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Double blind, two dose, randomized, placebo-controlled,
cross-over clinical trial of the positive allosteric modulator
at the alpha7 nicotinic cholinergic receptor AVL-3288
in schizophrenia patients
Joshua T. Kantrowitz1,2,3, Daniel C. Javitt1,2,3, Robert Freedman 4, Pejman Sehatpour1,2,3, Lawrence S. Kegeles1,2, Marlene Carlson1,2,
Tarek Sobeih3, Melanie M. Wall1,2, Tse-Hwei Choo1,2, Blair Vail2, Jack Grinband1,2 and Jeffrey A. Lieberman1,2

Despite their theoretical rationale, nicotinic alpha-7 acetylcholine (nα7) receptor agonists, have largely failed to demonstrate efficacy in
placebo-controlled trials in schizophrenia. AVL-3288 is a nα7 positive allosteric modulator (PAM), which is only active in the presence
of the endogenous ligand (acetylcholine), and thus theoretically less likely to cause receptor desensitization. We evaluated the efficacy
of AVL-3288 in a Phase 1b, randomized, double-blind, placebo-controlled, triple cross-over study. Twenty-four non-smoking,
medicated, outpatients with schizophrenia or schizoaffective disorder and a Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) ≥62 were randomized. Each subject received 5 days of AVL-3288 (10, 30mg) and placebo across
three separate treatment weeks. The primary outcome measure was the RBANS total scale score, with auditory P50 evoked potential
suppression the key target engagement biomarker. Secondary outcome measures include task-based fMRI (RISE task), mismatch
negativity, the Scale for the Assessment of Negative Symptoms of Schizophrenia (SANS) and the Brief Psychiatric Rating Scale (BPRS).
Twenty-four subjects were randomized and treated without any clinically significant treatment emergent adverse effects. Baseline
RBANS (82 ± 17) and BPRS (41 ± 13) scores were consistent with moderate impairment. Primary outcomes were negative, with non-
significant worsening for both active groups vs. placebo in the P50 and minimal between group changes on the RBANS. In conclusion,
the results did not indicate efficacy of the compound, consistent with most prior results for the nα7 target.
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INTRODUCTION
Schizophrenia is a major public health problem associated with
positive and negative symptoms [1], along with cognitive deficits
[2–4] that represent a core feature of the disorder [5, 6] and are
highly predictive of functional outcomes [7, 8]. All FDA approved
antipsychotic drugs for schizophrenia act primarily by blocking
dopamine D2 receptors [9]. While generally effective for positive
symptoms, antipsychotics have minimal efficacy for cognitive and
negative symptoms, indicating the need for alternative treatments
[1, 10, 11].
Based on observations of the high rate of nicotine (tobacco) use

in schizophrenia [12, 13], study of nicotinic alpha-7 acetylcholine
(nα7) receptors has been proposed as a potential target for drug
development [14]. As recently reviewed [15, 16], activation of nα7
receptors can modulate both the glutamate [17] and dopaminer-
gic [18, 19] systems. The nα7 receptor is localized on gamma-
aminobutyric acid (GABA)-ergic interneurons, and its activation
allows for the release of GABA, which activates presynaptic
inhibitory GABAB receptors on the excitatory inputs to the
glutamatergic pyramidal cells.
While the focus of clinical trials of nα7 agonists in schizophrenia

have primarily been on cognition, trials have also evaluated

efficacy on negative symptoms. The results of nα7 targeted trials
have been variable at best to date, suggesting either limitations in
the experimental compounds or the therapeutic viability of the
target. In general, initial Phase II studies of several, but not all nα7
agonists, including DMXB-A [20], JNJ-39393406 [21], EVP-6124
[22], TC-5619 [23], ABT-126 [24], and RG3487 [25] tended to show
statistically significant, but small effect size improvements on
cognitive and negative symptoms that did not replicate in larger
follow-ups [26–28].
An ongoing issue with nα7 receptor agonist development is that

