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Summary

Background—MK-5108 is a potent/highly selective Aurora A kinase inhibitor.

Methods—A randomized Phase I study of MK-5108, administered p.o. BID Q12h on days 1–2 

in 14–21 day cycles either alone (MT; Panel1/n=18; 200 to 1800 mg) or in combination (CT; 

Panel2/n=17; 100 to 225 mg) with IV docetaxel 60 mg/m2, determined the maximum tolerated 
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dose (MTD), pharmacokinetics (PK), pharmacodynamics (Panel1, only) and tumor response in 

patients with advanced solid tumors. This study was terminated early due to toxicities in Panel2 at 

MK-5108 doses below the anticipated PK exposure target.

Results—35 patients enrolled (33 evaluable for tumor response). No dose-limiting toxicities 

(DLTs) were observed in Panel1; 3 patients had 3 DLTs in Panel2 (G3 and G4 febrile neutropenia 

at 200 and 450 mg/day, respectively; G3 infection at 450 mg/day). In Panel1, AUC0-12hr and Cmax 

increased less than dose proportionally following the first MT dose but increased roughly dose 

proportionally across 200 to 3600 mg/day after 4th dose. The t1/2 ranged from 6.6–13.5 hours 

across both panels. No clear effects on immunohistochemistry markers were observed; however, 

significant dose-related increases in gene expression were seen pre-/post-treatment. Best responses 

were 9/17 stable disease (SD) (Panel1) as well as 1/16 PR and 7/16 SD (Panel2) (450 mg/day).

Conclusions—MK-5108 MT was well tolerated at doses up to 3600 mg/day with plasma levels 

exceeding the minimum daily exposure target (83 μM*hr). The MTD for MK-5108 + docetaxel 

(CT) was established at 300 mg/day, below the exposure target. Use of pharmacodynamic gene 

expression assays to determine target engagement was validated.
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Introduction

Aurora A kinase (AK-A) is a serine/threonine kinase required for entry into and progression 

through mitosis. During the mitotic cycle, Aurora A regulates the initiation of mitosis in 

addition to playing a critical role in centrosome maturation, establishment of bipolar 

spindles during cell division and chromosome attachment to the spindle [1]. The expression 

of Aurora A is tightly regulated throughout the cell cycle, peaking during late G2 and 

mitosis whereas resting cells have low or undetectable levels of this enzyme. Dysfunctional 

regulation of this protein may lead to genetic instability, thereby potentially contributing to 

tumorigenesis. AK-A is considered an oncogene and the human AURKA gene that encodes 

AK-A is located in chromosome 20q13, a known hotspot for gene amplification in various 

cancer types. Several studies have demonstrated amplification of the AURKA gene locus and 

overexpression of AK-A in various tumors [2–4]. Therefore, inhibition of AK-A represents 

a rationale target for anticancer therapy and several such agents are currently being 

evaluated in ongoing clinical trials [5].

Given their known mechanism of action, Aurora kinase inhibitors (AKIs) may potentiate 

antitumor effects when combined with various anticancer treatment modalities including 

both chemotherapeutic agents and radiation therapy. Several preclinical studies have shown 

that suppression of AK-A through the administration of chemical inhibitors or antisense 

RNA greatly enhances, or even restores the chemosensitivity of cancer cell lines to taxanes 

[6–8]. Thus the combination of an AKI plus a taxane is a logical therapeutic regimen 

currently under evaluation in ongoing phase I/II clinical trials.
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MK-5108 is a potent adenosine triphosphate –competitive inhibitor of AK-A (IC50 0.064 

nM) with a comparatively high target specificity relative to other kinases, including both 

Aurora B and Aurora C. In preclinical studies, MK-5108 was shown to possess modest 

single-agent activity in a subset of human tumor cell lines and xenograft models [9]. 

However, the preclinical antitumor efficacy of MK-5108 was significantly enhanced when 

combined with docetaxel as well as with various other antimicrotubule agents (other 

taxanes, vinca alkaloids, epothilones), targeted agents and chemotherapeutics [9]. Based on 

preclinical findings, the initial clinical development program for MK-5108 focused on its 

ability to sensitize tumor tissues to docetaxel.

The primary objective of this Phase I study was to investigate the safety/toxicity profile of 

MK-5108, administered orally both as monotherapy (MT) and in combination with 

docetaxel (CT), in patients with advanced and/or refractory solid tumors. Specifically, this 

study sought to define the dose-limiting toxicities (DLTs) and the maximum tolerated dose 

(MTD) of MK-5108 MT and CT. Preclinical efficacy studies indicated that AK-A inhibition 

for 48 hours resulted in maximal sensitization to docetaxel, therefore oral doses of MK-5108 

were administered every 12 hours (Q12hr) for 2 days within each treatment cycle, where 

cycle length was 14 days for MT and 21 days for the CT regimen. Additional objectives 

included an investigation of the plasma pharmacokinetics (PK) of MK-5108 following oral 

dosing in human patients. Further, this study explored the relationships between PK 

parameters and specific pharmacodynamic (PD) biomarkers of AK-A inhibition in surrogate 

(scalp and skin hair follicle) tissues. Finally, the antitumor efficacy of MK-5108 MT and CT 

were assessed via imaging studies as a secondary objective in this study.

