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BACKGROUND
The muscarinic receptor agonist xanomeline has antipsychotic properties and is 
devoid of dopamine receptor–blocking activity but causes cholinergic adverse 
events. Trospium is a peripherally restricted muscarinic receptor antagonist that 
reduces peripheral cholinergic effects of xanomeline. The efficacy and safety of 
combined xanomeline and trospium in patients with schizophrenia are unknown.

METHODS
In this double-blind, phase 2 trial, we randomly assigned patients with schizo-
phrenia in a 1:1 ratio to receive twice-daily xanomeline–trospium (increased to a 
maximum of 125 mg of xanomeline and 30 mg of trospium per dose) or placebo 
for 5 weeks. The primary end point was the change from baseline to week 5 in the 
total score on the Positive and Negative Syndrome Scale (PANSS; range, 30 to 210, 
with higher scores indicating more severe symptoms of schizophrenia). Secondary 
end points were the change in the PANSS positive symptom subscore, the score on 
the Clinical Global Impression–Severity (CGI-S) scale (range, 1 to 7, with higher 
scores indicating greater severity of illness), the change in the PANSS negative 
symptom subscore, the change in the PANSS Marder negative symptom subscore, 
and the percentage of patients with a response according to a CGI-S score of 1 or 2.

RESULTS
A total of 182 patients were enrolled, with 90 assigned to receive xanomeline–tro-
spium and 92 to receive placebo. The PANSS total score at baseline was 97.7 in the 
xanomeline–trospium group and 96.6 in the placebo group. The change from 
baseline to week 5 was −17.4 points with xanomeline–trospium and −5.9 points 
with placebo (least-squares mean difference, −11.6 points; 95% confidence inter-
val, −16.1 to −7.1; P<0.001). The results for the secondary end points were signifi-
cantly better in the xanomeline–trospium group than in the placebo group, with 
the exception of the percentage of patients with a CGI-S response. The most com-
mon adverse events in the xanomeline–trospium group were constipation, nausea, 
dry mouth, dyspepsia, and vomiting. The incidences of somnolence, weight gain, 
restlessness, and extrapyramidal symptoms were similar in the two groups.

CONCLUSIONS
In a 5-week trial, xanomeline–trospium resulted in a greater decrease in the PANSS 
total score than placebo but was associated with cholinergic and anticholinergic 
adverse events. Larger and longer trials are required to determine the efficacy and 
safety of xanomeline–trospium in patients with schizophrenia. (Funded by Karuna 
Therapeutics and the Wellcome Trust; ClinicalTrials.gov number, NCT03697252.)
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Antipsychotic drugs are associated 
with adverse events such as extrapyrami-
dal symptoms, sedation, weight gain, 

metabolic disturbances, and hyperprolactinemia 
that contribute to poor medication adherence 
and relapses of psychosis.1,2 Moreover, 20 to 33% 
of patients do not have a response to conven-
tional treatment, and others have residual psy-
chotic symptoms.3 Many patients with schizo-
phrenia have poor functional status and quality 
of life despite lifelong treatment with current 
antipsychotic agents.4,5

Although antipsychotics that are approved for 
schizophrenia work primarily by antagonizing 
D2 dopamine receptors,6 evidence suggests that 
the muscarinic cholinergic system is also involved 
in the pathophysiology of schizophrenia.7-11 
Xanomeline is an oral muscarinic cholinergic 
receptor agonist that is devoid of direct effects 
on dopamine receptors12 and that preferentially 
stimulates M1 and M4 muscarinic cholinergic 
receptors,13 which have been implicated in the 
pathophysiology of schizophrenia.14 In a trial in-
volving patients with Alzheimer’s disease and in 
a small exploratory trial involving patients with 
schizophrenia, xanomeline led to greater de-
creases in some psychotic symptoms than did 
placebo.15,16 However, there were dose-dependent 
cholinergic adverse events of nausea, vomiting, 
diarrhea, sweating, and hypersalivation mediated 
by stimulation of peripheral muscarinic cholin-
ergic receptors.

