BJCP British Journal of Clinical

Pharmacology

Early stage development of
the glycine-1 re-uptake
inhibitor SCH 900435:
central nervous system
effects compared with
placebo in healthy men

Marieke Liem-Moolenaar,’ Pierre Peeters,? Ingrid M. C. Kamerling,'
Chris Hogg,** Graham Holder,** Huub Jan Kleijn,2 Edwin Spaans,?*
Joanna Udo De Haes,?> Marieke L. de Kam,! Kari L. Franson,’

Adam F. Cohen' & Joop M. A. van Gerven'

'Centre for Human Drug Research, Zernikedreef 10, Leiden, ?MSD, Early Stage Development,
Molenstraat 110, Oss, the Netherlands, *Moorfields Eye Hospital, 162 City Road, London and “Institute
of Ophthalmology, London, UK

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIMS

understand the observed effects.

METHODS

WHAT THIS STUDY ADDS

visual pathway function.

RESULTS

DOI:10.1111/bcp.12015

Correspondence

Mrs Marieke Liem-Moolenaar, Centre for
Human Drug Research, Zernikedreef 10,
Leiden, the Netherlands.

Tel.:+31 71 5246 400

Fax:+31 71 5246 499

e-mail: mariekemoolenaar@me.com

*Presently working at Kinesis, Breda, the
Netherlands

Financial support

The first study was executed at the Centre
for Human Drug Research in Leiden, the
Netherlands. The second study was
performed at the Clinical Unit of Guy’s
Drug Research Unit, Quintiles Limited,
London, UK for the in-clinic parts of the
study and at the Moorfields Eye Hospital
and Institute of Ophthalmology, London,
UK for dose administration and
electrophysiology measurements. The
third study was performed at the Clinical
Unit of Guy’s Drug Research Unit,
Quintiles Limited, London, UK.

All studies were executed with financial
support of Merck Sharp & Dohme (MSD),
Early Stage Development, Oss, The
Netherlands of whom the authors

Huub Jan Kleijn, Edwin Spaans and
Joanna Udo De Haes are (or were)
employees.

Keywords

antipsychotic, central nervous system,
glycine-1 re-\uptake inhibitor, healthy
volunteers, schizophrenia

Received
9 December 2011

Accepted
7 October 2012

Accepted Article
Published Online
1 November 2012

To report the first three studies with SCH 900435, a selective glycine-1 re-uptake inhibitor in
development for treating schizophrenia, using systematic evaluations of pharmacodynamics to

Three double-blind, placebo-controlled studies (single, visual effect and multiple dose) were
performed. In the single and multiple dose study SCH 900435 (0.5-30 mg) was given to healthy males
and frequent pharmacokinetic and pharmacodynamic measurements were performed. The visual
effects study incorporated visual electrophysiological measures of macular, retinal and intracranial

In the single dose study (highest difference, 95% Cl, P) increases in smooth pursuit eye movements (8

12 mg (-6.09, 10.14,—2.04, 0.013), 30 mg), pupil : iris ratio (20 and 30 mg (-0.065, 0.09, —0.04, <0.0001)),
VAS colour perception (30 mg (—9.48, 13.05, —5.91, <0.0001)) and changes in spontaneous reports of
visual disturbance were found, while FSH (8 mg (0.42,0.18, 0.66, 0.0015), 12, 20 mg), LH (8-30 mg (1.35,
0.65, 2.05,0.0003)) and EEG alpha2 activity decreased (12, 20, 30 mg (0.27, 0.14, 0.41, 0.0002)). A
subsequent dedicated visual effects study demonstrated that visual effects were transient without
underlying electrophysiological changes. This provided enough safety information for starting a
multiple ascending dose study, showing less visual symptoms after twice daily dosing and titration,
possibly due to tolerance.

CONCLUSIONS

Several central nervous system (CNS) effects and gonadotropic changes resulted from administration
of 8 mg and higher, providing evidence for CNS penetration and pharmacological activity of SCH
900435. Antipsychotic activity in patients, specificity of the reported effects for this drug class and
possible tolerance to visual symptoms remain to be established.

© 2012 Centre for Human Drug Research
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Introduction

