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ARTICLE

Fatty Acid Amide Hydrolase Inhibition by JNJ-42165279:
A Multiple-Ascending Dose and a Positron Emission
Tomography Study in Healthy Volunteers

Andrey Postnov1,10, Mark E. Schmidt2,∗, Darrel J. Pemberton2, Jan de Hoon3, Anne van Hecken3, Maarten van den Boer4,
Peter Zannikos5, Peter van der Ark6, James A. Palmer7, Stef Rassnick8, Sofie Celen9, Guy Bormans9 and Koen van Laere1

Inhibition of fatty acid amide hydrolase (FAAH) potentiates endocannabinoid activity and is hypothesized to have therapeutic
potential for mood and anxiety disorders and pain. The clinical profile of JNJ-42165279, an oral selective FAAH inhibitor, was
assessed by investigating the pharmacokinetics, pharmacodynamics, safety, and binding to FAAH in the brain of healthy human
volunteers. Concentrations of JNJ-42165279 (plasma, cerebrospinal fluid (CSF), urine) and fatty acid amides (FAA; plasma, CSF),
and FAAH activity in leukocytes was determined in a phase I multiple ascending dose study. A positron emission tomography
study with the FAAH tracer [11C]MK3168 was conducted to determine brain FAAH occupancy after single and multiple doses
of JNJ-42165279. JNJ-42165279 administration resulted in an increase in plasma and CSF FAA. Significant blocking of brain
FAAH binding of [11C]MK3168 was observed after pretreatment with JNJ-42165279. JNJ-42165279 produces potent central
and peripheral FAAH inhibition. Saturation of brain FAAH occupancy occurred with doses �10 mg of JNJ-42165279. No safety
concerns were identified.
Clin Transl Sci (2018) 11, 397–404; doi:10.1111/cts.12548; published online on 25 March 2018.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
✔ FAAH inhibition has been investigated as a candidate
mechanism of action for CNS conditions for several years,
notably for pain.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔ We wanted to determine the dose-dependent effects on
central FAA turnover in CSF and blockade of FAAH in brain,
and determine the clinical doses that would give us confi-
dence we were testing the hypothesis in phase II trials while
affording the best safety margin.

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE
✔ This is the first report of the dose-dependent effects of
FAAH inhibition on FAA turnover in CSF and occupancy of
brain FAAH by an FAAH inhibitor in human volunteers.
HOW THIS MIGHT CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE
✔ Not many mechanisms are blessed with the range of
biomarkers as FAAH inhibition we had when entering phase
I; however, the value of target-specific biomarkers illus-
trated by this study may spur early investment in develop-
ing assays and methods for novel mechanisms that can be
included in the first phase I trial.

The endocannabinoid system is abundantly present in tis-
sues and organs throughout the body, especially in the brain.
Activation of cannabinoid receptors by endogenous lipids
(endocannabinoids) in the central nervous system (CNS)
is hypothesized to provide homeostatic regulation through
negative feedback inhibition of excitatory pathways.1 Endo-
cannabinoid activity can be enhanced by inhibition of fatty
acid amide hydrolase (FAAH), the enzyme primarily responsi-
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ble for degrading a variety of fatty acid amides (FAAs).2 FAAs
are a group of signaling lipids that participate in the control
of many physiological processes including pain, cognition,
mood regulation, sleep, energy metabolism, and inflamma-
tion. Consequently, FAAH inhibition has been proposed as
a novel therapeutic approach for the treatment of mood and
anxiety disorders, posttraumatic stress disorder, and pain.
Selective FAAH inhibitors have been identified and several
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have been advanced for clinical development. In a proof-
of-concept study with the FAAH inhibitor PF-04457845 in
patients with osteoarthritis, peripheral inhibition of FAAH
activity was observed; however, no effect on pain perception
was reported.3 Whether FAAH inhibition can be useful in
other conditions remains to be evaluated.
JNJ-42165279 is a potent, selective, and orally bioavail-

able inhibitor of FAAH.4 The compound is a substrate of the
enzyme and inhibits its activity by covalent binding to the cat-
alytic site. Enzyme activity is restored through slow hydroly-
sis of the drug fragment from the active site and regeneration
of FAAH.4 The compound was recently tested in a phase I
study.5