Trospium chloride is an oral pan-muscarinic 
receptor antagonist that is approved for the treat-
ment of overactive bladder in the United States 
and the European Union.17 Its highly polar ter-
tiary amine structure prevents it from reaching 
detectable levels in the cerebrospinal fluid and 
should obviate adverse central nervous system 
effects.18 In a phase 1 trial involving healthy 
volunteers, the incidence of cholinergic adverse 
events was approximately 50% lower when tros-
pium was added to xanomeline than when 
xanomeline alone was used19; these findings 
suggest a potential way to stimulate brain mus-
carinic receptors with therapeutic antipsychotic 
doses of xanomeline while limiting these ad-
verse events.20 The current phase 2 trial assessed 
the efficacy and safety of the combination oral 
agent xanomeline–trospium in patients with 
acute exacerbations of schizophrenia.

Me thods

Trial Oversight

The sponsor, Karuna Therapeutics, designed the 
trial, provided the trial drug and placebo, and 
analyzed the data. The qualification process for 
end-point raters was overseen by Signant Health, 
and the overall trial was overseen by Syneos 
Health. The trial protocol and consent form 
were approved by a central institutional review 
board (Table S1 in the Supplementary Appendix, 
available with the full text of this article at 
NEJM.org). Written informed consent was ob-
tained from all the patients before any proce-
dures or interventions were performed. Patients 
were counseled about the trial before giving 
written informed consent to participate in the 
trial. The informed-consent form is provided in 
the protocol, available at NEJM.org.

All the authors vouch for the adherence of the 
trial to the protocol, the completeness and ac-
curacy of the data, and the reporting of adverse 
events. The first, third, and last authors contrib-
uted to the trial design; all the authors inter-
preted the data, and the last two authors wrote 
the manuscript. All the authors approved the 
manuscript before submission. Confidentiality 
agreements exist between the authors and Ka-
runa Therapeutics.

Patient Population

Patients were 18 to 60 years of age and had a 
primary diagnosis of schizophrenia according to 
the criteria in the Diagnostic and Statistical Manual 
of Mental Disorders, fifth edition.21 Site investiga-
tors (listed in the Supplementary Appendix) and 
certified staff who were trained on the protocol 
by a sponsor-funded contract research organiza-
tion (Signant Health) established the diagnoses 
by a comprehensive psychiatric evaluation using 
the Mini-International Neuropsychiatric Inter-
view22 and supported by other sources, including 
medical records and informant interviews.

Patients were required to have a baseline 
Positive and Negative Syndrome Scale (PANSS) 
total score of 80 points or more (range, 30 to 
210, with higher scores indicating more severe 
symptoms of schizophrenia), with a score of at 
least 5 on one positive symptom item or at least 
4 on two positive symptom items.23 The scale 
contains 30 items (including seven positive symp-
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tom items and seven negative symptom items), 
each scored from 1 to 7; higher scores indicate 
more severe symptoms. Positive symptoms include 
delusions, hallucinations, and conceptual disor-
ganization. Negative symptoms include restrict-
ed emotional expression, paucity of speech, and 
diminished interest, social drive, and activity.

Patients were also required to have a score on 
the Clinical Global Impression–Severity (CGI-S) 
scale of 4 or higher (range, 1 to 7, with higher 
scores indicating greater severity of illness).24 
Patients had to be having an acute exacerbation 
or relapse of psychosis requiring hospitalization 
with an onset within 2 months before screening 
and had to be free of antipsychotic medication 
for at least 2 weeks before the baseline assess-
ment. These patients were either admitted for 
treatment of their disorder before the inception 
of the trial or were admitted for trial treatment.

Key exclusion criteria were a history of treat-
ment resistance to antipsychotic medications, 
defined as no response to two adequate courses 
of pharmacotherapy, and a decrease in the PANSS 
total score by more than 20% between screening 
and baseline. A full list of inclusion and exclu-
sion criteria is provided in the Methods section 
of the Supplementary Appendix.

Trial Design and Procedures

This was a phase 2, randomized, double-blind, 
placebo-controlled, 5-week inpatient trial that 
enrolled patients at 12 sites in the United States 
between September 2018 and August 2019. Eligi-
ble patients were randomly assigned in a 1:1 ratio 
to receive twice-daily oral xanomeline–trospium 
or placebo according to a computer-generated 
randomization schedule created by Syneos 
Health, with the use of a site-based block size of 
four; the random assignments were concealed 
from the patients, trial personnel, and investiga-
tors. The sponsor, contract research organiza-
tion, data analysts, personnel at the laboratories, 
and clinical site team including investigators 
were unaware of the trial group assignments.

