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Abstract

Objective—Evaluate safety/tolerability/efficacy of MK-8242 in subjects with refractory/
recurrent AML.

Methods—MK-8242 was dosed p.o. QD (30-250 mg) or BID (120-250 mg) for 7on/70off in 28-
day cycle. Dosing was modified to 7on/140ff, in 21-day cycle (210 or 300 mg BID).

Results—26 subjects enrolled (24 evaluable for response); 5/26 discontinued due to AEs. There
were 7 deaths; 1 (fungal pneumonia due to marrow aplasia) possibly drug-related. With the 7on/
7off regimen, 2 subjects had DLTs in the 250 mg BID group (both bone marrow failure and
prolonged cytopenia). With the 7on/140ff, no DLTs were observed in 210 mg BID or 300 mg BID
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(doses >300 mg not tested). Best responses were: 1/24 PR (11 weeks;120 mg QD, 7on/70ff); 1/24
CRi (2 weeks;210 mg BID, 7on/140ff); 1/24 morphologic leukemia-free state (4 weeks; 250 mg
BID, 7on/70ff). PK on Day7 at 210 mg BID revealed AUCq_12r 8.7 UM*hr, Cipax 1.5 UM (n=5,
Tmax, 2-6 hr), T1/2 7.9 hr, CLg/F 28.8 L/hr, and V¢¢/F 317 L.

Conclusions—The 7on/14off regimen showed a more favorable safety profile; no MTD was
established. Efficacy was seen using both regimens providing impetus for further study of HDM2
inhibitors in subjects with AML.

Keywords
Human Double Minute 2 Inhibitor; MK-8242; Acute Myelogenous Leukemia; p53; Phase |

1. Introduction

Acute myelogenous leukemia (AML) is the most common form of myeloid leukemia, with
an overall incidence rate of approximately 4.0 cases per 100,000 persons and a median age
of onset of 67 [1, 2]. It is a clonal hematopoietic stem cell disorder with the accumulation of
poorly differentiated progenitor cells that fail to respond to the normal regulators of
proliferation and differentiation [3]. When left untreated, this uncontrolled hematopoietic
proliferation generally leads to rapid death due to cellular infiltration of the bone marrow
and organs, leading to bleeding and infection [4, 5].

In patients younger than 60 years, treatment of AML typically consists of cytotoxic
chemotherapy with a general cure rate of 35-40% depending on the cytogenetic
classification [5]. In contrast, standard chemotherapy produces a similar outcome in only 5—
15 % of older patients, primarily because of their inability to tolerate intensive treatment and
their generally higher risk disease features [4, 5]. Treatment of older or frail patients usually
involves supportive care, low-dose cytarabine and hypomethylating agents; however, no
consensus treatment algorithm exists for this difficult to treat population [5, 6].
Unfortunately, treatment outcomes in older patients who are unable to receive intensive
chemotherapy are extremely poor, with a median survival of 5 to 10 months [6]. For the
majority of treated AML patients who achieve remission, relapse will occur within 3 years
of the initial diagnosis [4, 7]. In general, the prognosis for AML patients following disease
relapse is poor and the treatment options are unsatisfactory [6, 8—11]. Therefore an urgent
unmet medical need exists for the development of new AML therapies, particularly in older
and relapsed patients.

The transcription factor p53 is a powerful tumor suppressor that plays a critical role in
maintaining genomic stability and protecting against malignant transformation [12]. Nearly
50% of all human cancers harbor loss of function mutations in the p53 gene [13]. However,
the frequency of p53 mutations in hematologic cancers is low with only 3-8% of AML cases
demonstrating a detectable p53 mutation [14]. Even in the presence of wild type p53, other
aberrations can deleteriously influence the function and activity of p53, including over-
expression of negative regulators [15]. The interaction of p53 with one such negative
regulator, murine double minute 2 (MDMZ2; sometimes called HDM2 for its human analog),
normally plays a central role in controlling the cell cycle by arresting p53 function [16].
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HDMZ2 directly binds to p53 thereby inhibiting its transcriptional activity and mediating its
ubiquitination and subsequent degradation [17]. Additionally, inactivation of the p53
pathway by HDM2 overexpression allows cancer cells to avoid p53-driven apoptosis in
response to treatment with cytotoxic agents and radiation therapy. In cancer cells, the tight
control of the HDM2:p53 protein-protein interaction is disrupted, thereby minimizing the
tumor-suppressive activities of HDM2 on p53 and promoting a cell growth advantage [12].
These data collectively support the notion that HDM2 inhibition may hold promise as a
potential anti-cancer therapeutic strategy in a wide variety of human malignancies, either
alone or in combination with traditional chemotherapy, by restoring normal p53 function
[18].