Materials and methods

Patient selection

All study participants provided written informed consent before the initiation of any study 

procedures. The study protocol was approved by each participating institution’s Institutional 

Review Board. The study was conducted in accordance with the Principles of Good Clinical 

Practice guidelines, the Declaration of Helsinki and other statues and regulations for the 

protection of the rights and welfare of people participating in biomedical research.

Eliglibe patients included individuals with histologically-confirmed metastatic or locally 

advanced solid tumors who failed to respond to standard therapy, progressed despite 

standard therapy, or had tumors for which standard therapy did not exist. Patients who 

received prior therapy with docetaxel were allowed to participate in this study. Other key 

eligibility criteria included: age ≥18 years; Eastern Cooperative Oncology Group 

performance status ≤2; and adequate hematopoietic (absolute neutrophil count ≥1,500/μL, 

platelets ≥100,000/μL, hemoglobin ≥9 g/dL), hepatic (total bilirubin ≤1.5 X upper limit of 

normal [ULN], aspartate aminotransferase and alanine aminotransferase ≤2.5 X ULN, 

alkaline phosphatase ≤2.5 X ULN), renal (serum creatinine ≤1.5 X ULN or calculated 

creatinine clearance ≥60 mL) and coagulation (prothrombin time and partial thromboplastin 

time ≤1.2 X ULN) function. Exclusion criteria included: anticancer therapy within 4 weeks 

(6 weeks for nitrosoureas or mitomycin C) prior to entering the study; history of high-dose 

chemotherapy with peripheral blood or bone marrow stem cell support; treatment with ≥3 
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regimens of chemotherapy (≥2 if a prior regimen included carboplatin, nitrosourea, 

mitomycin, or gemcitabine); previous history of radiotherapy to the pelvis or more than 15% 

of the bone; a primary central nervous system (CNS) tumor or active CNS metastases; 

known sensitvity to components of MK-5108 or docetaxel; use of pharmaceuticals known to 

be strong CYP3A4 inhibitors or inducers; pregnant or breastfeeding; known infections with 

human immunodeficiency virus, hepatitis B or C; symptomatic ascites or pleural effusions.

Study design

This was a multi-center (6 sites in the United States), randomized, open-label, dose 

escalation, 2-panel, Phase I study conducted between the dates of April 2008 to April 2011 

in patients with advanced and/or refractory solid tumors (Merck & Co., Inc., Kenilworth, 

New Jersey: Protocol number MK-5108 PN001-04; clinicaltrials.gov: NCT00543387). The 

study was terminated to new enrollment by the sponsor in December of 2009 due to 

observed toxicities in the CT arm at low MK-5108 doses thus preventing achievement of the 

targeted therapeutic exposure range of MK-5108 when used in combination with a standard 

dose of docetaxel. MK-5108 was administered orally with 5 mL water as dry-filled capsules 

(i.e., 25 mg, 100 mg or 200 mg caplets to achieve the intended dose [Merck & Co., Inc., 

Kenilworth, New Jersey]) following a 2-hour fast. Docetaxel (TAOTERE , SANOFI-

AVENTIS US) was administered as 1-hour intravenous (IV) infusion through a peripherally 

inserted central catheter or other centrally placed catheter at a fixed dose of 60 mg/m2 Q21 

days 2 hours prior to dosing with MK-5108. The fixed dose of docetaxel of 60 mg/m2 Q21 

days was selected to provide a safety window for accommodating escalation of MK-5108 

doses.

Patients with demonstrated disease progression or stable disease while taking MK-5108 MT 

were allowed to crossover to CT at the discretion of the study investigator. A total of 4 

patients (22.2%) who were initially randomized to MT crossed over to CT during this study. 

In both panels, MK-5108 was administered to cohorts of patients (n=3 up to a maximum of 

6) in sequentially rising doses. A total of 6 daily dose levels, administered BID Q12hr, were 

planned for Panel 1 (i.e., 400 mg /day, 800 mg/day, 1600 mg/day, 2400 mg/day, 3000 

mg/day and 3600 mg/day. A total of 8 daily dose levels, administered BID Q12hr, were 

planned for Panel 2 (i.e., 200 mg/day, 300 mg/day, 450 mg/day, 650 mg/day, 950 mg/day, 

1300 mg/day, 1800 mg/day and 2400 mg/day). Panel 1 enrollment was initiated prior to 

Panel 2. Patients were enrolled in Panel 2 after at least one dose cohort of MK-5108 MT in 

Panel 1 was determined to be safe and well tolerated as defined by the absence of a Grade 2 

or higher adverse event (AE) deemed to be related (definitely, probably, or possibly) to 

study medication by the investigator during the first treatment cycle.

