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ARTICLE

Leveraging a Clinical Phase Ib Proof-of-Concept Study
for the GPR40 Agonist MK-8666 in Patients With Type 2
Diabetes for Model-Informed Phase II Dose Selection

AW Krug1, P Vaddady1, RA Railkar1, BJ Musser1, J Cote1, AGH Ederveen2, DG Krefetz3, E DeNoia4, AL Free5, L Morrow6,
MV Chakravarthy1,7, E Kauh1, DA Tatosian1 and PA Kothare1,∗

GPR40 mediates free fatty acid–induced insulin secretion in beta cells. We investigated the safety, pharmacokinetics, and
glucose response of MK-8666, a partial GPR40 agonist, after once-daily multiple dosing in type 2 diabetes patients. This double-
blind, multisite, parallel-group study randomized 63 patients (placebo, n = 18; 50 mg, n = 9; 150 mg, n = 18; 500 mg, n = 18)
for 14-day treatment. The results showed no serious adverse effects or treatment-related hypoglycemia. One patient (150-mg
group) showed mild-to-moderate transaminitis at the end of dosing. Median MK-8666 Tmax was 2.0–2.5 h and mean apparent
terminal half-life was 22–32 h. On Day 15, MK-8666 reduced fasting plasma glucose by 54.1 mg/dL (500 mg), 36.0 mg/dL
(150 mg), and 30.8 mg/dL (50 mg) more than placebo, consistent with translational pharmacokinetic/pharmacodynamic model
predictions. Maximal efficacy for longer-term assessment is projected at 500 mg based on exposure–response analysis. In
conclusion, MK-8666 was generally well tolerated with robust glucose-lowering efficacy.
Clin Transl Sci (2017) 10, 404–411; doi:10.1111/cts.12479; published online on 20 July 2017.

Stdy Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
✔ GPR40 agonists stimulate insulin secretion in a glucose-
dependent manner, and thus carry a low risk of hypo-
glycemia. MK-8666, a partial GPR40 agonist, was gen-
erally well tolerated in healthy volunteers with no serious
side effects following single and once-daily dosing up to 10
days.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔ This study aimed to characterize the safety, tolera-
bility, and glucose response of MK-8666 in patients with
type 2 diabetes. Predictive accuracy of a diabetes trans-
lational PK/PD model was assessed. Use of prior knowl-
edge coupled with PK/PD modeling and simulation pro-
vided a means of extrapolation to support potential design
of a longer-term phase IIb trial.

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE
✔ MK-8666 was generally well tolerated after 2 weeks
of treatment, with glycemic efficacy at 150 mg and maxi-
mal efficacy at 500 mg observed. The translational PK/PD
modeling analysis adequately predicted clinical glucose
response for MK-8666.
HOW THIS MIGHT CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE
✔ The findings in this study further demonstrate the poten-
tial clinical efficacy of GPR40 agonists. By highlighting the
predictive accuracy of a translational PK/PD model with
clinical data and application of modeling and simulation
to inform phase IIb study design, this may contribute to
broader use of such quantitative approaches in early drug
development.

Type 2 diabetes involves multiple metabolic defects that
contribute to hyperglycemia, including β-cell dysfunction
and consequent decreased insulin secretion; abnormalities
in the incretin axis; insulin resistance; increased lipolysis,
lipogenesis, and plasma free fatty acid concentration; and
increased glucose reabsorption, glucagon secretion, and
hepatic glucose production.1 These metabolic defects
offer multiple targets for drug development, with many of
the drugs given concomitantly.1 Some classes of drugs,
however, such as the insulin secretagogues (sulfonylureas
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and glinides), contribute to hypoglycemia by stimulating
insulin secretion in a nonglucose-dependent manner.2 A
need exists for new drugs that work by other mechanisms
and carry a low risk of hypoglycemia.

