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Aim: We examined the effects of the 11β-hydroxysteroid dehydrogenase type 1 (HSD1) inhibitor, MK-0916, on the multiple components of
the metabolic syndrome (MetS) in patients with type 2 diabetes (T2DM) and MetS.
Methods: This was a 12-week, multicentre, randomized, double-blind, placebo-controlled study. Patients with T2DM (mean baseline A1C:
7.3%) and National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III)-defined MetS were randomized 1 : 1 : 1 : 1 to 0.5,
2 or 6 mg/day MK-0916 or placebo. The primary efficacy endpoint was a change from baseline at week 12 in fasting plasma glucose (FPG).
Secondary endpoints included glycosylated haemoglobin A1c (A1C), 2-h postprandial glucose (2-h PPG), body weight, waist circumference,
blood pressure and lipid profile.
Results: Treatment with MK-0916 had no significant effect relative to placebo on FPG at week 12. Compared to placebo, 6 mg MK-0916 pro-
duced a modest, significant (p = 0.049) reduction in A1C of 0.3% at week 12, but no significant difference was observed in 2-h PPG. Six milligram
MK-0916 increased LDL-C relative to placebo by 10.4% (p = 0.041). Treatment with MK-0916 led to modest dose-dependent decreases in blood
pressure and body weight. Overall, MK-0916 was generally well tolerated. MK-0916 produced mechanism-based activation of the hypothala-
mic–pituitary–adrenal axis, resulting in mean increases in adrenal androgen levels that remained within the normal range at all doses tested.
Conclusions: Inhibition of HSD1 with MK-0916 was generally well tolerated in patients with T2DM and MetS. Although no significant improve-
ment in FPG was observed with MK-0916 compared to placebo, modest improvements in A1C, body weight and blood pressure were observed.
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Introduction
The metabolic syndrome (MetS) comprises a cluster of
cardiovascular risk factors including visceral adiposity, insulin
resistance, hypertension and dyslipidaemia (1). Cushing’s
syndrome, which involves an elevation in circulating cortisol
levels, is characterized by a constellation of cardiovascular
risk factors similar to that observed in MetS patients (2).
Bjorntorp et al. (3) proposed that subtle alterations in the
hypothalamic–pituitary–adrenal axis (HPA) and cortisol
homeostasis may link the pathogenesis and metabolic
consequences of visceral adiposity. While the similarity between
Cushing’s and MetS has been noted, circulating glucocorticoid
levels are typically not elevated in patients with MetS. These
findings led to the hypothesis that MetS, at least in part, is
caused by functional hypercortisolism through increased levels
of intracellular glucocorticoids.

Correspondence to: Dr. Peter U. Feig, Merck Research Laboratories, Merck Sharp & Dohme
Corp., RY34A-200, 126 East Lincoln Avenue, Rahway, NJ 07065, USA.
E-mail: peter_feig@merck.com

Glucocorticoid levels are modulated at the cellular level by
the 11β-hydroxysteroid dehydrogenase (HSD) enzymes, HSD1
and HSD2. In humans, HSD1 is ubiquitously expressed, with
the highest levels being found in the liver and adipose tissue,
and catalyses the intracellular conversion of inactive cortisone
into active cortisol (4). HSD2 is found primarily in the kidneys
and colon and catalyses the reverse reaction (4).

There is some evidence that HSD1-mediated intracellular
production of cortisol may play a role in the pathogenesis
of MetS (5–7). For example, mice in which the gene for
HSD1 was deleted were shown to be resistant to developing
multiple components of MetS (8–10). Inhibition of HSD1
was shown to improve multiple components of MetS in diet-
induced obese mice and to decrease plaque progression in
a mouse model of atherosclerosis (11). Additionally, mice
in which the HSD1 gene was transgenically overexpressed
in either adipose tissue or the liver exhibited a MetS-like
phenotype (12). A positive correlation was reported for HSD1
mRNA expression and enzyme activity levels with body mass
index, fasting insulin levels and percent body fat in Pima Indians
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and Caucasians (13). Taken together, these results support
the hypothesis that it is the intracellular, not the systemic,
levels of glucocorticoids that regulate metabolic parameters
and that elevated intracellular cortisol levels contribute to the
pathogenesis of MetS. Moreover, these data raise the possibility
that lowering of intracellular cortisol levels through inhibition
of HSD1 could have a beneficial effect on components of
MetS.

