different
cohorts on the basis of tumor-tissue PIK3CA mutation
status. Primary endpoint of the study was PFS in the
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cohort with PIK3CA-mutated cancer, but PFS was ana-
lysed also in the cohort of patients without the mutation.
572 patients were enrolled, 341 with confirmed PIK3CA
mutations. After a median follow-up of 20 months, PFS
was 11.0 months in the alpelisib plus fulvestrant arm vs
5.7 months (HR 0.65; 95% CI, 0.50-0.85, P<0.001). No
difference in PFS in the cohort of patients without the
PIK3CA mutation. With a good safety profile of the com-
bination, a higher incidence of hyperglycemia, rash and
diarrhea occurred in the alpelisib arm as expected and in
line with data available from previous studies.*’

ER+ Locally Advanced BC
Clinical Data of CDK 4/6 Inhibitors in
NEO-HT

So far, there are different clinical trials with available
results that evaluate the effectiveness of the combination
of CDK4/6 inhibitors plus ET in the neoadjuvant setting
and are summarized in Table 1. The Phase 2 NeoPalAna is
a single-arm study that enrolled 50 patients with stage II-
IIT HR+/HER2- BC to receive monotherapy with anastro-
zole for 28 days, followed by the addition of palbociclib
for 4 cycles (of 28 days).** In some patients, palbociclib
was stopped, maintaining monotherapy with anastrozole
for 28 days before surgery while a subgroup of patients
received a sixth course of palbociclib and anastrozole until
surgery. The primary endpoint was the complete stop of
the cell cycle (CCCA) defined as Ki67 < 2.7% and
observed after 15 days of combination therapy (C1D15).
The CCCA rate at C1DI15 was significantly higher than
CID1 (87% vs 26%, p<0.001), regardless of PIK3CA
mutational state and luminal subtype. The benefit of pal-
bociclib was observed in grade 3 or negative progesterone-
receptor tumors. The most common adverse events were
neutropenia (48% any grade, 22% grade 3, 4% grade 4),
leucopenia (22% any degree, 22% grade 2) and fatigue
(14% any degree, 14% degree 2). The main limitation of
this study is the lack of evaluation of pCR as primary
endpoint.

NO007 is a phase 2 single arm study that enrolled 20
postmenopausal patients with HR+ HER2- tumors (greater
than 2 cm in diameter) to receive palbociclib and letrozole
for 16 weeks. The co-primary endpoints were the objective
response rate (with radiological assessment) and changes in
EndoPredict scores after combined treatment. Clinical
response of 50% or more was achieved in 17 patients,
including 8 clinical complete response and 1 pathologic

complete response. Every lesion showed a reduction in
size and one patient obtained pCR. Median Ki-67 values
were significantly reduced as a result of treatment
(p=0.044). In addition, EndoPredict’s values were signifi-
cantly lower than baseline values (p<0.0001). The safety
profile was in line with previous data. Non-febrile neutro-
penia occurred in all patients during the first cycle. More
than half of patients developed a G3/G4 neutropenia that
required a reduction of dose or discontinuation of the
therapy.*’

The results of the PALLET study were recently pub-
lished. A total of 307 postmenopausal women with HR
+/HER2- (>2 cm in size) tumors were randomized to
receive letrozole alone for 14 weeks (arm A), letrozole
single-agent for 2 weeks followed by the addition of
palbociclib for 12 weeks (arm B), palbociclib single-
agent for 2 weeks followed by the addition of letrozole
for 12 weeks (arm C) or letrozole plus palbociclib for 14
weeks (arm D). During the interval between the 14th week
of therapy and surgery, all patients received letrozole.
Primary endpoints were overall response rate (ORR) and
reduction of ki-67 values observed in the four arms. The
CCCA (defined as Ki-67 lower or equal to 2.7%), pCR
rate, safety profile and analysis of molecular/genetic pro-
files of tumor samples were secondary endpoints. The
clinical response was not significantly different between
the single-agent arm and the combination groups.
Complete or partial responses were observed in 49.5%
with letrozole compared to 54.3% in the combination
groups (p=0.2). However, the median change of Ki67
expression was most evident in the combination groups
compared to letrozole alone (—4.1 vs —2.2, p<0.001). In
addition, CCCA was observed in 38 (58.5%) of 65 patients
in the letrozole group compared to 113 (90.4%) of 125
patients in the combination groups (P<0.001). This sug-
gests that the addition of palbociclib to letrozole confirmed
the suppression of proliferation but without any evidence
of increasing clinical response. More patients experienced
a grade 3/4 associated-toxicity with the combination drugs
than letrozole monotherapy (49.8% vs 17%, p<0.001). The
principal adverse event in the palbociclib plus letrozole
arms was asymptomatic neutropenia.**