G-protein–coupled receptor 40 (GPR40) is highly
expressed in pancreatic β cells; its activation by fatty
acids amplifies insulin secretion, but only when glucose
levels are elevated.3–5 GPR40 agonists, like the incretin
mimetics, stimulate insulin secretion in a glucose-dependent
manner, and thus carry a low risk of hypoglycemia.6,7 GPR40
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agonists represent a novel mechanism of action that may be
complementary to other currently used therapies. A GPR40
agonist (TAK-875) has been clinically validated in patients
with type 2 diabetes, showing significant glucose-lowering
efficacy with a low risk of hypoglycemia,8–10 although its
development program was halted because of liver toxicity.11

MK-8666 is a potent and selective partial agonist for
GPR40 that binds orthostatically. Based on preclinical phar-
macology studies, MK-8666 was shown to be selective for
GPR40 relative to GPR119, GPR43, GPR41, or GPR120,
and demonstrated weak pharmacological activity to other
G-protein-coupled receptors (GPCRs). In healthy volunteers,
MK-8666 was shown to be generally well tolerated, with no
serious side effects following single- and multiple-dose daily
administration up to 10 days and at doses exceeding those
required for efficacy (Merck internal data). The present phase
Ib, randomized, placebo-controlled, multiple-dose clinical
study assessed the safety and tolerability, effects on indices
of glycemic control including fasting plasma glucose (FPG)
and 24-h weighted mean glucose (WMG), and pharmacoki-
netics (PK) of MK-8666 in patients with type 2 diabetes. As
a companion to this study, the results from a translational
PK/pharmacodynamic (PD) model are presented to assess
the overall predictability of glucose response for a novel
GPR40 agonist.12 This model describes the integrated glu-
cose and insulin response profiles as previously published
by Jauslin et al.,13 expanded to include GPR40 agonism in
human and rodent models. Demonstrating predictability of
clinical response established a quantitative translational tool
for clinical and preclinical decision-making. The glucose data
obtained in this trial were further utilized in an exposure–
response analysis to predict longer-term glycemic response
in support of phase II dose selection. The exposure–response
model described the relationship between PK and FPG for
MK-8666, and was used to predict 12-week HbA1c dose
response14 by leveraging a previously published PK-glucose-
HbA1c model for TAK-875.15

METHODS
Patients
Key inclusion criteria for enrolled patients were age 18–
65 years (inclusive), body mass index (BMI) 18–40.0 kg/m2

(inclusive), and treatment with diet/exercise alone (treatment-
naïve), or with no more than two oral antihyperglycemic
agents (AHAs) (excluding thiazolidenediones) at the time of
the prestudy (screening) visit. Patients who used injectable
AHAs or thiazolidenediones previously must have discon-
tinued these medications >6 months prior to screening.
Patients taking a beta-blocker or bupropion were excluded.
Patients who were on mono or dual oral AHA therapy were
washed off these medications beginning at least 2 weeks
prior to administration of the initial dose of MK-8666. Screen-
ing HbA1c had to be �7.0% (53 mmol/mol) and �10.5%
(91 mmol/mol) for treatment-naïve patients, and �6.5% (48
mmol/mol) and �10.0% (86 mmol/mol) for those on either
the mono or dual oral AHA therapy. Patients had to be willing
to follow a standard weight-maintaining diet throughout the
study and be nonsmokers and/or had not used nicotine or
nicotine-containing products for at least �3 months.

Study design
This phase Ib, multicenter, double-blind, randomized,
placebo-controlled, four-arm, parallel-group study initiated
October 14, 2013 and completed April 26, 2014 (Clinical-
Trials.gov Identifier: NCT01971554, protocol 003). It was
conducted in accordance with the ICH Harmonized Tripartite
Guidelines for Good Clinical Practice, the ethical principles
laid down in the Declaration of Helsinki, and applicable local
regulations. All patients provided written informed consent.
Sixty-three type 2 diabetes patients were randomized in a

2:2:1:2 ratio into one of four treatment arms: 500 mg (n =
18), 150 mg (n = 18), 50 mg (n = 9), and placebo (n = 18)
and received medication once daily for 14 consecutive days.
Randomization was done via a computer-generated alloca-
tion schedule. Both patients and investigators were blinded
to treatment; matching placebo capsules were used. Patients
were domiciled for the entire duration of the treatment phase.

