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Abstract

Summary—Survivin is expressed in tumor cells, including acute myeloid leukemia (AML),
regulates mitosis, and prevents tumor cell death. The antisense oligonucleotide sodium
LY2181308 (LY2181308) inhibits survivin expression and may cause cell cycle arrest and restore
apoptosis in AML.

Methods—In this study, the safety, pharmacokinetics, and pharmacodynamics/efficacy of
LY2181308 was examined in AML patients, first in a cohort with monotherapy (n=8) and then
post-amendment in a cohort with the combination of cytarabine and idarubicin treatment (n=16).
LY2181308 was administered with a loading dosage of 3 consecutive daily infusions of 750 mg
followed by weekly intravenous (1) maintenance doses of 750 mg. Cytarabine 1.5 g/m? was
administered as a 4-hour 1V infusion on Days 3, 4, and 5 of Cycle 1, and idarubicin 12 mg/m? was
administered as a 30-minute 1V infusion on Days 3, 4, and 5 of Cycle 1. Cytarabine and idarubicin
were administered on Days 1, 2, and 3 of each subsequent 28-day cycle. Reduction of survivin
was evaluated in peripheral blasts and bone marrow.

Results—Single-agent LY 2181308 was well tolerated and survivin was reduced only in patients
with a high survivin expression. In combination with chemotherapy, 4/16 patients had complete
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responses, 1/16 patients had incomplete responses, and 4/16 patients had cytoreduction. Nine
patients died on study: 6 (monotherapy), 3 (combination).

Conclusions—LY2181308 alone is well tolerated in patients with AML. In combination with
cytarabine and idarubicin, LY2181308 does not appear to cause additional toxicity, and has shown
some clinical benefit needing confirmation in future clinical trials.
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Introduction

Acute myeloid leukemia (AML) is a clonal disorder of hematopoiesis characterized by the
accumulation of abnormal, non-functional myeloblasts. Due to the concomitant loss of
normal hematopoiesis, AML has a high risk of mortality from disease- or treatment-related
neutropenia and thrombocytopenia [1]. Classification and response to treatment in AML is
currently being defined by World Health Organization (WHO) criteria [2,3].

Traditional induction chemotherapy (eg, anthracycline and cytarabine) produces a
significant reduction in leukemic burden and a complete remission (CR) in a variable
percentage of newly diagnosed patients (60% to 80% in younger patients and 40% to 55% in
older patients) [4]. Unfortunately, the risk of relapse is considerable, particularly in patients
with unfavorable AML cytogenetics and/or a history of an antecedent myelodysplastic
syndrome. With the exception of patients with acute promyelocytic leukemia (APML),
therapy for relapsed AML is often considered palliative, except for those patients for whom
re-induction chemotherapy is a bridge to hematopoietic stem cell transplantation.

Given the relatively limited treatment options for patients with relapsed and refractory
AML, there has been increasing interest in developing novel therapeutic agents targeting
pathways important in leukemia biology. Survivin is a uniqgue member of the mammalian
inhibitor-of-apoptosis (1AP) protein family that is involved in mitotic regulation and
suppresses apoptosis. Survivin is over-expressed during embryo-fetal development and in
the vast majority of solid tumors and leukemias [5], but is not expressed in most normal,
terminally-differentiated tissues [6]. In AML, it is hypothesized that constitutive expression
of survivin leads to dysregulated cell proliferation and suppression of normal apoptotic
signals [7]. Clinically, survivin-positive AML has been associated with a lower peripheral
white blood cell count and is an independent negative prognostic factor for survival [8]. In
chronic myeloid leukemia (CML), survivin is up-regulated during the transition from
chronic phase to blast crisis, further implicating survivin in the pathophysiology of acute
leukemic proliferation [9]. Consistent with this hypothesis, treatment of AML cells with the
survivin antisense oligonucleotide (ASO) ISIS 23722 (clinically developed as the second-
generation 2’-O-methoxyethyl, phosphorothioate antisense oligonucleotide, LY2181308)
induced apoptosis by interfering with cell cycle progression [10]. In in vitro studies,
LY2181308 has shown synergistic proapoptotic effect, with chemotherapies such as
doxorubicin, gemcitabine, and taxanes [11]. This suggests that survivin ASO may restore the
pro-apoptotic pathway in tumor cells, rendering tumor cells more susceptible to the
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subsequent apoptotic insult delivered by chemotherapy. Recently, encouraging evidence for
LY2181308's activity in solid tumors suggests that targeting survivin expression in solid
tumors is safe and potentially effective [12]. Taken together, these studies provide rationale
for treating patients with relapsed or refractory survivin-positive AML with LY2181308.

Hence, for future development of LY2181308 in AML patients, it is important to establish
the safety and PK profile of LY2181308 when combined with commonly used agents for the
treatment of AML, such as idarubicin and cytarabine. The current study evaluated the safety
of the monotherapy and combination in AML patients. In addition, the primary
pharmacodynamic (PD) assessment in this analysis evaluated the reduction of survivin
expression in AML cells of patients treated with LY2181308, as a single agent or in
combination with idarubicin and cytarabine. Finally, the PD effect was related to the
remission rates in patients with refractory or relapsed AML.