Prior research has shown that HDM2 over-expression, frequently resulting from increased
mMRNA expression rather than gene amplification, is a signature associated with certain
malignancies including AML [19-23]. Furthermore, leukemia cells over-expressing HDM2
are often resistant to conventional therapy resulting in a poor overall prognosis [24]. Taken
together, these findings suggest that HDM2 inhibitors may be effective in patients with
AML as well as other types of cancer. Indeed, small molecule HDM2 inhibitors have shown
significant activity in animal models of leukemia and in preclinical experiments using
patient AML cells and leukemic cell lines [25, 26]. Given these promising preclinical
results, several HDM2 inhibitors have progressed to clinical evaluation in patients with
AML and other hematologic malignancies (NCT02319369, NCT02098967, NCT02545283,
NCT02319369; NCT02143635) [27].

MK-8242 (otherwise known as SCH 900242) is a potent, orally bioavailable, small-molecule
inhibitor of the HDM2:p53 protein-protein interaction. MK-8242 has an 1Csq value as low as
20 nM resulting in growth arrest and cell death [28]. This report describes the results of a
Phase I clinical dose-ranging study designed to establish the recommended phase 2 dose
(RP2D) of MK-8242 based on safety, tolerability and pharmacokinetics (PK) in adult
patients with refractory or recurrent AML. Other objectives of this study were to determine
the complete response (CR) rate, the complete response with incomplete platelet recovery
(CRi) [29], and the duration of response following treatment with MK-8242.

2. Methods
2.1. Study design

This was a multi-center, non-randomized, open-label, 2-part (dose escalation and
confirmation) study (Study Sponsor: Merck & Co., Inc., Kenilworth, New Jersey; Clinical
Protocol MK-8242-005; wwuw.clinicaltrials.gov NCT01451437) conducted between
December 2011 and September 2014. The study was terminated in June 2014 by the
Sponsor for reasons unrelated to safety (i.e., reprioritization of oncology portfolio) and only
the monotherapy cohort (i.e., Arm A, Part 1) was enrolled.

2.2. Treatments

MK-8242 was initially dosed p.o. either QD (30 mg-250 mg) or BID (120 mg-250 mg) for 7
days on/7 days off (7 on/7 off) in a 28-day cycle (Fig. 1A). To improve the safety/tolerability
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profile of myelosuppression with prolonged cytopenia and infection, the dosing schedule
was later modified to 7 on/14 off in a 21-day cycle (210 mg or 300 mg BID) (Fig. 1B).

Subjects were initially enrolled in cohorts of single subjects and treated at accelerated,
escalating dose levels of MK-8242 as per Simon et al. [30]. When =1 dose-limiting toxicity
(DLT) occurred at a particular treatment level, escalation was converted to a modified 3+3
design [31]. When =1 subject at a given dose level experienced a Grade 2 or greater adverse
event (AE) that did not meet DLT criteria and was not clearly attributable to another cause,
the level was expanded to 3 subjects. If no additional Grade 2 or greater AEs occurred,
escalation continued with the accelerated design. If at any time =2 subjects out of 3
experienced a Grade 2 or greater AE that was not clearly attributable to another cause, dose
escalation converted to a 3+3 design for the remainder of the study. In Part 1, monotherapy
escalation continued until a preliminary maximum tolerated dose (MTD) was identified.
Patients continued to receive treatment until withdrawal criterion was met or up to 4 cycles
of study treatment was received with additional cycles allowed at the Investigator’s/
Sponsor’s discretion.

Each subject provided written informed consent prior to the conduct of any study
procedures. The study protocols were approved by the Ethics Review Committees for the
individual study centers. The study protocols were conducted in accordance with the
guidelines on good clinical practice and with ethical standards for human experimentation
established by the Declaration of Helsinki.

