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AIMS
To evaluate the safety, tolerability, pharmacokinetics and pharmacodynamics of odanacatib
(ODN), a cathepsin K inhibitor, in humans.

METHODS
Two double-blind, randomized, placebo-controlled, single oral dose studies were performed
with ODN (2–600 mg) in 44 healthy volunteers (36 men and eight postmenopausal
women).

RESULTS
Adverse experiences (AEs) with single doses of ODN were transient and mild to moderate,
with the exception of one severe AE of gastroenteritis. Headache was the most frequent AE.
After absorption of ODN (initial peak concentrations 4–6 h postdose), plasma
concentrations exhibited a monophasic decline, with an apparent terminal half-life of
~40–80 h. The area under the curve0-24 hours (AUC0–24 h), concentration at 24 hours (C24 h)
and maximum concentration (Cmax,overal) increased in a less than dose-proportional manner
from 2 to 600 mg. Administration of ODN with a high-fat meal led to ~100% increases in
AUC0–24 h, Cmax,day1, Cmax,overall and C24 h relative to the fasted state, while administration with a
low-fat meal led to a ~30% increase in those parameters. Reduction of biomarkers of bone
resorption, the C- and N-telopeptides of cross-links of type I collagen, (CTx and NTx,
respectively), was noted at 24 h for doses �5 mg and at 168 h postdose for �10 mg. In
postmenopausal women administered 50 mg ODN, reductions in serum CTx of -66% and
urine NTx/creatinine (uNTx/Cr) of -51% relative to placebo were observed at 24 h. At 168 h,
reductions in serum CTx (-70%) and uNTx/Cr (-78%) were observed relative to baseline.
Pharmacokinetic/pharmacodynamic modeling characterized the ODN concentration/
uNTx/Cr relation, with a modeled EC50 value of 43.8 nM and ~80% maximal reduction.

CONCLUSIONS
Odanacatib was well tolerated and has a pharmacokinetic and pharmacodynamic profile
suitable for once weekly dosing.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Cathepsin K (CatK), a cysteine protease expressed in

osteoclasts, can degrade collagen type I and II components
of bone and cartilage. Genetic and pharmacological
evidence supports a central role of CatK in mediating bone
resorption. In preclinical studies, CatK inhibitors reduce
levels of biochemical markers of bone resorption and
increase bone mineral density in a dose-dependent
manner. These findings have supported CatK as a target for
novel molecules to treat osteoporosis.

WHAT THIS STUDY ADDS
• This study represents the first introduction of odanacatib, a

selective cathepsin K inhibitor, in humans, including the
target population of postmenopausal women. This study
confirmed that a cathepsin K inhibitor suppresses markers
of bone resorption (urine N-terminal telopeptide of type I
collagen normalized to creatinine and serum C-terminal
telopeptide of type I collagen). This was the first
confirmation of a once weekly potential for this novel
mechanism, which has demonstrated fracture risk
reduction in a Phase III study. This is potentially the first
new oral mechanism for the treatment of osteoporosis in
approximately 15 years.
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Introduction

Osteoporosis is characterized by increased bone turnover,
low bone mass and an increased risk of fracture. The bone
loss results from an imbalance between bone resorption
and formation. Osteoporosis continues to be a major
health problem. Approximately 200 million adults world-
wide have osteoporosis [1], and approximately 30% of all
postmenopausal women in the Europe and the USA have
osteoporosis [2]. Osteoporosis results in more days in hos-
pital than myocardial infarction, diabetes or breast cancer
[3].

Notwithstanding the availability of effective treat-
ments for osteoporosis, such as the bisphosphonates
(alendronate, risedronate, ibandronate and zoledronate),
estrogen-based therapies, selective estrogen receptor
modulators (raloxifene and bazedoxifene), parathyroid
hormone and other niche treatments, including calcitonin,
vitamin D derivatives and strontium (in some countries),
many individuals with osteoporosis remain untreated.
Although many individuals with osteoporosis remain
undiagnosed, this lack of treatment may also reflect poor
tolerability and mechanism-based toxicities of current
therapies for osteoporosis. New therapies for osteoporosis
that may potentially improve or augment existing thera-
pies include the recently approved anti-Receptor Activator
of NF-KappaB-ligand monoclonal antibody (denosumab/
Prolia) and the cathepsin K (CatK) inhibitor odanacatib
(ODN), presently in late stage clinical development.

The cathepsins are a family of cysteine and aspartic
proteases that have known collagenolytic activity. Cathep-
sin K, a cysteine protease, can efficiently degrade both type
I and II collagen, both of which are major matrix compo-
nents of bone and cartilage [4]. Cathepsin K is the most
abundant cysteine protease expressed in osteoclasts and
plays a central role in mediating bone resorption [5]. In
pycnodysostosis, a rare osteochondral dysplasia disorder
characterized by a life-long absence of CatK, patients dem-
onstrate a high bone mass phenotype together with
reduced levels of biomarkers of bone resorption [6]. Corre-
spondingly,mice lacking CatK,generated by gene deletion,
exhibit a high bone mass phenotype with hallmark thick
bone trabeculae [7] and increased bone strength [8]. In
preclinical ovariectomized models, CatK inhibitors reduce
levels of biochemical markers of bone resorption [9] and
increase bone mineral density [9–11] in a dose-dependent
manner. These findings further underscore the appeal of
CatK as a target for novel molecules to treat osteoporosis
[5].

Antiresorptive therapies are characterized by their
ability to decrease biochemical markers of bone resorption
which correlate with increases in bone mineral density,and
together may be used to predict fracture efficacy [12, 13].
When bone is resorbed, peptide products of type I colla-
gen are released and can be measured in the serum and/or
urine [14–16]. The N- and C-telopeptides of the cross-links

of type I collagen are termed NTx and CTx, respectively
[16]. Both NTx and CTx are generated by the direct enzy-
matic action of CatK on collagen, and reduction further
confirms pharmacological target engagement. Cathep-
sin K cleaves the N-telopeptide of collagen to generate
NTx and also degrades the serum C-terminal telopeptide
to type I collagen (1-CTP), a larger C-terminal fragment of
type I collagen produced by the action of matrix metallo-
proteinases [17, 18], to generate CTx [19, 20]. Although
there are no approved CatK inhibitors, both balicatib
(AAE581) [21] and ONO-5334 [22], no longer in develop-
ment, and preclinical and early clinical experiments with
ODN have demonstrated pharmacodynamic (PD) activity;
with reduced markers of bone resorption and increased
bone mineral density [9, 11, 23].

Odanacatib (MK-0822; Merck & Co., Inc., Whitehouse
Station, NJ, USA) is a potent (in vitro IC50 = 0.20 nM), orally
active and selective CatK inhibitor (�300-fold selectivity
against all other known human cathepsins) [24].

This manuscript reports the introduction of ODN in
humans performed in healthy volunteers (men and post-
menopausal women; first-in-human administration). The
two studies described herein were designed to explore the
safety and tolerability of rising single oral doses of ODN,
the plasma pharmacokinetic (PK) profile of ODN following
single dose administration in both the fasted and fed state,
and to assess the PD activity of ODN on biochemical
markers of bone resorption for the first time.

Methods

Subjects
These two studies enrolled a total of 44 healthy volunteers.
The first study (multipanel) included 28 healthy male sub-
jects 18–45 years of age and eight healthy, postmenopau-
sal female subjects �60 years of age. The second study
(single panel) enrolled a total of eight healthy male sub-
jects 18–45 years of age.

