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Abstract

Purpose: Addition of alpelisib to fulvestrant significantly extended progression-free survival in
PIK3CA-mutant, hormone receptor-positive (HR+) advanced/metastatic breast cancer in the phase
I11 SOLAR-1 study. The combination of alpelisib and letrozole also had promising activity in
phase | studies of HR+ advanced/metastatic breast cancer. NEO-ORB aimed to determine if
addition of alpelisib to letrozole could increase response rates in the neoadjuvant setting.

Experimental Design: Postmenopausal women with HR+, human epidermal growth factor
receptor 2-negative, T1c-T3 breast cancer were assigned to the PIK3CA-wild-type or PIK3CA-
mutant cohort according to their tumor P/K3CA status, and randomized (1:1) to 2.5 mg/day
letrozole with 300 mg/day alpelisib or placebo for 24 weeks. Primary endpoints were objective
response rate (ORR) and pathologic complete response (pCR) rate for both P/IK3CA cohorts.

Results: In total, 257 patients were assigned to letrozole plus alpelisib (131 patients) or placebo
(126 patients). Grade =3 adverse events (=5% patients) in the alpelisib arm were hyperglycemia
(27%), rash (12%), and maculo-papular rash (8%). The primary objective was not met; ORR in the
alpelisib vs. placebo arm was 43% vs. 45% and 63% vs. 61% in the PIK3CA-mutant and -wild-
type cohorts, respectively. pCR rates were low in all groups. Decreases in Ki-67 were similar
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across treatment arms and cohorts. In PIK3CA-mutant tumors, alpelisib plus letrozole treatment
induced a greater decrease in phosphorylated AKT vs. placebo plus letrozole.

Conclusions: In contrast to initial results in advanced/metastatic disease, addition of alpelisib to
24-week neoadjuvant letrozole treatment did not improve response in patients with HR+ early
breast cancer.

Translational Relevance

Neoadjuvant endocrine therapy is a valuable treatment option for patients with HR+ breast cancer;
however, complete pathologic response rates remain low. Genetic alterations of the PI3K pathway,
including in PIK3CA, are common in HR+ breast cancer and have been linked to endocrine
therapy resistance. Previous studies have suggested that adding the PI3K inhibitor alpelisib to
endocrine therapy (letrozole or fulvestrant) leads to improved clinical activity in advanced/
metastatic breast cancer, with a trend towards improved benefit in patients with P/IK3CA-mutant
tumors. Indeed, the phase 11 SOLAR-1 trial demonstrated a significant and clinically meaningful
improvement in progression-free survival with addition of alpelisib to fulvestrant for patients with
PIK3CA-mutant metastatic tumors. In this trial, we show that adding alpelisib to 24 weeks of
neoadjuvant letrozole treatment does not improve response rate, regardless of P/IK3CA mutational
status. These data suggest a different role for PI3K pathway alterations in early breast cancer
compared with metastatic disease.

Keywords
alpelisib; PI13K inhibitor; PIK3CA; breast cancer; neoadjuvant treatment

Introduction

Treatment options in the neoadjuvant setting for hormone receptor-positive (HR+), human
epidermal growth factor receptor 2-negative (HER2-) early-stage and locally advanced
breast cancer include systemic treatments such as chemotherapy and endocrine therapy (ET)
(1). Neoadjuvant ET is an effective therapy used to down-stage tumors and decrease tumor
volume, leading to improved surgical outcomes in patients with HR+ early-stage and locally
advanced breast cancer (2-5). Similar treatment outcomes, including clinical response and
breast conservation surgery rates, are observed for both neoadjuvant ET and chemotherapy
(5, 6), and recent analysis in the adjuvant setting suggests that ET alone is just as effective as
ET plus chematherapy in patients with low/intermediate risk HR+ breast cancer (7). As
such, given the more favorable side-effect profile of ET compared with chemotherapy (5, 6),
neoadjuvant ET has become a clinically acceptable strategy for pre- and postmenopausal
patients with HR+ early-stage and locally advanced breast cancer (8, 9). The combination of
targeted therapy and ET in metastatic HR+ breast cancer has improved clinical outcomes
such as progression-free survival (10, 11); however, the question of whether combining
targeted agents with ET can further improve treatment outcomes in the neoadjuvant setting
is still under investigation. The utilization of preoperative clinical trials in patients with
operable HR+ breast cancer is an attractive strategy to both determine biomarkers of
response and mechanisms of resistance and identify cancers that do not require
chemotherapy (12).
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The phosphoinositide 3-kinase (PI13K) signaling pathway plays a key role in breast cancer
development; activation of the PI3K pathway promotes tumor growth and has been
associated with resistance to ET (13, 14). Activating mutations in the p110a catalytic
subunit of PI3K, PIK3CA, are among the most common genetic alterations in HR+ breast
cancer (15). Preclinical studies have demonstrated the potential for combining both estrogen
blockade and PI3K inhibition; the addition of PI3K inhibitors to ET potently induces
apoptosis of HR+ cells and increases cell death (16, 17). Two such PI3K inhibitors are
alpelisib (BYL719; a PI3Ka-specific inhibitor) and buparlisib (BKM120; a pan-PI3K
inhibitor) (18-20). Both PI3K inhibitors have demonstrated promising antitumor activity in
a number of preclinical models and early phase | studies of advanced breast cancer,
including in combination with letrozole (19-22). In the phase 11l SOLAR-1 study in
postmenopausal women with HR+, HER2— advanced/metastatic breast cancer, alpelisib in
combination with fulvestrant significantly extended progression-free survival compared with
placebo plus fulvestrant in patients with A/K3CA-mutant tumors (hazard ratio 0.65; 95%
confidence interval [C1] 0.50-0.85; £=0.00065; median 11.0 vs. 5.7 months) (23).

Here we present results from the phase 11 NEO-ORB study investigating the combination of
PI3K inhibition with letrozole for the neoadjuvant treatment of postmenopausal patients
with HR+, HER2- early breast cancer (NCT01923168).