Study endpoints
Primary endpoints were measures of safety/tolerability and
changes in FPG after 14 days of dosing with MK-8666.
Change from baseline to day 14 was of primary interest; dif-
ferences from placebo are reported. Secondary endpoints
were standard key PK parameters and changes in 24-hWMG
concentrations from baseline after 14 days. The relationship
betweenMK-8666 PK and parameters of glucose homeosta-
sis (FPG, 24-hWMG) duringmultiple timepoints in the 14-day
treatment period was assessed as an exploratory objective.

Study assessments
Blood for FPG was collected on Day –1 (preplanned dose),
predose on Days 1, 3, 7, and 14, and 24 h postdose Day 14
(Day 15). On Day –1 (baseline) and Day 14, patients under-
went an 18-point glucose assessment during both fasting
and postmeal times over a 24-h period for measuring 24-
h WMG. Blood for MK-8666 plasma concentration analysis
was collected on Day 1 at predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5,
6, 8, 12, 16, and 24 h postdose; and on Day 14 at predose,
0.5, 1, 2, 2.5, 3, 4, 6, 8, 12, 16, 24, 48, and 72 h postdose. MK-
8666 concentrations were assessed using a validated LCMS
method.
Safety and tolerability were evaluated by clinical assess-

ment of adverse experiences and other safety measure-
ments conducted at prespecified timepoints (physical exam-
inations, vital signs, 12-lead electrocardiogram, laboratory
safety tests (serum chemistry, hematology, and urinalysis),
and frequent glucometer-based glucose monitoring).

Pharmacokinetic analysis
Plasma concentration and nominal sampling time data col-
lected pre- and postdose on Days 1 and 14 were used to
conduct a noncompartmental PK analysis in WinNonlin v.
6.3 (Certara, Princeton, NJ). Peak and time of peak concen-
trations (Cmax, Tmax) and trough concentrations (Ctrough) were
identified from the plasma concentration–time curve. Plasma
AUC0-tau and terminal elimination phase (t½) were calculated
using the linear up/log down method. The accumulation ratio
for AUC0-tau, Cmax, and Ctrough was calculated as a ratio of Day
14 / Day 1 values. A formal statistical assessment of dose
proportionality was not conducted, given the relatively early
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stage of development of the compound. However, descrip-
tive and graphical data assessments were made to explore
changes in exposure relative to MK-8666 dose.

Statistical analyses
The per-protocol population was used for the primary FPG,
secondary 24-h WMG, and secondary PK analysis. Any
patients or data values excluded from analysis were to be
identified, along with their reason for exclusion. At the end
of the study, all patients who were compliant with the study
procedure as aforementioned and had available data were
included in the analysis dataset. The all-subjects-as-treated
population was used for the evaluation of safety and toler-
ability and comprised all patients who received at least one
dose of MK-8666.
The sample size for the study was chosen so that the study

had �80% probability to establish that the high dose of MK-
8666 had at least a 50% posterior probability of reducing
FPG at least 34 mg/dL more than placebo. With this crite-
rion, and assuming a true between-patient standard devia-
tion of 24 mg/dL for each group, and a true reduction in FPG
of 40 mg/dL more than placebo, the study planned to enroll
18 patients in the highest dose group of MK-8666 and 18
patients in the placebo group.
For the analysis of the primary hypothesis to assess the

