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ABSTRACT

AIM ALKS 7119 is a novel compound with in vitro affinity highest for the SERT, and for
u receptor, a, ,-adrenoceptor, a;z-adrenoceptor, NMDA receptor and sigma non-opi-
oid intracellular receptor 1. This first-in-human study evaluated safety and PK/PD ef-
fects of single ascending doses (SAD) of ALKS 7119 in healthy males and compared
effects with neurotransmitter modulators with partially overlapping targets.

METHODS In 10 cohorts (n=10 subjects each), Px, safety and pp (NeuroCart tests,
measuring neurophysiologic effects [pupillometry, pharmaco-EEG (pEEG)], visuo-
motor coordination, alertness, [sustained] attention [saccadic peak velocity, adaptive
tracking], subjective drug effects [vAs Bowdle and vas Bond and Lader] and postural
stability [body sway]) were evaluated. Neuroendocrine effects (cortisol, prolactin,
growth hormone) were measured. Data were analysed over the 12-hour post-dose
period using mixed-effects model for repeated measure (MMRM) with baseline as
covariate.

RESULTS ALKS 7119 demonstrated linear Pk and was generally well tolerated. QTcF
interval increases of 30-60 ms compared to baseline were observed with ALKS 7119
doses of 250 mg without related adverse events. Significant increases in left and right
pupil/iris ratio were observed at dose levels >s0 mg (estimate of difference [95%c1],
p-value) (0.04 [0.01; 0.07], P < 0.01) and (0.06 [0.03; 0.09], P = 0.01), respectively.
From dose levels >50 mg significant increases (% change) of serum cortisol (517 [8.4;

112.3], P = 0.02) and prolactin (77.9 [34.2; 135.8], P < 0.01) were observed.

CONCLUSION In line with ALKS 7119’s in vitro pharmacological profile, the clinical
profile observed in this study is most comparable to SERT inhibition.
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INTRODUCTION

ALKS 7119 is an investigational compound that has been evaluated for the potential
treatment of neuropsychiatric disorders. Preclinical tests using a panel of in vitro re-
ceptor, transporter, enzyme binding and functional assays showed that ALKS 7119
has high affinity for the serT (Ki=0.035 uM), and lower affinities for the p receptor
(Ki=0.6 uM), a, -adrenoceptor (Kj=0.98 pM), a, g-adrenoceptor (Ki=1.8 M), NMDA
receptor (Ki=7.44 pM) and sigma non-opioid intracellular receptor 1 (Kij=33.0 pM).
Invivo pharmacology studies in rats demonstrated that an oral dose of 10 mg/kg ALKS
7119 completely blocked dopamine release induced by infusion of the synthetic gluta-
mate agonist NMDA in the striatum. In preclinical pharmacokinetic studies with both
dogs and rats, the median time to maximum plasma concentration (tmayx) of ALKS
7119 was 0.5 hour after oral administration. Binding to plasma protein ranged from 11%
to 28%, oral bioavailability from 43% to 76% and mean elimination half-life (t1;) from
2.9 to 5.6 hours across species.

Preclinical multiple dose toxicology studies with ALKS 7119 demonstrated a no
adverse effect level (NOAEL) of 10 mg/kg in rats. At higher doses symptoms of de-
creased body weight and hepatocellular vacuolation and hypertrophy and changes
in behaviour, such as arousal and decreased mobility in the open-field observations,
were observed. The NOAEL corresponded to human equivalent dose (HED) of 96 mg,
calculated per FDA guidelines (using body surface area extrapolation).' Preclinical
multiple dose toxicology studies in dogs demonstrated a NOAEL of 3 mg/kg, corre-
sponding to aHED of 97.2 mg.1 AtaHED of 324 mg, decreases in systolic, diastolic, and
mean blood pressure as well as compensatory increases in heart rate occurred. Next to
that, symptoms of recumbency and decreased activity were observed. No changes in
Qr intervals at any dose of ALKS 7119 were observed in the preclinical dog cardiovas-
cular study, a finding consistent with in vitro hERG channel testing, showing no effects
up to high concentrations (1C5o 0f 1911 uM or 54348.8 ng/mL). ALKS 7119 showed no
potential to induce neuronal abnormalities up to a HED of 3360 mg. Based on these
preclinical safety data, it was decided to continue to a F1H study, starting with a dose
of 3 mg (32 times lower than the NOAEL in rats, the most sensitive species).

The relatively high affinity of ALK 7119 for several distinct receptor types offered
the potential to evaluate ALKS 7119 for the treatment of various neuropsychiatric con-
ditions, ranging from neuropathic pain and brainstem behavioural disorder to schizo-
phrenia and depression. Further exploration of these indications would have required
alarge series of preclinical disease models, which all have limited predictive power for
compounds with novel and complex profiles of pharmacologic action. It was there-
fore decided to not only characterise the Pk and safety in this F1H study, but to also
include a wide range of different cNs-functions, which could provide indications for

BBB penetration and target engagement profiles in humans.
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This approach is in line with the ‘question-based drug development (@BDD)’ method,
which is developed to investigate novel compounds in a structured way to prevent
late stage drug development failures.” According to QBDD, studies must be designed
to answer important questions about novel compounds.2 In case of a cNs drug, such
as ALKS 7119, it was considered important to know whether the drug crosses the BBB
and on which receptors it mainly acted.? To answer these questions, the current study
utilised the NeuroCart, which consists of a battery of drug-sensitive CNs tests, mea-
suring effects on different cNs domains, such as neurophysiologic functioning, visuo-
motor coordination, balance and subjective feelings.? Several cNs-active compounds,
including compounds influencing serotonergic, opioid, GaBA-ergic and glutamater-
gic (via NMDA-antagonism) networks, have been profiled using the NeuroCart. This
allowed a comparison of the functional profile of this new pharmacologically hetero-
geneous compound to other known drug profiles, and consequently to obtain a better
understanding of the underlying pharmacological effects.*

The preclinical pharmacological profile of ALKs 7119, with relatively high affini-
ty for different receptor types, required NeuroCart testing at dose levels with small
increments, to be able to disentangle ALKS 7119’ effects on distinct receptors with
different aflinities. Specific NeuroCart tests were selected based on ALKS 7119’s phar-
macological profile. Pupil size measurements were included to measure serotonergic
and p receptor effects as opioids are known to induce pupil constriction, whilst most
studies with selective serotonin reuptake inhibitors (ssr1s) show pupil dilation.>® In
addition, pharmaco-EEG (pEEG) was included because this is a potential biomarker
for SERT engagement.6 Ketamine, a well-known NMDA receptor antagonist, demon-
strated decreased saccadic peak velocity, adaptive tracking and alertness and increased
body sway and psychedelic effects as measured by visual analogue scale (vas) Bowdle
on the NeuroCart.” Buprenorphine, a partial p receptor agonist decreased adaptive
tracking and saccadic peak velocity and increased body sway.®

In addition to the NeuroCart tests, serum cortisol and prolactin levels were mea-
sured as biomarkers for serotonergic effects, as escitalopram and citalopram are
known to increase levels of these hormones.” Although it is uncertain whether growth
hormone levels are influenced by serotonergic compounds,'® serum growth hormone
levels were also measured.

