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Objective: There are significant unmet
needs in the treatment of schizophrenia,
especially for the treatment of cognitive
impairment, negative syndrome, and
cognitive function. Preclinical data sug-
gest that agonists with selective affinity
for acetylcholine muscarinic receptors
provide a potentially new mechanism to
treat schizophrenia. The authors studied
xanomeline, a relatively selective muscar-
inic type 1 and type 4 (M1 and My) recep-
tor agonist, to determine if this agent is
effective in the treatment of schizophre-
nia.

Method: In this pilot study, the authors
examined the efficacy of xanomeline on
clinical outcomes in subjects with schizo-
phrenia (N=20) utilizing a double-blind,
placebo-controlled, 4-week treatment de-

sign. Outcome measures included the
Positive and Negative Syndrome Scale
(PANSS) for schizophrenia, the Brief Psy-
chiatric Rating Scale (BPRS), the Clinical
Global Impression (CGI) scale, and a test
battery designed to measure cognitive
function in patients with schizophrenia.

Results: Subjects treated with xano-
meline did significantly better than sub-
jects in the placebo group on total BPRS
scores and total PANSS scores. In the cog-
nitive test battery, subjects in the xanome-
line group showed improvements most
robustly in measures of verbal learning
and short-term memory function.

Conclusions: These results support fur-
ther investigation of xanomeline as a
novel approach to treating schizophrenia.

(Am J Psychiatry 2008; 165:1033-1039)

S chizophrenia is a severe chronic illness characterized
by symptoms that can be divided into three broad catego-
ries: positive symptoms, such as hallucinations and delu-
sions; negative symptoms, such as emotional blunting
and lack of motivation; and cognitive domain symptoms,
such as working memory, attention, and information pro-
cessing deficits (1). All of the currently available antipsy-
chotic drugs are effective in improving the positive symp-
toms of schizophrenia (2) and are presumed to have this
effect predominantly by antagonizing various dopamine
receptors (3). Some studies of the newer, so-called atypical
antipsychotics have demonstrated modest efficacy in
ameliorating the negative and cognitive symptoms of
schizophrenia (4). However, these benefits have not been
observed in larger trials, and the observed modest effects
still leave the majority of patients significantly disabled
(5). Moreover, several methodological issues may con-
found the interpretation of these findings. For example,
changes in negative symptoms may be pseudospecific to
changes in overall symptomology. That is, negative symp-
toms may improve as an indirect consequence of overall
improvement, not as a direct result of the treatment. In ad-
dition, differential effects on negative symptoms may re-
sult from differences in adverse effects and not efficacy, as
the side effects of some drugs make negative symptoms

worse (6). Furthermore, a substantial number of patients
do not respond, or are only partially responsive, to current
medications. Therefore, the need exists for novel thera-
peutic approaches, especially therapies that are effective
in multiple domains of schizophrenia, particularly if they
can have such effects via mechanisms other than the
dopamine receptor blockade (7).

A number of neurotransmitter systems modulate the
function of dopamine pathways in the CNS. Muscarinic
acetylcholine receptors are well recognized as having a
modulatory function on dopamine (8, 9). Muscarinic
receptor antagonists have been utilized for decades to
enhance function in dopamine-deficient states such as
Parkinson’s disease. Although the antipsychotic-like ac-
tions of muscarinic cholinomimetics, such as arecoline,
were first described in the literature many years ago (10),
such findings remain relatively unexamined in the cur-
rent literature.

Central muscarinic receptors are involved in various
functions, including movement regulation, nociception,
and cognition (11). Five muscarinic receptor subtypes
(M;-M;5) that are widely distributed in the CNS have been
cloned (12). A postmortem study revealed abnormalities
in these muscarinic receptors in several areas of the brain
in subjects with schizophrenia (13, 14). Unfortunately,
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TABLE 1. Demographic Characteristics of Subjects With
Schizophrenia Randomly Assigned to Treatment With
Either Xanomeline or Placebo

Placebo Group Xanomeline Group

Characteristic (N=10) (N=10)
Mean SD Mean SD

Age (years) 42.1 9.2 43.4 9.3

Education (years) 10.5 3.1 11.8 23

Duration of illness (years) 14.4 6.2 16.1 5.4

Baseline PANSS total score  85.2 10.22 81.3 5.1

N N
Gender (male/female) 8/2 6/4
Race (Caucasian/African 2/8 3/7

American)