effect of MK-8666 on the reduction in FPG from baseline
at Day 15, a constrained longitudinal data analysis (cLDA)
model proposed by Liang and Zeger16 was fit to the FPG data
from the MK-8666 dose groups and placebo. This model
assumes a common mean across treatment groups at base-
line and a different mean for each treatment at each of the
postbaseline timepoints. In this model, the response vec-
tor consisted of baseline and the values observed at each
postbaseline timepoint, i.e., FPG at baseline, Day 3, Day 7,
Day 14, and Day 15. Time was treated as a categorical vari-
able so that no restriction was imposed on the trajectory
of the means over time. An unstructured covariance matrix
was used to model the correlation among repeated measure-
ments. The hypothesis for the primary efficacy objective is
that after 14 days of once-daily treatment with MK-8666, at a
dose that is safe and well tolerated, the FPG reduction from
baseline is �34 mg/dL more than placebo. To evaluate the
primary hypothesis, the posterior probability, PostPr (δ �34
| data), where δ is the true mean placebo-corrected reduc-
tion from baseline in FPG at Day 15, was computed using
the estimated mean and standard error from the cLDA model
and using an informative normal prior with mean of 35 mg/dL
and standard deviation of 19mg/dL (from published TAK-875
data). The primary hypothesis would be supported if for the
highest safe and well-tolerated dose the PostPr (δ �34 | data)
�0.50.
Summary statistics were generated for laboratory and vital

sign parameters as deemed clinically appropriate. Statistical
analysis was performed using SAS v. 9.3 (Cary, NC).

Pharmacokinetic/pharmacodynamic analyses
A translational PK/PD model12 developed to predict clinical
response for novel GPR40 agonists was used to project the
dose–response in this study. Briefly, this model is based on
an integrated glucose–insulin dynamic model,13 extended to

include response to GPR40 agonism for MK-8666 and other
GPR40 partial agonists. The model was developed using
PK/PD (plasma drug, glucose, and insulin concentrations)
data from prior clinical studies with GPR40 agonists includ-
ing TAK-875 and from in-house Goto-Kakizaki rat studies for
a number of GPR40 agonist molecules. The model incorpo-
rated compound- and species-specific GPR40 potency esti-
mated from in vitro inositol monophosphate (IP1) assay data.
A semimechanistic representation of the glucose–insulin
feedback system was utilized, which captures the impact of
insulin changes on glucose and vice versa. The majority of
system parameters in this model, for instance, glucose vol-
ume of distribution and insulin-independent clearance, were
allometrically scaled between species rather than individually
estimated, to better enable forward and backward transla-
tion. An in vitro–in vivo correlation relating IP1 in vitro potency
in rat and human cells to model-estimated in vivo insulin
secretion was developed within the model to enable pre-
dictions within and across species. Further details describ-
ing the model, including a model schematic, table of model
parameters used in simulations, and key equations that dif-
fer from the model published by Jauslin and colleagues15 are
shown in Supplemental Figure S1 and Supplemental Table
S1.

To enable prediction of glucose response in patients in
a 2-week study, a simple two-compartment population PK
model for MK-8666 was developed using healthy subject
PK data from two earlier phase I studies (unpublished data).
Assuming similar PK in patients and healthy subjects, that
two-compartment PKmodel was incorporated into the trans-
lational PK/PD model to simulate 200 trials of 1–2,000-mg
doses administered for 2 weeks in 18 patients per dose.
The resulting mean (90% confidence interval, CI) dose–
response for 2-week FPG change from baseline difference
from placebo was calculated using a linear model, and com-
pared graphically to the primary study results.

Following completion of the study, a post-hoc population
PK/PD model for MK-8666 in patients was developed, incor-
porating PK data from the prior healthy volunteer studies in
addition to the PK and FPG data in this trial.14 The PK of
MK-8666 was characterized by a two-compartment model
with dose-dependent central volume of distribution and first-
order absorption rate constant. An indirect response model
with stimulation of glucose elimination well described the PK-
FPG relationship. The next link to HbA1c was based on a pre-
viously published PK/PD model for the GPR40 agonist TAK-
875,15 where the rate of change of HbA1c is modeled as a
difference of rates of HbA1c production and HbA1c degra-
dation, with FPG influencing the production rate (seeSupple-
mental Figure S2 and Supplemental Table S2). These two
models were linked together to enable simulation of HbA1c
following administration of MK-8666 in a 12-week phase IIb
study setting.

