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Summary

Background—The PI3K-Akt pathway is frequently activated in acute leukemias and represents
an important therapeutic target. UCN-01 and perifosine are known to inhibit Akt activation.

Methods—The primary objective of this phase | study was to determine the maximum tolerated
dose (MTD) of UCN-01 given in combination with perifosine in patients with advanced acute
leukemias and myelodysplastic syndrome. Secondary objectives included safety,
pharmacokinetics, pharmacodynamics, and efficacy. Perifosine 150 mg every 6 hours was given
orally on day 1 followed by 100 mg once a day continuously in 28-day cycles. UCN-01 was given
intravenously over 3 hours on day 4 at three dose levels (DL1=40 mg/m?; DL2=65 mg/m?;
DL3=90 mg/m?).

Results—Thirteen patients were treated (DL1, n=6; DL2, n=4; DL3, n=3) according to a
traditional “3+3” design. Two patients at the DL3 experienced dose-limiting toxicity including
grade 3-4 pericardial effusion, hypotension, hyperglycemia, hyperkalemia, constitutional
symptoms and grade 5 pneumonitis. Other frequent toxicities were grade 1-2 nausea, diarrhea,
vomiting, fatigue and hyperglycemia. The MTD was determined to be UCN-01 65 mg/m? with
perifosine 100 mg a day. No appreciable direct Akt inhibition could be demonstrated in patients’
mononuclear cells using Western blot, however, reduced phosphorylation of the downstream
target ribosomal protein S6 in leukemic blasts was noted by intracellular flow cytometry. No
objective responses were observed on this study.

Conclusion—UCN-01 and perifosine can be safely administered, but this regimen lacked
clinical efficacy. This approach may have failed because of insufficient Akt inhibition /n vivo.
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Introduction

Among the signaling pathways regulating cancer cell proliferation and susceptibility to
apoptosis is the phosphatidylinositol-3 kinase (PI3K)-Akt pathway, whose constitutive
activation has been implicated in the therapeutic resistance of a variety of malignancies,
including acute leukemias [1-3]. Phosphorylation of Akt on either Ser473 or Thr308 or both
in leukemia blasts occurs in 50%-80% of acute myeloid leukemia (AML) patients and, in
several studies, is associated with worse outcomes [4-9]. Similarly, the frequent activation of
the PI3K-Akt pathway seen in both T cell and pre-B cell acute lymphoid leukemia (ALL),
whether or not carrying BCR-ABL translocation, confers poor prognosis [10-12]. A variety
of intra- and extra-cellular signals appears to regulate this pathway activation in AML, and a
number of genetic defects affecting the PI3K-Akt pathway have been detected in T cell ALL
[4,13-15]. Thus, the development of strategies to down regulate the activity of PI3K-Akt
pathway in acute leukemias represents an important experimental therapeutic goal.

Under the influence of growth factors, cytokines, or oncogenic tyrosine kinases, PI3K is
activated and recruited to the plasma membrane, allowing for the phosphorylation of
phosphoinositides and recruitment of phosphoinositide-dependent kinase 1 (PDK1) and Akt
to the cell membrane. There, Akt undergoes post-translational modification required for its
activation: phosphorylation on Thr308 mediated by PDK1 and on Ser473 mediated by
mamamalian target of rapamycin (MTOR) complex 2 (mMTORC2) [16]. Activated Akt
affects multiple downstream targets that control various aspects of cell growth, metabolism,
proliferation, and survival [17]. While inhibition of mMTORC1, a key downstream target of
Akt, by small molecule rapamycin analogues has demonstrated limited clinical activity in
acute leukemias [18-21], few studies have examined the anti-leukemic effect of upstream
inhibition of the PI3K-Akt pathway.

UCN-01, a staurosporine derivative, and perifosine, an orally available alkylphospholipid,
were found to inhibit Akt activation and also demonstrated anti-leukemia activity in
preclinical studies [2,22-27]. Among its more potently affected recognized targets, UCN-01
inhibits PDK1 while perifosine blocks the recruitment of the pleckstrin homology (PH)
domain of Akt kinase, to prevent its membrane localization and subsequent activation
[2,22]. UCN-01 synergized with rapamycin in inducing apoptosis in AML cells [23] and,
when given with cytarabine to AML patients, induced Akt dephosphorylation /n vivoin
leukemia blasts; however, this drug combination was associated with cardiopulmonary
toxicities and limited objective responses [28]. Perifosine was shown to induce apoptosis in
AML cell lines and primary leukemia cells and to reduce the clonogenic activity of AML,
but not normal CD34* cells [24]. Perifosine also synergized with number of therapeutics,
including etoposide,[24] histone deacetylase inhibitors,[25] pro-apoptotic TNF-related
apoptosis-inducing ligand (TRAIL),[26] and MEK inhibitors [27] in inducing apoptosis in
AML cells. While the described effects correlated with Akt inhibition, perifosine also
interfered with MEK/ERK 1/2 pathway and activated c-jun-N-kinase (JNK) in leukemia
cells [24-27]. Similarly, UCN-01 is also known to inhibit a number of serine/threonine
kinases besides PDK1 [28-30]. Thus, while neither agent is a specific Akt inhibitor,
synergistic activity of UCN-01 and perifosine could potentially result from inhibition of Akt
activation at pharmacologically achievable concentrations, as has been demonstrated in
prostate and lung cancer cell lines [31].