Materials and Methods

Study design and patients

NEO-ORB is a randomized, double-blind, placebo-controlled study conducted at 87 centers
in 17 countries. Postmenopausal women with locally confirmed, HR+, HER2—, T1c-T3
operable breast cancer with known P/K3CA mutation status, who had not previously
received treatment with local or systemic therapy and were considered eligible for
neoadjuvant ET were included in this study. Postmenopausal status was defined as per the
National Comprehensive Cancer Network guidelines according to one or more of the
following criteria: prior bilateral oophorectomy; age =60; or age <60 with amenorrhea for
=12 months, and follicle stimulating hormone and estradiol levels considered to be
postmenopausal according to the local normal range (1). Patients were required to have
measurable disease, defined as any mass that could be reproducibly measured by magnetic
resonance imaging (MRI) and/or ultrasound in at least one dimension. A diagnostic biopsy
for analysis of PIK3CA mutation status (using the cobas® P/K3CA Mutation Test, F.
Hoffmann-La Roche Ltd, Basel, Switzerland; see Supplementary Methods for further
details) and Ki-67 level was required for study enrollment. All patients had an Eastern
Cooperative Oncology Group performance status of 0 or 1, and adequate bone marrow and
organ function. Patients with multifocal and/or multicentric disease were eligible;
synchronous bilateral breast cancer was permitted provided only one of the tumors in one
breast was considered for study purposes. Key exclusion criteria included receipt of prior
systemic anticancer therapy, locally recurrent or metastatic disease, inflammatory breast
cancer, and fasting plasma glucose >140 mg/dl or HbA1. >6.5%. All patients provided
written informed consent. The study was done in accordance with the principles of Good
Clinical Practice and the Declaration of Helsinki and was approved by an independent ethics
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committee. A steering committee supervised the conduct of the study, and a data and safety
monitoring committee performed regular safety reviews.

Randomization and study treatment

Prior to randomization, patient tumor samples were prescreened at a central laboratory to
determine P/IK3CA mutation status and Ki-67 level. Patients were assigned to two similar-
sized cohorts according to P/IK3CA mutation status; P/IK3CA-mutant or PIK3CA-wild-type.
Within each cohort, patients were randomly assigned 1:1:1 to receive letrozole with either
alpelisib, buparlisib, or placebo using a central patient screening and randomization system.
Randomization was stratified according to lymph node status (positive or negative) and
centrally assessed Ki-67 level (<14% or >14%). Randomization was done with a block size
of 12 within each stratum. Interactive response technology (IRT) that included an interactive
voice and web response system was used to gather screening information and allocate
treatment. Investigators provided identifying information for each patient at enrollment to
register them into the IRT system, and each patient was assigned a unique seven-digit patient
number, which they retained throughout their participation in the study. Randomization
numbers were generated to ensure treatment assignment was unbiased and concealed from
patients and investigators: a patient randomization list was produced by the IRT provider
using a validated system to automate the random assignment of patient numbers to
randomization numbers. Each randomization number was linked to a treatment group and a
unique medication number. A separate medication randomization list was produced by
Novartis Drug Supply Management with a validated system to automate the random
assignment of medication numbers to medication packs containing each study treatment.
Randomization numbers were not communicated to investigators. Patients and investigators
(including local radiologists) were unaware of the assigned treatments from time of
randomization until the study completion. The study was blinded with respect to arm
(alpelisib/buparlisib vs. placebo), but due to the differences in the appearance of alpelisib
tablets vs. buparlisib capsules it was not blinded with respect to study drug type (alpelisib/
alpelisib-matching placebo vs. buparlisib/buparlisib-matching placebo). Premature study
drug unblinding was permitted in case of emergency.

Patients were treated with letrozole (2.5 mg, once-daily, continuously) and either alpelisib
(300 mg, once-daily, continuously), buparlisib (100 mg, once-daily, continuously; later
amended to 5 days on/2 days off on January 29, 2015), or placebo (alpelisib- or buparlisib-
matching). Study drugs were self-administered orally for 24 weeks. Definitive breast cancer
surgery was performed as soon as possible, but not more than 14 days after the last dose of
study drug. Letrozole was continued until the day of surgery. Two levels of dose reductions
were permitted for alpelisib/buparlisib/placebo (alpelisib/placebo: 300 mg to 250 mg to 200
mg; buparlisib/placebo: 100 mg to 80 mg to 60 mg). Study discontinuation could occur due
to withdrawal of consent, disease progression (radiologically documented according to
Response Evaluation Criteria In Solid Tumors [RECIST] version 1.1), unacceptable toxicity,
death, protocol violation, loss to follow-up, and/or if treatment was discontinued at the
discretion of the investigator or patient. A dose delay of >28 days after the next scheduled
dose of alpelisib/buparlisib/placebo necessitated discontinuation from alpelisib/buparlisib/
placebo. Patients who discontinued alpelisib/buparlisib/placebo were permitted to remain on
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study and continue letrozole treatment as per investigator decision. Patients who
discontinued all study treatments, but did not withdraw consent, were followed up for
pathologic tumor response at the time of surgery and for safety evaluations during the 30
days following the last dose of study treatment.

Enrollment in the buparlisib arm was discontinued on December 22, 2015, due to the non-
tolerable toxicity profile associated with buparlisib (24); patients randomized after this date
were assigned 1:1 to either alpelisib plus letrozole or placebo plus letrozole. This
randomization was also performed centrally by the IRT provider as described above, using a
new randomization list and a block size of four within each stratum.