2.3. Eligibility criteria

Eligible patients were aged =18 years with a diagnosis of refractory or recurrent AML. They
had to have an Eastern Cooperative Oncology Group (ECOG) performance status <2 with
adequate organ function (creatinine <1.5 upper limit of normal [ULN] or calculated
creatinine clearance =60 mL/min, total bilirubin <1.5 ULN aspartate aminotransferase/serum
glutamic-oxalecetic transaminases and alanine aminotransferase/serum glutamic-pyruvic
transaminases (SGPT) <3 x ULN) and were ineligible for standard therapy. Subjects
enrolled in the 3+3 escalation portion of Part 1 were required to have a confirmed WT p53
status (as per Roche Molecular Systems AmpliChip p53 Assay). Significant exclusion
criteria included: active malignancy other than AML; history of leptomeningeal leukemia
requiring intrathecal therapy; myelodysplasic syndrome (Part 1, only); isolated
extramedullary leukemia without meeting bone marrow criteria for AML; diagnosis of AML
blast crisis of chronic myelogenous leukemia; bone marrow transplant with active graft-
versus-host disease or who received immunosuppressive therapy.

Patients could be withdrawn from the study for failure to comply with the study
requirements, pregnancy, disease recurrence or progression, dose delay >2 weeks,
intercurrent illness preventing further administration of treatment, unacceptable AEs not
manageable by symptomatic therapy, or a serious or life-threatening AE. A subject who
discontinued from the study was allowed to be replaced if they did not complete the
evaluation period for DLTs in Cycle 1 for reasons other than study treatment-related toxicity.
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Dose delays of up to 14 days were allowed for any =Grade 3 hematologic AE not clearly
attributable to underlying disease. In addition, dose delays were allowed for >Grade 3 non-
hematologic AE not clearly attributable to underlying disease or another cause, and persist
beyond 72 hours following maximal supportive care. Subjects were assessed weekly until
the AE resolved.

2.4. Study endpoints

The primary safety endpoint was to identify DLTs and establish the RP2D. Other safety
endpoints included AEs, laboratory safety assessments, ECOG performance status,
electrocardiograms (ECGSs), vital signs and physical examinations. All laboratory
assessments were performed on-site. Pre-specified AEs of clinical interest associated with
AML included myelosuppression, neutropenia, thrombocytopenia, fever, infection, bleeding,
and fatigue.

The primary efficacy endpoint was to find the percentage of evaluable subjects with
clinically relevant responses including CR, or CRIi, as defined by Cheson et al. at the RP2D
[29]. Other endpoints included AEs and laboratory safety assessments; CR and CRi rates at
dose levels other than RP2D; and duration of CR and CRi response.

2.5. Study assessments

AEs were graded according to the National Cancer Institute (NCI) Common Toxicity
Criteria for Adverse Events (CTCAE) version 4.0. A DLT was any =Grade 3 non-
hematological toxicity considered drug-related during Cycle 1, except: (1) infection, fatigue,
anorexia or alopecia; (2) Grade 3 nausea, vomiting, diarrhea or dehydration responsive to
treatment (i.e., resolving <72 hours with maximal supportive care); (3) any >Grade 3
toxicities not related to an underlying disease or another event.

A hematological DLT was defined as neutropenia and/or thrombocytopenia (i.e., neutrophil
count <500 mm? and/or platelet count <25,000 mm3) observed in Cycle 1 by Day 42 or Day
35 for the 7 on/7 off and 7 on/14 off schedules, respectively, and lasting >6 weeks in the
context of no morphological evidence of recurrent or residual acute leukemia at Day 28 (i.e.,
bone marrow blasts <5% and no clusters of blasts).

The preliminary MTD was the dose at which the percentage of subjects experiencing a DLT
was less than 33%. Dose escalation in Part 1 was scheduled to continue until an MTD was
established at which point dose confirmation in Part 2 was scheduled to begin followed by
response assessment.

Physical examinations, ECGs, vital signs, urinalysis, blood chemistry and laboratory safety
test were performed. AEs were followed for =230 days following the administration of the
last dose of study therapy. Subjects who were discontinued from the study due to AEs were
followed until resolution or stabilization of the AE. Bone marrow biopsies and aspirates for
p53 status were shipped to assigned laboratories for analysis.