The non-overlapping mechanisms by which these two agents may inhibit Akt signaling led
us to hypothesize that perifosine and UCN-01, when combined, may exert more powerful
Akt inhibition and anti-leukemia effect. Thus, the present study was initiated to examine
whether in acute leukemia patients treated with UCN-01 and perifosine modulation of Akt
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phosphorylation in leukemia cells can be achieved and whether there would be any
convergent toxicity of the two agents. Due to the tight binding of UCN-01 to al-acid
glycoprotein, we elected to dose-escalate UCN-01 in the presence of the recommended
phase 11 dose (RP2D) of perifosine given on a continuous schedule [32].

Patients and methods

Patients

Eligibility for treatment on this phase 1 trial required age = 18 years and relapsed or
refractory acute leukemia (AML or ALL), high-risk myelodysplastic syndrome (MDS)
failing standard therapy, or chronic myeloid leukemia in accelerated/blast phase despite two
prior tyrosine kinase inhibitors. Patients with newly diagnosed AML and ALL were eligible
if they were both >60 years old and had poor-risk cytogenetics, therapy-related AML or
AML arising from antecedent hematologic disorder (AHD) and were not candidates for
curative therapy. Patients were required to have an Eastern Cooperative Oncology Group
(ECOG) performance status <2, bilirubin <1.5 times the upper limit of normal (ULN),
alanine aminotransferase or aspartate aminotransferase <2.5 times the ULN, and creatinine
<2 mg/dl. There was no limitation on the number of prior therapies, provided that the most
recent treatment was completed =4 weeks prior to enrolment and adverse events recovered
to <grade 1 according to Common Terminology Criteria for Adverse Events (CTCAE)
version 3.0. Patients were to be =4 weeks after autologous and =90 days after allogeneic
hematopoietic stem cell transplant (HSCT), with no active graft versus host disease and off
immunosuppression. Exclusion criteria included active CNS disease, a history of allergic
reaction to compounds similar to those used in study, uncontrolled illness such as
symptomatic heart disease or signs of active ischemia on pre-study electrocardiogram
(ECG), poorly-controlled diabetes mellitus, pregnancy/lactation, known HIV infection, and
any condition that would limit compliance. Patients with infection controlled with
antibiotics were eligible. Treatment with hydroxyurea was not a contraindication to
participation provided that the patient had not required an increase in the dose of
hydroxyurea for at least 1 week. Study treatment was started once the leukemic blast count
was <30 x 10%/1. The use of hydroxyurea was allowed for rapidly proliferating disease in the
first two weeks of therapy. All hematopoietic growth factors and biologic agents were
stopped at the time of enrollment.

All patients provided written, informed consent. The final study protocol, amendments, and
informed consent were approved by the Institutional Review Board of the each participating
center. The study was conducted in accordance with the Declaration of Helsinki and in
compliance with International Conference on Harmonization Good Clinical Practice
Guidelines.

Study design and treatment

This was a National Cancer Institute (NCI)-sponsored phase |, dose-escalation study carried
out at University of Pennsylvania Abramson Cancer Center, Philadelphia and the University
of Maryland Marlene and Stewart Greenebaum Cancer Center, Baltimore
(ClinicalTrials.gov identifier: NCT00301938). The primary objective was to define the
maximum tolerated dose (MTD) of UCN-01 given in combination with perifosine in acute
leukemia and MDS patients. Secondary objectives included safety, pharmacokinetics,
pharmacodynamics, and efficacy.

Perifosine was administered at RP2D: 150 mg orally (PO) every 6 hours on day 1 (loading)
followed by 100 mg PO daily continuously (maintenance) [32]. UCN-01 was administered
at three dose levels (DL1 40 mg/m2; DL2 65 mg/m?; and DL3 90 mg/m?) intravenously (1V)
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over 3 hours on day 4 [33]. This sequential dose administration was planned to allow for
analysis of pharmacodynamics effects of perifosine alone compared to the drug
combination. Each treatment cycle lasted 28 days and patients could continue treatment until
disease progression, failure to achieve at least hematologic improvement (HI) after 2 cycles,
unacceptable toxicity, or withdrawal of consent. In cycle 2 and onward, the perifosine was
administered without repeat loading, while the dose of UCN-01 was 50% of the cycle 1 dose
due to its known long half-life. The next cycle of therapy could start if non-hematologic
toxicity from previous cycle recovered to <CTCAE grade 1 and in patients with no evidence
of leukemia in the bone marrow (BM) if absolute neutrophil count (ANC) >0.5 x 10%/1 and
platelets >20 x 109/1. Perifosine was taken with food and prophylactic anti-emetics (5HT3
blockers, dexamethasone, metoclopramide, diphenhydramine) and loperamide were given
during loading and as needed during maintenance phase. To prevent hypotension, patients
were given one liter normal saline IV over 2 hours prior to and after UCN-01 infusion.