We conducted a 12-week, Phase IIa, proof of concept
study to evaluate the safety and efficacy of an HSD1-selective
inhibitor, MK-0916, in patients with type 2 diabetes (T2DM)
and MetS. The primary efficacy endpoint was fasting plasma
glucose (FPG), with secondary efficacy endpoints of A1C,
2-h postprandial glucose (2-h PPG), body weight, waist
circumference, lipids and blood pressure.

Methods
Patients

Patients between the ages of 18 and 65 years were eligible
for enrollment in the study if they had T2DM, defined as
FPG ≥7 mmol/l and met two of the following four National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) criteria for MetS (1): (i) waist circumference
>102 cm for men or >88 cm for women; (ii) HDL-
C <1.0 mmol/l for men or <1.3 mmol/l for women; (iii)
triglycerides (TG) ≥1.7 mmol/l; and (iv) treatment with an
antihypertensive agent or blood pressure ≥130/85 mmHg.

Exclusion Criteria

Patients were excluded if they were chronically taking any
of the following medication(s) at the screening visit: >2
oral antihyperglycaemic agents (AHAs), non-statin lipid-
modifying medication (e.g. bile acid sequestrant, ezetimibe,
fibrate or niacin), high dose of a statin (defined as statin with
potency >40 mg/day simvastatin), systemic glucocorticoids
or androgen-containing medications, cyclical oestrogen med-
ications, potent inhibitors of CYP3A4 (e.g. clarithromycin,
ketoconazole) or thiazolidinediones within 8 weeks prior to
screening. Other exclusion criteria included a history of type
1 diabetes mellitus or ketoacidosis, active liver disease (except
steatohepatitis), other endocrine abnormalities including, but
not limited to, Cushing’s syndrome, Addison’s disease, con-
genital adrenal hyperplasia, abnormal virilization or history of
polycystic ovary syndrome; history of severe peripheral vascu-
lar disease; uncontrolled hypertension (>160/95 mmHg); or
NYHA Class III or IV congestive heart failure. Premenopausal
women were allowed to enroll if they were surgically sterilized
or highly unlikely to conceive. Other laboratory exclusion cri-
teria included: FPG >12.2 mmol/l, TG > 6.8 mmol/l; aspartate
transaminase or alanine transaminase >2 times the upper limit
of normal, or serum creatinine >159.1 μmol/l.

Patients received counselling from a dietitian or qualified
health personnel concerning diet and exercise consistent
with recommendations from the American Heart Association
(or other similar guidelines). Patients who were taking a
statin and/or antihypertensive medication(s) were expected to

maintain a stable dose regimen throughout the study unless a
change in dose or medication was medically necessary. Patients
provided written informed consent. The protocol was reviewed
and approved by the appropriate committees and authorities
and performed in accordance with the Declaration of Helsinki.

Study Design and Procedures

This was a 12-week, multicentre, randomized, double-blind,
placebo-controlled study. Patients on AHA(s) underwent
a 5-week washout period that included a 2-week placebo
run-in, whereas patients naı̈ve to AHAs entered a 2-week
placebo run-in prior to randomization. Eligible patients
were randomized to 0.5, 2 or 6 mg MK-0916 or placebo
(1 : 1 : 1 : 1) daily for 12 weeks. The three doses of MK-0916
used in this study were selected based on different
levels of hepatic HSD1 inhibition, determined in vivo in
Phase I pharmacokinetic/pharmacodynamic studies involving
measurement of the conversion of stable isotope labelled
cortisone acetate to cortisol following treatment with MK-0916;
0.5, 2 and 6 mg MK-0916 produce ∼45, ∼74 and ∼85% hepatic
HSD1 inhibition, respectively (unpublished data). The study
also included a 3-week, post-treatment, reversibility phase.
Patients were stratified based on whether they were naı̈ve or not
naı̈ve to AHA therapy for at least 6 months prior to screening
and whether they were taking a statin or not. Enrollment of
patients treated with a statin was limited to a maximum of 25%
of the total cohort in order to evaluate the effects of MK-0916
on lipids in the absence of statin. Efficacy and safety measures
were assessed at weeks 2, 4, 8, 12 and 15.