The dosing schedule was flexible, starting 
with 50 mg of xanomeline and 20 mg of tros-
pium twice daily and increased to a maximum 
of 125 mg of xanomeline and 30 mg of trospium 
twice daily, with the option to return to 100 mg 
of xanomeline and 20 mg of trospium twice 
daily if the maximum dose caused unacceptable 

adverse events as judged by the investigator’s 
clinical assessment. (See the Methods section in 
the Supplementary Appendix for further details 
of the flexible dosing schedule.) The xanomeline 
dosing regimen was selected on the basis of 
previous trials showing antipsychotic efficacy at 
225 mg per day15,16 and studies showing that a 
combination of xanomeline at 200 mg per day 
with trospium achieved similar or higher xano
meline exposures as compared with those in 
xanomeline monotherapy trials and was associ-
ated with lower incidences of cholinergic adverse 
events than xanomeline alone.19,20

End Points

The primary end point was the change from base-
line to week 5 in the PANSS total score.23 Second-
ary end points were the change in the PANSS 
positive symptom subscore, the score on the CGI-S 
scale,24 the change in the PANSS negative symp-
tom subscore, the change in the PANSS Marder 
negative symptom subscore,25 and the percentage 
of patients with a response according to a CGI-S 
score of 1 (“normal”) or 2 (“borderline ill”). The 
PANSS positive symptom subscore, negative 
symptom subscore, and Marder negative symp-
tom subscore each range from 7 to 49, with 
higher scores indicating more severe symptoms.

Safety

Safety was assessed through adverse-event mon-
itoring and by measuring weight and vital signs, 
clinical laboratory values, electrocardiographic 
variables, and suicidal ideation, according to the 
score on the Columbia Suicide Severity Rating 
Scale.26 The Simpson–Angus Scale27 was used to 
measure drug-related extrapyramidal symptoms 
(range, 0 to 40, with higher scores indicating 
greater drug-induced parkinsonian symptoms), 
and the Barnes Akathisia Rating Scale28 was used 
to assess akathisia (range, 0 to 14, with higher 
scores indicating greater symptoms of akathisia). 
Adverse events that occurred during the treat-
ment period were defined as those that started 
or worsened from the time of the first dose of 
xanomeline–trospium or placebo (visit 1 at day 2) 
to the time of discharge (visit 9 at day 35).

Statistical Analysis

Assuming a difference in the PANSS total score 
of 9 points in the change from baseline between 
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xanomeline–trospium and placebo and a stan-
dard deviation of 18, we calculated that a sample 
size of 180 (90 patients who could be evaluated 
per group) would provide 91% power to detect a 
difference between the trial groups with a two-
sided alpha level of 0.05. Efficacy analyses were 
performed in the modified intention-to-treat 
population, which included all the patients who 
had undergone randomization, had received at 
least one dose of xanomeline–trospium or pla-
cebo, and had received a PANSS assessment at 
baseline and at least once after baseline. The 
primary efficacy end point was analyzed by 
means of a mixed model for repeated measures 

for the difference between groups in the least-
squares mean change in the PANSS total score 
from baseline to week 5.

If the results for the primary efficacy end 
point differed significantly between the xanome-
line–trospium group and the placebo group at a 
two-sided alpha level of 0.05, then secondary 
efficacy end points were analyzed at week 5 with 
the use of hierarchical hypothesis tests in a 
fixed-sequence procedure in the following order: 
the least-squares mean change from baseline in 
the PANSS positive symptom subscale, the score 
on the CGI-S scale,24 the least-squares mean 
change from baseline in the PANSS negative 
symptom subscale, the least-squares mean change 
from baseline in the PANSS Marder negative 
symptom subscore,25 and the percentage of pa-
tients with a response according to a CGI-S 
score of 1 or 2. There was no imputation of 
missing data for primary or secondary end 
points. The statistical analysis plan is available 
with the protocol at NEJM.org.