A traditional “3+3” dose-escalation design was used to escalate UCN-01, with provision for
cohort expansion to 6 evaluable patients if a dose-limiting toxicity (DLT) was observed
among the initial 3 patients. If 2 or more DLTs were observed, dose-escalation was halted
and dose finding continued at a lower DL until the MTD was defined. Dose escalation
proceeded when none of three or one of six evaluable patients experienced DLT. To be
evaluable for dose escalation, a patient had to complete first cycle or experience DLT within
the first 28 days. To ensure that the toxicity at MTD is acceptable an additional 6 patients
were to be accrued at the MTD to a maximum of 12 patients. Given lack of sufficient
evidence of clinical efficacy, the MTD cohort was not expanded.

The toxicity was graded according to NCI CTCAE version 3.0. DLTs for this study were
defined as grade 3 or 4 drug-related non-hematologic toxicity; grade 3 diarrhea, nausea,
vomiting lasting more than 24 hours despite supportive care; persistent toxicity independent
of CTCAE grade that results in >7 days perifosine interruption in first cycle;
myelosuppression with BM aplasia on day =42 in the absence of leukemia. Dose reduction
of UCN-01 and/or perifosine was required for grade 3 and 4 non-hematologic toxicity.

Medical history, vital signs, ECOG performance status, physical exam, laboratory tests, BM
aspirate/biopsy, ECG, echocardiogram were performed at baseline. Follow-up clinical and
laboratory monitoring was performed according to the standards of practice for adults with
acute leukemia. Pulse oximetry measurements and vital signs monitoring were performed
during and up to 4 hours after each UCN-01 infusion. Glucose levels were measured 24
hours after each UCN-01 infusion. Patients were assessed at least weekly for toxicities.
Medication compliance was assessed through diaries and pill counts.

To assess response to therapy, BM examination was repeated on day 21-28 of cycle 1, at any
time that progressive disease was suspected or at study conclusion. For patients with acute
leukemia and MDS, the response was determined according to the disease-specific
International Working Group (IWG) criteria [34,35]. HI in acute leukemia patients was
defined according to IWG criteria for MDS.

Pharmacodynamic analysis

Bone marrow (10 cc/time point) and/or peripheral blood (PB) samples (20 cc/time point; if
PB blast count was >3 x 10%1) were collected in heparinized tubes pre-treatment, on day 4
prior to UCN-01, on day 21-28 (completion of cycle 1), or at any time patient was coming
off study. The samples were processed immediately (U Penn) or within 24 hours of
collection (shipped overnight at room temperature, U Maryland). Mononuclear cells were
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separated by Ficoll/Hypaque density centrifugation and viably frozen in a liquid nitrogen.
For Western blot analysis, cells were rapidly thawed and washed with PBS, pelleted by
centrifugation, and immediately placed in lysis buffer containing protease and phosphatase
inhibitors. 100 g per sample of total cell lysates were loaded on pre-cast 4-12% NuPage
gradient gels, separated by electrophoresis, and transferred to nitrocellulose membrane.
Following incubation in Li-cor Odyssey blocking solution (Licoln, NE), blots were
incubated in TBST (TBS/0.1% Tween 20) / 3% BSA with primary antibodies (Abs)
overnight at 4°C, washed with TBST, and then incubated for 1 hour with species-specific
secondary Abs tagged to Alexa 680 or IRDye800 fluorescence. A Li-Cor Odyssey
fluorescence scanner and associated software (version 3.0) were used to visualize hybridized
Abs and quantify signal. Primary antibodies included total Akt, phosphorylated Akt (serine
473; R&D) and total p38a mitogen activated protein kinase (MAPK) (Cell Signaling) and
were used at 1:1000 dilution. Secondary Abs were obtained from Rockland
Immunochemicals and used at 1:10,000 dilution.