RESULTS
Patient characteristics
Overall, 63 patients were enrolled and treated. One patient in
the MK-8666 50-mg group was lost to follow-up. The mean
age (range) of all patients was 55.0 (30–65) years; approx-
imately half were white and half were African American.

Clinical and Translational Science
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Figure 1 Mean fasting plasma glucose concentrations over time
by treatment group (mean ± standard error).

Demographic and baseline characteristics between groups
were similar (Supplemental Table S3). For none of the results
below were there any significant differences based on sex or
ethnicity. Of the 63 subjects recruited into the study, 59 had
at least one AHA and four subjects were treatment-naïve. As
subjects were washed off their prior AHA treatment 2 weeks
prior to randomization, stratification based on prior treatment
was not considered necessary.

Efficacy
Primary endpoint
The mean reduction from baseline in FPG of MK-8666 at
Day 15 was 54.1 mg/dL, 36.0 mg/dL, and 30.8 mg/dL, for
patients taking 500 mg, 150 mg, and 50 mg, respectively,
more than placebo; the differences were statistically sig-
nificant for all dose groups at the nominal one-sided 0.05
level. Figure 1 shows the mean FPG concentrations over
time by treatment group. Table 1 shows the least squares
means for the change from baseline in FPG at each time-
point for each treatment group and themean differences from
placebo in the change from baseline in FPG for each treat-
ment group at each timepoint. The posterior probabilities for
the MK-8666 500-mg and 150-mg groups each vs. placebo
were 0.97 and 0.59, respectively, meeting the primary
hypothesis.

Secondary endpoint
MK-8666 significantly reduced 24-h WMG in all dose groups
relative to placebo. Themean reduction from baseline on Day
14 was 48.8 mg/dL, 30.6 mg/dL, and 22.3 mg/dL more than
placebo, for patients taking MK-8666 500 mg, 150 mg, and
50 mg, respectively. Table 1 shows the changes from base-
line in 24-h mean WMG after 2 weeks for each treatment
group.

Pharmacokinetics/pharmacodynamics
Figure 2 shows the mean plasma concentration profiles for
MK-8666 for all dose groups for 1 day and 14 days. Table
2 shows values for various PK parameters for MK-8666 fol-
lowing administration of daily oral doses for 1 day or 14
days. MK-8666 was absorbed with a median Tmax of 2.0–2.5
h and demonstrated a biphasic decline. The mean appar-
ent t½ was 22–32 h. Based on a comparison of AUC0-24hr

on Day 1 and Day 14, the MK-8666 exposures following

repeated daily dosing of 150 mg and 500 mg accumulate
roughly 1.2–1.8× relative to a single dose. Descriptive and
graphical analyses show trends of nonlinearity with slightly
greater than proportional increases in exposure between 50
mg and 150 mg, and dose-proportional increases beyond
that.
The predictions from the previously developed transla-

tional PK/PD model are shown overlaid with the observed
study results in Figure 3. The resulting simulations closely
capture both the mean and patient variability in the observed
FPG dose–response data in this trial.
The results of a further PK/PD modeling analysis of the

plasma concentration data and FPG data obtained in this
study and predicted into a 12-week trial are shown in Figure
4. Based on this simulation, daily doses of 500 mg and 150
mg are predicted to achieve greater than 95% and �90% of
maximum HbA1c response, respectively.14