Assessments

Outcomes

Tumor assessments (MRI or ultrasound) were conducted at screening, Cycle 4 Day 1 (12
weeks), and prior to surgery (24 weeks; maximum 7 days before surgery); the same test
(MRI or ultrasound) was used for assessment before and after treatment. Surgical breast and
axillary node resection specimens were evaluated locally for pathologic tumor response.
Pathologic complete response (pCR) was defined as ypTO/Tis ypNO per the American Joint
Committee on Cancer staging system (25). A tissue sample was sent to the central laboratory
for assessment of Ki-67 and other biomarkers, including estrogen receptor (ER),
progesterone receptor (PgR), and HER?2 status, to evaluate the parameters required to
calculate the preoperative endocrine prognostic index (PEPI) score. Ki-67 level was
determined by the percentage of malignant cells with nuclear Ki-67 immunohistochemical
staining. Phospho-AKT scoring was performed using histo-score (H-score) methodology,
based on the proportion of positive staining cells (% cells) at each staining intensity graded
as 0 (none), 1 (weak), 2 (moderate), and 3 (strong). H-scores were calculated as the fraction
of cells with intensity grade 1 + (2 x fraction of cells with intensity grade 2+) + (3 x fraction
of cells with intensity grade 3+). Biomarkers were assessed in the tumor sample provided at
screening, in a tumor biopsy taken at Cycle 1 Day 15 after 2 weeks of treatment, and in the
surgically removed tumor specimen. Next-generation sequencing (NGS) data were
generated using the 52-gene Oncomine™ Focus Assay (ThermoFisher Scientific, Waltham,
MA, USA,; see Supplementary Methods for further details). PIK3CA hot-spot mutations
(from exons 9 and 20) were also assessed using conventional polymerase chain reaction
(PCR). Safety was monitored throughout the study by physical examination, laboratory
evaluations, vital signs, bodyweight, performance status evaluation, electrocardiogram,
cardiac imaging, patient self-reported questionnaires, and adverse event (AE) collection.
AEs were characterized and graded throughout the study according to the Common
Terminology Criteria for AEs (CTCAE) v4.03.

The primary endpoints were locally assessed objective response rate (ORR) and pCR rate in
patients who received alpelisib plus letrozole vs. placebo plus letrozole in PIK3CA-mutant
and PIK3CA-wild-type tumors based on tumor tissue. ORR was defined as the proportion of
patients with a best overall response of complete response or partial response according to
RECIST version 1.1. ORR and pCR rate in the buparlisib plus letrozole arm were assessed
as an exploratory objective due to the discontinuation of this arm. PEPI score and safety
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were secondary endpoints. Other secondary endpoints (not reported here) were evaluation of
the ORR and pCR rate in P/IK3CA-mutant and P/K3CA-wild-type tumors based on
circulating tumor DNA, evaluation of the association between changes in Ki-67 level and
pCR, rate of breast-conserving surgery, and pharmacokinetics. Phosphoproteomic analysis
of AKT, NGS data, and analyses of the Ki-67 proliferation marker from tumor tissue are
reported. The data cut-off for the primary analysis was July 8, 2017; this study is complete.

Statistical Analysis

Results

The primary endpoint of ORR as per local investigator review was assessed based on
prespecified Bayesian double criteria requiring an estimated difference in ORR between the
alpelisib plus letrozole arm and the placebo plus letrozole arm of at least 20% and a
posterior probability criterion (difference between groups >0) of more than 0.9. With 60
patients per group in each cohort, there was a 46% chance of meeting the endpoint if the true
difference in ORR was 20%, and <5% chance if the true difference in ORR was null. Based
on previously published data, the ORR with letrozole alone was expected to be
approximately 45% (26, 27). Patients with unknown best overall response were considered
as nonresponders for the calculation of ORR. For the primary analysis of pCR rate as per
local investigator review, assessment was based on prespecified Bayesian double criteria
requiring an estimated difference in pCR rate between the alpelisib plus letrozole arm and
the placebo plus letrozole arm of at least 10% and a posterior probability criterion
(difference between groups >0) of more than 0.9. With 60 patients per group in each cohort,
there was 43% chance of meeting the endpoint if the true difference in pCR rate was 10%,
and <5% chance if the true difference in pCR rate was null. The pCR rate with letrozole
alone was expected to be 5% or less (28). Patients who experienced progression of disease
while undergoing neoadjuvant therapy, or who did not undergo surgery for any reason, or
received antineoplastic treatment other than the study drugs before surgery were considered
as nonresponders for the calculation of pCR rate. ORR and pCR rate were summarized by
cohort and study arm using descriptive statistics including 90% Cls according to the Clopper
and Pearson (1934) exact method (29). Summary statistics were also provided for Ki-67
level changes and PEPI score.

Efficacy analyses were performed in the full analysis set including all randomized patients,
according to the intention-to-treat principle. All safety analyses were performed in the safety
set (patients who received at least one dose of study treatment). For the placebo plus
letrozole results, data for the alpelisib-matching and buparlisib-matching placebo plus
letrozole arms were combined.

Between April 10, 2014, and December 2, 2016, 257 patients were randomly assigned to
receive alpelisib plus letrozole (n = 131) or placebo plus letrozole (n= 126; Fig. 1). Patient
characteristics at baseline were generally balanced between treatment arms, with some
notable differences (Table 1). Patients with P/K3CA mutations receiving alpelisib plus
letrozole had a median age of 65.5 years, compared with 61.0 years for patients receiving
placebo plus letrozole. In addition, a higher proportion of patients in the PIK3CA-mutant
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cohort receiving alpelisib plus letrozole had lymph node involvement (N1 or higher; 35%)
and T3-stage tumors (12%) compared with patients who received placebo plus letrozole
(27% and none, respectively). During the study period, 83 patients were randomized to
receive buparlisib plus letrozole; 37 in the PIK3CA-mutant cohort and 46 in the PIK3CA-
wild-type cohort. As the buparlisib arm was discontinued following a program-wide
assessment of buparlisib efficacy and safety across different indications, ORR and pCR rate
for buparlisib plus letrozole were assessed as exploratory endpoints and the data are
presented in Supplementary Tables S1-S4; buparlisib addition to letrozole did not improve
ORR or pCR rate in either the PIK3CA-mutant or -wild-type cohorts.