Single-cell pharmacodynamic monitoring of S6 ribosomal protein phosphorylation in
leukemia blasts by flow cytometry was conducted as previously described [36]. Briefly,
unfractionated marrow or peripheral blood was passed through a 40 micron mesh filter and
multiple 100 pL aliquots were prepared. To these aliquots, sample conditions included
unmanipulated aliquots as well as ex vivo activation of S6 phosphorylation by phorbol
myristate acetate (PMA, Sigma-Aldrich) 400 nM for 10 minutes, and inhibition by
rapamyecin (Sigma-Aldrich) 1000 nM for 30 minutes to establish dynamic controls. These
conditions were carried out in a dry bath (humidified incubator at 37°C, 21% 02, 5% CQO?2).
Subsequently, samples were fixed with ultrapure formaldehyde (4%, methanol-free,
Polysciences) and red cells lysed with Triton X-100 (0.1%, Sigma-Aldrich) prior to protein
denaturation with ice cold methanol (90%), as previously described [36]. Following
methanol incubation, samples were washed twice at 4°C and stained with antibodies (30
minutes in the dark), then washed once and subjected to flow cytometric analysis. Abs used
included murine anti-human CD45 PerCP, CD34 APC, CD19 PE, CD33 PE (all from
Becton-Dickinson), and rabbit monoclonal phospho-S6 (serine 235/6) conjugated to Alexa
488 or Alexa 647 (Cell Signaling). A fluorescence minus one (FMO) control containing
antibodies directed against cell surface markers but not phospho-S6 was included for all
subjects to estimate autofluorescence and facilitate definition of a phospho-S6 (p-S6)
negative gates. Singly-stained compensation controls were created using the same
fluorophores bound to polystyrene beads (Spherotech) and acquired individually. Data were
acquired on a FACS-Calibur using Cell Quest software or an FACSCanto using DiVA
software (BD Biosciences) and analyzed using FlowJo software version 8 and 9 (TreeStar).
At least 10,000 total cell events were collected for all samples. Samples with fewer than
1000 cell events in a blast gate defined by CD45 x SSC were considered insufficient for
further analysis. Constitutive phosphorylation of S6 required the finding of >5% of blast
gate events falling in the positive phospho-S6 region defined by comparing PMA and FMO
controls.

Pharmacokinetics

Blood samples (10 mL each) were collected into heparinized tubes in cycle 1 on day 1, on
day 4 prior to perifosine and UCN-01 administration and immediately after completion of
UCN-01 infusion, and on day 5 24 hours after UCN-01 infusion. Additional samples were
collected in cycle 2 and 3 prior and immediately after the end of UCN-01 infusion. Samples
were immediately centrifuged at 10,0009/4°C for 10 minutes, separated plasma was
aliquoted in cryogenic vials and fresh frozen in liquid nitrogen until analysis. Perifosine and
UCN-01 plasma concentrations were determined using previously published reverse-phase
validated high-performance liquid chromatography assays with tandem mass spectrometry
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detection [37,38]. The PK variables of UCN-01 and perifosine were determined by a model
independent approach using WinNonlinv 5.2. Pharmacokinetic variables estimated included
the maximum observed plasma concentrations (Cmax) for UCN-01 and the steady-state
plasma concentrations (Css) for perifosine. The Css was determined by averaging through
concentrations obtained on days 4 and 5.

Statistical analysis

Results

Statistical analyses were restricted to summaries of all data from all treated patients to assess
safety, pharmacokinetics, pharmacodynamics and preliminary responses.

Patient characteristics

Thirteen patients with AML (n=11), ALL (n=1), and MDS (n=1) were treated across three
dose levels (DL1, n=6; DL2, n=4; DL3, n=3). Their characteristics are depicted in Table 1.
The median age of patients was 69 (range, 20-85) years, 10 patients (77%) were white, and
10 patients (77%) were male. They had received median 3 (range, 1-6) prior treatments and,
at the time of enrollment, 11 patients were refractory to the last treatment, including 5 with
primary refractory disease. Except for a single ALL patient with first remission of 15
months, all other patients had first remission of <12 months. Seven patients had AML
arising from AHD and 2 therapy-related AML; six had adverse and 5 intermediate
karyotypes.

Patients received median 1 (range, 1-3) cycle of therapy. Five patients did not complete first
cycle because of progressive disease (3 patients DL1; days 11, 14, 22), drug—related toxicity
(DLT; 1 patient DL3; day 4) and drug-unrelated toxicity (cholecystitis/sepsis; 1 patient DL3;
day 13). To achieve temporary count control, five patients received hydroxyurea for median
5 (range, 3-14) days in the first two weeks of treatment.