Once Panel 2 was open for enrollment, new patients were randomized into a cohort in either 

Panel 1 or Panel 2. Dosing in the 2 panels progressed independently and concurrently in 

sequentially rising doses. Doses of MK-5108 in Panel 2 could not exceed those shown to be 

safe and well tolerated in Panel 1. Prophylatic use of granulocyte stimulating factors (e.g., 

pegfilgastrim or filgastrim) to counteract known hematologic AEs of docetaxel (i.e., 

neutropenia, leucopenia, thrombocytopenia and anemia) was not permitted in this study 
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[10]. These agents were only permitted in patients having a neutropenic-related DLT after 

receiving docetaxel.

Cycle length was initially 14 days in Panel 1 but increased to 21 days if Grade 2 or higher 

drug-related toxicity was observed prior to or on day 15. Cycle length was 21 days in Panel 

2. Of the 18 patients enrolled in Panel 1, 11 required extension of cycle length from 14 to 

≥21 days. A standard 3+3 dose escalation scheme was utilized in both panels. The first 3 to 

6 patients on the study were enrolled in the first dose-level of Panel 1. Subsequent patients 

were randomized to Panel 1 or 2.

Patients could be discontinued from the study for any of the following reasons: disease 

progression; concomitant illness preventing further administration of treatment; AEs; 

pregnancy; patient withdraws consent; change in therapy at investigator’s discretion; lost to 

follow-up.

Safety and tolerability assessments

Patients were monitored for the development of AEs, DLT, and disease progression 

throughout the course of the study. AEs were evaluated according to criteria outlined in the 

National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events 

(CTCAE), version 3.0. Determinations of dose-limiting hematologic and non-hematologic 

toxicities were based on events occurring during the first cycle of study drug administration. 

In order to be declared a DLT, an AE had to be deemed related (definitely, probably, or 

possibly) to study therapy by the study investigator. Hematologic dose-limiting toxicities 

included: any Grade 5 hematologic toxicity; Grade 4 neutropenia lasting for ≥7 days in 

duration; Grade 3 or Grade 4 neutropenia with fever and/or infection requiring antibiotic or 

anti-fungal treatment; Grade 4 thrombocytopenia. Non-hematologic dose-limiting toxicities 

included: any Grade 3, 4, or 5 non-hematologic toxicity in the setting of adequate supportive 

care, except for alopecia and hypersensitivity reactions; or any drug-related AE, regardless 

of CTCAE grade, leading to a dose modification of MK-5108 or a dose delay of 3 weeks.

Patients who experienced a first cycle DLT attributable to MK-5108 had their dose of 

MK-5108 reduced by 1 dose level for the remainder of the study, or by 50% if currently at 

dose level 1. Treatment for each new cycle was delayed until drug-related toxicities resolved 

to Grade 0 or 1 or to the patient’s baseline level. Patients with unresolved drug-related 

toxicities lasting ≥3 weeks from the date of the next scheduled treatment were not permitted 

to continue in the study. Patients were allowed a maximum of 2 dose reductions for DLT 

beyond which they were discontinued from the study. Patients were not allowed to have 

their dose of docetaxel de-escalated below 60 mg/m2 and were discontinued from the study 

if dose reduction was warranted. The MTD of MK-5108 was defined as the dose level 

immediately below the dose level at which ≥2 patients experienced ≥1 DLT each.

Pharmacokinetics

In both Panels, serum concentrations of MK-5108 (and its potential metabolites) were 

measured at the following sampling points within Cycle 1, only: 1) Day 1 at predose (0; i.e., 

before administration of the 1st dose), and 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 hours after the first 

dose of MK-5108; 2) Day 2 at predose (0; i.e., before administration of the 4th dose), and 
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0.5, 1, 2, 3, 4, 6, 8, 12, 20, 36, and 44 hours after the fourth dose of MK-5108. The 20- and 

44-hour collection time points allowed a ±2 hour window.

Non-compartmental pharmacokinetic parameters including area under the plasma 

concentration – time curves (AUC) from time 0 to the last measurable time (AUC0–t), 

maximum concentration (Cmax), time to maximum concentration (Tmax), and elimination 

half-life (t1/2) were calculated for MK-5108. Pharmacokinetic parameters were calculated 

using WinNonlin® software (Version 5.0.1; Pharsight Corporation, Mountain View, 

California, USA). The AUC0–t was calculated using the linear trapezoidal method for 

ascending concentrations and the log trapezoidal method for descending concentrations. 

Cmax and Tmax were obtained by visual inspection of the individual plasma concentration-

time profile. The apparent terminal elimination rate constant (k) was estimated by regression 

of the terminal log-linear portion of the blood concentration–time profile (using quantifiable 

concentrations only). The apparent terminal t1/2 was calculated as the quotient of ln(2) and 

k.