Subject inclusion and exclusion criteria
Participants were judged to be in good health on the basis
of medical history, physical examination, electrocardio-
gram (ECG) and routine laboratory safety assessment. For
female volunteers, postmenopausal status was confirmed
by no menses for at least 3 years or no menses for at least
1 year with an elevated follicle-stimulating hormone in the
postmenopausal range for the reference laboratory. Exclu-
sion criteria included the following: estimated creatinine
clearance of �80 ml min-1 (study I) and �70 ml min-1

(study II); and a history of metabolic bone disease, urolithi-
asis or treatment with a bisphosphonate or other bone
active agent.

All subjects gave written consent, and the protocols
were approved by the Ethical Review Committee of the
University of Ghent and the Southern Institutional Review

Odanacatib pharmacokinetics and pharmacodynamics
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Board, Inc.The protocol was conducted in accordance with
the guidelines on good clinical practice and with ethical
standards for human experimentation.

Study design
The overall study design is represented schematically in
Figure 1 and in a tabular form in Table S1. The first study
with ODN included four cohorts of subjects evaluated in a
multipanel (A–D), multiple period, double-blind, placebo-
controlled, alternating panel, rising single dose study to
evaluate the safety, tolerability, PK and PD properties of
single oral doses of ODN (2–600 mg) in healthy volunteers.
Subjects were randomized to treatment sequences within
each panel.

In panel A, eight male subjects received single doses of
ODN (2, 10, 50, 200 and 400 mg) or placebo and eight dif-
ferent males received single doses of ODN [5, 25, 100, 600
and 25 mg (fed state)] or placebo (panel B) in an alternat-
ing sequence, such that no two dose levels were dosed
simultaneously. This allowed for two dose levels of ODN to
be administered weekly, but the second dose in a given
week was not administered until the safety and tolerability
had been evaluated from the previous dose, including
laboratory evaluations. In each panel, two different sub-
jects received placebo in each of periods 1–4, and two sub-
jects received placebo for a second time in period 5. Each
period in panel A and B was separated by 1 week, which
constituted the washout for that panel. In panel C, eight
postmenopausal female subjects received single doses of
ODN (50 and 100 mg) or placebo. All doses were adminis-
tered after an overnight fast, except for the 25 mg fed dose
in males (panel B), which was administered with a high-fat
breakfast [24]. At each dose level, six subjects were rand-
omized to receive the drug and two subjects received
placebo. The two periods in panel C were separated by 7
days, which served as the washout for the panel. Blood and
urine were obtained at selected time points pre- and post-
dose for determination of ODN plasma concentrations and
for measurement of serum CTx (sCTx) and urine NTx/

creatinine (uNTx/Cr). Blood samples for PK were collected
for 24 h for the 2 and 5 mg doses, 96 h for the 10, 25 (fed
and fasted), 50, 100 and 200 mg doses in the men, for 120 h
for the 50 mg dose in the women, for 240 h for the 400 and
600 mg doses in men, and for 336 h for the 100 mg dose in
women. After an unexpectedly long apparent terminal
half-life was observed in early treatment periods, PK collec-
tion times were adjusted in later periods in order to
improve assessment of the terminal phase of ODN.

The uNTx/Cr was measured at predose and at 24 and
48 h postdose at each dose level. The sCTx was measured
at predose and at 4, 10 and 24 h postdose at the 5, 10, 25
(fasted), 50, 100 and 200 mg dose levels in males. The sCTx
was measured at predose and at 4, 10, 24 and 48 h post-
dose at the 400 and 600 mg dose levels in males and the 50
and 100 mg dose level in females. The sCTx was not meas-
ured for the 2 or 25 mg fed dose.

Owing to to the relatively short anticipated half-life,
168 h sampling for sCTx and uNTx/Cr was not done.
However, because there was a 1 week interval between
dosing for the first four periods, the predose measurement
of sCTx and uNTx/Cr in periods 2, 3 and 4 served as the
168 h measurement for the doses administered in the pre-
vious period; i.e. 2 (uNTx/Cr only), 5, 10, 25, 50 and 100 mg
(uNTx/Cr only). Likewise, for the cohort in women, a 168 h
measurement was obtained for the 50 mg dose/placebo
as the predose value in the second treatment period
(100 mg).

In panel D, 12 healthy male subjects received three
single doses of ODN (100, 200 and 300 mg) or placebo
following a high-fat breakfast in three treatment periods.
Nine subjects were randomized to receive ODN and three
subjects to placebo. Blood samples were obtained at
selected time points pre- and postdose for determination
of ODN plasma concentrations. Each period in panel D was
separated by at least 10 days, which constituted the
washout for that panel.

Study II was a double-blind, randomized, two-period
crossover, placebo-controlled study, in which eight healthy

Study I Study II

Doses (mg) tested
2, 10, 50, 200,

400, Pbo
1 week washout

Doses (mg) tested
5, 25, 100, 25 (fed),

600, Pbo
1 week washout

Doses (mg) tested
50, 100, Pbo

1 week washout

Doses (mg) tested
100, 200, 300, Pbo

≥10 day washout

Doses (mg) tested
100, Pbo

≥10 day washout

Panel A
8 healthy males
(Doses alternate

between panels A & B)

Panel B
8 healthy males
(Doses alternate

between panels A & B)

Panel C
8 postmenopausal

females

Panel D
12 males

high-fat breakfast

Panel E
8 males

low-fat breakfast

Figure 1
Study design. Abbreviation: Pbo, placebo

S. A. Stoch et al.
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male subjects were randomized to receive a single oral
dose of 100 mg ODN or placebo following a low-fat break-
fast [24] in one period and in the fasted state in another
period (panel E). There was a minimal washout period of
10 days between the administration of the two doses. The
effect of a low-fat breakfast was evaluated because this
more closely reflects the diet that postmenopausal
women, the target population, typically consume. Six sub-
jects were allocated to receive active drug and two sub-
jects received placebo.

Safety assessments
In both studies, safety was monitored by physical exami-
nations, vital signs, 12-lead ECGs (including assessment for
QTc and PR interval) and safety laboratory measurements
consisting of routine haematology, serum chemistry
(including liver transaminases) and urinalysis at prestudy,
predose, at various time points after dosing, and at post-
study. Adverse experiences (AEs) were monitored through-
out the study. Investigators assessed all clinical AEs in
terms of intensity (mild, moderate or severe), duration,
severity, outcome and relation to study drug. The decision
to proceed to the next dose level was based on acceptable
safety and tolerability during administration at the previ-
ous dose.

Pharmacokinetic assessments
Blood samples for plasma ODN concentration assay were
drawn predose and at selected postdose times, and the
plasma samples obtained were stored at -20°C until
assayed. The lower limit of quantification (LLOQ) for this
high-performance liquid chromatography tandem mass
spectrometry (MS/MS) method is 0.5 ng ml-1, with a linear
calibration range from 0.5 to 500 ng ml-1. Intra- and inter-
run variability was within 5.88%, with accuracy between
95.6 and 106% of the nominal concentrations [25].