Materials and Methods

Eligibility criteria

Patients had to have a diagnosis of AML that was relapsed or refractory to at least 1 prior
treatment for leukemia, or have CML in myeloid blast crisis which had failed at least 1
previous therapy with a tyrosine kinase inhibitor. For the monotherapy evaluation, only
patients with high survivin expression levels (ie, greater than 2 for survivin molecules of
equivalent fluorescence [MEFL]/isotype MEFL) in the leukemic blasts were eligible to
participate in the trial (for details, see [13]). In the combination regimen, this eligibility
criterion was removed, because survivin expression was based on gene expression rather
than flow cytometry in AML blasts. A baseline bone marrow (BM) assessment was required
<96 hours prior to the first dose of study drug. Patients had to have an Eastern Cooperative
Oncology Group performance status of 0-2. Patients must have discontinued all previous
therapies for cancer, including chemotherapy, radiotherapy, immunotherapy, cancer-related
hormone therapy, or other investigational therapy for at least 21 days for myelosuppressive
agents (ie, cytarabine, daunorubicin, and gemtuzumab ozogamicin) or 14 days for non-
myelosuppressive agents prior to receiving study drug. Subjects must have recovered from
the acute effects of prior therapy (ie, neurotoxicity, diarrhea, and mucositis) except for
residual myelosuppression and alopecia. Hydroxyurea was permitted to control the
peripheral blast cell count, but needed to be stopped at least 24 hours before study drug
administration. In addition, patients had to have adequate organ function, including
acceptable hepatic and renal function to allow safe administration of cytotoxic agents.
Coagulation parameters also needed to be normal to evaluate potential toxicity for
LY?2181308.

Patients were excluded if they had been diagnosed with APML; had known hypersensitivity
to oligonucleotides or any component of the formulation; or had leukemic involvement of
the CNS by spinal fluid cytology or imaging. Patients with signs or symptoms of leukemic
meningitis or a history of leukemic meningitis must have had a negative lumbar puncture
within 2 weeks of study enrollment. Patients with a second primary malignancy and patients
with serious pre-existing medical conditions were excluded. Patients with a known
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coagulopathy or bleeding disorder other than leukemia-related thrombocytopenia, or who
were on concomitant anticoagulant therapy, were also ineligible.

The protocol was approved by each participating institution's ethical review board, including
the post-amendment rationale based on the safety profile of monotherapy LY2181308 in
AML patients, in solid tumor patients [12], and the expected additive reduction in survivin
expression after combining LY2181308 with chemotherapy. Written informed consent was
obtained from each participant before enrollment. The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki and Good Clinical Practices.

Study design

This was a multicenter, single-arm, open-label study in patients with refractory or relapsed
AML. The study was initiated as a monotherapy trial of LY2181308 in which 8 patients had
received LY2181308 treatment at the 750-mg dose (monotherapy cohort). The primary
endpoint for the monotherapy cohort (pre-amendment) was to describe the survivin
reduction in AML blasts using different detection methods (see below).The study was
amended as of February 2009 to include cytarabine and idarubicin in combination with
LY2181308 (combination cohort). The primary endpoint for the combination cohort (post-
amendment) was to characterize the safety/PK of LY2181308 in AML patients. In both
cohorts, monotherapy (n=8) and combination (n=16), LYY2181308 treatment consisted of a
loading dosing regimen of 3 consecutive daily infusions (750 mg over 3 hours) on Days 1
through 3, followed by a maintenance dosing regimen consisting of weekly infusions (750
mg over 3 hours) starting on Day 8. For the combination cohort, the following
chemotherapy treatment was added for a new 16 patient combination cohort: cytarabine was
administered as 1.5 g/m2 on Days 3, 4, and 5 of Cycle 1 as a 4-hour infusion and idarubicin
was administered as 12 mg/m? on Days 3, 4, and 5 of Cycle 1 as a 30-minute infusion.
Cytarabine and idarubicin were administered on Days 1, 2, and 3 of each subsequent 28-day
cycle. The cytarabine infusion was followed by the idarubicin infusion. When LY 2181308
was administered on the same day as chemotherapy (Day 3 of Cycle 1 and Day 1 of Cycles
2-n), LY?2181308 was administered prior to chemotherapy and chemotherapy did not start
until at least 30 minutes after the end of LY2181308 infusion. For the monotherapy cohort,
the cycle was defined as 7 days, with the first cycles defined as the loading dose of three
consecutive days (750 mg over 3 hours) and all subsequent cycles as defined by the weekly
maintenance dose. For the combination cohort, each cycle was defined by the chemotherapy
as 28 days (Fig 1).

There were assessments of survivin expression in peripheral blood leukemic blasts, and an
assessment of anti-leukemic response was performed on a BM specimen obtained between
Days 21 and 23 and compared to the pretreatment BM baseline assessment performed <96
hours prior to the first dose of LY2181308 (Figure 1). Patients with objective evidence of
progression (defined as an increase in BM blast cell count of at least 50% from the baseline
assessment) were taken off study drug treatment. For patients with baseline BM blast counts
>70%, an absolute increase in blast percentage of 10 percentage points or more was
considered progression (eg, from 70% to 80%). Patients without evidence of BM
progression as determined by the cellularity/blast index were eligible to receive LY2181308
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in combination with chemotherapy in Cycle 2 as long as discontinuation criteria had not
been met. In patients with rapidly progressing disease, peripheral blood blast counts and
clinical symptoms were sufficient to discontinue patients from the study.