the nα7 receptor quickly desensitizes in the presence of agonists
[26]. A possible solution to this is the use of positive allosteric
modulators (PAMs) of the α7 receptor, which are only active in the
presence of acetylcholine and thus less likely to cause desensitiza-
tion [29]. AVL-3288, a “first in class”, selective, nα7 receptor PAM
was recently tested in a single-dose Phase 1a study in healthy
controls [30], finding non-significant, but moderate effect size
acute improvements in cognition (d= 0.49) in the 10 and 30mg
non-smoking cohorts.
The present report is both the first study of AVL-3288 in

schizophrenia and the first multi-dose assessment of target
engagement, hypothesizing greater improvements in at least
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one AVL-3288 dose vs. placebo. To avoid interactions with
nicotine, we only enrolled nonsmokers. We conducted this study
using the NIMH Fast-Fail approach [31–33], which supports
conducting target engagement studies to assess whether the
experimental agent is present in the brain and binding its
molecular target in adequate concentrations to exert therapeutic
effects. As previously reviewed [32, 34], the use of pre-specified
target engagement biomarkers in early stage trials can help
determine both the therapeutic viability of the experimental
compounds and dose range prior to larger Phase II studies. In
particular, the Fast-Fail approach suggests failing a compound if
adequate target engagement is not reached.
As in previous nα7 agonist trials [20, 30], we utilized the

Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) [35] and P50 [36] as the primary biomarkers.
Secondary outcomes included the Brief Psychiatric Rating Scale
(BPRS) [37], the scale for the assessment of negative symptoms
(SANS) [38], the relational and item specific encoding (“RISE”) task
[39, 40] and in a subsample, mismatch negativity (MMN).
In the P50, sensory gating is assessed based on the auditory-

evoked response to the second stimuli of a paired stimuli
paradigm [36]. In healthy controls, the second (test) stimuli
generates a P50 wave with less than half the amplitude of the
initial or conditioning stimuli, but in schizophrenia, there is
significantly less inhibition of the test response [36]. While P50 is
not a direct measure of nα7 target engagement, there is an
extensive literature linking nα7 receptor function to P50 gating
[41, 42], including positive genetic linkages for the 15q13eq14
region for both schizophrenia and P50 sensory gating deficits [43].
The RISE task has not been used in previous nα7 trials but is a well
validated and known to engage dorsolateral prefrontal cortex
(DLPFC) and hippocampal regions involved in long term memory.
Schizophrenia patients show reduced DLPFC BOLD activation [44],
suggesting potential biomarker utility of the task.
In the present project, two doses of AVL-3288 (10 and 30mg)

were chosen based on preliminary evidence of efficacy and safety
in the single-dose Phase 1a study [30]. Each treatment-phase
involved five consecutive days of the study drug (at either 10 or
30mg) or placebo followed by a 16-day washout period. The drug
was fully eliminated at 4 days in the Phase 1a study [30], and a
5 day exposure was used for each dose to provide additional
safety and efficacy information to inform possible Phase 2 studies
of longer duration.

MATERIALS AND METHODS
Subjects
This was a Phase 1b, randomized, placebo-controlled, double-
blind, cross-over investigation conducted at Columbia University
Medical Center/New York State Psychiatric Institute (CUMC/NYSPI).
The study was approved by the New York State Psychiatric
Institute Institutional Review Board, and conducted between
January 2017 and November 2018. Written informed consent was
obtained from all participants prior to participation. The trial
protocol can be found in Supplement 1.
Enrollment criteria included male and female subjects diagnosed

with schizophrenia or schizoaffective disorder, aged 18–50, non-
smoking (serum cotinine <20), medically stable, RBANS ≥62, stable
dose of antipsychotic medication other than clozapine for at least
4 weeks, lack of participation in study of investigational medication/
device within 4 weeks. The RBANS lower limit was set at >1% of the
initial standardization sample [45] to allow for a capacity to learn,
and changed from ≥65 (upper limit of the 1% range) to ≥62 (lower
limit of the 1% range) midway through the study.

Design
After providing informed consent, and medical/psychiatric screen-
ing to confirm eligibility, subjects underwent a screening RBANS.