Safety and tolerability
A total of 65 adverse events (AEs) were reported by 27
out of 63 patients, of which 18 were considered drug-
related by the investigator. All AEs were mild to moder-
ate in intensity. The most commonly reported AEs were
pain (back/neck/extremity, 13 episodes), headache (10
episodes), constipation (9 episodes), nausea (6 episodes),
diarrhea (5 episodes), and abdominal pain (4 episodes). No
patient showed treatment-related hypoglycemia. Supple-
mental Table S4 shows patients with AEs with incidence
>0%.
A 53-year-old African-American man in the 150-mg group,

who had normal liver safety tests at screening and prior to
dosing with the exception of a modestly elevated gamma-
glutamyl transpeptidase (γ -GT), developed alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
increases above baseline prior to dosing on Day 3, and con-
tinued to trend upward with continued dosing. The highest
observed ALT/AST values were measured 24 h after the final
dose of MK-8666 (ALT 4–5× upper-limit-of-normal (ULN)
and AST 2–3× ULN), concurrent with a modest elevation
in alkaline phosphatase (AP) �1.4× ULN. Two weeks after
the completion of dosing, all liver safety tests had returned
to normal or near-normal concentrations with the excep-
tion of γ -GT, which was trending back towards predosing
baseline. Subsequent evaluation did not identify any specific
cause for the liver safety test abnormalities, and it is possi-
ble that they were related to MK-8666. There were no other
notable individual liver safety test abnormalities. No relevant
increases in mean ALT or AST levels in MK-8666 vs. placebo-
treated patients were observed. There were no clinically sig-
nificant abnormalities in urine chemistry panels, complete
blood count, electrocardiogram, and physical examinations,
including vital signs.

DISCUSSION

MK-8666 was found to be generally well tolerated and effec-
tive relative to placebo at lowering FPG andWMG in a cohort
of patients with type 2 diabetes. As expected from MK-
8666’s mechanism of action, no patient showed treatment-
related hypoglycemia. MK-8666 significantly reduced FPG

www.cts-journal.com
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Table 1 Least squares means change from baseline in fasting plasma glucose (mg/dL) and changes from baseline in weighted mean glucose at 2 weeks

Endpoint Timepoint Treatment n

Least squares
Mean change
from baseline Treatment comparison

Mean
difference 90% CI

Fasting plasma glucose Day 3 MK-8666 500 mg 18 33.3 MK-8666 500 mg vs. placebo 37.2 (27.4, 46.9)

MK-8666 150 mg 18 21.0 MK-8666 150 mg vs. placebo 24.9 (15.2, 34.7)

MK-8666 50 mg 9 10.5 MK-8666 50 mg vs. placebo 14.4 (2.5, 26.4)

Placebo 18 −3.9 —

Day 7 MK-8666 500 mg 18 39.4 MK-8666 500 mg vs. placebo 45.1 (32.1, 58.1)

MK-8666 150 mg 18 30.2 MK-8666 150 mg vs. placebo 36.0 (23.0, 49.0)

MK-8666 50 mg 9 28.9 MK-8666 50 mg vs. placebo 34.7 (18.8, 50.6)

Placebo 18 −5.7 —

Day 14 MK-8666 500 mg 18 55.6 MK-8666 500 mg vs. placebo 56.2 (40.2, 72.2)

MK-8666 150 mg 18 42.3 MK-8666 150 mg vs. placebo 42.9 (26.9, 58.9)

MK-8666 50 mg 9 28.5 MK-8666 50 mg vs. placebo 29.1 (9.5, 48.7)

Placebo 18 −0.6 —

Day 15 MK-8666 500 mg 18 56.0 MK-8666 500 mg vs. placebo 54.1 (38.1, 70.0)

MK-8666 150 mg 18 37.9 MK-8666 150 mg vs. placebo 36.0 (20.0, 51.9)

MK-8666 50 mg 9 32.8 MK-8666 50 mg vs. placebo 30.8 (11.3, 50.3)

Placebo 18 2.0 —

24-H weighted mean
glucose (mg/dL)

