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Summary

Background—Inhibition of phosphatidylinositol 3-kinase (P13K) is a promising approach to
overcome resistance to endocrine therapy in breast cancer. Pictilisib is an oral inhibitor of multiple
PI3K isoforms. The aim of this study is to establish if addition of pictilisib to fulvestrant can
improve progression-free survival in oestrogen receptor-positive, endocrine-resistant breast cancer.

Methods—In this two-part, randomised, double-blind, placebo-controlled, phase 2 study, we
recruited postmenopausal women aged 18 years or older with oestrogen receptor-positive, HER2-
negative breast cancer resistant to treatment with an aromatase inhibitor in the adjuvant or
metastatic setting, from 123 medical centres across 21 countries. Part 1 included patients with or
without PIK3CA mutations, whereas part 2 included only patients with P/IK3CA mutations.
Patients were randomly allocated (1:1 in part 1 and 2:1 in part 2) via a computer-generated
hierarchical randomisation algorithm to daily oral pictilisib (340 mg in part 1 and 260 mg in part
2) or placebo starting on day 15 of cycle 1, plus intramuscular fulvestrant 500 mg on day 1 and
day 15 of cycle 1 and day 1 of subsequent cycles in both groups. In part 1, we stratified patients by
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presence or absence of PIK3CA mutation, primary or secondary aromatase inhibitor resistance,
and measurable or non-measurable disease. In part 2, we stratified patients by previous aromatase
inhibitor treatment for advanced or metastatic disease or relapse during or within 6 months of an
aromatase inhibitor treatment in the adjuvant setting and measurable or non-measurable disease.
All patients and those administering treatment and assessing outcomes were masked to treatment
assignment. The primary endpoint was progression-free survival in the intention-to-treat
population for both parts 1 and 2 and also separately in patients with P/IK3CA-mutated tumours in
part 1. Tumour assessment (physical examination and imaging scans) was investigator-assessed
and done at screening and after 8 weeks, 16 weeks, 24 weeks, and 32 weeks of treatment from day
1 of cycle 1 and every 12 weeks thereafter. We assessed safety in as-treated patients who received
at least one dose of study medication. This trial is registered with ClinicalTrials.gov, number
NCT01437566.

Findings—In part 1, between Sept 27, 2011, and Jan 11, 2013, we randomly allocated 168
patients to the pictilisib (89 [53%]) or placebo (79 [47%]) group. In part 2, between March 18,
2013, and Jan 2, 2014, we randomly allocated 61 patients to the pictilisib (41 [67%]) or placebo
(20 [33%]) group. In part 1, we found no difference in median progression-free survival between
the pictilisib (6.6 months [95% CI 3.9-9.8]) and placebo (5.1 months [3.6-7.3]) group (hazard
ratio [HR] 0.74 [95% CI 0.52-1.06]; p=0.096). We also found no difference when patients were
analysed according to presence (pictilisib 6.5 months [95% CI 3.7-9.8] vs placebo 5.1 months
[2.6-10.4]; HR 0.73 [95% CI 0.42-1.28]; p=0.268) or absence (5.8 months [3.6-11.1] v53.6
months [2.8-7.3]; HR 0.72 [0.42-1.23]; p=0.23) of P/IK3CA mutation. In part 2, we also found no
difference in progression-free survival between groups (5.4 months [95% CI 3.8-8.3] vs10.0
months [3.6-13.0]; HR 1.07 [95% CI 0.53-2.18]; p=0.84). In part 1, grade 3 or worse adverse
events occurred in 54 (61%) of 89 patients in the pictilisib group and 22 (28%) of 79 in the
placebo group. 19 serious adverse events related to pictilisib treatment were reported in 14 (16%)
of 89 patients. Only one (1%) of 79 patients reported treatment-related serious adverse events in
the placebo group. In part 2, grade 3 or worse adverse events occurred in 15 (36%) of 42 patients
in the pictilisib group and seven (37%) of 19 patients in the placebo group. Four serious adverse
events related to pictilisib treatment were reported in two (5%) of 42 patients. One treatment-
related serious adverse event occurred in one (5%) of 19 patients in the placebo group.

Interpretation—Although addition of pictilisib to fulvestrant did not significantly improve
progression-free survival, dosing of pictilisib was limited by toxicity, potentially limiting its
efficacy. For future assessment of PI3K inhibition as an approach to overcome resistance to
hormonal therapy, inhibitors with greater selectivity than that of pictilisib might be needed to
improve tolerability and potentially increase efficacy. No further investigation of pictilisib in this
setting is ongoing.

Funding—F Hoffmann-La Roche.

Introduction

Hormone receptor-positive breast cancer is typically managed with endocrine treatment, but
almost half of patients who present with oestrogen receptor-positive metastatic breast cancer
do not respond to first-line endocrine treatment and nearly all those who do eventually

develop resistance.! The mechanisms of endocrine resistance remain to be fully elucidated,?
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but signalling through the phosphatidylinositol 3-kinase (P13K)-protein kinase B (AKT)-
mTOR (PI3K-AKT-mTOR) pathway and bidirectional crosstalk between this pathway and
the oestrogen receptor are emerging as important targets. In preclinical models,
hyperactivation of the PI3K pathway allows breast cancer cell lines to escape hormone
dependence, and this effect can be blocked by PI3K or mTOR inhibitors.3 Proteomic and
transcriptional profiling of tumour samples suggest that increased PI3K signalling is also
associated with lowered oestrogen receptor expression levels, which have been associated
with resistance to endocrine therapy and shown to promote hormonal independence in
oestrogen receptor-positive breast cancer models.3# Together, these data suggest that
inhibitors of the PI3BK-mTOR pathway could help overcome resistance to endocrine therapy.