The PK profiles of MK-8242 and M16 (a metabolite of MK-8242 with similar /in-vitro
potency) were characterized following oral administration of multiple doses of MK-8242
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during Cycle 1. Blood samples for the determination of plasma MK-8242 concentrations
were collected from each subject pre-dose and at Days 1, 6, 7 and 8 post-dose following
administration of MK-8242 in Cycle 1. These samples were collected in chilled 6 mL K,
EDTA vacutainers and were centrifuged between 1000-1300 RCF (x g) at 4°C for 15
minutes, and stored at —20°C or colder until analysis. Plasma samples were analyzed for
MK-8242 using a validated assay liquid chromatography—mass spectrometric assay with a
lower limit of quantitation of 20 ng/mL and an analytical range of 20 to 20000 ng/mL.

2.6. Response methodology

Bone marrow aspirates and biopsies were obtained monthly for Cycles 2—4, then every other
cycle, until the discontinuation visit. If the morphologic result was ambiguous, a second
bone marrow examination was performed one week later. Responses were evaluated
following Cycle 1 according to the International Working Group criteria adapted from
Cheson et al. for CR, CRIi, and partial remission (PR) [29].

Briefly, the designation of morphologic leukemia-free state required less than 5% blasts in
an aspirate sample with marrow spicules and with a count of at least 200 nucleated cells.
There could not be any blasts with Auer rods or persistence of extramedullary disease. The
presence of a unique phenotype (by flow cytometry) identical to that found in the
pretreatment specimen (e.g., CD34, CD7 coexpression) was considered persistence of
leukemia. CR was defined as a morphologic leukemia-free state with a neutrophil count
>1,000/uL, a platelet count >100,000/uL, no extramedullary disease, and red blood cell
transfusion independence.

For CRIi, subjects had to fulfill all of the criteria for CR except for residual neutropenia
(<1,000/uL), thrombocytopenia (<100,000/uL), or red blood cell transfusion dependence.
PR was defined as a >50% decrease in bone marrow blasts to 5% to 25% in the bone
marrow. A value of <5% blasts was also considered a PR if Auer rods were present. A
determination of PR required a neutrophil count >1,000/uL, a platelet count =100,000/uL,
and no extramedullary disease. Disease progression was defined as an increase of 50% or
more in bone marrow or circulating blasts, new development of circulating blasts on at least
2 consecutive determinations, or development of extramedullary disease. Relapse was
defined as a reappearance of leukemic blasts in the peripheral blood or >5% blasts in the
bone marrow not attributable to any other cause (e.g., bone marrow regeneration) following
the determination of CR. The appearance of new dysplastic changes also was considered a
relapse. Stable disease was defined as any disease state not meeting the criteria for CR, CRIi,
PR, disease progression, or relapse.

2.7. Statistical analyses

Safety and tolerability were assessed by clinical review of all relevant parameters including
AEs, laboratory tests, vital signs, and ECG measurements. Toxicities were recorded
according to NCI-CTCAE 4.0 and summarized by dose level. The number and percentage of
DLTs in each dose level were provided. AEs were summarized as counts and frequencies for
each dose level. Laboratory assessments, vital signs, and other safety endpoints were
summarized as appropriate.
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MK-8242 PK parameters were estimated and summarized by dose level using descriptive
statistics in Parts 1 and 2. The following MK-8242 PK parameters were estimated:
maximum observed plasma concentration (Cyax), area under the plasma concentration time
curve (AUC), time of maximum observed plasma concentration (Tmax), accumulation ratio
(R), and if feasible, apparent terminal half-life (t;/,), apparent total body clearance (CL/F),
and volume of distribution (\Vd/F). For all PK parameters except Tmax, the geometric mean
and coefficient of variation (median and range for T,x) Were calculated at each dose level.
To assess dose proportionality, the power model at a 90% confidence interval was applied to
log-transformed PK parameters. The geometric mean accumulation ratio from Day 1 to Day
7 was measured using AUCg_o4p for QD dosing, or AUCq.12n, for BID dosing.