Pharmacodynamics

Hair follicles obtained from at least 15 hair shafts and skin biopsies were evaluated for 

MK-5108-induced PD effects. In Panels 1 and 2, hair shafts and skin biopsies were obtained 

pre-dose and post-dose on Day 2 of Cycle 1 at 4 (±1) hours after the third dose of MK-5108. 

Hair follicles and skin biopsies were analyzed for phospho-Aurora B (pAurB) and phospho-

histone H3 (pHH3) using immunohistochemistry (IHC). In addition, a panel of seven gene 

expression PD biomarkers specific for Aurora A inhibition (AURKA, AURKB, BIRC5, 

PRC1, TACC3, DLGAP5 [DLG7], and NDC80 [KNTC2]) was evaluated using the same 

tissue specimens by quantitative reverse transcription polymerase chain reaction methods 

performed on extracted hair follicle RNA. The log ratios (post-dose to pre-dose) in gene 

expression for these seven genes were expected to increase in response to MK-5108 

treatment.

Tumor response

Tumor response was assessed during the study by radiographic (computed tomography or 

magnetic resonance imaging [MRI]) evaluation or physical exam. Standard serum tumor 

markers where appropriate for specific tumor subtypes, were obtained. Overall tumor 

response was assessed using Response Evaluation Criteria in Solid Tumors (RECIST) 

criteria version 1.0 at the designated time points. Although RECIST criteria defines 

progression as on a 20% increase in the sum of the longest diameter of all target lesions; 

however, an increase of no more than 50% could be used, at the investigator’s discretion, to 

define progressive disease for patients in this study.

A baseline evaluation was performed as close as possible to the beginning of treatment and 

not more than 28 days prior to the beginning of treatment. Patients were assessed for tumor 

responsiveness every other treatment cycle, within 1 week of the next cycle of therapy 

starting after Cycle 2 (unless progressive disease was documented earlier). After 3 post-

treatment assessments, radiologic assessment of response was performed every third cycle 

(within 1 week of the next), or more frequently at the discretion of the study investigator. 
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The same method of assessment and the same technique was employed throughout the study 

to characterize each of the identified and reported lesions at baseline and during follow-up. 

Attempts were made for the computed tomography and MRI to be performed on cuts of 5 

mm or less in slice thickness contiguously. Bone scans were performed if there was known 

prior bony metastatic disease or a strong clinical suspicion of bony metastatic disease.

Statistical analysis

The study population for safety analyses included all patients who received at least one dose 

of study medication. AEs were summarized by tabulating the number (%) of patients 

experiencing at least one AE within each body system and within each preferred term and 

were analyzed based on the dose the patient was taking at the time of the AE. Numbers and 

percentages also were summarized by severity of the AE (mild, moderate, severe) and the 

potential relationship to study drug.

The DLT-evaluable population included all patients who met DLT assessment criteria. The 

MTD of MK-5108 was determined based on DLT occurring in the first cycle of treatment 

with MK-5108 MT or CT. Patients in Panel 1 were considered evaluable for the MTD if 

they either experienced a DLT within the first cycle, or if the patient had 14 to 21 days of 

follow-up after study drug administration without experiencing a DLT. Patients in Panel 2 

were considered evaluable for the MTD if they either experienced a DLT within the first 

cycle, or if the patient had 21 days of follow-up after study drug administration without 

experiencing a DLT. The minimal evaluation period for dose escalation decisions was 16 to 

23 days for MK-5108 MT and 23 days for MK-5108 CT. Patients were only evaluable for 

MTD based on the dose cohort they were randomized to at study start; therefore, patients 

who crossed over from Panel 1 to Panel 2 were only considered in the MTD assessment for 

MK-5108 MT.

The efficacy analyses as well as the PK/PD analyses were based on the population of 

patients who received at least 90% of intended drug volume and had efficacy and/or PK/PD 

measurements at baseline and at least once during treatment. Further, the PK-evaluable 

population included all patients for whom PK sampling was completed on at least 1 day. 

Descriptive statistics were used to summarize patient characteristics, treatment 

administration/compliance, safety, PK parameters, and efficacy.

All patients with on-treatment imaging studies were assessed for response to treatment. Each 

patient was assigned to one of the following categories: 1) complete response; 2) partial 

response; 3) stable disease; 4) progressive disease; 5) early death from malignant disease; 6) 

early death from toxicity; 7) early death because of other cause; or 8) unknown (not 

assessable, insufficient data). All patients who met the study eligibility criteria were 

included in the main analysis of response rate. Patients assigned a response category of 4–8 

were considered failing to respond to treatment (i.e., disease progression). The number (%) 

of patients in each category and the associated 95% confidence intervals (CI) were 

calculated and reported.

