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OBJECTIVEdTo assess the efficacy and safety of MK-0941, a glucokinase activator (GKA),
when added to stable-dose insulin glargine in patients with type 2 diabetes.

RESEARCHDESIGNANDMETHODSdIn this double-blind study, 587 patients taking
stable-dose insulin glargine (6metformin $1,500 mg/day) were randomized (1:1:1:1:1) to
MK-0941 10, 20, 30, or 40mg or matching placebo t.i.d. before meals (a.c.). This study included
an initial 14-week, dose-ranging phase followed by a 40-week treatment phase during which
patients were to be uptitrated as tolerated to 40 mg (or placebo) t.i.d. a.c. The primary efficacy
end point was change from baseline in A1C at Week 14.

RESULTSdAt Week 14, A1C and 2-h postmeal glucose (PMG) improved significantly versus
placebo with all MK-0941 doses. Maximal placebo-adjusted least squares mean changes from
baseline in A1C (baseline A1C 9.0%) and 2-h PMG were20.8% and237 mg/dL (22 mmol/L),
respectively. No significant effects on fasting plasma glucose were observed at any dose versus
placebo. By 30 weeks, the initial glycemic responses noted at 14 weeks were not sustained.
MK-0941 at one or more doses was associated with significant increases in the incidence of
hypoglycemia, triglycerides, systolic blood pressure, and proportion of patients meeting criteria
for predefined limits of change for increased diastolic blood pressure.

CONCLUSIONSdIn patients receiving stable-dose insulin glargine, the GKA MK-0941
led to improvements in glycemic control that were not sustained. MK-0941 was associated
with an increased incidence of hypoglycemia and elevations in triglycerides and
blood pressure.
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G lucokinase (GK) plays an integral
role in glucose homeostasis and
offers a potential therapeutic target

for the treatment of type 2 diabetes (1).
GK functions as a glucose sensor in pan-
creaticb-cells and as amediator of hepatic
glucose disposal. Increased or decreased
GK activity, linked to specific genetic

mutations, is associated with hypogly-
cemia and hyperglycemia, respectively (2).
Glucokinase activators (GKAs) interact
with the same region of the GK enzyme
that is commonly affected by naturally
occurring GK-activating mutations in
humans (3). Treatment with different
GKAs has been shown to increase insulin

secretion, reduce hepatic glucose produc-
tion, and improve glycemic excursion
in normal and diabetic animals (4–6). In
single- and multiple-dose studies, GKAs
reduced fasting and postprandial glucose
in patients with type 2 diabetes (7,8) and
healthy adults (9).

MK-0941 is an oral, selective, alloste-
ric GKA that activates GK (hexokinase
subtype IV), with $100-fold selectivity
over other hexokinase isoforms (Supple-
mentary Table 1). In single-dose studies
of MK-0941, mean fasting plasma glucose
(FPG) decreased by ;30 mg/dL relative
to baseline in healthy subjects and by
;100 mg/dL in patients with type 2 di-
abetes. Given its relatively short duration
of action (;4-h postdose) and potential
to induce hypoglycemia when adminis-
tered in the fasted state, MK-0941 was
dosed prior to each main meal. In one
study, reduction in 24-h weighted mean
glucose (WMG) after dosing MK-0941 40
mg t.i.d. before meals (a.c.). for a single
day was comparable to the reduction ob-
served with 8 IU of rapid-acting insulin
t.i.d. a.c. In another study, patients taking
stable-dose insulin glargine had a reduc-
tion in 24-h WMG of ;48 mg/dL after
receiving MK-0941 t.i.d. a.c. for 11 days
(initial 4-day titration period up to 40 mg
t.i.d., as tolerated, followed by 1 week of
treatment). When added to metformin,
MK-0941 administered b.i.d. a.c. decreased
24-h WMG by ;41 mg/dL after 13 days
(including an 8-day titration phase). Over-
all, in phase I studies in subjects with and
without type 2 diabetes, MK-0941, ad-
ministered either b.i.d. or t.i.d. a.c. for
up to 13 days, had robust glucose-lower-
ing effects and was generally well toler-
ated, except for an expected increase in
the incidence of hypoglycemia.