3.1. Subject characteristics

At the time of trial termination, 26 subjects (all with AML) had been enrolled in Arm A,
Part 1 and received study treatment across 9 dose levels. Subject characteristics are
summarized in Table 1. The median age was 66 years (range: 29-81) and the majority of
subjects were males (77%). Per the study inclusion criteria, all enrolled patients were
diagnosed with recurrent or refractory acute myelogenous leukemia (AML) at study entry
(N=26; Supplementary Table 1). Three (3/26=12%) patients in this study had been
previously diagnosed and only once treated for AML, excluding the current recurrence that
led to study entry. All 3 of these patients had ‘progressive disease’ as their best response
prior to entering the study. Of the patients with multiple prior recurrences of relapsed/
refractory AML, 13 (57%), 7 (30%), 2 (9%), and 1 (4%) patients had 1, 2, 3 and 6 previous
recurrence(s) of disease, respectively, excluding the current recurrence that led to study
entry. A total of 23 (23/26=89%) enrolled patients had genetic testing performed at baseline
to determine WTp53 status. Of the enrolled patients with genetic testing, 7 (30%) were
confirmed positive for WT p53 and 16 (70%) had abnormal genetic findings (i.e., p53
mutations).

3.2. Subject disposition and treatment exposure

All 26 subjects discontinued from the study early, with 14 (54%) discontinuing due to
progressive disease, 5 (19%) discontinuing due to AEs and 7 (27%) due to other reasons, 4
subjects (15.4%) discontinuing due to the physician’s decision, 2 subjects (7.7%)
discontinuing due to withdrawal of consent, and 1 subject (3.8%) discontinuing due to a
protocol violation (concomitant treatment with an antineoplastic agent; Table 2). Overall,
subjects received a median of 1 treatment cycle (range: 1 to 7) with a median of 21.0 days on
therapy.

3.3. Overall AE summary

All subjects had =1 AE, with 18 (69.2%) of all subjects experiencing =1 drug-related AE of
any grade (Supplementary Table 2). Commonly-reported, drug-related AEs of any grade
included diarrhea (23.1%), nausea (42.3%), vomiting (34.6%), fatigue (19.2%), and
decreased appetite (23.1%). All were Grades 1- 2, except one Grade 3 fatigue. Nausea

Leuk Res. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ravandi et al.

Page 8

occurred more frequently in subjects dosed BID 10/20 (50.0%) versus those dosed QD 1/6
(16.7%). All of these AEs were considered expected for MK-8242.

Sixteen subjects (61.5%) experienced an SAE; only 2 (7.7%) were considered to be drug-
related. One subject, dosed at 210 mg BID, experienced Grade 3 atrial fibrillation and Grade
2 acute renal failure. The other subject, dosed at 250 mg BID, experienced a DLT of bone
marrow failure (Grade 4) associated with Grade 5 fungal pneumonia, Grade 4 febrile
neutropenia, Grade 3 Escherichia infection, and Grade 2 cellulitis.

In total, 7 deaths occurred within 52 days (range, 20-52 days) after the first dose of
MK-8242, including 5 deaths in the 7 on/7 off dosing schedule and 2 deaths in the 7 on/14
off schedule. The most frequently reported causes of death were respiratory-related (4; i.e., 3
pneumonia and 1 respiratory failure) followed by AML progression (2) and sepsis (1). One
death (i.e., fungal pneumonia due to marrow aplasia) was reported to be drug-related.

Five (19.2%) subjects experienced =1 Grade 3-5 drug-related AE, including 2 (1 each in the
120 mg QD and 250 mg BID dose groups) in the 7 on/7 off dosing schedule and 3 (2 in the
210 BID and 1 in the 300 mg BID dose groups) in the 7 on/14 off schedule (Table 3).

3.4. DLT summary

Subjects were initially treated at 30, 60, 120, and 250 mg QD and at 120, 170, and 250 mg
BID, using a 7 day on/7 day off dosing schedule in a 28-day treatment cycle. Hematological
DLTs occurred in 2 out of 3 patients who were enrolled in the 250 mg BID group (Grade 4
bone marrow failure and Grade 1 bone marrow failure with prolonged cytopenia which met
the hematologic DLT criteria; Supplementary Table 3) which was dosed above the MTD as
defined by the study protocol. The trajectory of decreases in peripheral blood counts in these
patients suggested that Cycle 1, Day 14 was likely at or near the nadir. Re-dosing MK-8242
on Cycle 1 Day 15 could have reintroduced toxicity prior to potential recovery. Holding the
Day 15 dose and re-dosing on Day 21 (i.e. 7 days on/14 days off) was expected to result in
less hematologic toxicity and a greater likelihood of recovery. Unpublished data from
subjects with advanced solid tumors enrolled in a separate study, which utilized BID dosing
and a 7 days on/14 days off dosing schedule in a 21-day treatment cycle, provided additional
support for this hypothesis. Therefore the dosing schedule was changed to a 7 day on/14 day
off schedule in a 21-day treatment cycle. After switching to the 7 on/14 off schedule, no
DLTs were observed for the 210 mg BID or 300 mg BID groups (doses above 300 mg not
tested). No MTD was established for 7 on/14 off dosing schedule.