Clinical data also provide support for a role for combined inhibition of PI3K-AKT-mTOR
and oestrogen receptor signalling pathways as an approach to overcome intrinsic resistance
or delay acquired resistance to endocrine therapy in oestrogen receptor-positive metastatic
breast cancer. Administration of everolimus, a rapamycin analogue inhibitor of mTOR,
increased the efficacy of letrozole in the neoadjuvant setting in patients with oestrogen
receptor-positive breast cancer,® and addition of everolimus to tamoxifen in a phase 2 study®
in patients with oestrogen receptor-positive metastatic breast cancer previously given an
aromatase inhibitor significantly improved the clinical benefit, time to progression, and
overall survival compared with single-agent tamoxifen. In a phase 3 randomised study,
Breast Cancer Trials of Oral Everolimus-2 (BOLERO-2),” addition of everolimus to
exemestane more than doubled median progression-free survival in patients with oestrogen
receptor-positive, HER2-negative metastatic breast cancer refractory to previous treatment
with letrozole or anastrozole, although no overall survival advantage could be shown.8

Activating mutations in the PI3K catalytic subunit a (P/K3CA) are common in breast
cancer and are particularly frequent in oestrogen receptor-positive, HER2-negative tumours.
In multiple large population-based studies,®-12 the incidence of P/K3CA mutations in
oestrogen receptor-positive, HER2-negative cancers is approximately 40%. However, the
role of these mutations in mediation of downstream activation of the PI3K pathway and
endocrine therapy resistance is unclear. Findings from several studies3 have shown that the
presence of PIK3CA mutations is inversely associated with activation of downstream
components of the pathway, such as TORC1, and associated with favourable prognostic
features (low histological grade and negative lymph node status) and outcomes in patients
given endocrine therapy.141% In the BOLERO-2 study,® no association was found between
tumour P/K3CA mutation status and benefit from everolimus, further clouding the role of
these mutations in mediation of resistance to endocrine therapy. Elucidation of the role of
PIK3CA mutations and PI3K signalling is further complicated by findings from studies
showing that other alterations of the pathway, including loss of phosphatase and tensin
homologue (PTEN), are associated with activation of downstream PI13K pathway signalling
and resistance to endocrine therapy.1’

Pictilisib (GDC-0941) is an orally available small-molecule inhibitor of all four class | PI3K
isoforms that has shown clinically significant activity in preclinical breast cancer models!®
and antitumour activity with acceptable safety in a phase 1 studyl? in patients with advanced
solid tumours. In this randomised phase 2 study (FERGI), we aimed to assess the
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combination of pictilisib plus fulvestrant (pictilisib group) versus placebo plus fulvestrant
(placebo group) in patients with oestrogen receptor-positive advanced breast cancer to test
the hypothesis that inhibition of PI3K can overcome endocrine therapy resistance and to
explore the role of PIK3CA mutations in prediction of benefit of this therapeutic approach.

Study design and patients

In this international, multicentre, randomised, double-blind, placebo-controlled, phase 2
clinical trial, formed of two parts with separate randomisations, we recruited patients from
123 medical centres across 21 countries. For part 1, eligible patients were postmenopausal
women aged 18 years or older with oestrogen receptor-positive, HER2-negative locally
advanced or metastatic breast cancer appropriate for endocrine therapy (ie, fulvestrant)
based on national or local treatment guidelines, relapsed during or within 6 months of
aromatase inhibitor treatment in the adjuvant setting, or with progressive disease during
treatment with an aromatase inhibitor in the metastatic setting. The most recent treatment
before enrolment was required to be an aromatase inhibitor, with a minimum duration of 4
weeks of treatment before recurrence or progressive disease. Patients who discontinued
aromatase inhibitors because of toxicity without disease progression or completion of
treatment were not eligible. A separate cohort of patients was enrolled for part 2. Inclusion
criteria for part 2 were the same as those for part 1, except that in part 2, all patients were
required to have a PIK3CA-mutated tumour and the requirement for an aromatase inhibitor
to be the last therapy was removed.

Other inclusion criteria for both parts were Eastern Cooperative Oncology Group
performance status of 0 or 1, measurable disease with Response Evaluation Criteria in Solid
Tumors version 1.1 or non-measurable disease with radiology scans within 28 days of day 1
of cycle 1, and adequate haematological and liver and kidney function. Key exclusion
criteria included previous treatment with fulvestrant, a PI3K inhibitor, or an mTOR inhibitor
for advanced or metastatic breast cancer; previous anticancer therapy or radiotherapy within
2 weeks before day 1 of cycle 1; previous treatment with more than one cytotoxic chemo
therapy regimen; or recurrent disease or progressive disease on more than two previous
endocrine therapies for metastatic breast cancer. We also excluded patients requiring
antihyper glycaemic therapy or with clinically significant cardiac or pulmonary dysfunction,
active autoimmune disease, immunocompromised status, clinically significant history of
liver disease, or untreated or active CNS metastases from study participation.

The study was done in accordance with Good Clinical Practice guidelines and the
Declaration of Helsinki. We obtained written informed consent from all patients before
enrolment, in agreement with approved protocols from respective ethics committees at each
site.

Randomisation and masking

In part 1 of the study, patients were originally randomly allocated in a 1:1:1 ratio to receive
pictilisib plus fulvestrant, apitolisib (GDC-0980, a dual PI3K-mTOR inhibitor) plus

Lancet Oncol. Author manuscript; available in PMC 2017 July 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Krop et al.