In chronic oral toxicity studies in
animalswithMK-0941, cataracts were ob-
served in rats and dogs at drug exposures
of 3 and 1.5 times, respectively, the max-
imum predicted human exposure based
on doses planned for further clinical de-
velopment. No cataracts were observed in
either species at drug exposures equal to
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the maximumpredicted human exposure.
A potential mechanism may be related to
the severe and sustained hypoglycemia
observed in affected animals. Neverthe-
less, on the basis of the preclinical find-
ings, ophthalmologic examinations using
LOCS III (Lens Opacities Classification
System III) (10) were implemented in the
MK-0941 clinical development program.

Patients with type 2 diabetes taking
basal insulin often require the addition of
multiple premeal injections with short- or
rapid-acting insulin to optimize postpran-
dial glucose control. Given the pharma-
codynamic similarities between premeal
insulin and MK-0941, the drug was con-
sidered a potential oral alternative to in-
jections of short-acting insulin. The
purpose of the current study was to assess
the efficacy and safety of MK-0941 in
patients with type 2 diabetes and in-
adequate glycemic control taking insulin
glargine (either alone or in combination
with metformin).

RESEARCH DESIGN AND
METHODSdThis multinational, ran-
domized, double-blind, placebo-controlled,
parallel-group, 54-week study was con-
ducted at 101 clinical sites in 27 countries.
The study consisted of a 14-week dose-
ranging phase (MK-0941 10, 20, 30, or
40 mg or placebo t.i.d. a.c.), followed by
a 40-week continuation phase, during
which patients who did not receive glyce-
mic rescue therapy (described below) and
were not already at the maximum dose of
MK-0941 (40 mg t.i.d. a.c.) had their
MK-0941 dose or matching placebo upti-
trated potentially to a maximum of 40 mg
t.i.d. a.c. The study was conducted in
accordance with principles of good clinical
practice and was approved by the appro-
priate institutional review boards and reg-
ulatory agencies.

All patients provided written informed
consent. Patients with type 2 diabetes (aged
21–70 years) were eligible to participate
if they were taking any insulin at a total
daily dose of $15 units alone or in com-
bination with oral monotherapy or com-
bination therapy (with the exception of
current/recent thiazolidinedione therapy
or injectable incretin-based therapy). Pa-
tients were excluded for type 1 diabetes,
a history of ketoacidosis, a history of se-
vere hypoglycemic episodes, uncontrolled
hypertension, New YorkHeart Association
class II–IV cardiac functional classification,
or new or worsening signs/symptoms
(within past 3 months) of cardiovascular
disease. Patients received counseling on a

weight-maintaining diet consistent with lo-
cal guidelines.

Patients taking insulin glargine $15
units/day at a stable dose for at least 6
weeks prior to the screening visit, with
an A1C between 7.5 and 11.0%, and
who met all entry criteria entered directly
into a 2-week, single-blind, placebo run-in
period. All other patients were switched
to a stable-dose regimen of insulin glar-
gine $15 units/day during a conversion
period of up to 10 weeks (consisting of
a 2- to 4-week dose-adjustment phase
and a 6-week stable-dose phase). Patients
were instructed to inject their insulin glar-
gine at the same time each evening. At
the start of the conversion period, patients
taking concurrent metformin $1,500
mg/day were allowed to continue their
metformin dose, whereas those taking
metformin ,1,500 mg/day or other con-
current oral antihyperglycemic agents had
their treatment discontinued. After this pe-
riod, eligible patients entered the 2-week
placebo run-in period. Patients were not
randomized if they experienced a severe
hypoglycemic episode during the preran-
domization period.