Amin et al. Page 7

Invest New Drugs. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results

Patient Demographics and Accounting

Between April of 2008 and December of 2009, 35 patients with advanced and/or refractory 

solid tumors were enrolled and received treatment in this study. A total of 18 patients were 

initially enrolled into Panel 1 and received MK-5108 MT at the following dose levels: 200, 

400, 800, 1200, 1500, and 1800 mg Q12hr on Days 1 and 2 of each 21-day cycle. A total of 

17 patients were enrolled into Panel 2 and received MK-5108 CT with 60 mg/m2 docetaxel 

at the following MK-5108 dose levels: 100, 150, and 225 mg Q12hr on Days 1 and 2 of each 

21-day cycle. Of the patients initially enrolled and treated with MK -5108 MT in Panel 1, 4 

patients were allowed to crossover to Panel 2 and received MK-5108 CT with docetaxel. 

Patient demographics and baseline characteristics are summarized in Table 1. The 

randomized population primarily consisted of Caucasian males with Grade IV cancer and a 

mean age of 59 years.

The majority of patients discontinued from this study due to progressive disease (28/35; 

80%), including 12 (12/14; 85.7%) in Panel 1 and 13 (13/17; 76.5%) in Panel 2. One patient 

in Panel 1 who discontinued from the the study due to progressive disesase died during the 

study. Of the 4 patients who crossed over from Panel 1 to 2 during the study, 3 (3/4; 75%) 

discontinued early due to progressive disease. In total, 3 patients (3/35; 8.6%) discontinued 

from the study due to an AE (i.e., non-serious AE of arthralgia [Panel 1: non-serious, Grade 

2, not drug-related], myocardial infarction [Panel 2: serious, Grade 3, not drug-related], and 

angioedema [Panel 2: serious, Grade 3 AE, drug-related]). Other reasons for discontinuation 

included physician’s decision (2/35; 5.7%), study termination (1/35; 2.9%) and patient 

withdrawal (1/35; 2.9%).

Safety/Toxicity

All 35 treated patients experienced at least one AE during the study (Table 3). A total of 26 

(26/35; 74.3%) patients experienced one or more drug-related AEs. The majority of these 

patients (24/26; 92.3%) reported one or more Grade 3 or Grade 4 AEs during the study. A 

total of 4 patients, 2 patients each from Panel 1 (i.e., arthralgia and malignant neoplasm 

progression; 2/14 or 14.3%) and Panel 2 (i.e., angioedema and myocardial infarction; 2/17 

or 11.8%), discontinued treatment (or had drug withdrawn) due to AEs. Only one patient in 

this study discontinued due to a drug-related AE (i.e., angioedema in Panel 2). One patient 

in the MK-5108 MT group was hospitalized due to a Grade 3, serious AE of disease 

progression (i.e., malignant neoplasm progression) and subsequently died during the safety 

follow-up period. This AE was deemed by the study investigator to be unrelated to study 

treatment. No patients in this study died due to an AE. Additionally, no patients had Grade 5 

AEs in this study.

MK-5108 MT was generally well tolerated when administered at doses up to 1800 mg 

Q12hr (3600 mg/day). In Panel 1, the most common AEs observed across all grades and 

doses were those belonging to the system organ classes (SOCs) of Gastrointestinal disorders 

(12/14; 85.7%) and General disorders and aministration site conditions (11/14; 78.6%). 

Overall, combined treatment with docetaxel and MK-5108 doses up to 225 mg Q12hr (450 
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mg/day) was less well tolerated than MK-5108 MT. In Panel 2, the most frequent AEs 

across all grades and doses were those belonging to the SOCs of Blood and lymphatic 

system disorders (15/17; 88.2%), General disorders and administration site conditions 

(15/17; 88.2%), Gastrointestinal disorders (12/17; 70.6%), Metabolism and nutrition 

disorders (12/17; 70.6%), and Skin and subcutaneous tissue disorders (12/17; 70.6%). These 

observed toxicities are consistent with the known safety and tolerability profile of docetaxel 

treatment. In general, the overall profile of AEs reported by the 4 patients who crossed over 

from Panel 1 to Panel 2 was similar to that seen in patients receiving MK-5108 CT.

The reported drug-related toxicities across all grades and doses are summarized in Table 4. 

The most frequent drug-related AEs observed in Panel 1 were those belonging to 

Gastrointestinal disorders (7/14; 50%), General disorders and aministration site conditions 

(7/14; 50%) and Blood and lymphatic system disorders (4/14; 28.6%). No patients in Panel 

1 experienced a Grade 3 or 4 drug-related AE. In Panel 2, the most frequent drug-related 

AEs were those belonging to the SOCs of Blood and lymphatic system disorders (14/17; 

82.4%), General disorders and administration site conditions (11/17; 64.7%) and 

Gastrointestinal disorders (11/17; 64.7%). A total of 12 (12/17; 70.6%) patients in Panel 2 

experienced a Grade 3 or 4 drug-related AE. In general, the overall profile of drug-related 

AEs reported by the 4 patients who crossed over from Panel 1 to Panel 2 was similar to that 

seen in patients receiving MK-5108 CT. Two patients in the cross over group reported 

Grade 3 or 4 drug-related AEs.