Procedures

Page 6

fulvestrant, or placebo plus fulvestrant. Patients in the placebo group received placebo
corresponding either to pictilisib (pictilisb placebo) or apotilisib (apotilisib placebo).
However, after a safety review done approximately 18 weeks after the first 30 patients had
been recruited in the apitolisib arm, a decision was taken to close recruitment to the
apitolisib arm (and corresponding placebo arm) because of an unacceptably high proportion
of grade 3 adverse events in this arm. Patients in the apitolisib arm were not eligible for
crossover within the study and only the pictilisib group and placebo group are considered
further in this report. Subsequent to the closing of the apitolisib arm, patients were randomly
allocated 1:1 to pictilisib plus fulvestrant and placebo plus fulvestrant. As a result of this
closure, some patients (who had received apatilisib placebo) were lost from the placebo arm
so that a greater number of patients were randomised to the pictilisib group than to the
placebo group. After completion of part 1 enrolment, we randomly allocated a seperate
cohort of patients in part 2 2:1 to the pictilisib group and the placebo group.

Patients enrolled by investigators at participating centres were allocated to the study arms by
Bracket Randomization and Trial Supply Management (San Francisco, CA, USA) using the
IXRS voice and web response system (Almac Group, Craigavon, UK) via a computer-
generated hierarchical randomisation algorithm with predefined stratification variables.
Randomisation codes were generated through an algorithm that adjusted the probability that
a patient would receive a given treatment according to the characteristics of the patient and
previously randomly allocated patients. All patients and those administering treatment and
assessing outcomes were masked to treatment group assignment. In part 1 of the study, we
stratified patients according to presence or absence of P/3K mutation, measurable disease,
and primary or secondary resistance (ie, after an initial response) to previous aromatase
inhibitor therapy. In part 2, we stratified patients according to measurable disease and
previous treatment with an aromatase inhibitor for advanced or metastatic disease or relapse
during or within 6 months of treatment with an aromatase inhibitor in the adjuvant setting.

In part 1, patients received 28 day cycles of 500 mg intramuscular fulvestrant on day 1 and
day 15 of cycle 1 and day 1 of subsequent cycles, with daily 340 mg oral pictilisib or
placebo starting on day 15 of cycle 1. Before recruitment was halted to the apitolisib arm,
patients in this arm received 30 mg daily of oral apitolisib. In part 2, fulvestrant 500 mg was
administered on day 1 and day 15 of cycle 1 and day 1 of subsequent 28 day cycles, with
pictilisib at a reduced dose of 260 mg or placebo daily starting on day 1 of cycle 1. The
protocol was amended on Oct 25, 2012, to reduce the pictilisib dose in part 2 to 260 mg
because of a high proportion of discontinuations in part 1. Patients in both parts of the study
received treatment until disease progression, intolerable toxicity, elective withdrawal from
the study, or study completion or termination. Patients who had progressive disease while
receiving placebo treatment and continued to meet the eligibility criteria had the opportunity
to receive crossover therapy with open-label pictilisib as a single agent or with fulvestrant.

PIK3CA mutation was detected with quantitative real-time PCR for activating missense
mutations Cys420Arg; Glu542Lys; Glu545Ala, Glu545Gly, or Glu545Lys; and His1047Leu,
His1047Arg, or His1047Tyr at a central laboratory. Pictilisib could be temporarily
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suspended for up to 28 days or a fulvestrant dose could be missed if a patient had toxicity
related to treatment. Patients who missed more than 28 consecutive days of treatment or two
consecutive fulvestrant treatments because of adverse events discontinued that treatment, but
could continue on single-agent fulvestrant or pictilisib at the discretion of the investigator.
Also at the discretion of the investigator, the dose of pictilisib could be reduced stepwise
from 340 mg to 260 mg, then to 200 mg in part 1, and from 260 mg to 200 mg, then to 140
mg in part 2. If patients on the lowest dose had an indication for further dose reduction,
pictilisib was discontinued.

Progression was assessed by the local investigator on the basis of physical examination and
imaging scans using the Response Evaluation Criteria in Solid Tumors version 1.1. Tumour
assessment was done at screening and after 8 weeks, 16 weeks, 24 weeks, and 32 weeks of
treatment from day 1 of cycle 1 and every 12 weeks thereafter.

The primary endpoint was progression-free survival, defined as the time from the date of the
first dose of fulvestrant to the first occurrence of disease progression or death from any
cause. Secondary endpoints were objective response (defined as the proportion of patients
achieving a complete or partial response), clinical benefit (defined as the proportion of
patients who have a complete response, a partial response, or stable disease lasting for at
least 6 months), duration of response, the prognostic effect on progression-free survival of
PIK3CA mutations, pharma cokinetics of pictilisib in combination with fulvestrant, and the
prevalence of PIK3CA mutation and PTEN loss in tumour samples from patients with
oestrogen receptor-positive advanced breast cancer.

We graded safety according to the National Cancer Institute Common Toxicity Criteria for
Adverse Events version 4.0. We assessed patients for safety every 2 weeks during the first
two cycles of treatment and before administration of fulvestrant at the beginning of
subsequent 28 day cycles.

Statistical analysis

The trial was hypothesis generating and not powered to detect minimal clinically meaningful
differences between treatment groups at a significant (type 1) error level of 5%. The trial was
designed to obtain meaningful estimates of the hazard ratio (HR). At a targeted HR of 0.40
in patients with P/K3CA-mutant tumours in part 1, a two-sided upper 90% ClI of 0.22-0.73
at 35 events would be considered meaningful. Based on the assumption that 30% of
randomly allocated patients would be unassessable for efficacy and that 35% of patients
would have a PIK3CA mutation, approximately 160 patients would be required. Similarly, in
part 2, at a targeted HR of 0.57 in patients with PIK3CA-mutant tumours, a two-sided upper
90% CI of 0.33-0.99 at 35 events would be considered meaningful and approximately 60
patients would be required in a 2:1 randomisation.

