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Introduction: ABT-288 is a highly potent histamine-3 recep-
tor antagonist that has demonstrated pro-cognitive effects
in preclinical models relevant to schizophrenia. This study
evaluated the efficacy and safety of two doses of ABT-
288 in the treatment of cognitive impairment associated
with schizophrenia. Methods: A randomized, double-blind,
placebo-controlled, parallel-group 12-week study was con-
ducted at 23 centers in the United States. Clinically stable
subjects with schizophrenia were randomized in an equal
ratio to ABT-288 10mg, ABT-288 25mg, or placebo once
daily while continuing their antipsychotic regimen. The pri-
mary efficacy measure was the change from baseline to day
84 evaluation on the Measurement and Treatment Research
to Improve Cognition in Schizophrenia Consensus Cognitive
Battery (MCCB) composite score vs placebo. Secondary
measures included cognitive functioning and psychiatric
scales. Safety assessments and sparse pharmacokinetic sam-
pling were also conducted. Results: A total of 214 subjects
were randomized. The mean baseline MCCB composite
score was 28.4. Approximately 80% of subjects completed
the study. The MCCB composite score mean change from
baseline to day 84 was numerically worse for both the 10 mg
(1.90, P = .618) and 25mg (0.64, P = .946) doses of ABT-
288 vs placebo (2.19). Results from the secondary measures
were consistent with the primary analysis. Subjects’ schizo-
phrenia symptoms remained stable throughout the study as
evidenced by stable Positive and Negative Syndrome Scale
scores. Overall, study medication was tolerated; however, an
increased incidence of psychosis-related and sleep-related
adverse events was associated with ABT-288. Discussion:
Neither dose of ABT-288 resulted in cognitive improvement
in clinically stable adults with schizophrenia.
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Introduction

Cognitive impairment associated with schizophrenia
(CIAS) is a central component of the disease,' and the
treatment of CIAS has become a principal focus of
schizophrenia research. These impairments are evident
prior to other clinical aspects of the disease,? are life-
long,®> and are accompanied by unfavorable outcomes
in education, work, and social relationships.!* Research
and development activity to identify agents that improve
cognitive functioning in this population has recently
intensified.

The histamine-3 (H3) receptor regulates the release
of histamine and other pro-cognitive neurotransmit-
ters such as acetylcholine, norepinephrine, and dopa-
mine through an inhibitory process. H3 receptors are
highly expressed in brain regions implicated in atten-
tion, learning, and memory such as the cerebral cor-
tex and hippocampus. Patients with schizophrenia may
have a histaminergic system that is different than those
without the disease. In a study of cerebrospinal fluid
from patients with chronic schizophrenia and con-
trols, histamine metabolite levels were 2.6-fold higher
in those with schizophrenia, an increase that could not
be attributed to concomitant medications.”> A radioli-
gand binding study of brain samples found significant
increases in H3 receptor binding in patients with schizo-
phrenia compared with normal controls, suggesting H3
receptors in the prefrontal cortex may be implicated in
cognition.®

H3 receptor antagonists promote the release of the
aforementioned neurotransmitters.” Improved perfor-
mance in preclinical models of attention, working mem-
ory, and memory consolidation has been observed for
H3 antagonists,* !! making H3 antagonism a promising
mechanism for the treatment of cognitive disorders.”’
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Several H3 antagonists have been investigated in proof-
of-concept studies in patients with Alzheimer’s demen-
tia (AD),'>"® attention-deficit hyperactivity disorder
(ADHD),"!15 and schizophrenia'®!” but affirmative results
have not been reported to date.

ABT-288 is a highly selective and potent H3 receptor
antagonist. Detailed characteristics and the pro-cogni-
tive effects of ABT-288 in preclinical models relevant to
cognitive disorders have been reported previously.'® In
a phase 1 multiple dose study of subjects with schizo-
phrenia, doses of ABT-288 up to 60 mg once daily were
administered and doses up to 45mg once daily were
safe and well tolerated."” Frequently reported adverse
events such as abnormal dreams, insomnia, headache,
and dizziness were similar to those observed in phase
1 studies of healthy volunteers and elderly subjects.?
Subjects with schizophrenia in the phase 1 study toler-
ated higher daily doses and plasma exposures of ABT-
288 than healthy adults and elderly subjects, where the
maximum tolerated dose was 3mg once daily. In sub-
jects with schizophrenia, ABT-288 mean elimination
half-life was 34-38 hours in the majority of evaluated
dose groups.”