Determination of MTD

Summary statistics on the duration of MK-5108 therapy for patients in Panels 1 and 2 are 

summarized in Table 2. The median duration of MK-5108 treatment was 4.5 cycles (range: 

1–35 cycles) in Panel 1 compared with 2 cycles (range: 1–13 cycles) in Panel 2.

An MTD was not established for MK-5108 MT because no patients in Panel 1 experienced a 

DLT. In Panel 2, one patient receiving MK-5108 100 mg Q12hr (200 mg/day) CT 

experienced a DLT of febrile neutropenia (Grade 3). Two patients in Panel 2 experienced 

one DLT each of febrile neutropenia (Grade 4) and infection (Grade 3) at the 225 mg Q12hr 

(450 mg/day) dose level. As specified in the protocol for cases of febrile neutropenia, the 

AEs resolved and the patients’ doses of MK-5108 were reduced.. Due to the observation of 

2 DLTs in Panel 2 at the MK-5108 225 mg Q12hr dose level, the next lowest dose group 

(i.e., MK-5108 150 mg Q12hr CTl) was expanded per protocol to enroll 6 patients for a 

more thorough examination of the toxicity profile of this dose. None of the patients 

receiving MK-5108 150 mg Q12hr CT experienced any DLTs in this study. As a result, the 

MTD of MK-5108 CT was established at 150 mg Q12hr (300 mg/day).

Pharmacokinetic analysis

Mean plasma concentration of MK-5108 showed a biphasic decline with mean t1/2 ranging 

from 6.6 to 13.5 hours (Fig. 1, Table 5). Median Tmax was approximately 1 to 4 hours 

following the first dose, and 1 to 6 hours following the fourth dose. The t1/2 was variable 

and ranged from 5 to 29 hours following Dose 4. The area under the serum concentration-

time curve (AUC0–12h) and Cmax appeared to increase less than dose proportionally 
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following the first dose, but increased roughly dose proportionally following the fourth dose 

from 100 to 1800 mg (Q12hr).

The minimum human PK targets for efficacy of MK-5108 with Q12hr dosing over 2 days in 

combination with IV docetaxel, as estimated from preclinical HeLa luc xenograft 

experiments performed in nude rats [9], was a daily exposure of 83 μM*hour and/or a trough 

serum concentration of 2–3 μM. The serum MK-5108 concentration at 12 hours post dose 

(trough) appeared to increase roughly dose proportionally. Following the fourth dose of 

MK-5108 in Panel 1, a mean target trough concentration of 2 μM was observed at MT doses 

as low as 400–800 mg Q12hr; however, the 2 μM target concentration was not reached in all 

3 patients within a given dose level until the MK-5108 MT dose was equal to or greater than 

1200 mg Q12hr hours. A mean target trough concentration of 2 μM was not achieved at any 

of the tested MK-5108 dose levels within Panel 2.

Pharmacodynamic results

The potential effects of MK-5108 on exploratory PD biomarkers were assessed using IHC 

and gene expression assays conducted on pre- and post-dose surrogate tissue samples (i.e., 

plucked scalp hair follicles and skin punch biopsies). These assays were performed on tissue 

samples obtained from MT patients in Panel 1, only, including a total of 8 patients with pre 

and post dose expression arrays passing quality control standards.

For the IHC assays, no clear dose-related increases from baseline in pHH3 and pAurB were 

observed following treatment with MK-5108. Overall, the changes from baseline in pHH3 

and pAurB seen in this study were generally small in magnitude and scattered around zero. 

The effects seen in this study were well below the increases previously observed for pHH3 

in preclinical rat model experiments [11, 12].

Among the seven gene expression assays tested in this study, significant dose-related 

changes in the expected direction were observed for 5 genes (p < 0.05 unadjusted for 

multiplicity; i.e., AURKA, AURKB, BIRC5, DLGAP5 [DLG7] and NDC80 [KNTC2]). 

Figure 2 displays variation in the 7-gene composite score across MK-5108 dose levels. A 

simple linear regression test of the composite score on MK-5108 dose showed evidence of a 

statistically significant (p = 0.019) trend toward an increase in the composite score with 

increasing dose, providing evidence of target engagement in the surrogate tissue. The dose-

response trend in the composite score was heavily dependent on certain individuals in the 

highest and lowest dose groups.