After the 2-week placebo run-in pe-
riod, eligible patients (n = 587) were ran-
domized to MK-0941 10, 20, 30, or 40 mg
or matching placebo t.i.d. a.c. (1:1:1:1:1)
using a computer-generated allocation
schedule. Randomization was stratified
according to metformin use (the percent-
age of randomized patients taking metfor-
min was to be #70%) and their baseline
cortical cataract LOCS III score from the
eye with the worse score (#0.5 or.0.5).
During the first 2 weeks’ postrandomiza-
tion, patients were to be uptitrated to ei-
ther their dose assigned at randomization
or a lower dose that maximally controlled
glucose without causing unacceptable hy-
poglycemia. The goal of uptitration was
to attain preprandial fingerstick glucose
values in the 80–110 mg/dL (4.4–6.1
mmol/L) range. During the following 12-
week dose-stable period, MK-0941 could
be downtitrated to avoid hypoglycemia.
To maintain blinding, mock titration was
performed in patients randomized to
placebo.

Patients were to monitor their fin-
gerstick glucose throughout the study by
performing a minimum of two premeal
determinations per day, with additional
monitoring during titration periods or at
an investigator-determined frequency. Pa-
tients taking their assigned MK-0941 dose
(or a lower dose that maximally controlled
glucose without causing unacceptable

hypoglycemia) for at least 4 weeks were
to receive glycemic rescue therapy if they
met the following criteria: from baseline
through Week 6, multiple fasting or pre-
prandial fingerstick glucose .270 mg/dL
(15mmol/L); afterWeek 6 up toWeek 22,
glucose.240 mg/dL (13.3 mmol/L); after
Week 22 up to Week 38, glucose .200
mg/dL (11.1 mmol/L); and after Week 38
to Week 54, glucose .170 mg/dL (9.4
mmol/L) without a reasonable explana-
tion. Rescue therapy consisted of increas-
ing the daily insulin dose by .10% (and
.2 units) above the stable dose of insulin
glargine determined during the preran-
domization period. After rescue, patients
could not have their MK-0941 dose/
matching placebo further uptitrated dur-
ing the study.

For 2-h postmeal glucose (PMG) as-
sessment, a standard meal tolerance test
was administered at baseline (prior to first
dose of studymedication) and atWeek 14
(study medication taken 5 min prior to
the meal). Patients were instructed to con-
sume the meal within 15 min. The meal
consisted of one nutrition bar and one
nutrition drink (;460 kcal; 75 g carbo-
hydrate, 9 g fat, and 18 g protein). Blood
was collected at 25, 0, 60, and 120 min
from the meal start.

End points
The primary efficacy end point was change
in A1C from baseline at Week 14. Sec-
ondary efficacy end points included 2-h
PMG and FPG. Lipids were also assessed.

Safety and tolerability were evaluated
by review of adverse events (AEs), phys-
ical examinations, body weight, vital signs,
and electrocardiograms (ECGs). For hypo-
glycemia, patients were counseled with
regard to symptoms, fingerstick evaluation,
treatment, and reporting as described pre-
viously (11). Any type of event (symptom-
atic or asymptomatic) assessed by the
investigator as hypoglycemia was reported
as an AE of hypoglycemia; documentation
of a glucose value at the time the patient
had symptoms was not required for symp-
tomatic hypoglycemia. Asymptomatic epi-
sodes were those without symptoms of
hypoglycemia but with a fingerstick glu-
cose #70 mg/dL (3.9 mmol/L). Events of
hypoglycemia were classified as not re-
quiring assistance, requiring the (nonmed-
ical) assistance of others, and meeting the
protocol-specified definition of severity
(i.e., requiring medical intervention or ex-
hibiting markedly depressed level of con-
sciousness, including loss of consciousness
or seizure). LOCS III assessments were
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to be made prior to randomization, dur-
ing the double-blind study period, and 3
months after the patient had either com-
pleted or discontinued from the study. All
laboratory measurements were performed
at central laboratories (PPD Inc., Highland
Heights, KY, and Zaventem, Belgium).
ECGs were read centrally by technicians
(Quintiles, Durham, NC) blinded to treat-
ment assignment.