TABLE 2. Effects of Treatment With Xanomeline on the
Positive and Negative Syndrome Scale (PANSS) and Scales
Assessing Movement Disorders

Difference Between
Xanomeline and

Placebo Groups Analysis
Clinical Outcome Mean SD p
Clinical Global Impression 1.1 1.5 0.94
total score
PANSS total score 24.0 21.0 0.0392
PANSS positive symptom score 5.0 7.0 0.0822
PANSS negative symptom score 6.0 8.0 0.0832
Change in Simpson-Angus 1.0 1.5 0.44°
Rating Scale total score
Change in Abnormal -1.4 2.1 0.56°
Involuntary Movement Scale
total score
Barnes Rating Scale for Drug- -1.1 1.4 0.182

Induced Akathisia total score

a Results (change in clinical outcome from baseline to last visit for
the two treatment groups) are based on ANCOVA; last observations
were carried forward.

many of these muscarinic receptor subtypes have oppos-
ing actions in central neuronal systems, and the therapeu-
tic potential of these receptors has been difficult to estab-
lish due to the lack of selective agents for the different
receptors. Recently, selective muscarinic ligands have
been developed that have shown promise in preclinical
studies (15).

Xanomeline is one such novel muscarinic agonist with
relative functional in vitro selectivity for the M; and M, re-
ceptor subtypes (16), and it has exhibited functional
dopamine antagonism and antipsychotic-like effects in ro-
dent models despite its lack of affinity for any dopamine
receptors. Xanomeline has been demonstrated to decrease
dopamine cell firing in the ventral tegmental area and is ef-
ficacious in behavioral tests predictive of antipsychotic ac-
tivity, namely reversal of dopamine agonist-induced rota-
tion and disruption of conditioned avoidance responding
(17). In a model of sensorimotor gating deficits in schizo-
phrenia (18), xanomeline also reversed dopamine agonist-
induced disruptions (19). An atypical antipsychotic profile
of xanomeline is evident by virtue of its low proclivity to in-
duce catalepsy, which is indicative of a low likelihood of
producing extrapyramidal side effects, and its ability to in-
crease extracellular levels of dopamine in the prefrontal
1034
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FIGURE 1. Effects of Treatment With Either Xanomeline or
Placebo on Total Mean Brief Psychiatric Rating Scale
(BPRS) Scores in Subjects With Schizophrenia?
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aSubjects in the xanomeline treatment group showed significantly
greater improvement in clinical outcomes by week 1 of the treat-
ment period.

* p<0.05.

cortex (20). In a clinical study of subjects with Alzheimer’s-
type dementia, this compound demonstrated efficacy in
improving the cognitive deficits associated with dementia
and improved the behavioral symptoms of delusions and
hallucinations (21). A recent primate study also demon-
strated that treatment with xanomeline is effective in
blocking the behavioral effects of dopamine agonists (22).
Therefore, we examined the efficacy of xanomeline on clin-
ical outcomes in subjects with schizophrenia in a pilot
study utilizing a double-blind, placebo-controlled, 4-week
treatment design. We hypothesized that xanomeline would
improve psychotic symptoms as well as significantly ame-
liorate cognitive deficits in patients with schizophrenia.

Method

Subjects

All clinical procedures were approved by the Institutional Re-
view Board at Indiana University Medical Center. Study partici-
pants were inpatients admitted to the research unit at the Neuro-
science Clinical Research Center at Indiana University Medical
Center with a diagnosis of either schizophrenia or schizoaffective
disorder. All subjects were hospitalized for acute exacerbation or
poor treatment response. One subject had been free of antipsy-
chotic medications for over 3 months, and another subject had
been drug free for 1 month. Twelve subjects were taking atypical
(second-generation) antipsychotics, and six subjects were taking
typical (first-generation) antipsychotics prior to entering the
study. All subjects exhibited either poor response or worsening
symptoms with treatment and were medication free for 3 to 7
days before entering the initial placebo phase of the study.