There are no established cNs tests for mild adrenergic modulation. The cNs effects
of strong noradrenalin release stimulators like dexamphetamine,'' or the potent in-
hibitory effects of presynaptic a,-adrenoceptor agonists and imidazoline modulators
like clonidine? or rilmenidine,'® can be readily shown with several NeuroCart tests.
However, demonstration of more subtle noradrenergic modification does not cause
spontaneous changes of NeuroCart tests in healthy subjects,'® but requires more elab-
orate tests of cognition or pain.'* The current study did not include any such specific
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biomarkers for modest a;4 or a;g-adrenergic receptor modulation, other than the
safety blood pressure measurements. Similarly, no specific tests for sigma non-opioid
intracellular receptor 1 modulation could be identified for inclusion in the study.

The aim of this study was to profile single ascending doses of ALKS 7119 in terms of
safety, tolerability, Pk and D effects in healthy male volunteers, and to compare these
effects with known functional effects of different neurotransmitter modulators with
partially overlapping mechanisms of action.

METHODS

GENERAL

The study was registered at ToetsingOnline under number NL155561.056.15 and ap-
proved by Foundation Beoordeling Ethiek Biomedisch Onderzoek (BEBO), Assen,
the Netherlands. All subjects gave written informed consent prior to study start. The
study was performed according to ICH GCP guidelines as laid down in the Declaration
of Helsinki and its latest amendments. Alkermes Inc. sponsored the study, and the
study was conducted from o4 January 2016 to 13 July 2016 at the Centre for Human
Drug Research (CHDR), Leiden, the Netherlands.

Key protein targets and ligands in this article are hyperlinked to corresponding en-
tries in http://www.guidetopharmacology.org, and are permanently archived in the

Concise Guide to PHARMACOLOGY 2019/20.15718

DESIGN

This was a single-centre, randomised, double-blind, placebo-controlled, single as-
cending dose study in 100 healthy male adults. Due to the exploratory character of
this F1H study, the sample size was based on clinical considerations rather than power
calculations. Subjects were divided over 10 cohorts (active: placebo ratio: 8:2) where
each cohort represented a different dose level: 3, 10, 25, 50, 75, 100, 125, 150, 175 and 200
mg. Sentinel dosing was performed on the first 2 subjects in cohort 1. Before ascend-
ing to the next dose level, all available safety, Pk and PD data of the preceding dose
level(s) were reviewed.

The study consisted of a medical screening visit, an inpatient study visit and an
inpatient follow up visit. Study visits consisted of 3 inpatient days; subjects arrived
the day prior to dosing, were dosed the following day and were discharged the day
after dosing (Figure 1). At check-in, eligibility was checked based on physical exam,
including weight, laboratory testing including urinalysis, urine drug screen, electro-
cardiogram (ECG), breath alcohol test, concomitant medication, adverse event (AE)
review and vital sign measurement including tympanic temperature measurement,
pulse rate and (orthostatic) blood pressure measurements. Blood pressure and pulse
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rate measurements were performed after subjects had been in supine position for 5
minutes. For orthostatic blood pressure measurements, subjects were then instructed
to stand up and after 2 minutes blood pressure and pulse rate were measured again.
Orthostatic hypotension was defined as > 20 mmHg decrease in systolic blood pres-
sure and > 10 mmHg decrease of diastolic blood pressure. The safety measurements
were repeated throughout the study at set times.

Blood samples for measurement of plasma concentrations of ALKS 7119 and serum
neuro-endocrine hormone levels were collected within 1 hour pre-dose and at 0.2,
0.5, 1,2, 4, 6, 8, 12, 16, 24, and 36 hours post—dose. NeuroCart assessments, consisting
of saccadic eye movements, smooth pursuit eye movements, adaptive tracking, body
sway, pupillometry, pharmaco-electroencephalography (pEEG), visual analogue
scales (vas) according to Bond and Lader and Bowdle were performed pre-dose
(twice) and 0.5,1, 1.5, 2, 3, 4, 6 and 10-hours post-dose.

Figure1 Study design

Randomization

| Screening > F(?Imp
Inpatient " Inpatient
Admission Dosing Discharge
_____________ | ] | |
I | I |
D(-21) D(-1) D1 D2 D8-11
D=Day(s)

ELECTROCARDIOGRAMS (ECGS) ACQUISITION AND ANALYSIS

At scheduled time points standard twelve-lead EcGs recordings were performed in
triplicate with 1 minute in between each replicate. Recordings were made after a five
minute resting period and in semi-recumbent position. The ECGs were recorded using
an electrocardiograph (Marquette 800/5500/2000 or Dash 3000; General Electric
Healthcare, Milwaukee, usa) and ten disposable electrodes placed in the standard
anatomical position. ECG data were uploaded into the EcG warehouse, which auto-
matically assesses interval, including QTc intervals, and amplitude data from the dig-
ital EcGs with the Marquette 12sL algorithm (Muse Cardiology Data Management
System v7, General Electric Healthcare, Chicago, 1L, usa). The Marquette Cubic
Spline filter and Finite Residual Filter were used for artefact and noise management.
A physician manually reviewed all EcGs for quality, eligibility and abnormalities.
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SUBJECTS

Healthy male subjects between 18 and 45 years of age at screening were selected.
Subjects were not allowed to use medication within 7 days prior to screening or inpa-
tient admission and during the study days. Subjects were asked not to consume any
alcohol, caffeine or xanthine containing beverages within 24 hours and not to use any
nicotine-containing products within 30 days prior to inpatient admission and during
the study days.

TREATMENTS

ALKS 7119 was provided as size o Swedish orange, opaque, hard gelatin capsules com-
pounded at target strengths (i.e. 3 mg to 200 mg) for oral use. Placebo consisted of
identical, empty capsules. Subjects began fasting the night before until 4 hours after
study drug administration. Subjects were allowed water ad libitum except for 1 hour
before and 1 hour after study drug administration.

PHARMACOKINETIC ASSESSMENTS

Plasma samples were analysed by anindependent bioanalytical laboratory (Analytisch
Biochemisch Laboratorium Bv, Assen, The Netherlands). Concentrations of ALKS
7119 were quantified using a validated liquid chromatography with tandem mass spec-
trometry (Lc-Ms/Ms) method with lower limit of quantification (1L0Q) of 1.00 ng/
mL and coefficient of variation (cv) between 1.9 and 4.6%.

NEUROCART ASSESSMENTS

All tests were performed in a quiet room with subdued illumination with only one
subjectin the same room per session. A NeuroCart test training was performed during
the screening visit, to prevent learning effects during study execution.

SACCADIC EYE MOVEMENT

The primary outcome of saccadic eye movement measurement is saccadic peak veloc-
ity (spv) in degrees per second (deg/s), a sensitive parameter for numerous sedative
compounds.*'?2° Tests were performed as described in previous publications.'*?
Subjects were instructed to follow a dot jumping approximately 15 degrees to either
side on a computer screen with their eyes, while head movements were restrained
using a fixed head support at §8 cm from the computer screen. Fifteen saccades were
recorded with interstimulus intervals varying randomly between 3 and 6 seconds.

Average values of saccadic peak velocity were calculated for all artefact free saccades.
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SMOOTH PURSUIT

Smooth pursuit was performed as described in previous publications.???*2* In

short, smooth pursuit measurements were performed using the same set-up as for
saccadic eye movements, but the dot was moving continuously at a frequency ranging
from 0.3 to 1.1 Hz, by steps of 0.1 Hz instead of jumping on the screen. The amplitude
of target displacement corresponds to 22.5 degrees eyeball rotation to both sides. Four
cycles are recorded for each stimulus frequency. The target parameter was the average
percentage of smooth pursuit for all stimulus frequencies.