Safety profile

Cycle 1 toxicities of UCN-01 and perifosine are listed in Table 2. The most frequent
toxicities were grade 1-2 nausea and diarrhea (62%), vomiting (54%), fatigue and
hyperglycemia (38%), and anorexia (23%). One grade 3 fatigue and one grade 4
hyperglycemia were observed in the same patient on DL3 who experienced other DLTs. No
>grade 3 toxicities were observed at the DLs 1 and 2. Among 6 patients treated at the DL1,
3 patients completed the first cycle and were evaluable for dose escalation. One of those
patients completed almost 3 cycles of therapy before being taken off study due to lower
extremity deep venous thrombosis related to preexisting co-morbidity, while the other two
patients developed progressive disease after cycle 1 and on day 12 of cycle 2, respectively.
No >grade 3 drug-related toxicities were observed in subsequent cycles. Four patients were
treated at DL2. One patient had a delay in UCN-01 administration in cycle 1 (day 10)
because of infection but ultimately completed all therapy. This patient was not evaluable for
dose-escalation, however, the remaining 3 patients completed first cycle of therapy without
any DLTs, including the patient who went on to receive total 3 cycles of therapy. Later one
developed unilateral periorbital inflammation and, in the process of evaluation, died from
intracranial hemorrhage unrelated to study drugs. The other 3 patients progressed after cycle
1. Among 3 patients treated at DL3, 2 experienced DLTs and the third patient stopped taking
perifosine on day 13 because of sepsis unrelated to study drugs. One patient experienced a
DLT on day 4 (after UCN-01 administration) consisting of grade 4 hyperglycemia,
pericardial effusion and tamponade, and grade 3 hyperkalemia, hypotension and
constitutional symptoms such as muscle aches, abdominal pain and fatigue. This patient
recovered but was not given further therapy. While hyperglycemia was attributed to
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UCN-01 based on known clinical experiences (43), the rest of toxicities were attributed to
both drugs. A second patient developed grade 4 dyspnea 48-72 hours after UCN-01
administration requiring brief intubation but his clinical picture was confounded by
simultaneous COPD exacerbation. He went on to complete the first cycle but within 24
hours of stopping the treatment for disease progression, he developed dyspnea and grade 5
pneumonitis, possibly perifosine-related.

Pharmacokinetics, pharmacodynamics and efficacy

Adequate samples for pharmacokinetic analysis on day 4 and 5 were available from 9 of 13
patients. Unfortunately, the majority of patients did not have sampling in cycle 2 and
onward due to early withdrawal for either disease progression or toxicity. The average
maximum plasma concentrations of UCN-01 observed in cycle 1 were 15.8 + 4.1 yg/mL (n
=5) at 40 mg/m?2, 9.3 + 2 pg/mL (n = 2) at 65 mg/m?2, and 13. 2 = 0.7 yg/mL (n = 2) at 90
mg/m2. Due to small sample size and high variability, dose proportionality was not assessed.
Maximum UCN-01 plasma concentrations achieved were in the range of 7.906 to 21.83 pg/
mL (16.4 to 45.27 yM/L), which is consistent with published data [33]. The average steady
state concentration (Css) of perifosine was 4.39 + 2.59 pyg/mL (range, 1.682-9.722 pg/mL)
(n =9), consistent with previous reports [39,32]. The perifosine concentration on day 1 of
cycle 2 in 3 patients was 6.178 + 1.912 pg/mL.

Paired baseline, day 4 (perifosine effect, n=5) and day 21-29 or off study (UCN-01 and
perifosine effect, n=4) samples were analyzed by Western blot for inhibition of Akt
phosphorylation on Ser473, total Akt and p38a MAPK expression. As total Akt levels
varied over time in samples analyzed, Akt phosphorylation alone (or phosphorylation
relative to total Akt) gave misleading results. Given that the expression of total p38a MAPK
was essentially static over time, we selected it as a loading control and thereby used it to
determine relative changes in either total or phosphorylated Akt. As demonstrated in Figure
1a, 4 of 5 baseline samples showed Akt phosphorylation at Ser473. The sample with absent
baseline Akt phosphorylation was obtained from a patient with AML who had 75% blasts in
the BM but aspirate was hemodilute which may affect the results. All other patients had
60-95% blasts in the bone marrow at all the time points with the exception of patient #7 with
MDS and less than 30% marrow blasts. We could not demonstrate any appreciable phospho-
Ser473 Akt inhibition following perifosine (day 4) or perifosine/UCN-01 treatment. In fact,
two patients demonstrated up-regulation of Akt phospho-Ser473 on day 4 (patient #6) and
day 29 (patient #7).

Given the apparent lack of pharmacodynamic effect when measured by Western blot, we
subsequently analyzed samples by fixed blood/marrow phospho-flow cytometry for
inhibition of the ribosomal protein S6, which is a downstream target of Akt. We chose p-S6
as readout due to its greater signal to noise ratio than phospho-Akt in clinical phospho-flow
specimens and its robustness as a surrogate of Akt/mTOR kinase activity. As is typical when
p-S6 is evaluated in normal or malignant blasts, a subset showed constitutive
phosphorylation [40,36]. Baseline percentages of blast events with constitutive p-S6 ranged
from 3.6% to 39%. Among the three subjects with baseline constitutive p-S6 >5%, two
showed a >50% reduction in the percentage of p-S6* blasts (patients #11 and #13), and the
third a <50% reduction on day 4 that was not sustained at day 29 (patient #10), Figure 1b.
Representative data from a subject showing inhibition of p-S6 signal downstream of Akt are
shown in Figure 1c (patient #13).