The purpose of the study and its procedures were explained to
all subjects, and informed consent was obtained. A total of 28
consecutively referred patients were screened; of the 24 subjects
who qualified for the study, 20 entered the study and were ran-
domly assigned to treatment after diagnostic and laboratory ex-
aminations. Diagnoses were made using the Structured Clinical
Interview for DSM-IV (SCID-1V) and confirmed by a second clin-
ical interview conducted by a psychiatrist.
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TABLE 3. Effects of Treatment With Xanomeline Versus Placebo on Cognitive Measures

Placebo Group

Xanomeline Group

Pretreatment  Posttreatment Change in  Pretreatment  Posttreatment Change in
Cognitive Measure Score Score Score Score Score Score
Speed of processing
Trail Making Test, part A: time 43.5 50.4 6.9 59.1 51.7 -7.4
Trail Making Test, part B: time 133.5 1443 10.8 160.8 151.6 -9.2
Attention/vigilance
Continuous Performance Test,
Identical Pairs Version:
Total D prime 2.4 3.0 0.6 2.1 2.9 0.8
Mean reaction time 393.4 431.2 37.8 416.8 386.0 -30.8
Coding 29.0 29.7 0.7 27.3 28.2 0.9
Working memory
Wechsler Adult Intelligence Scale, III:
Digit span forward 7.7 7.2 -0.5 7.8 9.5 1.7
Digit span backward 3.8 43 0.5 4.7 4.3 -0.4
Wechsler Memory Scale: 7.8 8.2 0.4 7.7 10.4 2.7
Digit span?®
Story recall® 5.1 7.1 2.0 5.6 9.0 3.4
Verbal learning
Hopkins Verbal Learning Test—Revised:
List recall 4.3 39 -0.4 4.1 4.4 0.3
List recognition total 18.5 16.5 -2.0 18.3 17.3 -1.0
List learning total® 20.0 219 1.9 22.2 26.5 4.3
Alzheimer’s Disease Cooperative Society:
List learning total 21.2 24.0 2.8 233 22.2 -1.1
Visual learning
Brief Visuospatial Memory Test—Revised:
Immediate memory 69.3 76.0 6.7 70.4 76.1 5.7
Visuospatial/constructional 68.7 72.4 3.7 67.0 76.2 9.2
Language 781 84.1 6.0 76.5 80.7 4.2
Attention 61.6 65.8 4.2 61.0 69.4 8.4
Delayed memory? 68.5 54.7 -13.8 69.3 78.1 8.8

aSignificant differences between groups (p<0.05).

Inclusion Criteria

Subjects meeting study criteria were between 18 and 60 years
old, met DSM-1V criteria for schizophrenia or schizoaffective dis-
order as their only axis I disorder, and had a total Positive and Neg-
ative Syndrome Scale (PANSS) (23) score >60, scoring at least a 4
on one positive symptom item or a 3 on two positive symptom
items. Female subjects of childbearing age were required to un-
dergo pregnancy testing and take reasonable birth control precau-
tions; all subjects were required to undergo a detailed psychiatric
evaluation, blood tests (e.g., blood counts and routine chemis-
tries), urine drug screening, and an ECG. In addition, subjects
were required to have been off lithium therapy for at least 3 weeks
prior to study entry and free of all antipsychotic medications;
those subjects taking a depot antipsychotic could not have re-
ceived a dose of medication for at least one injection cycle prior to
study entry.

Exclusion Criteria

Excluded from the study were female subjects who were preg-
nant or lactating, subjects who had received ECT within the last 3
months, subjects requiring psychotropic medications other than
sedative/hypnotic medications (e.g., lorazepam, temazepam, or
chloral hydrate) as needed, subjects with other significant neuro-
logical or medical conditions, subjects who met criteria for sub-
stance dependence within the last 3 months, subjects with a past
history of serious violent or suicidal behavior, and subjects with
significant electrocardiographic abnormalities.

Study Procedures

The following assessments were administered at baseline:
PANSS; the Brief Psychiatric Rating Scale (BPRS) (24); the Clinical
Global Impression scale (CGI) (25); the Simpson-Angus Rating
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Scale (26), the Barnes Rating Scale for Drug-Induced Akathisia
(27), and the Abnormal Involuntary Movement Scale (AIMS) (28)
for the assessment of extrapyramidal symptoms; and a neuropsy-
chological test battery designed specifically to measure cognitive
function in patients with schizophrenia. The battery included the
following cognitive tests for each of the different domains: Con-
tinuous Performance Test, Identical Pairs Version; Stroop Color
and Word Test; Wechsler Memory Scale; Wechsler Adult Intelli-
gence Scale, third edition; Trail Making Test, parts A and B; word
list memory and recall tests; Controlled Oral Word Association
Test; Shipley Institute of Living Vocabulary Test; and Finger Tap-
ping Test (total time of testing: approximately 2 hours). Safety as-
sessments at baseline included an ECG, blood tests, orthostatic
pulse and blood pressure measurements, weight, and tempera-
ture.