The objective of this study was to assess the efficacy
and safety of ABT-288 when added to an antipsy-
chotic regimen for 12 weeks (84 d) in treating cognitive
impairment in clinically stable subjects with schizophre-
nia. The doses selected for this study were the highest
well-tolerated dose from phase 1 (ABT-288 25mg once
daily) and a lower dose (10 mg once daily) that provided
plasma exposures covering the efficacious levels in pre-
clinical models of cognition. ABT-288 25mg once daily
provided an approximately 2-fold margin based on the
maximum tolerated dose tested in phase 1 (45mg once
daily).

Methods

Study Design

This phase 2, multicenter, randomized, double-blind,
placebo-controlled, parallel-group proof-of-concept
study was conducted from March 2010 to July 2011 at
23 sites in the United States (NCT 01077700). Protocols,
amendments, and informed consent forms were approved
by institutional review boards, and written informed con-
sent was obtained prior to any study procedures. An inde-
pendent data monitoring committee reviewed unblinded
safety data during the study.

The study had two screening visits during the 28- to
42-day period prior to randomization to ensure sub-
ject eligibility and stability (Supplementary Figure).
Approximately 210 subjects (70 per group) were to be
randomized at the baseline (day —1) visitin a 1:1:1 ratio
to receive ABT-288 10mg, ABT-288 25mg, or placebo
once daily for 12 weeks. The sponsor’s Department of
Clinical Statistics provided the randomization schedule.
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To maintain the blind, ABT-288 and placebo cap-
sules were identical in appearance. Subjects returned
for study visits at days 7, 14, 28, 42, 56, and 84, and
telephone contacts were made at days 21, 35, and 70.
Subjects were to continue their antipsychotic treat-
ment regimen for the entire study and were followed for
14 days after their last dose of study drug.

Subjects

Eligible subjects were clinically stable males and females
with schizophrenia age 20-55 years who were being
treated with 1-2 atypical antipsychotics. Subjects were
to have a current Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, text revision?! diagno-
sis of schizophrenia confirmed by the Mini-International
Neuropsychiatric Interview? version 6.0.0. Subjects had
to have been diagnosed and/or treated for schizophrenia
for at least 2 years. The main inclusion criteria included
Positive and Negative Syndrome Scale?® (PANSS) item
scores of <4 for delusions, conceptual disorganization,
hallucinatory behavior, and excitement; no clinically sig-
nificant extrapyramidal symptoms (EPS) at the first visit;
a Severity of Abnormal Movements item score of <2 on
the Abnormal Involuntary Movement Scale (AIMS)* on
day —1; a Global Clinical Rating of Akathisia item score
of <2 on the Barnes Akathisia Rating Scale®® on day —1;
and a Calgary Depression Scale for Schizophrenia® total
score of <10 at screening.

Subjects with a current or past diagnosis of schizoaf-
fective disorder, bipolar disorder, manic episode, demen-
tia, post-traumatic stress disorder, obsessive-compulsive
disorder, substance dependence disorder, mental retarda-
tion, or medical or neurological disorder that could con-
found cognitive testing results were excluded. Subjects
who were experiencing a current major depressive epi-
sode or had received electroconvulsive therapy within
6 months prior to screening were not allowed to enroll
in the study.

Subjects were also excluded from the study if they were
taking clozapine or first-generation antipsychotic agents
or had taken mood stabilizers or antiepileptic drugs
within 8 weeks of screening. Stable doses of antidepres-
sants (except buproprion, tricyclics, and monoamine
oxidase inhibitors) were permitted as long as no dosing
changes had been made within 4 weeks of day —1. The
use of agents for the treatment of EPS (eg, benztropine,
trihexyphenidyl) was not allowed prior to randomiza-
tion. Anxiolytic and hypnotic medications were allowed
if their use had been stable since prior to the first screen-
ing visit. Subjects could be enrolled regardless of smok-
ing status, but were excluded if substances of abuse were
detected in blood or urine prior to randomization.

After randomization, changes in antipsychotic, anti-
depressant, anxiolytic, and EPS medications were per-
mitted when necessary to maintain clinical stability.
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When as needed dosing of anxiolytic, hypnotic, or
EPS medications was required, the timing of cognitive
testing was to be adjusted to occur at least 12 hours
afterwards. Regularly dosed agents were to be adminis-
tered according to schedule without regard to cognitive
testing.

Assessments

The Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) Consensus
Cognitive Battery?’?® (MCCB) was conducted during
screening, at day —1 (baseline), and at days 42 and 84.
The primary efficacy variable was the MCCB compos-
ite score change from baseline to the day 84 evaluation.
Secondary efficacy variables included the following:
the 7 domain scores of the MCCB; the University
of California San Diego Performance-based Skills
Assessment-2° (UPSA-2) total score, conducted at
baseline and day 84; the 16-item version of the Negative
Symptom Assessment Scale®® (NSA-16), conducted at
baseline and days 14, 42, and 84; and the Cambridge
Neuropsychological Test Automated Battery (CANTAB,
Cambridge Cognition, Ltd), administered during the
initial and second screening visits and on days 28 and
56. Subjects who could not complete cognitive testing
during screening or baseline were excluded from further
participation in the study.