The role of ribociclib as neoadjuvant treatment was
explored in the MONALEESA-1 study. The study com-
pared ribociclib (at two doses: 400 or 600 mg/d) plus
letrozole and single-agent letrozole in 14 postmenopausal
women with G2/G3 HR+ HER2- BC (at least one breast
lesion of 1 cm). The primary endpoint was the comparative
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Table | Clinical Trials About CDK4/6 Inhibitors in Neoadjuvant Setting with Available Results

post-menopausal

-relapse (ROR)
disease at surgery

Name and Drugs Patients N of Primary Results
Phase of the Characteristics | Patients | Endpoints
Trial
NeoPalAna AN (28d) followed by AN + P for | HR+ HER2- 50 CCCA (Ki- 87% CIDI15 vs 26% CIDI,
Phase 2 trial*? 4 cycles Pre- and post- 67<2.7%) after 15 | p<0.001
menopausal days of therapy
Stage II/1lI (CIDIS)
NO007 L + P for 16 weeks HR+ HER2- 20 Clinical response Clinical Response in 17
Phase 2 trial*? Post-menopausal rate (radiological) Patients including 8 clinical
T>2cm and changes in complete
EndoPredict score | response
MONALEESA-I L vs L + R 400 mg/day vs Hr+ HER2- 14 Changes in Ki-67 Decrease of 69% in the letrozole
Phase 2 trial*” L + R 600 mg/day Post-menopausal levels in the 3 monotherapy arm, 96% for
Stage 11/l study arms letrozole plus ribociclib 400 mg/
T>1cm day, 92% for letrozole plus
ribociclib 600 mg/day
NeoMONARCH | AN vs ABE vs AN + ABE HR+ HER2- 223 Ki67 expression Ki-67 reduction: 92.62% in the
Phase 2 trial*® Post-menopausal from combination arm, 63.24% in the
T>1cm baseline to second | anastrozole monotherapy arm
week
PALLET Arm A: L for 14 weeks, HR+ HER2- 307 Clinical response Clinical response rate
Phase 2 trial** Arm B: L for two Post-menopausal rate and changes in | 54.3% (combination arms) vs 49.5%
weeks, followed by P for 12 T>2cm Ki67 expression (L single agent arm).
weeks, Median log-fold
Arm C: P for two change in Ki67 level -
weeks, followed by L, 4.1 (combination arms)
Arm D: L plus P for 14 weeks vs —2.2 (L single agent arm)
p<0.001)
NEOPAL L + P for 19 weeks or HR+ HER2- 106 Residual cancer RCB O/I/1I/1Il in 3.8%/3.8%/52%/
Phase 2 trial* CT (FEC100 x 3 courses followed | Post-menopausal burden 40.4% in the L+P arm,
by docetaxel 100 x 3 courses) Luminal B or N+ rate 5.9%/9.8%137.3%/47.1% in the CT
luminal A arm
PETREMAC L or TAM plus goserelin. HER+ HER2-, 88 ORR Overall ORR before surgery was
Phase 2 trial Palbociclib added if Ki-67 had Luminal A, post- 85% and ORR for NET +
decreased <50% after 14 days on | or pre- Palbociclib was 77%. NAC was
NET. NAC introduced if NET + menopausal required in 33% of patients after
Palbociclib decreased Ki-67 < 50% NET # Palbociclib.
CORALLEEN R + L for six 28-days cycles vs Stage I-llIA, HR+ | 106 The proportion of | 23/49 (46.9%) patients in the
Phase 2 trial*® ACx4 followed by 12 weekly HER?2-, luminal patients with ribociclib plus letrozole group
paclitaxel B by PAMS50, PAMS50 low-risk-of | and 24/52 (46.1%) patients in the

chemotherapy group were low-
ROR

Abbreviations: N, number; HR, hormonal receptors; HER2, human epidermal growth factor receptor 2; AN, anastrozole; L, letrozole; P, palbociclib; ABE, abemaciclib; R,
ribociclib; T, tumor* N+, nodal positive; ET, endocrine therapy; CT, chemotherapy; TAM, tamoxifen; NAC, neoadjuvant chemotherapy.