Sensitivity analyses were conducted to evalu-
ate the assumptions used in the primary analy-
sis, including those related to the handling of 
missing data (Table S2). We determined the 
Cohen’s d statistic29 for the primary efficacy end 
point, using the absolute between-group differ-
ence in the unadjusted mean change in PANSS 
score from baseline to week 5, divided by the 
pooled standard deviation of the between-group 
difference. The prespecified CGI-S ordinal cate-
gorical analysis comparing the score on the CGI-S 
scale between the xanomeline–trospium and 
placebo groups at week 5 (unadjusted for base-
line values) was analyzed with the Mann–Whit-
ney–Wilcoxon test. In the prespecified analysis 
of response according to a CGI-S score of 1 or 2 
at week 5, the percentage of patients with a re-
sponse was compared between the xanomeline–
trospium and placebo groups with the use of the 
Cochran–Mantel–Haenszel test stratified accord-
ing to the baseline CGI-S score. A longitudinal 
cumulative logit model predicting the ordinal 
value of CGI-S at each visit, adjusted for the 
baseline CGI-S value, visit, trial group, and visit-
by-group interaction, was also applied to test for 
a treatment effect of xanomeline–trospium against 
placebo and confirmed the assumption of pro-
portional odds for all but one time point in-
cluded in the model (week 1) (Table S3). A post 
hoc analysis of CGI-S was conducted with a 
mixed model for repeated measures (Fig. S1). In 

Figure 1. Assessment, Randomization, and Analysis.

The safety population included all the patients who had undergone random-
ization and had received at least one dose of xanomeline–trospium or place-
bo. The modified intention-to-treat population included all the patients who 
had undergone randomization, had received at least one dose of xanomeline–
trospium or placebo, and had received a Positive and Negative Syndrome 
Scale assessment at baseline and at least once after baseline. One patient 
who was assigned to receive placebo was incorrectly given xanomeline–
trospium and was therefore included in the safety analyses for the xanome-
line–trospium group.

182 Underwent randomization

250 Patients were assessed for eligibility

68 Were excluded owing to not
meeting inclusion criteria

92 Were assigned to receive placebo
90 Received assigned intervention
2 Did not receive assigned

intervention
1 Withdrew
1 Was incorrectly given

xanomeline–trospium

90 Were assigned to receive 
xanomeline–trospium

88 Received assigned intervention
2 Did not receive assigned inter-

vention owing to withdrawing
from trial

89 Were included in the safety analyses
83 Were included in the modified 

intention-to-treat analyses

90 Were included in the safety analyses
87 Were included in the modified 

intention-to-treat analyses

73 Completed the trial
19 Discontinued the trial

2 Had adverse events
1 Was lost to follow-up

14 Withdrew consent
1 Was withdrawn by investigator
1 Had other reason

72 Completed the trial
18 Discontinued the trial

3 Had adverse events
14 Withdrew consent
1 Was withdrawn by investigator
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the last two analyses, the 95% confidence inter-
vals for the between-group difference were not 
adjusted for multiplicity, so these analyses should 
not be used to draw conclusions regarding ef-
ficacy.

The safety population included all the pa-
tients who had undergone randomization and 
had received at least one dose of xanomeline–
trospium or placebo. Adverse events that emerged 
during the trial period were rated for severity 
and summarized according to trial group. All 
data regarding safety and adverse events were 
summarized descriptively according to trial group 
and time point.

R esult s

Patients

A total of 250 patients were screened, and 182 
who met the enrollment criteria were randomly 
assigned to receive xanomeline–trospium (90 pa-
tients, 83 of whom were included in the modi-
fied intention-to-treat analysis) or placebo (92 
patients, 87 of whom were included in the modi-
fied intention-to-treat analysis). The number of 
patients who completed the trial was 72 in the 
xanomeline–trospium group and 73 in the pla-
cebo group. A total of 179 patients received at 
least one dose of xanomeline–trospium or pla-
cebo and were included in the safety population 
(Fig. 1). The demographic and clinical character-
istics of the patients at baseline were similar in 
the two trial groups (Table 1). Mean PANSS total 
scores at baseline were 97.7 points in the 
xanomeline–trospium group and 96.6 points in 
the placebo group.