Statistical analysis
The full analysis set, used for all efficacy
analyses at Week 14, included all ran-
domized patients who took at least one
dose of study medication and had a base-
line or at least one postrandomization
measurement. Efficacy analyses at Week
30 included only patients with data
through Week 30. The longitudinal data
analysis (LDA) method proposed by Zeger
and Liang (12) was used to evaluate effi-
cacy end points. This repeated-measures
model included terms for treatment, met-
formin use stratum, cortical cataract LOCS
III score stratum, study visit, and respec-
tive interaction terms between study visit
and the other covariates. Data obtained
after initiation of glycemic rescue therapy
were excluded. Missing data were handled
by the LDAmodel. For triglycerides, a non-
parametric method using an ANCOVA
based on Tukey normalized scores on the
percent change from baseline was used.
Within-treatment effects were estimated
using medians and between-treatment
effects were estimated using the Hodges–
Lehmann estimate (13) with a corre-
sponding confidence interval based on
Wilcoxon rank-sum test. Missing data for
triglycerides were imputed using the last
observation carried forward method.

Safety analyses included all random-
ized patients who took at least one dose
of study medication. For hypoglycemia
and cataract AEs and changes from base-
line in LOCS III scores and body weight
at Week 14, between-group differences
(MK-0941 vs. placebo) were assessed.
The AE analyses used the Miettinen and
Nurminen method (14), stratified by met-
formin use and cortical cataract LOCS III
score. LOCS III and body weight analyses
used LDA. Analyses of hypoglycemia and
body weight excluded data after initiation
of rescue therapy to avoid the confound-
ing influence of increasing insulin doses.
All other safety analyses included data
after initiation of rescue therapy.

RESULTSdOnce all enrolled patients
had either completed 14 weeks of treatment

or discontinued from the study, the data
were unblinded and reviewed by the spon-
sor. After review of the efficacy and safety
results through Week 14, as well as the
data from the cohort of patients who had
completed 30 weeks of treatment, the study
was terminated (2 March 2010) owing to
lack of sustained glycemic efficacy.

Baseline characteristics were generally
well balanced across treatment groups
(Supplementary Table 2). For the 587 ran-
domized patients (50% men), mean age
was 56 years,meanBMIwas 32kg/m2, 62%
were enrolled on concomitant metformin,
and mean insulin glargine dose was 45
units/day. Disease-related characteristics
were a mean baseline A1C of 9.0% and
mean duration of diabetes of 12 years.
The proportion of patients completing
the trial through Week 14 ranged from
83% (40-mg group) to 97% (20-mg
group) (Supplementary Fig. 1). The most
common reasons for discontinuation
were withdrawal of consent, AEs, and
lost to follow-up. The proportion of pa-
tients receiving glycemic rescue therapy
was 6.1, 9.2, 4.3, 6.8, and 3.4% in the
placebo, 10-, 20-, 30-, and 40-mg groups,
respectively. At Week 14, the propor-
tion of patients reaching their allocated
MK-0941 dose was 85, 70, 68, and 36%
and the mean total daily dose was 29, 53,
72, and 82 mg in the 10-, 20-, 30-, and
40-mg t.i.d. a.c. groups, respectively.

For patients who completed through
Week 30 (n = 41–51/group), baseline de-
mographics and physical characteristics
were similar relative to the randomized
cohort, whereas baseline glycemic param-
eters appeared to be better (data not
shown). Mean baseline A1C ranged from
8.5 to 8.8% across groups in this cohort.
Following the protocol-specified uptitra-
tion to 40 mg t.i.d. a.c. in MK-0941–treated
patients after Week 14, the mean total
daily dose at Week 30 was 85, 94, 93,
and 102 mg in the 10-, 20-, 30-, and 40-
mg t.i.d. a.c. groups, respectively.

Efficacy results
At Week 14, least squares (LS) mean
changes in A1C from baseline ranged
from 20.5 to 20.8% (P , 0.001 all MK-
0941 doses vs. placebo), with an apparent
dose-dependent reduction observed
between 10 and 30 mg t.i.d. (Table 1).
At doses .10 mg t.i.d., a numerically,
larger, placebo-adjusted reduction from
baseline in A1C was observed in patients
receiving concomitant metformin (data
not shown). Maximal A1C efficacy was
observed by Week 10 with all MK-0941 T
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doses (Fig. 1A). Similar results over time
were noted in the cohort of patients who
completed 14 weeks of treatments (n =
81–93/group; data not shown).