ADAPTIVE TRACKING

The adaptive tracking test was performed as originally described by Borland and
Nicholson,? using customised equipment and software (based on Trackeruss hard-/
software (Hobbs, 2004, Hertfordshire, Uk)). Adaptive tracking is a pursuit-tracking
task that is highly sensitive to a wide range of psychoactive drugs.'*">52® During the
test, a circle moves randomly on a screen and the subject is instructed to try to keep
a dot inside the moving circle by operating a joystick. If this effort is successful, the
speed of the moving circle increases. Conversely, the velocity is reduced if the test
subject cannot maintain the dot inside the circle. The average speed of the moving
circle as a percentage of the maximum speed of the circle over a 3.5-minute period was
used for analysis.

BODY SWAY

Postural stability was assessed by body sway as previously described by others.'***

Anteroposterior body sway was measured with closed eyes, using a body sway meter
(Celesco) based on Wright ataxiameter.>® All body movements over a 2-minute peri-
od were integrated and expressed as millimetres of sway and recorded.

PUPILLOMETRY

Pupillometry was performed as described previously.*' While subjects were sitting
in a chair with their head resting in a head support system, a picture was taken from
both eyes simultaneously. The ratio between pupil and iris diameter was measured
using Qpupil (radiology department, Lumc, the Netherlands). This ratio was used to
make sure that pupil size measurement was independent of distance between camera

and subject.
PHARMACO-EEG

Continuous EEG recordings were made using a 40-channel recording system (Refa-
40, TMsi BV, the Netherlands). EEGs were recorded using 21 electrodes, which were
placedaccordingto the international 10-20 system, except electrodes near the mastoids
replaced those on the earlobes. The scalp electrode impedance was kept below skQ).
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The ground electrode was placed at AFz (Auricular Frontal midline). Additionally,
to detect ocular artefacts, vertical and horizontal electro-oculo-graphic (E0G) signals
were also recorded. Two Ag/AgCl electrodes were placed at the outer canthi of both
eyes, and two Ag/AgCl electrodes were placed approximately 2 cm above and below
the right eye. The derivations of interest for this study were medline frontal-central
(Fz-Cz) and midline parietal-occipital left (Pz-O1) and right (Pz-O2).

EEGSs were recorded and analysed in line with guidelines described by the interna-
tional pharmaco-EEG society (1PEG).>? Subjects were instructed not to stare, to limit
their head and eye-movements, and to suppress eye-blinks. Resting-state EEG record-
ings with open and closed eyes for § minutes in each eye state were performed. All
signals were sampled at a sampling rate of 1024 Hz and filtered prior to storage using a
first order recursive high-pass filter with a cut-off frequency at o.1 Hz. Digital markers
were recorded by the amplifier indicating the start and end of each eye state.

Recorded channels were band-pass filtered using a third order Butterworth filter
with cut-off frequencies at 0.1 and 45.0 Hz. The filtered signals were divided into four
second epochs. Epochs containing ocular artifacts were removed for further analy-
sis. A power spectrum density (PsD) was calculated for each epoch and averaged for
each eye state. The resulting PsDs were subdivided into bands and the total power per
band was calculated. The following parameters (all uV) were collected: Alpha-power
Fz-Cz, Alpha-power Pz-Oz, Beta-power Fz-Cz, Beta-power Pz-Oz, Gamma-power
Fz-Cz, Gamma-power Pz-Oz, Delta-power Fz-Cz, Delta-power Pz-Oz, Theta-power
Fz-Cz, Theta-power Pz-Oz.

VISUAL ANALOGUE SCALES (VAS)

VAS in this study were used as originally described by Norris.** Dutch versions of
the scales have been frequently employed at CHDR, for a variety of sedative agents'”
and circumstances.?® For vas Bond and Lader, subjects indicate (with vertical marks)
on sixteen horizontal 100-mm vas how they feel. From these measurements, three
main factors are calculated as described by Bond and Lader.** These three factors are
‘subjective alertness’ (from nine scores), ‘contentedness or mood’ (from five scores)
and ‘calmness’ (from two scores).>* vas Bowdle evaluates psychedelic effects with
thirteen 10 cm vas lines ranging from o (not at all) to 100 mm (extremely).** These
scores are clustered into three distinct total sum scores: ‘internal perception’ (reflects
inner feelings that do not correspond with reality, including mistrustful feelings), ‘ex-
ternal perception’ (reflects a misperception of an external stimulus or a change in the

awareness of the subject’s surroundings) and ‘feeling high’**
NEURO-ENDOCRINE HORMONES

Samples were analysed by an independent bioanalytical laboratory (Analytisch

Biochemisch Laboratorium Bv, Assen, The Netherlands). Cortisol concentration
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was determined using a validated Lc-ms/Ms method LLOQ of 2.00 ng/mL and cv be-
tween 2.4% and 9.9% across measurements. Prolactin concentration was determined
using a qualified time-resolved fluoroimmunassay with LLoQ of 0.260 ng/mL and cv
between 0.9% and 1.6% across measurements. Growth hormone concentration was
determined using a qualified enzyme immunoassay with LLoQ 0.550 pru/mL and cv
between-4.8% and 18.6% across measurements.

ANALYSIS

PHARMACOKINETICS

PK parameters were calculated from concentration data in mass/volume units.
Parameters were calculated using noncompartmental analysis, using actual elapsed
time from dosing to estimate individual plasma PK parameters. These parameters
were: Cmay tmax t1s, area under the concentration-time curve from time zero to
the last quantifiable concentration timepoint (AUCgt), area under the concentra-
tion-time curve from time zero to infinity (AUC.,). All Pk data were summarised by
treatment group using descriptive statistics. Values were expressed as the mean + sp

for all parameters except T,y which was presented as the median (range).
STATISTICAL ANALYSIS

Statistical analyses were performed using the sAs Version 9.4 (sas Institute Inc., Cary,
NC, Usa). Placebo subjects from all cohorts were pooled together to form a placebo
group. Comparisons were then made between active treatment group and the pooled
placebo group. The only exception to this was vas Bowdle as there were many o scores
in the placebo arm. Therefore, the lowest dose of ALKS 7119 (3 mg) was used as the
reference treatment to which the higher dose levels were compared. Repeatedly mea-
sured PD data were summarised by treatment group and timepoint and analysed with
a mixed-effects model for repeated measure (MMRM) with treatment, timepoint, and
the interaction term of treatment by time as fixed factors and subject as a random
factor. The baseline measurement was included as a covariate. Baseline was defined
as the last non-missing value before randomised study drug administration. MMRM
was conducted for the change from baseline over the 12-hour post-dose period as the
dependent variable. No adjustment for multiple testing was performed. Treatment ef-
fects of each ALKS 7119 dose against placebo were reported using least squares means
(LsMm), least squares mean difference, 95% confidence interval (c1) and the P-value.

Body sway (antero-posterior sway in mm/2 minutes) and pharmaco-EEG end-
points were natural log transformed before entering the MMRM. For these endpoints,
Ls mean, Ls mean difference and 95% c1were transformed back to their original scale
(ie, to geometric mean and geometric mean ratio).
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Neuro-endocrine hormones underwent natural log transformation before entering
the same MMRM model as was used for the NeuroCart analyses, with the only differ-
ence that analyses were performed with the 2 hours post-dose data, the expected tmay,
instead of the post-dose data over 12 hours. To represent results the neuro-endocrine

hormone data were transformed back to their original scale.