To confirm FAAH inhibition, determine the relationship
between exposure and pharmacodynamic effect, guide dose
selection, and identify the acceptable safetymargin for phase
II clinical studies, we evaluated the effect of different doses
of JNJ-42165279 on FAAH activity and FAA turnover in
plasma and cerebrospinal fluid (CSF) and on the occupancy
of FAAH in brain with positron emission tomography (PET)
using [11C]MK3168, a radiolabeled reversible FAAH inhibitor
developed for quantification of competition for binding at the
catalytic site by other FAAH inhibitors.6

METHODS

The multiple ascending dose (MAD) study (clinicaltrials.gov
identifier: NCT01964651) was conducted at the Janssen
Clinical Pharmacology Unit, Merksem, Belgium from 21
October 2013 to 22 October 2014 and the PET occupancy
study (clinicaltrials.gov identifier: NCT02169973) at the Uni-
versity Hospitals Leuven, campus Gasthuisberg, Belgium
from 6 March to 15 July 2014.

Design
The MAD study was a double-blind, randomized, placebo-
controlled study of JNJ-42165279 in healthy volunteers con-
ducted in two parts. The objective of the MAD Part 1 was
the assessment of exposure to JNJ-42165279, FAAH activ-
ity in leukocyte, and FAA turnover in plasma andCSF. The key
objectives of the MAD Part 2 were to determine safety, phar-
macokinetics (PK), and peripheral pharmacodynamics (PD)
of JNJ-42165279 in women and older volunteers. Volunteers
were divided into five cohorts of eight volunteers each and
were administered different doses of JNJ-42165279 (n = 6)
(cohort A, 25 mg, young men; cohort B, 75 mg, young men;
cohort C, 100 mg young women; cohort D, 100 mg, elderly
men and women; cohort E, 10 mg, young men) or placebo (n
= 2) once-daily for 10 consecutive days. The 10 mg cohort
was added after the other cohorts had completed, specifi-
cally to assess the effects on CSF FAA turnover, based on
the results of the PET study that suggested the potential for
full occupancy in the brain with a 10 mg dose.
The PET study was an open-label study and was con-

ducted in three parts. Part 1 determined the regional
brain kinetics and binding properties of [11C]MK3168(6).
Dose-dependent blocking of [11C]MK3168 retention by JNJ-
42165279 was measured in Part 2, and accumulation of JNJ-
42165279 on the FAAH enzyme after 1 week of dosing was
explored in Part 3 (Supplemental Figure S1).

For further details on methods please refer to the Supple-
mentary Material.

Study population
Healthy nonsmokers (men and women, 18–85 years) were
enrolled in the MAD study. Volunteers with abnormal phys-
ical examination findings, ECG findings, clinical labora-
tory results, history of drug or alcohol use disorder within
6 months of screening were excluded from this study. JNJ-
42165279 is a substrate for CYP3A and because of the
potential for drug–drug interactions, use of CYP3A inhibitors
or inducers were not allowed during the study.

The inclusion and exclusion criteria for the PET occupancy
study were similar to the MAD study, except that only men
(18–55 years) were enrolled, and volunteers exposed to ion-
izing radiation during the previous year in excess of 1 mSv
or having clinically significant magnetic resonance imaging
(MRI) abnormalities of the CNS at screening were excluded.

The studies were performed in accordancewith GoodClin-
ical Practice and were approved by the Ethics Committee
of the University Hospital Antwerp, Belgium (MAD study)
and University Hospitals Leuven, Belgium (PET occupancy
study). All volunteers signed a written informed consent prior
to study inclusion.

Assessments
Pharmacokinetics and pharmacodynamics
The concentration of JNJ-42165279 was quantified in
plasma and CSF samples using a specific, validated,
and sensitive liquid chromatography / tandem mass spec-
trometry (LC/MS/MS) method. The FAAH activity was
measured in leukocytes and concentrations of FAAs
N-arachidonoylethanolamine (AEA), N-oleoylethanolamine
(OEA), and N-palmitoylethanolamide (PEA) were determined
in plasma7; arachidonic acid (AA), AEA, and OEA were mea-
sured in CSF (for assay methods, see SupplementaryMate-
rial). Mean and individual plasma concentration vs. time after
JNJ-42165279 administration were plotted for each cohort.
Plasma, urine, and CSF concentration data were determined
at each timepoint. All PK parameters in plasma and urine for
JNJ-42165279, calculated using noncompartmental meth-
ods, were summarized.