Traditional models of schizophrenia emphasize the impor-
tance of dopaminergic (DA) dysregulation, particularly
with regard to the positive symptoms [1, 2]. An alternative
model is based on the effects of non-competitive antago-
nists of N-methyl-D-aspartate (NMDA) glutamate recep-
tors, which induce psychotic symptoms in healthy subjects
and exacerbate symptoms in schizophrenic patients.These
effects seem to resemble schizophrenia more closely than
those induced by dopamine activation [3-6]. Moreover,
dysfunction of glutamatergic neuronal systems would be
consistent with the dopamine hypothesis of schizophrenia
[7-11]. Due to major concerns over potentially serious
adverse events of indiscriminate glutamatergic stimula-
tion, which could affect key functions such as learning,
memory and neuronal excitation and cell death, research
has focused on alternative strategies to augment NMDA
receptor function [12]. One alternative pathway is through
the glycine receptor site, an obligatory co-agonist at the
NMDA receptor [3]. Direct glycine agonists appear to show
some effect in treatment-resistant schizophrenia [3], but
this requires gram level doses. Inhibition of presynaptic
GlyT1 re-uptake transporters can also increase local
endogenous glycine concentrations [13, 14]. As reviewed
by Javitt [3], glycine re-uptake inhibitors (e.g.D-cycloserine,
glycine and D-serine) have been effective in a variety of
rodent schizophrenia models [15-19] and in schizophrenic
patients [20-22], but these agents are neither potent nor
selective. SCH 900435 (formally called Org 25935) is a selec-
tive and highly potent GlyT1 re-uptake inhibitor (Figure 1),
which effectively increases extracellular glycine concentra-
tions in rat brain regions and spinal cord, but does not
affect strychnine-sensitive GlyT2 transporters. Based on its
general facilitation of NMDA receptor activity throughout
the nervous system, its effects could be expected to influ-
ence a wide range of central nervous system (CNS) effects.
D’Souza etal. showed that SCH 900435 (Org 25935)
reduced the ketamine-induced increases in measures of
psychosis (Positive and Negative Syndrome Scale (PANSS))
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Figure 1
Structural formula of SCH 900435
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and perceptual alterations (Clinician Administered Disso-
ciative Symptoms Scale (CADSS)) [23]. Lastly, preclinical
studies suggested that SCH 900435 could have a steep
dose-effect relationship for adverse events. A rather
abrupt transition from a no-adverse effect level (NOAEL) to
severe CNS effects was observed in rats (NOAEL of
6.8 mg kg™’ and severe effects like tremors, bradypnoea
and laboured respiration at doubling this dose) and dogs
(NOAEL of 0.5mgkg™ and severe clinical signs at
1.5mg kg™ like increased arterial blood pressure). The
onset of these symptoms was fast within 1-2h after
dosing and long lasting (=5 h) (data on file). Therefore, a
strategy was chosen for the early development of SCH
900435 that allowed for careful stepwise assessment of the
pharmacological and clinical characteristics of the drug.
During the first administration of SCH 900435 in humans,
each dose escalation step was based on a detailed evalu-
ation of the interim analyses of pharmacokinetics (PK),
pharmacodynamics (PD) and clinical effects of the preced-
ing doses. A multimodal test battery was used to measure
frequently a wide range of effects, covering most drug sen-
sitive CNS domains and vital functions. This article
describes the three studies performed in human volun-
teers to determine a dosing regimen for SCH 900435
that was expected to be safe and therapeutically relevant
for subsequent patient dose finding studies. Each study
was approved by an independent Ethics Review Board
and full written informed consent was obtained from all
subjects.

Single ascending dose (SAD) study

Subjects and methods

Sixteen healthy male volunteers between 18 and 45 years
were recruited for the first administration of single
ascending doses of SCH 900435 at the Centre for Human
Drug Research in Leiden, the Netherlands. Exclusion crite-
ria and study restrictions included the use of agents
known to affect CNS performance (including nicotine,
alcohol or drugs) and evidence of relevant clinical or psy-
chiatric abnormalities. Subjects remained in-house and
were followed-up until 72 h after the last study drug
administration. The study was double-blind, placebo
controlled and randomized. Each subject was assigned to
one of four dosing groups in a four way crossover study
(three active ascending doses and one placebo dose,
which was inserted randomly), with a minimum wash-
out period of 1week (Table 1A). Based on preclinical
evaluations, the original dosing regimen was planned to
cover a range from 0.5mg (the human starting dose
based on animal safety data) to 135 mg (predicted to
lead to plasma concentrations in the anticipated thera-
peutic range). According to the protocol, doses could
be adapted based on investigator-blinded interim
assessments.
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Table 1

Dosing groups with corresponding SCH 900435 (mg) and placebo (P) treatment in single ascending dose study

A) Dosing as originally planned in protocol

Group | Group Il Group Il Group IV Group V

0.5 2.0 8.0 P 8.0 12 18 P 18 27 40 P 40 60 90 P 90 135 [?

0.5 2.0 P 8.0 8.0 12 P 18 18 27 P 40 40 60 P 90 90 P 135

0.5 P 2.0 8.0 8.0 P 12 18 18 P 27 40 40 P 60 90 P 90 135

P 0.5 2.0 8.0 P 8.0 12 18 P 18 27 40 P 40 60 90

B) Actual dosing during study

Group | Group Il Group Il Group IV

0.5 1.0 2.0 P 2.0 3.0 5.0 P 5.0 8.0 12 P 12 20 30 P
0.5 1.0 P 2.0 2.0 3.0 P 5.0 5.0 8.0 P 12 12 20 P 30
0.5 P 1.0 2.0 2.0 P 3.0 5.0 5.0 P 8.0 12 12 P 20 30
P 0.5 1.0 2.0 P 2.0 3.0 5.0 P 5.0 8.0 12 P 12 20 30

Adverse events, laboratory safety parameters, ECG,
oral body temperature, blood pressure and heart rate
measurements were performed regularly throughout the
study. Blood samples were obtained pre-dose and fre-
quently up to 72 h after SCH 900435 administration. Fre-
quent measurements were obtained from a multimodal
CNS test battery containing a wide range of drug-
responsive CNS domains up to 8 h after dosing:Visual ana-
logue scales (VAS measuring subjective alertness, mood,
calmness, psychedelic effects, sleep quality), pharmaco-
electroencephalography (pharmaco-EEG), saccadic pursuit
eye movements (measure of alertness), smooth pursuit eye
movements (measure of motor coordination), adaptive
tracking (visuo-motor coordination), body sway (postural
stability), pupillometry (pupil : iris ratio) and neuroendo-
crine effects (serum prolactin, LH, FSH and testosterone
concentrations).

Both a general treatment effect and a simple linear
effect were tested for the PD parameters. AUEs (area under
effect-time curves) were calculated per subject and
divided by the corresponding time span, resulting in a
weighted average response used for ANCOVA analysis. If the
general treatment effect was significant, contrasts of all
treatments vs. placebo were calculated. Differences
between treatments were defined as statistically signifi-
cant at a P value of 0.05 or lower.