level of Ki67 between the three study arms. The results

showed that Ki67 levels decreased in the two combination

arms compared to letrozole alone (a decrease of 69% in the

letrozole arm, 96% for letrozole plus ribociclib 400 mg/die,
92% for letrozole plus ribociclib 600 mg/die). Combined

therapy was well tolerated with no grade 3/4 adverse events
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reported. Unfortunately, the low number of patients repre-
sents a strong limitation of this study and makes it difficult
to transfer results in clinical practice.’” NeoMONARCH is
a phase 2 study that enrolled 223 postmenopausal women
with primary breast cancer HR+ HER2- (> 1 centimeter) to
receive abemaciclib in monotherapy, monotherapy with
anastrozole or both in combination for 2 weeks, followed
by 14 weeks of combined treatment. The primary endpoint
was defined as the change in Ki67 expression from baseline
to 2 weeks after starting. Secondary endpoints were clinical,
radiological and pathological evaluation, safety profile and
pharmacokinetics. The study showed a reduction in Ki67 of
92.62% in the combination arm and 63.24% in the anastro-
zole arm. Results of the monotherapic abemaciclib arm
have not yet been published. Overall radiological responses
were 46.4% with a 53.6% reduction in tumor size in all
patients. However, only 3.7% of patients reached a pCR, but
the authors do not provide an explanation that justifies this
unusually low rate of pCR. Grade 3 diarrhea occurred in 4%
of patients, despite a prophylactic therapy protocol with
loperamide. Other common adverse events were constipa-
tion (any degree 43.5%; G3 1.8%) nausea (any degree
41.7%; G3 2.2%).*

To date, it remains unclear whether the combination of
CDK4/6 inhibitors plus ET is more effective than che-
motherapy in a neoadjuvant setting. Currently, there are
no definitive answers and many clinical trials are still
ongoing. However, the results of the NEOPAL French
study have recently been published. This is a phase II trial
comparing chemotherapy to standard neoadjuvant ET plus
palbociclib in 106 patients with HR+, HER2- stage II-11I
BC. The primary endpoint was the residual cancer burden
(RCB) frequency. The rate of patients with RCB 0/I (no or
minimal residual disease) was higher in the chemotherapy
arm than in the ET-palbociclib arm (15.5% vs. 7.7%), but
the response rate and conservative breast surgery rate were
comparable. Ki-67 median expression was significantly
lower in palbociclib arm (3% vs 8%, p-0.017) and there
were 2 adverse events in the ET-palbociclib arm vs 17 in the
CT arm, demonstrating a better safety profile of ET-
palbociclib.*®

In the phase-2 PETREMAC trial (NCT02624973),
patients with large tumor (>4cm) or locally advanced
breast cancers and luminal A characteristics (ER> 50%,
HER2-) received neoadjuvant ET and CDK4/6 inhibition
in concert. NEO-HT consisted of letrozole in postmeno-
pausal patients or tamoxifen

plus goserelin in

premenopausal. Palbociclib was added if Ki-67 had
decreased <50% after 14 days on NEO-HT. Neoadjuvant
chemotherapy (docetaxel) was introduced if NEO-HT +
Palbociclib decreased Ki-67 < 50% or if NEO-HT +
Palbociclib did not cause an objective response. Eighty-
eight patients were enrolled (2 patients lacked Ki-67 data
for analysis, 1 was a screening failure). The results showed
that 55% (47/85) had a drop > 50% on NEO-HT alone.
Among the remaining 38 patients, 31 had Palbociclib
added in concert. NEO-HT + Palbociclib showed a Ki-67
drop > 50% in 71% (22/31) of patients. Neoadjuvant CT
was required in 33% (28/84) of patients after NEO-HT +
Palbociclib.