Behavioral evaluations were performed during the MAD
study using the Addiction Research Center Inventory (ARCI-
53) questionnaire,8 a computerized cognitive test bat-
tery from the Cognitive Drug Research System (CDR
SystemTM), and Bond and Lader Visual Analogue Scales
(VAS) questionnaire8 for all cohorts except for cohort E. The
cognitive battery and ARCI-53 were completed predose and
4 h after dosing on days 1 (baseline), 6, and 10.

During PET Part 2, PK samples for JNJ-42165279 were
collected at baseline and at the beginning, middle, and end
of the scan. The FAAH activity in leukocytes was tested at the
midpoint of the scan (see Supplementary Material). Blood
samples for pharmacogenomics were obtained at baseline.

PET study
The PET occupancy study was undertaken to confirm tar-
get engagement by JNJ-42165279 in the brain, and identify
doses that could test the mechanism of action while having
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acceptable safety margins. [11C]MK3168, a highly selective
reversible radiolabeled FAAH inhibitor with high affinity for
human FAAH (IC50 = 1.0 ± 0.6 nM), was selected as a suit-
able candidate.6

To qualify the ligand for the occupancy study, an in vivo
blocking study was conducted in rhesus macaque that
demonstrated blocking of retention of [11C]MK3168 by JNJ-
42165279. Binding of [11C]MK3168 to human leukocytes ex
vivo could also be blocked by JNJ-42165279, supporting
competition of the two inhibitors at the FAAH catalytic site
(see Supplementary Material). Following qualification for
use, a clinical PET study was conducted consisting of three
parts.
For Part 1 of the PET study, five volunteers under-

went dynamic PET scans following intravenous injection of
[11C]MK3168 alone, to develop a suitable kinetic model for
determination of the total distribution volume (VT) of the
tracer in the brain.
Part 2 investigated FAAH occupancy as a function of a sin-

gle oral dose of JNJ-42165279. Doses were selected from a
possible range of 2.5–100 mg. The choice of dose was adap-
tive, and was adjusted based on information as it accrued
over the study. Six volunteers participated in Part 2; each
volunteer underwent three PET scans: a baseline scan and
a PET scan after two different single doses. PK samples for
JNJ-42165279 were taken at baseline, at the time of tracer
injection, and at 45 min and 90 min posttracer injection, and
samples were taken for leukocyte FAAH activity at the mid-
point (�4 h and 45 min postdose of JNJ-42165279) of the
PET scan. The baseline scan and first post treatment scan
were both obtained on the first dosing day, �4 h apart.
The PET tracer was injected 1 h after administration of

JNJ-42165279 (i.e., the estimated Tmax of JNJ-42165279).
The second and third (treatment) scans were separated by at
least 1 week to allow normalization of FAAH enzyme activ-
ity after the first dose of JNJ-42165279. Part 3 evaluated
the potential for accumulation of JNJ-42165279 at the FAAH
enzyme during chronic dosing in four volunteers. Volunteers
underwent three PET scans: a baseline scan, a scan 24 h
after a single dose, and the third scan 24 h after the last
dose of 1 week of daily dosing to measure occupancy level at
trough and test whether accumulation at the FAAH enzyme
in brain would occur. Doses were chosen that were predicted
not to saturate FAAH binding over a 24-h dosing interval
based on the results of Part 2.

PET and MRI and input function determination
Arterial blood sampling for measurement of parent tracer
and radio metabolite analysis was conducted for each PET
scan. The plasma PK of [11C]MK3168 and radio metabo-
lites was derived from discrete arterial samples (analysis
described in Supplementary Material) as an input func-
tion. The tissue response function in brain was measured
from the PET images. PET scans were acquired on a
HiRez Biograph 16 slice PET/CT camera (Siemens, Erlan-
gen, Germany) with [11C]MK3168 tracer produced as pre-
viously described.6 A slow bolus injection (356 ± 57MBq;
molar activity 111 ± 67 GBq/μmol) of [11C]MK3168 was syn-
chronized with the start of a 90-min list-mode acquisition.
A low dose computed tomography (CT) scan was acquired

immediately prior to tracer injection for attenuation correc-
tion. Acquired data were reconstructed using ordered subset
expectation–maximization algorithm (five iterations / eight
subsets, 27 frames) with corrections applied for dead time,
scatter, randoms, decay, and tissue attenuation.
MR image volumes were obtained as anatomical refer-

ence for coregistration of PET images using 3D T1-MPRAGE
(magnetization-prepared rapid gradient-echo sequence, rep-
etition time (TR) = 9.6 ms; echo time (TE) = 4.6 ms; flip angle,
8°; voxel size: 0.98 × 0.98 × 1.2 mm). MRI was performed
on a 3T Philips Ingenia system (Philips Healthcare, Best, The
Netherlands).