RESULTS
SUBJECTS

One hundred healthy male subjects between 18 and 45 years of age were included
(Table 1). All except one subject completed the study. This subject discontinued the
study due to personal reasons unrelated to the study and did not perform the 36-hour
post dose assessments. Data obtained for this subject were included in the analysis.

(Table1).
PHARMACOKINETICS

Peak plasma concentrations were reached between o.5 and 4 hours and mean ti,
ranged from 7.0 to 8.5 hours across the dose range of 3 mg to 200 mg. Systemic expo-
sure to ALKS 7119 (Cmax, AUCo and AUCI,t) increased dose proportionally over the
evaluated dose range (Table 2, Figure 2).

Tablex Demographics

Characteristic ALKS 7119 Placebo
N=8o N=20

AGE, YEARS

Mean (sp) 24.1(4.6) 24.6 (5.6)

HEIGHT (CM)

Mean (sD) 182.6(7.5) 181.8 (8.8)

WEIGHT (KG)

Mean (sp) 76.6 (11.8) 78.8 (12.6)

BODY MASS INDEX (KG/M?2)

Mean (sD) 22.8(2.8) 23.7(3.2)

RACE, N (%)

White 69 (86.3) 16 (80)

Other 7(8.8) 3(15)

Asian 2(2.5) 0(0)

Black or African American 2(2.5) 1(5.0)

Abbreviations: s, standard deviation; n, number.
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NEUROCART® ASSESSMENTS
Figure2 Mean (SD) concentration of ALKS 7119 (ng/ml) (linear scale)

A statistically significant overall treatment effect towards increased pupil/iris ratio

8001 was observed for both left and right pupil/iris ratio measurements (P < o.o1and P <
o.01), respectively) (Table 3). In general, this effect was observed with doses of so mg
= or higher (Table 3, Figure 3). Pupil/iris ratio increases were observed from approxi-
<, 6007 . .9 . . .
2 s mately 2 hours post-dose, coinciding with the time where the peak concentrations of
c — omg .
£ — Jomg ALKS 7119 were observed (Figure 3).
B — 25mg L L
g 4001 50 mg On the other NeuroCart assessments no statistically significant overall treatment
< — 75m ..
S 100 n‘;‘g effects were observed (Table 3). Individual treatment effects for vas Bowdle could
3 — 125mg oy’ :
= ool 150mg not be calculated due to too many values under placebo and 3 mg being ‘0’, making the
E — 175mg data unsuitable for MMRM analysis.
= 200 mg . .
a Of note is that body sway was only performed in cohorts 1 through 6. After com-
c
g 0 - " " ™ pletion of these cohorts, the concern was raised that the test might evoke aEs of pos-
Timepoint (hours) tural dizziness in some subjects, leading to the decision not to perform this test in the
)
remaining cohorts.
-200-
Abbreviation: sp, standard deviation. ]
Table3 NeuroCart treatment effects compared to placebo. Least squares mean change from baseline over the
12-hour post-dose period. Estimate of difference compared to placebo (standard error)d [95%-confidence interval],
- - p-value
Table2 Pharmacokinetic characteristics of ALKS 7119
Parameter Overall Place- ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS
Parameter ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS bo 7119 7119 10 7119 7119 7119 7119100 7119125 7119150 7119175 7119
Statistic 7119 7119 7119 7119 7119 7119 7119 7119 7119 3mg mg 25 mg somg 75mg mg mg mg mg 200 mg
10 m 25 m, 50 m 75 m, 100 mg 125 mg 150 mg 175 m 200 mg -
(n=8§ (n=8 (n=8 (n=8 (n=8) (n=8) (n=8) (n=8 (n=8) -L_eft pgpll/ LSMI: 0.01 0.01 0.04 0.04 0.05 0.04 0.04 0.04 0.03 0.0S 0.08
iris ratio CFB
Cpnax (NG/ML)
P<0.01* 0(001) 003 003 004 003 003 003 002 004 007
Mean (sD) 8.33 25.33 74.51 140.00 225.50 307.63 447.38 41338 660.63  656.00 [-0.02, (001)  (001) (001) (0.01) (0.01) (0.01) (0.01)  (0.01)  (0.01)
Range (2.78) (3.91) (16.19)  (32.44)  (40.59)  (7528)  (133.80  (65.38) (167.66) (104.74) 0.03]  [0,0.05] [0,005] [0.01; [0,0.05] [0,0.05] [0.01, [0,0.05] [0.05,  [0.05,
5.87- 20.40 51.00 103.00 190.00 224.00- 315.00 314.00 451.00  491.00 P=093 P=0.04* P=0.05* 007] P=003*P=003* 006] P=0.08 0.1] 0.1]
13.20 -3230 9300 -190.00 -302.00 46500  -74500 -540.00 -893.00 -795.00 P<0.01* P=0.01" P<0.01* P<0.01*
Cinax/ DOSE 2.78 2.53 2.98 2.80 3.01 3.08 3.58 2.76 3.78 328 R}ght Pupil/ LsMCEB  0.01 0.02 0.03 0.03 0.07 0.03 0.0S 0.0S 0.0S 0.06 0.06
s ratio P<0.01* 001 002 002 006 002 004 003 003 005 005
Tinax (HOUR) (0.01)  (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)  (0.01)
Median 2.022.00 2.001.00 1.001.00- 1.531.00  1.500.50  1.501.00  2.002.00  2.001.00 2.011.02 3.001.00 [6%%’ [(‘)%%’ [(A)%(S)i' %%%3]’ [6%%’ E)%%IJ' E,?b%l]‘ Ef'o%l]’ E)%OSZJ’ E)%%ZJ'
Range —415  -2.00 2.00 - 4.00 - 400 —4.08 —4.00 -400 400 400 P=043 P=023 P=016 P<001* P=0.12 P=0.01* P=0.01* P=0.02* P<0.01* P<0.01*
AUC, (HR'NG/ML) Saccadic LSMCFB 214 -1615 146 612 291  -563 1325 598 1815 526  -0.64
<
Mean(sp)  100.03 29538 73129  1547.06 254851 313645  4187.59  4533.66 595409  6721.82 }(’jzlg(/vse) oy p_0.19 1401 3.6(944) 826 505 349 1539 812 2029 7.4(9.15)1.5(9.21)
Range (25.04)  (32.29) (8727)  (196.89)  (468.23)  (634.60)  (840.18)  (862.77) (1047.00) (1227.19) (92)  [-18.16, (9.17) (924) (9.17) (923) (9.14) (9.14) [-10.77, [-16.81,
7365 23376 64006  1277.55 177206 241874 318891  3790.65 482027  5273.49 (323, 2237] [996 [-1331, [-21.71, [-295, [-10.03, [213, 2557] 19.81]
~140.04 -33834 88394 —1828.84 -3367.86 -452546 -S732.16 -6362.63 -7488.93 -9126.15 428] P=070 2648] 2341] 1473] 3374] 2628] 3845] P=042 P=087
o 2 z i > 2 e
AUC pimtejdose 3334 2054 2925 3094 33.98 3136 33.50 3022 3402 3361 P=013 P=037 P=059 P=070 P=010 P=038 P=003
Smooth LsMcrB -117 026 006  -144  -003  -344  -049 382  -L14  -1.07 124
* 1 [V
AUCpast (rxN/n) pursuit (%) 5705 091 123 -027 114 226 068 264 003 0.1(166) 241
Mean(sp) 8588 27260 70356  1473.57 240633 302723  4059.17 436153  5754.94 649047 E126357) Elfoﬁg E13'6556) Elz'éléé) E15'6681) Elféﬁl) E15'6976) E13'6267) [533';?’ El(fsﬁg)
Range (25.56)  (35.69) (89.80)  (203.53)  (373.64) (600.53)  (809.98)  (782.96) (1013.23) (1144.87) '4‘2} ’ 4 5'21’ 3 62]' ‘; P 4]' 1 681’ 3 9'71’ 6 6'8]' 53- 4]' Pe095 '5'71 ’
§7.37 19845 60846 123486  1732.82 234029 312058 362231 468145 512043 Po0ss P06 P08y Prodo Poois Pross Peolz Peods 0 plois
~12002 -32120 86496 178097 -2969.47 -432623 -5579.28 -6015.06 -7356.86 -8737.25 =0 =0 =0. =0 =0 =0 =0. =0 =0
Body sway LsMCFB 0.03  -0.14 0.16 -0.03 0.12 -0.06 0.08  Notdone Not done Notdone Not done
Ty, (HOUR) (LoG mm)
P=0.34 017 013 -006  0.09 0.1 0.05
Mean (sp)  6.98(1.16) 8.51(0.89) 7.81(0.83) 7.81(0.69) 8.42(1.63) 7.63(0.93) 7.26 (0.99) 7.53(0.88) 7.48 (0.87)7.35 (0.58) (013)  (013)  (0.13) (0.13)  (0.13)  (0.13)
Range 520-877 7.01-9.45 678-9.41 6.99-8.68 6.84-12.01 6.36-8.84 6.06-872 6.10-8.51 5.91-8.83 6.72-8.33 [043, [-013, [032, [-017, [-035 [-02],