Odanacatib was extracted from human urine by auto-
mated mElution solid-phase extraction and analysed by
liquid chromatography (LC)-MS/MS under positive ion
mode via a turbo ionspray source. The M+6 stable labelled
isotope [13C6] L-001037536 was used as the internal stand-
ard. For the urine assay, quality control samples were
assayed along with the study samples to assess precision
and accuracy in the LC-MS/MS analysis. Results showed
that assay precision was within 4.79% and bias within
10.5% at low (0.12 ng ml-1), middle (6.0 ng ml-1) and high
(30 ng ml-1) concentrations of the ODN calibration curve
range. The standard curve and quality control data from
the study passed the acceptance criteria for quantitative
analysis of ODN in urine over the range of 0.05–50 ng ml-1.
The percentage coefficient of variation and percentage
bias at the LLOQ concentration were 1.96 and 2.00, respec-
tively, suggesting acceptable performance of the assay at
the low concentration range of the calibration curve. The
LLOQ for the urine assay was 0.05 ng ml-1, and the linear

calibration range was 0.05–50 ng ml-1. Odanacatib
metabolites were not assayed in plasma or urine.

The following PK parameters were examined in this
study: area under the curve0-24 hours (AUC0–24 h), area
under the curve0-168 hours (AUC0–168 h), area under the
curve0-infinity (AUC0–•), concentration at 24 hours (C24 h),
concentration at 168 hours (C168 h), maximum concentra-
tion, overall (Cmax,overall), time to maximum plasma concen-
tration, overall (Tmax,overall), maximum concentration, day1
(Cmax,day1), Time to Maximum Plasma Concentration, day 1
(Tmax,day1), apparent terminal half-life and excretion in urine,
including renal clearance. Given that PK sampling times
were adjusted during the course of the study, not all
parameters are reported for each subject. Unless stated
otherwise, the statistical analyses described below were
performed on natural logarithmic scale for AUC0–24 h,
AUC0–168 h, AUC0–•, C24 h, C168 h Cmax,overall and Cmax,day1, and on
reciprocal-transformed apparent terminal half-life using
established noncompartmental analysis routines in Win-
NonLin® (Pharsight, Mountain View, CA, USA). If a transfor-
mation was applied to a PK parameter, the final results are
reported on its original scale after back-transformation. All
confidence intervals (CIs) mentioned below are two sided.

In study I, the plasma concentration profile of ODN was
measured for up to 240 h following dosing in males
(panels A and B) and up to 312 h following dosing in post-
menopausal women (panel C). In the high-fat panel D, the
plasma concentration profile of ODN was measured for up
to 336 h postdose. Given that the study was designed in
the anticipation of a shorter drug half-life and the sam-
pling scheme was subsequently modified to accommo-
date the longer observed half-life, samples were not
collected at every time point listed for every subject and
panel. Urine was collected over 24 h (collection intervals:
0–4, 4–8, 8–12 and 12–24 h) following dosing to assess
urinary recovery of ODN following doses of 2, 10 and
50 mg in males (panel A).

Plasma and urine concentrations for ODN, converted
into molar units (nM), and sampling times, converted to
elapsed time relative to ODN dosing times, were used to
estimate PK parameters (with the exception of Tmax) for
each treatment in each subject. Values below the plasma
assay limit of quantification (BQL = 0.5ng ml-1 = ~1 nM)
were replaced according to the following rules: predose
BQL value = 0; first and subsequent BQL values in the ter-
minal phase = 0.The AUC0–• was calculated using the linear
trapezoidal method for ascending concentrations and the
log trapezoidal method for descending concentrations.
The extrapolated portion of the AUC from the last time
point collected (Tlast) to infinity was determined by dividing
the observed concentration at Tlast (Clast) by the terminal
elimination rate constant (k). The AUC0–• was then calcu-
lated from the sum of the AUC through the last measured
time point and the extrapolated area. The value of k was
determined from the slope of a least-squares fit to the
terminal phase of the concentration–time data. Owing to

Odanacatib pharmacokinetics and pharmacodynamics
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the long half-life of ODN in humans, PK sampling schemes
used early in this study did not adequately capture the
terminal elimination phase of the drug. For this reason,
apparent terminal half-life values and AUC0–• values (the
calculation of which requires terminal elimination rate
constant) were determined only for those subjects in
which at least three ODN plasma concentrations were col-
lected at 96 h postdose or greater, with at least one time
point collected at 240 h (approximately three times the
estimated half-life of ODN) or greater. When possible,
predose concentrations from the next treatment period
were used to inform PK parameters for subjects in panels in
which the sampling scheme was insufficient to capture the
terminal elimination phase adequately. However, even
after including these predose samples as appropriate, it
was still not possible to estimate terminal elimination rate
constants accurately for many subjects, when applying the
criteria stated above. In addition, AUC0–168 h values were not
calculated for subjects for whom PK samples were not col-
lected at 168 h postdose.

Values of Cmax,overall and Tmax,overall were obtained by
inspection of the plasma concentration data. In order to
characterize the initial absorption peak better in cases of
substantive secondary peaks that were observed in some
subjects at all dose levels and in both males and females in
this study, the maximal plasma concentration on day 1
(Cmax,day1) and time of maximal plasma concentration on
day 1 (Tmax,day1) were also obtained by inspection of the
plasma concentration data for time points with nominal
collection times less than 24 h. Provided that the observed
time of Tmax did not differ in a meaningful way from the
nominal plasma sampling time (for both overall and day 1
Cmax/Tmax assessments), nominal plasma sampling times
were used to determine Tmax.Values for C168 h were assessed
from the plasma concentrations determined for the
nominal sampling times at 168 h for those subjects in
whom PK samples were collected at that time. Renal clear-
ance was calculated as the ratio of the amount excreted
unchanged in urine through 24 h to AUC0–24 h.

In study II, the plasma concentration profile of ODN was
measured over 240 h following dosing. Pharmacokinetic
parameters that were evaluated included AUC0–•, Cmax,overall,
Cmax,day1, Tmax,overall, Tmax,day1, AUC0–24 h, AUC0–168 h, C24 h, C168 h and
apparent terminal half-life.

Pharmacodynamic assessments
Enzyme-linked immunosorbent assays were utilized to
measure levels of sCTx, uNTx/Cr biomarkers of bone
resorption. The sCTx levels were determined using Cross-
Laps® ELISA (IDS Inc., Fountain Hills, AZ, USA).The intra- and
interassay coefficients of variation for this assay are <11
and <3%, respectively, and the LLOQ = 0.087ng ml-1. The
uNTx was determined using second morning void speci-
mens obtained in the fasted state using the Osteomark
uNTx ELISA (Alere Inc., Waltham, MA, USA). The intra- and
interassay coefficients of variation for this assay are 7.6 and

4.0%, respectively, with a LLOQ = 10 mM bone collagen
equivalents. The uNTx data were normalized to creatinine
(TECO Diagnostics, Anaheim, CA, USA). Creatinine in urine
was measured using the Konelab assay (Thermo Fisher Sci-
entific, Vantaa, Finland). The intra- and interassay coeffi-
cients of variation for this assay are 1.0 and 0.8%,
respectively, and the LLOQ = 0.002 mmol l-1.