We assessed efficacy in the intention-to-treat (ITT) population in both parts of the trial and
separately in patients with P/IK3CA-mutated tumours in part 1. We assessed progression-free
survival with a log-rank test. We assessed safety according to treatment received in all
patients who received at least one dose of study medication. We censored data for randomly
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allocated patients who had not had an event of progressive disease or death at the date of
their last tumour assessment. The HR estimate of progression-free survival and the 95% ClI
comparing the pictilisib group with the placebo group were provided by the Cox model for
the ITT population in both parts, as well as for the PIK3CA-mutated subgroup in part 1.
Additional post-hoc analyses included HR estimates of progression-free survival by the Cox
model, adjusted by prespecified stratification factors. We parsed Kaplan-Meier curves by
treatment for the ITT population in both parts and by P/IK3CA mutation status versus
treatment in part 1. We assessed objective response and clinical benefit with XZ tests and
generated 95% Cls with the Clopper-Pearson method. We assessed duration of response with
log-rank tests and used Cox models to generate the HRs and 95% Cls. We used SAS version
9.2 for statistical analyses.

Role of the funding source

Results

The funder of the study was involved in study design and data interpretation. Employees of
the funder (SG, MDe, ML, GL, JQ, and JH) collected, managed, and analysed data, had
access to the raw data, and were involved in writing of the report. The funder funded third-
party writing assistance. The corresponding author had full access to all of the data in the
study and had final responsibility to submit for publication.

In part 1, between Sept 27, 2011, and Jan 11, 2013, we randomly allocated 168 patients to
the pictilisib group (89 [53%] patients) or placebo group (79 [47%] patients). All patients
were assessable for efficacy and safety. In part 2, between March 18, 2013, and Jan 2, 2014,
we randomly allocated 61 patients to the pictilisib group (41 [67%]) or placebo group (20
[33%]; figure 1). All patients were assessable for efficacy in the two treatment groups as
randomly allocated. One patient randomly allocated to the placebo group in part 2 received
one cycle of pictilisib in error and was included in the pictilisib group for safety analysis.
The number of events required for final analysis of the primary endpoints had been reached
or exceeded in both parts by the time of data cutoff (part 1: March 7, 2014; part 2: Sept 12,
2014).

Baseline characteristics are shown in table 1. In part 1, 70 (41%) of 170 patients had a
PIK3CA-mutated tumour (pictilisib 38 [43%] vsplacebo 32 [41%]). In part 2, one (2%) of
41 patients in the pictilisib group with a mutated tumour according to testing at the local
laboratory was subsequently found not to have a P/IK3CA mutation after analysis at the
central laboratory. Of the 229 tumour samples that were used for biomarker analysis, 115
(50%) were collected at the time that the patient was diagnosed with primary breast cancer,
107 (47%) were collected at diagnosis of locally advanced or metastatic disease, and seven
(3%) were unknown. We enrolled a higher proportion of patients in part 2 than in part 1 with
three or more metastatic sites and who had three or more previous therapies in the metastatic
setting, reflecting the fact that patients in part 2 had more advanced disease than did those in
part 1.

In part 1, after a median follow-up of 17.5 months (IQR 15.4-19.4), 61 (69%) of 89 patients
in the pictilisib group and 59 (75%) of 79 in the placebo group had progressed. Median
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progression-free survival was 6.6 months (95% CI 3.9-9.8) in the pictilisib group and 5.1
months (3.6-7.3) in the placebo group (HR 0.74 [95% CI 0.52-1.06]; p=0.096; figure 2A).
All contributing progression-free survival events were due to disease progression, with no
deaths reported in either group in the absence of documented progression. When patients
were analysed according to P/IK3CA mutation, median progression-free survival was 6.5
months (95% CI 3.7-9.8) in the pictilisib group versus 5.1 months (2.6-10.4) in the placebo
group in patients with a PIK3CA-mutated tumour (HR 0.73 [95% CI 0.42-1.28]; p=0.268;
figure 2B) and 5.8 months (3.6-11.1) versus 3.6 months (2.8-7.3) in those in which the
mutation was not detected (HR 0.72 [95% CI 0.42-1.23]; p=0.23). Further post-hoc
subgroup analyses according to baseline characteristics were consistent with findings in the
overall population (figure 3), with the exception of patients whose tumours were positive for
progesterone receptor. Exploratory subset analyses in patients with progesterone receptor-
positive tumours treated with pictilisib had a median progression-free survival of 7.4 months
(95% CI 5.6-12.8) versus 3.7 months (2.8-5.4) for those treated with placebo (HR 0.44
[95% CI 0.28-0.69]; p=0.0002; appendix p 9).

Seven (7.9% [95% CI 3.2-15.5]) of 89 patients achieved an objective response in the
pictilisib group compared with five (6.3% [2.1-14.2]) of 79 in the placebo group (p=0.70),
whereas the proportion of patients who achieved clinical benefit was 22 (24.7%) of 89 (95%
Cl 16.2-35.0) patients in the pictilisib group versus 14 (17.7%) of 79 (10.0-27.9) in the
placebo group (p=0.27). We also found no significant difference in median duration of
response (9.43 months [4.1 to not estimable] vs6.5 months [3.7 months to not estimable];
p=0.65). In patients with a P/IK3CA mutation, six (16%) of 38 patients achieved an objective
response in the pictilisib group and one (3%) of 32 achieved an objective response in the
placebo group (p=0.73).