Clinical symptoms were assessed throughout the
study using the PANSS and the Clinical Global
Impression-Severity?** (CGI-S). Vital signs, 12-lead elec-
trocardiograms (ECGs), physical examinations, clini-
cal laboratory tests, Columbia-Suicide Severity Rating
Scale’! (C-SSRS), and adverse event collection were per-
formed throughout the study to evaluate safety. A blood
sample was taken at study visits on days 7, 14, 28, 42, 56,
and 84/premature discontinuation to determine plasma
study drug concentrations, for a total of 6 planned sam-
ples per subject. Subject compliance with study medica-
tion was determined via pill counts of returned blister
packs.

Statistical Analyses

Sample Size.  This was the first study to assess the effi-
cacy of ABT-288 on cognition in subjects with schizo-
phrenia using the MCCB, so it was not possible to
estimate a projected effect size. Nonetheless, a sample
size of 63 subjects per group would provide a power of
62%, 72%, 80%, and 87% to detect an effect size of 0.35,
0.40, 0.45, and 0.50 on the MCCB, respectively, for a
1-sided test at o = 0.05. These were believed to be clini-
cally meaningful effect sizes for cognition in a therapeutic
area where there are no known effective treatments. The
approximately 70 subjects per treatment group planned
for this study included an assumption that approximately

ABT-288 and Cognitive Impairment in Schizophrenia

10% of subjects would not have postrandomization effi-
cacy assessments. The 1-sided test was selected because
ABT-288 had to demonstrate improvement compared
with placebo to be considered effective.

Primary and Secondary Analyses. All subjects who
took at least 1 dose of study drug were included in the
intent-to-treat (ITT) data set. Treatment group differ-
ences between each ABT-288 dose group and placebo
were evaluated using a 1-sided test at the significance level
of 0.05. Because this was a proof-of-concept study, no
adjustments for multiple comparisons were made. When
“site” was included as a factor in a statistical model,
sites lacking at least 2 I'TT subjects per treatment group
were combined according to a pre-specified algorithm.
Baseline was defined as the last observation prior to the
first dose of study drug, and the final evaluation was the
last observation occurring between the first dose and
within 3 days after the last dose of study drug.

The primary efficacy analysis evaluated treatment
group differences between each ABT-288 dose group
and placebo for the change from baseline to day 84 on
the MCCB composite score. This analysis was per-
formed using a mixed-effects model, repeated-measures
(MMRM) analysis that included fixed, categorical effects
for treatment, site, visit, and treatment-by-visit interac-
tion, with continuous fixed covariates for baseline score
and the baseline score-by-visit interaction.

Secondary analysis of the MCCB composite score was
performed using an ANCOVA with factors of treatment
and site with baseline score as a covariate on change
from baseline to the final evaluation of MCCB for the
ITT data set. The change from baseline to final evalua-
tion for the MCCB domain scores, NSA-16, PANSS, and
CGI-S scores was analyzed using an ANCOVA model
with factors of treatment and site, with baseline score as
a covariate. To evaluate the change from baseline to each
post-baseline observation, the MMRM analysis used for
primary efficacy measure was conducted for the MCCB
domains, NSA-16, PANSS, CGI-S, and CANTAB scores.
Cigarette and alcohol use over the previous week was also
summarized for ITT subjects who were current smokers
and drinkers, respectively.

Pharmacokinetic  Analyses. Plasma concentrations
of ABT-288 were determined using a validated liquid
chromatography method with tandem mass spectromet-
ric detection as previously described.”® ABT-288 plasma
concentrations for each dose level were combined across
all visits and summarized statistically by dose group and
time since the previous dose of ABT-288.

Safety Analyses.  Treatment-emergent adverse events
were summarized using the Medical Dictionary for
Regulatory Activities (MedDRA) version 14.0.%
Treatment group differences in the percentage of subjects
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reporting adverse events were analyzed by Fisher’s exact
test. Changes from baseline in laboratory, vital sign, body
mass index, and ECG measurements were analyzed using
a 1-way ANOVA with treatment as the main effect; poten-
tially clinically significant values in these parameters were
also identified. Subjects in each category of the C-SSRS
were summarized by treatment group, and the PWC-20
total score was analyzed using a 2-way ANOVA with the
terms of treatment and study site.