Since doses above 300 mg BID were not tested in this study (unrelated to safety), a RP2D
for MK-8242 monotherapy could not be established utilizing the 7-day on/14-day off dosing
schedule.

3.5. Hematologic response rates

Bone marrow biopsies were available for 24/26 (92%) subjects in this study; however, 2
subjects did not have Day 28 and Day 42 bone marrow biopsies due to medical reasons.
Across both dosing schedules, the best responses were as follows: 1 PR observed after 11
weeks of treatment (4%; 120 mg QD, 7 on/7 off) with a response duration of 113 days (i.e.,
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this patient had a diagnosis of refractory AML and was confirmed positive for WT p53 at
baseline); 1 CRi observed after 2 weeks of treatment (4%; 210 mg BID, 7 on/14 off) with a
response duration of 51 days (i.e., this patient had a diagnosis of recurrent AML and was
confirmed positive for WT p53 at baseline); 1 morphologic leukemia-free state after 4 weeks
of treatment (4%; 250 mg BID, 7 on/7 off) with a response duration of 22 days (i.e., this
patient had a diagnosis of recurrent AML and had an unknown genetic status at baseline).

3.6. Pharmacokinetics

The PK profiles of MK-8242 and M16 (a metabolite of MK-8242 with similar /in vitro
potency) were characterized on Days 1 and 7 (Fig. 2, Table 4 and Supplementary Table 4).
On Day 7 (following 7 days of dosing) across all treatment arms, the median Tax range was
1.6 to 4.6 hr for MK-8242, and 2.0 to 4.8 hr for M16; and geometric mean half-life range
was 4.6 to 10.3 hr for MK-8242, and 3.8 to 9.7 hr for M16. The 210 mg BID dose revealed a
geometric mean AUCq.1onr Of 8.7 uM*hr, Cpax 0F 1.5 UM (n=5, Tmax, 2-6 hr), ty» of 7.9 hr,
CLg/F of 28.8 L/hr, and V/F of 317 L. Moderate to high inter-subject variability in AUC
and Cyax Was observed, as measured by the coefficient of variation (CV).

The daily exposure target of MK-8242 was established in the preclinical xenograft model as
25.0 pM*hr. On Day 7, there were no doses for which the geometric mean projected daily
exposure of MK-8242 or M16 was greater than the daily exposure target. On Day 7
following 7 days of dosing and across all treatment arms, the geometric mean projected
daily exposure (based on geometric mean AUCq_p4p, for QD dosing, or 2x geometric mean
AUC.12p, for BID dosing) range was 515 to 20200 nM*hr for MK-8242, and 37.1 to 11000
for M16. The geometric mean projected daily exposure of MK-8242 + M16 was greater than
the target exposure for doses of 210 mg BID (27.5 uM*hr), 250 mg BID (25.5 pM*hr), and
300 mg BID (28.3 uM*hr). On Day 7, the projected daily exposure increased in a supra-
proportional manner with respect to the total daily dose for MK-8242, M16, and their sum.
The geometric mean accumulation ratio range across all treatment arms was 0.63 to 1.33 for
MK-8242, and 1.77 to 3.11 for M16.

