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Abstract

Purpose To determine the maximum tolerated dose (MTD) of BEZ235, an oral inhibitor of class I PI3K and mTOR com-
plexes 1 and 2.

Methods We performed a phase I/Ib, multicenter, open-label study of oral BEZ235 administered in a continuous daily
schedule. The study consisted of two parts: dose-escalation part and safety-expansion part. BEZ235 was administered as a
single agent to patients with solid tumors or in combination with trastuzumab for HER2+ advanced breast cancer (aBC).
Primary end points were MTD, safety, and tolerability. The secondary end point was pharmacokinetics. Other formulations
of BEZ235, solid dispersion system (SDS) sachet, and SDS capsules were also assessed.

Results One hundred and eighty-three patients were enrolled; single-agent BEZ235 was administered as hard gelatin capsule
(n=59), SDS capsules A and B (n=33), and SDS sachet (n=61), amongst which SDS sachet was chosen as the preferred
formulation. The monotherapy MTD for capsule A and SDS sachet was determined to be 1000 and 1200 mg/day, respectively.
Thirty patients with HER2+ aBC received BEZ235 in combination with trastuzumab. The MTD of BEZ235 in combination
with trastuzumab was 600 mg/day. A total of four patients (13.3%) achieved partial response across the different groups.
Most frequent AEs in single agent and combination cohorts included nausea (80.3 and 93.3%), diarrhea (75.4 and 80.0%),
and vomiting (63.9 and 63.3%).

Conclusions The MTD of BEZ235 as single agent was 1200 and 600 mg/day with trastuzumab. Pharmacokinetic profiles
showed low-to-moderate variability at low dose (10 mg) and high variability at high doses (100 mg and above). Gastroin-
testinal AEs were frequent at high doses.
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Introduction

The phosphatidylinositol-3-kinase (PI3K)/AKT/mamma-
lian target of rapamycin (mTOR) pathway is frequently
activated in cancer [1, 2]. PI3K pathway activation occurs
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during malignant growth in many ways, including aberrant
activation of upstream receptor tyrosine kinases (RTKs),
mutation of the gene encoding the class I PI3K catalytic
subunit p110a (PIK3CA) or genes encoding downstream
effectors, as well as functional disruption of the negative
regulator phosphatase and tensin homolog (PTEN) [3]. The
PI3K pathway plays a major role in tumor growth and pro-
gression, and resistance to anticancer therapies [3, 4] and
is, therefore, a promising therapeutic target in patients with
solid tumors, including HER2+ aBC, due to its central role
in cancer development and resistance to therapy [5].

Dual inhibitors of both PI3K and mTORC1/2 suppress
the PI3K pathway signaling both upstream and downstream
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of AKT. This comprehensive inhibition has been pro-
posed to be more effective than inhibitors targeting a sin-
gle node in the signaling pathway. In addition, specific-
ity for both mTORC1 and mTORC2 has been shown to
overcome feedback signaling arising from abolition of the
mTORC1-S6K-IRS1 negative feedback loop, such as that
typically observed in preclinical models with mTORC]1
inhibitors [6].

BEZ235 (Novartis Pharmaceuticals Corporation, East
Hanover, New Jersey, USA) is a potent, oral, ATP-competi-
tive dual inhibitor of class I PI3K and its downstream effec-
tors mTOR complex 1 and 2 (mTORC1/2) [7]. In cellular
assays, BEZ235 is a more potent inhibitor of mTOR than
PI3K [8]. mTOR inhibition predominates at a low concen-
tration(< 100 nmol/L), but dual PI3K/mTOR blockade is
observed at relatively higher concentrations (= 500 nmol/L)
[8]. Many preclinical studies demonstrated that BEZ235 has
antiproliferative, proapoptotic, and antiangiogenic activity
[8-11].

In HER2+ breast cancer models, single-agent inhibition
of the PI3K/AKT/mTOR pathway caused significant anti-
proliferative activity in HER2+ cell lines harboring PI3K
mutations. It also overcame both de novo and acquired
trastuzumab resistance in vitro and in vivo [12]. Further-
more, combined targeting of HER2 and PI3K/mTOR led
to increased apoptosis in vitro and induction of tumor
regression in trastuzumab-resistant xenograft models [12,
13]. These data support targeting of the PI3K/AKT/mTOR
pathway in combination with trastuzumab in trastuzumab-
resistant breast cancer.