Day 14 MK-8666 500 mg 18 45.4 MK-8666 500 mg vs. placebo 48.8 (35.6, 62.0)

MK-8666 150 mg 18 27.3 MK-8666 150 mg vs. placebo 30.6 (17.4, 43.8)

MK-8666 50 mg 9 19.0 MK-8666 50 mg vs. placebo 22.3 (6.2, 38.4)

Placebo 17a −3.3 —

WMG, weighted mean glucose.
Least squares means and confidence intervals from a constrained longitudinal data analysis model.
aData from one patient at Day 14 in the placebo group is missing, as the patient had to leave the study site for personal reasons.

Figure 2 Mean plasma concentration profiles for MK-8666 following administration of daily oral doses of 50 mg, 150 mg, and 500 mg for
1 day or 14 days to fasted adults with type 2 diabetes (mean ± SE). (a) Linear scale. (b) Semilogarithmic scale.

in all dose groups; the proof-of-concept criterion of hav-
ing a posterior probability of at least 0.50, of the placebo-
corrected reduction from baseline in FPG at Day 15 being at
least 34 mg/dL, was met by the 500-mg (posterior probabil-
ity = 0.97) and 150-mg (posterior probability = 0.59) dose
groups. These clinical results were consistent with the pre-
dictions from the translational PK/PD model.12 This indicates
that such a translational approach can be used to accurately
predict human glucose response based on preclinical exper-
imental results.
This study also provided insights into the PK of MK-8666

in patients with type 2 diabetes. The observed half-life of

MK-8666 (22–32 h) supported once-daily dosing, which was
seen as desirable. At steady-state, the geometric mean half-
lives tended to show an increase at higher doses. Caution
must be exercised in interpreting the physiological relevance
of this finding, given the moderately high intersubject vari-
ability of each dose group and because in some subjects
in the lowest dose group, concentrations towards the later
timepoints were below quantifiable limits. Of note, a half-life
could not be calculated following a single dose given the
duration of sampling (24 h) relative to the estimated half-life
(22–32 h). In addition, MK-8666 demonstrated a lack of dose
proportionality over the evaluated range. Greater than dose

Clinical and Translational Science
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Table 2 Pharmacokinetic parameter values for MK-8666 following administration of daily oral doses for 1 day or 14 days to patients with type 2 diabetes

Day Dose (mg) Tmax
a (hr) Cmax (μM)b C24hr (μM)b AUC0-24hr

b (μM•hr) t1/2b (hr)

1 50 2.0 0.906 0.0314 6.11

(1.5-12.0) (102) (89) (88)

14 50 2.0 1.50 0.264 15.3 21.6c

(1.0-12.0) (93) (89) (88) (63)

Day 14/Day 1d 1.7 8.4 2.5

1 150 2.25 4.49 0.260 37.2

(1.5-4.0) (45) (134) (44)

14 150 2.0 7.16 1.14 66.9 23.0

(1.0-6.0) (37) (54) (32) (50)

Day 14/Day 1d 1.6 4.4 1.8

1 500 2.5 17.1 1.86 143

(1.5-8.0) (40) (84) (33)

14 500 2.0 19.9 2.86 172 31.6

(0.5-3.0) (32) (45) (37) (40)

Day 14/Day 1d 1.2 1.5 1.2

Lower limit of quantification is 1.92 nM.
Noncompartmental analysis based on nominal times (18 for the 500-mg group, 18 for the 150-mg group, 9 for the 50-mg group).
aMedian (min–max). bGeometric mean (Geometric CV%). cn = 7. dGeometric mean ratio.