The overall ORR before surgery was 85%, and ORR for
NEO-HT = Palbociclib was 77%. pCR was observed in 4/75
patients at surgery, where 3/4 with pCR received neoadju-
vant CT after NEO-HT =+ Palbociclib. Pre-treatment tumor
biopsies underwent targeted DNA sequencing of 360 can-
cer-related genes were performed: CDHI mutations were
associated with a higher probability of Ki67 reduction
>50% on NEO-HT alone (CDH1 mutated: 15/20 vs CDH1
WT: 32/66; p=0.042).*

In conclusion, NEO-HT =+ Palbociclib was effective at
reducing cell proliferation and showed an ORR of 77% in
these ER+ HER2-negative breast cancers. NAC was
required only in 33% of the patients. CDH1 mutations
seem predictive of response to NEO-HT in this setting.

In the recently published CORALLEEN phase 2 trial, 106
postmenopausal women with stage I-IIIA, HR+ HER2-
negative, luminal B by PAMS50 tumours were randomized to
receive either six 28-days cycles of ribociclib (oral 600 mg
once daily for 3 weeks on, 1 week off) plus daily letrozole or
four cycles of doxorubicin and cyclophosphamide every 21
days followed by weekly paclitaxel for 12 weeks. The primary
endpoint of the study was to evaluate the proportion of patients
with PAMS50 low-risk-of-relapse (ROR) disease at surgery in
the modified intention-to-treat population. The PAM50 ROR
risk class integrated gene expression data, tumour size, and
nodal status to define prognosis. At baseline, 92 patients had
high ROR disease (44 of 52 in the ribociclib and letrozole
group and 48 of 54 in the chemotherapy group). At surgery, 23
of 49 (46.9%) patients in the ribociclib plus letrozole group
and 24 of 52 (46.1%) patients in the chemotherapy group were
low-ROR. These results suggest that some patients with high-
risk, early stage, HR+ HER2- breast cancer could achieve
molecular downstaging of their disease with CDK4/6 inhibitor
and endocrine therapy.*®
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Clinical Data of mTOR and PI3K
Inhibitors in NEO-HT

In Table 2, the conducted studies in this setting are listed.
A phase 2 placebo-controlled study published in 2009
enrolled 270 postmenopausal women with operable ER+
tumors to receive 4 months of letrozole plus everolimus or
placebo as neoadjuvant treatment. The primary endpoint was
clinical response by palpation. Everolimus plus letrozole as
neoadjuvant treatment resulted in higher objective responses
compared with placebo plus letrozole, although this differ-
ence was not significant (68% vs 595, p=0.062).*°

The phase-2 LORELEI trial evaluated the efficacy of
letrozole plus taselisib or placebo in patients with operable
ER+ HER2-negative BC, stage I-III. 334 patients were
randomized to receive letrozole continuously plus taselisib
4 mg or placebo (on a 5 days-on, 2 days-off schedule) for 16
weeks, followed by surgery. Co-primary endpoints were the
proportion of patients who achieved an objective response
by centrally assessed breast magnetic resonance (MRI) and
a locally assessed pathological complete response in the
breast and axilla (ypTO/Tis, ypNO) at surgery in all ran-
domly assigned patients and in patients with PIK3CA
mutant tumors. The addition of taselisib to letrozole was
associated with a higher proportion of patients achieving an
objective response in all randomly assigned patients (39%
patients in the placebo group vs 50% in the taselisib group;
OR 1.55, 95% CI 1.00-2.38; p=0.049) and in the PIK3CA-
mutant subset (38% vs 56%; OR 2.03, 95% CI 1.06-3.88;
p=0.033). No significant differences were observed in pCR
between the two groups, either in the overall population
(2% 1n the taselisib group vs 1% in the placebo group; OR
3.07 [95% CI 0.32-29-85], p=0.37) or in the PIK3CA-
mutant cohort (1% vs 0%; OR not estimable, p=0.48). The
most common grade 3—4 adverse events in the taselisib
group were gastrointestinal (8%), infections (5%), and skin-

subcutaneous tissue disorders (5%). There was no grade 4
hyperglycemia and grade 3 cases were asymptomatic.