BEZ235 has antitumor activity (both in monotherapy and
in combination with other anticancer agents) in multiple
preclinical cancer models including breast, colorectal, non-
small cell lung cancer (NSCLC), ovarian and prostate can-
cer, and sarcomas [14—19]. Here, we report the results of the
first-in-human, open-label, phase I/Ib study to determine the
maximum tolerated dose (MTD) of BEZ235 when admin-
istered to adult patients with advanced solid tumors includ-
ing patients with advanced breast cancer, as a single agent
and in combination with trastuzumab (CBEZ235A2101/
NCT00620594). We also describe the preliminary clinical
exploration of BEZ235 formulations and dosage forms.

Patients and methods

Study design

We performed a phase I/Ib, multicenter, open-label study
of oral BEZ235 administered in a continuous daily dosing
schedule. The study consisted of two parts: a dose-escala-

tion part and a safety-expansion part at the MTD. In both,
BEZ235 was evaluated as a single agent in a cohort of solid
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tumors and in combination with trastuzumab in patients with
HER2+ aBC.

Patient population

Patients with histologically confirmed advanced unresect-
able solid tumors failing standard therapy or for whom no
standard therapy existed were eligible for the single-agent
dose-escalation part of the study. Archival or fresh tumor
biopsies for prescreening of molecular alterations affect-
ing PIK3CA and/or PTEN expression were required for the
single-agent safety expansion. For the combination part of
the study, patients with histologically confirmed metastatic
HER2+ aBC after failure of trastuzumab treatment (disease
progression during trastuzumab maintenance given as adju-
vant treatment or for metastatic disease) and with tumors
carrying molecular alterations of PIK3CA and/or PTEN
were eligible.

For all the study arms, patients were required to have
> 1 lesion as defined by Response Evaluation Criteria in
Solid Tumors (RECIST) v1.0 [20]; age > 18 years; World
Health Organization (WHO) performance status <2; life
expectancy > 12 weeks. Adequate bone marrow, cardiac,
hepatic, and renal functions were required. Key exclusion
criteria included treatment with corticosteroids <2 weeks
prior to starting study drug, diagnosis of diabetes mellitus
or history of gestational diabetes, and prior treatment with
a PI3K inhibitor.

The study was approved by the ethics committees of
participating institutions and regulatory authorities, and
all participating patients provided written informed con-
sent and agreed to comply with the protocol. The study was
conducted in accordance with the Declaration of Helsinki
and guidelines for Good Clinical Practice as defined by the
International Conference on Harmonization.

Study objectives

The objective of the dose-escalation part of the study was
to establish the MTD of oral BEZ235 as a single agent or
in combination with trastuzumab. The primary objective
of the safety-expansion part of the study was to assess the
safety and tolerability of BEZ235 (either as a single agent
or in combination with trastuzumab) at the MTD. The safety
expansion was conducted using a sachet formulation of
BEZ235.

Secondary objectives of the safety expansion included
assessment of safety and tolerability of BEZ235, pharma-
cokinetics (PK) profile of BEZ235 (either as a single agent
or in combination with trastuzumab), and preliminary anti-
tumor activity.
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Study treatment

Patients received oral BEZ235 once daily, in continuous
28-day cycles until disease progression, unacceptable tox-
icity, or withdrawal of consent. For the combination arm,
commercially available trastuzumab (Herceptin®; 2 mg/kg/
week) was used. The initial BEZ235 service form was a hard
gelatin capsule (HGC) formulation. The first dose level with
this service form was 10 mg/day.

Four different BEZ235 formulations and service forms
were assessed: BEZ235-tosylate in HGC formulation or
BEZ235-vitamin E TPGS [p-a-tocopheryl polyethylene gly-
col 1000 succinate; capsule A (size 000), capsule B (size 0),
sachet], also referred to as SDS formulation (solid dispersion
system). Either HGC (single-agent arm of the study only) or
SDS formulations (both the single-agent and combination
arms) were administered orally once daily with the same
schedule.

Maximum tolerated dose determination

Dose escalation was guided by the escalation with over-
dose control (EWOC) principle and modeled by an adap-
tive Bayesian logistic regression model (BLRM) [21, 22].
Cohorts of three-to-six patients were planned to be enrolled
at each dose level. Cohorts could be expanded at any dose
level below MTD for further elaboration of safety and PK
parameters as required.

The final recommendation of dose and formulation was
based on the BLRM and an overall assessment of safety.
Estimation of MTD was based upon the probability of DLT
in cycle 1 in patients in the dose-determining set (DDS).
The objective of this design was to find the dose maximiz-
ing the probability that the true DLT rate lies in the interval
of 16-33%. Any dose of BEZ235, which had >25% chance
of being in the excessive (DLT rate between 33 and 60%) or
unacceptable (DLT rate of >60%) toxicity categories was
excluded.

Safety and efficacy assessments

All patients who received > 1 dose of study drug and had > 1
post baseline safety assessment were eligible for safety eval-
uation. Routine clinical and laboratory assessments were
conducted at baseline, weekly until day 22 of cycle 2, and
then on days 1 and 15 of subsequent cycles.