Safety was assessed before each cycle using the National Cancer Institute's Common
Terminology Criteria for Adverse Events, version 3.0.

Overview of Pharmacodynamic Assessments

The PD variables were:

»  Survivin evaluation, by the fluorescence-activated cell sorting (FACS) assay (data
were expressed as mean equivalent fluorescence [MEFL])

»  Survivin messenger ribonucleic acid (MRNA) in whole blood and bone marrow, as
measured by quantitative reverse transcriptase polymerase chain reaction (QRT-
PCR)

»  Survivin protein in whole blood lysates, as measured by enzyme-linked
immunosorbent assay (ELISA).

For each PD measurement, the longitudinal data was analyzed using a mixed effect model in
order to account for any incomplete data and repeated measures on each patient. The models
included patient as a random effect, baseline measurement and time as fixed effects. Time
was modeled as a class effect. In addition, any additional variable collected for
normalization purposes (e.g. house keeping genes) were included in the models as fixed
variables. An unstructured covariance matrix was used unless it was deemed inappropriate
for the dataset. The results are presented using Least-Squares Geometric Means (LSGM) for
time categories and 90% confidence intervals for the key variables.

Flow Cytometry and Survivin Index

Using a FACS assay specifically developed for this trial, the number of AML blasts
(expressed as percent of circulating cells or as an absolute value) and the amount of survivin
expression (protein) per cell (expressed as MEFL value) was measured using an anti-
survivin polyclonal antibody (Clone 71G4, rabbit anti-survivin polyclonal antibody coupled
with Alexa 647, Cell Signaling Technology, Danvers, MA) and a proprietary fixation/
permabilization technique. To determine a high survivin expression level in AML cells,
blasts from AML patients were used and compared to blood cells from healthy volunteers.
The ratio of survivin MEFL over isotype MEFL was defined as the survivin index. A
survivin index of at least 2.0 or more was considered high. For monotherapy patients, only
patients with a survivin index of more than >2 were included. Apoptosis was evaluated by
Annexin V immunofluorescence using a flow cytometry-based cell cycle assay. All blood
samples were sent to a central laboratory for analysis using a standardized flow cytometry
protocol for hematologic malignancies (Laboratory Corporation of America Holdings/
LabCorp Clinical Trials, Cranford, NJ and Mechelen, Belgium) using a survivin flow
analysis protocol validated prior to this trial (data on file) [13]. The primary PD endpoint
was based on the change in survivin index in the total blast cell gate, where the survivin
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index was calculated as [(blast survivin MEFL — blast isotypic control MEFL)/blast isotypic
control MEFL] using the FACS assay.

Survivin mRNA Expression

For evaluating the expression of survivin in peripheral cells, we used 2 analysis platforms
for samples collected before and after treatment. We used target-directed cDNA
amplification based qRT-PCR, as well as a non-amplification based target hybridization
platform with signal amplification using branched DNA, Quantigene® 2.0 Assay
(Affymetrix, Carlsbad, CA)[14]. Oligonucleotide probe sets for target and control genes
were designed with standard probe design software for use in the QuantiGene® 2.0 Assay
Reagent Systems (Panomics, Inc., Santa Clara, CA). The software algorithm identifies 1 or
more continuous regions that serve as annealing templates for capture extenders (CEs) (5-10
per gene), label extenders (LEs) (10-20 per gene), or blocking probes (BLs). Each probe
consisted of 3 types of oligonucleotides that trap target ribonucleic acid (RNA) to the
surface of the plate and hybridize to DNA signal amplification molecules designed with
partial homology to the target gene sequence. All reagents were used according to
manufacturer's recommended protocols (Affymetrix, Carlsbad, CA). Briefly, probe set
oligonucleotides (250 fmol CE, 500 fmol BL, and 1000 fmol LE) were mixed with the
sample, and the mixture was added to each assay well in a 96-well plate covalently coated
with capture probe oligonucleotide 5-CACTTCACTTTCTTTCCAAGAG.

Target RNA was captured during an overnight incubation at 55°C. Unbound material was
removed by washing with 200 to 300 ul of wash buffer (1/10 strength standard saline citrate
containing 0.3 g/L lithium lauryl sulfate) followed by sequential hybridization with DNA
amplifier molecules, then 3’-alkaline phosphatase-conjugated label Probe oligonucleotides,
with 3 washes after each incubation. After the final wash, the dioxetane alkaline phosphatase
substrate Lumiphos Plus (Lumingen Inc., Southfield, MI) was added to the wells, and after a
short incubation, luminescent signal was measured in an LMax (Molecular Devices,
Mountain View, CA).

Quantitative RT-PCR was performed using TagMan® assay reagents (Roche Molecular
Systems, Inc. provided by Life Technologies, Carlsbad CA) for baculoviral I1AP repeat-
containing 5 (survivin) BIRCS5, assay id Hs00153353_m1, context sequence 5'-
AGAACAAAATTGCAAAGGAAACCAA and GAPDH, assay id Hs99999905_m1,
context sequence 5-TTGGGCGCCTGGTCACCAGGGCTGC. The Quantigene® 2.0
reagent identifications for survivin and GAPDH were NM_001168, catalog number

SA 50156 and NM_002046, catalog number SA_ 10001, respectively. The B-actin, RPL32,
and RPS20 genes were used for normalization in branched DNA analysis.