If the treatment effect was significant and the linear
effect suggested a dose-effect relationship, an additional
regression analysis of the relevant parameter on log dose
was performed. The slope of the regression was consid-
ered significantly different from zero at a Pvalue of
0.05 or lower. Conclusions about PK with respect to
dose proportionality/dose independence were primarily
based on descriptive statistics of PK parameters and on
summary plots. An additional exploratory analysis of
variance (ANOVA) was performed to test for dose propor-
tionality and dose independence. Detailed methods

(pharmacodynamic measurements and statistics) are
described in appendix | (online).

Results and discussion

Sixteen healthy males were included in the single dose
study. Two subjects were withdrawn due to visual symp-
toms (described in more detail below) and 14 subjects
completed the study.The mean (range) age of the subjects
was 24 (19-32) years.

After interim assessment of the first dose, it was
observed that exposure in terms of plasma AUC was
10-fold higher in humans than that which was allometri-
cally predicted based upon a human AUC (12 ng ml™" h) at
the NOAEL of the dog (0.5 mg kg™), i.e. the most sensitive
species, with a safety factor of 30.No pharmacodynamic or
adverse effects were noted after the starting dose, but the
original anticipated dose range was reduced from 0.5-
135 mg to 0.5-30 mg (Table 1B).

No statistically significant changes in vital signs, respi-
ratory function, physical examination or laboratory param-
eters were observed during the entire study.There were no
serious adverse events (SAEs). The most frequently
reported adverse events (AEs) during the in-house study
period were dizziness, somnolence, headache, fatigue and
abnormal vision (Table 2). All were mild to moderate and
self-limiting. At 3mg, one subject developed anxiety
and other psychological effects (emotional lability and
hypersensitivity to noises) in addition to visual changes.
The effects started 18 min after drug intake and lasted
almost 4 h and led to his withdrawal from the second treat-
ment group. In the subsequent two dosing groups, four of
12 subjects reported visual changes (one each at 3 and 8
and two at 12 mg), often described as spots of enhanced
contrast or intensity accompanied by blurred vision and
dizziness. These symptoms occurred around 30 min after
drug administration, and disappeared within minutes to
a few hours after the start of the symptoms. They were
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Table 2

Most frequent adverse events in single ascending dose study (percentage of subjects reporting adverse events)

SCH 900435 0.5-30 mg +

dose Placebo (%) 0.5 mg (%) 30 mg (%) 0.5-30 mg (%) placebo (%)

n of subjects 16 4 16 32
Reported AE* n of AEs 10 5 85 95
Dizziness 1(6.3) 0 (0.0) 3 (75.0) 14 (87.5) 15 (46.9)
Somnolence 2 (12.50) 1 (25.0) 3 (75.0) 13 (81.3) 15 (46.9)
Headache 1(6.3) 0 (0.0) 0 (0.0) 12 (75.0) 13 (40.6)
Fatigue 2(12.5) 1 (25.0) 1(25.0) 8 (50.0) 10 (31.3)
Abnormal vision 0 (0.0) 0 (0.0) 3 (75.0) 6 (37.5) 6 (18.8)

*Not all AEs from each dose are shown for reasons of clarity; there were no relevant differences in these omitted groups.

considered to be drug-related, but were of limited dura- 1200 [
tion and intensity. All four subjects in the fourth dosing 1100
group reported spots in the visual fields (starting at 20 or
L . . 2~ 1000

30 mg) similar to those observed in previous groups. It L
was decided to withdraw one of these subjects as he a 900
reported recurrent symptoms, which, although moderate, E 800
increased in the third visit (30 mg) compared with the w 700
second visit (20 mg). Ophthalmologic examinations did S
not reveal any subjective or objective visual system & 600
abnormalities, either during the study or at follow-up.The 6 500
number of visual AEs was higher in subjects who used Y 400
higher doses. 300

Peak concentrations of SCH 900435 (26.7 ng ml™' for
0.5 mg to 1170 ng ml™" for 30 mg) were reached between 200
30 and 50 min after dosing. Pharmacokinetics (PK) were 100
dose-linear over the tested dose range.The mean concen- 0
tration vs.time profiles (Figure 2) showed that the last parts 0 | 2 3 4 5 6
of the curves for all doses ran essentially parallel and that Time (h)
the terminal elimination phase started approximately 16 h
after dosing.The terminal half-lives varied from 6.6 to 7.8 h, Figure 2

and clearance from 4.5t0 6.1 1h™".

In agreement with the adverse event reports, signifi-
cant increases were observed in the ‘colours’ item of the
Bowdle visual analogue scale (Table 3). The increases did
not exhibit a linear dose-response relationship across all
doses (Table 4) but were consistent at 30 mg (Figure 3).
After a maximum at approximately 40 min, all effects had
disappeared by 3 h following dosing (Figure 4). Pupillom-
etry demonstrated an increase of pupil : iris ratio at 20 mg
SCH 900435 (Table 3), with the largest effect at 30 mg
(Table 3, Figure 5).

Smooth pursuit (0-4 h) showed a statistically signifi-
cant increase at 8, 12, and 30 mg (largest difference)
(Table 3).The regression analysis showed a statistically sig-
nificant dose-response relationship for smooth pursuit
eye movements (Table 4). It should be noted that the
smaller number of subjects in the higher dose groups (the
20 mg dose group) may have prevented the detection of a
treatment effect from reaching statistical significance.