Results

Subjects

Subject disposition is illustrated in figure 1. A total of 171
treated subjects (80.3%) completed the study. The overall
mean * SD duration of treatment was 74.0 £23.5 days
(range 1-105). Baseline demographic characteristics are
presented in table 1. The number of male subjects, and

mean baseline weight and height were higher in the pla-
cebo group compared with both ABT-288 dose groups,
leading to statistically significant differences among treat-
ment groups for gender (P = .032), weight (P = .048), and
height (P = .050).

In the ITT population, the mean = SD baseline
PANSS total score was 64.4+ 11.87 and the mean = SD
baseline MCCB composite score was 28.4 £ 12.13; both
were similar across treatment groups. All subjects in the
safety population (n = 213) reported taking concomi-
tant antipsychotic drugs. Risperidone (33.8%), quetiap-
ine (26.3%), olanzapine (19.2%), aripiprazole (15.5%),
paliperidone (8.5%), and ziprasidone (8.0%) were the
most frequently reported. Investigators considered
79.3% of subjects to have been treatment compliant
during the entire study (ie, took at least 70% of study
medication), as estimated by pill counts and investiga-
tor judgment.

372 screened for eligibility

158 excluded?:

* 126 did not meet eligibility criteria
* 16 withdrew consent

e 15 lost to follow-up

¢ 10 declined for other reasons

214 randomized

=T ==_

Placebo
(n=72)

ABT-288 10 mg
(n=72)

ABT-288 25 mg
(n=70)b

10 discontinued
1 adverse event
3 withdrew consent
3 lost to follow-up
3 other reasons

18 discontinued
10 adverse event
2 withdrew consent
4 lost to follow-up
2 other reasons

14 discontinued
4 adverse event
6 withdrew consent
1 lost to follow-up
3 other reasons

|

|

62 (86.1%)
completed

54 (75.0%)
completed

55 (79.7%)
completed

Intent-to-Treat: 71¢
Safety: 72

Intent-to-Treat: 70¢
Safety: 72

Intent-to-Treat: 68¢
Safety: 69

3Subjects could have multiple reasons for screen failure

> One randomized subject in this group did not take study drug
¢ Four subjects were excluded from the intent-to-treat dataset due to falsification of cognitive

testing data at 1 clinical site.

Note: For subjects who discontinued, the primary reason for discontinuation is provided.

Fig. 1. Subject disposition.
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Table 1. Baseline Demographic Characteristics

ABT-288 and Cognitive Impairment in Schizophrenia

Characteristic (Safety

Population) Placebo, N = 72 ABT-288 10mg, N =72 ABT-288 25mg, N = 69 Total, N = 213
Age, mean (SD), y 43.0 (9.16) 43.9 (9.51) 42.3(9.77) 43.1 (9.46)
Age distribution, N (%)
<40y 28 (38.9) 20 (27.8) 29 (42.0) 77 (36.2)
>40y 44 (61.1) 52(72.2) 40 (58.0) 136 (63.8)
Gender, N (%)
Male 55(76.4) 40 (55.6) 46 (66.7) 141 (66.2)
Female 17 (23.6) 32 (44.4) 23 (33.3) 72 (33.8)
Race, N (%)
Black 43 (59.7) 44 (61.1) 40 (58.0) 127 (59.6)
White 28 (38.9) 24 (33.3) 27 (39.1) 79 (37.1)
Asian 0 3(4.2) 2(2.9) 5(2.3)
Hawaiian native 1(1.4) 0 0 1(0.5)
Multirace 0 1(1.4) 0 1(0.5)
Hispanic ethnicity*, N (%) 4(5.6) 3(4.2) 12 (17.4) 19 (8.9)
Height**, mean (SD), cm 176.3 (8.02) 172.4 (9.35) 173.3 (11.99) 174.0 (9.99)
Body weight**, mean (SD), kg 97.0 (15.01) 89.8 (18.61) 92.0 (19.75) 92.9 (18.05)
BMI, mean (SD), kg/m? 31.3 (4.62) 30.1 (5.52) 30.5(5.28) 30.6 (5.15)
Tobacco use
User 49 (68.1) 51(70.8) 50 (72.5) 150 (70.4)
Nonuser 19 (26.4) 13 (18.1) 12 (17.4) 44 (20.7)
Ex-user 4 (5.6) 8(11.1) 7(10.1) 19 (8.9)
Current alcohol use 18 (25.0) 19 (26.8)? 17 (24.6) 54 (25.5)
Characteristic (ITT Population) Placebo, N =71 ABT-288 10mg, N =70 ABT-288 25mg, N = 68 Total, N = 209
Age at onset of psychotic 23.0(8.37) 23.1(8.51) 22.0(7.81) 22.7(8.21)
symptoms, mean (SD), y
Age at schizophrenia 27.8 (9.35) 26.8 (9.19) 26.0 (8.23) 26.9 (8.93)
diagnosis, mean (SD), y
Age at first psychiatric 26.0 (9.82) 24.6 (9.17) 26.1 (8.47) 25.6 (9.13)
hospitalization, mean (SD), y
Age when antipsychotic drugs 27.9 (9.89) 25.9 (8.91) 25.3 (8.06) 26.4(9.02)
first prescribed, mean (SD), y
Months on stable antipsychotic 19.9 (20.27) 24.1 (44.03) 28.6 (36.77) 24.1 (35.07)
treatment, mean (SD)
Baseline PANSS total 65.4 (11.14) 62.8 (12.25) 65.1 (12.21) 64.4 (11.87)