Adverse events (AEs) were collected continuously from
first dose of study treatment to at least 4 weeks follow-
ing the last dose of study treatment, and graded using the
National Cancer Institute’s Common Terminology Criteria
for Adverse Events (NCI-CTCAE) v3.0.

Assessments of preliminary antitumor activity were
performed in all patients who had received at least 1 dose

of BEZ235. Radiologic response was assessed according
to RECIST v1.0 after two cycles and every other cycle
thereafter.

The metabolic antitumor activity of BEZ235 was
assessed by positron emission tomography (PET) at baseline
(<14 days prior to study drug administration) and at the end
of cycle 1 and cycle 2 (day 28, +2 days) according to the
recommendations of the EORTC [23].

Pharmacokinetic assessments

Plasma levels of BEZ235 were determined from blood sam-
ples using validated liquid chromatography tandem mass
spectrometry assay with a lower limit of quantification of
approximately 1 ng/mL.

Pharmacokinetic plasma samples were collected before
dosing on day 1 of every other cycle, starting on cycle 1 day
1 (C1D1). On the days which involved full PK sampling
and fasting insulin/glucose monitoring (C1D1, C1D8, and
C1D28), blood was collected before dosing and 1-, 2-, 4-,
6-, 8-, and 24-h post dose. After all patients had potentially
completed at least 6 cycles of treatment, PK samples were
no longer collected.

For the single-agent MTD expansion, a subset of ten
patients fasted overnight for 10—12 h prior to the adminis-
tration of BEZ235 on the days which involved full PK blood
sampling (day 1 and 28 of cycle 1).

Biomarker and pharmacodynamic assessments

Fresh tumor biopsy samples were collected at baseline, day
28 of cycle 1 and at disease progression or end of study
treatment. Biopsies were used for central assessment (sin-
gle-agent dose escalation) and/or local assessment (single-
agent safety and combination dose escalation and safety
expansion) of the presence of PIK3CA activating mutation
in exons 9 or 20 as determined by SNaPshot genotyping
assay; and low or null PTEN expression, as defined by an
immunohistochemistry H-score < 50. The effect of BEZ235
on Ki67, pAKT, pS6, PARP, p4EBP1, cyclin D1, and pERK
levels was also assessed.

Statistical analysis

Descriptive statistics was used to summarize demographic
characteristics and frequency counts for categorical vari-
ables. The DLT data from all patients enrolled in the dose-
escalation part for estimation of MTDs and eligible for the
dose-determining set were modeled via an adaptive BLRM.
The dose escalation was guided by the EWOC principle.
Analysis of variance (ANOVA) test was performed on log-
transformed area under curve (AUC) and maximum con-

centration (C,,,,) (cycle 1 days 1, 8, and 28) using a linear
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mixed-effect model to assess day effect, food intake status
effect, and dose proportionality. Inter-individual and intrain-
dividual variability in systemic exposures was assessed.

Results

A total of 183 patients were treated with BEZ235, as a single
agent (n=153) or in combination with trastuzumab (n=30)
between 2006 and 2013.

Pharmacokinetics and exploration of the BEZ235
formulation

Fifty-nine patients received single-agent BEZ235 as an
HGC. The HGC formulation was explored either under
fasted (BEZ235 Fast, N=41) or fed (BEZ235 Fed, N=18)
conditions. Pharmacokinetic parameters of patients on
BEZ235 HGC formulation are summarized in Supple-
mentary Table 1A. At doses <25 mg, BEZ235 exhibited
low—moderate variability (CV% =24.8 for the 10-mg dose),
while at doses > 100 mg, high variability was observed
(CV% > 100 for most doses). The administration of food
increased the exposure to BEZ235 at 300-400 mg/day vs
fasted conditions at same dose levels. Under fed condition,
on day 8 and day 28, the adjusted geometric mean ratio also
showed a trend towards higher exposure. However, firm con-
clusions could not be drawn for high doses > 100 mg owing
to large variability in the data with no statistically significant
differences. Further investigation of the HGC formulation
for doses > 100 mg was discontinued due to low exposure
and high inter-patient and intra-patient variability in PK pro-
files (Supplementary Table 1A), and safety issues related to
a lack of absorption and precipitation. The MTD of the HGC
formulation was not reached (Table 1).

MTD was declared for single-agent BEZ235, for both the
SDS capsule A and SDS sachet dosage forms at 1000 and
1200 mg/day, respectively. MTD of the SDS capsule B was
not reached, as dose escalation of the SDS capsule B was
terminated due to low drug exposure (Table 1).