Both LH and FSH decreased significantly compared
with placebo (Table 3, Figure 6). LH (0-final hours) started
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Mean concentration vs. time plot depicted as linear concentration scale in
single ascending dose study.-*-,0.5 mg; —e—, 1 mg; —&—, 2 mg; =—, 3 mg;
——, 5 mg; ——, 8 mg; <, 12 mg; ——, 20 mg; —--, 30 mg

to diminish after 8,20 and 30 mg and FSH (0-final hours)
after 8 mg and higher. The effect was more pronounced
with higher doses.The absence of a significant effect in the
30 mg group for FSH could have been caused by the small
group size (as was also the case for the smooth pursuit eye
movements). Testosterone showed a decrease at 8 and
20 mg (Table 3). The LH concentration decrease followed
SCH 900435 administration within 1 h and was virtually
normalized after 10 h.FSH concentrations diminished after
5to 6 h,and remained reduced during the full observation
period. Regression analysis showed indications for linear
dose response relationships for all three hormones
(Table 4).

EEG alpha 2 power (0-4 h) decreased significantly after
doses of 12 mg and higher.
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Table 3

Contrasts with placebo on dose groups ANCOVA analysis single ascending dose study (reported for doses SCH 900435 with statistically significant contrasts
and higher)

LSM Estimate LSM estimate Estimate of
Parameter Dose (mg) placebo SCH 900435 difference P value * 95% ClI
Pupil : iris ratio right eye (0-90 min) t NA 20 0.41 0.44 —-0.030 0.0145 —0.05, -0.01
30 0.48 —0.065 <0.0001 —-0.09, -0.04
VAS colours (0-4 h) mm 30 1.45 10.94 -9.48 <0.0001 -13.05, -5.91
VAS dizzy (0-4 h) mm 12 43.72 49.57 -5.85 0.0170 -10.59, -1.10
20 50.34 -6.62 0.0388 —12.88, -0.36
30 52.14 -8.42 0.0118 -14.89, -1.95
LH (0-final hours) Ul 8 3.04 2.21 0.82 0.0025 0.31, 1.34
12 2.69 0.35 0.0864 -0.05, 0.74
20 2.10 0.93 0.0009 0.41, 1.46
30 1.90 1.14 0.0002 0.58, 1.70
LH (0-4 h) Ul 8 2.93 2.17 0.76 0.0335 0.06, 1.45
12 2.15 0.78 0.0062 0.24, 1.32
20 1.77 1.16 0.0017 0.46, 1.86
30 1.58 1.35 0.0003 0.65, 2.05
FSH (0—final hours) Ul 8 2.91 2.50 0.42 0.0015 0.18, 0.66
12 2.67 0.25 0.0131 0.06, 0.45
20 2.63 0.28 0.0301 0.03, 0.54
30 2.68 0.24 0.1068 -0.05, 0.52
Testosterone (0-final hours) nmol I 8 5.88 493 0.95 0.0110 0.24, 1.66
12 5.45 0.43 0.1269 -0.13, 0.99
20 4.66 1.22 0.0024 0.47, 1.98
30 5.26 0.62 0.1440 -0.22, 1.46
EEG alpha2 (0-4 h) uv 12 3.45 3.35 0.1 0.0449 0.00, 0.21
20 3.28 0.17 0.0099 0.044, 0.30
30 3.18 0.27 0.0002 0.14, 0.41
Smooth pursuit (0—final hours) % 8 50.94 58.00 —-7.06 0.0172 -12.80, -1.32
12 54.43 -3.49 0.1195 —-7.93, 0.95
20 51.16 -0.22 0.9397 -6.01, 5.57
30 57.26 —6.32 0.0433 —-12.45, -0.20
Smooth pursuit (0-4 h) % 8 50.281 56.17 -5.89 0.0289 -11.14, -0.64
12 56.37 —6.09 0.0042 -10.14, -2.04
20 53.00 -2.71 0.3086 -8.01, 2.59
30 57.50 -7.22 0.0130 -12.85, -1.60

*Significant P values are indicated in bold (lower than 0.05); tOnly results for the right eye were shown as these were similar to the left eye.

Table 4

Regression analysis table of dose-linearity single ascending dose study

Parameter Units P value slope* Estimate of the slope 95% ClI

Log pupil : iris ratio right eye (0-90 min) NA 0.573 0.004 0.017, -0.010
Log VAS colours (0-4 h) NA 0.157 0.081 0.198, -0.035
VAS dizzy (0-4 h) mm 0.062 2.302 4.722, -0.119
LH (0-final hours) Ut 0.032 —-0.356 —-0.031, -0.682
LH (0-4 h) ur! 0.004 -0.501 -0.164, -0.838
FSH (0-final hours) Uit 0.020 -0.193 —-0.042, -0.344
Testosterone (0-final hours) nmol I' 0.012 -0.424 -0.101, -0.747
EEG alpha2 (0-4 h) uv 0.142 —-0.053 0.020, -0.126
Smooth pursuit (0-4 h) % 0.001 3.305 5.125, 1.485

*Statistically significant P values (lower than 0.05) are indicated in bold. NA, not applicable.
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Figure 3

Average graph of AUE change from baseline 0-4 h VAS colours by log
dose (SD as error bars) in single ascending dose study
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Figure 4

Adjusted (for baseline) mean time profile of different doses of VAS colours

with 95% Cl for highest dose and lower 95% Cl for lowest dose in single

ascending dose study. , placebo; ,0.5mg; ,1.0mg; ,2.0mg;
,3.0mg; ,5.0mg; ,8.0mg; ,12mg; —+—,20mg; =—,30mg

Although the results should be treated with caution
because of the well documented consequences of multi-
ple hypothesis testing (only unadjusted 95% confidence
intervals (Cl) were calculated) signs of pharmacological
activity in this single ascending dose study were evident
from doses starting around 8 mg. Clear increases in pupil
size and subjective changes of visual perception were
noted after 20 and 30 mg.The effects resolved rapidly and
were no more than mild to moderate, but were initially
disconcerting and were not anticipated. Therefore, a more
specific study on the effect of the drug on visual system
function was initiated before multiple dosing was started.
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Figure 5