score, mean (SD)

Note: BMI, body mass index; I'TT, intent-to-treat; PANSS, Positive and Negative Syndrome Scale.

AN =71 subjects.

* P < .05 for differences across treatment groups from Fisher’s exact test.

** P < .05 for differences across treatment groups from 1-way ANOVA.

Efficacy

The primary analysis included 188/214 randomized
subjects. Twenty-six randomized subjects (12.1%) were
excluded because they lacked a baseline or on-treatment
MCCB composite score (n = 21), they did not take a dose
of study drug (n = 1), or their data were not analyzed due
to the discovery of cognitive testing data falsification at 1
clinical site (n = 4).

The mean MCCB composite scores (£SD) at baseline
and the final evaluation were as follows: ABT-288 10mg
once daily baseline 29.48+10.93, final 31.10X£12.02;
ABT-288 25mg once daily baseline 25.95+12.47, final
26.61+11.31; and placebo baseline 28.77+12.23, final
30.79 £ 12.56. Mean increases (improvement) from base-
line to day 84 were observed for all treatment groups.
Least-squares mean increases in the MCCB composite

score for ABT-288 10mg (1.90, P = .618 vs placebo) and
ABT-288 25mg (0.64, P = .946 vs placebo), however,
were less than the placebo group (2.19), indicating no
meaningful improvement in cognition. The difference in
the change from baseline to day 84 least-squares means
(£SE) vs placebo was —0.29+0.950 for ABT-288 10mg
and —1.55%£0.949 for ABT-288 25mg. Results from the
secondary ANCOVA analysis of the MCCB composite
score concurred with the primary analysis (figure 2). The
results from a post hoc 2-tailed analysis were consistent
with the primary analysis (2-sided P = .762 and .108 for
ABT-288 10mg and 25 mg, respectively).

Results of other secondary efficacy analyses generally
agreed with the primary analysis. There were no significant
treatment group differences between each ABT-288 dose
group and placebo in the ANCOVA analyses on any of the
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MCCB Composite Score (ITT Population)
LS Mean Change from Baseline

—O—Placebo ~ l~ ABT-288 10 mg = A= ABT-288 25 mg

A
1
-1.5
Baseline Day 42 Day 84 Final
No. of subjects:
Placebo 66 58 66
ABT-288 10 mg 61 52 61
ABT-288 25 mg 61 52 61

Fig. 2. MCCB composite score: LS mean change from baseline over time (ITT population). ITT, intent-to-treat; LS, least squares;
MCCB, MATRICS Consensus Cognitive Battery. Mixed-effect model repeated-measures analysis of change from baseline to each visit
and the secondary ANCOVA of change from baseline to the final evaluation for the MCCB composite score. Error bars represent the SE

of the least squares means.

MCCB domains, or the NSA-16, PANSS, UPSA-2, and
CGI-S scores (table 2). There were no meaningful differ-
ences on change from baseline to final scores on the PANSS
total (—1.46, —2.41, —3.80), positive (—0.72, —0.97, —1.05),
negative (—0.60, —1.09, —0.88), or general psychopathology
(—0.20, —0.50, —1.91) scores for the ABT-288 25mg, ABT-
288 10mg, and placebo treatment groups, respectively.
Sporadic changes were observed at various time points on
the CANTAB battery, but these changes were not accom-
panied by corresponding changes on the MCCB.