Pharmacokinetic profiles for SDS capsule A showed
a high inter-individual variability with a coefficient of
variation greater than 100% on both AUC,_,, and C,,,,
at doses >400/day mg at steady state (Supplementary
Table 1B). T,,,, ranged between 4 and 6 h. The estimated
accumulation, based on the ratio of AUC,_,, on day 8/day
28 over the AUC, ,, on day 1, 3.53 on day 8 and 4.78 on day
28, for the dose of 1000 mg/day.

Pharmacokinetic profiles for the single-agent BEZ235
SDS sachet (n=61) showed decreased absorption rate with
a delayed T}, but the inter-patient variability in exposure
remained high in the SDS sachet formulation on the expo-
sure at steady state (Supplementary Table 1B) for doses of
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> 800 mg/day. For instance, a CV of 129% around the geo-
metric mean was observed at the dose of 1200 mg/day on
day 28, and no clear dose exposure relationship could be
observed in the C,,,, and AUC,_,,. The inter-patient vari-
ability on C,,, was less pronounced with a corresponding
variability of 81%.

In the cohort administered BEZ235 as SDS capsule B, the
variability in exposure remained high, and the absorption
was relatively slow with a T, of approximately around 4 h
similar to that of the previous formulations (Supplementary
Table 1B). As the variability did not improve, it was con-
sidered that this dosage form did not bring additional value,
and was, therefore, not investigated further. Overall, despite
low-to-moderate variability of BEZ235 at a dose of 10 mg/
day, the PK profiles of all formulations for doses > 100 mg
displayed a high degree of inter-patient and intra-patient
variability, and were found to be similar across all the single-
agent formulations (Supplementary Table 1A and 1B).

Dose escalation of BEZ235 in combination with tras-
tuzumab began with the SDS capsule A dosage form (3
patients) and was continued with the SDS sachet formula-
tion following the results of the single-agent dose escalation.
The safety-expansion part of the combination arm of the
study was completed with the SDS sachet at the declared
MTD (Table 1). Mean PK profiles for the tested doses of
400-800 mg/day showed slow absorption rates and were
highly variable, and no substantial differences were found
among the doses tested (Supplementary Table 1C). There-
fore, the results of the combination arm of the study included
aggregate data of SDS capsule A and SDS sachet in combi-
nation with trastuzumab (Fig. 1).

Safety and efficacy of single-agent BEZ235 arm
Patient characteristics

Eighty-three patients were treated with BEZ235 SDS cap-
sule A (n=22) and SDS sachet (n=61). The most com-
monly represented tumor types were colon cancer and breast
cancer. Most patients had received multiple prior lines of
antineoplastic therapy (Table 2).

Dose escalation and maximum tolerated dose

BEZ235 HGC was administered at 9 dose levels (between 10
and 1200 mg/day) (Supplementary Table 1A). No DLT was
observed and the MTD was not reached (Table 1).
BEZ235 SDS capsule A was administered at 3 doses
between 400 and 1000 mg/day (Table 1). DLTs were
observed in three patients: 1 at 800 mg/day and 2 at
1000 mg/day (Table 1). The MTD for the BEZ235 SDS
capsule A was declared at 1000 mg/day based on the results
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Table 1 Summary of BEZ235 formulations tested, DLTs, and MTD
Study arm Formulation and Dose of BEZ235,  Patients  Patients in Patients DLTs MTD
dosage form tested mg/day enrolled?, the DDSP,n  with DLT,
n (%) n
Single-agent HGC 10-1100 59 54 (91.5) 0 - Not reached
BEZ235 SDS capsule A 400 5 5(1000) 0 - 1000 mg/day
800 5(83.3) 1 Fatigue (grade 3)
1000 11 10 (90.9) 2 Macular papular
skin rash (grade
3)
Fatigue (grade 3)
SDS sachet 800 6 4 (66.7) 0 - 1200 mg/day
1000 10 7 (70.0) 1 Thrombocytopenia
(grade 3)
1200 24¢ 20 (83.3) 2 Vomiting (grade 3)
Nausea (grade 2)
1400 14 12 (85.7) 6 Fatigue (grade 3)
Asthenia (grade 3)
Fatigue (grade 3)
Hyperglycemia
(grade 3)
Diarrhea (grade 3)
Mucositis and
fatigue (grade 3)
1600 7 7 (100.0) 1 Thrombocytopenia
(grade 3)
SDS capsule B 800 11 9 (81.8) 1 Uveitis (grade 2) Not reached
BEZ235 in com- SDS capsule A or 400¢ (capsule A) 3 3 (100.0) 0 - 600 mg/
bination with sachet + trastu- 600° (sachet) 17 16 (94.1) 1 Nausea (grade 3) day + trastu-
trastuzumab zumab 800° (sachet) 10 6(600) 3 Rash (grade 3) f(“;gzb 2 mg/
Nausea (grade 3) glday