ELISA for Survivin Protein

Survivin protein was measured in peripheral blood mononuclear cell (PBMC) lysates using
an ELISA with an anti-survivin polyclonal antibody (clone #500-201) according to
manufacturer's instructions (Novus Biologicals, Littleton, CO). Cell counts and total protein
concentrations (Bio-Rad, Richmond, CA) were determined in order to normalize survivin
expression levels.

Invest New Drugs. Author manuscript; available in PMC 2014 September 18.
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Pharmacokinetic Assessment

Plasma samples were analyzed to determine the concentration of LY2181308. For
LY2181308 PK assessment, samples were taken on Days 1 and 3 (loading dose regimen), on
Days 4 and 5 (prior to and at the end of chemotherapy), and on Days 8, 15, 22, 29, and 36
(prior to the LY2181308 infusion). Thereafter, PK assessment samples were taken every
fourth week starting on Visit 3, Day 57 (prior to LY2181308 infusion) and at the follow up
visit 21 days after patients had taken their last dose of study drug. Mean population plasma
LY2181308 PK parameters (clearance, exposure, volume of distribution, half-lives) and
subject variability were computed using non-linear mixed effect modeling [15]
(implemented in NONMEM®, ICON corporation, Ellicott City, MD, version VI).VI In
addition, LY2181308 PK parameters (maximum concentration [Cmax], area under the curve
[AUC], and clearance [CI]) were determined by standard non-compartmental methods of
analysis using WinNonlin® Professional Edition version 5.2 (Pharsight Corporation,
Mountain View, CA).

Safety and Efficacy

Results

Safety and efficacy analyses [16] were conducted on all patients receiving at least 1 dose of
study drug according to the dose the patients were assigned. Patient data from all sites were
pooled for the purposes of statistical analysis. Parameter estimates and their 90% confidence
intervals were reported, unless otherwise stated. Summary statistics are provided separately
for monotherapy and combination patients.

Study Design and Patient Characteristics

The study design is depicted in Figure 1. A total of 42 patients were entered from the start of
the study in March 2008 and its end in January 2010. Based on the survivin index for the
flow cytometry assay, eighteen patients did not meet screening criteria for study entry at
their first visit. In the monotherapy portion of the study, 8 patients received 750 mg
LY2181308 as monotherapy (refer to Study Design in Materials and Methods for further
details). In the monotherapy, 1 patient discontinued after receiving 1 cycle of therapy. In the
combination therapy, an additional 16 patients received LY2181308 and chemotherapy
(idarubicin and cytarabine). Thirteen patients discontinued after receiving 1 cycle of
combination therapy. Of the 24 total patients treated in both study cohorts, 10 patients had
previously received hematopoietic stem cell transplants (N=2 for LY 2181308 and N=8 for
LY2181308 plus cytarabine and idarubicin), and all 24 patients had received prior systemic
therapy. Patient and baseline characteristics are described in Table 1.

Pharmacokinetics

LY?2181308 PK properties in AML patients are characterized by a rapid and extensive
distribution of LY2181308 from plasma to tissue: high volume of distribution and rapid
distribution clearance from plasma to tissue (Table 2) [15]. Thus, within 1 to 2 hours after
the end of LY2181308 infusion, the drug administered is distributed into tissues. The
moderate elimination clearance in tissues (>80 L/h per the PK model) associated with the
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extensive volume of distribution leads to a long terminal elimination half-life of ~17 days
(based on late sampling of PK data up to 80 days after the last LY2181308 dose [n=7
patients]). The individual PK data, Cpax and trough-predose LY 2181308 concentrations, do
not indicate accumulation of LY2181308 plasma exposure over the first month of treatment
following repeated weekly LY2181308 dosing (Figure 2). From the observed data, the ratio
of LY2181308 Cpnax Day 3/Day 1 ranged from 0.67 to 1.72 (with 20t -80t™ percentile of
0.85 and 1.09, respectively; data on file) [15]. The average plasma concentration and
exposure for LY2181308 are shown in Table 2. LY 2181308 exposure is similar overall
between the monotherapy LY2181308 and the LY2181308/chemotherapy arms in AML
patients. LY2181308 PK characteristics in AML patients are similar to those described in a
conventional Phase 1 cancer patient population [12] but with a slightly higher volume of
distribution and elimination clearance [15]. Therefore the average plasma concentration and
exposure were about 33% lower in patients with AML compared to a conventional Phase 1
cancer patient population [data on file, 11]. This lower exposure in AML patients should be
put in perspective of the slightly greater variability in overall LY2181308 exposure in that
population. The coefficient of variation of LY2181308 exposure in a conventional Phase 1
cancer population was 31.5% (n=24 patients at 750-mg dose) [15] and 45.7% (n=15) in this
AML patient population (Table 2). LY2181308 concentration in BM and PBMCs was
measured using similar techniques to those described in patients with solid tumors (Figure 3)
[12]. The LY2181308 concentration levels observed were predicted to be sufficient to
inhibit survivin protein.