Subjects who met PANSS and CGI severity criteria began the
study with one week of single-blind placebo treatment, during
which subjects took placebo tablets three times a day. After 7
days, subjects who continued to meet PANSS and CGI severity
criteria entered the double-blind phase of the study, during
which half of the subjects were randomly assigned to xanomeline
treatment (25 mg t.i.d.) and the other half randomly assigned to
placebo treatment (three times a day). Two hours after the first
dose of double-blind treatment (and after each dose escalation),
orthostatic measurements of pulse rate and blood pressure were
taken for each patient. Two days later (i.e., day 9 of the study), af-
ter obtaining an ECG and BPRS and CGI scores, the medication
dose was increased in each group to either 50 mg t.i.d. of xano-
meline or two placebo tablets three times a day. On day 11, after
obtaining another ECG and BPRS and CGI scores, the dose of
xanomeline and placebo were increased to 75 mg t.i.d and three
tablets three times a day, respectively. If the subject was unable to
tolerate the increase in dosage, it was attempted again after an
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FIGURE 2. Effects of Treatment With Either Xanomeline or Placebo on Performance on a Battery of Cognitive Tests in Sub-

jects With Schizophrenia
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TABLE 4. Adverse Events Experienced by Subjects With
Schizophrenia Randomly Assigned to Treatment With Ei-
ther Placebo or Xanomeline

Placebo Xanomeline

Group Group
Adverse Event N N
Nausea 4 7
Vomiting 1 6
Gastrointestinal distress 5 7
Salivation 1 2
Diarrhea 0 2
Constipation 1 2
Increase in liver function 1 2
Dizziness/lightheadedness 4 3
Sweating 1 3
Headache 2 1
Fatigue 1 1
Flushing 0 1
Insomnia 2 0
Flatulence 4 4

additional 3 days. If the subject was still unable to tolerate the
dose escalation, then the subject was maintained on the previous
highest tolerated dose. After 3 weeks at the highest tolerated dose,
subjects were tapered off the study drug over the next 5 days and
discharged after stabilization with standard treatments.

Data Analysis

Twenty patients were randomly assigned to treatment in this
pilot study. Since there was no existing data about the efficacy of
xanomeline in treating the symptoms of schizophrenia before
this study, there was no previous effect size available for perform-
ing a power analysis to determine the total number of patients
needed.

1036
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tom scores and improvement in scores on the PANSS, BPRS, and
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parisons of these measures were conducted between placebo and
xanomeline treatment groups utilizing ratings at last observation
carried forward (last rating in the double-blind treatment phase
for those subjects who completed at least 1 week of treatment)
and after 3 weeks of treatment at the highest tolerated dose of the
drug (completer analysis). Mean changes in the continuous out-
comes were compared using analysis of covariance (ANCOVA),
and t tests were used to assess the significance of the differences
between group means. The study lacked power for meaningful
comparisons of categorical outcomes. Therefore, completion/
discontinuation rates and rates of adverse events are presented as
descriptive summaries, not formal hypothesis tests.
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Results

Demographic characteristics of subjects (N=20) ran-
domly assigned to treatment in the study are presented in
Table 1. Subjects were tapered off any previous medica-
tions and randomly assigned to either placebo or xano-
meline titrated up to 225 mg/day over 6 days. Subjects
were assessed at baseline and during the trial using clini-
cal and extrapyramidal symptom scales, a cognitive func-
tion test battery, and ECG, as well as laboratory safety
measures. Eight out of 10 subjects and seven out of 10 sub-
jects completed all study visits in the xanomeline and pla-
cebo groups, respectively. Two subjects in the xanomeline
group and three subjects in the placebo group discontin-
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Patient Perspectives