Tumor response

A total of 33 patients were evaluable for antitumor response in this study (Table 6). Two 

patients, one from each of the treatment panels, discontinued from the study due to an 

adverse event and hence were not included in the tumor response analysis as they had not 

yet completed a full treatment cycle (i.e., 1 patient receiving MK-5108 MT discontinued due 

to arthralgia on Day 8 and 1 patient receiving MK-5108 CT discontinued due to 

angioedemia on Day 9–14). There were no complete responses observed in either of the 

treatment panels. There was 1 partial response (5.9%; 95% CI: 0.1%, 28.7%) in a patient 

receiving MK-5108 225 Q12hr (450 mg/day) CT and none in the MK-5108 MT group. A 
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total of 9 patients (50%; 95% CI: 26.0%, 74.0%) in the MK-5018 MT and 7 patients 

(41.2%; 95% CI: 18.4%, 67.1%) in the MK-5108 CT groups achieved stable disease. The 

median duration of stable disease in Panels 1 and 2 were 88 days and 48 days, respectively. 

An additional 8 patients in each of the MK-5108 MT (44.4%; 95% CI: 21.5%, 69.2%) and 

MK-5018 CT (41.2%; 95% CI: 18.4%, 67.1%) groups had progressive disease.

Discussion

This study was a first-in-human, multi-center, randomized, open label, dose escalation, 2-

panel phase I study investigating the safety, tolerability and spectrum of side effects 

associated with the AK-A inhibitor, MK-5108, administered as MT and CT with IV 

60mg/m2 docetaxel in patients with advanced and/or refractory solid tumors. In prior 

preclinical and clinical studies involving AKIs, single agent AKI therapy induced apoptosis 

in a dose- and time-dependent manner and also potentiated antitumor activity when 

combined with taxanes by promoting cell death by apoptosis [7, 13–15]. In preclinical 

studies, MK-5108 robustly potentiated apoptosis when used in combination with docetaxel 

in HeLaS3 cells and also enhanced the anti-tumor efficacy of docetaxel in both HeLa-luc 

(human cervical adenocarcinoma) and docetaxel-resistant ES-2 (human ovarian carcinoma) 

xenograft rat tumors without increasing docetaxel-induced hematopoietic toxicity [9]. Hence 

this phase I study was designed to determine the MTDs and DLTs of MK-5108 MT and CT 

with docetaxel in human patients with advanced and/or refractory solid tumors.

This study was terminated early by the study sponsor due to observed toxicities in Panel 2 at 

low doses of MK-5108 when administered in combination with docetaxel. The observed 

toxicities (i.e., febrile neutropenia and infection) observed at the MK-5108 225 mg Q12hr 

(450 mg/day) dose level + docetaxel in Panel 2 of the study exceeded the maximal allowed 

pre-specified threshold for DLTs. As a result, further dose escalation of MK-5108 did not 

continue in the CT panel which prevented achievement of the minimum projected MK-5108 

PK exposure target. The minimum anticipated human PK target associated with preclinical 

therapeutic efficacy of MK-5108, as estimated from preclinical HeLa-luc xenograft 

experiments performed in nude rats was a daily exposure of 83 μM*hour and/or a trough 

serum concentration of 2–3 μM. This minimum PK exposure target was not attained at any 

of the tested MK-5108 dose levels (i.e., 100, 150, 225 mg Q12hr) in Panel 2.

The MTD of MK-5108 CT was established at 150 mg Q12hr (300 mg/day) due to the 

absence of DLTs in patients receiving this treatment compared with the 2 DLTs seen at the 

next highest MK-5108 dose level. The incidence of febrile neutropenia and Grade 3 to 4 

neutropenia in patients with metastatic cancer treated with q 3 week docetaxel is high 

(ranging from 3–20% and 19–48%, respectively); however, most studies have used 

docetaxel doses of 75–100 mg/m2 [16]. Comparable data on toxicity with doses of 60 

mg/m2 q 3 week used in a patient population similar to the one studied here is sparse. A 

study in metastatic breast cancer [17] comparing 3 different doses of docetaxel in second 

line treatment reported an incidence febrile neutropenia of 5% and Grade 3 to 4 neutropenia 

of 76% at a docetaxel dose of 60 mg/m2 q 3 week. A more recent trial, conducted in 

chemotherapy-naïve elderly patients with advanced non-small cell lung cancer, reported 

febrile neutropenia occurring in 15% and Grade 3 to 4 neutropenia in 89% of treated patients 
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at a docetaxel dose of 60 mg/m2 q 3 week. Therefore, in the very small cohort of patients 

studied here, it is impossible to conclude whether MK-5108 significantly increases the risk 

of hematologic toxicity at the low doses tested.

MK-5108 MT was generally well-tolerated at all doses tested with no observed DLTs. 

Further escalation of the MK-5108 dose beyond 1800 mg Q12hr (2600 mg/day) was 

prevented in Panel 1 due to early termination of the study, hence an MTD of MK-5108 MT 

was not established in this study. The absence of an observable MTD for MK-5108 MT at 

doses up to 1800 mg Q2hr (3600 mg/day) was somewhat unexpected in this study, as the 

toxicity profiles of other AKIs administered as single agents have been shown to be 

associated with neutropenia [18]. Furthermore, the established MTDs of previously studied 

AKIs as single agents were observed at or below the anticipated therapeutic dose for 

neutropenia-related DLTs [18].