Pharmacodynamics

Efficacy

Consistent with these PK findings, it was observed that on average, the target, as measured
by the survivin protein index in AML blast, was reduced significantly on Days 1 to 4, as
indicated by the 90% confidence interval of the ratio, which excludes 1 (Figure 4 and Table
3). The maximum effect was observed on Day 2 (Figure 4 and Table 3) with a ratio of
LSGM (post dose/baseline predose) estimated to be 0.43, with a 90% confidence interval of
0.28 to 0.67. This corresponds to a 57% reduction from baseline (mean value).

Survivin gene expression was measured in whole blood and BM using gRT-PCR. In the
whole blood, 2 patients had a reduction in survivin during the loading dose and 1 patient had
a rebound after the loading dose. In addition, 1 patient had a large rebound during the
loading dose, and had a reduction in survivin after completing the loading dose compared to
baseline levels. Overall, when modeling the longitudinal data, there was no evidence
suggesting changes to the survivin expression levels post-treatment compared to pre-
treatment in the whole blood. No patterns were observed in the bone marrow either. Lastly,
Survivin protein expression was measured in PBMC lysates using an ELISA assay.
According to a mixed model used to analyze and normalize the data, there were no changes
in survivin protein expression post treatment.

Although monotherapy patients stayed on treatment longer than combination patients, little
evidence of efficacy with monotherapy LY2181308 was observed. The reduced time in
treatment for combination patients is explained by investigator decisions to treat these
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patients with alternative therapies. Four of 16 combination patients had morphologic
complete responses, 1/16 had an incomplete response, and 4/16 had cytoreductions. Overall,
at least 9/16 combination patients had a clinically significant response. An additional 2
patients had clinical benefit, defined as stable disease.

Safety and Tolerability

The majority of patients (7/8 patients; 87.5%) who received LY2181308 as a single agent
completed Cycle 2 (1 cycle defined as 7 days), while only 3/16 patients (18.8%) who
received LY2181308 plus cytarabine and idarubicin completed Cycle 2 (1 cycle defined as
28 days). In the combination cohort, none of the 16 patients completed Cycle 3 or higher. Of
the 8 monotherapy patients, 3 patients (37.5%) completed Cycle 3, 3 patients (37.5%)
completed Cycle 4, 1 patient (12.5%) completed Cycle 5, and 1 patient (12.5%) completed
Cycle 6. There were no dose reductions of LY2181308 either pre- or post-treatment.

A total of 19/24 patients (79.2%) experienced 1 or more serious adverse events (SAEs). All
the SAEs were ultimately determined by investigators to be unrelated to LY2181308. The
most frequently reported SAEs in the study overall were febrile neutropenia (8/24 patients;
33.3%) and sepsis (5/24 patients; 20.8%). A greater percentage of combination patients
experienced 1 or more SAEs (13/16 patients; 81.3%) compared with patients on
monotherapy (6/8 patients; 75%). SAEs that were reported in both monotherapy and
combination patients were febrile neutropenia, sepsis, hypotension, pneumonia, and
clostridial infection. Febrile neutropenia was the most frequently reported SAE in
combination patients (7/16 patients; 43.8%), while it was reported only for 1/8 monotherapy
patients (12.5%). Sepsis was the most frequently reported SAE in monotherapy patients (4/8
patients; 50%), but was reported in only 1/16 combination patient (6.3%). There were
several SAEs reported in combination patients but not in monotherapy patients, such as
respiratory failure (2/16 patients; 12.5%). Similarly, there were some SAES reported in
monotherapy patients but not in combination patients, such as dyspnea (2/8 patients; 25%).

In the study overall, there were 13 patients (54.2%) who experienced at least 1 TEAE that
was deemed to be possibly study drug related by the investigator (primarily related to
chemotherapy), which included 2 of the 8 patients (25%) in the monotherapy group, and 11
of the 16 patients (69%) in the combination therapy group. The possibly drug-related
TEAES that were reported most frequently overall in the study were nausea (5 of 24 patients;
20.8%), diarrhea (3 of 24 patients; 12.5%), fatigue (3 of 24 patients; 12.5%), and leukopenia
(3 of 24patients; 12.5%). In the monotherapy group, no grade 3 or 4 drug related events
were observed. The maximum CTCAE severity was grade 1: one event of dyspepsia, one
event of nausea, and one event of insomnia. In the combination group, there were six grade
3 AEs (one report each of hyperbilirubinemia, esophagitis, febrile neutropenia, blood
infection, respiratory infection, and tumor lysis syndrome), five grade 4 AEs (one report
each of diarrhea, and platelets, and three reports of leukopenia), and two grade 5 AEs (death
related to the AEs in one patient of CNS cerebrovascular ischemia and hypoxia).

In total, there were 9 deaths reported during the study, including 6 deaths due to progression
of AML in monotherapy patients (single-agent LY2181308) and 3 deaths in combination
patients (L'Y2181308 plus cytarabine and idarubicin). One of the 3 patients in the
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combination group was reported to have died due to study drug toxicity (reason:
hemorrhagic stroke and respiratory failure) while receiving LY2181308 plus cytarabine and
idarubicin in Cycle 1; the investigator found this death to be likely related to treatment with
cytarabine and idarubicin rather than LY2181308.