Treatment exposure

Efficacy

The 24-week treatment phase (remaining on alpelisib/placebo and/or letrozole) was
completed by 72% and 87% of patients in the alpelisib plus letrozole and placebo plus
letrozole arms, respectively (Fig. 1). AEs and patient/physician decision were reported as the
primary reasons for discontinuation of study treatment in the alpelisib plus letrozole arm in
both the PIK3CA-mutant and -wild-type cohorts. A higher proportion of patients received
study treatment for 8 weeks or less in the alpelisib plus letrozole arm (19%) than in the
placebo plus letrozole arm (5%; Table 2). Alpelisib dose reductions and interruptions were
experienced by 53% and 65%, respectively, of patients in the alpelisib plus letrozole arm.

The NEO-ORB study did not meet its primary objectives of improved ORR and pCR rate
with the addition of alpelisib to letrozole in either the PIK3CA-mutant or -wild-type cohorts
after 24 weeks of neoadjuvant treatment (Table 3). The ORR was similar for the alpelisib
plus letrozole vs. placebo plus letrozole arms in both cohorts (PIK3CA-mutant, 43% vs.
45% with a posterior probability that the difference is greater than 0 of 0.435; PIK3CA-
wild-type, 63% vs. 61% with a posterior probability that the difference is greater than 0 of
0.611), and the number of patients experiencing pCR was low in all groups. A post-hoc
exploratory analysis of ORR was conducted in patients who received treatment for at least
16 weeks and 24 weeks to determine whether the difference in ORR between treatment arms
was impacted by treatment duration or discontinuation rate (Supplementary Table S5). Of
patients in the alpelisib plus letrozole arm, 60% completed at least 16 weeks of treatment
with alpelisib, and only 52% completed 24 weeks of alpelisib treatment. Importantly, in
patients who completed 24 weeks of alpelisib treatment, there were no significant
differences in ORR between the alpelisib plus letrozole and placebo plus letrozole arms in
either the PIK3CA-mutant (n = 88) or PIK3CA-wild-type (n= 87) cohorts; the ORR for
alpelisib plus letrozole was 57% in the P/IK3CA-mutant group and 78% in the PIK3CA-
wild-type cohort, and for placebo plus letrozole the ORR was 50% and 70%, respectively.
The ORR for patients who completed at least 16 weeks of alpelisib plus letrozole treatment
was 31% in the PIK3CA-mutant cohort (7= 32) and 59% in the PIK3CA-wild-type cohort
(n= 46), for patients treated with placebo plus letrozole the ORR was 28% and 45% in the
PIK3CA-mutant (n = 60) and P/IK3CA-wild-type cohorts (n7=51), respectively. Analysis of
ORR in patients with positive PgR status also showed no substantial difference between the
alpelisib plus letrozole and placebo plus letrozole arms (Supplementary Table S6). The
number of patients with negative PgR status was low (Supplementary Table S6).
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PEPI scores, that consider pathologic staging variables and biomarker values to define broad
groups of patients at risk of relapse, were available for 60% of patients. A similar proportion
of patients had low, intermediate, and high PEPI scores in both the P/IK3CA-mutant and -
wild-type groups and across treatment arms (Table 3).

The most frequently reported all-grade AEs in the alpelisib plus letrozole arm (=20% of
patients; single preferred term; Table 4) were hyperglycemia (54%), diarrhea (52%), rash
(45%), nausea (44%), fatigue (41%), stomatitis (33%), decreased appetite (31%), alopecia
(22%), and headache (20%). The most common grade =3 AEs in the alpelisib plus letrozole
arm (=5% of patients; single preferred term) were hyperglycemia (27%), rash (12%), and
maculo-papular rash (8%). In the alpelisib plus letrozole vs placebo plus letrozole arms there
was a higher incidence of treatment-related serious AEs (SAEs; 12% vs 1%) and treatment-
related AEs leading to discontinuation of either alpelisib, placebo, or letrozole (27% vs 1%).
The most frequent AEs leading to discontinuation of alpelisib or letrozole, regardless of
treatment relationship, in the alpelisib plus letrozole arm (=5% of patients) were
hyperglycemia (9%) and rash (5%; Supplementary Table S7). AEs were the cause of
discontinuation of both alpelisib and letrozole in 9% of patients in the alpelisib plus
letrozole arm; no patients in the placebo plus letrozole arm discontinued both placebo and
letrozole due to AEs. No treatment-related deaths occurred.

Inhibition of PI3K signaling and tumor cell proliferation

At Cycle 1 Day 15, the combination of alpelisib plus letrozole demonstrated effective
inhibition of PI3K signaling in the PIK3CA-mutant cohort as measured by a greater
decrease in levels of phosphorylated AKT compared with that observed in the placebo plus
letrozole arm (Fig. 2A,B). Interestingly, levels of phosphorylated AKT appeared to increase
in the placebo plus letrozole arm of the PIK3CA-mutant cohort at Cycle 1 Day 15 compared
with baseline. Levels of phosphorylated AKT were decreased in all patient groups compared
with baseline at the end of treatment (Fig. 2C).

Despite effective inhibition of PI3K pathway activity /n situ, assessment of tumor cell
proliferation at Cycle 1 Day 15 showed similar inhibition of the Ki-67 proliferation marker
following treatment with alpelisib plus letrozole and placebo plus letrozole, independent of
PIK3CA mutation status (Fig. 2D,E). At the end of treatment, Ki-67 levels were reduced to a
greater extent in the placebo plus letrozole arm vs. the alpelisib plus letrozole arm (Fig. 2F).
The termination of alpelisib treatment up to 14 days before surgery per protocol, together
with the high rate of premature alpelisib discontinuation, limits interpretation of the Ki-67
data.

Next-generation sequencing

NGS highlighted differences in the genetic landscape of baseline tumor samples between the
PIK3CA-mutant and -wild-type cohorts. In tumors with P/IK3CA mutations, very few
additional mutations were detected across the 52-gene panel. In contrast, PIK3CA-wild-type
tumors were enriched for AK71 hotspot mutations and copy number alterations of CCND1
and FGFR1 (data not shown). At end of treatment, P/IK3CA mutations were no longer
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detected in six patients who received alpelisib plus letrozole and three patients who received
placebo plus letrozole in the PIK3CA-mutant cohort. In the PIK3CA-wild-type cohort, a
gain of PIK3CA mutations was detected in three patients in the alpelisib plus letrozole arm
and one patient in the placebo plus letrozole arm. There was no evidence of mutations
associating with a response to treatment. Between NGS and conventional PCR there was
high concordance for baseline PIK3CA status; NGS had 97% sensitivity and 97% specificity
compared with conventional PCR on the same sample.