Each subject completed each of the three treatment-phases in a
double-blind, randomized order. Each treatment-phase involved
five consecutive days of either AVL-3288 (10 or 30 mg) or placebo
followed by a 16-day washout period. Each study drug treatment
was taken in the clinic. Non-smoking status was verified by
cotinine tests at screening and each treatment week. A
randomization list was produced by the study biostatistician.

Behavioral assessments
The primary outcome measure was the RBANS total scale score,
conducted 45min post dose on day five of each treatment week, with
subscales secondary. To minimize practice effects, four versions of the
RBANS were used for the four assessments. Symptoms were assessed
with the BPRS and SANS on the 4th day of treatment, after the MRI.

Electrophysiology
P50 inhibition was conducted with previously described methods
[30] on the fifth day of each treatment, beginning immediately
after the RBANS. MMN was collected in a subsample (n= 6) [46].

RISE task methods
Task-based fMRI was conducted on the fourth day of each
treatment phase. The RISE task was implemented in accordance
with [44]. Briefly, subjects viewed a series of visual depictions of
objects that were presented in pairs on a presentation screen
within the MRI scanner. Examples included pictures of animals
(e.g., owl, snail) or inanimate objects (e.g., apple, pail). fMRI data
was collected during one encoding phase and two retrieval
phases. During the encoding phase, subjects viewed pairs of
objects and alternated between performing an item-specific
encoding task (e.g., Is either object living?) and a relational
encoding task (e.g., Can one object fit inside the other?). During an
item recognition phase, subjects viewed pairs of items that were
either previously presented or previously unstudied (50% each)
and indicated whether they were new or old. During an
associative recognition phase, subjects indicate whether the two
items had previously been presented together.
In all phases, trials were presented for 3 s each with a 0–10 s

jittered intertrial interval. BOLD data were analyzed using multiple
linear regression implemented in fMRI Expert Analysis Tool. For
this task, the primary outcome measures included behavioral
performance and DLPFC BOLD activation on the item and
associative recognition task.

Pharmacokinetics
Steady state and washout-phase pharmacokinetics (PK) were
conducted as described in [30], with AVL-3288 plasma level
assessed at 4 h post dose on day 4 of each treatment week, and
during the washout phase, at least 8 days after last dose.

Power analysis
The study was powered on the RBANS total effects in the Phase 1a
study [30]. There were eight subjects per dose cohort in this study.
The power analysis assumed a moderate within subject correlation
of 0.33 between the RBANS assessments, and the sample size of
24 had ample capability to tolerate drop-outs, with only
13 subjects needed for a minimal power of 0.8 (1-beta at alpha
—0.05 2 tails). The aim of the study was to determine if there is an
effect of AVL-3288 in patients with schizophrenia at any dose vs.
placebo. Therefore, there was no correction for multiple doses or a
planned between dose comparison.

Statistical analysis
Demographics and outcomes at baseline were summarized for the
overall sample using means and SDs for continuous variables, and
proportions and frequencies for categorical variables.
The effect of AVL-3288 on the main outcomes of cognition,

symptoms, and neurophysiological measures were assessed using
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repeated measures linear regression models, featuring an AR(1)
correlation structure to account for within-subject correlations, with
the change from baseline of the outcome measure, for all of the
three post-treatment assessments, as the response variable.
Treatment was the predictor of interest, with time and the baseline
value of the outcome as covariates. This model was fit for each of
the outcomes: BPRS (total and subscales), SANS (total and
subscales), RBANS (total and subscales), P50, and MMN. Since there
was no baseline assessment for the RISE task outcomes, similar
models were fit, except that the response variable was the absolute
score, and the baseline covariate was omitted. Contrasts from the
models were used to estimate the change from baseline for each
treatment, and the pairwise differences between treatment and
placebo. Models were also fit to assess the effects of time, treatment
order, and for the RBANS outcomes, test version.
Additionally, Spearman’s correlation coefficients were calcu-

lated to assess the relationship between study outcomes, for each
of the three post-treatment assessments. Descriptive statistics
were produced for adverse events and for drug concentrations in
blood sample. All analyses were performed using SAS version 9.4.
Values in text are Mean ± SD.