Average graph of AUE change from baseline 0-90 min pupil : iris ratio
right eye by log dose (SD as error bars) in single ascending dose study
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Figure 6

Adjusted (for baseline) mean time profile of different doses of LH with

95% Cl for highest dose and lower 95% Cl for lowest dose in single

ascending dose study.--e-, placebo; = ,0.5mg; - ,1.0mg; = ,2.0mg;
,3.0mg; ,5.0mg; ,8.0mg; ,12mg; ——,20mg; —=—,30mg

Visual effects study

Based on the conjecture that the visual symptoms were
more likely to reflect a retinal rather than central origin,
consultation with ophthalmology experts and a review of
the literature revealed that the retina is rich in glycine
receptors. It appeared that although CNS studies of other
glycinergic or glutamatergic agents did not specifically
describe visual disturbances [18, 24, 25], such effects have
been reported with high dose intravesicular glycine
administration in men, following prostate surgery [26, 27].
Based on the combination of drug-induced pupil dilation



and abnormal vision, direct retinal effects were considered
more probable than autonomically induced mydriasis or
central visual impairment. Detailed assessments of retinal
architecture and function in rats and dogs exposed to SCH
900435 did not demonstrate any electrophysiological or
structural abnormalities of the retina or other components
of the visual system after repeated dosing (data on file).In
the first-in-human study, all symptoms were mild and
rapidly reversible without any sequelae, both subjectively
and during follow-up. Moreover, the resolution of visual
symptoms was faster than the reduction of plasma con-
centrations, suggesting that the visual effects may not
have functional consequences. This was investigated in a
dedicated ophthalmologic study with SCH 900435 at
Moorfields Eye Hospital in London, UK.

Subjects and methods

The visual effects study was a double-blind, placebo-
controlled, four period crossover study involving the
administration of three ascending single oral doses of SCH
900435 (5, 13 and 20mg) in which the placebo was
inserted randomly to 24 healthy male subjects. The exclu-
sion and inclusion criteria and study restrictions were
similar to the single ascending dose study. Inclusion crite-
ria for the study included a normal eye examination and
good visual acuity (6/9 or better in each eye). Each treat-
ment period lasted 1 day and was separated by a wash-out
of at least 3 days. Subjects were further randomized into
one of three groups of eight subjects in which PK, PD and
several PD eye assessments were performed. In group 1
(fully dark adapted with dilated pupils, duration approxi-
mately 12 min, in cycles of 25 min) the following PD tests
were performed: dark adaptation, measuring the threshold
of light detection without electrophysiology, rod specific
single flash, red flash, intermediate, International Society
for Clinical Electrophysiology of Vision (ISCEV) standard
and ISCEV + 0.6 LV (see appendix Il online).In group 2 (light
conditions with dilated pupils, duration approximately
20 min, in cycles of 25 min) the following tests were per-
formed:single flash cone response - 2 Hz, flicker response -
30 Hz, on/off response, S-cone response and photopic
negative response (see appendix Il online).In group 3 (light
conditions with undilated pupils, duration approximately
45 min) the following tests were performed: VEP - pattern
reversal/flash, pattern ERG, colour contrast sensitivity,
visual acuity, pupillometry (see appendix Il online). PK, PD
and statistics are described in more detail in appendix Il
(online). Endocrinologic investigations (performed only in
groups 1 and 2 due to very intensive testing in group 3)
included repeated measurements of LH, FSH and testoster-
one.AEs, laboratory safety parameters, ECG, blood pressure
and heart rate measurements were performed regularly
during the study. SCH 900435 blood samples were
obtained predose and frequently up to 24 h post-dose (for
PK methods and statistics see SAD study appendix | —
online).

CNS effects of a glycine-1 re-uptake inhibitor BJCP

Results and discussion

Twenty-four (three groups of eight) subjects were
included.There were no SAEs or clinically relevant changes
in laboratory safety parameters, vital signs and ECG data.
The majority of the AEs were considered to be of mild
intensity (102 out of 109 AEs), four AEs were of moderate
intensity and three were of severe intensity. One visual AE
after 13 mg SCH 900435 and two following 20 mg and
were similar to the events that were also described in the
SAD study. The symptoms were transient and resolved
without intervention.

Pharmacokinetics and hormone results were similar to
those observed in the SAD study (data not shown), with
the exception of the FSH profile which showed no consist-
ent decrease in this study (in contrast to the SAD study).
Overall, there was no consistent change in any ophthalmo-
logic test result in any subject, other than those that may
be expected from normal variation. The visual symptoms
questionnaire provided the most sensitive and specific
assessment of visual disturbance (Table 5). The question-
naire 1.5 h post-dose seemed to indicate more frequent
eye effects with the higher doses. After 8 h post-dose most
effects had disappeared. Extraneous factors (e.g. subject
tiredness and dizziness, adaptation/intolerance to the
testing) and the awareness of the subjects of possible eye
symptoms could possibly be an explanation for the rela-
tively frequent reporting of blurred vision pre-dose and
following administration of placebo. Even though there
might the influence of abovementioned extraneous
factors, confidence was raised by the observation of signifi-
cant dose-response relationships and clear consistency
among the studies (SAD and visual effects studies) for the
most important (visual and neuroendocrine) pharmacody-
namic effects and the data provided gave no indication for
clinical concerns preventing the conduct of a multiple
(ascending) dose study.