The rate of patients who achieved a greater objective
response receiving taselisib plus letrozole in a neoadjuvant
setting is in line with the clinical benefit observed in
studies of advanced breast cancer disease. Achieving
a pCR correlates with long-term outcomes such as event-
free survival after neoadjuvant chemotherapy but after

NEO-HT the evidence of pCR achievement is anecdotal.”®

Ongoing Trials

In the neoadjuvant treatment landscape of HR+ HER2-
early BC there are many ongoing studies aiming at evaluat-
ing the association of new target molecules with standard
hormonal therapies.

PREDIX LumA (NCT02592083) is a phase-2 study
with
early BC (tumors < 2 cm), node negatives and luminal
A phenotype (defined as expression of ER and PgR > 50%
in THC, KI-67 < 20% and no HER2 amplification) to
receive neoadjuvant ET (tamoxifen or Als + goserelin)

enrolling pre- and post-menopausal patients

for 4 weeks. After this period, patients who experience
a reduction in Ki-67 > 20% respect of baseline level are
randomized to continue ET-alone or add palbociclib for
the next 12 weeks. Patients who do not experience
a significant reduction in Ki-67 automatically receive ET
plus palbociclib combination for 12 weeks. Primary end-
points are the clinical and radiological response. The trial
started in October 2015 and recruitment is currently active.

A similar and ongoing study is the PREDIX LumB
(NCT02603679) trial which assesses the efficacy and toxi-
city of palbociclib plus ET (tamoxifen or Als + goserelin)
vs CT (weekly paclitaxel 80 mg/mq) for 12 weeks in
patients with stage II-IIl luminal B tumors (defined as
ER and Ki-67 expression > 20%, HER2-). Primary

Table 2 Clinical Trials About mTOR- and PI3K-Inhibitors in Neoadjuvant Setting with Available Results

Name and Drugs Patients N of Primary Endpoints Results
Phase of the Characteristics | Patients
Trial
NCTO001107016 | EVE + L vs P + L for 4 months | ER+ 270 Clinical response by Clinical response 68.1% in EVE
Phase 2 trial*’ Post-menopausal palpation +Lvs 59.1% in L + P (p=0.062)
LORELEI L (everyday) plus TAS or P (5 ER+ HER2- 334 Objective radiological Objective response:
Phase 2 trial*® days-on, 2 days off) for 16 Post-menopausal (MRI) response and 39% P vs 50% TAS;
weeks Stage -1l pCR no differences in pCR rates.

Abbreviations: N, number; ER, estrogen receptors; HER2, human epidermal growth factor receptor 2; EVE, everolimus; L, letrozole; TAS, taselisib; P, placebo; MRI,

magnetic resonance imaging.
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endpoint of the study is the radiological response evalu-
ated by breast ultrasound, mammography or MRI. After
the first 12 weeks, patients with no signs of progression
are switched to the other treatment arm for additional 12
weeks. In case of progression, surgery is offered as first-
choice treatment.

The FELINE trial (NCT02712723) aim is to evaluate
whether the combination of ribociclib plus letrozole for 24
weeks is able to obtain a higher rate of PEPI (pre-operative
endocrine prognostic index) score equal to 0, at time of
surgery, compared to letrozole in monotherapy. PEPI is
a score used to predict the risk of recurrence in patients
treated with neoadjuvant hormonal therapy and is calcu-
lated by evaluating pathological T and N, Ki-67 level and
ER status at the time of surgery. This score was already
validated in the IMPACT trial, which showed no 5-year
recurrences in patients who reached a PEPI score of 0.
The FELINE study evaluates two different ribociclib sche-
dules in combination with letrozole: ribociclib 400 mg/day
continuously or ribociclib 600 mg/day with a schedule “3
weeks on, 1 week off.” The study closed the enrollment.

The NEOLBC (NCT03283384) trial that evaluates the
efficacy of ribociclib plus letrozole vs standard CT (AC
for 4 cycles followed by paclitaxel for 12 weeks) in HR+
HER2- stage II-I1I breast tumors that do not obtain CCCA
(primary endpoint of the study and defined as an expres-
sion of Ki-67 > 1%) after 2 weeks of treatment with
letrozole monotherapy (considered as surrogate marker of
resistance to ET). Recruiting is ongoing.