Fatigue (grade 3)

DDS dose-determining set, DLT dose-limiting toxicity, SDS solid dispersion system, 7T trastuzumab

*Received at least 1 dose of study treatment and had 1 post dose safety evaluation and, therefore, contributed to the full analysis set and safety set

®The dose-determining set is defined as evaluable patients who met the minimum exposure criteria (receiving>21 days of BEZ235 treatment in
cycle 1 and all doses of trastuzumab for the combination arm), had sufficient safety information, or discontinued earlier because of DLT

“The number of patients includes those in the safety dose expansion part of the study

9BEZ235 SDS administered in the capsule A dosage form in combination with trastuzumab

°BEZ235 SDS administered in the sachet dosage form in combination with trastuzumab

of the BLRM and review of safety and tolerability (Sup-
plementary Table 2).

BEZ235 SDS sachet was administered at 5 dose lev-
els between 800 and 1600 mg/day, under fed conditions
(Table 1). The SDS sachet treatment group included patients
enrolled in the dose-escalation part and the MTD expansion
part of the study (61 patients). Fifty patients met the criteria
for inclusion in the DDS and were evaluable for MTD deter-
mination. Initially, the 800 mg/day dose was tested, and the
BLRM allowed dose escalation to 1400 mg/day. One DLT
was reported in the first cohort of four patients at 1400 mg/
day, leading to a dose increase to 1600 mg/day (7 patients)
in parallel with an extension of the 1400 mg/day cohort (3

additional patients). In these cohorts, one DLT was reported
at 1400 mg/day and one DLT at 1600 mg/day.

To further understand the PK profile and safety near
the MTD, subsequent enrollment of four patients at
1000 mg/day and six additional patients at 1400 mg/
day revealed several additional DLTs: 1 at 1000 mg/day
and 4 at 1400 mg/day (for a total of 6 at 1400 mg/day;
Table 1), surpassing the criteria for MTD declaration. The
recommendation of the BLRM was to reduce the dose
back to 1000 mg/day; six patients were enrolled with no
DLT reported. Dose escalation was continued with seven
patients at 1200 mg/day, where two DLTs were reported
(grade 3 vomiting and grade 2 nausea). According to the
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Fig. 1 Patients and treatments o
(to be re-drawn in high-res

Patients randomized
N =183

closer to submission). “Dose
escalation started with SDS ¢
capsule A, and continued with

v

SDS sachet. 'MTD reached;
however, the SDS capsule

trastuzumab
N =30

BEZ235 in combination with

Single-agent BEZ235
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as it was difficult to swallow.
HGC hard gelatin capsule, MTD
maximum tolerated dose, SDS
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formulation was discontinued |

SDS sachet
N =27

MTD = 600 mg/day

results of the BLRM and review of safety and tolerability,
the MTD was estimated to be 1200 mg/day (Supplemen-
tary Table 2).

The SDS sachet was chosen as the preferred single-agent
dosage form based on convenience of administration for
oncology indications. In addition, there was no apparent dif-
ference in PK profiles between the capsule A and the sachet
dosage forms.

Safety and tolerability of BEZ235 at doses near the MTD

BEZ235 HGC at doses >25-mg daily was poorly tolerated
due to gastrointestinal side effects most likely related to a
lack of absorption and precipitation of the drug substance
at high doses. BEZ235 HGC, SDS capsule A and B and
SDS sachet had similar safety profiles, and as the SDS
sachet was selected as the preferred formulation for further
study (Table 3), safety and efficacy data focused on the 61
patients treated with BEZ235 SDS sachet. The most fre-
quently reported AEs with BEZ235 SDS sachet were nausea
(80.3%), diarrhea (75.4%), and vomiting (63.9%) (Table 3).
Of the 24 patients treated with BEZ235 at the MTD level
of 1200 mg/day, 2 patients (8.3%) experienced AEs leading
to treatment discontinuation. Grade 3 or 4 AEs regardless
of study drug relationship were experienced by 68.9% of
patients (Table 3). The median duration of BEZ235 SDS
sachet exposure was 8.0 weeks (range 1.9-48.0). At the data
cutoff (January 8, 2013), all 61 patients had discontinued
treatment, primarily due to disease progression (72.1% of
patients; Supplementary Table 3). Three patients died within
28 days of last study treatment (Supplementary Table 3), all
due to disease progression. No deaths were suspected to be
related to study drug.
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HGC SDS capsule B

N=3 N = 59 N=11

SDS sachet SDS capsule A

N =61 N =22

MTD = 1200 mg/day MTD = 1000 mg/day

@ MTD reached - chosen formulation
B MTD reached - formulation discontinued
MTD not reached - formulation discontinued