Multiple (ascending) dose
(MAD) study

Subjects and methods

The MAD study was performed at Guy’'s Drug Research
Unit, London, UK. Selection criteria and study restrictions
were similar to the visual effects study.The study design of
the MAD study was double-blind, placebo-controlled and
parallel group. Multiple (ascending) oral doses between 4
and 30 mg were given once or twice daily to 40 healthy
male subjects (five groups of eight - six active ingredient
and two placebo) for 13 days (Table S1). Dose groups 1, 2
and 3 received 4, 8 and 16 mg once daily (respectively),
while dose group 4 received 12 mg twice daily (and started
with 12 mg once daily on day 1 and ended with 16 mg
once daily on day 13).Subjects in dose group 5 (dose titra-
tion) were given 8 mg, 12 mg, 16 mg, 20 mg all for a period
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Table 5

Results of visual analogue scales in visual effects study — number of sub-
jects responding‘yes’to the question [number of subjects considering the
effect as severe]

SCH 900435
Question/Study time Placebo 5mg
n 24 24 24 24
Your vision is blurred
Pre-dose 91[2] 11 [3] 12 (2] 12 (2]
1.5 h post-dose 7 10 [1] 16 [1] 14 [1]
8 h post-dose 0 1 0 1
There appears to be a film over your eyes
Pre-dose 1 2 2 1
1.5 h post-dose 1 2 3 3[1]
8 h post-dose 0 0 0 0
You have difficulty assessing how far away objects are
Pre-dose 2 1 2 2
1.5 h post-dose 2 2 3[1] 8 [1]
8 h post-dose 0 0 0 0
You are seeing flashes of light
Pre-dose 0 0 0 0
1.5 h post-dose 0 0 5[1] 7 [1]
8 h post-dose 0 0 0 0
You are seeing dark patches
Pre-dose 0 0 0 0
1.5 h post-dose 0 0 2 [1] 3[1]
8 h post-dose 0 0 0 0
You are having more difficulty than usual focusing
Pre-dose 7 [1] 11 [2] 8 7 [1]
1.5 h post-dose 6 7 1] 14 [1] 10 [1]
8 h post-dose 1 2 1 1
You would not feel safe driving a car with your vision as it is
Pre-dose 5[1] 4 3 5
1.5 h post-dose 4 6 11 [1] 12 [1]
8 h post-dose 3 1 0 1
Do you have any other visual symptoms or disturbance?
Pre-dose 0 0 0 0
1.5 h post-dose 0 0 2 [1] 3[1]
8 h post-dose 1 1 0 0

of 3 days subsequently and then received 30 mg once
daily for 1 day.

Similar to the SAD and visual effects study, PK samples
were obtained frequently for up to 72 h after the last SCH
900435 dose and AEs, laboratory safety parameters, ECG,
oral body temperature, blood pressure and heart rate
measurements were followed-up regularly (see for the
study design Table S2). PD and safety assessments in the
MAD study were based on the results of the SAD and visual
effects study: visual analogue scales (VAS), pupillometry
and neuroendocrine effects (LH, FSH, testosterone)
(Table S2). In addition, the cognitive effects of multiple
dose treatment with SCH 900435 were examined with the
following tests from the Cognitive Drug Research (CDR)
test battery: simple reaction time, digit vigilance, choice
reaction time, spatial working memory, numeric working
memory, immediate word recall, word recognition, pos-
tural stability and tracking. At screening and follow-up,
visual examinations were performed at Moorfields Eye
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Hospital, London, and subjects were given a questionnaire
consisting of eight questions to ascertain visual symptoms.
The primary aim of this MAD study was to examine the
clinical course of the events that had been observed
during single dosing. Descriptive and summary statistics
for the VAS and AEs were used, as statistical models were
considered to have a chance of obstructing the identifica-
tion of isolated but relevant clinical observations. The sta-
tistical analyses performed on PK and the methods of the
CDR test battery are described in more detail in appendix
Il (online).

Results and discussion

Forty healthy male subjects, with a mean (range) age of
25.9 (18-42) years, were included in the study. One subject
was withdrawn from the study on day 12 (before the
morning administration of SCH 900435) due to a persistent
focusing difficulty; these symptoms disappeared by the
evening of day 12. All other subjects completed the study.
There were no clinically relevant abnormal findings in the
laboratory safety parameters, vital signs or ECG data. The
most common AEs reported by subjects receiving SCH
900435 were eye disorders and CNS disorders (Table 6).
These symptoms were mostly noted between 0.5 and 1 h
post-dose after both single and multiple doses and did not
appear to be prolonged. None of the AEs was severe and
no SAEs were reported during the study. Notably, the total
number of eye disorders following SCH 900435 12 mg
twice daily (6) (or after dose titration (8)) were lower than
following 16 mg once daily (12) (Table 6). Although the
ocular effects were less frequent after dosing twice daily or
titration, there were comparable incidences of general CNS
AEs (such as dizziness). However, it should be kept in mind
that these remarks are based on a very low number of
subjects and no statistical support is given.

Although a decrease in pupil diameter was seen (as
opposed to the dilation seen in the single dose study), this
change was not sustained, not evident under the other
conditions or in the other dose groups and it cannot be
excluded that this finding was coincidental in this small
group of subjects.No other clinically relevant deviations in
PD effects (VAS and cognitive CDR tests) were found.

Similarly to the SAD study, FSH, LH and testosterone
significantly decreased during multiple dosing (see
Figure 7 for LH; the figures for the other hormones were
similar and were therefore not shown). There was no dif-
ference in hormone reductions between the first and last
days of dosing. The effect was generally largest following
administration of 16 mg SCH 900435.