Efficacy Assessments

The primary efficacy endpoint was a change from baseline
at week 12 in FPG. Secondary efficacy endpoints included
the change from baseline at week 12 in A1C, 2-h PPG,
fasting and postprandial serum insulin, sitting systolic and
diastolic blood pressure, plasma lipids in statin-naı̈ve patients,
waist circumference and body weight. Sitting trough blood
pressure was measured with automated blood pressure monitor
[LifeSource™ UA-787 (A&D Engineering, Inc., San Jose, CA,
USA)] in triplicate such that none of the consecutive three
measurements were discrepant by >5 mmHg relative to the
calculated average of the three readings. Waist circumference
was measured in duplicate using a standardized procedure
across all sites. Body weight was measured using a standardized
Tanita BWB-800-AS scale (Tanita Corporation, Tokyo, Japan)
at all sites.

Safety Assessments

Safety and tolerability were assessed by review of clinical and
laboratory adverse experiences, laboratory values, vital signs
and electrocardiogram (ECG) data. As cortisol can act as a
negative feedback inhibitor of the HPA, activation of the HPA
axis was monitored by measuring the production of the adrenal
androgens androstenedione, dehydroepiandrosterone (DHEA)
and dehydroepiandrosterone sulfate (DHEA-S) in all patients;
free testosterone in women; and symptoms of virilization (body

Volume 13 No. 6 June 2011 doi:10.1111/j.1463-1326.2011.01375.x 499

 14631326, 2011, 6, D
ow

nloaded from
 https://dom

-pubs.pericles-prod.literatum
online.com

/doi/10.1111/j.1463-1326.2011.01375.x by H
ouston A

cadem
y O

f M
edicine-T

exas M
edical C

enter L
ibrary, W

iley O
nline L

ibrary on [29/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

NNB Exh. 2085, p. 002



original article DIABETES, OBESITY AND METABOLISM

hair growth and acne) in women. Serum androgens and free
testosterone were measured by radioimmunoassay. Body hair
assessments were performed by the investigator at 11 body sites
using the Ferriman–Gallwey method (14). Global assessments
of acne were performed by the investigator and by the patient
based on visual inspection of the face (15).

Statistical Analysis

Efficacy analyses were based on the all-patients-treated (APT)
population, which included all randomized patients who
received at least one dose of study treatment and who had
both baseline and at least one postbaseline measurement. To
address the primary hypothesis, the change from baseline in
FPG at week 12 was analysed using an analysis of covariance
(ANCOVA) model that included the terms for treatment, statin
use at randomization, drug-naı̈ve or treated with AHA(s) and
baseline value as covariates. The dose–response relationship in
the mean FPG change from baseline for placebo and the three
doses of MK-0916 was examined by stepwise linear contrast test
based on the ANCOVA model, using a step-down procedure.
If a statistically significant result was observed, then the highest
dose group (i.e. 6 mg) was deemed significantly different from
placebo and was removed from the linear contrast, and the
test repeated, proceeding in a stepwise fashion until lack of
significance was observed to determine the minimal effective
dose that was significantly different from placebo. This process
preserved the overall type I error rate for testing the primary
efficacy hypothesis. Other pairwise comparisons among the
MK-0916 doses were also performed to estimate the treatment
differences.

The ANCOVA model was also used to evaluate MK-0916-
induced changes from baseline at week 12 for A1C, 2-h PPG,
LDL-C and body weight. The baseline value of each parameter
was the covariate in the model.

The analyses for all safety outcomes (categorical or
continuous measures) used the all-patients-as-treated (APaT)
population, which included all randomized patients who
received at least one dose of study therapy. For adrenal
androgens (androstenedione, DHEA and DHEA-S) and free
testosterone (in women), inferential testing using an ANCOVA
with model terms of treatment and baseline value, provided
statistical significance levels for between-group comparisons.