0.08] 0.39] 0.2] 0.34] 0.16] 0.3]

Abbreviations: Cppax, maximum concentration; AUC, area under the curve; sp, standard deviation. P-018 P=033 P=065 P-0350 P=045 P=072
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(Continuation Table 3)

Parameter Overall

Place-

ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS
bo 7119 7119 10 7119 7119 7119 7119100 711912§ 7119150 7119175 7119
3mg mg 25mg somg  7smg mg mg mg mg  200mg
Adaptive LsMcre 102 015 24 024 204 025 1.05 0.8 0.65 0.9 072
tracking (%) 50 ¢ 087 138 079 101  -078 003  -022  -037 012  -03
(0.88) (0.87) (0.88) (0.88) (0.88) (0.87) (0.88) (0.88) (0.87)  (0.87)
(261, [036 [253, [073, [252, [-171, [197, [211, [186 [2.04,
0.87] 3.12] 0.96] 2.75] 0.97] 1.77] 1.52] 1.37] 1.61] 1.44]
P=032 P=0.12 P=037 P=025 P=038 P=097 P=080 P=067 P=089 P=0.73
vasBondand LsmMcFB -0.57 164 003 026 096  -1.02 057  -056 194  -117  0.09
Eiffrfei‘fb’“m’e P=0.50 221 061 084 153 -045  L14 001 251  -0.59 0.66(13)
(mm) (1.28)  (1.28) (1.28) (1.31) (1.28) (1.29) (1.28) (1.28) (1.28)  [-1.93,
(033, [193, [-17, [-108, [-299, [-141, [253, [003, [3.14, 228]
475]  315]  338]  414]  209]  37)  256] 506]  196] P=061
P=009 P=064 P=051 P=025 P=073 P=038 P=099 P=005 P=065
vasBondand wLsmcEB -033  6.17 -0.04 -0.14 4.47 -0.82 0.56 1.63 338 0.11 0.51
Lader ‘Mood’
() P=0.15 65(223) 029 019 48(236) -049 089 196 368 044 084
206, (223) (223) [0,  (222) (223) (226) (223) (223) (228)
1093]  [4.13, [424, 959] [491, [-3.54, [253, [074, [398 [3.68,
P<000* 472]  462] P=005* 393] 532] 644]  811]  486]  536]
P=090 P=093 P=083 P=069 P=039 P=010 P=084 P=071
vasBondand LsMCFB -0.58 665  -031  -0.57 3.6 026 058 046 259 008 0.8
](“:113 Calmness” 5033 722 027 001 417 083 115 104 316 066 125
(255)  (258) (255) (2.62) (255) (255) (256) (2.57) (2.61)  (2.61)
[216, [-485 [-5.07, [-1.03, [-424, [-3.92, [-4.06 [-195 [-452, [-3.94,
1229]  538]  508]  937]  59]  622]  613]  828]  5.84]  645]
P<001* P=092 P=100 P=0.11 P=075 P=065 P=069 P=022 P=0.80 P=063
vasBowdle  LsMCFB Na© 000 000 000 000 000 000 000 000 000  0.00
‘external P=0.56
perceptiun' NA NA NA NA NA NA NA NA NA NA
vasBowdle  LsMcFB NA 000 000 000 000 000 000 000 000 000  0.00
;::Z;Z-IM’ P=0.73 NA NA NA NA NA NA NA NA NA NA
vasBowdle  LsMcFB NA 000 000 000 000 000 000 000 000 000  0.00
feellng hlgh P=0.35 NA NA NA NA NA NA NA NA NA NA
Alpha-power LsMcFB 006 001 009  -001 008 016 006 005 015 002 001
FoCa(Hz) 5 700g 00097, 015 033 013 032 057 017 099 015  -028
097]  [-094, [-138, [081, [0.64, [045, [124- [0,1.99] [-1.19, [-139,
P=1.00 1.24] 0.73] 1.07] 1.29] 1.59] 89]  P=0.05 09] 0.82]
P=079 P=054 P=079 P=0.51 P=027 P=075 P=078 P=061
Alpha-power LsmcEB 01  -006 011  -001 003 014 012 011  -007 -002 024
P20z (H
=02(He) 5706 016 001 011 006 004 002 00l 017 012  0.14
[041, [025 [036 [032, [-022, [023, [025, [043, [037, [-0.11,
0.10] 027]P= 0.15] 019] 030] 028] 027] 0.09]P= 0.14]  0.40]
P=023 094 P=041 P=062 P=075 P=085 P=093 019 P=036 P=027
Betapower  LsMcFB 0.2 003 008 005 004 021 008 012 011 008 007
Fz-Cz (H
wCu(Hz) o8 009 003 006 007 009  -003 001l  -001  -004  -0.05
[031, [026, [028 [031, [-013, [025 [-021, [022, [026 [-027,
014] 019] 016] 015] 032] 019] 023 022] 018  0.17]
P=045 P=078 P=058 P=051 P=040 P=077 P=093 P=097 P=073 P=067
Betapower  LsMcFB 0.3 -003 014 008 013 017 025 014  -007 00l 02
Pz-Oz (H
w0z (He) ooy 016 001  -0.04 0 004 012 002 019 012 007
[036, [0.19, [-024 [020, [-0.16 [0.07, [-0.18 [039, [032, [-0.12
0.04]P= 021]P= 015] 020] 024] 032] 022] 001]P= 008]  027]
011 091 P=066 P=100 P=069 P=022 P=087 006 P=024 P=046
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(Continuation Table 3)