Despite the protocol-specified increase
in MK-0941 dose at Week 14 for patients
not randomized to 40 mg t.i.d. a.c., the
reductions in A1C observed through
Week 14 appeared to deteriorate through
Week 30 (Fig. 1B). The largest and most
rapid deterioration in A1C response was
observed in patients randomized to the
highest dose ofMK-0941 (40mg t.i.d. a.c.).

Relative to placebo, MK-0941 signif-
icantly decreased 2-h PMG, with placebo-
adjusted LS mean changes from baseline
ranging from227 mg/dL (21.5 mmol/L)
to237 mg/dL (2.1 mmol/L). For FPG, no
significant difference relative to placebo
was observed at Week 14 (Table 1).

The effect of MK-0941 on plasma
lipids was generally neutral, except for a
modest median percent increase (up to
19% relative to placebo) in triglycerides
(Table 2). Two AEs related to increased
triglycerides were reported (one each in
the placebo and the 40-mg groups). Small
mean increases from baseline in body
weight were observed with MK-0941 rela-
tive to placebo, with a statistically signifi-
cant difference between the 40-mg and
placebo groups (Table 2).

Safety results
The incidences of AEs overall and drug
related were modestly higher with MK-
0941 relative to placebo throughWeek 14
primarily owing to the increased inci-
dence of hypoglycemia (Table 3). The in-
cidence of serious AEs was higher with
MK-0941 compared with placebo. No
deaths were reported. Discontinuations as
a result of AEs were highest in the 40-mg
group. One patient (40-mg group) had an
AE (musculoskeletal chest pain) that was
considered serious and drug related and
that resolved after discontinuation.

Specific AEs with an incidence $5%
are shown in Table 3. For hypoglycemia,
the incidence was significantly (P# 0.01)
higher in the MK-0941 20- and 40-mg
groups relative to the placebo group.
The proportion of patients experiencing
episodes of hypoglycemia with a concur-
rent glucose #50 mg/dL (2.8 mmol/L)
was 8, 15, 16, 15, and 14% in the placebo,
10-, 20-, 30-, and 40-mg groups, respec-
tively. Four patients discontinued treat-
ment because of hypoglycemia (one
patient each in the 10- and 20-mg groups
and two in the 40-mg group). Two episodes
of hypoglycemia requiring nonmedical

assistance occurred in two patients in the
10-mg group and one episode of severe hy-
poglycemia (requiring medical assistance)
occurred in a patient in the 20-mg group.

The incidence of AEs of new or wors-
ening cataracts was not different among
groups (Table 3). For the multiple com-
parisons of each dose relative to placebo
for each of the four categories of the LOCS
III (cortical cataract, nuclear color, nuclear

opalescence, and posterior subscapular cat-
aract), no significant differences were ob-
served between MK-0941 and placebo
except for a significant LS mean increase
in nuclear color from baseline in the worse
eye with 20-mg relative to placebo (0.2
[95% CI 0.1–0.3] vs. 0.0 [–0.1 to 0.1], re-
spectively; P = 0.004).

At Week 14, there were small mean
increases from baseline in systolic blood

Figure 1dA1C over time: (A) throughWeek 14 (primary efficacy time point) in the full analysis
set and (B) through Week 30 in patients with results at Week 30 (n per group is 43 for placebo,
45 for 10 mg, 52 for 20 mg, 44 for 30 mg, and 41 for 40 mg). For both figures,○ = placebo,c =
MK-0941 10 mg t.i.d. a.c.,▼ = MK-0941 20 mg t.i.d. a.c.,△ = MK-0941 30 mg t.i.d. a.c.,▪ =
MK-0941 40 mg t.i.d. a.c. Data are expressed as mean 6 SE.
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pressure (SBP) with MK-0941, with a sta-
tistically significant difference between the
40-mg and placebo groups (Table 2). For
diastolic blood pressure (DBP), no signif-
icant differences in LS mean change from
baseline in DBP were observed between
any MK-0941 dose and placebo. The pro-
portion of patients meeting predefined
limits of change for increased SBP (last
value increased by $15 mmHg) was
12.3% in the placebo group and 19.5,
14.5, 17.4, and 14.7% in the 10-, 20-,
30-, and 40-mg groups, respectively. For
increased DBP (last value increased by
$10 mmHg), the proportion was 9.6%
in the placebo group and 19.5, 16.2,
13.0, and 19.0% in the 10-, 20-, 30-,
and 40-mg groups, respectively (95%
CIs for the difference in proportions be-
tween the 10- or the 40-mg group relative
to placebo excluded zero). Hypertension
AEs occurred at rates between 1 and 2%
in each group. One AE of increased DBP
was reported in the 20-mg group, and one
AE of “increased BP” was reported in the
40-mg group. There were no clinically rel-
evant differences between groups in ECGs