In part 2, after a median follow-up of 12.9 months (IQR 12.0-13.7), 23 (56%) of 41 patients
had progressed in the pictilisib group, whereas 12 (60%) of 20 in the placebo group had a
progression event, including one (5%) who died without progression. Median progression-
free survival was 5.4 months (95% CI 3.8-8.3) in the pictilisib group and 10.0 months (3.6—
13.0) in the placebo group (HR 1.07 [95% CI 0.53-2.18]; p=0.84). Three (7.3% [95% ClI
1.5-19.9]) patients in the pictilisib group and one (5.0% [0.1-24.9]) in the placebo group
had an objective response (p=0.73), whereas the proportion of patients who achieved a
clinical response was eight (19.5% [95% CI 8.8-34.9) of 41 in the pictilisib group and seven
(35.0% [15.4-59.2]) of 20 in the placebo group (p=0.19). Median duration of response was
not reached in either group.

Secondary endpoints of the prognostic effect of //IK3CA mutation, pharmacokinetics of
pictilisib with fulvestrant, and prevalence of PIK3CA mutation and PTEN loss have not been
investigated further at this stage and are not included in this report because of the absence of
benefit for pictilisib shown by the primary endpoint.

In part 1, observed adverse events were consistent with those previously described for
single-agent pictilisib in phase 1a studies!®20 and for fulvestrant?! and were mostly of grade
1 or 2 severity (appendix p 6). Gastrointestinal disorders were the most common adverse
event in both groups and skin or subcutaneous disorders were more frequent in the pictilisib
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group than in the placebo group. We typically observed the onset of gastrointestinal and
dermatological toxicities during the first few treatment cycles. Hyperglycaemia (16 [18%] of
89 patients vssix [8%] of 79 patients) and pneumonitis (7 [8%] of 89 vs1 [1%] of 79),
treatment-related adverse events that have been associated with agents targeting the PI3K-
AKT-mTOR pathway, were seen more frequently in the pictilisib group than in the placebo

group.

Grade 3 or worse adverse events in three or more patients are shown in table 2. In part 1, 46
serious adverse events were reported in 28 (31%) of 89 patients in the pictilisib group (table
3). Grade 1-2: vomiting, pneumonitis, bronchopneumonia, abdominal pain, meningioma,
and pleural effusion (one [1%] patient each); grade 3: rash (three [3%] patients), colitis,
abdominal pain, epilepsy, and femur fracture (two [2%] patients each), vomiting, diarrhoea,
haemorrhagic diarrhoea, nausea, hypokalaemia, agitation, dysphagia, fall, headache,
hyperglycaemia, hypertension, hypophagia, infectious colitis, joint dislocation, oral
candidiasis, osteoarthritis, paratyphoid fever, pneumonia, pneumonitis, pulmonary
embolism, maculopapular rash, and generalised rash (one [1%] patient each); grade 4:
asthenia, cardiac tamponade, hyperglycaemia, hyponatraemia, and neutropenia (one [1%]
patient each). Two (2%) patients had fatal serious adverse events of breast cancer
progression. 19 serious adverse events in 14 (16%) patients were considered related to
treatment. In the placebo group, 17 serious adverse events were reported in ten (13%) of 79
patients. Grade 1-2: dyspnoea, eye pain, fatigue, palpitations, and ascites (one [1%] patient
each); grade 3: breast cancer progression, dyspnoea, bone pain, pancreatitis, pulmonary
embolism, sinusitis, syncope, viral infection, and vomiting (1 [1%] patient each); grade 4:
mitral valve disease and small intestinal obstruction (one [1%] patient each). One (1%)
patient had a fatal serious adverse event of breast cancer progression. Four serious adverse
events (all in the same patient) were considered to be related to treatment. Adverse events
leading to discontinuation of pictilisib in more than one patient in part 1 were rash (four
[4%]), pneumonitis (three [3%)]), diarrhoea (three [3%]), abdominal pain (two [2%)]),
stomatitis (two [2%]), and elevation of alanine or aspartate aminotransferase concentration
(three [3%]). No adverse events causing discontinuation of placebo in more than one patient
occurred.

Median exposure to pictilisib in part 1 was 2.9 months (IQR 1.5-6.5) and to placebo was 3.9
months (1.5-10.8). Many patients did not receive the full dose of 340 mg pictilisib until
progression, with 40 (45%) of 89 patients having at least one pictilisib dose modification to
260 mg or 200 mg for adverse events (21 [24%] of 89; most commonly for diarrhoea: nine
[10%] of 89) or discontinuing pictilisib for reasons other than a disease progression event
(30 [34%] of 89), or both (tables 3, 4). In the placebo group, one (1%) of 79 patients had a
placebo dose reduction for arthralgia and 12 (15%) of 79 discontinued because of non-
progressive disease events (table 3).

The safety profile observed in part 2 was similar to that seen in part 1, although the pictilisib
dose was reduced to 260 mg in part 2 after a protocol amendment due to the high proportion
of discon tinuations in part 1. Most adverse events were mild to moderate (table 3, appendix
p 8). The most common adverse events leading to discontinuation of pictilisib were
diarrhoea (three [7%]) and rash (four [10%]). One (5%) patient discontinued placebo
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because of grade 3 haemolytic anaemia, with grade 1 dyspepsia and elevations in liver
enzymes. Seven (17%) patients in the pictilisib group had dose reductions for adverse
events, namely grade 2 maculopapular rash (two [5%]) and grade 3 rash, grade 1 pruritus,
grade 3 diarrhoea, grade 2 stomatitis, and increased grade 2 aspartate amino transferase
concentration (one [2%] each). Reasons for dose reductions for adverse events in the
placebo group were grade 1 anaemia and grade 2 myalgia. In the pictilisib group, six serious
adverse events were reported in four (10%) patients. Grade 3: pleural effusion, colitis, bone
pain, diarrhoea, nausea, and vomiting (one [2%] patient each). In the placebo group, three
serious adverse events were reported in three (15%) patients. Grade 3: pleural effusion,
haemolytic anaemia, and asthenia (one [5%] patient each). No fatal treatment-related
adverse events occurred. Two (5%) patients in the pictilisib group had treatment-related
adverse events (colitis in one [2%] patient and diarrhoea, nausea, and vomiting in another).
One treatment-related serious adverse event occurred in one (5%) of 19 patients in the
placebo group (haemolytic anaemia). Median exposure to pictilisib was 4.2 months (IQR
3.0-8.0) compared with 8.6 months (2.0-12.1) for placebo. Details of adverse events in part
2 are shown in the appendix (p 8).