Pharmacokinetic/pharmacodynamic methods
Pharmacokinetic/pharmacodynamic data (ODN plasma
concentration and uNTx/Cr) were modelled using a popu-
lation sigmoidal inhibitory Emax equation, as follows:

E E e
E e C

C e
E

E s

s s
= ⋅ −

⋅ ⋅
+ ⋅( )

⎛
⎝⎜

⎞
⎠⎟0

50

0

50

1η
η

η

max
max

EC EC

where C is plasma concentration, E0 is baseline, Emax is
maximal drug effect, EC50 is the concentration at which
response is half-maximal, s is the sigmoidicity factor (a con-
stant that modulates the steepness of the response curve),
and the h parameters represent intersubject variability
terms [incorporated as follows: individual value = typical
value ¥ exp(h)]. Parameter estimates were obtained using
NONMEM (ICON Development Solutions, Ellicott City, MD,
USA). All available data (panels A, B and C) from active
subjects in study I, including predose measurements, were
used for fitting.The assumption inherent in this equation –
that there is no meaningful time delay in PD response
relative to PK – was confirmed by an examination of the
hysteresis plots of data from the PK/PD analysis in the mul-
tiple dose study [23].

Statistical analysis
All statistical analyses were performed using SAS version
9.1 (SAS Institute Inc., Cary, NC, USA). In study I, summary
statistics were provided for all available ODN PK param-
eters (AUC0–24 h, AUC0–168 h, AUC0–•, C24 h, C168 h, Cmax,overall,

Tmax,overall, Cmax,day1, Tmax,day1 and apparent terminal half-life)
at each examined dose level of ODN. The parameters
(AUC0–24 h, AUC0–168 h, AUC0–•, C24 h, C168 h, Cmax,overall, and
Cmax,day1) were further analysed with separate linear mixed-
effect models. In young healthy males in panels A and B,
the model included panel and treatment within panel as
fixed effects and subject within panel as a random effect. It
is recognized that, for this design, treatment and period are
partly confounded. In postmenopausal females in panel C,
the model included treatment as a fixed effect and subject
as a random effect.

Food effect (a high-fat standard breakfast) following a
single dose of 25 mg ODN in panel B was assessed via a
linear mixed-effect model with treatment (fed and fasted)
as a fixed effect and subject as a random effect. Food effect
(a high-fat standard breakfast) following a single dose
of 100 and 200 mg ODN in panel D was assessed via an

S. A. Stoch et al.
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analysis of variance (ANOVA) model with treatment (fed and
fasted) as a factor. In order to make a preliminarily compari-
son of the PK of ODN in males and females, an ANOVA model
with gender as a factor was fitted separately at ODN 50 and
100 mg.

An exploratory analysis on dose proportionality was
conducted separately on PK parameters (Cmax,overall, AUC0–24 h

and C24 h) in the fasted state and in the fed state. In the
fasted state, dose proportionality for Cmax,overall was assessed
with the reduced model, with subject as a random effect
and ln(dose) as a covariate, and dose proportionality for
AUC0–24 h and C24 h was assessed with the full model, with
subject within panel as a random effect, panel as a fixed
effect and ln(dose) (log-transformed dose) and panel-by-
ln(dose) interaction as covariates. In the fed state, dose
proportionality for PK parameters across the dose range of
25–300 mg was assessed with a linear mixed model on
log-transformed values, with subject as a random effect
and ln(dose) (log-transformed dose) as a covariate. An esti-
mate of the slope associated with ln(dose) and the corre-
sponding 95% CI was obtained from above models. A
mean regression line of PK parameters vs. dose was plotted
on the linear scale after back-transformation from log
scale. A straight regression line indicates consistency with
dose proportionality, whereas curvature in the regression
line suggests departure from dose proportionality. Ninety-
five per cent Scheffé confidence bands were drawn around
the regression line, which displayed the variability in the
regression line.

The sCTx and uNTx/Cr data were analysed in separate
linear mixed-effects models for males (panels A and B) and
females (panel C), because no between-gender compari-
sons were planned. In males, the model included natural
log-transformed baseline as a continuous covariate, panel
and treatment within panel as fixed effects, and subject
within panel as a random effect. For uNTx/Cr, this model
also included the comparison between 25 mg in the fed
and fasted states. In females, the model included log-
baseline, treatment as a fixed effect, and subject as a
random effect. Within each panel, active doses were com-
pared with placebo. There were no statistically significant
differences in placebo responses between panels A and B.
Data were analysed on the log scale, back-transformed and
reported as the percentage change.

Any sCTx and uNTx values below the lower limit of
quantification (0.087 ng ml-1 and 10 nmol bone collagen
equivalents l-1, respectively) were assigned half of the
LLOQ value. Data for subjects who had values below the
LLOQ at both baseline and postdose time points were
excluded from the analysis, because the percentage
change from baseline could not be clearly defined.

In study II (panel E), a linear mixed-effects model with
fixed effects for sequence, period, treatment and subject
within sequence as a random effect was used to analyse
the ODN PK parameters (AUC0–•, Cmax,overall, Cmax,day1, AUC0–24 h,
AUC0–168 h, C24 h and C168 h). In order to compare the ODN

AUC0–• with fed and fasted dosing, the geometric mean
ratio (fed/fasted) with corresponding 90% CI was calcu-
lated based on the above mixed-effects model. The
Cmax,overall, Cmax,day1, AUC0–24 h, AUC0–168 h, C24 h and C168 h of ODN
were analysed in a similar fashion to ODN AUC0–•.
Summary statistics are provided for Tmax,overall, Tmax,day1 and
apparent terminal half-life.

Results

Safety and tolerability
Forty-four subjects were enrolled in and completed these
studies. Clinical safety data from the first study indicate
that a single dose up to 600 mg in the fasted state and up
to 300 mg administered with food was well tolerated. All
AEs were mild to moderate,with the exception of one AE of
gastroenteritis, which was considered severe. This subject
received subsequent doses of ODN without recurrence.
The most common AEs reported in this study by subjects
who received ODN included headache, flu-like symptoms
and sore throat. Adverse experiences considered by the
investigator possibly to be drug related were headache,
fatigue, nausea, decreased appetite, increased appetite, dry
mouth and abdominal discomfort. No serious AEs were
reported. No subjects discontinued the study.

Laboratory AEs occurred in five subjects, none of which
was considered by the investigator to be drug related. A
review of safety laboratory results, ECGs and vital signs
revealed no drug-related trends.

Pharmacokinetics
The fasted plasma concentration–time profile and princi-
pal PK parameters in healthy young males and postmeno-
pausal females following single oral dose administration of
ODN (2–600 mg) are summarized in Table 1 and Figure 2.

Single dose PK data for ODN indicate that ODN is
absorbed with an initial plasma concentration peak ~4–6 h
postdose (Cmax,day1 and Tmax,day1 values). The plasma
concentration–time profiles largely exhibited a monopha-
sic decline after peaking, although some subjects in the
first study exhibited a prominent secondary peak in the PK
profile around ~24–48 h postdose that sometimes exceeded
the initial peak in size, with the majority of the AUC attribut-
able to the long monophasic decline phase. The apparent
terminal half-life of ODN ranged from 44 to 78 h.

Estimates and the corresponding 95% confidence
bands of the linear regressions from the power-law models
used to assess dose proportionality of ODN Cmax,overall,
AUC0–24 h and C24 h in the fasted state and in the fed state are
shown in Figure S1a and b. The direction of curvature indi-
cates that ODN PK parameters increased in a less than
dose-proportional manner from 2 to 600 mg (Figure S1a)
in the fasted state and from 25 to 300 mg (Figure S1b) in
the fed state.