Kinetic modeling
Kinetic modeling for determining enzyme occupancy was
based on the analysis of time activity curves (TACs) at base-
line and during treatment scans from each participant. Gen-
eration of TACs and kinetic modeling was performed with
PMod v. 3.4 software (Zurich, Switzerland). Automated delin-
eation of 83 volumes of interest (VOIs) according to the Ham-
mers brain template9 was performed using the PNeuro tool
in PMod. For data reduction and to obtain a better signal-
to-noise ratio, smaller regions were united into composite
VOIs to delineate the frontal, temporal, parietal and occipi-
tal lobes, striatum, thalamus, and cerebellum. A two-tissue
compartment reversible model was used for quantification
and nondisplaceable binding potential (BPND) and total dis-
tribution volume (VT) estimations.10

Safety assessments
For both of the studies (MAD and PET occupancy), safety
assessments included incidence or type of treatment-
emergent adverse events (TEAEs), physical examinations,
laboratory assessments, 12-lead ECG, and vital signs.
TEAEs following enrollment were evaluated separately for
each part of the PET study.

RESULTS
Study population
Of the total of 55 enrolled volunteers, 54 volunteers com-
pleted the study (MAD study, 39 of 40; PET study, 15 of
15). All volunteers in the MAD study were included in the
PK, biomarker, and PD analysis set. Most of the volunteers
enrolled in these studies were identified as “white” or “Cau-
casian” (MAD, n = 36; PET, n = 15) and a total of four vol-
unteers reported protocol deviations (MAD study, n = 3; PET
study, n = 1). Baseline demographics are shown in Supple-
mental Table S1.

Pharmacokinetic and pharmacodynamics
Following oral administration, JNJ-42165279 was rapidly
absorbed. The plasma concentration increased in a dose-
dependent manner, and exhibited a multiexponential decline
(Figure 1). Mean plasma half-life ranged from 8.14–14.1 h,
resulting in higher exposures on day 10 than day 1. The esti-
mated accumulation ratios for Cmax ranged from �98–156%
and for AUC ranged from �144–337% for JNJ-42165279
doses (10–100 mg, Supplemental Table S2).
Mean concentrations of JNJ-42165279 in CSF after 7 days

were 2.67 ng/mL (cohort E), 8.95 ng/mL (cohort A), and
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Figure 1 Arithmetic mean (+SD) JNJ-42165279 plasma concentration–time profiles a: Day 1, 0–24-h postdose; b: Day 10, 0–96 h post-
dose. *n = 5 for Day 1.

31.8 ng/mL (cohort D, men only), which were slightly over
3% of plasma values at Cmax on day 10 (Figure 1). This was
consistent with the high plasma protein binding of the com-
pound across species, with the unbound fraction in humans
estimated to be 6.4–7.5%.

FAAH activity in leukocytes
Across the 10–100 mg JNJ-42165279 dose range, FAAH
activity remaining in leukocytes attained a mean trough of
7.85–10.4% (relative to predose values) after a single dose
and a mean trough of 0.58–10.5% after once-daily (QD) dos-
ing for 10 days (Figure 2).

FAAs in plasma
Single doses of JNJ-42165279 in the range of 10–100 mg
produced mean peak concentrations of AEA in plasma that
were 5.5–10-fold higher than mean peak placebo values,
whereas mean peak OEA and PEA concentrations were 4.3–
5.6-fold higher than mean peak placebo. Similar changes in
mean FAA concentrations were observed after daily admin-
istration of 25–100 mg for 10 days (Figure 3).