The PK parameters of the multiple (ascending) dose
study were as expected from the single dose and the visual
effects study (data therefore not shown). Steady-state con-
centrations were reached after between 2 and 6 days of
daily dosing. Mean accumulation of SCH 900435 exposure
(AUQ) at steady-state after once daily dosing ranged
between 5% and 11% and was 22% after 12 mg twice daily



Table 6
Number of subjects (%) with AEs possible or probably related to SCH 900435 for ‘eye disorders’ and ‘CNS disorders’ in the multiple (ascending) dose study

CNS effects of a glycine-1 re-uptake inhibitor BJCP

Treatment
Placebo 4 mg once daily 8 mg once daily 16 mg once daily 12 mg twice daily. Dose titration
n=10 n=6 n=6 n=6 n=6 n=6
Eye disorder
Accommodation disorder 0 0 0 0 1(17) 0
Eye pain 0 0 0 0 0 2(33)
Eyelid irritation 0 0 0 1(17) 0 0
Ocular discomfort 0 0 0 0 1(17) 0
Photopsia 0 0 0 3 (50) 0 1(017)
Vision blurred 0 0 1(017) 5 (83) 2 (33) 4 (67)
Visual disturbance 0 0 1(17) 3 (50) 2 (33) 1(17)
Central nervous system disorders
Balance disorders 0 0 0 0 1(017) 0
Coordination abnormal 0 0 0 2 (33) 0 0
Dizziness 1(10) 0 1(17) 3(50) 233 5(83)
Dizziness postural 0 0 1(17) 3 (50) 3 (50) 2 (33)
Headache 2 (20) 0 0 1(017) 3 (50) 2 (33)
Lethargy 0 0 0 2 (33) 2 (33) 6 (100)
Memory impairment 0 0 0 0 0 1017)
Somnolence 1(10) 0 0 4 (67) 1(17) 3 (50)
Tremor 1(10) 0 0 0 0 0
Tunnel vision 0 0 0 1(17) 0 0
0.004 not show relevant or consistent changes in the doses
tested in this study, except limited decreases in gonado-
_0.003- trophic hormones.Clinically, the results might indicate that
IE dose titration and twice daily (compared with once daily)
5 0.002° dosing of SCH 900435 improve tolerance to the subjective
E’ 00011 visual disturbances that primarily occur shortly after
- the initiation of treatment. However, this should be
c . .
g 0.000f re-evaluated in a larger number of patients.
c
£ 0001}
=v. (] (]
v Discussion
-0.002|
The changes in visual VAS scales (mainly in the SAD study),
B L R S —,——————— the reported visual symptoms and the pupil dilation that
2 612485054600 2 6 120 2 6 120 2 6 120 2 6 12 48 . .
Day | Day 6 Day8 Dayl0  Day I3 were observed in the SCH 900435 studies are all compat-
Time (h) ible with a direct retinal effect of SCH 900435. Visual spots
can be a manifestation of cortical spreading depression
Figure 7 such as that which occurs during a migraine aura, and it

Mean changes from baseline LH values against time following adminis-
tration of SCH 900435 or placebo in multiple ascending dose study. Treat-
ment:e-e-, placebo; ... 4 mg once daily;+++,8 mg once daily;eee, 16 mg
once daily; a4, 12 mg twice daily daily

treatment. The elimination half-life was increased 20%
after 10 days of daily dosing. The PK of SCH 900435 were
dose-proportional at steady-state in the dose range
4-16 mg once daily and 12 mg twice daily.

In summary, the incidence of central nervous and visual
symptoms measured by AE reporting increased when the
dose of SCH 900435 was higher than 8 mg once daily. The
eye symptoms were similar to those observed in the SAD
and visual effects study. The other PD measurements did

cannot be excluded that a similar phenomenon caused the
visual symptoms that occurred with SCH 900435. This
would be consistent with a potential role of enhanced
glutamatergic activity, which among other biochemical
derangements has been postulated to play a role in corti-
cal spreading depression [28]. On the other hand, visual
auras typically migrate and this was not reported by par-
ticipants in our studies. Also, no other migrating neurologi-
cal deficits or headaches occurred. Furthermore, pupillary
abnormalities are usually not observed in occipital visual
disturbance. A transient change in retinal function may
then explain the visual symptoms, even in the absence of
any detectable changes in retinal function as measured