Discussion

The NEO-ORB study investigated whether addition of a PI3Ka inhibitor to letrozole could
increase ORR and pCR rate in postmenopausal women with early-stage HR+ breast cancer.
Alpelisib effectively inhibited PI3K signaling, with a greater decrease in phosphorylated
AKT levels observed in the alpelisib plus letrozole arm compared with the placebo plus
letrozole arm in the PIK3CA-mutant cohort at Cycle 1 Day 15. However, based on local
assessments and protocol criteria, proof of concept was not established for a 24-week
neoadjuvant treatment with alpelisib plus letrozole in patients with HR+ operable breast
cancer. The addition of alpelisib to letrozole did not improve ORR in either the PIK3CA-
mutant or -wild-type cohorts and pCR rates were low in all groups. Preliminary efficacy data
for the pan-PI3K inhibitor buparlisib also showed no treatment benefit when added to
letrozole. Consistent with the efficacy findings, there were no substantial differences in
Ki-67 levels between the alpelisib plus letrozole and placebo plus letrozole treatment arms.
However, we recognize that since alpelisib treatment was terminated up to 14 days before
surgery per protocol (and was discontinued even earlier in many patients), the Ki-67 value
determined by analysis of the surgical specimen may no longer reflect the action of
treatment. Exploratory NGS analysis conducted thus far has not revealed any specific
biomarkers or pathway mechanisms that could explain the limited efficacy. Analysis of PEPI
scores was hindered by the difficult interpretation of the Ki-67 values (due to the
discontinuation of alpelisib prior to surgery), which negated the ability to collect complete
PEPI data. Interestingly, there appeared to be an increase in phosphorylated AKT levels in
the placebo plus letrozole arm at Cycle 1 Day 15 in the PIK3CA-mutant cohort compared
with baseline; this could suggest that upon estrogen suppression, PIK3CA-mutant tumors
activate PI3K signaling as a compensatory mechanism. The mechanism behind the
subsequent decrease in levels of phosphorylated AKT in the placebo plus letrozole arm at
end of treatment is unclear, but may also be due to crosstalk between the ER and PI3K
signaling pathways (17, 30). The possible full saturation of ER signaling inhibition at end of
treatment may have subsequently suppressed the compensatory PI3K signaling. Effects of
estrogen suppression with letrozole on PI3K signaling have been observed in other studies.
In one study, letrozole reduced PI13K and mTOR expression, but not phosphorylated AKT
levels, after 6 months of treatment (31). In another study, after 15 days of treatment,
letrozole downregulated expression of PgR and cyclin D1, and to a lesser extent, ribosomal
protein S6 (26).

ORR was lower in both arms of the PIK3CA-mutant cohort than in both arms of the
PIK3CA-wild-type cohort in this study. A similar finding has been previously observed in
HER2-positive early breast cancer, where tumor P/K3CA mutations were associated with a
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significantly lower rate of pCR, especially in HR+ disease (32). Goel and Krop (2016)
speculated that the lower rate of pCR could be due to reduced proliferation rates observed in
PIK3CA-mutant vs. PIK3CA-wild-type tumors (33), as some treatments are more effective
against highly proliferative tumors. The lower pCR rate in the HER2-positive, PIK3CA-
mutant early-stage breast tumors did not appear to impact disease-free survival (32),
suggesting that these tumors may have a less virulent biology and lower risk of recurrence
than PIK3CA-wild type, HER2-positive cancers even in the absence of pCR following
neoadjuvant therapy (33). In a pooled analysis of 19 studies, P/IK3CA mutations were
significantly associated with better disease-free and overall survival (OS) but had a lesser
prognostic effect after adjustment for other prognostic factors (34). Overall, however, the
prognostic value of PIK3CA mutations in early breast cancer is unclear (35).

In terms of the predictive value of P/IK3CA mutations in early-stage breast cancer, the data
presented here indicated no difference between the PIK3CA-mutant and P/IK3CA-wild-type
cohorts for benefit to PI3K inhibitor treatment (addition of alpelisib to letrozole did not
improve response rate in either cohort). Studies with other PI3K inhibitors have also raised
questions over the predictive relevance of PIK3CA mutational status for treatment in early-
stage breast cancer. In a preoperative window-of-opportunity study of women with operable
HR+ breast cancer, the addition of pictilisib (GDC-0941; a pan-PI3K inhibitor) to
anastrozole over a 14-day period resulted in a significant decrease in Ki-67 proliferation that
was limited to luminal B primary breast cancer subtypes (36). It should be noted, however,
that a low proportion of tumors in the control arm (anastrozole alone; 61.5%) exhibited
Ki-67 levels of <10% on Day 15 (36). PIK3CA mutations were not predictive of response to
pictilisib (36). Similarly, in the LORELEI trial, ORR and pCR rates in postmenopausal
women with ER-positive/HER2—, Stage I-I11, operable breast cancer who received
neoadjuvant treatment with taselisib (PI3Kp-sparing inhibitor) and letrozole were similar in
the overall study population and the P/IK3CA-mutant subgroup (37).

There were several limitations to this study. In particular, the extent to which the addition of
alpelisib to letrozole improved ORR may have been impacted by the high rate of treatment
discontinuations in the alpelisib plus letrozole arm. Only 52% of patients in the alpelisib
plus letrozole arm completed 24 weeks of alpelisib treatment. Differences in the baseline
patient characteristics between treatment arms, including more patients with a higher tumor
stage in the PIK3CA-mutant cohort treated with alpelisib plus letrozole compared with
placebo plus letrozole, may have also affected the results. The results of this phase Il study
were also limited by the lack of consistency in both the timing of response assessments and
the method of evaluation (MRI or ultrasound).