FAAs in CSF
Daily administration of JNJ-42165279 for 7 days increased
the mean CSF AEA concentrations by �45-fold (10 mg),
�41-fold (25 mg), and �77-fold (75 mg) and mean OEA con-
centrations by �6.6-fold (10 mg), �5.8-fold (25 mg), and
�7.4-fold (75 mg), relative to predose values. The concen-
trations of the product of FAA hydrolysis (arachidonic acid:
AA) in CSF were similar on day 6 compared with baseline
after administration of 25 mg or 75 mg JNJ-42165279 and
placebo (Table 1).

Behavioral evaluations. No treatment effects were
observed on the Bond and Lader VAS. Women of nonchild-
bearing potential receiving 100 mg of JNJ-42165279

reported a slight similarity to sedatives and dissimilarity to
stimulants on the ARCI-53; no groups reported experiences
similar to marijuana or hallucinogens. Analysis of cogni-
tive performance testing indicated a significant negative
treatment effect (P � 0.05), as well as treatment-by-visit
(P � 0.01) effect, on quality of working memory (QWM)
in elderly volunteers receiving 100 mg of JNJ-42165279
(P � 0.01 vs. placebo, and 25 and 100 mg of JNJ-42165279
in young volunteers). This was driven by slight impair-
ment relative to baseline, occurring 4 h postdose on
days 1, 6, and 10. Significant treatment effects on quality
of episodic secondary memory performance were also
observed, driven by improved performance by the cohort
of women of nonchild-bearing potential given 100 mg,
at all-timepoints compared with baseline. No treatment
effects were observed on tapping, tracking, and postural
stability.

[11C]MK3168 radiometabolite quantification
Radiometabolite analysis in baseline scans demonstrated
rapid metabolism of [11C]MK3168 with 30–40% of parent
tracer remaining 10 min postinjection (p.i.), and almost com-
plete elimination of [11C]MK3168 from plasma at 60 min
p.i. Pretreatment with JNJ-42165279 significantly slowed the
rate of metabolism of the tracer, and the extent of slowing
was dose-dependent (Supplemental Figure S2). The final
measured FAAH occupancy in brain was highly correlated
with the fraction of parent tracer in plasma measured at
60 min p.i. (Supplemental Figure S3), suggesting that esti-
mation of brain occupancy could be predicted by the intact
tracer ratio.

Kinetic modeling
Uptake of the intact tracer [11C]MK3168 was high and uni-
form over all gray matter regions with a standardized uptake
value (SUV) of �3.0 at 20 min and �2.0 at 90 min (�15
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Figure 2 Mean (+SD) leukocyte fatty acid amide hydrolase (FAAH) activity-time profiles after once daily dosing for 10 days. a: Day 1;
024-h postdose; b: Day 10: 096 h postdose. *n = 5 for Day 1. FAAH, fatty acid amide hydrolase.

and 10 kBq/cc, respectively) (Figure 4, Supplemental Fig-
ure S7).
Single doses of 10, 25, and 50 mg of JNJ-42165279

resulted in 96–98% occupancy (Supplemental Figure S8),
indicating saturation of brain FAAH at estimated Cmax. Lower
doses of 2.5 and 5 mg showed lesser, although apprecia-
ble, occupancy. Based on these results, 2.5 and 10 mg of
JNJ-42165279 were selected for testing at trough after single
and repeated doses. FAAH occupancy at trough after the first
dose of 10 mg was >80% and >50% for 2.5 mg. Concentra-
tions increased with repeated dosing, consistent with accu-
mulation ratio, although this did not translate to increased
occupancy with repeated dosing (Supplemental Table S3).

Safety assessments
No deaths, serious, or severe treatment emergent adverse
event (TEAEs) or discontinuations due to TEAEs were
observed in either of the two studies. The overall number of
volunteers with TEAEs were similar between all the cohorts
in the MAD study. A total of three volunteers experienced
TEAEs during Part C of the PET study (Supplemental Table
S4).
The most commonly (�2 TEAEs in any dose) reported

TEAEs during the MAD study were headache (n = 13), back
pain (n = 10), and fatigue (n = 7) and in the PET study were
headache (n = 2) and ecchymosis at the arterial line punc-
ture site (n = 2). One to two volunteers in the pooled placebo
group, 10 mg and 100 mg, cohorts (each) were observed to
have elevations in liver transaminases. The elevations were in
the range of 1–2 times the upper limit of normal and returned
to pretreatment levels after dose discontinuation (Supple-
mental Table S4).
There were no TEAEs related to any other clinical labo-

ratory values and no clinically significant treatment effects

were observed for any vital signs, ECG parameters including
change from baseline of QTc intervals, and physical exami-
nation. All TEAEs were either mild (MAD and PET study) or
moderate (MAD study) in severity.