RESULTS
Sample
Twenty-four subjects (Fig. 1; Table 1) were randomized and
included in the safety analysis. Baseline RBANS (82 ± 17) and BPRS
(41 ± 13) scores were consistent with moderate baseline impair-
ment. Nineteen subjects completed all three phases, with two
additional subjects completing Treatment week 3 assessments
after stopping study drug mid treatment-phase.

Symptom and cognition effects
AVL-3288 treatment was not associated with any significant
between-group improvements in the RBANS total for the either
the 10 mg (t41= 0.24, p= 0.81, d=−0.04) or 30mg dose (t41=
0.32, p= 0.75, d= 0.05) vs. placebo (Table 2). There was no
significant order effect (F5,18= 0.68, p= 0.65). Change in RBANS
subscale scores were also non-significant. A non-significant,
moderate effect size in the delayed memory domain favoring
the 30mg dose was seen (d= 0.33, Table 2). Significant
improvement for the 10 mg group vs. placebo (t37= 2.3, p=
0.03, d= 0.33) was seen for the SANS attention subscale, but there
were no other significant between group changes in the other
SANS or BPRS outcomes (Table 2).

Neurophysiological measures
EEG. All three groups exhibited significant within group
P50 suppression, but there were no significant between-group
improvements for the 10mg (t40= 0.88, p= 0.38, d=−0.10) or
30mg dose (t40= 0.2, p= 0.23, d=−0.13) vs. placebo (Table 2).
There was no significant order effect (F5,18= 0.25, p= 0.93).
MMN was collected in a subsample (Table 2), finding significant
worsening for the 10 mg group vs. placebo (t5= 2.7, p= 0.04, d=
−0.84) for MMN to frequency deviants.

MRI. Due to technical issues, the RISE task was not completed in
all subjects. 18, 18, and 19 subjects were included in the 10mg, 30
mg, and placebo groups, respectively. There were no significant
between group differences in behavioral change in item recogni-
tion or association following encoding for either dose, nor were
there any significant between-group changes in BOLD (Table 2). A
non-significant, small-moderate effect size advantage for the 30
mg dose was seen for BOLD during the recognition task (d= 0.30).

Pharmacokinetics
AVL-3288 levels were assessed per schedule (Table 3), and treat-
ment phase levels were consistent with Phase 1a studies [30].

Unexpectedly, the 5-day treatment led to accumulation in drug
levels, leading to detectable drug levels during the washout and
placebo phase for treatment periods 2 and 3.

Confounding factors
Several post hoc analysis were conducted to control for the
unexpected drug accumulation. Results remained non-significant
in a per protocol sample of completers, analysis of treatment
phase 1 only, and after control for drug level (not reported).

Correlational analysis
There were no significant correlations between primary biomar-
kers and clinical outcomes within the active groups.

Safety measures
No clinically significant side effects were observed. Five patients
were withdrawn, three for unrelated lab abnormalities, one for
positive cotinine test, and one for withdrawn consent. Nausea,
somnolence, headache, dizziness and urinary urgency were the
only side effects reported in more than 5% in the active groups
(Table 4).

DISCUSSION
AVL-3288 was well tolerated at all doses but did not significantly
affect the primary target engagement (P50) or cognitive (RBANS)
outcomes at any of the tested doses. The lack of effects on the
measures of target engagement is consistent with a lack of clinical
effect, and with negative meta-analysis of prior nα7 receptor
agonist studies in schizophrenia [14]. Although our results are
negative, this study demonstrates the utility of the NIMH Fast-Fail
approach [31–33].
P50 was used as the primary measure of target engagement due

to studies suggesting impairment in schizophrenia and relationship
with nα7 receptor agonist function [47]. Additionally, P50 may be
normalized by clozapine treatment [48], suggesting potential
clinical relevance. In the present report, P50 showed non-significant,
reduced suppression vs. placebo, while MMN significantly wor-
sened. Thus, to the extent that auditory biomarker changes were
observed, they were in the direction of worsening. Similarly, there
were no significant between group changes in the RISE task. Prior
nα7 receptor agonist studies have shown varied effects on P50 and
other auditory biomarkers such as MMN [17, 20, 21, 30]. In contrast
to studies of glutamatergic treatments [49–52], auditory biomarker
changes in nα7 receptor agonist studies may have a less clear
relationship to clinical or cognitive improvement.
Several limitations of the present study should be acknowl-