Results
Demographic and Baseline Clinical Characteristics

A total of 154 patients were randomized. The demographic and
baseline clinical characteristics in each of the four treatment
groups are provided in Table 1. There were no meaningful
differences across the treatment groups in demographic or
baseline clinical characteristics.

Effects on Glycaemic Parameters

Compared to placebo, there was no statistically significant
effect at week 12 of treatment with any dose of MK-
0916 on FPG (primary efficacy endpoint; Table 2). Similarly,

compared to placebo, treatment with MK-0916 produced
neither meaningful change in 2-h PPG after 12 weeks of
dosing, nor did it have any significant effects on the levels
of fasting or postprandial serum insulin (data not shown).
However, treatment with 6 mg MK-0916 led to a placebo-
adjusted reduction of 0.3% in A1C at week 12 (p = 0.049 for
between-group difference) (Table 2).

Effects on Body Weight and Waist Circumference

Treatment with 6 mg MK-0916 resulted in a significant
(p < 0.001) decrease in body weight compared to placebo
at week 12 (1.8 kg reduction relative to placebo; Table 2).
Consistent with the observed weight loss, there was a trend
towards a small decrease in waist circumference (Table 2).

Effects on Blood Pressure

Treatment with MK-0916 led to dose-dependent decreases in
both systolic and diastolic blood pressure (Table 2). Compared
to placebo, the change from baseline (128.3 mmHg) in systolic
blood pressure at 12 weeks with the 6 mg dose was −7.9
mmHg (p < 0.001). Similar changes were observed with MK-
0916 for diastolic blood pressure. At 12 weeks, the change from
baseline (81.1 mmHg) in diastolic blood pressure with the
6 mg dose compared to placebo was −5.4 mmHg (p = 0.001).
Approximately 60% of patients in the study had a history of
hypertension, of which 92% (55% of total study population)
were on antihypertensive medications during the study.

Effects on Lipids

In statin-naı̈ve patients, the 6 mg dose of MK-0916 produced
modest (10–11%) significant dose-dependent increases in
LDL-C and non-HDL-C levels relative to placebo (Table 2).
MK-0916 produced numerical, but not statistically significant,
increases in TG and decreases in HDL-C levels (Table 2).

Safety and Tolerability

MK-0916 was generally well tolerated, with adverse experiences
being reported at a similar incidence across all treatment
groups (Table 3). There were no clinically significant changes
in other safety measures including laboratory assessments,
physical evaluations, vital signs or ECG.

MK-0916-induced modest activation of the HPA axis relative
to placebo as shown by the mean percent increases observed in
androstenedione, DHEA and DHEA-S (Table 4). There was a
statistically significant, dose-dependent mean percent increase
in androstenedione, with a 21.8% increase at 12 weeks relative
to placebo in the 6 mg group (p = 0.026), and one of similar
magnitude in DHEA (33.5% increase relative to placebo at
6 mg; p = 0.004). There was no significant dose-dependent
effect on DHEA-S. The levels of DHEA and DHEA-S appeared
to reach a maximum with MK-0916 by 4 weeks and stabilized
thereafter (data not shown). There were also non-statistically
significant mean percent increases in serum testosterone levels
of 27.6 and 26.2% in women in the 2 mg and 6 mg dose
groups, respectively (Table 4). Increases in androgen levels
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Table 1. Baseline demographics and clinical characteristics of patients.

MK-0916

Characteristic Placebo (n = 39) 0.5 mg (n = 37) 2 mg (n = 38) 6 mg (n = 40)

Age (year)∗ 52.8 ± 8.8 52.9 ± 8.3 52.5 ± 8.5 53.4 ± 8.5
Age range (year) 29–66 27–64 29–65 39–66
Men, no. (%) 22 (56) 18 (49) 20 (53) 23 (58)
Race, no. (%)

White 26 (67) 26 (70) 29 (76) 26 (65)
Black 3 (8) 5 (14) 3 (8) 3 (8)
Hispanic 8 (20) 6 (16) 5 (13) 10 (25)
Other 2 (5) 0 (0) 1 (3) 0 (0)