DISCUSSION

Fatty acid amides participate in the control of a number of
diverse physiological processes such as pain, cognition, and
mood regulation.11 Modulation of FAA turnover by selective
inhibition of FAAH has been suggested as a treatment for a
range of disorders. To assess the suitability of FAAH inhibition
for the treatment of mood and anxiety disorders, we evalu-
ated the extent of central and peripheral FAAH inhibition and
the minimum dose necessary to sustain inhibition through-
out a dosing interval. High levels of central and peripheral
FAAH inhibition and near complete occupancy of brain FAAH
were observed after doses of 10 mg of JNJ-42165279. The
changes in plasma and CSF AEA turnover and brain FAAH
occupancy were dose-dependent over the tested range.
Inhibition of FAAH activity in leukocytes was rapid and

plasma AEA levels increased �10-fold at the lowest dose
tested in the MAD study (10 mg). Dose-dependent effects
were more pronounced for rate of recovery of FAAH activ-
ity in leukocytes and decline in FAA concentrations relative
to the observed maximum effects on FAAH activity and FAA
concentrations. The relative effect on central turnover of AEA
was greater: concentrations of AEA in CSF increased 40–
70-fold after 7 days of dosing. The relative effect of JNJ-
42165279 on turnover of AEA was also more pronounced
than on turnover of OEA and PEA in the periphery, and on
OEA concentrations in CSF. This likely reflects AEA being the
preferred substrate for FAAH. These data differ somewhat
from observations in rat, and may be related to the much
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Figure 3 Mean (standard deviation) plasma fatty acid amide (FAA) concentration–time profiles a: Day 1, 0–24-h postdose; b: Day
10, 0–96 h postdose. *n = 5 for Day 1. FAAH, fatty acid amide hydrolase; AEA N-arachidonoylethanolamine (anandamide); OEA,
oleoylethanolamide; PEA, N-palmitoylethanolamide.

higher affinity of JNJ-42165279 for human over rat FAAH.4

Moreover, inactivation of OEA and PEA may be mediated by
other mechanisms in addition to FAAH.12–14 Effects on FAA
turnover and leukocyte FAAH activity consistent with this
report have been observed previously with PF-04457845.3

The PK properties of JNJ-42165279 support once-daily
dosing. Inhibition of FAAH in the periphery can be readily
monitored by measuring substrate levels in plasma, and the
terminal half-life of 8–14 h for JNJ-42165279 and the pro-
longed inhibition of FAAH activity (due to slowly reversible
covalent binding of JNJ-42165279 to the FAAH enzyme)4

indicate that inhibition can be sustained throughout the dos-
ing interval. Occupancy of brain FAAH approaching satu-
ration could be demonstrated for all doses �10 mg at the
estimated Cmax, declining to 80–85% occupancy 24 h after
dosing with 10 mg. The brain occupancy estimates were
supported by the correlation with peripheral inhibition of
leukocyte FAAH enzyme activity (Supplemental Figure S4).
While the expected accumulation in plasma concentrations
occurred with repeated dosing of 2.5 or 10 mg, increases
in occupancy at trough were not observed beyond a slight
numerical increase in occupancy at 10 mg. Rapid recovery
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Table 1 Arithmetic mean (standard deviation) of fatty acid amide (FAA) concentrations in cerebrospinal fluid of young male volunteers

FAA 10 mg n = 6 25 mg n = 6 75 mg n = 6 Placebo n = 6

AA Predose — 1.85 (0.52) 2.04 (0.86) 2.31 (1.39)a

Day 7 — 1.44 (0.52)b 1.81 (0.72)b 1.74 (0.78)a

AEA Predose 0.28 (0.31) 0.52 (0.16) 0.38 (0.21) 0.41 (0.39)

Day 7 12.6 (4.86) 21.24 (7.39)b 28.88 (9.52)b 0.57 (0.27)

OEA Predose 21.2 (5.33) 20.15 (10.19) 20.21 (8.25) 16.2 (5.46)

Day 7 139 (42.0) 116.81 (26.07)b 150.24 (34.64)b 22.8 (23.3)
an = 4.
bn = 5.
AA, arachidonic acid; AEA, N-arachidonoylethanolamine (anandamide); OEA, oleoylethanolamide.
AA was not analyzed for the 10 mg cohort as no treatment effect had been seen with the higher doses.