Discussion

In our study, addition of pictilisib to fulvestrant was not associated with improved
progression-free survival for patients with endocrine-resistant advanced breast cancer,
regardless of the presence or absence of PIK3CA mutation. Many patients could not receive
the full planned dose of pictilisib due to the toxicity of this agent. An unmet medical need
exists for treatments to overcome endocrine resistance in patients with hormone receptor-
positive breast cancer. Increased PI3K signalling has been implicated in endocrine
resistance,34 and inhibition of the PI3K-AKT-mTOR pathway by the mTOR inhibitor
everolimus has shown promising activity in patients who are refractory to letrozole or
anastrozole.” Our study is, to our knowledge, the first report of a randomised clinical study
assessing a pan-PI3K inhibitor in patients with metastatic breast cancer. Safety was
consistent with that previously observed in phase 1.1° Gastrointestinal and skin disorders
were the most significant toxicities in both parts of the study.

The presence or absence of P/IK3CA mutation in patients’ tumours was not associated with
pictilisib benefit as measured by progression-free survival or objective response. A
confounding factor in interpretation of these data is that exposure was limited by tolerability
and thus many patients might not have achieved sustained pharmacological pathway
inhibition. The predictive value of PIK3CA mutations in this setting therefore remains
unclear. However, consistent with the results from this study, other investigators have found
little or no association between P/K3CA mutation status and the efficacy of other PI3K
pathway inhibitors such as everolimus in combination with exemestane, 1 buparlisib
(BKM120) in patients with hormone receptor-positive metastatic disease,?? or pictilisib in
the presurgical setting.23 The inability of P/K3CA mutation status to predict benefit of these
PI3K pathway inhibitors could reflect the absence of observed association between PIK3CA
mutation status and PI3K pathway activation status in hormone receptor-positive breast
cancer. In HER2-positive cancers, an association has been shown between P/K3CA mutation
status and the efficacy of everolimus with trastuzumab and chemotherapy in a retrospective
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combined analysis of BOLERO-1 and BOLERO-3.24 Thus, disease context, therapeutic com
binations, and inhibitor selectivity could all play an important role in establishing if P/IK3CA
mutations have predictive value, and all of these factors should be assessed carefully in
future diagnostic-focused studies.

This study was designed to be hypothesis generating; conclusions regarding the efficacy of
pictilisib are limited by the modest sample size. However, the absence of pictilisib benefit is
different from what might have been predicted on the basis of observations made in the
presurgical setting,23 which showed that the combination of pictilisib and anastrozole had a
significantly greater anti proliferative effect in tumours than did anastrozole alone. The
absence of efficacy in our study might have been due to an inability to maintain pictilisib
exposures that adequately inhibit the PI3K pathway for sustained periods. We selected the
340 mg dose used in part 1 of the study on the basis of the single-agent maximum tolerated
dose, as well as pharmacokinetic and pharmacodynamic data from a phase 1 study of
pictilisib in solid tumours.1® A pictilisib dose of 450 mg as a single agent was administered
in phase 1, which had more consistent pharmacodynamic modulation than did the 340 mg
dose, on the basis of predose and postdose tumour biopsies of downstream PI13K markers,
but this dose was not well tolerated enough to move forward as a phase 2 dose.1? In this
study, 45% of patients in part 1 did not receive the full 340 mg dose of pictilisib because of
tolerability issues, particularly rash, and either received a reduced dose or discontinued for
reasons other than tumour progression. The inability to consistently achieve pictilisib
exposures required for robust pharmacodynamic modulation suggests that, in many patients,
only partial target blockade was achieved, which could explain the absence of significant
improvement in progression-free survival observed.

Given these observations and the absence of benefit for pictilisib according to the primary
endpoint in either part of the study, pictilisib does not appear to have a sufficient therapeutic
index to support further investigation in this setting. Nevertheless, targeting of the PI3K-
AKT-mTOR pathway overall remains a promising approach to extending endocrine
sensitivity for oestrogen receptor-driven tumours. Identification of oestrogen receptor 1-
activating mutations has shown that oestrogen receptor-positive tumours might remain
highly dependent on oestrogen receptor signalling even after multiple rounds of treatment.2
Together with the very high prevalence of PI3K pathway alterations in oestrogen receptor-
positive tumours, further dissection of mechanisms of endocrine resistance will be essential
to develop the next generation of combination therapies. Defined subsets within oestrogen
receptor-positive breast cancer might be needed to maximise the benefit to risk ratio for
these patients.