Discussion

In addition to safety, the objective of this non-randomized open-label, proof-of-concept
study was to evaluate whether L'Y2181308 reduces measurable survivin levels in AML
patients similar to that observed in solid tumors [12]. We first evaluated the effect of
LY2181308 as a monotherapy and later as part of a combination with pro-apoptotic
chemotherapy. During the monotherapy treatment, only patients with a pre-defined survivin
expression index using flow cytometry were enrolled. The assay determining a pre-specified
level of survivin protein expression (survivin expression index) was validated prior to the
start of the study [13, 17]. Reduction in survivin protein expression was observed in
monotherapy patients with high survivin protein expression in AML blast cells. In the
combination cohort we evaluated survivin expression based on both gene and protein
expression. However, protein expression changes were not readily observed, as patients with
low survivin expression were allowed to be enrolled in this combination cohort.
Consequently, it was difficult to detect a change in survivin protein expression by flow
cytometry.

In contrast to the survivin protein expression measurements, other studies used survivin gene
expression to determine the PD changes induced by ASOs. At a LY2181308 dose of 750
mg, the inhibition of both survivin mMRNA and protein was on average 20% in patients with
solid tumors [12]. In contrast to the solid tumor patients, a consistent inhibition pattern
based on mRNA measurements using qRT-PCR or branched DNA assays was not observed
in this study. The observed changes in survivin gene expression (QRT-PCR) and survivin
protein expression (flow cytometry) were not correlated.

The monotherapy activity of 750 mg LY 2181308 to decrease survivin protein expression
appeared moderate in this study and was less than anticipated. When monotherapy patients
with relatively high survivin expression were enrolled, changes in survivin protein
expression levels were detected. In the cohort with the combination, this threshold for high
survivin expression upon study entry was lowered and may have compromised the ability to
reliably distinguish changes in survivin expression.

The apparent discordance in antisense presence/absence and in survivin target diminution or
lack thereof can have several explanations. First, it is possible that the flat dosing used for
LY2181308 was not achieving the required tissue concentrations compared to an alternative
dosing regimen. For example, the ASO against the X-linked inhibitor of apoptosis (XIAP)
AEG35156 used body-surface area (BSA)-based dosing and reported that the XIAP mRNA
levels were reduced in AML patients [18]. At the 350 mg/m? dose of antisense XIAP, the
inhibition of the target MRNA ranged from 45% to 90% in AML patients. By contrast,
LY2181308 inhibited survivin mRNA expression at an average of 20% with flat dosing in
solid tumors [15]. When we retrospectively applied BSA-based dose calculations to the
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patients treated in the study, we found that the flat dosing had not underestimated the BSA-
based administration of LY2181308, but rather would have increased the risk of
LY2181308-associated toxicity. While higher doses of LY2181308 may be required in
AML patients due to their tumor burden, the ASO-associated off-target toxicity in the liver
and complement-activation limited the option to increase the dose above levels observed to
be tolerable in solid tumor patients [12].

Second, ASOs may be differentially eliminated in patients with AML, and thus the time on
target may be altered. Compared to solid tumor patients, LY2181308 in AML patients has a
similar PK profile, such as a multiphasic rapid distribution, moderate clearance, and high
volume of distribution associated with the long terminal half-life [15]. While the range of
LY2181308 exposure is comparable between the 2 patient populations in these studies, the
average plasma concentration and exposure for LY2181308 was observed to be
approximately 33% lower in AML patients compared with solid tumor patients. This lower
average plasma exposure for LY2181308 in AML patients is associated with higher
clearance. The higher clearance and lower exposure and half-life in AML patients compared
with conventional Phase 1 cancer patients could be explained hypothetically by the presence
of blast cells in AML. These blast cells could constitute a tissue into which LY2181308
could be distributed and eliminated. Saleem et al. [19] indicated that LY2181308 distributes
into blood cells with a 1.5 plasma-to-blood concentration ratio. This may also explain the
variability in levels of survivin reduction observed in AML patients. Based on the PK
measurements, the survivin inhibition we observed may also have been of too short a
duration to produce a substantial inhibitory effect on tumor cell proliferation. Such low
cellular exposure levels have not been reported for other ASOs, and may explain why
LY2181308 may not have achieved sufficient levels for inhibition of survivin in AML
patients [12, 18]. LY2181308 concentration data were available for 10 combination therapy
patients of BM pre- and post-treatment. In all patients, LY2181308 concentration in BM
following 3 weeks of treatment was below the limit of quantitation. In some cases, low
content of cells in BM aspirates due to the chemotherapy made the assessment inconclusive.
While our observations imply the possibility that LY2181308 behaves differently in AML
patients, such observations have not been reported about other ASOs targeting IAPs. For
instance, the Phase 1 PK data of AEG35156 in patients with refractory AML and in patients
with advanced cancer [18,20] did not show a greater clearance of the ASO in patients with
AML.