Odanacatib pharmacokinetics and pharmacodynamics

Br J Clin Pharmacol / 75:5 / 1245
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The estimate (95% CI) of the slope of Cmax,overall across
the smaller dose range of 25–200 mg was 0.694 (0.474,
0.914) and the point estimate (90% CI) of the geometric
mean ratio (5 mg/2 mg) was 0.78 (0.59, 1.04) for dose-
adjusted Cmax,overall.The point estimates (90% CI) of the geo-
metric mean ratio (10 mg/2 mg) were 0.71 (0.576, 0.87) for
dose-adjusted AUC0–24 h and 0.86 (0.68, 1.08) for dose-
adjusted C24 h.

The effect of a high-fat standard breakfast on the PK
profile of ODN at 25, 100 and 200 mg dose levels in young

healthy males is shown in (Table 2 and Figure 3A–C). A
standard high-fat breakfast produced an increase in PK
parameters (AUC0–24 h, Cmax,day1, Cmax,overall C24 h and Tmax,overall) of
approximately twofold relative to administration in the
fasted state (Table 2 and Figure 3A–C). At ODN 25 mg, the
high-fat meal increased AUC0–24 h by approximately 110%,
Cmax,overall by 130% and C24 h by 110%. This is likely to be a
maximal estimate of the effect of the high-fat meal food for
ODN, because the concentration profiles in the 25 mg fed
period had nonzero predose concentrations carried over
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Figure 2
Arithmetic mean odanacatib plasma concentrations vs. time postdose following single dose administration of 2–600 mg in the fasted state to young healthy
male healthy subjects (inset: semi logarithmic scale). One data point from the 5 mg treatment group (time 0, value <0.1 nmol l-1) is not included in the inset
plot for scaling purposes. , 2 mg; , 5 mg; , 10 mg; , 25 mg; , 50 mg; , 100 mg; , 200 mg; , 400 mg;

, 600 mg

Table 2
Effect of food on ODN pharmacokinetic parameters following administration of single oral doses of ODN of 25, 100 and 200 mg to young healthy male
subjects

PK parameter
Comparison (fed/fasted)† Comparison (fed/fasted)
25 mg high-fat meal 100 mg high-fat meal 200 mg high-fat meal 100 mg low-fat meal

AUC0–24 h (mM h)* 2.11 (1.56, 2.85) 1.73 (1.37, 2.18) 1.87 (1.46, 2.40) 1.25 (0.94, 1.66)
AUC0–168 h (mM h)* ND 1.40 (1.00, 1.95) ND 1.28 (0.97, 1.68)

AUC0–• (mM h)* ND ND ND 1.39 (0.98, 1.98)
C24 h (nM)* 2.10 (1.58, 2.80) 2.30 (1.58, 3.34) 1.87 (1.42, 2.45) 1.2 (0.89, 1.63)

C168 h (nM)* ND 0.95 (0.44, 2.07) ND 1.44 (0.98, 2.13)
Cmax, day1 (nM)* 2.23 (1.56, 3.18) 1.76 (1.37, 2.24) 1.82 (1.39, 2.40) 1.20 (0.82, 1.74)

Cmax, overall (nM)* 2.36 (1.67, 3.34) 1.76, (1.37, 2.24) ND 1.20 (0.82, 1.74)
Apparent terminal half-life (h)‡ ND 48.2 (11.7) 50.5 (13.4) 75.9 (36.9)

Abbreviations are as follows: CI, confidence interval; AUC0-24 h, aea under the curve0-24 hours; AUC0-168 h, area under the curve0-168 hours; AUC0-•, area under the curve0-infinity;
C24 h, concentration at 24 hours; C168 h, concentration at 168 hours; Cmax,day1, maximum concentration, day1; ND, not determined; ODN, odanacatib Tmax,day1, time to maximum
plasma concentration, day 1. *Back-transformed least-squares mean and 90% CI from mixed-effects model performed on natural log-transformed values. †Comparison at 25 mg
ODN was made from within subjects, and comparisons at 100 and 200 mg ODN were made from between subjects. ‡Harmonic mean, jack-knife SD.
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from prior treatments, such that these results may slightly
overestimate the extent of the food effect at 25 mg (e.g.
note that at 100 and 200 mg, administration of high-fat
meals with ODN resulted in smaller increases in PK param-
eters). Although median Tmax,overall was 18 h at the 25 mg
dose level in the fed state, 5 h longer compared with that in
the fasted state (13 h), this result appears to reflect a
modest shift in the relative size of the initial absorption
peak relative to secondary peaks rather than any meaning-
ful delay in the initial absorption peak. Median Tmax values
on day 1 were the same (6 h) in both the fed state and the
fasted state. At ODN 100 mg, the high-fat condition
increased AUC0–24 h by approximately 70%, Cmax,day1 and
Cmax,overall by 80% and C24 h by 130%.

In the light meal assessment, healthy male subjects
received 100 mg ODN or placebo in the fasted state and
following a low-fat breakfast, revealing a more modest
food effect than that seen with a high-fat meal, as can be
seen in the plasma concentration curves (Figure 3D). Fol-

lowing the administration of a 100 mg dose to young
healthy men, geometric mean AUC0–• and Cmax,overall were
elevated by 39 and 20%, respectively, in men during low-
fat breakfast fed conditions relative to data in men during
the fasted state (Table 2).

Administration of 50 and 100 mg doses to healthy post-
menopausal women revealed exposures similar to those of
the younger male subjects. Overall, postmenopausal
females appeared to have somewhat lower AUC0–24 h, Cmax

and C24 h values compared with males following an ODN
dose of 50 mg, but PK parameters in females were similar
to those of males following an ODN dose of 100 mg
(Table 1).

The mean percentage excretion of ODN in the urine
and renal clearance was observed to be low. The mean
percentage (�SD) excreted after administration of 50 mg
ODN to healthy young males and healthy postmenopau-
sal women was identical (0.4 � 0.3%). Renal clearance (in
litres per hour) was also low (0.09 � 0.07 for healthy
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Figure 3
Arithmetic mean odanacatib plasma concentrations vs. time postdose following single dose administration of 25 mg (A), 100 mg (B) and 200 mg (C) in the
fasted and fed (high-fat meal) states to young healthy male subjects (inset, semi-logarithmic scale) and in healthy young males following a single oral dose
of 100 mg odanacatib (D) taken with and without a light breakfast. (A) , 25 mg Fasted; , 25 mg Fed; (B) , 100 mg Fasted; , 100 mg Fed; (C) ,
200 mg Fasted; , 200 mg Fed; (D) �, Fasted; �, Low-fat Breakfast
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young males and 0.16 � 0.17 for postmenopausal
women). These results are consistent with only a small
portion of the administered dose being recovered intact
in urine.

Pharmacodynamics
Summary statistics and comparisons of ODN vs. placebo
for sCTx at 24 and 168 h postdose are provided in Table 3.
Time-profile plots of the percentage change from baseline
during the 168 h postdose period for all examined fasted
ODN doses are given for healthy males in Figure 4A and for
postmenopausal women in Figure 4B. The sCTx decreased
by 51% at 24 h postdose with 5 mg ODN compared with
placebo. Similar or greater decreases were evident at 24 h
postdose with the higher doses of ODN in young healthy
males. Reductions of 66 and 43% at 24 h postdose com-
pared with placebo were observed after single dose
administration of 50 and 100 mg ODN, respectively, in
postmenopausal females. The sCTx at 168 h postdose
decreased relative to placebo by 21% at 10 mg, by 66% at
25 mg and by 41% at 50 mg in young healthy males. The
decrease relative to baseline was 70% at 50 mg in post-
menopausal females; there were insufficient subjects (n =
2) to permit a meaningful comparison with placebo at the
168 h time point for the postmenopausal women.