Tumor responses have been successfully used as surrogate markers for clinical response in
various cancer types (38). For systemic therapies given in the neoadjuvant setting, a pCR
endpoint is suggested to predict clinical benefit in high-risk populations (39). Indeed, pCR
has been linked to long-term outcomes for neoadjuvant chemotherapy treatment in breast
cancer, although the value of pCR for patients with luminal breast cancer, in particular the
luminal A subgroup, is questionable (40-42). Data from randomized controlled trials
support the use of ORR as a surrogate endpoint for OS in recurrent ovarian cancer with at
least two lines of therapy (43). However, although ORR provides evidence of treatment
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effect, limitations with this surrogate marker include a reliance on imaging technologies,
variability in tumor measurements, and the possibility that tumor size may not always
correlate with patient OS (38, 39, 44). MRl is considered a valuable imaging method in the
neoadjuvant setting, although there is insufficient evidence to support its routine use in
assessing responses (41). Ultrasound is also recommended for imaging in neoadjuvant
clinical trials when MRI is unavailable or in selected circumstances (41). Modern
technologies such as measurement of tumor density or volume and quantitative functional
molecular imaging that tracks biochemical processes may hold promise for a better
assessment of a treatment effect (38).

Several studies have demonstrated a link between duration of letrozole monotherapy and
increased ORR (45-47); both ORR and pCR were greater after 1 year of letrozole treatment
compared with 8 and 4 months, respectively, in one study (45), and in another study
maximal responses were not observed until after 6-12 months of treatment for a third of
patients (47). ORR in patients with early-stage operable breast cancer who received
neoadjuvant letrozole or anastrozole ranges (depending on the trial population and method
of assessment) from approximately 24% to 70% after 12 weeks of treatment (2, 3, 46) to
approximately 55% to 87% for 24—-32 weeks of treatment (45, 48-50). Although the optimal
duration of neoadjuvant aromatase inhibitor (Al) treatment is unclear (8, 51), durations of 6—
12 months show consistently greater benefit compared with shorter durations.

pCR rates following neoadjuvant ET in HR+ breast cancer remain low (5, 6, 26, 45, 47, 50,
52). In particular, pCR rates for neoadjuvant Al treatment have been reported to be less than
2.5% for 16 weeks of treatment (26, 45, 52), 0% for 24 weeks (50), and 5% for 32 weeks
(45). The pCR rate results observed for alpelisib plus letrozole in NEO-ORB (1.7% and
2.8% in the PIK3CA-mutant and -wild-type cohorts, respectively) are in line with previous
studies of neoadjuvant treatment for HR+ breast cancer, despite the limitations in comparing
trials with differing treatment regimens.

In general, combinations of ET and targeted therapy have demonstrated limited efficacy in
the neoadjuvant setting. Following 4 weeks of single-agent anastrozole treatment, addition
of the AKT inhibitor MK-2206 did not further suppress cell proliferation when evaluated
after 2 weeks of combination treatment, with no pCRs observed (53). In the LORELEI
study, which compared the p-sparing PI3K inhibitor taselisib plus letrozole with placebo
plus letrozole, the observed pCR rate was low and showed no significant difference between
treatment arms (37). Patients enrolled in LORELEI received taselisib plus letrozole or
placebo plus letrozole for 16 weeks prior to surgery with tumor response assessed centrally
by MRI per modified RECIST (37). The ORR based on MRI evaluations after 16 weeks of
study treatment was increased in the taselisib plus letrozole arm compared with the placebo
plus letrozole arm (50% vs. 39%, odds ratio 1.55, 95% CI 1.00-2.38, A= 0.049) (37); the
clinical significance of this difference is unclear. Of note, in contrast to NEO-ORB, the
LORELEI study excluded patients with clinical N3, multicentric, or bilateral breast cancers
(54).

The AE profile of alpelisib plus letrozole observed in NEO-ORB is consistent with the
reported safety profile of alpelisib in combination with ET (21-23). The most frequently
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reported AEs in the alpelisib plus letrozole arm were hyperglycemia and gastrointestinal
events, with hyperglycemia and rash the most common grade 3/4 AEs. AEs were the most
common reason for treatment discontinuation in the alpelisib plus letrozole arm for both
PIK3CA cohorts; hyperglycemia and rash were the most frequent AEs leading to
discontinuation. In the phase Ib study of alpelisib plus letrozole in patients with HR+,
HER2- advanced breast cancer, common drug-related AEs were gastrointestinal disorders
(including nausea and diarrhea; 73%), hyperglycemia (62%), fatigue (54%), and rash (42%)
(22). In contrast to alpelisib, buparlisib displayed an non-tolerable safety profile in NEO-
ORB, which included liver toxicity and mood disorders, consistent with that observed in
other studies (24, 55). The differences in side effects observed between alpelisib and
buparlisib are likely the result of differential target specificity. There are four type 1 PI3K
(p110) isoforms, a, B, 6, and y (56). As a pan-PI3K inhibitor, buparlisib inhibits all four
isoforms (18). Conversely, alpelisib specifically inhibits the PI3Ka isoform (19), thus
avoiding the cumulative toxicity associated with inhibition of all four PI3K isoforms.