4. Discussion

In this study, MK-8242 was initially administered orally either QD or BID across 7 dose
levels ranging from 30 mg to 250 mg using a 7-day on/7-day off dosing schedule in a 28-day
cycle. Following the observation of hematologic toxicities, the dosing schedule was
subsequently modified whereby MK-8242 was administered orally at 250 mg and 300 mg
BID using a 7-day on/14-day off schedule in a 21-day cycle. A limited number of cycles
were administered (median of 1) to patients in this study primarily due to either disease
progression or complications related to treatment. A total of 2 DLTs out of 3 patients were
observed at the 250 mg BID dose using the 7-day on/7-day off schedule. The observed DLTs
were bone marrow failure with associated prolonged cytopenia (i.e., Grade 4 bone marrow
failure and Grade 1 bone marrow failure with prolonged cytopenia which met the
hematologic DLT criteria). No DLTs were observed at the 210 mg BID and 300 mg BID
dosing levels using the 7-day on/14-day off dosing schedule in a 21-day treatment cycle
(doses above 300 mg not tested). The results of this study show that treatment with
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MK-8242 as monotherapy had an acceptable safety and toxicity profile. The modified 7-day
on/14-day off schedule demonstrated a more favorable safety profile compared to the 7-day
on/7-day off schedule; however, an MTD was not established for the 7-day on/14-day off
schedule. Thus, a RP2D was not identified in this study.

Overall, the pattern of toxicity seen in this study was consistent with previous findings of
another HDMZ2 inhibitor[32] and included gastrointestinal toxicities, particularly diarrhea,
nausea, vomiting, as well as hematologic toxicities, which included neutropenia and
thrombocytopenia. Most of the commonly reported, drug-related AEs observed in this study
were less than Grade 3 and manageable. However, there were instances of Grade 3-5
hematologic SAEs consisting of bone marrow failure, leukopenia, febrile neutropenia,
neutropenia and thrombocytopenia (all occurring in 2 patients at the 250 mg BID dose using
the 7-day on/7-day off schedule). One drug-related death of fungal pneumonia occurred in a
subject who also experienced a Grade 4 DLT of bone marrow failure at the 250 mg BID
dose using the 7-day on/7-day off schedule. The hematologic AEs and infections seen in this
study are common and expected in patients with advanced AML, thus rendering it difficult
to distinguish between those that may have been due to the drug and those related to
underlying leukemia. In addition, 1 subject had a Grade 3 drug-related AE of atrial
fibrillation. Atrial fibrillation also was reported in a modest proportion of patients (~10%)
treated with another clinically tested HDMZ2 inhibitor [32]. The mechanism(s) underlying
the potential anti-rhythmic effects of MDMZ2 inhibitors is unclear and has not been reported
widely in the literature. A knockout study in mice showed that full ablation of MDM2 gene
induces cardiomyocyte loss resulting in embryonic lethality [33]. In the case of ibrutinib
(another small molecule inhibitor), the proposed mechanism of cardiotoxicity involves
possible inhibition of cardiac PI3BK-AKT signaling [34, 35]. It is possible that MK-8242 and
other similar compounds also may inhibit cardiac muscle enzymes and signaling molecules.

Pharmacokinetic analysis revealed that MK-8242 and its bioactive metabolite, M16,
exhibited non-linear Kinetics in that the increase in exposure with respect to dose was supra-
proportional (i.e., greater than linear). Neither MK-8242 nor M16 individually met the
preclinically established daily exposure target at any dose tested in this study; however, the
sum of MK-8242 and M16 exceeded the target for doses of 210, 250, and 300 mg BID.

The preliminary assessment of efficacy in this study demonstrated modest single-agent
activity of MK-8242 in patients with very advanced AML. All patients had recurrent or
refractory disease at study entry, with refractory disease being the most common, and the
median age was 62 years. Among 26 evaluable patients, 3 experienced an objective response
following treatment with MK-8242 monotherapy according to IWG criteria. The best
responses included 1 PR after 11 weeks (120 mg QD, 7on/70ff) in a patient diagnosed with
refractory AML and confirmed positive for WT p53; 1 CRi after 2 weeks (210 mg BID, 7on/
140ff) in a patient diagnosed with recurrent AML and confirmed positive for WT p53; and 1
morphologic leukemia-free state after 4 weeks (250 mg BID, 7on/70ff) in a patient
diagnosed with recurrent AML and an unknown genetic status at baseline. The limited
clinical activity seen in this study may be due to the generally more advanced disease state
of the study population and limited number of treatment cycles. It is unclear if MK-8242
might show greater efficacy in less heavily pre-treated or younger patients, longer duration
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of treatment, or when administered in combination with other traditional chemotherapeutic
agents.