Parameter Overall Place- ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS
bo 7119 7119 10 7119 7119 7119 7119100 7119125 7119150 7119175 7119
3mg mg 25mg somg  7smg mg mg mg mg  200mg
Gamma-power LSMCFB 0.1 005 009 006 001 027 0.1 012 014 016 021
FrCa(He) 57070 004 001 004 009 017 <00l 002 004 006 0.1l
[025, [-021, [004 [031, [-003 [020, [-0.8 [0.16 [-0.14, [-0.09,
016] 021] 016] 011] 037] 021] 022] 024]P= 026] 031]
P=066 P=095 P=069 P=039 P=010 P=099 P=085 071 P=057 P=029
Gamma-power LsMcFB 021 009 013 016 008 027 027 012 009 003 031
P2-0z(Hz) =0 012 008 005 012 006 006 -009 012 018 0.1
[037, [-033, [030, [038 [-019, [0.19, [-035 [037, [043, [-0.15
013] 017] 0201 03] 032] 032] 017] 014] 008 036
P=035 P=054 P=070 P=033 P=064 P=063 P=049 P=037 P=0.17 P=040
Delta-power  LsMCFB 0.1 0 005  -0.04 0 017 003 009 008 009  0.02
FoCa(He) 520y 011 005 014 010 006 013 -00l 019 001  -0.08
[032, [-026, [035 [031, [-015 [-0.34, [022, [04], [-023, [-029
010] 016] 007] 011] 027] 008] 020] 003 020 0.13]
P=032 P=065 P=019 P=034 P=055 P=022 P=090 P=008 P=091 P=045
Delta-power  LsMcFB 006 -0.12 007 0 0.08 0.1 008 022 002 007 026
Pr-0z(Hz) 7008 018 001 006 002 004 002 015 004 013 020
[041, [023, [031, [-021, [-021, [021, [008 [027, [036 [-0.04
005] 024]P= 0.17] 025] 027] 025] 039] 019] 0.11]  043]
P=012 096 P=061 P=087 P=076 P=089 P=019 P=071 P=026 P=0.10
Theta-power  LsMcFB 007 -006 002 006 002 018 003 0.1 0 008 007
Fz-Cz (H
+-Ca (Hz) 014 005 013 005 011 004 003 007 -001 <001
[036, [-028 [036 [028 [-012, [027, [-020, [031, [022, [023
009] 018 009] 017] 033] 019] 025] 016] 023]  022]
P=023 P=065 P=024 P=064 P=034 P=072 P=082 P=0.54 P=097 P=097
Theta-power  LsMCFB 007  -0.1 004 004 008 012 014 0I5 0 007 025
Pz-Oz (Hz)
P=035 017 003 -011 001 005 008 008  -007 014 0.8
[040, [-026, [035 [023, [-020, [0.16, [-015 [031, [037, [-005
006] 020] 012] 024] 028] 030] 031] 0.16]P= 0.10] 041]
P=015 P=0.79 P=033 P=095 P=069 P=056 P=050 053 P=025 P=0.13

Abbreviations: 2LsM = least squares mean, PCEB = change from baseline,*NA = not applicable,dfor log-transformed variables

no standard error was calculated, * indicates statistical significance

Table 4 Neuro-endocrine hormone levels compared to placebo at 2 hours post-dose. Estimate of difference (95%

c1), p-value

Placebo ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS
LsM? 7119 7119 7119 7119 7119 7119 7119 7119 7119 7119
c¥B® 3mg 10mg 25mg  somg 7smg 100mg 125mg 150mg 175mg 200 mg
Cortisol (ng/ml) -25.7 -22.9 8.9 -20.8 12.7 36.5 70.3 52.6 84.4 53.6 64.7
(% change)
-3.6 -31.8 -6.2 -34.1 -45.5 -56.4 -51.3 -59.7 -51.6 -54.9
(-31.1,  (-51.3;-  (-32.9;  (-52.9;- (-61.1;- (-68.8;- (-65.2;- (-71.2;- (-65.4;- (-67.8;-
34.9) 4.5) 31.3) 7.8) 238) 389)P< 31.8) 43.6)P< 323) 36.9)
P=0.83 P=0.03* P=0.71 P=0.02* P<0.01* 001* P<0.01* 0.01* P<001* P<0.01*
Prolactin (ng/ml) -6.7 -3.6 -15.3 8.0 66.0 63.4 72.0 28.0 106.9 81.7 111.3
(% change)
-3.2 10.1 -13.6 -43.8 -42.9 -45.8 -27.1 -54.9 -48.7 -55.8
(-269;  (-169;  (-34.8; (-57.6;- (-56.9;- (-39.1;- (-45.1;- (-66.0;- (-61.3;- (-66.7;-
28.3)P= 459)P= 14.5) 25S5)P< 243) 28.1) 3.3) 40.2) 320) 41.5)P<
0.82 0.50 P=0.31 0.01* P<0.01* P<0.01* P=0.03* P<0.01* P<0.01* 0.01*
Abbreviations: LsM = least squares mean, PCEB = change from baseline, * indicates statistical significance
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Figure3 Mean (SD) CFB right pupil/iris ratio
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Abbreviations: CEB, change from baseline; sp, standard deviation.

Figure 4 Mean (SD) CFB cortisol concentration (ng/ml)
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Abbreviations: CEB, change from baseline; sp, standard deviation.
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Figures Mean (sp) CFB prolactin concentration (ng/ml)
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Abbreviations: CFB, change from baseline; sp, standard deviation.

Figure 6 Mean (sD) CFB growth hormone concentration (ng/ml)
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Abbreviations: CFB, change from baseline; sD, standard deviation.
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Figure7 Mean (+Standard Error) cFB systolic blood pressure (mmHg)
NEURO-ENDOCRINE HORMONES

151
A statistically significant treatment effect for serum cortisol (P = 0.02) and serum pro-

lactin (P < o0.01) levels was observed at 2 hours post-dose, approximately the tyy of
ALKS 7119, from dose level so mg and higher (Table 4, Figures 4 and 5). Growth hor-
mone demonstrated a similar pattern as cortisol and prolactin, but this was not tested
for statistical significance due to many values being below the limit of quantification
(Figure 6).

\
[V

SAFETY — T ~— T
W ® N placebo
V — 3mg

Treatment emergent adverse events (TEAEs) were reported in s1 (64%) subjects in — omg

Timepoint (hours)

CFB Systolic blood pressure (mmHg)
>

. . .54
the ALKS 7119 group and 8 (40%) subjects in the placebo group. The most common — zm
mg
reported TEAES were nausea, presyncope, somnolence, dizziness, and vomiting. —5m
— 100mg
Nausea and presyncope followed a dose proportional trend with greater incidence 101 125 mg
. . . 150 mg
in the higher dosing groups and occurrence at or around tpqy (Table 5). Most TEAEs — 175mg
. . . . — 200mg
were of mild severity and none were considered severe. There were no serious adverse
events in the study. In general, there were no clinically meaningful findings or trends Abbreviations: CFB, change from baseline; sp, standard deviation.
in changes from baseline for the safety laboratory parameters, urinalysis, or vital signs.
For systolic blood pressure, a general trend of a mean increase from baseline was ob-
served at all timepoints, except at 1.5 hours post-dose, where most of the ALKS 7119 Figure8 Mean (+Standard Error) cFB diastolic blood pressure (mmHg)
treatment groups, especially the higher dose groups, demonstrated decreases from
104
baseline (Figure 7). On diastolic blood pressure, a trend towards decrease was ob-
served for all treatment groups, which was largest at 1.5 hours post-dose (Figure 8). _
bo
i
£
Tables Incidence of treatment emergent adverse events per treatment group £
2 — placebo
TEAE Placebo ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS ALKS 2 — 3mg
(n=20) 7119 7119 7119 7119 7119 7119 7119 7119 7119 7119 3 — 10mg
3mg 10 m; 25 m; 50 m 75 m; loomg 125mg  1s0mg 175 m 200 mg 2 — 25mg
(n=8) (n=8 (n=8§ (n=8 (n=8§ (n=8) (n=8) (n=8) (n=8 (n=8) e 50mg
o
Nausea 0 0 0 0 1 3 3 2 5 S 3 7 — 75mg
5 . . — 100 mg
Vomiting 0 0 0 0 0 2 1 0 1 0 0 @ Timepoint (hours) 125mg
o
Fatigue 2 3 1 2 0 0 0 0 1 0 1 150mg
— 175mg
Headache 6 0 1 0 2 3 3 2 2 0 3 — 200mg
-204
Presyncope 0 0 1 1 1 3 1 0 3 4 1
Somnolence 2 0 1 0 2 1 2 0 1 1 1
Dizziness 0 0 0 0 0 0 0 ! ! 0 2 Abbreviations: CEB, change from baseline; sp, standard deviation.
Dizziness 0 0 0 0 0 0 2 0 0 0 0
postural
Oropha- 0 0 0 0 0 0 0 0 0 0 0
ryngeal pain
Pruritus 0 0 0 0 0 0 0 1 0 0 2