Third, it has been observed that survivin and XIAP can form heteromeric binding partners
[21]. 1t is possible that 1 confounding element of these studies may be the potential for
survivin protein levels to be altered in the face of antisense inhibition by this interaction with
XIAP. Some other potential binding partners include the XIAP-associated factor 1 (XAF1)
[22] and the oncogenic transcription factor STAT3, which was identified as a binding
partner of nuclear survivin [23]. Many tumor cells express reduced levels of XAF1 which
might be involved in survivin stabilization [21]. Recently, aberrant STAT3 expression has
been demonstrated in AML cells and primary cell lines from pediatric patients. A small
molecule STATS3 inhibitor induced apoptosis of these cells and inhibited AML blast colony
formation [24]. Alternatively, AML patients may not have sufficient levels of either RNase
H1 and/or H2, which is required to digest the ASO/mRNA hybridization product [25].
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While we did not specifically investigate the levels or the activity of RNase H1 and H2,
gene array analyses suggest that many tumor cells have sufficient levels of RNase H2 for
drug targeting [26], as do the above results described for AEG35156 [18, 20]. Also, the
LY2181308 binding site can be identified in survivin alpha, survivin DeltaEx3, survivin 2B
B3, and survivin 3B variants, but not in survivin 2-a and survivin 3-a mRNA splice variants.
The possibility exists that the survivin-2-a or survivin-3-a splice variants may play a more
important role in AML than in solid tumors. It could also be that some of the other splice
variants of survivin mMRNA are more poorly inhibited by LY2181308 than the survivin
mMRNA it was designed and tested against and therefore may be able to compensate, in some
circumstances, for the loss of survivin. As noted by others, difficulties in correlating changes
in survivin expression and clinical outcome are not uncommon [28]. Clearly, further
understanding of survivin biology in AML and other tumor types will be necessary to better
address these issues.

Fourth, differential turnover of the target protein requires an altered dosing regimen for
AML patients. Since survivin is often found in distinct subcellular compartments including
the cytoplasm, nucleus and mitochondria in different cell types, it may again be that
differential turnover of the protein within these locations may differ within tumor cells. Heat
Shock Protein-90 (Hsp90), Hsp60, and the aryl hydrocarbon receptor-interacting protein
(AIP) [21] have also been shown to physically interact with survivin in vivo, and may play a
role in subcellular localization. Recently, BMI-1 has been suggested to be a survivin-
interacting protein in B-cell lymphoma cells that may stabilize survivin levels post-
translationally without a change in survivin mRNA level [29]. If such interactions stabilized
survivin in protein complexes, turnover of the survivin protein may not closely follow that
of its coding mMRNA and may help to explain why survivin activity was not impacted as
predicted. However, such interactions do not readily explain the lack of clear direction in
our mMRNA-based assays to detect survivin gene expression. As several pre-and post-dose
samples exhibited a spike upward in survivin protein expression post-dose in our assays
(data not shown), one speculative possibility may be that survivin expression itself is self-
limiting and diminution of mMRNA for survivin induces survivin expression through
disruption of a negative feedback loop that ordinarily keeps survivin protein levels low.
Evidence for positive transcriptional regulatory signaling between p53 and survivin in
nasopharyngeal carcinoma without inducing apoptosis has recently been reported [30].
Further analysis of survivin regulation in tumor cells should help answer these questions.

Eleven of sixteen patients in the combination therapy (69%) had a clinical benefit (9 with
clinical response and 2 with stable disease). The goal of salvage therapy for patients with
relapsed and refractory acute myeloid leukemia has been to achieve response. It is not clear
that response leads to improvement in survival in this patient population, but may allow
patients to proceed to other potentially curative options (such as allogeneic hematopoietic
stem cell transplantation). However, therapy is not continued indefinitely due to the toxicity
of the chemotherapy regimen and the lack of benefit of prolonged chemotherapy treatment.
The observation of the clinical benefit in the combination arm )raises the question of
whether this response is due to the fact that LYY2181308 sensitized the AML cells to
subsequent chemotherapy. In this combination therapy portion of the study, the effect was
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not tied to a reduction of survivin expression in blast cells (data not shown). This pattern of
response is more likely to be a result of the chemotherapy. Further discrimination of the
ability of LY2181308 to enhance subsequent chemotherapy in AML patients will require
randomized Phase 2 trials with assays to better discriminate low levels of survivin
expression at the gene and protein level. The PK profile of LY2181308 in AML patients is
consistent with that observed in patients with solid tumors (with a potential shorter on target
time), and this profile does not appear to be affected by chemotherapy.

In general, the combination of LY2181308 with idarubicin and cytarabine is consistent with
the profile of idarubicin and cytarabine. All SAEs and AEs were either attributed to the
chemotherapies or associated with progressive disease. There was no obvious contribution
of LY2181308 to the observed and known toxicity profile of the chemotherapies.
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Fig 1.

Study Design. Pre amendment- 750 milligrams intravenous bolus dose LY 2181308 was
administered in loading doses on days 1-3 and day 8. Weekly doses of 750 mg LY 2181308
were administered intravenously on days 15, 22, 29, and day 36 thereafter. Post-amendment-
750 milligrams intravenous bolus dose LY 2181308 was administered in loading doses on
days 1-3 followed by idarubicin 12.0 mg/m2 plus cytarabine 1.5 mg/m2. Weekly doses of
750 mg LY2181308 were administered iv on days 8, 15, and 22 thereafter. Pharmacokinetic
and bone marrow sampling are depicted as white and grey boxes, respectively. See methods
for details.
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LY2181308 plasma pharmacokinetic profile following Day 3 dosing (LY2181308 750 mg
3-hour infusion). Black circles represent observed data-- red lines represent simulated
profile from a four compartment PK model (median, 5, and 95™ percentiles) LY2181308
(15). Data were analyzed on the log scale using a mixed effect model in order to account for
any incomplete data and repeated measures on each patient

Invest New Drugs. Author manuscript; available in PMC 2014 September 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Erbaetal.