Exploratory subset analyses in patients with progesterone receptor-positive tumours showed
an improvement in progression-free survival with addition of pictilisib. These data generate
hypotheses regarding tumours with evidence of active oestrogen receptor signalling (as
shown by transcriptional progesterone receptor expression) that might be particularly
sensitive to the co-dependencies of oestrogen receptor and PI3K pathways. Patients with
progesterone receptor-negative tumours tend to develop endocrine resistance quickly and
have different oestrogen receptor-driven transcriptional outputs, which probably reflect very
different mechanisms of endocrine resistance.28 Given the exploratory nature of these
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analyses, further studies are necessary to determine the extent of the role of PI3K signalling
in endocrine resistance, specifically in progesterone receptor-positive tumours.

Alternative strategies to specifically target the a subunit of PI3K or the mutated kinase,
which could have a wider therapeutic index than do pan-PI3K inhibitors, are under
development. These strategies include alpelisib, which is equipotent against both the wild-
type and mutated PI3Ka subunit and showed some single-agent activity in patients with
PIK3CA-mutated breast cancer,2” and taselisib, which displays greater selectivity for mutant
than for wild-type PI3Ka.28 and might afford a better therapeutic index. Taselisib has also
shown increased clinical activity in PIK3CA-mutant tumours, both as a single agent and in
combination with fulvestrant or letrozole in patients with hormone receptor-positive
advanced breast cancer.2%:30 A phase 3 randomised trial is underway of taselisib in
combination with fulvestrant in patients with advanced or metastatic breast cancer recurrent
after treatment with an aromatase inhibitor and enriched for patients with P/IK3CA-mutant
tumours (NCT02340221).
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Research in context
Evidence before this study

To put this trial into the context of other studies of endocrine-resistant metastatic breast
cancer, we searched PubMed and abstracts from the American Society of Clinical
Oncology annual meeting, San Antonio Breast Cancer Symposium, European Society for
Medical Oncology biennial meeting, and European Cancer Congress biennial meeting
using the search terms “metastatic breast cancer”, “endocrine-resistant”, “P13 kinase”,
and “mTOR?”, including full names and abbreviations, selecting relevant publications
from Jan 1, 2011, to Aug 31, 2015, for full manuscripts andJan 1, 2006, and Aug 31,
2015, for abstracts, in English. The search revealed phase 1 and 2 data showing activity
of phosphatidylinositol 3-kinase (P13K)-protein kinase B-mTOR inhibitors in breast
cancer in various settings and phase 3 data for the mTOR inhibitor everolimus in
endocrine-resistant metastatic breast cancer.

Added value of this study

This study of pictilisib is, to our knowledge, the first randomised clinical study assessing
a PI3K inhibitor in patients with metastatic breast cancer. Addition of pictilisib to
fulvestrant was associated with a progression-free survival hazard ratio of 0.74 (95% CI
0.52-1.06) compared with placebo and fulvestrant, which was not significant (p=0.096).
PIK3CA mutation status had no effect on pictilisib benefit. Pictilisib dosing was limited
by substantial toxicity, with 45% of patients requiring a dose reduction or
discontinuation.

Implications of all the available evidence

The mTOR inhibitor everolimus has shown promising activity in combination with
exemestane in patients with metastatic breast cancer who are refractory to letrozole or
anastrozole, whereas pictilisib and other pan-PI3K inhibitors have shown some activity in
phase 1 and 2 studies. Although efficacy of pictilisib was potentially limited by the
inability to administer a mechanistically optimal dose, this study provides evidence that
will help guide future research, suggesting that an agent with higher selectivity for
specific PI3K isoforms or mutants than that used in this study might improve tolerability
and afford a more robust therapeutic index.
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Figure 2. Progression-free survival in part 1
(A) Intention-to-treat population. (B) Patients with phosphatidylinositol 3-kinase catalytic
subunit a mutation. Crosses denote censored patients. HR=hazard ratio. FLV=fulvestrant.
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Total (n) Placebo plus FLV Pictilisib plus FLV Hazard 95%CI
ratio
n Events Median  95%Cl n Events Median  95% Cl
(n) PFS (n) PFS
(months) (months)

All patients 168 79 61 51 3-6-7:3 89 59 6-6 3-9-9-8 -- 074  0-52-1.06
Measurable disease

Measurable 94 43 34 38 26-7-4 51 37 50 2.8-7-4 —- 086  054-139
Non-measurable 74 36 27 51 2.9-10.5 8 22 9.8 5.6-16.0 —.—-— 057 032-1.02
Visceral disease

Yes 93 42 34 35 1.9-55 51 37 50 27-6:5 I 074  0-46-118
No 75 37 27 60 37-12-6 8 2 12:5 6-6-16-0 —-- 072 0-41-127
Baseline ECOG score®

0 106 45 36 37 2.9-55 61 40 67 37-125 . 061  039-0.97
1 61 3% 74 26104 28 19 50 234111 - 102 056-185
Setting of last therapy

Adjuvant or necadjuvant 44 20 15 37 1.9-53 24 16 73 5-0-12.5 -—.--- 052 0.25-1.07
Metastatic 124 59 46 55 35102 65 43 59 36-111 j 080 052121
Endocrine therapy resistance :

Primary resistance 84 M 32 53 35-7-4 43 30 58 37-93 087 053144
Secondary resistance 84 38 29 37 1.9-85 46 29 7-2 35-15-6 —l-— 062  036-1.04
PIK3CA mutation status

Positive 70 32 25 51 27105 38 25 65 3798 B 073 042128
Wild-type 84 39 28 36 2873 45 28 58 36411 . 072 0424123
Unknown 14 8 8 74 1.7-12-8 6 6 115 1.7-18-3 —_— 039  010-152
PIK3CA mutation domain :

Helical 28 10 7 102 1.5-13.0 18 13 5.9 1.7-12.8 —— 102 0-40-2.56
Kinase 42 22 18 37 1.9-10-4 20 12 65 37-NE _._._- 059  028-123
PR statust

Positive 116 58 47 37 2.8-54 58 36 74 56-12.8 —.— 044 0:28-069
Negative 35 14 10 8.0 1-8-NE 21 14 50 17-12.5 B F— 133  058-3.02
Unknown 17 7 4 122 1.9-NE 10 9 29 1682 5 1029 126-83.99

r T T 1
0.01 01 i 10 100
+“—— e

Favours pictilisib

Favours placebo

Figure 3. Forest plot of hazard ratios for progression-free survival in part 1 according to patient
characteristics at baseline

ECOG=Eastern Cooperative Oncology Group. FLV=fulvestrant. NE=not estimable.