Weight (kg)∗ 91.6 95.6 96.2 91.9
BMI (kg/m2)∗ 32.5 ± 4.6 33.1 ± 4.8 32.9 ± 4.7 31.7 ± 4.6
Waist circumference (cm)∗ 105.6 ± 10.8 109.9 ± 12.1 108.1 ± 12.4 105.3 ± 12.2
Hypertension, no. (%) 16 (41) 28 (76) 21 (55) 27 (67)
Blood pressure (mmHg)∗

Systolic 124.5 ± 14.5 129.1 ± 13.0 122.2 ± 12.2 128.6 ± 12.7
Diastolic 79.2 ± 8.7 80.1 ± 9.5 79.2 ± 8.1 81.1 ± 8.9

On AHTN medication(s), no. (%) 16 (41) 24 (65) 21 (55) 24 (60)
Glycaemic parameters∗

FPG (mmol/l) 8.5 ± 2.0 8.6 ± 2.4 8.4 ± 1.7 8.4 ± 1.9
A1C (%) 7.4 ± 1.0 7.3 ± 0.9 7.3 ± 0.7 7.2 ± 0.7
2-h PPG (mmol/l) 13.2 ± 4.3 13.1 ± 4.9 13.1 ± 3.4 11.4 ± 3.7
Fasting insulin (pmol/l) 112.5 ± 61.8 136.1 ± 81.3 155.6 ± 143.1 145.1 ± 136.8

Naı̈ve to AHAs, no. (%) 16 (41) 16 (43) 17 (45) 18 (45)
Naı̈ve to statin therapy, no. (%) 24 (62) 27 (73) 28 (74) 27 (68)
Lipids (mmol/l)∗

All patients
LDL-C 3.2 ± 0.9 3.3 ± 0.8 3.1 ± 0.8 3.2 ± 1.0
HDL-C 1.1 ± 0.2 1.2 ± 0.3 1.0 ± 0.2 1.0 ± 0.2
TG 2.3 ± 1.6 2.2 ± 0.9 2.4 ± 1.3 2.0 ± 0.9
Non-HDL-C 4.0 ± 1.0 4.0 ± 0.9 4.0 ± 1.0 3.9 ± 1.1

Statin-naı̈ve patients
LDL-C 3.2 ± 0.1 3.4 ± 0.8 3.3 ± 0.7 3.4 ± 0.9
HDL-C 1.1 ± 0.2 1.1 ± 0.3 1.0 ± 0.2 1.0 ± 0.2
TG 2.6 ± 1.9 2.2 ± 0.8 2.5 ± 1.3 1.9 ± 0.7
Non-HDL-C 4.1 ± 0.8 4.2 ± 0.9 4.3 ± 0.9 4.2 ± 1.0

A1C, glycosylated haemoglobin; AHA, antihyperglycaemic agent; AHTN, antihypertensive; BMI, body mass index; FPG, fasting plasma glucose; 2-h PPG,
2-h postprandial glucose; TC, total cholesterol; TG, triglycerides; SD, standard deviation.
∗Data are mean ± SD.

were generally reversed at week 15, that is, 3 weeks following
cessation of treatment with MK-0916 (Table 4).

There were no statistically meaningful changes from baseline
at week 12 at any dose in either body hair growth, as measured
by the Ferriman–Gallwey method, or acne, as evaluated by
investigator and patient global assessments (data not shown).

Discussion
It has been hypothesized that elevated intracellular glucocor-
ticoid levels can contribute to the pathogenesis of the various
components of MetS. Inhibition of HSD1, which activates
glucocorticoids intracellularly, could therefore be expected to
have beneficial effects of the components of MetS. The effect of
MK-0916, a specific inhibitor of HSD1, on the components of
MetS, is presented here.