Among the 11 patients evaluable for response, 3 had early disease progression before
completion of first cycle, 6 had progressive disease after cycle 1, and 2 patients had stable
disease for several months. Of these 2 patients with disease stabilization, one patient (patient
#1) had AML arising from MDS and remained platelet transfusion independent with stable
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blasts (30-40%) in the marrow and rare red blood cell (RBC) transfusion requirements, and
the second (patient #7) with MDS achieved temporary improvement in neutrophil count
>0.5 x 10%/1, BM remission (blasts 11% pre-treatment declined to 2% after cycle 1) and
remained with stable RBC transfusion requirements and stable un-transfused platelet count.
However, both patients were ultimately removed from study after cycle 3 due to drug-
unrelated toxicities. Patient #7, who had sufficient specimen for pharmacodynamic analysis,
demonstrated up-regulation of phospho-Ser473 Akt expression on day 29 by Western blot.

Discussion

Perifosine and UCN-01 affect multiple targets, including inhibiting PI3K-Akt pathway in a
variety of malignant cell types, and such inhibition correlates with cytotoxicity /n vitroand
in vivo in animal models. We report here the results of a phase I trial of UCN-01 and
perifosine in patients with advanced acute leukemias. We defined the MTD of UCN-01 to be
65 mg/m?2 when given over 3 hours with perifosine 600 mg loading followed by 100 mg
maintenance dose. However, this regimen did not demonstrate significant anti-leukemia
activity. In addition to clinical results, we provide pharmacodynamic data suggesting that
Western blot assay may not be sufficiently sensitive method to monitor changes in phospho-
Ser473 Akt inhibition in BM specimens upon treatment. In contrast, direct monitoring of p-
S6 inhibition in leukemia blasts by intra-cellular flow cytometry appears to be more
informative and allows direct examination of malignant cell population. This should be
taken into consideration when new studies with agents targeting this pathway are designed.

Overall, the combination of perifosine and UCN-01 was tolerable until the dose of UCN-01
was escalated to 90 mg/m? when 2 of 3 patients developed DLTs including grade 3/4 cardiac
and metabolic disturbances and grade 5 pneumonitis. The pharmacokinetic parameters in
both of these patients (Cmax UCN-01 of 13.69 and 12.67 ug/ml and Css perifosine of 2.632
and 2.884 pg/ml) did not differ from those observed among other patients treated on this or
previous studies of UCN-01 or perifosine [39,33,32]. Although UCN-01 90 mg/m? given
over 3 hours in combination with carboplatin was found to be safe in patients with solid
tumors [33], patients with advanced leukemia represent a different patient population that is
likely to be more susceptible to hypotension, cytokine release, and cardiopulmonary toxicity
associated with UCN-01 administration. Similar toxicities were also described when AML
patients were treated with continuous infusion of UCN-01 and cytarabine [28]. Thus, the
MTD of UCN-01 given in combination with perifosine (600 mg/100 mg) was determined to
be 65 mg/m?2 with no DLT observed in 4 patients or overall 6 cycles. The most common
toxicities associated with this regimen were grade 1-2 gastrointestinal and constitutional
symptoms occurring at frequency previously reported for perifosine alone [39,32].
Hyperglycemia was manageable on this study with the exception of a single patient
developing dose-limiting hyperglycemia among other DLTSs.

This regimen was not myelosuppressive, leading to frequent disease progression prior to
completion of cycle 1; thus, we did not expand the cohort at MTD as initially planned.
Stable disease for 3 cycles was observed only in 2 patients, both of whom had low blast
percentage in the marrow in the setting of MDS and secondary AML, and in one of whom
temporary improvement in neutrophil count and transient marrow remission was achieved.
Frequent disease progression was also observed when single agent perifosine was given to
19 patients with acute and chronic leukemias in a phase Il study, leading to early study
termination (unpublished data; source Investigator’s Brochure; September 24, 2010; Keryx/
AOI Pharmaceuticals, Inc.). Similarly, only 1 of 13 relapsed/refractory AML patients
achieved remission when treated with UCN-01 and cytarabine [28]. Our results suggest that
combined administration of UCN-01 and perifosine does not have synergistic clinical anti-
leukemia activity.

Invest New Drugs. Author manuscript; available in PMC 2014 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gojo et al.