10000000 7 _@— |p 1002 — —A — 1D 2003 —&— ID 4002
O ID 1004 — —m — 1D 2004
—9— I1D2002 — -O— ID2007

Page 18

1000000 -

LY2181308 concentration in PBMC (ng/g)

-a
100000 -
\3.
b |
10000 o
0 24 48 72 96 120 144 168
Ti h | 4\
/[\ ime (hours) post last dose on day 3 day 8 dose

Fig 3.
LY2181308 detection in peripheral blood mononuclear cells (P

BMCs) after monotherapy.

Enzyme-linked immunosorbent assay was used to measure LY 2181308 abundance in
peripheral blood monocyte lysates before and 10-12 days after initial bolus dose
administration (2-4 days after Day 3 dose). The red circle denotes the median concentration

value predose on Day 8. The black lines denote the model simu
percentile concentrations at the end of LY2181308 infusion on

lated median, 5, and 95t
Day 3 in combination

patients (ie, prior to administration of the first dose of chemotherapy — idarubicin and

cytarabine). ID = identification; PK = pharmacokinetic
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Fig 4.
Sugrvivin expression before and up to 5 days after LY 2181308 administration as
monotherapy (n=8 pts). The survivin index was calculated as [(blast survivin mean
equivalent fluorescence (MEFL) — blast isotypic control MEFL)/blast isotypic control
MEFL] using the fluorescence-activated cell sorting (FACS) assay. The results are presented
using least-squares geometric means (LSGM) for time categories and 90% confidence
intervals for the key variables
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Table 1
Demographic and Baseline Characteristics by Treatment Group

LY2181308 LY2181308 + idarubicin + cytarabine Total
(Monotherapy Cohort) (Combination Cohort) N=24
= N=16
Sex: female/male, n 5/3 6/10 11/13
Age: mean + SD, years 60.3 (15.9) 48.2 (14.7) 52.2 (15.9)
Race: n (%)
African 0 2 (12.5) 2(8.3)
Caucasian 7 (87.5) 11 (68.8) 18 (75.0)
East Asian 1(12.5) 0 1(4.2)
Hispanic 0 1(6.3) 1(4.2)
West Asian 0 2 (12.5) 2(8.3)
ECOG PS: n (%)
0 1(12.5) 1(6.3) 2(8.3)
1 7(87.5) 11 (68.8) 18 (75.0)
2 0 4(25.0) 4(16.7)
AML WHO Criteria: n (%) 7(87.5) 15 (93.8) 22 (91.7)
De novo: n (%) 6 (75.0) 14 (87.5) 20 (83.3)
Not specified 0 1(6.3) 1(4.2)
Genetic abberations 0 2(12.5) 2(8.3)
Erythroblastic 0 2 (12.5) 2(8.3)
Myeloblastic
Minimal differentiation 3(37.5) 3(18.8) 6 (25.0)
Differentiated 1(12.5) 3(18.8) 4(16.7)
Monocytic 1(12.5) 0 1(4.2)
Myelomonocytic 1(12.5) 3(18.8) 4(16.7)
Secondary AML: n (%)
Not specified 1(12.5) 2 3(12.5)
Multi-lineage 0 0 0
Myeloblastic with minimal differentiation 1(12.5) 0 1(4.2)
With FLT3 mutation: n (%) 0 2 (12.5) 2(8.3)
Prior history
Prior remissions: n (%)
1 1(25.0) 4(25.0) 5(20.8)
2 3(37.5) 4(25.0) 7(29.2)
3 1(12.5) 1(6.3) 2(8.3)
24 1(12.5) 2(25.0) 3(12.5)
Primary refractory disease: n (%) 2(25.0) 5(31.3) 7(29.2)

WABCs at first visit actual, x10%/L: n (%)

Invest New Drugs. Author manuscript; available in PMC 2014 September 18.

Page 20



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Erba et al. Page 21
LY2181308 LY2181308 + idarubicin + cytarabine Total
(Monotherapy Cohort) (Combination Cohort) N=24
N=8 N=16
<4.5 3(37.5) 8 (50.0) 11 (45.8)
>4.5 and <11 2(25.0) 3(18.8) 5(20.8)
>11 3(37.5) 5(31.3) 8(33.3)

Abbreviations: AML = acute myeloid leukemia; ECOG = Eastern Cooperative Oncology Group; n = number of patients in each category; N =
number of enrolled patients; PS = performance status; SD = standard deviation; WBC = white blood cell; WHO = World Health Organization.
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Survivin Index from Baseline to Day 5 or After in Monotherapy Patients

Day

LSMeans (90% CI)

Ratio of LSMeans? (90% CI)

Baseline

Day 1

Day 2

Day 3 or 4
Day 5 or after

7.98 (4.64-13.70)
4,84 (2.81-8.33)
3.43 (1.96-6.00)
5.44 (3.31-8.96)
6.50 (3.93-10.75)

0.61 (0.40-0.92)
0.43 (0.28-0.67)
0.68 (0.48-0.97)
0.82 (0.57-1.16)

Abbreviations: ClI = confidence interval; LSMeans = Least Square Geometric Means.

a i .
Relative to baseline.
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