edged. First, our design of three five-day treatments restricted our
assessments to subchronic changes. While it is possible that a
longer duration of treatment would lead to improvements, the
lack of target engagement argues against this. Second, although
the crossover design limited the number of patients who were
exposed to an investigational drug with unknown benefit, this
design increases the potential for carryover effects from repeated
treatment and practice from testing exposure. In particular, we
saw an unexpected accumulation in drug levels leading to
detectable levels across all groups, including placebo. Never-
theless, we do not feel that this meaningfully impacted the results,
as there was not a significant order effect or a change in results
after controlling for AVL-3288 level. Moreover, we did not see any
indication of a drug effect in Treatment Phase 1, i.e., prior to
accumulation of drug. The RBANS exhibited limited practice
effects in a previous, similar study [20]. In our statistical analysis,
we used a general linear model that accounts for both order
(practice) effects and intersubject variance to analyze treatment
effects.
Third, while studies have shown positive P50 results [17, 20], not

all [21, 30] previous nα7 studies have shown significant P50 effects
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of nα7 receptor agonists. Moreover, P50 is not a direct measure of
nα7 receptor target engagement. Thus, it is possible that even the
highest tested AVL-3288 dose, 30 mg, was too low to engage the
nα7 receptor in this study. Finally, it is possible that the exclusion

of smokers from the present and most prior trials of nα7 receptor
agonists could potentially bias against the inclusion of patients
who have self-selected for nicotine responsiveness. In partial
support of this, a recent trial of a nα7 receptor agonist in smokers
showed a trend level effect for negative symptoms [28].
In conclusion, the present results do not support AVL-3288 as a

potential treatment for schizophrenia. Our results are consistent
with most prior results for the nα7 target, including a negative
meta-analysis [14] and multiple failed Phase III studies. We are
unaware of active studies using this mechanism. These results
suggest caution for further, non-biomarker guided study of the
nα7 receptor as a therapeutic target in schizophrenia. Future work
on the specificity of P50 as a nα7 receptor biomarker could be
warranted.

FUNDING AND DISCLOSURE
JTK reports having received consulting payments within the last
24 months from Krog & Partners Incorporated, IQVIA, Alphasights,
Charles River Associates, Putnam Associates, Piper Jaffray,
MEDACorp, Simon Kucher, LifeSci Capital, ECRI Institute, Third
Bridge, and BVF Partners. He has served on the Aristada
Schizophrenia Advisory Board for Alkermes and the MedinCell
Advisory Board. He has conducted clinical research supported by

Consort Diagram – AVL-3288 

Subjects Consented = 43

Subjects who screen failed = 19  
*x4 Cotinine (including two with positive Utox) 
*x7 Low RBANS 
*x4 Declined participation 
*x4 Abnormal baseline labs

Completed 30 mg= 23 Completed 10 mg= 21 
2 additional subjects 
completed outcome 
assessments after 
stopping mid treatment 
week 3 for unrelated 
abnormal labs.  

Completed Placebo =22

Completed all three phases: n=19 
Early Termination = 5 
*x1 Withdrew Consent  
*x1 Positive Cotinine 
*x3 Abnormal labs  

Randomized = 24 

Fig. 1 Consort chart.

Table 1. Demographics and baseline characteristics.

Age (Mean ± SD) 35.6 ± 7.1

Male % 83.3%

High school graduate (%) 75%

Completed 30mg phase (n) 23

Completed 10mg phase (n) 21a

Completed placebo phase (n) 22

BPRS (Mean ± SD) 39.5 ± 12.6

SANS (Mean ± SD) 39.1 ± 17.3

RBANS total (Mean ± SD) 81.3 ± 15.7

P50 ratio 1.3 ± 1.1

aTwo additional subjects completed outcome assessments after stopping
mid treatment week 3 for unrelated abnormal labs.
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Table 2. Efficacy endpoint measures.