Figure 4 Distribution of [11C]MK3168 in human brain under base-
line and blocked conditions. Top image: [11C]MK3168 PET scan
at baseline; Bottom image: [11C]MK3168 PET scan in the same
volunteer after receiving 10 mg JNJ-42165279.

of FAAH enzyme activity is seen with lower exposures, as
indicated by the recovery of WBC FAAH activity 24 h after
repeat dosing with 10 mg (Figure 2).
Nervous system TEAEs (>40%) were the most common,

which is not unexpected for a potentially neuromodulatory
mechanism. These TEAEs were generally mild, and were
more prevalent at doses >25 mg. Evidence of behavioral
effects in healthy volunteers was very limited, with conflict-
ing effects on derived memory parameters in the 100 mg
cohorts, and weak endorsement of sedative-like effects by
women of nonchild-bearing potential receiving 100mg.Mod-
ulation of neuronal activity by the endocannabinoid system

may be strongly activity-dependent,15 and effects may dif-
fer in pathological states in which increased excitation of
neuronal circuitry might occur. In contrast, single clinical
doses of the cannabinoid agonist nabilone (which would
be less dependent on activity state for effects) are asso-
ciated with notable impairment on cognitive performance
and strong endorsement of several of the ARCI-53 scales
in healthy volunteers.16 Older volunteers and women of
nonchild-bearing potential were included to provide informa-
tion on safety and tolerability prior to conducting proof-of-
concept studies. Most of the older volunteers were women
and the average age of the women of nonchild-bearing
potential was 49, which does not allow for meaningful test-
ing of the independent effects of age and gender on the PK
of JNJ-42165279 or PD effects. Reevaluation of the impact
of age and gender will be undertaken with the availability of
data from subsequent clinical studies.
The persistence of central effects of JNJ-42165279 on

FAAH inhibition were greater than we anticipated, based
on peripheral effects. The plasma AEA turnover was dose-
dependent and a maximal effect was observed at doses
�75 mg (Figure 3). However, �24 h after stopping the 10 mg
dosing,�80%brain FAAH occupancy was still present, while
�50% FAAH activity had recovered in leukocytes (Figure 2).
An increase in CSF AEA was also dose-dependent, although
the range of responses after a 25 mg dose overlapped signif-
icantly with those after 75 mg, suggesting a maximum limit in
changes in FAA turnover in these healthy young adult males.
The results of the CSF and PET studies lowered our initial
estimates of the minimum dose required for phase II stud-
ies targeting mood and anxiety disorders and, importantly,
allowed a greater safety margin based on preclinical toxicol-
ogy studies. The 25 mg dose was selected as the clinical
dose for use in proof-of-concept studies based on model
predictions from the occupancy study demonstrating that
brain FAAH inhibition could be sustained over the dosing
interval in the majority of volunteers and based on the periph-
eral inhibition of FAAH across volunteers, also sustained over
the dosing interval, while affording a larger safety margin than
higher doses. As clinical efficacy has not yet been investi-
gated for this compound, we regard the PD biomarkers as
confirmation of pharmacology and hypothesize this dose to
be sufficient for testing for clinical effects in our proof-of-
concept trials. Given the meaningful pharmacologic effects
seen at 10 mg, the lower dose appears to be a strong can-
didate for future clinical studies if 25 mg is found to be
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effective. A recent study using a 4 mg once-daily dose of the
selective FAAH inhibitor PF-04457845 demonstrated clini-
cal efficacy in patients suffering from cannabis use disorder
(CUD) in terms of reduced cannabis withdrawal symptoms,
cannabis use, and sleep disturbances.17 This dose had been
previously shown to be more than sufficient to result in 97%
inhibition of WBC FAAH and elevate plasma FAAs.18 Dose
ranging was not done, so these clinical results can only sug-
gest that complete inhibition of FAAH is necessary for effi-
cacy, at least in CUD.
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