The percentages of patients reaching the high-
est dose of the active drug or placebo were 91% 
in the xanomeline–trospium group and 97% in 
the placebo group; 4% of the patients in the 
xanomeline–trospium group and 1% of those in 
the placebo group had a single, per-protocol re-
duction to a lower dose due to excessive cholin-
ergic or anticholinergic events.

Efficacy

The change in the PANSS total score from base-
line to week 5 was −17.4 points in the xanomeline–
trospium group and −5.9 points in the placebo 
group (least-squares mean difference, −11.6 
points; 95% confidence interval [CI], −16.1 to 
−7.1; P<0.001) (Table 2 and Fig. 2A). The results 
of sensitivity analyses of the change in the 

PANSS total score from baseline to week 5 were 
in the same direction as those of the primary 
analysis (Table S2).

With respect to secondary outcomes, the 
change from baseline to week 5 in the PANSS 
positive symptom subscore was −5.6 points in 
the xanomeline–trospium group and −2.4 points 
in the placebo group (least-squares mean differ-
ence, −3.2 points; 95% CI, −4.8 to −1.7; P<0.001); 
the categorical distribution of scores on the CGI-S 
scale favored xanomeline–trospium as compared 
with placebo (P<0.001); the change from base-
line in the PANSS negative symptom subscore 
was −3.2 points and −0.9 points, respectively 
(least-squares mean difference, −2.3 points; 95% 
CI, −3.5 to −1.1; P<0.001); the change from base-
line in the PANSS Marder negative symptom 
subscore was −3.9 points and −1.3 points, re-
spectively (least-squares mean difference, −2.5 

Table 1. Characteristics of the Patients at Baseline (Intention-to-Treat 
Population).*

Characteristic

Xanomeline–
Trospium 
(N = 90)

Placebo 
(N = 92)

Age — yr 43.4±10.1 41.6±10.1

Male sex — no. (%) 72 (80) 68 (74)

Race — no. (%)†

Black 67 (74) 70 (76)

White 20 (22) 17 (18)

Other 3 (3) 5 (5)

Non-Hispanic or non-Latino ethnic group 
— no. (%)†

71 (79) 79 (86)

Body-mass index‡ 28.1±5.0 29.6±5.4

PANSS score§

Total 97.7±9.7 96.6±8.3

Positive symptom subscore 26.4±3.4 26.3±3.2

Negative symptom subscore 22.6±4.4 22.8±4.6

Marder negative symptom subscore 22.3±4.7 22.3±5.0

Score on the CGI-S scale¶ 5.0±0.6 4.9±0.6

*	�Plus–minus values are means ±SD. The intention-to-treat population included 
all the patients who had undergone randomization. Percentages may not total 
100 because of rounding.

†	�Race and Hispanic or Latino ethnic group were reported by the patients.
‡	�The body-mass index is the weight in kilograms divided by the square of the 

height in meters.
§	� The total score on the Positive and Negative Syndrome Scale (PANSS) ranges 

from 30 to 210, and the PANSS positive symptom subscore, negative symp-
tom subscore, and Marder negative symptom subscore each range from 7 to 
49; higher scores indicate more severe symptoms of schizophrenia.

¶	�Scores on the Clinical Global Impression–Severity (CGI-S) scale range from  
1 to 7; higher scores indicate greater severity of illness.
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points; 95% CI, −3.9 to −1.2; P<0.001); and the 
percentage of patients with a response according 
to a CGI-S score of 1 or 2 did not differ signifi-
cantly between the two groups (Table  2 and 
Fig. 2B through 2F).