In contrast to this study in early-stage, operable breast cancer, alpelisib has demonstrated
clinical activity in PIK3CA-mutant tumors in the metastatic setting (20-23). In the phase I11
SOLAR-1 trial, addition of alpelisib to fulvestrant resulted in a significant and clinically
meaningful improvement in progression-free survival of patients with P/IK3CA-mutant, HR+
advanced/metastatic breast cancer (23). It follows that early-stage PIK3CA-mutant breast
cancers may be less dependent on PI3K signaling compared with recurrent or metastatic
disease. PIK3CA mutations are typically an early event in breast cancer pathogenesis (57).
However, PIK3CA mutations do not necessarily correlate with an active pathway at the time
of diagnosis (58), and the reliance of the tumor on the PI3K pathway for growth and survival
can differ between early- and late-stage disease (59). Studies in early-stage breast cancer
indicate that P/K3CA mutations are not an independent predictor of outcome, and PIK3CA
mutation status does not strongly correlate with neoadjuvant ET responsiveness in HR+
breast cancer both in previous studies (35, 60, 61) and in the NEO-ORB data presented
herein. Based on the results from NEO-ORB, alpelisib does not add clinical benefit in the
neoadjuvant setting, but considering the available clinical and experimental data in other
indications, the addition of alpelisib to letrozole may still be an effective treatment strategy
for HR+ advanced/metastatic breast cancer that harbors somatic alterations in the PI3K
pathway.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

CONSORT diagram
aEnrollment in the buparlisib arm was discontinued on 22 December 2015 and patients
randomized after this date were assigned 1:1 to either alpelisib plus letrozole or placebo plus

letrozole.
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Figure 2.

Changes from baseline in phospho-AKT and Ki-67 levels following treatment with alpelisib
plus letrozole or placebo plus letrozole. A, phospho-AKT level at baseline and Cycle 1 Day
15 for each patient; B, mean percentage change from baseline in phospho-AKT level at
Cycle 1 Day 15; C, mean percentage change from baseline in phospho-AKT level at end of
treatment; D, Ki-67 level at baseline and Cycle 1 Day 15 for each patient; E, mean
percentage change from baseline in Ki-67 level at Cycle 1 Day 15; F, mean percentage
change from baseline in Ki-67 level at end of treatment.
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Patient characteristics at baseline

Table 1.

Page 20

PIK3CA-mutant cohort

PIK3CA-wild-type cohort N = 130

Alpelisib + letrozole

Placebo + letrozole

Alpelisib + letrozole

Placebo + letrozole

Characteristic n =60 n=67 n=71 n=59
Age, median (range), years 65.5 (47-86) 61.0 (37-82) 63.0 (50-84) 64.0 (49-84)
Race, n (%)
White 53 (88.3) 51 (76.1) 64 (90.1) 54 (91.5)
Asian 5(8.3) 9 (13.4) 2(2.8) 1(1.7)
Black or African American 1(1.7) 2(3.0) 2(2.8) 3(5.1)
Unknown 1(1.7) 2(3.0) 0 1(1.7)
Other 0 3(4.5) 3(4.2) 0
ECOG performance status, n (%)
0 56 (93.3) 62 (92.5) 66 (93.0) 54 (91.5)
1 4(6.7) 5(7.5) 5(7.0) 5(8.5)
Hormone receptor status, n (%)
Estrogen receptor-positive 60 (100) 67 (100) 70 (98.6) 59 (100)
Progesterone receptor-positive 48 (80.0) 60 (89.6) 65 (91.5) 48 (81.4)
Both positive 48 (80.0) 60 (89.6) 64 (90.1) 48 (81.4)
Details of tumor histology/cytology, n (%)
Adenocarcinoma 1(1.7) 2(3.0) 1(1.4) 2(3.4)
Breast lobular invasive 14 (23.3) 13 (19.4) 19 (26.8) 8 (13.6)
Ductal invasive carcinoma 41 (68.3) 49 (73.1) 49 (69.0) 45 (76.3)
Other 4(6.7) 3(4.5) 2(2.8) 4(6.8)
Histologic grade, n (%)
Well differentiated 17 (28.3) 22 (32.8) 13 (18.3) 13 (22.0)
Moderately differentiated 30 (50.0) 30 (44.8) 37 (52.1) 33 (55.9)
Poorly differentiated 9 (15.0) 8(11.9) 15 (21.1) 8(13.6)
Other 4(6.7) 7(10.4) 6 (8.5) 5(8.5)
Primary tumor stage at study entry, n (%)
Tib 0 0 1(1.4) 0
Tic 19 (31.7) 16 (23.9) 18 (25.4) 15 (25.4)
T2 34 (56.7) 51 (76.1) 39 (54.9) 37 (62.7)
T3 7(11.7) 0 13 (18.3) 7(11.9)
Lymph node stage at study entry, n (%)
NO 39 (65.0) 49 (73.1) 47 (66.2) 36 (61.0)
N1 17 (28.3) 17 (25.4) 19 (26.8) 19 (32.2)
N2 3(5.0) 0 4(5.6) 2(3.4)
N3 1(1.7) 1(15) 1(1.4) 2(3.4)

Clin Cancer Res. Author manuscript; available in PMC 2019 November 15.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Mayer et al.

Page 21

PIK3CA-mutant cohort
N =127

PIK3CA-wild-type cohort N = 130

Alpelisib + letrozole

Placebo + letrozole

Alpelisib + letrozole

Placebo + letrozole

Characteristic n =60 n=67 n=71 n=>59
Time since initial diagnosis of primary 1.5 (0.6-5.9) 1.5 (0.8-7.5) 1.5 (0.7-49.3) 1.4 (0.8-4.1)
site, median (range) months
Type of lesions at baseline, n (%)
Target only 45 (75.0) 54 (80.6) 51 (71.8) 40 (67.8)
Both target and nontarget 15 (25.0) 12 (17.9) 20 (28.2) 19 (32.2)
Unknown 0 1(1.5) 0 0
Multicentric disease, n (%) 3(5.0) 8(11.9) 5(7.0) 5(8.5)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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Exposure and dose modifications

Table 2.
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PIK3CA-mutant cohort N = 127

PIK3CA-wild-type cohort N = 130

Alpelisib + letrozole n

Placebo + letrozole n =
66

Alpelisib + letrozole n

Placebo + letrozole n =
59

Duration of exposure to study treatment

Days, median (Q1-Q3)

168.0 (102.5-173.0)

171.0 (168.0-180.0)

169.0 (165.0-173.0)

169.0 (167.0-174.0)

<8 weeks, 77 (%) 12 (20.0) 4(6.1) 13 (18.6) 2(3.4)
>24 weeks, (%) 29 (48.3) 45 (68.2) 43 (61.4) 33(55.9)
Duration of exposure to alpelisib/placebo