or in routine hematology, serum chemis-
try, or urinalysis.

CONCLUSIONSdThis clinical trial
represents the first published clinical
assessment of efficacy and safety after
prolonged treatment with a GKA. The
addition of MK-0941 to insulin in pa-
tients with type 2 diabetes resulted in
significant reductions in A1C at Week 14.
The A1C effects appeared to be dose
related up to 30 mg t.i.d. a.c. The lack
of separation in the observed efficacy
between the higher MK-941 doses may
be explained by the inability to uptitrate
patients in the higher dose groups to their
allocated dose because of risk or occur-
rence of hypoglycemia. Alternatively, the
higher doses might have been at the top
of the dose response. It is important to note
that the study was not powered to assess
small between-dose differences inA1C. The
observed reduction in A1C appeared to be
the result of changes in PMG because no
significant effect on FPG was observed. An
FPG response was not expected owing to
the short duration of action ofMK-0941. As

the trial continued beyond Week 14, the
A1C response deteriorated, despite the
protocol-specified dose uptitration after
Week 14. Since hepatic glucose produc-
tion, insulin secretion, and insulin sensi-
tivity were not measured during this trial,
the mechanism underlying the lack of
sustained glycemic effect with MK-0941
cannot be determined.

MK-0941 led to an increased inci-
dence of hypoglycemia AEs throughWeek
14, which was not unexpected consider-
ing the mechanism of action of this drug.
The increase in the incidence of hypogly-
cemia is consistent with activating muta-
tions of the GK enzyme that are associated
with varying degrees of hypoglycemia (2,3).
Other safety-related outcomes (changes in
triglycerides and BP) were not expected,
based on earlier studies with this agent.

Elevated plasma triglycerides with
MK-0941 were also noted in a separate
6-week phase IIa trial conducted concur-
rently with the current study, but this
finding contrasts with results from earlier
studies (Supplementary Table 1). Pub-
lished evidence has revealed an association

Table 2dLipid, body weight, and BP responses to treatment at Week 14

Parameter Placebo

MK-0941 dose (mg t.i.d. a.c.)

10 20 30 40

n 111 to 114 112 to 118 113 to 117 113 to 117 113 to 118
Total cholesterol
% Change from baseline 4.3 (1.2 to 7.4) 4.7 (1.5 to 7.9) 6.2 (3.1 to 9.4) 5.1 (1.9 to 8.3) 7.4 (4.2 to 10.5)
Change from placebo d 0.4 (24.0 to 4.7) 1.9 (22.4 to 6.2) 0.8 (23.5 to 5.1) 3.0 (21.3 to 7.4)

LDL cholesterol
% Change from baseline 7.8 (3.2 to 12.4) 2.6 (22.2 to 7.5) 5.6 (0.8 to 10.3) 5.5 (0.7 to 10.2) 5.5 (0.7 to 10.3)
Change from placebo d 25.2 (211.7 to 1.4) 22.2 (28.7 to 4.3) 22.3 (28.8 to 4.2) 22.3 (28.9 to 4.3)

HDL cholesterol
% Change from baseline 20.2 (22.9 to 2.5) 2.3 (20.5 to 5.1) 20.1 (22.8 to 2.6) 20.9 (23.7 to 1.8) 1.9 (20.9 to 4.6)
Change from placebo d 2.5 (21.3 to 6.3) 0.1 (23.7 to 3.8) 20.7 (24.5 to 3.1) 2.1 (21.7 to 5.9)