Compared to placebo, treatment with MK-0916 had no
significant effect on FPG (primary efficacy endpoint) or 2-h

Table 2. Effects of MK-0916 on primary and secondary efficacy endpoints
at week 12.

n

Change∗

from
baseline,
LS mean

Difference
from placebo
in change∗

from baseline,
LS mean

95% CI for
difference

p-Value
for dose–
response

FPG (mmol/l)

Placebo 37 0.3 — — —
0.5 mg 37 0.5 0.2 −0.7 to 1.0 —
2 mg 38 0.2 −0.07 −0.9 to 0.8 —
6 mg 38 0.04 −0.3 −1.1 to 0.6 0.443

2-h PPG (mmol/l)

Placebo 33 0.3 — — —
0.5 mg 30 −0.3 −0.7 −2.2 to 0.8 —
2 mg 31 −0.6 −0.9 −2.4 to 0.6 —
6 mg 32 −0.4 −0.7 −2.2 to 0.8 0.349
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Table 2. Continued.

n

Change∗

from
baseline,
LS mean

Difference
from placebo
in change∗

from baseline,
LS mean

95% CI for
difference

p-Value
for dose–
response

A1C (%)
Placebo 35 0.22 — — —
0.5 mg 34 0.04 −0.18 −0.49 to 0.13 —
2 mg 34 −0.06 −0.28 −0.59 to 0.03 0.079
6 mg 33 −0.08 −0.30 −0.62 to 0.02 0.049

Body weight (kg)
Placebo 39 −0.4 — — —
0.5 mg 36 −0.3 0.1 −0.9 to 1.1 —
2 mg 38 −1.3 −0.8 −1.8 to 0.2 0.116
6 mg 38 −2.2 −1.8 −2.8 to −0.8 <0.001

Waist circumference (cm)
Placebo 34 0.1 — — —
0.5 mg 32 −1.3 −1.4 −3.0 to 0.2 —
2 mg 31 −1.2 −1.3 −2.9 to 0.3 0.101
6 mg 30 −1.5 −1.6 −3.2 to −0.0 0.064

Systolic BP (mmHg)
Placebo 39 3.3 — — —
0.5 mg 36 4.7 1.4 −3.8 to 6.6 —
2 mg 38 −1.4 −4.7 −9.8 to 0.4 0.071
6 mg 38 −4.6 −7.9 −13.0 to −2.8 <0.001

Diastolic BP (mmHg)
Placebo 39 2.2 — — —
0.5 mg 36 2.8 0.6 −2.9 to 4.1 —
2 mg 38 0.1 −2.1 −5.5 to 1.4 0.238
6 mg 38 −3.1 −5.4 −8.9 to −1.9 0.001

LDL-C (%)†
Placebo 24 −5.7 — — —
0.5 mg 27 −0.6 2.0 −8.0 to 11.9 —
2 mg 28 4.0 3.4 −6.5 to 13.2 0.497
6 mg 27 5.7 10.4 0.5 to 20.4 0.041

HDL-C (%)†
Placebo 24 6.1 — — —
0.5 mg 27 6.0 −0.2 −6.9 to 6.6 —
2 mg 28 5.1 −1.0 −7.7 to 6.6 —
6 mg 27 3.1 −3.0 −9.8 to 3.7 0.355

TG (%)†
Placebo 24 4.0 — — —
0.5 mg 27 10.9 7.0 −20.5 to 34.4 —
2 mg 28 19.8 15.8 −11.2 to 42.9 —
6 mg 27 15.5 11.5 −16.3 to 39.3 0.324

Non-HDL-C (%)†
Placebo 24 −1.0 — — —
0.5 mg 27 1.9 2.9 −5.8 to 11.6 0.512
2 mg 28 7.5 8.5 −0.1 to 17.2 0.054
6 mg 27 10.1 11.1 2.4 to 19.8 0.006

A1C, glycosylated haemoglobin; Diastolic BP, diastolic blood pressure; CI,
confidence interval; FPG, fasting plasma glucose; 2-h PPG, 2-h postprandial
glucose; SD, standard deviation; Systolic BP, systolic blood pressure; TG,
triglycerides; LS, least squares.
∗Percent change for LDL-C, HDL-C, TG and non-HDL-C.
†Assessed in statin-naive patients.

PPG in patients with T2DM and MetS. However, treatment
with 6 mg MK-0916 led to a significant, but modest, dose-
dependent lowering of A1C compared to placebo. Although
the absolute A1C reduction observed with 6 mg MK-0916

Table 3. Summary of clinical adverse experiences.