Safety

The percentage of patients who discontinued the 
active drug or placebo was 20% in the xanome-
line–trospium group and 21% in the placebo 
group, and the percentage of patients in whom 
adverse events occurred during the treatment 
period was 54% and 43%, respectively. The most 
common adverse events in the xanomeline–tros-
pium group were constipation (17%), nausea 
(17%), dry mouth (9%), dyspepsia (9%), and 
vomiting (9%) (Table 3). None of these adverse 
events resulted in the discontinuation of xanome-
line–trospium, and all were rated by site investi-
gators as mild or moderate in severity. The inci-
dences of nausea, vomiting, and dry mouth in 
the xanomeline–trospium group were highest 

Table 2. Efficacy Measures (Modified Intention-to-Treat Population).*

Efficacy Measure†

Xanomeline–
Trospium 
(N = 83)

Placebo 
(N = 87) Difference (95% CI) P Value

Primary end point

Least-squares mean change from baseline in PANSS total score −17.4±1.8 −5.9±1.7 −11.6 (−16.1 to −7.1)‡ <0.001‡

Secondary end points§

Least-squares mean change from baseline in PANSS positive symptom subscore −5.6±0.6 −2.4±0.6 −3.2 (−4.8 to −1.7) <0.001

Score on the CGI-S scale — % <0.001

1: normal 1 0 1

2: borderline ill 4 1 3

3: mildly ill 32 10 22

4: moderately ill 29 29 0

5: markedly ill 29 52 −23

6: severely ill 3 6 −3

7: extremely ill 1 3 −1

Least-squares mean change from baseline in PANSS negative symptom 
subscore

−3.2±0.5 −0.9±0.5 −2.3 (−3.5 to −1.1) <0.001

Least-squares mean change from baseline in PANSS Marder negative 
symptom subscore

−3.9±0.5 −1.3±0.5 −2.5 (−3.9 to −1.2) <0.001

Response according to CGI-S score of 1 or 2 — % 6 1 4 (−3 to 12) 0.15

*	�Plus–minus values are means ±SE. The modified intention-to-treat population included all the patients who had undergone randomization, 
had received at least one dose of xanomeline–trospium, and had received a PANSS assessment at baseline and at least once after baseline.

†	�For continuous end points (PANSS total score and all PANSS subscores), the difference in least-squares mean change from baseline between 
the xanomeline–trospium group and the placebo group at week 5 was estimated with the use of  
mixed models for repeated measurements. For the score on the CGI-S scale, the difference between the xanomeline– 
trospium and placebo groups at week 5 was evaluated with the Mann–Whitney–Wilcoxon test. For the analysis of response according to a CGI-S 
score of 1 or 2, the difference between the xanomeline–trospium and placebo groups at week 5 was evaluated with the Cochran–Mantel–
Haenszel test. There was no imputation of missing data for the primary end point or secondary end points.

‡	�The effect size (0.75) was calculated as the absolute value of the difference in unadjusted mean change in score from baseline at week 5 
between the xanomeline–trospium group and the placebo group, divided by the pooled standard deviation of the between-group difference.

§	� Secondary end points are presented in the hierarchical order in which they were tested in the statistical analysis plan.

Figure 2 (facing page). Efficacy End Points.

The primary end point was the change from baseline to 
week 5 in the total score on the Positive and Negative 
Syndrome Scale (PANSS; range, 30 to 210, with higher 
scores indicating more severe symptoms of schizophrenia) 
(Panel A). The prespecified secondary efficacy end points 
are presented in the hierarchical order in which they were 
tested in the statistical analysis plan: the change in the PANSS 
positive symptom subscore (Panel B), the score on the 
Clinical Global Impression–Severity (CGI-S) scale (Panel C), 
the change in the PANSS negative symptom subscore (Pan-
el D), the change in the PANSS Marder negative symptom 
subscore (Panel E), and the percentage of patients with a 
response according to a CGI-S score of 1 or 2 (Panel F). 
CGI-S scores range from 1 to 7, with higher scores indicat-
ing greater severity of illness. The PANSS positive symp-
tom subscore, negative symptom subscore, and Marder 
negative symptom subscore each range from 7 to 49, with 
higher scores indicating greater severity of symptoms. All 
efficacy analyses were conducted in the modified intention-
to-treat population. Changes in efficacy in continuous 
variable outcome measures (Panels A, B, D, and E) were 
evaluated with a mixed model for repeated measures, and 
differences in categorical variables were evaluated with 
nonparametric statistical tests (Mann–Whitney–Wilcoxon 
test, Panel C; Cochran–Mantel–Haenszel test, Panel F).
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early in the trial (11%, 6%, and 7%, respectively, 
at week 1) and lower at the end of the trial (3%, 
1%, and 1%, respectively, at week 5) (Fig. S2). 
Constipation was also reported early in the trial, 