Mr. ], a 40-year-old African American man, was admit-
ted for threatening behavior, paranoid delusions,
frequent auditory hallucinations, and a diagnosis of
schizophrenia. He had demonstrated partial response in
the past to a number of typical and atypical antipsy-
chotics and most recently was placed on a combination
of oral olanzapine and biweekly fluphenazine decanoate.
He had missed his last two depot injections and had not
taken any oral medications for about 2 months prior to
admission. His medical history included mild hyperten-
sion, which was stable at admission. After obtaining
informed consent and basic laboratory measures, the
patient was enrolled in the study and started taking
xanomeline, which was titrated up to the maximum dose
and maintained at this level for another 3 weeks. A
clinically significant change in the patient’s total PANSS
score was observed during this period. The patient’s initial
score of 93 decreased to 67 by the end of week 3 (positive
symptom score decreased from 26 to 15; negative
symptom score decreased from 22 to 15; and general
psychopathology score decreased from 45 to 37). The
patient reported that “the voices” were no longer bother-
ing him, and his behavior toward unit staff changed from
irritability, paranoia, and shouting to a more cooperative
stance and polite language. After about 2 weeks of
hospitalization, his hygiene and grooming were much
improved and he was attending unit activities regularly.
The patient was allowed a home visit, during which he
was able to go to the bank and take care of his utility bills
with the landlord. His landlord made a specific point of
calling the unit social worker to let her know that this was
the most “cooperative and polite he had ever seen Mr. ] in

ued the study due to lack of efficacy. None of the subjects
discontinued the study due to adverse events.

There was significant improvement in the xanomeline
group in total BPRS scores by week 1 of treatment and
continuing throughout the study period (Figure 1). The
xanomeline group also showed statistically significant im-
provements in total PANSS scores, as well as improve-
ments in the PANSS positive and negative symptom sub-
scales (Table 2).

In the cognitive test battery, the xanomeline group
showed the most robust improvements in measures of ver-
bal learning and short-term memory function. Several tests
reached the level of significance, including list learning,
story recall, delayed memory, and digit span tests (Table 3
and Figure 2). There were no significant improvements in
tests on attention or speed of information processing.

Adverse events, especially those associated with the gas-
trointestinal system, were typically reported more fre-
quently by subjects in the xanomeline group than subjects
in the placebo group (Table 4). However, most of these ad-
verse reactions were reported to be of mild or moderate
severity, did not persist for long periods of time, and did
not result in discontinuation of treatment for any patient.
No significant changes in blood pressure, heart rate, and

Am | Psychiatry 165:8, August 2008
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the last 5 years.” After completing the study, the patient
was discharged on a regimen of 15 mg/day of olanzapine.
Three months after discharge, the patient was back on
olanzapine and fluphenazine, and although his psychiat-
ric condition remained stable, he reported occasional
paranoia and auditory hallucinations.

Ms. B, a 46-year-old African American woman, was
admitted for paranoid delusions, frequent and frightening
auditory hallucinations, and a more than 20-year history
of schizophrenia. She had been unresponsive in the past
to a number of typical and atypical antipsychotics and
had most recently showed a partial, and as yet her best,
response to 200 mg t.i.d. of oral quetiapine. Her medical
history included mild diabetes, which was controlled with
oral hypoglycemics. She admitted during hospitalization
that she had already reduced her dose of quetiapine to
200 mg/day (from 600 mg/day) due to concerns about
weight gain. After obtaining informed consent and basic
laboratory measures, the patient was enrolled in the
study. The patient’s dose of quetiapine was discontinued
over 3 days. Xanomeline was started within a week of
admission and titrated up to the maximum dose. A
clinically significant change (for the worse) in the patient’s
social behavior and response to internal stimuli was
observed during the next 2 weeks. Her initial total PANSS
score of 81 increased to 92 by the end of week 2 of
hospitalization. The patient was tapered off xanomeline
over the next 3 days and immediately began taking
quetiapine again. She was discharged after an additional
week of hospitalization.

ECG measures were observed. Also, no significant changes
in extrapyramidal symptoms, as measured by the Simp-
son-Angus Rating Scale, the Barnes Rating Scale for Drug-
Induced Akathisia, or the AIMS, were observed (Table 2).

To provide illustrative clinical information, case reports
from one subject who responded well to treatment and
one subject who responded poorly to treatment are pre-
sented in the Patient Perspectives.