MDM2 Inhibitors have been shown to have an acceptable tolerability profile in preclinical
studies with normal cells showing less susceptibility toward drug-induced death compared
with cancer cells [36-38]. However, given the adverse events seen in this and other clinical
studies the preclinical findings may not be fully predictive of the human toxicity profile. In
addition, previous /n vitro reports showed that non-genotoxic HD2M inhibitors can sensitize
cells to the effects of conventional chemotherapeutic agents, such as cytarabine and
selumetinib, thus providing a strong rationale for moving combination regimens forward
into clinical testing [26, 39-42]. It should be possible to use MK-8242 in combination with
cytotoxic chemotherapy, if continuous dosing of the drug is not employed during the
treatment cycle. For example, if cytarabine is used in combination with MK-8242 on a 21-
day treatment cycle, MK-8242 for the combination therapy would be administered on Days
1-7 and cytarabine on Days 1-4 of each treatment cycle to allow sufficient time for bone
marrow recovery prior to the start of next treatment cycle. To this end, the safety and
efficacy profiles of several HDM2/chemotherapeutic combination regimens are being
extensively explored in early clinical trials of patients with hematological and solid tumors
[28, 43]. Our preclinical data suggests that MK-8242 and cytarabine enhance survival when
coadministered using an EOL-1 Luc animal model at a range of clinically relevant doses
including those used in this study. Unfortunately, the present clinical study was terminated
before the combination cytarabine treatment arm was enrolled. Nevertheless, several studies
using other HDM2 inhibitors either have explored or are currently exploring the clinical
efficacy and safety/tolerability of combination therapy with cytarabine in patients with AML
(NCT01635296, NCT01773408, NCT02545283). The gastrointestinal, hematologic and
potential cardiac AEs seen in this study with the administration of MK-8242 should be taken
into consideration in the design of future studies to minimize toxicities and maximize
clinical efficacy. This is especially important for combination therapy studies in light of the
fact that standard chemotherapeutic agents also elicit similar toxicities that may be
exacerbated when administered together with HDM2 inhibitors.

Modest clinical efficacy was observed in this study with single-agent MK-8242. Using the 7-
day on/14 day-off dosing schedule MK-8242 showed adequate safety at doses up to 300 mg
BID with no significant AEs and no DLTs. An MTD and RP2D were not established
because MK-8242 development was not further pursued by the sponsor for reasons unrelated
to safety. Thus adequate exposure for single agent activity, at least based on preclinical
models, was not reached in this study. In addition, combination tolerance and activity was
not explored in this study. Thus, additional studies are required to more thoroughly evaluate
the potential clinical activity of H2DM inhibitors both as monotherapy and in combination
in patients with AML. The results of the current study should guide improved trail design,
patient selection and treatment outcomes for future studies.

5. Conclusion

In summary, MK-8242 showed adequate safety in patients with recurrent/relapsed AML at
doses up to 300 mg BID, using a modified 7-day on/14-day off dosing schedule. No DLT’s
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or significant adverse effects were observed. However, a MTD and RP2D were not
established for the better tolerated 7-day on/14-day off dosing schedule because the study
ended early. Further single agent tolerance was not explored by the sponsor since doses
above 300 mg BID were not tested in this study. The observed toxicity profile of MK-8242
was consistent with that reported for other HDMZ2 inhibitors, and included gastrointestinal
and hematologic AEs and one event of atrial fibrillation. The incidence of these AEs
appeared to be dose related. Single agent clinical activity was observed in this study,
providing impetus for further evaluation of HDMZ2 inhibitors administered either as a single
agent or in combination with standard cytotoxic chemotherapy in patients with AML.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. This study evaluated MK-8242 in subjects with wild type p53 refractory/
recurrent AML.

. Adequate safety was seen at doses <300mg BID using 7-day on/14-day off
dosing.

. Observed dose-related toxicities included gastrointestinal and hematologic
AEs.

. An MTD and RP2D were not established for 7-day on/14-day off dosing
schedule.

. Single agent clinical activity was observed in this study.
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Fig. 1.

Study diagram for Arm A, MK-8242 monotherapy using a (A) 28-day treatment cycle and

(B) 21-day treatment cycle.
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Fig. 2.

Mean plasma-concentration time profiles of MK-8242 and metabolite M16 on Days 1 and 7
following treatment with MK-8242 30-300 mg doses administered once-daily (QD) or
twice-daily (BID). Only one dose was administered on Day 7 in BID panels to support PK
characterization.
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