With respect to the tumor response effects of MK-5108, one patient in the MK-5108 CT 

group achieved a PR at the 225 mg Q12hr dose level. The proportions of patients with stable 

disease and progressive disease were similar across the MT and CT groups. Hence, no 

appreciable tumor response was evident in this small study of docetaxel-refractory patients 

receiving MK-5108 MT and CT with relatively low doses of docetaxel (60 mg/m2). Due to 

the relatively small size of this study, it is difficult to definitively conclude whether 

MK-5108 CT may potentiate the beneficial anti-tumor effects of low-dose docetaxel. The 

toxicity profile observed in the MK-5108 CT group (i.e., Grade 3 and Grade 4 febrile 

neutropenia and Grade 3 infection) precluded escalation of MK-5108 doses to levels 

anticipated to provide adequate therapeutic exposure. Despite compelling preclinical 

findings showing the enhanced anti-tumor effects of AKIs and cytotoxic chemotherapies, it 

has been challenging to develop tolerable CT regimens because of the overlapping 

hematologic toxicities associated with both agents [18–20]. In the present study, the 

hematologic toxicity of neutropenia was observed only in the CT arm with docetaxel. Thus 

further exploration of the potential anti-tumor effects of Aurora A-specific AKIs combined 

with an alternative taxane dosing regimen (perhaps with granulocyte colony stimulating 

factor [GSCF] support or different taxane) and/or chemotherapeutic agents may be 

warranted.

Previous studies showed evidence of AKI-induced modulation of PD targets. Preclinical 

studies have suggested that, pHH3 Ser28 and gene expression markers (Aurora A, Aurora B, 

BIRC5, PRC1, TACC3, KNTC2, and DLG7) may be potential biomarkers of maximum PD 

activity of MK-5108 [21]. Among the seven genes (AURKA, AURKB, BIRC5, PRC1, 

TACC3, DLGAP5 [DLG7], and NDC80 [KNTC2]) tested in this study, five genes 

(AURKA, AURKB, BIRC5, DLGAP5 [DLG7], and NDC80 [KNTC2]) showed statistically 

significant, dose-related changes in gene expressions (p < 0.05) as well as evidence of target 

engagement in surrogate tissue (p = 0.019) following treatment with the highest and lowest 

MK-5108 doses. Alternatively, pAurB Thr232 is also considered as a potential PD marker of 

MK-5108 Aurora A selectivity, since phosphorylation of Histone H3 Ser28 appears to be 

dependent on Aurora B activity and autophosphorylation of Thr232 on Aurora B is critical 

for its activity [11, 12]. However, post treatment changes in the levels of pHH3 and pAurB 

with MK-5108 MT were not observed in our study despite the achievement of PK exposure 
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levels associated with Aurora A inhibition in preclinical models. Alternative dosing 

strategies for MK-5108 may influence PD changes in markers of Aurora A inhibition. Other 

possible factors that may have hampered our ability to detect changes in PD biomarkers 

following MK-5108 treatment include the relatively small number of patients enrolled in 

this study as well as the non-homogenous nature of the patient population (e.g., different 

tumor types and stages, previous exposure to chemotherapy).

In conclusion, this study reached one of its co-primary objectives in defining the MTD for 

MK-5108 CT at 150 mg Q12hr (300 mg/day); however, an MTD for MK-5108 MT was not 

established even at the highest dose tested. In general, MK-5108 MT had an overall 

favorable toxicity profile compared with other AKIs. The lack of toxicity seen in the 

MK-5018 MT panel at doses that should have exceeded the therapeutic combination dose 

level may support further investigation of this drug in combination with taxanes (perhaps co-

administered with GSCF support or employing different taxane dosing regimens) or with 

other chemotherapeutic agents. Nevertheless, no appreciable difference in anti-tumor 

activity was seen in patients receiving MK-5108 CT + low-dose docetaxel versus MK-5018 

MT in this small study. While toxicity-related issues precluded the attainment of anticipated 

therapeutic dose levels in the CT panel, there was some evidence of target engagement in 

the MT panel as demonstrated by PD effects in surrogate tissues. Possible future areas of 

research may include evaluating the effects of MK-5108 on alternative PD biomarkers, such 

as the expression of proliferating cell nuclear antigen, Ki67, M30 and M65 in skin and 

plasma samples, as well as investigating inducible mutations in the targeted protein kinases 

that have been previously shown to be associated with the development of AKI resistance 

[4, 12, 22, 23].
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Fig. 1. 

Mean plasma concentration-time profiles for MK-5108 following BID every-12-hours oral 

dosing in Cycle 1 (N = 3 to 6/dose level). MT = monotherapy; CT = combination therapy.
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Fig. 2. 

Variation in the 7-gene composite response score across MK-5108 dose levels.
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