Non-HDL cholesterol
% Change from baseline 6.3 (2.2 to 10.4) 6.1 (1.9 to 10.4) 9.3 (5.2 to 13.4) 8.2 (4.0 to 12.4) 9.8 (5.6 to 14.0)
Change from placebo d 20.2 (25.9 to 5.6) 3.0 (22.6 to 8.7) 1.9 (23.8 to 7.6) 3.5 (22.2 to 9.3)

Triglycerides
% Change from baseline† 8.0 (21.6 to 17.5) 15.3 (6.0 to 24.6) 27.6 (15.5 to 39.7) 12.1 (3.4 to 20.8) 18.2 (8.8 to 27.5)
Change from placebo† d 7.8 (23.4 to 18.7) 19.3 (7.2 to 31.2)* 6.1 (24.7 to 16.8) 12.7 (1.9 to 24.3)**

Body weight (kg)
Change from baseline 20.2 (20.7 to 0.3) 0.0 (20.5 to 0.6) 0.3 (20.2 to 0.8) 0.4 (20.1 to 0.9) 0.6 (0.1 to 1.1)
Change from placebo d 0.2 (20.5 to 0.9) 0.5 (20.2 to 1.2) 0.6 (20.1 to 1.3) 0.8 (0.0 to 1.5)**

SBP (mmHg)
Change from baseline 21.3 (23.7 to 1.2) 1.7 (20.8 to 4.2) 21.2 (23.6 to 1.2) 0.8 (21.7 to 3.3) 2.5 (20.1 to 5.0)
Change from placebo d 3.0 (20.4 to 6.4) 0.1 (23.2 to 3.4) 2.0 (21.3 to 5.4) 3.7 (0.3 to 7.2)**

DBP (mmHg)
Change from baseline 20.5 (22.0 to 1.0) 0.4 (21.1 to 2.0) 21.0 (22.5 to 0.5) 0.5 (21.0 to 2.0) 0.8 (20.8 to 2.3)
Change from placebo d 1.0 (21.1 to 3.0) 20.5 (22.5 to 0.5) 1.0 (21.0 to 3.1) 1.3 (20.8 to 3.4)

Change from baseline or change from placebo data are expressed as LSmean change or LS mean percent change (95%CI) with LDA unless otherwise indicated. †Data
are median percent change (95%CI) using ANCOVAwith last observation carried forward analysis; n per group ranged from 82 to 96 for triglycerides. *P# 0.001 for
the between-group difference relative to placebo. **P # 0.05 for the between-group difference relative to placebo.
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between GK activation and lipid perturba-
tions. Overexpression of GK in the liver by
6.4-fold led to a 38% reduction in plasma
glucose and a 190% increase in plasma
triglycerides in rats (15). In humans, in-
creased hepatic GK expression was associ-
ated with increased de novo lipogenesis
and liver triglyceride content (16). Further-
more, polymorphisms in the GK regula-
tory protein gene are associated with
elevated plasma triglycerides, free fatty
acids, and VLDL–triglyceride levels and
reduced plasma glucose levels in humans
(17–22). We can speculate that increased
triglycerides with chronic MK-0941 use
may be associated with increased GK activ-
ity within the liver that ultimately favor de
novo lipogenesis and attendant triglyceride
production (18).

In the current study, the efficacy of
MK-0941 appeared to wane sooner in
those treated with the highest dose, in
which increases in triglycerides and body
weight were observed. This higher dose
exposure and activation of GK may have
led to multiple metabolic perturbations
that affected the glucose-lowering response.
Of interest, these negative metabolic effects
were not observed in wild type mice and

b-cell–specific GK haploinsufficient mice
treated with a GKA for up to 40 months
(23,24). The differences between studies
may be related to target organ (i.e., liver
vs. pancreas) specificity of the GKA mole-
cules and/or species specificity. The pres-
ent results are consistent, however, with
the development of hyperglycemia, hy-
perinsulinemia, hypertriglyceridemia,
and increased body weight in transgenic
mice overexpressing hepatic GK (25). The
present results coupled with the findings
of Peter et al. (16) indicate that continued
activation of hepatic GK has deleterious
metabolic effects and that nonspecific
activation of GK may not be an appropri-
ate approach for the treatment of type 2
diabetes.