electrophysiologically.
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Glycine is one of the essential neurotransmitters modu-
lating visual signals in the retina [29]. The retinal amacrine
cells appear to possess a specific uptake mechanism for
glycine [30] and contribute to the generation of the oscil-
latory potentials (OPs) in the electroretinogram. In differ-
ent animal models these potentials were found to be
blocked by glycine [30,31].In a recent study with a glycine
re-uptake inhibitor in healthy humans a high incidence of
visual effects was described [32]. At the higher dose
ranges, visual effects were reported that may have been
comparable with the symptoms observed in our studies,
including visual disturbance, blurred vision, photophobia,
diplopia and photopsia. The time course of the effects in
the current study was also compatible with an acute phar-
macological effect. In the SAD study, the reported visual
symptoms and pupil dilation were both clearly related to
dose (and consequently plasma concentration). Although
no formal concentration-effect analyses were performed,
it seemed that the subjective visual changes (assessed
with the Bowdle VAS colours in the SAD study) resolved
more rapidly than the plasma concentrations. As this could
point to tolerance for this effect, this was further explored
in the multiple ascending dose study by administrating
the compound twice daily or by dose titration. The visual
system is highly adaptive, so the question remained
whether symptoms faded because of (retinal) adaptation
to ongoing functional impairments. Preclinical multiple
dose studies showed no morphological abnormalities in
the eyes of experimental animals and the dedicated oph-
thalmologic study found no electrophysiological or func-
tional indications of significant retinal impairment. In the
MAD study, the incidence of AEs related to eye disorders
increased with ascending doses of SCH 900435. However,
the total reported number of eye disturbances was less
frequent after 12 mg twice daily dosing and dose titration
than with 16 mg once daily. Also, the 20 mg twice daily
dosing (in the dose titration group) is more than two times
higher than the maximum dose tolerated after once daily
dosing (i.e. 16 mg) (see Table 6).This provided further con-
fidence that the rapid resolution of the visual symptoms
after a single dose or during dose titration reflects the
development of pharmacological tolerance without addi-
tional functional consequences. However, the numbers of
subjects on which this is based are small and studies with
larger numbers of subjects should be performed before a
definitive conclusion can be drawn. Also, all eye distur-
bances should be investigated in patients. Theoretically, it
is not expected that tolerance for the desired effects will
occur due to a different hypothesized mechanism of
action, but this also should be studied in patients before
firm conclusions can be drawn about response persist-
ence. Although no clear retinal changes were found during
the described healthy volunteer studies, it may be prudent
to perform ophthalmologic investigations periodically
(e.g.visual acuity, visual fields and VAS) at least during clini-
cal trials.
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The SAD and MAD studies showed consistent
decreases in sex hormones after SCH 900435, with a linear
dose-response relation. The results for FSH did not reach
statistical significance in the visual effects study, for
reasons that are not entirely clear, but testosterone con-
centrations in this study decreased similarly to the SAD
study. Literature on the relationship between NMDA recep-
tor stimulation and FSH, LH or testosterone production in
humans is sparse, and most studies show no clear associa-
tion [33, 34] or contradict the present findings [35]. In pre-
clinical experiments, an increase of FSH was found [36, 37].
The testosterone reductions found in this study are com-
patible with the diminished gonadotrophic hormone
concentrations, particularly of LH. The differences in the
response of LH and FSH after SCH 900435 administration
are partly related to the differences in half-life. LH has an
elimination half-life of around 1 to 2 h [38], while that of
FSH is in the region of 5 h [39]. Although a direct effect of
SCH 900435 on the expression of any of these hormones
individually cannot be excluded, the time courses of the
hormonal effects and the linear relation between dose and
effect agree better with a common effect on LH and FSH
release, most likely due to reduction of GnRH release [40],
and suggesting the site of action of SCH 900435 to be the
hypothalamus. These gonadotrophic responses are dose
dependent and quite consistent, which makes these hor-
mones (and LH in particular), the most reliable and sensi-
tive pharmacodynamic indicators of a central SCH 900435
effect that were identified in these studies.

In general, animal studies of glycine re-uptake inhibi-
tors and glycine agonists showed central nervous system
depression (i.e. reduction in motor activity) [7, 41, 42]. In
apparent contrast, SCH 900435 produced slight improve-
ments of smooth pursuit eye movements in the SAD study,
which seemed to be dose dependent, and hence to be
related to the pharmacological activity of the drug.
Improved smooth pursuit could point to a mild stimulant
effect of SCH 900435. On the other hand, the EEG demon-
strated small statistically significant reductions in alpha2
power (10.5-12.5 Hz), which are more in line with CNS
depression. However, this alpha reduction could be sec-
ondary to the visual symptoms caused by SCH 900435,
since EEG alpha rhythm is particularly sensitive to visual
input (e.g. eye opening or closure) and subjective well
being (e.g. suppression by nausea and dizziness). These
findings should be replicated before firm conclusions can
be drawn.

Since experience with indirect NMDA-receptor activa-
tors in humans was limited, a cautious and adjustable
approach to development of these drugs in humans is
required.The present paper describes how a novel glycine
re-uptake inhibitor, which had a steep dose-response
curve for adverse events in test animals and showed
unanticipated and initially disconcerting visual symptoms
in humans, was safely introduced in healthy volunteers
using a research strategy consisting of frequent interim



analyses of PK characteristics and of data intensive PD
effects, and a return to dedicated animal studies of the
visual system, before the drug was reintroduced in
humans. Unanticipated visual effects were detected from
adverse event reports, and could be interpreted and
pursued more reliably using frequent measurements of
visual analogue scales for a broad range of subjective
symptoms, and pharmacodynamic measures of multiple
systemic and CNS effects, including pupil size.This strategy
is particularly useful for chemical entities with novel
mechanisms of action, which have a higher chance of
showing unanticipated effects.

Intensive pharmacodynamic measurements can also
provide indications for CNS penetration and dose-related
pharmacological activity, especially since the early studies
in healthy volunteers almost always cover a large dosage
range. The establishment of dose-related changes pro-
vides strong evidence for a drug-related effect. This is
clearly demonstrated by the consistency of almost all
effects that were observed during the first study, even
though they were unexpected and may even have initially
seemed spurious. It cannot be ascertained whether the
indications for CNS penetration and pharmacological
activity of SCH 900435 are due to GlyT1 re-uptake inhibi-
tion, although this is suggested by the high potency and
selectivity of SCH 900435 at this site. The retina, which is
particularly rich in glycine and glutamatecontaining cells
[43], has a structure similar to the blood-brain barrier.The
observed visual spots in the SAD study together with the
dose-responsive hormone changes and neurophysiologi-
cal effects could indicate that SCH 900435 passes the
blood retinal barrier and penetrates into the CNS. Long
term studies and investigations with other glycine
re-uptake inhibitors are needed to confirm whether retinal
and gonadotropic changes are pharmacological effects of
this novel drug class. Although these studies provided indi-
cations that SCH 900435 has a pharmacological effect in
the CNS at doses that are well tolerated after titration, the
antipsychotic effects and the therapeutically active doses
of SCH 900435 and of glycine enhancement strategies in
schizophrenia in general [44, 45] remain to be established.
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