MK-0916

Placebo 0.5 mg 2 mg 6 mg

(N = 39) (N = 37) (N = 38) (N = 40)
AEs n % n % n % n %

One or more AEs 18 46 18 49 22 58 22 55
Drug-related AEs* 4 10 5 14 3 8 4 10
Serious AEs 1 3 1 3 1 3 0 0
Serious drug-related AEs 0 0 0 0 0 0 0 0
Discontinued because of

AEs
0 0 1 3 1 3 0 0

AE, adverse experience.
*Determined by the investigator to be possibly, probably or definitely drug
related.

compared to placebo was modest (0.3% reduction), the mean
baseline A1C level for this study population (7.3%) was
relatively low. It is known that the magnitude of A1C reduction
produced by other AHAs in general diminishes with lower
baseline A1C levels (16). Indeed, a recent study examining
the effect of 12 weeks of treatment with the HSD1 inhibitor
INCB13739 added to ongoing metformin therapy in T2DM
patients with a higher mean baseline A1C (8.3%) showed a
significant 0.6% reduction in A1C compared to placebo (17).

Treatment with MK-0916 led to dose-dependent modest
weight loss. The 6 mg dose produced a significant (p < 0.001)
1.8 kg reduction in body weight relative to placebo at 12 weeks.
Consistent with this weight loss, there was a non-significant
trend towards a decrease in waist circumference with MK-
0916, with the 6 mg dose producing a modest decrease in
waist circumference of 1.6 cm relative to placebo at 12 weeks
(p = 0.064). These findings are consistent with preclinical
data showing that HSD1 inhibition can reduce body weight
in diet-induced obese mice (11). In addition, HSD1 knock-
out mice are resistant to weight-gain on high-fat feeding (8).
HSD1 inhibition has also been found to reduce body weight in
obese rhesus monkeys (unpublished findings). Intracellular
glucocorticoid levels have been linked to alterations in
adipocyte size and function (18). While there was a trend
towards weight loss with the HSD1 inhibitor INCB13739 in
T2DM patients at week 12, this effect was not significant
compared to placebo (17). Additional studies are needed to
assess the body weight-regulating effects of HSD1 inhibition.

Treatment with MK-0916 also led to mean decreases in both
systolic and diastolic blood pressures compared to placebo. The
6 mg dose produced significant (p ≤ 0.001) 7.9 and 5.4 mmHg
mean reductions relative to placebo in systolic and diastolic
blood pressure, respectively. It is well known that levels of
cortisol modulate blood pressure in humans. Patients with
Cushing’s syndrome have elevated cortisol levels and elevated
blood pressure, and the blood pressure elevation in these
patients can be at least partially reversed by surgical intervention
to decrease cortisol levels. Conversely, patients with Addison’s
disease have inadequate cortisol secretion and may present
with hypotension. A role for HSD1 in blood pressure
regulation has also been suggested by several animal model
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Table 4. Effect of MK-0916 on adrenal androgens at week 12 (treatment) and week 15 (post-treatment).

Treatment N

Week 12: percent
change from
baseline, LS mean

Week 12: difference
from placebo in
percent change from
baseline, LS mean

Week 12: 95%
CI for
difference

Week 12:
p-value for
dose–response
test

Week 15: percent
change from
baseline, mean
(SD)

Androstenedione
Placebo 29 4.0 — — — 7.7(47.7)

0.5 mg 23 12.4 8.4 −12.6 to 29.5 — 7.1(47.5)

2 mg 27 18.7 14.8 −5.7 to 35.2 0.156 −1.0(38.9)

6 mg 31 25.8 21.8 2.2 to 41.5 0.026 −4.4(37.1)

DHEA-S
Placebo 30 3.4 — — — 7.4(19.4)

0.5 mg 30 21.3 17.9 6.1 to 29.6 — 30.9(82.6)

2 mg 28 14.0 10.6 −1.4 to 22.6 — 6.0(16.6)

6 mg 31 9.1 5.7 −6.0 to 17.4 0.603 7.1(19.5)

DHEA
Placebo 30 12.2 — — — 13.8(41.8)

0.5 mg 30 28.0 15.9 −6.3 to 38.1 — 22.4(57.3)

2 mg 28 30.3 18.1 −4.6 to 40.8 0.117 12.8(35.5)

6 mg 31 45.7 33.5 11.5 to 55.5 0.004 20.7(44.8)