PIK3CA=phosphatidylinositol 3-kinase catalytic subunit a. PFS=progression-free survival.
PR=progesterone receptor.
*Data not available for one patient in the placebo group. TBased on central assessment;
positivity was defined as 10% or more of cells positive.
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Table 1
Baseline characteristics
Part 1 Part 2
Pictilisib plus Placebo plus Pictilisib plus Placebo plus
fulvestrant (n=89) fulvestrant (n=79) fulvestrant (n=41) fulvestrant (n=20)
Age (years) 60 (36-90) 63 (40-82) 58 (32-79) 63 (45-84)
Aged =65 years 29 (33%) 29 (37%) 13 (32%) 9 (45%)
Race
White 78 (88%) 68 (86%) 31 (76%) 18 (90%)
Asian 5 (6%) 8 (10%) 8 (20%) 1 (5%)
Black 2 (2%) 1 (1%) 0 1 (5%)
Other 4 (4%) 1 (1%) 2 (5%) 0
Multiple 0 1 (1%) 0 0
Measurable disease 51 (57%) 43 (54%) 29 (71%) 13 (65%)
Aromatase inhibitor resistance
Primary 33 (37%) 33 (42%) 11 (27%) 11 (55%)
Secondary 54 (61%) 45 (57%) 28 (68%) 9 (45%)
Unknown 2 (2%) 1 (1%) 2 (5%) 0
Progesterone receptor status *
Positive 58 (65%) 58 (73%) 27 (66%) 12 (60%)
Negative 21 (24%) 14 (18%) 7 (17%) 6 (30%)
Unknown 10 (11%) 7 (9%) 7 (17%) 2 (10%)
Visceral disease 51 (57%) 42 (53%) 21 (51%) 10 (50%)
Bone-only disease 19 (21%) 17 (22%) 7 (17%) 5 (25%)
>3 metastatic sites 24 (27%) 31 (39%) 16 (39%) 9 (45%)
Number of previous therapies in the
metastatic setting
0 24 (27%) 20 (25%) 5 (12%) 2 (10%)
1 33 (37%) 36 (46%) 11 (27%) 7 (35%)
2 23 (26%) 15 (19%) 8 (20%) 5 (25%)
>3 9 (10%) 8 (10%) 17 (41%) 6 (30%)
PIK3CA mutation
PIK3CA mutation positive 38 (43%) 32 (41%) 7 40 (98%)7% 20 (100%)
Helical domain 18 (20%) 11 (14%) 20 (49%) 7 (35%)
Kinase domain 20 (22%) 22 (28%) 20 (49%) 13 (65%)

Data are median (range) or n (%). PIK3CA=phosphatidylinositol 3-kinase catalytic subunit a.

*
Based on central assessment; positivity was defined as 10% or more of cells positive.
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fOne patient had a mutation in each domain.

iOne patient was found to have no P/IK3CA mutation after enrolment.
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Table 3
Summary of adverse
Part 1 Part 2
Pictilisib plus Placebo plus Pictilisib plus Placebo plus
fulvestrant (n=89) fulvestrant (n=79) fulvestrant (n=42) fulvestrant (n=19)
Grade 23 AEs 54 (61%) 22 (28%) 15 (36%) 7 (37%)
AEs leading to discontinuation 20 (22%) 4 (5%) 10 (24%) 1 (5%)
AEs leading to dose reduction 21 (24%) 1 (1%) 7 (17%) 2 (11%)
Serious AEs ™
All 28 (31%) 10 (13%) 4 (10%) 3 (16%)
Grade 1-2 5 (6%) 3 (4%) 0 (0%) 1 (5%)
Grade 3 22 (25%) 8 (10%) 4 (10%) 2 (11%)
Grade 4 4 (4%) 2 (3%) 0 (0%) 0 (0%)
Grade 5 1 (1%) 1 (1%) 0 (0%) 0 (0%)

AE=adverse event.

*
Patients with separate serious AEs of different grades can be recorded more than once.
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Table 4
Reasons for discontinuation
Part 1 Part 2
Pictilisib plus Placebo plus Pictilisib plus Placebo plus
fulvestrant (n=89) fulvestrant (n=79) fulvestrant (n=41) fulvestrant (n=20)
Discontinued 80 (90%) 69 (87%) 34 (83%) 15 (75%)
Disease progression 50 (56%) 57 (72%) 19 (46%) 11 (55%)
Non-disease progression events 30 (34%) 12 (15%) 15 (37%) 4 (20%)
AE 16 (18%) 2 (3%) 10 (24%) 1 (5%)
Investigator decision 8 (9%) 5 (6%) 2 (5%) 1 (5%)
Patient decision 5 (6%) 4 (5%) 3 (7T%) 2 (10%)
Protocol violation 0 1(1%) 0 0
Not specified 1(1%) 0 0 0

Where the reason for discontinuation was reported in this table as an investigator or patient decision, an AE might still have been reported as
leading to discontinuation in table 3. AE=adverse event.
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