Days, median (Q1-Q3)

154.0 (30.5-168.0)

168.0 (167.0-169.0)

167.0 (43.0-169.0)

168.0 (166.0-169.0)

<8 weeks, 77 (%) 21 (35.0) 4(6.1) 21 (30.0) 2(3.4)
>24 weeks, 71 (%) 13 (21.7) 21 (31.8) 20 (28.6) 20 (33.9)
Dose modifications/discontinuation of alpelisib/placebo, n (%)
At least one dose reduction 34 (56.7) 3(4.5) 35 (50.0) 2(3.4)
At least one dose interruption 37 (61.7) 21(31.8) 48 (68.6) 13 (22.0)
Permanent discontinuation reason, n (%)
Completed 28 (46.7) 60 (90.9) 40 (57.1) 47 (79.7)
Adverse event 19 (31.7) 0 18 (25.7) 2(34)
Subject/guardian decision 7(117) 1(1.5) 7 (10.0) 2 (3.4)
Physician decision 4(6.7) 2(3.0) 3(4.3) 3(5.1)
Progressive disease 2 (3.3) 1(1.5) 2(2.9 5(8.5)

Abbreviations: Q1, first quartile; Q3, third quartile.
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ORR, pCR rate, and PEPI score

Table 3.
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PIK3CA-mutant cohort N = 127

PIK3CA-wild-type cohort N = 130

Alpelisib + letrozole Placebo + letrozole
n =60 n==67

Alpelisib + letrozole Placebo + letrozole
n=71 n=>59

Primary endpoints: ORR and pCR rate

ORR, n (%)

26 (43.3) | 30 (44.8)

45 (63.4) | 36 (61.0)

Difference (80% crl)a

-1.4% (-12.5, 9.7)

2.4% (-8.4, 13.2)

Posterior probabilityb

0.435

0.611

pCR rate, n (%)

1(L7) | 2(3.0)

2(2.8) | 1(L7)

Difference (80% crl)a

-1.3% (-4.5, 1.7)

1.1% (1.9, 4.2)

Posterior probabilityb 0.282 0.697
Secondary endpoint: PEPI score
([;e;tients with PEPI score at EOT, n 33 (55.0) 48 (71.6) 35 (49.3) 38 (64.4)
0
PEPI score at EOT, n (%)
0 (low risk) 1(3.0) 0 1(2.9) 1(2.6)
1-3 (intermediate risk) 17 (51.5) 25(52.1) 17 (48.6) 16 (42.1)
>4 (high risk) 15 (45.5) 23 (47.9) 17 (48.6) 21 (55.3)

Abbreviations: crl, credible interval; EOT, end of treatment; ORR, objective response rate; pCR, pathologic complete response; PEPI, preoperative

endocrine prognostic index.

a .
Mean difference between treatment arms.

b . . . .
Posterior probability that the difference between treatment arms is >0.
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Most frequent adverse events (=10% in alpelisib) by single preferred term regardless of treatment relationship

in the safety population

Alpelisib + letrozole n = 130

Placebo + letrozole n = 125

Adverse events by single preferred term, n (%) All-grade Grade 23 All-grade Grade 23
Hyperglycemiaa 70 (53.8) 35(26.9) 8(6.4) 0
Diarrheab 67 (51.5) 3(2.3) 19 (15.2) 0
Rash® 58 (44.6) 16 (12.3) 10 (8.0) 0
Nauseab 57 (43.8) 2(1.5) 23 (18.4) 0
Fatigue 53 (40.8) 2(1.5) 42 (33.6) 1(0.8)
Stomatitis 43(33.1) 0 5 (4.0) 0
Decreased appetiteb 40(308) 0 10(8.0) 0
Alopecia 28 (21.5) 0 7(5.6) 0
Headache 26 (20.0) 0 16 (12.8) 0
Dysgeusia 24 (18.5) 0 7 (5.6) 0
Pruritus 24 (18.5) 1(0.8) 9(7.2) 0
Vomitingb 24 (18.5) 3(2.3) 6 (4.8) 0
Rash maculo-papularc 22 (16.9) 10(7.7) 3(24) 0
Asthenia 21(16.2) 0 17 (13.6) 0
Dry skin 19 (14.6) 1(0.8) 4(3.2) 0
Hypertension 16 (12.3) 6 (4.6) 8(6.4) 6(4.8)
Weight decreased 16 (12.3) 5(3.8) 3(2.9) 0
Insomnia 15 (11.5) 1(0.8) 17 (13.6) 0
Urinary tract infection 15 (11.5) 0 7 (5.6) 0
Alanine aminotransferase increased 14 (10.8) 4(3.1) 3(24) 1(0.8)
Dry mouth 14 (10.8) 0 4(3.2) 0
Pyrexia 14 (10.8) 0 3(24) 0
Muscle spasms 13 (10.0) 0 5 (4.0) 0

aAs a whole, all-grade events of hyperglycemia (including the following preferred terms: diabetes mellitus, hyperglycemia, insulin resistance,
metabolic syndrome, and others [see Supplementary Methods for complete list]) were reported in 63.8% of patients in the alpelisib plus letrozole
arm (grade =3: 30.8%) and 8.0% of patients in the placebo plus letrozole arm (no grade =3 events).

bAII-grade gastrointestinal toxicities (including the following preferred terms: nausea, vomiting, diarrhea, and others [see Supplementary Methods
for complete list]) were reported in 70.8% of patients in the alpelisib plus letrozole arm (grade =3: 5.4%) and 32.8% of patients in the placebo plus

letrozole arm (no grade =3 events).

cAII-grade events of any rash (including the following preferred terms: exfoliative rash, nodular rash, rash follicular, rash generalized, rash maculo-
papular, and others [see Supplementary Methods for complete list]) were reported in 68.5% of patients in the alpelisib plus letrozole arm (grade =3:
24.6%) and 10.4% of patients in the placebo plus letrozole arm (no grade >3 events).
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