Summary statistics and comparisons of ODN vs.
placebo for uNTx/Cr at 24 and 168 h postdose are pro-
vided in Table 4. Time-profile plots of the percentage

change from baseline during the 168 h postdose period
for all examined ODN doses are given for healthy males in
Figure 4C and for postmenopausal women in Figure 4D.
The uNTx/Cr decreased by 11% at 24 h postdose with
2 mg ODN compared with placebo. Similar or greater
decreases were evident 24 h postdose with higher doses
of ODN in young healthy males. Reductions relative to
placebo were approximately 51 and 57% at 24 h after
single dose administration of 50 and 100 mg ODN, respec-
tively, in postmenopausal females. The uNTx/Cr at 168 h
postdose decreased by 61% at 10 mg, by 62% at 25 mg, by
88% at 50 mg and by 44% at 100 mg in young healthy
males. The decrease relative to baseline was 78% at 50 mg
in postmenopausal females; there were insufficient sub-
jects (n = 2) to permit a meaningful comparison with
placebo at the 168 h time point for the postmenopausal
women. There was no meaningful difference between fed
and fasted states in the percentage change from baseline
for uNTx/Cr at 24 h postdose following ODN 25 mg. The
observed mean reductions in uNTx/Cr at 24 h were -68.3
and -65.1% for the fasted and fed 25 mg administration,
respectively.

Pharmacokinetic/pharmacodynamic analysis
Parameter estimates from the PK/PD analysis of uNTx/Cr
are provided in Figure 5. The experimental data were
well represented by a sigmoidal maximal drug effect
(Emax) model. The estimate of half-maximal effective

Table 3
Summary statistics as a percentage change from baseline of serum CTx at 24 and 168 h postdose following single doses of of ODN administered to healthy
male and postmenopausal female subjects

Treatment Panel

CTx at 24 h CTx at 168 h‡

n
Least-squares mean
(95% CI)

Difference (95% CI)
compared with placebo n

Least-squares mean
(95% CI)

Difference (95% CI)
compared with placebo

Male
Placebo A 7† -13.5 (-32.5, 11.0) — 4 -3.7 (-30.5, 33.5) —
Placebo B 8 -4.4 (-24.6, 21.1) — 4 21.2 (-12.5, 67.9) —
ODN 2 mg A 0 ND ND 0 ND ND
ODN 5 mg B 6 -55.8 (-66.0, -42.6) -51.4 (-72.1, -31.8) 6 -2.6 (-26.8, 29.8) -23.7 (-61.5, 13.3)
ODN 10 mg A 6 -65.0 (-73.1, -54.4) -51.5 (-70.6, -33.6) 6 -24.9 (-43.8, 0.4) -21.2 (-50.9, 7.8)
ODN 25 mg B 6 -72.8 (-79.1, -64.5) -68.4 (-86.8, -51.3) 6 -44.7 (-58.6, -26.3) -65.9 (-97.2, -36.6)
ODN 50 mg A 6 -72.0 (-78.4, -63.5) -58.5 (-76.3, -42.0) 6 -44.6 (-58.8, -25.5) -41.0 (-68.4, -14.8)
ODN 100 mg B 6 -61.7 (-70.8, -49.8) -57.3 (-78.1, -37.9) 0 ND ND
ODN 200 mg A 6 -69.3 (-76.5, -60.0) -55.9 (-73.8, -39.2) 0 ND ND
ODN 400 mg A 6 -72.2 (-78.6, -63.8) -58.7 (-76.5, -42.2) 0 ND ND
ODN 600 mg B 6 -72.2 (-78.7, -63.8) -67.8 (-86.4, -50.7) 0 ND ND
ODN 25 mg (fed) B 0 ND ND 0 ND ND

Placebo C 4 -12.1 (-39.0, 26.6) — 2 -16.3 (-51.0, 43.0) —

ODN 50 mg C 6 -78.0 (-84.1, -69.5) -65.9 (-95.6, -40.2) 6 -69.6 (-77.6, -58.7) -53.3 (-91.9, -19.8)
ODN 100 mg C 4*,† -54.9 (-69.7, -32.8) -42.7 (-79.8, -8.7) ND ND ND

Between-subject coefficient of variation ranged from 8 to 63% across panels/doses/time points; within-subject coefficient of variation ranged from 21 to 33% across panels/time
points. There were no statistically significant differences between panel A and panel B placebo. Abbreviations are as follows: CI, confidence interval; CTx, C-terminal telopeptide
of type I collagen; ND, CTx not measured at this dose level/time point; ODN, odanacatib; —, comparison not applicable. By design, CTx was not measured during the 2 and 25 mg
fed treatment periods. *One subject with no reportable result. †One subject with values below the level of quantification at both baseline and 24 h; the percentage change could
not be defined clearly. ‡CTx levels at 168 h were obtained as the predose measurement in the succeeding treatment period and thus are available only for 5, 10, 25 and 50 mg
treatment periods; the number of available placebo observations is correspondingly reduced.
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concentration (EC50) was 43.8 nM, and the maximal reduc-
tion in uNTx/Cr was estimated to be ~80%.

Discussion

These double-blind, placebo-controlled, single oral dose
studies describe the first administration of ODN, a selective
CatK inhibitor in man. The primary purpose of these
studies was to assess the safety and tolerability and to
characterize the PK and initial PD parameters of rising

doses of ODN in healthy young men and postmenopausal
women. Doses of 2–600 mg administered as single oral
doses were evaluated, and urinary excretion across the
2–50 mg single oral dose range was examined. The effect
of food (high fat and low fat) on PK of ODN was also
examined.

Based on preclinical predictions from multiple species,
the study was designed with the expectation that ODN
would have a relatively short apparent terminal half-life,
suitable for once daily dosing [26]. However, results
from panels of the first study indicated that ODN had an
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Figure 4
Percentage change (observed geometric mean � SEM) from baseline of serum CTx during the 168 h postdose period in panels A and B following
administration of single oral doses of odanacatib (ODN) to healthy male subjects (A) and in panel C following administration of single oral doses of ODN to
healthy postmenopausal female subjects (B). Percentage change (observed geometric mean � SEM) from baseline of urinary NTx/Cr during the 168 h
postdose period in panels A and B following administration of single oral doses of ODN to healthy male subjects (C) and in panel C following administration
of single oral doses of ODN to healthy postmenopausal female subjects (D). (A), �, Panel A: Placebo (n = 2 to 8); , Panel B: Placebo (n = 2 to 8); , Panel A:
Odanacatib 10 mg (n = 6); , Panel B: Odanacatib 5 mg (n = 6); �, Panel A: Odanacatib 50 mg (n = 6); �, Panel B: Odanacatib 25 mg (n = 6); , Panel A:
Odanacatib 200 mg (n = 6); �, Panel B: Odanacatib 100 mg (n = 6); �, Panel A: Odanacatib 400 mg (n = 6); �, Panel B: Odanacatib 600 mg (n = 6); (B), �, Panel
C: Placebo (n = 2 to 4); �, Panel C: Odanacatib 50 mg (n = 6); �, Panel C: Odanacatib 100 mg (n = 6); (C), �, Panel A: Placebo (n = 6 to 10); , Panel B: Placebo
(n = 6 to 8); , Panel A: Odanacatib 2 mg (n = 6); , Panel B: Odanacatib 5 mg (n = 6); �, Panel A: Odanacatib 10 mg (n = 6); �, Panel B: Odanacatib 25 mg
(n = 6); , Panel A: Odanacatib 50 mg (n = 6); �, Panel B: Odanacatib 100 mg (n = 6); �, Panel A: Odanacatib 200 mg (n = 6); �, Panel B: Odanacatib 600 mg
(n = 6); 	, Panel A: Odanacatib 400 mg (n = 6); 
, Panel B: Odanacatib 25 mg (n = 6); (D), �, Panel C: Placebo (n = 2 to 3); �, Panel C: Odanacatib 50 mg (n = 5
to 6); �, Panel C: Odanacatib 100 mg (n = 6). Cr, creatinine; CTx, C-terminal telopeptide of type I collagen; NTx, N-terminal telopeptide of type I collagen
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unexpectedly long apparent terminal half-life of approxi-
mately 40–80 h. This long half-life required adjustments in
sampling schemes and washout times during the course of
the study to allow for improved PK parameter assessment.