Change from Baselinea Mean ± SE p, db

Placebo 10mg 30mg 10 vs. p 30 vs. p

RBANS

Total −0.0 ± 2.2 −0.6 ± 2.2 0.7 ± 2.2 0.81, −0.04 0.75, 0.05

Immediate memory 5.2 ± 3.0 2.9 ± 2.9 5.0 ± 2.9 0.54, −0.16 0.94, −0.02

Visuospatial/Constructional −3.5 ± 1.9 −1.8 ± 1.9 −2.2 ± 1.9 0.35, 0.09 0.48, 0.07

Language −0.4 ± 3.4 −3.2 ± 3.3 1.0 ± 3.3 0.52, −0.15 0.74, 0.08

Attention 1.3 ± 2.8 −0.1 ± 2.7 −0.4 ± 2.7 0.63, −0.07 0.57, −0.08

Delayed memory −2.3 ± 3.0 0.7 ± 3.0 1.7 ± 3.0 0.43, 0.25 0.29, 0.33

P50 ratio −0.4 ± 0.1 −0.3 ± 0.1 −0.3 ± 0.1 0.38, −0.10 0.23, −0.13

BPRS

Total −3.0 ± 1.7 −2.3 ± 1.7 −1.1 ± 1.7 0.69, −0.05 0.24, −0.15

Positive −1.1 ± 0.7 −0.8 ± 0.7 −0.7 ± 0.7 0.59, −0.06 0.53, −0.07

Negative 0.0 ± 0.5 −0.1 ± 0.5 0.5 ± 0.5 0.81, 0.05 0.49, −0.13

SANS

Total −3.7 ± 2.5 −5.8 ± 2.5 −3.2 ± 2.5 0.42, 0.12 0.83, −0.03

Affect −0.7 ± 1.1 −0.6 ± 1.1 0.2 ± 1.1 0.95, −0.01 0.48, −0.11

Alogia −0.6 ± 0.8 −2.0 ± 0.8 −0.3 ± 0.8 0.15, 0.26 0.76, −0.05

Avolition −1.9 ± 0.8 −1.7 ± 0.7 −0.6 ± 0.7 0.79, −0.05 0.06, −0.38

Anhedonia −0.7 ± 0.8 −1.1 ± 0.8 −1.4 ± 0.8 0.60, 0.09 0.35, 0.16

Attention 0.1 ± 0.5 −0.5 ± 0.5 −1.1 ± 0.5 0.28, 0.16 0.03, 0.33

RISE

Recognition accuracy 0.84, 0.05 0.76, −0.08

Association accuracy 0.47, −0.22 0.56, 0.18

Recognition PE 0.89, −0.05 0.42, 0.30

Association PE 0.87, −0.05 0.98, 0.01

MMN

Frequency −0.2 ± 0.2 0.6 ± 0.2 0.2 ± 0.3 0.04, −0.84 0.25, 0.41

Duration 0.1 ± 0.2 0.0 ± 0.1 0.1 ± 0.1 0.68, 0.20 0.72, −0.15

aBold indicates significant within group improvement from baseline. MMN and RISE task were not completed at screening.
bBold indicates significant between group vs. placebo; Negative d indicates worsening vs. placebo.

Table 3. Pharmacokinetics (ng/ml).

Treatment Washouta

Time Treatment Mean Std Dev Mean Std Dev

1 30mg 320.74 72.36 43.45 19.05

10mg 154.34 29.36 16.09 7.18

Placebo 0.00 0.00 0.00 0.00

2 30mg 355.62 63.39 70.43 10.53

10mg 156.17 46.86 26.40 29.76

Placebo 27.01 17.06 21.46 16.87

3 30mg 301.24 68.15 60.78 27.11

10mg 162.72 82.25 68.86 22.86

Placebo 49.56 22.51 43.42 19.63

aTwo subjects dropped from treatment time 3 placebo washout for out
range values. Including these subjects: 50.9 ± 20.9 ng/ml.
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