Figure 3 MK-8666 mean simulated fasting plasma glucose lowering (placebo-corrected reduction from baseline) vs. dose from transla-
tional PK/PD model, with observed mean (90% CI) study results.

proportional increases were observed between 50 mg and
150 mg, with relatively proportional changes in exposure
between 150 mg and 500 mg. The underlying reason for
this lack of proportionality was not identified. MK-8666 is
mainly eliminated by metabolism, with a negligible fraction
excreted unchanged in the urine (fe <0.1%). MK-8666
oxidative metabolism is mediated by CYP3A, with preclinical
evidence of UGT1A3 as another elimination pathway. Had
the compound continued through development, there likely
would have been efforts to understand this nonlinearity.
However, as dose proportionality was observed in the likely
clinically relevant range, this observation was considered of
limited relevance for clinical dose decision-making.
By utilizing a PK/PD modeling approach to further analyze

the clinical trial data in this study, inferences to the antici-
pated performance of MK-8666 in a larger and longer clinical
trial can be made. This approach was used to assess the

anticipated HbA1c dose–response relationship expected if
a 12-week phase IIb were to be conducted. The simulations
showed that at 12 weeks doses of 500 mg and 150mg would
achieve greater than 95% and �90% of maximum HbA1c
response, respectively, and define the plateau for maximal
efficacy.14

As the clinical proof-of-concept study evaluated doses of
50 mg, 150 mg, and 500 mg, model-informed analyses pro-
vided a more complete dose–response assessment, includ-
ing evaluation of doses that were not included in the proof-of-
concept study (Figures 3, 4), and allowed for robust planning
of the phase IIb dose-ranging study. A dose of 150 mg was
considered to balance, providing a high predicted glucose
response, while reducing the potential for exposure-related
AEs. In order to create a reasonable dose-step between
150 mg and 500 mg (considered close to Emax), a dose of
300 mg was considered for inclusion. To ensure adequate

www.cts-journal.com



MK-8666 for type 2 diabetes
Krug et al.

410

Figure 4 Pharmacokinetic/pharmacodynamic model 12-week HbA1c dose–response predictions for MK-8666.14 The number of subjects
per dose was 200, and 1,000 simulations were run with uncertainty in population mean parameters and no variability. The shaded region
is the confidence interval of the mean.

exposure separation between doses, 600 mg was recom-
mended as the highest dose that should be evaluated in the
phase IIb study. Although the treatment period was short in
this study, use of prior knowledge coupled with PK/PD mod-
eling and simulation provided a means of extrapolation to
support potential design of a longer-term phase IIb trial.
MK-8666 was generally well tolerated, although there

appeared to be a greater incidence of certain AEs with higher
doses. Gastrointestinal AEs including nausea, constipation,
and loose stools appeared to be more common in the MK-
8666 500-mg dose group than in other dose groups. Liver
safety test abnormalities were found in a patient in the 150-
mg group. Abnormal hepatic function was also found in the
phase III study of patients taking TAK-875, although most
of the patients in that study who experienced elevations of
aminotransferases had confounding liver disease.10 Takeda
announced termination of their TAK-875 program in Decem-
ber 2013.11 It is possible the hepatic changes observed in
the present study were related to MK-8666, although it is not
clear what mechanism could be causing the hepatic changes
because, at least in rodents, GPR40 is not expressed in the
liver.3,5 Merck terminated the development program for MK-
8666 in August 2014 in anticipation of an unfavorable bene-
fit/risk profile for the compound in the type 2 diabetes target
population.
Overall, this study demonstrated that MK-8666 was well

tolerated after 2 weeks of treatment, where doses of 150 mg
and higher were therapeutically efficacious, with maximum
effect reaching at 500 mg.
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for pre–post designs. Sankhyā Indian J. Stat, (Series B). 62, 134–148 (2000).

C© 2017 The Authors. Clinical and Translational Science
published by Wiley Periodicals, Inc. on behalf of Ameri-
can Society for Clinical Pharmacology and Therapeutics.
This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License,
which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and
is not used for commercial purposes.

Supplementary information accompanies this paper on the Clinical and Translational Science website.
(http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1752-8062)

www.cts-journal.com

http://creativecommons.org/licenses/by-nc/4.0/
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1752-8062