Finally, the triple blockade obtained from the combina-
tion of letrozole, palbociclib and copanlisib (a PI3K inhibi-
tor) in patients with ER+ HER2- stage I-IV breast tumors is
evaluated in the Phase 1-2 study (NCT03128619) which
aim is to verify the safety profile and maximum tolerated
dose of the triplet in the neoadjuvant and metastatic setting.
The study is currently suspended (dose level-1 cohort sus-
pended due to DLT) (NCT03128619).

Bona Fide Biomarkers to Overcome
Resistance and Improve Patients’

Outcome

The research of biomarkers able to predict the response or
resistance to treatment is an urgent need also in the sce-
nario of endocrine therapy. Indeed, despite the success of
endocrine-combined therapy in metastatic setting, the
treatment response is observed in only 40% of first-line
metastatic patients, with the vast majority of initial

responders eventually developing resistance and/or recur-
rence over the time.>® In this setting, novel predictive
biomarkers are warranted to further improve the outcome
of Al-treated postmenopausal, luminal breast cancer
patients. Over the past few years, numerous bona fide
mechanisms of Als resistance have been identified.
However, only few studies have aimed to explore the
clinical value of specific biomarkers predictive of Als
resistance. Among them, the secondary loss of hormone
receptors expression (or development of negative clones)
and acquired overexpression of HER2 are recognized as
clinically relevant.’>>* It should be noted, however, that
while the loss of PgR expression in patients who relapse or
progress after Als treatment can be observed in approxi-
mately 50% of cases, loss of ER expression is a rare event,
occurring in approximately 7% of cases.’® Activating
mutations in the estrogen receptor-1 (ESR!) gene affecting
the ligand-binding domain have been identified in the
metastatic site of a subset of neoplasms after Al treatment,
but not in their corresponding primary tumors, suggesting
this 54,55

Importantly, the p.Tyr537Ser and p.Asp538Gly alterations

the secondary acquisition of alteration.
in ESRI have been shown to favor an agonistic conforma-
tion of the ER, potentially leading to hormone receptor
independent activation.’® Activation of the platelet-derived
growth factor receptor (PDFG-R) family signaling has
been documented both in vitro and in vivo in relapse
samples of Al-treated breast cancers.’’ For this reason,
PDFG-R have been recently proposed as putative targets
in these patients.>” Other recurrent molecular changes after
Als therapy involve the receptor tyrosine-kinase (RET)
and the Ret-ligand glial-derived neurotrophic factor
(GDNF).>® Interestingly, after neoadjuvant Als treatment
of postmenopausal ER+ BC patients a higher gene expres-
sion immune response signature and mismatch repair
alterations have also been observed.>®®° However, the
real-life clinical value of these observations remains
a matter of controversy. The between-tumor genotypic
and phenotypic heterogeneity among Als-resistant breast
cancers, however, is extremely complex. A wide gene
array-based analysis has identified 26 genes showing het-
erogeneous expression between tumors from postmeno-
pausal ER+ BC patients receiving adjuvant Als who
experienced recurrence.”* Among these alterations, those
targeting the trefoil factor 3 (TFF3) and ESR1 were domi-
nant. These data provide further credence to the notion that
biopsy at recurrence would be beneficial to the identifica-
tion of relevant targets at an individualized level.
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Conclusion

Neoadjuvant endocrine therapy can be a safe and effective
option for the treatment of ER+/HER2- early BC in parti-
cular for those patients considered too frail to receive
primary chemotherapy. The low pCR rate does not allow
considering endocrine therapy alone as the first-choice
option for the neoadjuvant treatment of HR+ HER2-.
However, data from recent studies combining in neoadju-
vant setting the CDK4/6- and PI3K-inhibitors drugs to
standard endocrine therapy are promising even though
less impressive than in metastatic setting.

In the context of multiple choice of strategy and treat-
ment the routine use of genomic-transcriptomic tools (such
as ONCOTYPE, PAMS50) and the identification of novel
biomarkers (ESR1, PI3Kca, PDGF-R, the reduction of ki-
67) on tissue or with liquid biopsy could be crucial to
select patient prone to respond to endocrine-combined
therapy and to achieve pCR.
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