but the incidence remained constant through 
week 5. The incidences of other adverse events 
were similar in the xanomeline–trospium and 
placebo groups (Table 3).
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An increase in weight from baseline to week 
5 was reported in 3% of the patients in the 
xanomeline–trospium group and in 4% of those 
in the placebo group, and the mean (±SD) 
change in weight from baseline to week 5 was 
1.5±2.8 kg and 1.1±3.5 kg, respectively (Table 3). 
The percentage of patients who had an increase 

of more than 7% in weight from baseline to 
week 5 was 2% in the xanomeline–trospium 
group and 6% in the placebo group, and the 
mean change in the body-mass index (the weight 
in kilograms divided by the square of the height 
in meters) from baseline to week 5 was 0.5±1.0 
and 0.4±1.2, respectively (Table S4).

Table 3. Adverse Events and Safety during the Treatment Period (Safety Population).*

Variable

Xanomeline–
Trospium 
(N = 89)

Placebo 
(N = 90)

Any adverse event — no (%) 48 (54) 39 (43)

Serious adverse event — no. (%)† 1 (1) 0

Severe adverse event — no. (%)‡ 1 (1) 1 (1)

Adverse event leading to discontinuation of the active drug or placebo — no. (%) 2 (2) 2 (2)

Adverse events occurring in ≥2% of the patients in the xanomeline–trospium group — no. (%)

Constipation 15 (17) 3 (3)

Nausea 15 (17) 4 (4)

Dry mouth 8 (9) 1 (1)

Dyspepsia 8 (9) 4 (4)

Vomiting 8 (9) 4 (4)

Headache 6 (7) 5 (6)

Somnolence 5 (6) 4 (4)

Akathisia 3 (3) 0

Dizziness 3 (3) 3 (3)

Increased weight 3 (3) 4 (4)

Tachycardia 3 (3) 2 (2)

Sedation 2 (2) 2 (2)

Diarrhea 2 (2) 4 (4)

Increased γ-glutamyltransferase level 2 (2) 0

Agitation 2 (2) 1 (1)

Insomnia 2 (2) 2 (2)

Decreased appetite 2 (2) 0

Hyperhidrosis 2 (2) 1 (1)

Mean change from baseline in body weight at wk 5 — kg 1.5±2.8 1.1±3.5

Mean change from baseline in score on Simpson–Angus Scale at wk 5§ −0.1±0.7 −0.1±0.8

Mean change from baseline in score on Barnes Akathisia Rating Scale at wk 5¶ −0.1±1.0 0.0±0.7

*	�The safety population included all the patients who had undergone randomization and had received at least one dose 
of xanomeline–trospium or placebo. Adverse events that occurred during the treatment period were defined as those 
that started or worsened from the time of the first dose of xanomeline–trospium or placebo (visit 1 at day 2) to the 
time of discharge (visit 9 at day 35). Plus–minus values are means ±SD.

†	�A serious adverse event was defined as any adverse event that resulted in death, was immediately life-threatening, led 
to inpatient hospitalization or prolongation of hospitalization, or caused persistent or clinically significant disability or 
incapacity.

‡	�A severe adverse event was defined as any event that was incapacitating or caused an inability to perform normal activi-
ties of daily living.

§	� Scores on the Simpson–Angus Scale range from 0 to 40; higher scores indicate greater severity of drug-induced parkin-
sonian symptoms.