Page 9

The pharmacokinetics of perifosine and UCN-01 had been extensively characterized in a
number of clinical studies. In our study, we were able to demonstrate that mean Css of
perifosine (4.39 £+ 2.59 pg/mL) and Cmax of UCN-01 (range, 7.906 to 21.83 pg/mL) are
similar to values reported previously for these agents and within their /n vitro bioactive
range [39,33,41,32] Given the small number of patients and high variability, we could not
address dose proportionality of UCN-01. One of the study objectives was to examine
whether perifosine alone or perifosine plus UCN-01 inhibit Akt phosphorylation in clinical
specimens during treatment. We examined changes in phospho-Ser473 Akt which should be
inhibited by both drugs. Although UCN-01 directly targets PDK1 and inhibits phospho-
Thr308 Akt, previous studies on tumor cell lines [42,22] as well as analysis of primary AML
specimens from patients treated on UCN-01 and cytarabine study demonstrated Ser473 Akt
inhibition upon UCN-01 treatment [28]. Unfortunately, we could not consistently document
Ser473 Akt inhibition in marrow specimens obtained from patients after perifosine alone
and perifosine plus UCN-01 using quantitative Western blot measurements (Li-cor
Odyssey). In UCN-01 plus cytarabine study the changes in phospho-Ser473 Akt in leukemia
specimens were expressed relative to total Akt; however, we observed substantial variation
in total Akt levels over time, suggesting that phospho-Ser473 to total Akt ratio may be
misleading. This can potentially explain disparate observations among studies. Given these
results which could in part reflect heterogeneity of the sample cell population and/or lack of
sensitivity of the assay and in an attempt to obtain more consistent results, we next
examined the phosphorylation status of the ribosomal protein S6 using phospho-specific
flow cytometry. The validity of this assay in monitoring the /n vivo effects of mMTOR
inhibition by rapamycin in primary AML blasts has been recently demonstrated by our
group [36]. S6 is abundantly expressed in normal and malignant cells and its
phosphorylation is mediated by the p70S6 kinase, a downstream target of Akt via mTOR.
Inhibition of p70S6K has been demonstrated upon perifosine (2-10 uM) treatment of
leukemia cell lines [24]. Two of the three subjects with baseline constitutive signaling
through S6 showed down regulation of this downstream Akt target and one more modest
reduction in phosphorylation. Although technical limitations cannot be excluded, the
observation that 1 in 4 patients did not show demonstrable baseline p-S6 is consistent with
observations in relapsed/refractory AML (n=50) using identical flow cytometric cell
processing methods (AE Perl, unpublished). This finding may ultimately lead to selection
for signal transduction inhibitors therapy based upon demonstration of target activation. The
lack of clinical efficacy of the regimen made it impossible to correlate the magnitude of
signal disruption with response. Still, target inhibition was submaximal in all but one subject
at the dose level that is not clinically tolerable for this drug combination. It is therefore
possible that drugs targeting Akt could achieve more marked efficacy were they to achieve
more substantial degrees of target inhibition and/or reductions in downstream signaling.
Given that both perifosine and UCN-01 affect multiple intracellular targets beside Akt, it is
possible that novel more selective Akt inhibitors [43-46] might exhibit a wider therapeutic
index in this setting.

In summary, perifosine and UCN-01 (<65 mg/m?/3 hours) are tolerable but not effective in
patients with acute leukemia. Our approach may have failed because of insufficient Akt
inhibition /n vivo and/or need to simultaneously inhibit multiple pathways to achieve anti-
leukemia effect. Response to perifosine in clinical studies appears to correlate with high
baseline phospho-Akt expression or with the presence of PI3K-Akt pathway mutation in
tumor cells [47-49,27]; thus, future studies should aim to select for this patient population.
However, given the lack of efficacy of perifosine alone in leukemia patients, this approach
should be explored using novel more selective Akt pathway inhibitors whether alone or in
combination with chemotherapy or agents targeting other key survival pathways in leukemia
cells. More sensitive assays to monitor /n7 vivo effects such as intracellular phospho-flow
cytometry or protein arrays are warranted.
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Serial P-S6 expression in leukemia blasts by intracellular flow cytometry
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Fig 1. Thein vivo effects of perifosine and UCN-01 in leukemia cells

a Western blot shows phospho-Ser473 Akt and total Akt expression among purified
mononuclear cells collected from marrow or blood on indicated treatment days. P38 MAPK
is shown to ensure equal protein loading. b Table demonstrating the % of leukemia blasts
with constitutive p-S6 expression on day 1 and following treatment on days 4 and 29 as
measured by intracellular flow cytometry. ¢ Fixed, unfractionated peripheral blood sample
from subject #13 shows alterations in S6 phosphorylation downstream of Akt induced by
perifosine monotherapy. Lymphoblasts and lymphocytes are discriminated by CD45 antigen
density and granulocytes by side scatter. In top right, controls for S6 basal phosphorylation
are established by comparing fully stained samples to that of samples lacking pS6 antibody
(fluorescence minus one, FMQ). PMA stimulated blasts occupy the positive gate, while
unstimulated lymphocytes serve as an internal negative control for both CD34 and p-S6
staining. The two bottom panels show blast gate events at baseline and on day 4 of therapy.
The percentage of gated events in each region is indicated, illustrating a >50% reduction in
+p-S6 events by day 4.