Pharmacokinetics

ABT-288 mean plasma exposures were 40%-50% lower
than previously observed in subjects with stable schizo-
phrenia in a phase 1 setting, suggesting low study drug
compliance. Examination of the individual ABT-288
plasma concentrations at the different visits suggested
that approximately 40% of the subjects overall were non-
compliant, at least occasionally. Approximately 20% of
the subjects were consistently non-compliant (ie, in >3
visits) and 30% of the subjects appeared to be non-com-
pliant at the final visit. Approximately 15% of subjects
had no measurable ABT-288 levels from at least one visit.
However, approximately 80% of the subjects overall had
plasma concentrations within or higher than the than pre-
clinical efficacious plasma concentrations at the final visit.

Safety

Approximately 60% of subjects (n = 127) experienced an
adverse event and 11 subjects (5.2%) experienced a serious
adverse event, with rates similar across treatment groups
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(table 3). Compared with placebo, higher percentages of
subjects in both ABT-288 dose groups reported adverse
events assessed by the investigator as probably or possibly
related to study drug. Serious adverse events of anxiety
and paranoia in the ABT-288 10mg group and one event
of suicidal ideation in the ABT-288 25 mg group were clas-
sified by the investigator as possibly related to ABT-288.
Compared with placebo, statistically significantly greater
proportions of subjects had adverse events in the “psychi-
atric disorders” System Organ class in the ABT-288 10mg
group (P = .010 vs placebo) and in both ABT-288 doses
combined (ABT-288 overall; P = .011 vs placebo). A sig-
nificantly greater number of subjects had adverse events
related to sleep disorders and sleep disturbances in the
ABT-288 10mg group (P = .028 vs placebo) and in the
ABT-288 overall group (P = .037 vs placebo; table 3).
There was a statistically significant treatment difference
among treatment groups in the percentage of subjects
whose primary reason for study discontinuation was an
adverse event (P = .012) or given as any reason for discon-
tinuation (P = .011). MedDRA preferred terms psychotic
disorder (n = 4) and anxiety (n = 2) were the most frequent
adverse events leading to discontinuation (n = 17 total). No
clinically meaningful changes or trends related to ABT-288
treatment were identified in laboratory values, vital signs,
ECG measurements, or C-SSRS and PWC-20 ratings.

Discussion

Neither dose of ABT-288 demonstrated pro-cognitive
efficacy in subjects with schizophrenia in this study. While
the composite score of the MCCB in all 3 treatment
groups increased (improved) from baseline to day 84, the



Table 2. Secondary Efficacy Results, ANCOVA (ITT Population)

ABT-288 and Cognitive Impairment in Schizophrenia

Assessment Placebo ABT-288 10 mg ABT-288 25 mg
MCCB composite score N =66 N=61 N =61

Baseline mean (SD) 28.77 (12.23) 29.48 (10.93) 25.95(12.47)

LS mean change to final (SE), P 2.22(0.67) 1.70 (0.70),.712 0.49 (0.70), .966
MCCB domains speed of processing

Baseline mean (SD) 33.36 (11.82) 34.33 (9.77) 30.59 (10.55)

LS mean change to final (SE), P 2.28 (0.88) 3.02(0.93),.276 3.18(0.93), .238
Verbal learning

Baseline mean (SD) 38.20 (7.54) 38.51 (7.70) 35.39 (7.55)

LS mean change to final (SE), P 0.78 (0.75) 0.75(0.79), .514 —0.49 (0.79), .883
Working memory

Baseline mean (SD) 36.02 (12.38) 37.07 (10.62) 33.28 (11.83)

LS mean change to final (SE), P 1.68 (0.76) 1.59 (0.81),.533 0.36 (0.80), .889
Reasoning and problem solving

Baseline mean (SD) 41.09 (10.04) 39.72 (8.14) 40.11 (9.70)

LS mean change to final (SE), P 2.34 (0.69) 2.04(0.72),.623 0.18 (0.72),.987
Visual learning

Baseline mean (SD) 38.47 (11.47) 37.23 (11.21) 36.64 (12.06)

LS mean change to final (SE), P 1.96 (1.16) 1.44 (1.21),.625 —-0.21 (1.21),.907
Attention/vigilance

Baseline mean (SD) 37.85(12.29) 37.03 (10.71) 36.49 (12.03)

LS mean change to final (SE), P 0.17 (1.11) 1.14 (1.16), .267 —0.04 (1.16), .553
Social cognition

Baseline mean (SD) 34.05 (13.09) 37.80 (13.43) 34.30 (12.82)

LS mean change to final (SE), P 1.22(1.14) —-1.07 (1.20),.922 -2.12(1.19),.981
UPSA-2 total score N =157 N=55 N=353

Baseline mean (SD) 89.95 (13.75) 89.05 (15.03) 86.02 (17.47)

LS mean change to final (SE), P 3.29(1.34) 2.23(1.39),.720 0.25(1.38),.949
NSA-16 total score N =69 N =065 N =64