TRANSLATING PRECLINICAL INSIGHTS INTO EARLY PSYCHOPHARMACOLOGY TRIALS 82 CHAPTERIV - PHARMACOLOGICAL PROFILE OF ALKS 7119 83




The incidence of orthostatic hypotension was assessed as this could be an underlying
cause of AEs of postural dizziness that were observed after the body sway test in the
first six cohorts. The incidence of orthostatic hypotension was comparable between
the placebo group (15%) and all ALKS 7119 dose groups (17.5%). Therefore, there did
not seem to be a dose-dependent effect on orthostatic hypotension, with the possible
exception of the 200 mg dosing group in which 3 (37.5%) subjects met the criteria for
orthostatic hypotension.

Differences between ALKS 7119 treatment groups and placebo were observed on
QT interval corrected according to Fridericia (QTcF). In 8.8% of subjects in the ALKS
7119 treatment groups, QTcF increases from baseline of 30-60 ms were observed, with
the largest differences at 3, 6-and 8-hours post-dose, compared to none in the placebo
group (Figure 9). Although there were no consistent dose-dependent findings, these
changes were only seen at dose levels of 50 mg or higher. The highest individual QTcF
value measured was 475 ms, which represented an increase of 33 ms compared to base-
line in a subject treated with 200 mg of ALKS 7119. There were no TEAEs related to the
changes in QTcF. No clinically meaningful trends were observed on the other Ecc

parameters (PR interval, QrS duration and RR interval).

Figure9 Mean (SD) CFB QTCF
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Abbreviations: CFB, change from baseline; sD, standard deviation.
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DISCUSSION

From dose levels of 50 mg and higher, ALKS 7119 significantly increased pupil size
and dose-dependently increased serum levels of cortisol and prolactin at 2 hours
post-dose, coinciding with the tyax of ALKS 7119. No statistically significant overall
treatment effects on the other NeuroCart tests were observed. This profile is most
compatible with SERT engagement and suggestive of BBB penetration.

Therapeutic dosages of ssris are found to increase pupil size,® and to not affect
other NeuroCart parameters.® It is hypothesised that Ssr1s exert their effect on pupil
size via serotonergic CNs pathways in the locus coeruleus,* but it cannot be complete-
ly ruled out that the pupil effects are peripherally mediated as serotonin (s-HT; sub-

1.37 Binding of serotonin

type) receptors are also present on the sphincter of the pupi
to these receptors leads to pupillary sphincter relaxation and thereby mydriasis.*® The
neuro-endocrine findings also point in the direction of SERT binding, as other seroto-
nergic compounds such as fenfluramine and escitalopram are known to respectively
increase cortisol and cortisol and prolactin levels in healthy volunteers.”!! It could be
argued that the endocrine effects can be caused by pituitary stimulation, outside the
BBB and cNs. However, the effects of ALKS 7119 involved several hormones concom-
itantly. This is difficult to attribute to a simultaneous effect on different cell popula-
tions in the pituitary, which are highly specialised and pharmacologically diverse. A
hypothalamic site of action is functionally more plausible if several hormones simul-
taneously respond to a CNs-active compound, because of the integrative role of the
hypothalamus. Since the hypothalamus is the most important autonomic command
centre that governs the concerted activity of many autonomic and neuro-endocrine
processes, the same argument could also be used for a central (hypothalamic) locali-
sation of ALKS 7119-induced pupillary dilation.

Of note, no overall treatment effects of ALKS 7119 on pEEG were observed, whereas
in a scientific review, it was reported that 100% of studies into the effects of ssr1s on
PEEG reported an increase of total EEG power with low doses ssRr1s, whilst high doses
ssRisincreased delta and theta power in 33% of the studies.® These apparent complex
dose-response relations for SsR1s seem to contrast with the lack of effects of ALKS
7119. This might reflect methodological differences in pEEG recording (for example
different number of leads and analysis methods),® but also limitations of the literature
review (for instance due to publication bias).

In theory, the effects on pupil size and neuroendocrine stimulation can also be
caused by NMDA receptor antagonism.” However, ALKS 7119 didn’t match the com-
plete effect profile of NMDA receptor activation, which would also include decrease of
saccadic peak velocity and adaptive tracking and a variety of other neurophysiologi-
cal, behavioural and subjective sedative effects.>”3? It is also less likely that the effects
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were anti-glutamatergic rather than serotonergic, because ALK 7119 shows a 200-fold
lower affinity for the NMDA-receptor than for SERT.

The acute PD effects of mild selective sigma non-opioid intracellular receptor 1
modulation are unknown, so no PD biomarkers for this receptor could be included in
our study. However, it is unlikely that the observed effects of ALKS 7119 were caused
by sigma non-opioid intracellular receptor 1 modulation since ALKS 7119’s affinity for
this receptor is 9oo-fold lower than for the SERT and there was no clear indication
for NMDA or even yi receptor activation, with affinities of respectively 200 and 17-fold
lower than for the SERT.

A wide dose range was explored in this study, but it was not possible to escalate the
dose of ALKS 7119 to levels expected to influence NMDA-receptors or sigma non-opi-
oid intracellular receptor 1. Initially, the maximum planned dose was 100 mg based
on the NOAEL in rats. This was increased based on the results of an interim analysis
demonstrating linear PK with dose proportional increase in exposure and no safety
or tolerability findings precluding further dose escalation to 200 mg. In the higher
dose level groups, a dose-dependent trend towards a decrease in supine systolic and
diastolic blood pressure at tmax was observed, which most likely was the result of ac-
tivation of the a; A g adrenoceptors. SERT-inhibition might explain the occurrence of
nausea and presyncope at higher dosages.