Antitumor activity

Best overall response per investigator assessment of
BEZ235 as a single agent and in combination with tras-
tuzumab is represented in Table 5. Stable disease (SD)
was the best overall response achieved in 19 patients
(31.1%; Table 5) in the SDS sachet cohort. At the MTD
(1200 mg/day), 10 patients had a best overall response
of SD (Fig. 2a), and disease control was observed in 10
patients (41.7%; 90% CI 24.6-60.3). Of these 10 patients,
3 had PTEN null/low expression, and 7 did not show any
PI3K pathway alteration in the tumor tissue, based on cen-
tral assessment (Fig. 2a).

Biomarker studies

Data from paired tumor biopsies at cycle 1 day 28, in three
patients treated with HGC formulation showed a decrease
in pS6 levels from baseline with a median decrease of
—23.08% (range —59.2 to —15.0). None of the analyzed
biomarkers from paired biopsies showed any correlation to
response (Supplementary Table 4).

Safety and efficacy of BEZ235 in combination
with trastuzumab arm

Patient characteristics

In the combination cohort, 30 patients with HER2+ breast
cancer were treated with BEZ235 SDS capsule A (n=3)
and SDS sachet (n=27) in combination with trastuzumab
(Table 2). These patients were heavily pretreated with
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Table 2 Baseline patient characteristics
Characteristic Single-agent Single-agent BEZ235  Single-agent BEZ235 BEZ235 all
BEZ235 HGC SDS capsule A SDS sachet (N=61)  SDS + trastuzumab
(N=59) (N=22) (N=30)
Age, years
Median (range) 55 (29-81) 56 (32-72) 58 (18-82) 49 (30-71)
Sex
Female 39 (66) 13 (59.1) 37 (60.7) 30 (100)
WHO performance status
0 29 (49) 10 (45.5) 27 (44.3) 17 (56.7)
1 30 (51) 12 (54.5) 30 (49.2) 13 (43.3)
2 0 0 34.9) 0
Missing 0 0 1(1.6) 0
Patients with prior antineoplastic regimens
With >3 prior antineoplastic regimens 56 (95) 22 (100) 60 (98.4) 30 (100)
No. of prior antineoplastic regimens 30 (51) 19 (86.3) 47 (77.0) 30 (100)
Median (range) 3 (0-18) 3.5(1-22) 5(1-13) 7 (4-14)
Type of last antineoplastic therapy before study start
Chemotherapy 40 (68) 16 (72.7) 45 (73.8) 16 (53.3)
Hormone therapy 6 (10) 14.5) 1(1.6) 2(6.7)
Immunotherapy 1) 0 6(9.8) 0
Targeted therapy 18 (31) 3(13.6) 10 (16.4) 22 (73.3)
Other 7(12) 3 (13.6) 7(11.5) 0
Primary sites of tumor
Breast 13 (22) 4(18.2) 12 (19.7) 30 (100)
Colon 10 (16.9) 6(27.3) 15 (24.6) -
Lung 5(8.5) 3(13.6) 8 (13.1) -
Rectum 4(6.8) 1(4.5) 4 (6.6) -
Ovary 4(6.8) 29.1) 2(3.3) -
Kidneys 1(1.7) 0 5(8.2) -
Skin melanoma 4(6.8) 14.5) 0 -
Uterus 2(3.4) 14.5) 0 -
Soft tissue sarcoma 3(5.D) 1 (4.5) 0 -
Prostate 234 0 1(1.6) -
Cervix 0 1(4.5) 2(3.3) -
Bone sarcoma 0 1(4.5) 2(3.3) -
Salivary gland 0 0 2(3.3) -
Stomach 0 0 1(1.6) -
Bladder 0 0 1(1.6) -
Small intestine 0 0 1(1.6) -
Other 6° 1 (4.5)° 5(8.2)° -

All data shown as n (%) unless stated otherwise

SDS solid dispersion system

#One patient each (1.7%): adrenal, pleural, choroid, gallbladder, para renal, tongue

bAxillary gland

‘Endometrial (n=2); ileum and liver (n=1); thorax (n=1); unknown (n=1)
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a median number of 7 (range 4-14) prior antineoplastic
regimens.

Dose escalation and maximum tolerated dose

The first three patients were treated with SDS capsule A, and
the following cohorts of patients were treated with BEZ235
SDS sachet based on findings from the single-agent arm of
the study. Therefore, MTD of the BEZ235 capsule A in com-
bination with trastuzumab was not determined.