As a result, estimates of half-life from this study may under-
estimate the true apparent terminal half-life.

Another consequence of the unexpectedly long half-
life of ODN was measurable plasma ODN concentrations
from prior treatment at predose of the next treatment.
When possible, these predose values were used to inform
PK parameters for the prior treatment to characterize
exposure and C168 h better. Pharmacokinetic parameters
were not adjusted on the basis of predose concentrations
because, in general, half-lives could not be calculated
accurately for those profiles owing to insufficient PK sam-
pling. Thus, the PK parameters reported represent the
exposures experienced by subjects in this study, though
those exposures may be somewhat higher than would
have been observed in the absence of measurable predose
concentrations.

Assessment of dose proportionality of the available PK
data indicates that exposures of ODN increased in a less-
than-dose-proportional manner over the dose range of
2–600 mg. The degree of disproportionality is reduced at
the lower dose range (2–10 mg). While these results indi-
cate that less than dose-proportional PK are seen in the
lower dose range, the point estimates and lower bounds of
CIs from these analyses are closer to one than those
obtained over the full dose range, suggesting that PK
increases in this lower dose range are closer to dose
proportional than those obtained at higher doses.
Although PK sampling was not ideal to determine dose

Table 4
Summary statistics as a percentage change from baseline of urine NTx/Cr at 24 and 168 h postdose following single doses of of ODN administered to healthy
male and postmenopausal female subjects

Treatment Panel

NTx/Cr at 24 h NTx/Cr at 168 h¶

n
Least-squares
(95% CI)

Difference (95% CI)
compared with placebo n

Least-squares
mean (95% CI)

Difference (95% CI)
compared with placebo

Male
Placebo A 8* -4.8 (-32.0, 33.3) — 6 25.8 (-13.3, 82.4) —
Placebo B 8 0.3 (-27.9, 39.6) — 6 17.8 (-18.7, 70.8) —
ODN 2 mg A 6 -15.6 (-41.9, 22.5) -10.9 (-51.5, 29.3) 6 11.7 (-23.2, 62.3) -14.1 (-77.9, 48.7)
ODN 5 mg B 6 -35.5 (-55.4, -6.6) -35.8 (-72.5, -0.8) 6 4.6 (-27.9, 51.7) -13.2 (-73.1, 45.7)
ODN 10 mg A 6 -65.2 (-76.0, -49.5) -60.4 (-91.0, -32.8) 6 -35.1 (-55.2, -5.7) -60.8 (-113.8, -12.1)
ODN 25 mg B 6 -68.3 (-78.1, -54.0) -68.6 (-98.9, -41.5) 6 -43.7 (-61.1, -18.3) -61.5 (-110.1, -17.2)
ODN 50 mg A 6 -78.8 (-85.4, -69.3) -74.0 (-101.2, -50.3) 6 -62.1 (-74.0, -44.7) -87.9 (-136.2, -46.1)
ODN 100 mg B 6 -74.5 (-82.4, -62.9) -74.8 (-104.5, -48.7) 6 -26.5 (-50.0, 7.9) -44.4 (-98.3, 6.3)
ODN 200 mg A 6 -82.2 (-87.8, -74.1) -77.5 (-103.8, -54.7) 0 ND ND
ODN 400 mg A 6 -75.8 (-83.3, -64.9) -71.0 (-99.5, -46.1) 0 ND ND
ODN 600 mg B 6 -73.9 (-82.0, -62.1) -74.2 (-103.4, -48.5) 0 ND ND
ODN 25 mg (fed) B 6 -65.1 (-75.9, -49.5) 3.1 (-12.2, 18.6)‡ 0 ND ND

Female
Placebo C 3† -13.0 (-49.5, 50.0) — 2 -32.7 (-58.4, 8.9) —
ODN 50 mg C 6 -63.8 (-77.4, -41.9) -50.8 (-101.4, -7.4) 5§ -78.4 (-84.1, -70.8) -45.7 (-73.4, -21.8)
ODN 100 mg C 4§ -70.4 (-83.4, -47.2) -57.4 (-110.4, -13.9) 0 ND ND

Between-subject coefficient of variation ranged from 15 to 90% across panels/doses/time points; within-subject coefficient of variation ranged from 23 to 43% across panels/time
points. There were no statistically significant differences between panel A and panel B placebo. Abbreviations are as follows: CI, confidence interval; CTx, C-terminal telopeptide
of type I collagen; ND, NTx not measured at this dose level/time point; ODN, odanacatib; Urine NTx/Cr, urine N-terminal telopeptide of type I collagen normalized to creatinine;
—, comparison not applicable. *Includes two subjects with one observation in each of two periods; replicate values were averaged prior to analysis. †One subject with no reportable
result. ‡Comparison between ODN 25 mg fed and ODN 25 mg fasted. §Two subjects with values below the level of quantification at both baseline and 24 h; the percentage change
could not be defined clearly. ¶NTx levels at 168 h were obtained as the predose measurement in the succeeding treatment period. Thus, not all dose levels have 168 h measurements;
numbers of placebo observations are correspondingly reduced.
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proportionality for PK parameters at 168 h, based on the
available data it is likely that trends observed at 24 h
extend to 168 h. These results are most likely to reflect
reductions in bioavailability with increasing dose, because
half-life did not appear to vary with doses. This phenom-
enon is most likely to be related to low solubility of ODN in
gastrointestinal luminal fluids.

A standard high-fat breakfast consumed immediately
prior to dosing for the 25–300 mg doses produced an
increase in plasma concentrations averaging approxi-
mately twofold relative to fasted administration.This result
is consistent with absorption-limited exposure related to
low solubility of a somewhat hydrophobic drug and is
likely to represent the maximal food effect. Similar to the
discussion of the 25 mg results, delays in Tmax,overall in fed
relative to fasted conditions appear largely to reflect shifts
in the relative size of the initial and secondary peaks rather
than a meaningful delay in the initial absorption peak. At
ODN 200 mg, the high-fat conditions increased AUC0–24 h by
approximately 90%, Cmax,day1 and Cmax,overall by 80% and C24 h

by 90%. While administration with food increased both
maximal concentrations and exposures, food intake did
not appear to have a substantial impact on the shape of
the profile. In particular, secondary peaks were observed
when ODN was administered in both fasted and fed con-
ditions, and there was no clear relation between the mag-
nitude of the secondary peaks and food intake.