Some negative effects of MK-0941 on
BP were observed in this study. In addi-
tion, elevations in SBP were observed in
the aforementioned concurrent phase IIa
trial (Supplementary Table 1). A mecha-
nistic explanation for BP changes associ-
ated with GK activation is unknown.
Recent findings in dogs with another
GKA found an increased catecholamine
tone ( J. Ehrhart, personal communication)
that if verified as a finding in humans, may

explain, at least in part, the BP findings
observed with chronic MK-0941 use.

In the current study, no meaningful
between-group differences in incidences
of cataract AEs were observed. A small
increase in the nuclear color LOCS III
dimension observed with the 20-mg dose
of MK-0941 compared with placebo may
have been a spurious finding because no
other significant between-group differ-
ences in LOCS III scores were observed.
Because profound and persistent hypogly-
cemia with MK-0941 potentially mediates
cataract formation in animals, the present
results suggest that the mild-to-moderate,
transient episodes of hypoglycemia and
rare incidence of severe hypoglycemia
reported with MK-0941 in this study
would not be expected to lead to clinically
meaningful eye-related changes.

In summary, the addition of MK-
0941 to stable-dose insulin glargine led
to significant improvements in glycemic
control that were not sustained with
continued treatment. MK-0941 was asso-
ciated with an increased incidence of
hypoglycemia and elevations in triglycer-
ides and SBP. It is unknown whether the
efficacy and safety profiles observed with
MK-0941 were compound specific or
mechanism based. A better understand-
ing of the GK mechanism and its down-
stream metabolic effects is needed to
determine whether GK activation with
other compounds may be a viable treat-
ment target for type 2 diabetes.
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Placebo

MK-0941 dose (mg t.i.d. a.c.)

10 20 30 40
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$1 AEs 58 (50.4) 73 (61.3) 75 (64.1) 71 (60.7) 73 (61.9)
Drug-related AEs† 17 (14.8) 20 (16.8) 36 (30.8) 32 (27.4) 35 (29.7)
SAEs 1 (0.9) 4 (3.4) 2 (1.7) 4 (3.4) 4 (3.4)
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Discontinued owing to AEs 3 (2.6) 4 (3.4) 3 (2.6) 3 (2.6) 6 (5.1)
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drug-related AEs† 1 (0.9) 0 2 (1.7) 1 (0.9) 4 (3.4)
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drug-related SAEs† 0 0 0 0 1 (0.8)

Specific AEs occurring with
an incidence of $5%
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Hypoglycemia 40 (34.8) 46 (38.7) 61 (52.1)* 54 (46.2) 63 (53.4)*
Cataracts 5 (4.3) 8 (6.7) 1 (0.9) 5 (4.3) 2 (1.7)
Diarrhea 3 (2.6) 6 (5.0) 5 (4.3) 3 (2.6) 3 (2.5)
Influenza 0 (0) 6 (5.0) 2 (1.7) 8 (6.8) 4 (3.4)
Nasopharyngitis 1 (0.9) 3 (2.5) 9 (7.7) 3 (2.6) 6 (5.1)
Upper respiratory tract
infection 2 (1.7) 4 (3.4) 5 (4.3) 7 (6.0) 4 (3.4)

Headache 2 (1.7) 2 (1.7) 10 (8.5) 3 (2.6) 4 (3.4)
Data are n (%). For all end points except for hypoglycemia, this summary includes data after initiation of
glycemic rescue therapy. For hypoglycemia, this summary excludes data after initiation of glycemic rescue
therapy to eliminate the confounding effect of increased insulin dose. SAE, serious adverse event.
†Considered by the investigator to be drug related. *P # 0.01 vs. placebo (analysis of between-group dif-
ference relative to placebo was prespecified for hypoglycemia AEs).
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