The SDS sachet treatment group included patients who
were enrolled in the dose-escalation part and the MTD
expansion part of the study (Table 1). DLTs were observed
in 4 patients: 3 of 6 patients at 800 mg/day and 1 of 16

patients at 600 mg/day. The MTD for BEZ235 sachet in
combination with trastuzumab (2 mg/kg/week) was declared
at 600 mg/day based on the BLRM and review of safety and
tolerability (Supplementary Table 2). The safety expansion
of BEZ235 SDS sachet in combination with trastuzumab
was completed at this dose level without further DLT.

Safety and tolerability

Safety and tolerability data for the combination cohort are
presented in Table 4. The most frequently reported AEs
included nausea (93.3%), diarrhea (80.0%), and vomiting
(63.3%). Of the 17 patients treated with BEZ235 at the
MTD of 600 mg/day, the median duration of exposure was

@ Springer
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Table 5 Best overall response per investigator assessment
Response Single-agent HGC  Single-agent SDS capsule A SDS sachet SDS sachet All doses
SDS sachet 400 mg/day +trastu- 600 mg/day +tras- 800 mg/day +tras- SDS + trastu-
zumab tuzumab tuzumab zumab
N=59 N=61 N=3 N=17 N=10 N=30?
Best overall response
Complete response (CR) 0 0 0 0 0 0
Partial response (PR) 0 0 1(33.3) 2(11.8) 1 (10.0) 4(13.3)
Stable disease (SD) 25 (42.4) 19 31.1) 2 (66.7) 6 (35.3) 4 (40.0) 12 (40.0)
Progressive disease (PD) 26 (44.1) 27 (44.3) 0 5(29.4) 1 (10.0) 6 (20.0)
Unknown 8 (13.6) 15 (24.6) 0 4(23.5) 4 (40.0) 8(26.7)
Objective response rate (ORR) [CR or PR]
ORR 0 0 1(33.3) 2(11.8) 1 (10.0) 4(13.3)
90% CI for ORR [0.0; 5.0] [0.0; 4.8] [1.7; 86.5] [2.1;32.6] [0.5;39.4] [4.7;28.0]
Disease control rate (DCR) [CR or PR or SD]
DCR 25 (42.4) 19 (31.1) 3 (100) 8 (47.1) 5 (50) 16 (53.3)
90% CI for DCR [31.4;53.9] [21.5;42.3] [36.8; 100.0] [26.0; 68.9] [22.2;77.8] [37.0; 69.2]

All data shown as n (%). Estimates (90% CI) for ORR and DCR were obtained using exact binomial 90% confidence interval test

SDS solid dispersion system

20f the 30 treated patients treated in this group, one patient had a serious adverse event of myocardial ischemia on cycle 1 day 1 and discontin-
ued the study without receiving a dose of trastuzumab, and after only a single dose of 800-mg BEZ235 SDS sachet

8.3 weeks (range 1.4-48.0). All 30 patients in the combina-
tion cohort discontinued treatment, primarily due to disease
progression (73.3% of patients; Supplementary Table 3). A
total of three deaths were reported; two of which occurred
within 28 days of last study treatment (Supplementary
Table 3). All deaths were assessed to be due to disease
progression.

Antitumor activity

Response outcome as per investigator review was available
for all 30 patients who received BEZ235 in combination
with trastuzumab. Partial response (PR) was the best over-
all response observed, achieved by four patients (13.3%;
Table 5). Of the 17 patients treated at the MTD (600 mg/
day), 2 patients had a PR and 6 had SD as best response
(Fig. 2b). The disease control rate was 47.1% (90% CI
26.0-68.9). Brain scans of a patient with 400-mg/day SDS
capsule A in combination with trastuzumab showed a reduc-
tion in two brain metastatic lesions of 34.2 and 36.4% (Sup-
plementary Fig. 2).

All patients enrolled in the combination arm were
required to have tumors with a PI3K pathway alteration,
identified by either local or central assessment. However,
local results were not confirmed by central assessment of
tumor tissue from four patients with a PR (Fig. 2b). Two of
these patients were enrolled based on locally assessed PTEN
null/low expression, and two based on locally assessed
PIK3CA mutation.