Odanacatib is a lipophilic compound with relatively
poor solubility [27], and dosing with dietary fat increases
bile secretion and gastrointestinal fluid volume, which may
further increase dissolution for ODN. This interpretation is
further supported by PK measurements following a low-fat
breakfast, which resulted in a more modest increase in PK
parameters. The 24 h change from baseline uNTx/Cr data
for the 25 mg dose administered in both the fasted and the
fed state in the same subjects was -68 and -65%, respec-
tively. These changes are fairly comparable, and the food
effect is not anticipated to alter efficacy for ODN at higher
doses, because the biomarker response profile is relatively
flat at steady state for doses �25 mg administered once
weekly [23].

Overall, postmenopausal females appeared to exhibit
modestly lower AUC0–24 h, Cmax and C24 h values in compari-
son to males following ODN doses of 50 mg, although PK
parameters were more similar to males following doses of
100 mg ODN. Odanacatib appears to be absorbed at a
moderate rate, with median Tmax,overall values in the fasted
state ranging from 4 to 13 h across the dose levels from 2
to 600 mg, but with the Tmax,day1 typically ranging around
4–6 h, reflective of the initial absorption peak behaviour.
Secondary peaks around 24 h or later were noted in many
individual plasma concentration–time profiles and, in
some cases, these secondary peaks exceeded the initial
peak, resulting in longer Tmax,overall values. The cause of
these secondary peaks is unclear from the present study
results, but may reflect processes such as enterohepatic

recycling or other transporter-mediated mechanisms of
recirculation.

In comparing fed vs. fasted profiles and in some of the
female vs. male profile comparisons, an apparent delay in
Tmax,overall was noted, but on examination of the day 1 peaks,
more similar Cmax,day1 and Tmax,day1 values were noted, sug-
gesting that this delay in overall Tmax may primarily reflect
modest shifts in the relative peak sizes of the initial and
secondary peaks, such that the secondary peak exceeded
the initial peak more often in females. These differences in
Tmax values are likely to be a result of the multiple-peak
absorption profile of ODN and are not considered likely to
be clinically relevant, given the similarity in the day 1 peak
behaviour in these comparisons.

After single dose administration of ODN, less than 1%
of the oral ODN dose was excreted unchanged in urine at
doses of 10–50 mg,suggesting that urinary excretion is not
a significant route of elimination for ODN. However, a final
assessment of the clinical relevance of renal elimination
will require information on oral bioavailability from a
future study. Of note, the percentage of dose excreted
unchanged in urine trended downwards as dose increased
(from 3.1% at 2 mg to 0.4% at 50 mg). This result may
reflect reduced oral bioavailability at the higher doses (as
demonstrated by the less than dose-proportional PK
results), but could also reflect a contribution of a saturable
transport process in renal elimination. However, renal
clearance did not exhibit a meaningful trend across doses,
making the latter hypothesis less likely.

Importantly, this study provided a preliminary assess-
ment of the effect of ODN on PD markers sCTx and uNTx/
Cr. These bone resorption markers are well characterized
and validated [28, 29]. Furthermore, their reduction in
response to pharmacological therapy is considered gener-
ally predictive of subsequent increases in bone mineral
density [12, 13]. A panel of postmenopausal women was
specifically included to approximate more closely the
intended patient population, because they exhibit
increased markers of bone turnover. Given that both sCTx
and uNTx are generated by direct action of CatK, it was
anticipated that reduction would probably be observed
with ODN administration in this single dose study, consist-
ent with target engagement. It was, however, noteworthy
that these biomarkers exhibited robust reduction and
remained suppressed for up to 7 days following single
dose ODN administration. This was in keeping with the
unanticipated lengthy PK half-life observed for ODN.
Together, these results provided the first evidence that
ODN may exhibit a profile supportive of a once weekly
regimen for this novel mechanism. Substantial reductions
in sCTx (-66%) and uNTx/Cr (–51%) were observed after
24 h following a single dose of 50 mg ODN administration
compared with placebo in postmenopausal women. The
rapid decrease in sCTx observed in the study may in part
reflect biochemical target engagement. Both sCTx and
uNTx are generated by the direct action of CatK on

S. A. Stoch et al.

1252 / 75:5 / Br J Clin Pharmacol

 13652125, 2013, 5, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/j.1365-2125.2012.04471.x by U

niversity O
f A

thens, W
iley O

nline L
ibrary on [16/10/2022]. 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



collagen. A greater reduction in sCTx was observed with
50 mg ODN (66%) compared with 100 mg ODN (43%) in
postmenopausal women at 24 h.The difference is thought,
in part, to reflect an incomplete washout prior to adminis-
tration of the 100 mg dose in this group. The 100 mg dose
was administered 1 week after the 50 mg dose, which
resulted in an incomplete return to baseline in biochemical
markers of bone resorption (sCTx and uNTx/Cr).The reduc-
tion of the bone resorption marker data was equally com-
pelling at 168 h (1 week) postdose. Although there were
insufficient placebo measurements (n = 2) to permit a
robust comparison, the corresponding reductions in sCTx
and uNTx/Cr relative to baseline were -70 and -78%,
respectively, in postmenopausal women following a single
dose of 50 mg ODN.

The overall concentration–uNTx/Cr PK/PD relation
observed in this study was consistent with another clinical
study of ODN [23], with a modelled EC50 value of 43.8 nM

and approximately 80% maximal biomarker reduction.
These PD data in combination with the observed PK profile
were very provocative and provided impetus to support
further investigation of a once weekly dosing regimen.

Single dose administration of ODN, at doses from 2 to
600 mg fasted, from 25 to 300 mg with a highfat meal, and
100 mg with a light meal, were well tolerated. Clinical AEs
associated with ODN were qualitatively similar to those
seen with placebo and were generally mild, transient and
self-limited. There were no serious AEs or discontinuations
due to AEs. There were no qualitative differences in the
incidence of any AEs (overall or of any specific type) with
increasing dose. Five subjects had laboratory AEs, all of
which were considered by the investigator probably not to
be drug related. There were no clinically significant,
treatment-related effects of ODN observed upon analysis
of chemistry/haematology laboratory data, vital signs
(semi-recumbent or orthostatic) or ECG parameters.

In summary, ODN was generally well tolerated in this
dose range study at single oral doses up to 600 mg.
Co-administration of ODN with high-fat and low-fat meals
increased exposures and concentrations by ~100 and 30%,
respectively. Furthermore, the uNTx/Cr reduction data
were not different whether ODN was administered in the
fasted state or following a high-fat meal. These data
suggest little effect of food on PD efficacy based on the
observed concentration–response relation. The long half-
life of ODN and robust sustained reduction of biomarkers
of bone resorption through 168 h suggests that once
weekly dosing can achieve sustained pharmacological
activity and provides the first pharmacological proof of
concept for a once weekly regimen of a CatK inhibitor.
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Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Figure S1
Assessment of dose proportionality for plasma Cmax,overall

following administration of single oral doses of odanacatib
in the fasted state (a) or fed state (b) to young healthy male
subjects
Table S1
Study characteristics

S. A. Stoch et al.

1254 / 75:5 / Br J Clin Pharmacol

 13652125, 2013, 5, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/j.1365-2125.2012.04471.x by U

niversity O
f A

thens, W
iley O

nline L
ibrary on [16/10/2022]. 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