The effects of ALKS 7119 on QTcF duration were unexpected as no effects on QT
intervals were observed in preclinical cardiovascular toxicity studies in dogs up to the
highest given dose of 10 mg/kg corresponding to a HED of 324 mg. Next to that, in
vitro hERG channel testing, showed no effects up to high concentrations (1Cso 0f 191.1
UM or 54348.8 ng/mL). The mechanism underlying the QTcF prolongation observed
in this study remains therefore unknown. QTcF prolongation occurred in only a small
number of subjects in this study, which is reminiscent of the mild prolongations that
are reported for most Ssr1s.*

Taken together, this study demonstrated a cNs effect pattern for ALKS 7119 that
is in line with the drug’s pharmacological binding profile. These results illustrate
how biomarkers, such as the NeuroCart and serum neuro-endocrine hormone lev-
els, can provide important information in early phase drug development to obtain a
comprehensive overview of a new compound’s clinical pharmacological profile. This
knowledge can be used to make rational decisions in early phase clinical trials on dose
escalation steps and on the further development of a compound as suggested by the

conceptual framework of QBDD.”
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APPENDIX

IB-DERISK ANALYSER OVERVIEW OF
ALKS 7119

For ALKS 7119 the 1B-Derisk analyser tool was applied to obtain an integrated over-
view of the preclinical findings (Figure 1).! From this overview, it became immedi-
ately apparent that only one in vivo pharmacology experiment was performed. In this
experiment, dopamine levels in the striatum of male Wistar rats were increased by
perfusion of the synthetic glutamate agonist NMDA through a microdialysis probe.
Concurrent perfusion of ALKS 7119 (1mM) through the microdialysis probe com-
pletely blocked local NMDA-induced dopamine release. Oral administration of ALKS
7119 (10 mg/kg) also blocked the elevation of extracellular dopamine. In addition to
this in vivo pharmacology experiment, predictions of pharmacological effects of ALKS
7119 were based on its in vitro binding affinities for different receptors. The in vitro
profile of ALKS 7119 demonstrated a high aflinity for the SERT receptor and aflinities of
about a factor 20 lower for the y-receptor, a factor 30 lower for the a, ,.adrenoceptor, a
factor so lower for the a;z-adrenoceptor, a factor 200 lower for the NMDA receptor and
afactor goo lower for the sigma non-opioid intracellular receptor 1.

To sketch an overview of the pharmacological characteristics of ALKS 7119, its in
vitro binding affinities for the different receptors were converted into plasma concen-
trations and entered in the 18- Derisk analyser tool, depicted in light blue (Figure 1).
Even though there was no data on the efficacy of ALKS 7119 on the different receptors,
and converting K; yalues to plasma concentrations requires the debatable assump-
tion that brain levels of ALKS 7119 equal both plasma levels and in vitro concentration,
doing so made it possible to determine the positions of the different receptor binding
levels relative to each other. Therefore, with these caveats, this overview could be used
tomonitor ALKS 7119s effects on the different receptors and place them in perspective.

When sorting the data on Cpax, ALKS 7119 demonstrated a favourable profile on
the 18-Derisk tool supporting the decision to progress the development of ALKS 7119
to a first-in-human study. Blockage of NMDA agonist induced dopamine release in
the striatum of male Wistar rats by ALKs 7119, indicated as desired effect in green,
was observed at a Cpyax value lower than Cpy.x values associated with more severe
adverse effects. Only in a multiple dose toxicity study in dogs of 42 days undesirable
but reversible and manageable effects were observed in dogs at a similar maximum
exposure as measured with at the desired effect. Undesired effects were observed in
an exposure-related manner with acceptable and reversible (yellow) effects at lower
Crmax values, followed by more severe (orange) effects at higher exposures. Serious
toxicity and death, indicated by the colour red, were only observed with the highest
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exposure value. Next to that, a comparable pattern of the occurrence of undesired ef-
fects was observed in all the studied species in preclinical experiments. ALKS 7119 had
a comparable pharmacokinetic profile across all species tested preclinically, which
was reassuring for the clinical study.

In the clinical study ALKS 7119 demonstrated a pharmacological (NeuroCart) pro-
file which was most resembling sErT inhibition.> ALKS 7119 significantly increased
pupil size and dose-dependently increased serum levels of cortisol and prolactin.
Growth hormone demonstrated a similar pattern as cortisol and prolactin, but this was
not tested for statistical significance due to many values being below the limit of quan-
tification. The neuroendocrine effects of increased cortisol and prolactinlevels are also
observed with known serotonin reuptake inhibitors (Ssr1’s).> Acute administration
of ssr1’shasalso been shown to increase growth hormone levels.* Theoretically, these
effects are difficult to separate from those of - opioid modulation. Opioid p-receptor
agonists are well known to decrease pupil size,® but the literature on the pupillary
effects of opioid antagonists is contradictory, with some reporting miosis and others
mydriasis.® It is fairly well established hat acute administration of p-opioid agonists
increases growth hormone levels in humans, this effect was attenuated by administra-
tion of an opioid-antagonist.” Next to that, acute administration of opioids has been
found to increase prolactin levels in humans.” The reports on the effects of p-receptor
antagonists on prolactin release are more inconsistent, with some studies reporting no
effect on prolactin release and others reporting a reduction of prolactin increase with
administration of an opioid antagonist after injection of buprenorphine, a partial ago-
nist of the pand k receptor.” ACTH levels in healthy volunteers were suppressed by opi-
oid agonists, while acute administration of opioid antagonists increased AcTH levels.”
Considering the 20-fold difference in affinity of ALKS 7119 for serotonergic and p-opi-
oidreceptors, it cannotbe ruled out that the effects observed in our studyreflecta com-
bination of (primarily) serotonergic agonism and (partially) p-opioid modulation.

ALKS 7119 did not induce psychomimetic effects and did not affect saccadic peak
velocity, adaptive tracking, alertness, body sway, all NeuroCart effects that are ob-
served after administration of a well-known NMDA-receptor antagonist, ketamine.®
When taking in consideration that the relative affinity for the NMDA receptor was ap-
proximately 200-fold lower than for the SERT, this is as expected based on preclinical
findings (Figure 1).

In the clinical study, a dose-dependent trend towards a decrease in supine systolic
and diastolic blood pressure was observed.” The most common observed AEs were
nausea, presyncope, somnolence, dizziness and vomiting. These AEs were observed
with greater incidence in the higher dose groups and started to arise from dose level 75
mg. Based on the in vitro affinity data, at these dose levels ALKS 7119 could be binding
to the asubscribt, o-adrenoceptor and a,g.adrenoceptor, which play an important role
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in blood pressure regulation,” possibly explaining the effects on blood pressure and
adverse effects of dizziness, presyncope and nausea.

An unexpected finding in the clinical study was the increase of QTcF duration ob-
served with dose levels of 50 mg and higher.” In preclinical cardiovascular toxicity
studies in dogs no effects on QT intervals were observed up to the highest given dose.
Next to that, in vitro cardiac hERG/1Kr channel testing showed no effects up to high
concentrations. Possibly, these effects are also caused by adrenergic inhibition, as the
betablocker sotalol which inhibits adrenergic effects in the heart is associated with
Qrc prolongation as well.'?

For ALKS 7119 the predictions about pharmacological effects including pharma-
cologically active dose ranges and safety findings based on preclinical data were well
met in the clinical study, with the exception of the QTcF findings, which were not
observed preclinically. In line with in vitro affinity findings, ALKS 7119’s effects were
most reminiscent of SERT inhibition, perhaps partly influenced by p-receptor mod-
ulation. These findings illustrate how the 1B-Derisk tool can be applied to integrate
preclinical data and how this overview can be used during a clinical study to place
observed effects in a context and make rational decisions about dose escalation and a
compounds’ further development.

Figure1 1B-Derisk overview ALKS 7119

Ki SERT=0.035 pM

Ki p receptor=0.6 uM

/J Ki ay4-adrenoceptor=0.98 uM

| Ki ayp-adrenoceptor=1.8 uM ‘

% Ki NMDA receptor=7.44 uM ‘

Ki sigma non-opioid intracellular
receptor 1=33.0 uM

Abbreviation: kj, inhibition constant
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