Invest New Drugs. Author manuscript; available in PMC 2014 October 01.



Page 15

Gojo et al.

Invest New Drugs. Author manuscript; available in PMC 2014 October 01.

asdejal , . JluedsiH
ST KIowe31 4 AX ‘o 71V g-8d z UM N 8¢ € €T
(otbzT)!1
qu  Aowewa e dzDep  wavezesaw 1 R W w e @
: “(czb)1op ‘AX ‘Lt :
S osdeas - (olfe) 1= 'XX ‘St TNV onou 3p 0 M 4 89 € 1T
SO EITEY] ¥ :
9 asdejplsT T ., (EbTDIep TNV 0 MM W 9 oz 0T
(TT:6)1 ‘AX ‘OF ;
asdejal . -
g Aloweal € AX ‘9 ANY.Z — SANW 1 Yoelg N T9 Z 6
qu  MOREMAL o (etbeep AX 9y TAV.Z-SAW T amwm W 9z 8
SO EITEY] .
/U Arewnid T AX ‘o Z-U1 SSdI/93avy 1 SHYM N v Z L
6 asdefa) 9 (ODnur NV 1 M 4 v T 9
Kioyoeual ‘(Seby)ppe'XX ‘9F :
. asde|al (de)19p uelpu|
v Kioyoessel v (T2:8N 'AX 'op N onouep 0 ueoppwy W 0¢ T S
Kiooeuyal . -
e/u Arewnid T XX ‘9% TAV.Z ~ NdIN 0 3NYM 4 S8 T 4
asde|al —— -
L Aloweal z 8+ ‘AX ‘Lt ANY.Z — SANW 0 aNYM N 89 T €
Aioyoeuyal (b2)19p -
e/ Krewiid T {TZEN AX ‘Y ANY.2 — SANW Z SNYM N 69 T z
L asdeyal pyg € ST+ 'AX 'Lt TAV.Z ~ SAN T alym N s T 1
(sow)
sneis (u) xd Sd pre
:ow__m_bw_ oseas 1] 011d adA10A ey asessIq 95003 aoey XS oaby 0Q #1d
SOIIS1I91oRIRYD JUBITRd
T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Gojo et al.

Table 2

Treatment-related adverse events (CTCAE version 3.0)

DLL(N=6) | DL2(N=4) | DL3 (N=3) | AnlbLs(N=13
Adverse events
Gr 1-2 | Gr 34 | Gr 1-2 | Gr 3-4 | Gr 1-2 | Gr 3-4 | Gr5 | All toxicities

Nausea 6 (100%) 1 (25%) 1 (33%) - - 8 (62%)
Diarrhea 6 (100%) 1 (25%) 1 (33%) - - 8 (62%)
Vomiting 5 (83%) 1 (25%) 1 (33%) - - 7 (54%)
Fatigue/Weakness 3 (50%) 1 (25%) - 1(33%) - 5 (38%)
Hyperglycemia 1(17%) 2 (50%) 1(33%) | 1(33%) - 5 (38%)
Anorexia 2 (33%) 1 (25%) - - - 3 (23%)
Constipation 1(17%) 1 (25%) - - - 2 (15%)
Hypotension - 1 (25%) - 1(33%) - 2 (15%)
Hypokalemia 1 (17%) - - 1 (33%) - 2 (15%)
Elevated AST 1 (17%) - 1 (33%) - - 2 (15%)
Elevated ALT 1 (17%) - 1 (33%) - - 2 (15%)
Pneumonitis - - - - 1 (33%) 1(8%)
Dyspnea - - - 1(33%) - 1 (8%)
Pericardial

effusion/tamponade - - - 1(33%) - 1 (8%)
Sepsis - - - 1(33%) - 1 (8%)
Feeling poorly - - - 1(33%) - 1 (8%)
Muscle aches - - - 1(33%) - 1 (8%)
Abdominal pain - - - 1(33%) - 1 (8%)
Hyperkalemia - - - 1(33%) - 1 (8%)
Leukopenia - - - 1(33%) - 1 (8%)
Thrombocytopenia - - - 1(33%) - 1 (8%)
Anemia - - - 1(33%) - 1 (8%)
Lethargy - 1 (25%) - - - 1(8%)
Weight loss - 1 (25%) - - - 1 (8%)
Mucositis 1(17%) - - - - 1 (8%)
Hypoalbuminemia 1 (17%) - - - - 1(8%)
Dizziness - - 1 (33%) - - 1 (8%)
Rigors/chills - - 1 (33%) - - 1 (8%)
Fever - - 1 (33%) - - 1 (8%)
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