Free testosterone—women only
Placebo 16 −2.1 — — — −12.7(51.8)

0.5 mg 13 5.5 7.6 −34.2 to 49.4 — 40.5(167.1)

2 mg 12 27.6 29.7 −10.9 to 70.3 — −20.3(36.6)

6 mg 11 26.2 28.2 −13.4 to 69.8 0.111 0.7(36.4)

DHEA, dehydroepiandrosterone; DHEA-S, dehydroepiandrosterone sulfate; week 12, completion of treatment phase; week 15, completion of 3-week
reversal phase; SD, standard deviation; LS, least squares.

studies. Overexpression of HSD1 was observed to cause renin
angiotension aldosterone system (RAAS) pathway-dependent
hypertension, and inhibition of HSD1 in several rodent models
of hypertension was observed to lead to a decrease in blood
pressure (unpublished findings). In contrast to the blood
pressure reduction seen with MK-0916, the HSD1 inhibitor
INCB13739 had no significant effect on blood pressure in
T2DM patients (17). Full evaluation of the blood pressure-
lowering benefit of HSD1 inhibition requires further studies.

The dose-dependent increases in LDL-C and non-HDL-C
produced by MK-0916 and observed in statin-naı̈ve patients
were unexpected. This may have been a compound-specific
rather than an HSD1 mechanism-related response. Three
lines of evidence suggest that, first, this effect is not in agree-
ment with the known LDL-C-raising effect of glucocorti-
coids (19). Second, preclinical studies in obese rhesus monkeys
with another HSD1 inhibitor lowered LDL-C levels by 20–25%
(unpublished findings). Third, treatment with the HSD1
inhibitor INCB13739 was shown to lead to a decrease from
baseline in LDL-C in T2DM patients (17). Thus, while the
mechanism by which MK-0916 produced increases in LDL-C
is unclear, it may be unrelated to HSD1 inhibition. One poten-
tial mechanism for this finding is that MK-0916 induces
expression of CYP3A4 (unpublished findings); inducers of
CYP-3A4 have been shown previously to increase LDL-C (20).

HSD1 inhibition with MK-0916 resulted in modest activa-
tion of the HPA axis as evidenced by increases in circulating
adrenal androgens. While the levels of androstenedione, DHEA,
DHEA-S and of free testosterone in women, were elevated at
week 12 with MK-0916 treatment relative to placebo, these
elevations were generally modest (mean increases from baseline

of ∼20–30%) and consistent with changes reported with the
HSD1 inhibitor INCB13739 in T2DM patients (17). Addition-
ally, treatment with MK-0916 over 12 weeks did not lead to
clinically-apparent virilization in women, as evidenced by the
lack of changes in facial acne or hirsutism index.

Limitations
The following caveats apply when interpreting the results of the
secondary efficacy endpoints in this study: (i) the sample size
per treatment group was insufficient to provide for adequate
statistical power for evaluation of secondary endpoints; (ii) the
inferential test results presented, with the exception of those
for the primary efficacy endpoint, FPG, were not adjusted for
multiplicity in the statistical analyses; (iii) patients on AHAs at
screening were washed off their AHA for 5 weeks, which may
not have allowed enough time for the baseline A1C level to
stabilize prior to randomization; and (iv) while approximately
60% of patients were hypertensive, the majority of them were
on antihypertensive medication(s) such that baseline blood
pressure was within the normal range.

Conclusions
In summary, this study failed to show efficacy of MK-0916
in patients with T2DM and MetS on the primary efficacy
endpoint, FPG. Data from other efficacy endpoints suggest that
decreases in intracellular cortisol may have led to the modest
decreases observed in A1C, body weight and blood pressure.
The dose-dependent increases in LDL-C and non-HDL-C
observed with MK-0916 may be a compound-specific rather
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than a mechanism-related effect. Treatment with MK-0916 was
generally well tolerated, with no clinically meaningful effects of
the drug on the HPA axis over 12 weeks. Future confirmatory
studies (registered on clinicaltrials.gov as NCT00274716 and
NCT00806585) will further assess the effects of HSD1 inhibition
on blood pressure and A1C in patients with hypertension with
or without diabetes.
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