Baseline mean (SD) 44.51 (10.08) 43.80 (11.99) 44.41 (10.60)

LS mean change to final (SE), P —-1.59 (0.70) —1.28 (0.73), .624 0.22 (0.73),.967
PANSS total score N =68 N =66 N=063

Baseline mean (SD) 65.12 (11.19) 63.21 (12.42) 65.30 (12.17)

LS mean change to final (SE), P —3.80 (0.91) —2.41(0.95), .861 —1.46 (0.96), .965
CGI-S N =69 N =65 N =64

Baseline mean (SD) 3.61(0.57) 3.49 (0.71) 3.63(0.55)

LS mean change to final (SE), P —0.22 (0.05) —0.16 (0.06), .776 0.01 (0.06), .998
Cigarettes/day over past week* N =41 N =46 N=42

Baseline mean (SD) 12.23 (7.06) 13.50 (9.91) 12.29 (7.72)

LS mean change to final (SE), P —0.86 (0.87) —0.37 (0.83), .661 0.93(0.84),.936
Number of days drinking during the past week?® N=15 N=16 N=14

Baseline mean (SD) 0.40 (0.91) 0.56 (0.81) 0.36 (0.84)

LS mean change to final (SE), P —0.06 (0.43) 0.41(0.42),.785 —0.44 (0.44), .257

Note: CGI-S, Clinical Global Impression-Severity; ITT, intent-to-treat; LS, least squares; MCCB, MATRICS Consensus Cognitive
Battery; NSA-16, 16-item Negative Symptom Assessment Scale; PANSS, Positive and Negative Syndrome Scale; UPSA-2, University of
California San Diego Performance-based Skills Assessment-2.

P-values (italicized) are one-sided specified a priori.
*Current smokers and drinkers, respectively, in the ITT.

change from baseline in both ABT-288 treatment groups
was not statistically different from placebo. Results from
secondary efficacy measures were consistent with findings
from the primary analysis.

Two safety signals were detected in this study. There
was a higher incidence of psychosis-related adverse
events in the active treatment groups. An increase in
psychosis-related events were observed in the phase
1 study in subjects with schizophrenia, but the inflec-
tion point appeared to occur at doses greater than

those used in this study.’” Higher rates of psychosis
were not reported in previous schizophrenia studies
with H3 antagonists.'®!” However, doses in all of these
trials were comparable to those used in other popu-
lations, not the 10-fold increase administered in this
study. Although an increase in locomotor activity was
not observed in animal models, these findings suggest
ABT-288 may be activating in the schizophrenia popu-
lation at high doses. There was also a higher rate of
sleep-related adverse events associated with ABT-288
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Table 3. Summary of Treatment-Emergent Adverse Events (Safety Population)

Overall, N (%) Placebo, N =72 ABT-288 10mg, N =72 ABT-288 25mg, N = 69 Total, N =213
Any adverse event 41 (56.9) 48 (66.7) 38 (55.1) 127 (59.6)
Discontinued due to an adverse event* 1(1.4) 10 (13.9) 6(8.7) 17 (8.0)
Possibly or probably drug related®** 16 (22.2) 28 (38.9) 27 (39.1) 71 (33.3)
Severe adverse event 34.2) 5(6.9) 2(2.9) 10 (4.7)
Moderate adverse event® 15 (20.8) 20 (27.8) 19 (27.5) 54 (25.4)
Mild adverse event® 23 (31.9) 23 (31.9) 17 (24.6) 63 (29.6)
Serious adverse event 3(4.2) 5(6.9) 3(4.3) 11(5.2)
Adverse events reported by for 4 or more subjects taking ABT-288

MedDRA preferred term, N (%)

Insomnia 4(5.6) 12 (16.7) 9(13.0) 25 (11.7)
Headache 3(4.2) 9(12.5) 3(4.3) 15 (7.0)
Nausea 3(4.2) 8 (11.1) 4 (5.8) 15 (7.0)
Dizziness 2(2.8) 2(2.8) 8 (11.6) 12 (5.6)
Dry mouth 4 (5.6) 2(2.8) 6(8.7) 12 (5.6)
Hypertension 2(2.8) 4(5.6) 34.3) 94.2)
Psychotic disorder 34.2) 3(4.2) 3(4.3) 9(4.2)
Abnormal dreams 1(1.4) 4(5.6) 3(4.3) 8(3.8)
Cough 3(4.2) 2(2.8) 3(4.3) 8 (3.8)
Nasopharyngitis 2(2.8) 2(2.8) 4(5.8) 8(3.9)
Anxiety 0 4 (5.6) 3(4.3) 7(3.3)
Diarrhoea 2(2.8) 2(2.8) 3(4.3) 7(3.3)
Depression 0 4 (5.6) 2(2.9) 6(2.8)
Agitation 1(1.4) 2(2.8) 2(2.9) 5(2.3)
Hot flush 0 2(2.8) 3(4.3) 5(2.3)
Adverse events of special interest?