¶	�Scores on the Barnes Akathisia Rating Scale range from 0 to 14; higher scores indicate greater symptoms of akathisia.
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In the xanomeline–trospium group, 3% of the 
patients reported symptoms that were classified 
as akathisia by site investigators during the trial; 
all of these symptoms resolved during the trial 
without changes in the dose. The mean change 
from baseline to week 5 in the score on the 
Simpson–Angus Scale for extrapyramidal symp-
toms was −0.1±0.7 points in the xanomeline–
trospium group and −0.1±0.8 points in the pla-
cebo group, and the mean change in the score 
on the Barnes Akathisia Rating Scale was 
−0.1±1.0 points and 0.0±0.7 points, respectively 
(Table 3). Elevation in the γ-glutamyltransferase 
concentration that was at least twice the upper 
limit of the normal range occurred in two pa-
tients in the xanomeline–trospium group and one 
in the placebo group (Table S5). The between-
group difference in the change from baseline in 
the supine heart rate peaked at day 8 (mean 
change, 6.9±13.1 beats per minute [range, −18 to 
43] in the xanomeline–trospium group and 
1.4±10.2 beats per minute [range, −22 to 27] in 
the placebo group) and decreased through day 
28 (mean change, 5.9±13.9 beats per minute 
[range, −18 to 51] in the xanomeline–trospium 
group and 1.5±9.6 beats per minute [range, −26 
to 23] in the placebo group) (Fig. S3). Changes 
in blood pressure and the corrected QT interval 
were similar in the two trial groups (Tables S6 
and S7). No patients in either group had syncope, 
corrected QT intervals calculated with Fridericia’s 
formula of more than 450 msec, or increases in 
corrected QT intervals calculated with Fridericia’s 
formula of more than 60 msec.

Discussion

In this trial involving acutely psychotic patients 
with schizophrenia, treatment with the M1- and 
M4-selective muscarinic receptor agonist xano
meline in combination with trospium was asso-
ciated with greater decreases in positive and 
negative symptoms than was placebo over a pe-
riod of 5 weeks. Xanomeline–trospium was as-
sociated with significant benefits over placebo 
with respect to the PANSS positive and negative 
symptom subscores as well as categorical CGI-S 
scores and the PANSS Marder negative symptom 
subscore at week 5, but there was no significant 
between-group difference in the percentage of 
patients with global illness severity ratings of 
“normal” or “borderline ill” at week 5.

Cholinergic or anticholinergic adverse events 

were more frequent in the xanomeline–trospium 
group than in the placebo group; in the xanome-
line–trospium group, these adverse events began 
soon after the initiation of treatment. However, 
the percentage of patients who discontinued either 
xanomeline–trospium or placebo was similar in 
the two groups, and the number of discontinua-
tions due to adverse events that occurred during 
the treatment period was equal in the two groups. 
The incidences of nausea, vomiting, and dry 
mouth decreased over the course of the trial, but 
the incidence of constipation remained constant 
throughout the trial. The resting heart rate in-
creased more in the xanomeline–trospium group 
than in the placebo group. There were no synco-
pal events, and the incidences of weight gain, 
somnolence, restlessness, and extrapyramidal 
symptoms were similar in the two groups. Two 
patients in the xanomeline–trospium group and 
one in the placebo group had elevations in he-
patic aminotransferase levels. Scores on the scales 
that measure extrapyramidal features were simi-
lar in the two groups.

This trial had limitations. It was conducted 
over a period of only 5 weeks and could not ad-
dress the durability of effect of the active drug 
in a lifelong illness. The trial was conducted in 
inpatient units, which mitigated nonadherence 
to xanomeline–trospium or placebo, use of un-
approved medications, and substance abuse. The 
smaller placebo response in this trial (e.g., least-
squares mean change from baseline in the 
PANSS total score at week 5, 5.9 points) relative 
to other recent trials of antipsychotic drugs in 
schizophrenia1,2 may relate to trial-design fea-
tures, such as the inclusion of only two groups 
and 12 sites.30,31 Finally, our trial participants 
were predominantly Black owing to the mostly 
urban locations of the clinical trial sites in our 
United States–based trial, where the majority of 
available patients with schizophrenia are Black. 
As such, future trials are required to understand 
whether these results can be extended to more 
diverse populations.

A combination of the muscarinic receptor 
agonist xanomeline and the anticholinergic agent 
trospium resulted in greater reductions than 
placebo in the degree of psychosis according to 
the scores on several scales. Treatment with 
xanomeline–trospium resulted in cholinergic and 
anticholinergic adverse events but was not asso-
ciated with a higher incidence of extrapyramidal 
symptoms or weight gain than placebo. Longer 
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and larger trials are required to establish the 
efficacy and safety of xanomeline–trospium in 
the treatment of schizophrenia.
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