Pharmacokinetic studies

As in BEZ235 single-agent cohorts, pharmacokinetics of
BEZ235 SDS at 400-800 mg/day in combination with tras-
tuzumab displayed high inter-patient variability, and there
was no substantial difference in C,,,, between the doses
tested. Absorption rate was slow with a delayed 7, (Sup-
plementary Table 1C).

ax

Discussion

Preclinical data from in vivo and in vitro studies [14—19] sup-
ported the development of BEZ235 as a promising candidate
to assess in a phase I clinical trial in patients with advanced
solid tumors. The MTD was reached for capsule A and SDS
sachet, and the sachet dosage form was chosen based on ease
of administration. The single-agent safety expansion was
completed with BEZ235 SDS sachet at the MTD (1200 mg/
day), and the safety expansion for the combination arm of
the study was completed with BEZ235 SDS sachet at the
MTD (600 mg/day + trastuzumab). The RP2D of single-agent
BEZ235 SDS sachet was chosen to be 1000 mg/day. Although
the 10-mg/day dose of BEZ235 exhibited low—moderate vari-
ability, with the caveat that the cohort size was small (Supple-
mentary Table 1A), there was a high degree of PK variability
in the systemic exposure profile of BEZ235 at doses > 100-
mg/day BEZ235. This variability in the PK data led to the
exploration of different modes of administration of BEZ235
for doses > 100 mg/day in relation with food and different
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formulations. Preclinical PK studies in dogs had indicated
that administration of BEZ235 with food increased systemic
exposure. A food effect study in healthy male volunteers
also showed a slight improvement of variability and degree
of exposure to BEZ235 under fed conditions [24]. In addi-
tion, data from a previous trial showed that administration of
BEZ235 with a high-fat meal slightly improved the variability
and degree of exposure compared with fasting conditions. For
these reasons, patients in our study were administered HGC
under both fasted and fed conditions to examine whether food
affected the exposure to BEZ235. However, no firm conclu-
sions could be drawn from the analyses. Thus, investigation
of the HGC formulation for BEZ235 doses > 100 mg/day
was discontinued due to PK variability. Furthermore, the
formulation of BEZ235 evolved during the trial in response
to observed PK data and based on the results of a healthy
volunteers study conducted in parallel. Solid dispersion sys-
tem (SDS) is a type of special delivery approach designed
to improve the bioavailability of poorly water-soluble drugs.
This method involves formation of eutectic mixtures of drugs
with water-soluble carriers by the melting of their physical
mixtures [25]. Different formulations of BEZ235 employing
the SDS technique also were studied in patients with advanced
solid tumors. However, across all formulations and dosage
forms > 100 mg tested, BEZ235 displayed low bioavailabil-
ity, with a moderate absorption rate, a less than proportional
increase in exposure, and large inter-patient and intra-patient
variability. In contrast, doses <25 mg formulated in HGC
exhibited PK properties potentially acceptable for further
development in non-oncology indications, where full target
inhibition would not be necessary.

Adpverse effects in the single-agent arm and in the combi-
nation treatment arm were similar to each other and to those
observed with the different formulations in the single-agent
arm of the study. The most frequently reported events for
BEZ235 >400 mg/day in both the single-agent and the com-
bination treatment arms, were nausea, diarrhea, and vomit-
ing. The onset of these AEs was typically reported within a
short period of time after dosing, suggesting that these were
caused by low absorption and precipitation of the drug at
high doses, and not by mechanism-based toxicities. Notably,
hyperglycemia and rash, AEs that are typically associated
with PI3K inhibition, and pneumonitis, an mTOR-related
toxicity, were not prevalent in this study; however, the inci-
dence of stomatitis, another mTOR-related toxicity, was near
to that seen with the allosteric mTOR inhibitor everolimus
(59-71%) in solid tumors [26].

Clinical activity of BEZ235 was observed, both as a
single agent and in combination with trastuzumab. Despite
exposure variability at doses > 100-mg/day BEZ235, 5
patients (2.7%) experienced PR and 62 patients (33.9%)
achieved SD as best overall response. The lack of robust
antitumor effect may have been due to the fact that BEZ235

@ Springer

is a more potent inhibitor of mTOR than PI3K in vivo [8].
Therefore, sufficient BEZ235 exposure to consistently inhibit
PI3K may not have been achieved in patients due to expo-
sure variability at doses > 100 mg/day. In addition, definitive
conclusions could not be drawn about the role of PI3K path-
way alterations (ie, PIK3CA and PTEN status) as predictive
markers of sensitivity to BEZ235. Limitations were due to
sample size, discrepancies in local vs central assessment of
PI3K pathway activation status, and inconsistencies in tumor
sample amount and quality. The challenges observed in the
translational aspects of this study underscored the need for
a robust companion diagnostic assay if pathway alterations
were proven to correlate with drug responses and dual PI3K/
mTOR inhibitors were to gain regulatory approval.

In summary, although robust preclinical data supported
development of BEZ235, the more potent inhibition of
mTOR than PI3K in cellular assays, and the highly variable
PK profile of BEZ235 at doses > 100 mg/day led to discon-
tinuation of further development in oncology indications.
The results of the present study indicate that PI3K/mTOR
inhibition by BEZ235 in advanced solid tumors, including
breast cancer, was not sufficient to achieve an adequate anti-
tumor effect with a favorable safety profile.
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