Psychosis and psychotic disorders 4 (5.6) 8 (11.1) 11 (15.9) 23 (10.8)
Hostility and aggression 6(8.3) 8 (11.1) 8(11.6) 22 (10.3)
Sleep disorders and disturbances* 5(6.9) 15 (20.8) 10 (14.5) 30 (14.1)
Arrhythmia-related investigations, 1(1.4) 2(2.8) 2(2.9) 5(2.3)
signs, and symptoms

Suicide/self-injury 0 2(2.8) 3(4.3) 5(2.3)

Note: MedDRA, Medical Dictionary for Regulatory Activities.

[nvestigator believed the event was possibly or probably related to study drug.
®Subjects whose most severe adverse event was rated as “moderate” by the investigator.
“Subjects whose most severe adverse event was rated as “mild” by the investigator.

dStandardized MedDRA Query or MedDRA High Level Group Term.

*P < .05 for ABT-288 10mg and both doses of ABT-288 combined vs placebo (Fisher’s exact test).
**P < .05 for ABT-288 10mg, ABT-126 25mg, and both doses of ABT-288 vs placebo (Fisher’s exact test).

treatment. This is consistent with observations from
our phase 1 studies and reports of other H3 antago-
nists'®'” and is not unexpected given the release of the
pro-wake neurotransmitter histamine that is central to
the mechanism of H3 antagonists."

This study was designed largely in accordance with
the MATRICS guidelines, and several lines of evidence
suggest the hypothesis was adequately tested. The overall
subject completion rate of 80.3% was comparable to other
trials of CIAS in clinically stable patients.'®!” The placebo
response on the MCCB (which may include practice and
trial effects) was approximately 2 points, an effect similar
to that reported in previous trials of 8-12 weeks in dura-
tion in the stable schizophrenia population.**** The sta-
tistical variability on the primary endpoint as measured
by the SD of the change score (5.6) was lower than those
values reported in similar trials.*** The plasma concentra-
tions achieved in the clinical trial were within or generally
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greater than those that produced pro-cognitive effects
in animal models. There was ample evidence of target
engagement, given the higher incidence of sleep-related
adverse events in individuals receiving ABT-288 compared
with placebo. The sample size of this trial was based on a
1-sided test and would have only 62% power to detect a
0.35 effect size. The improvement of both ABT-288 doses
on the primary efficacy endpoint was numerically lower
than that of the placebo group. It is, therefore, unlikely
that a larger trial would have produced positive results.
These negative clinical findings were in contrast to the
consistent and reproducible preclinical pro-cognitive effects
of ABT-288 observed across several domains relevant to
schizophrenia.'® These findings underscore a broader chal-
lenge in neuropsychiatric drug development, as preclinical
behavior models do not fully recapitulate the human disease.
Published results of clinical trials with other H3 antag-
onists have shown mixed results, with some success in



wake promotion but an absence of an effect in cogni-
tion.*>*” MK-0249 had no positive effects on cognition
in patients with mild-to-moderate AD,'? schizophrenia,'®
or in adults with ADHD.' Other publicly available data
indicate that GSK239512 failed to demonstrate an effect
in subjects with schizophrenia'” and mild-to-moderate
AD," as did the H3 antagonist PF-03654746 in studies
of CIAS, AD, and ADHD.>** In over 400 adults with
ADHD, bavisant had no significant improvement ADHD
symptoms, in contrast to the active controls.!

Additionally, a 12-week multicenter, randomized pla-
cebo-controlled trial of ABT-288 in 242 patients with
mild-to-moderate AD did not demonstrate a pro-cogni-
tive effect.* This study replicates the same finding of a
lack of pro-cognitive effects of ABT-288 in subjects with
schizophrenia. Despite their differences, the doses evalu-
ated in the AD and present trial are comparable when the
limits of ABT-288 tolerability in the respective popula-
tions are considered.

While previous research has implicated the histaminer-
gic system in the pathophysiology of schizophrenia,>**!
ABT-288 did not demonstrate pro-cognitive effects in sta-
ble subjects with schizophrenia. In our opinion, the lack
of effect in this and other studies of other H3 antagonists
published in peer reviewed journals or presented at scien-
tific symposia lead us to conclude that this is not a viable
target to elicit cognitive improvement in CIAS or other
cognition-related indications.

Supplementary Material

Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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