Discussion

The central muscarinic system is a complex network
with at least nine major projecting muscarinic cholinergic
pathways with a wide distribution of terminals and
postsynaptic receptors (11). The different muscarinic re-
ceptor subtypes are widely distributed throughout the
central and peripheral nervous systems, though regional
segregation has been described (12). The major functional
roles of muscarinic receptor subtypes have been difficult
to separate until recently due to a lack of selective phar-
macological tools. However, the roles of muscarinic recep-
tor subtypes and how they relate to potential treatment for
schizophrenia are active areas of investigation (22, 29-38).
Most notably, M4 and M5 muscarinic receptor subtypes
have demonstrated antipsychotic-like effects in preclini-
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cal models (22, 36). It has also been reported that mice
lacking M4 receptors were hyperresponsive to dopamine
stimulation, suggesting a role for this receptor in the regu-
lation of dopamine release and dopamine effects (8).

Clinical research has suggested that the tegmental cho-
linergic system, which modulates both REM activity and
tegmental dopamine projections, is involved in sleep ab-
normalities and psychosis (11), and other studies have
concluded that subjects with schizophrenia exhibit abnor-
malities in cholinergic muscarinic receptor activation (30,
31). Low muscarinic receptor binding in the prefrontal cor-
tex of subjects with schizophrenia has been reported (14),
and studies of human hippocampal formation (13) and of
the striatum (32) have also showed decreased muscarinic
receptor binding in subjects with schizophrenia. This evi-
dence suggests that although muscarinic receptors are
broadly distributed and have overlapping distributions,
there is selectivity in their functional role in the CNS and
the potential exists to design novel drugs with specific ac-
tions, including for the treatment of schizophrenia.

The most consistent mechanisms associated with xano-
meline are its agonist affinity for the muscarinic M; and My
receptors. Less consistently, xanomeline has been reported
as having some affinity for serotonergic receptors (29),
although these results have not been found by other re-
search groups (15). Therefore, it is reasonable to hypothe-
size that xanomeline has benefit in treating schizophrenia.

The efficacy of xanomeline in Alzheimer’s-type dementia
was previously evaluated in a multicenter (17 sites; N=343),
double-blind, placebo-controlled study utilizing three doses
of 25, 50, and 75 mg daily (21). The treatment was adminis-
tered for 6 months followed by a 1-month washout period.
Compared to placebo, xanomeline treatment resulted in a
significant dose-dependent improvement in cognitive func-
tion as assessed by the Alzheimer’s Disease Assessment Scale
cognitive subscale. Maximal cognitive improvement oc-
curred after 12 weeks of therapy. Dose-dependent improve-
ments were also observed in coexisting psychotic symptoms
of delusions, hallucinations, and suspiciousness. These an-
tipsychotic effects became evident within a few days after
starting xanomeline treatment. The present investigation
showed statistically significant differences between xanome-
line and placebo groups in PANSS total scores, as well as dif-
ferences between groups in positive and negative symptom
subscales and CGI scores. Consistent with the findings of the
study of xanomeline in Alzheimer’s dementia (21), the most
frequent adverse events in the current investigation were
gastrointestinal in nature.

Results of the present investigation should be consid-
ered in light of several limitations. First, this was a small
pilot study. While signs of efficacy were detected, the sam-
ple size was too small to accurately quantify safety and tol-
erability risks. In addition, regarding cognitive assess-
ments, the design of this study did not meet recently
adopted standards for assessing efficacy in cognitive im-
pairment associated with schizophrenia (39). In addition,
1038
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no adjustments for multiplicity were applied to the series
of cognition outcomes. Therefore, it is likely that one or
more of the significant differences observed in the cogni-
tive battery were a false positive result. Moreover, im-
provements in cognition may have been pseudospecific
(i.e., an indirect effect) and secondary to improvements in
schizophrenia rather than a direct effect of xanomeline
treatment. Similarly, no attempt was made to distinguish
between primary and secondary negative symptoms, as
the study design did not permit an interpretation of effect
on primary affect restriction or amotivational pathology.

Nevertheless, this pilot study demonstrates that xano-
meline has potential for positive therapeutic effects in
multiple symptom domains for patients with schizophre-
nia. As xanomeline is an M;-My receptor-preferring ago-
nist and does not directly bind to dopamine receptors,
these data suggest that xanomeline may have a unique
mode of antipsychotic action and may provide a novel ap-
proach to treating schizophrenia. These results support
further investigation of xanomeline as a novel approach to
treating schizophrenia.
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